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Abstract
Introduction: Red cell distribution width (RDW) is a measure of the mean
corpuscular/erythrocyte volume. The aim of this study was to investigate the effect
of RDW levels on the prognosis in patients with elevated levels of troponin I in the
emergency department with chest pain. Materials and methods: The study included
3,922 patients aged over 18 years who presented to the emergency department with the
complaint of chest pain between August 1, 2018 and August 1, 2019. Troponin values
and RDW levels were compared to determine the ability to diagnose acute ischemic heart
disease and determin the prognosis in these patients. Results: The median RDW was
13.3 (IQR 1.20) in patients with normal troponin and 13.3 (IQR 1.40) in patients with
elevated troponin (p = 0.001), but there was no difference in clinical outcomes between
the groups. There was no significant difference in RDW between the patients discharged
from the emergency department, those discharged from the hospital (good outcome) and
those that required intensive care or died (poor outcome) (p> 0.05). Conclusion: RDW
levels may vary in patients with elevated troponin values and acute ischemia, but this has
no affect on clinical outcomes.
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1. Introduction

Red cell distribution width (RDW) is a measure of the mean
corpuscular/erythrocyte volume calculated using the standard
deviation of erythrocyte volume heterogeneity. Endothelial
dysfunction, hypoxia, inflammation and ischemic clinical
events are associated with Red cell distribution width (RDW)
[1]. Elevated Red cell distribution width (RDW) is associated
with anemia, especially the microcytic type. It is also used
in the differential diagnosis of Fe deficiency anemia and
heterozygous thalassemia. The Red cell distribution width
(RDW) may increase in B12 deficiency, folate deficiency,
and hemolytic anemia [2]. Advanced age, genetic factors,
lifestyle, and comorbidities increase the risk of developing
cardiovascular disease and its associated morbidity and
mortality. It has been suggested that cardiovascular diseases
may be related to hemogram parameters in addition to known
risk factors, such as lipid profile, atherogenic index, and
cholesterol level, and various inflammatory parameters. It has
also been suggested that diagnosis and treatment decisions can
be made based on markers, such as the mean platelet volume,
mean erythrocyte volume, and total bilirubin. Similarly, RDW
levels are among risk factors for cardiovascular disease [3–7].
Although the mechanism of elevated RDW on cardiovascular
system diseases and complications is not yet fully known,
it has been stated that a decrease in oxygen capacity may

cause ischemia. RDW has been found to be a risk factor for
mortality independent of mean corpuscular volume (MCV)
and other hematological factors [8, 9]. The aim of this study
was to investigate the effect of RDW levels in patients with
elevated troponin I levels who presented to the emergency
department with chest pain; and its affect on prognosis.

2. Materials and methods

2.1 Patient population

This study included patients over 18 years of age who
presented to the emergency department with the complaint of
chest pain between August 1, 2018 and August 1, 2019. The
Emergency Department of Ümraniye Training and Research
Hospital is a comprehensive clinic serving an average of
500,000 patients every year with green, yellow and red zones
and a resuscitation unit. Patients with available data on the
troponin-I and Red cell distribution width (RDW) values at the
time of presentation were included in this retrospective study
while those with incomplete laboratory findings, unavailable
electrocardiography (ECG) findings, chest pain due to trauma,
and the diagnosis of psychiatric diseases were excluded. The
patients’ initial troponin I and RDW values were compared
to determine prognosis. Hospital data system records were
used to determin patients discharged from the emergency
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FIGURE 1. ECG findings of patients with normal and high troponin I values.

department, those discharged from the hospital and those
who died during hospitalization. The demographic data,
medical history, electrocardiography (ECG) findings, Red
cell distribution width (RDW), mean platelet volume (MPV),
initial troponin I values, and discharge rates were recorded.
The patients were divided into three groups according to

clinical outcome: those discharged from the emergency depart-
ment without being hospitalized, those with a good prognosis
who were discharged from a hospital service, and those with a
poor prognosis who required intensive care or died.

2.2 Laboratory Measurements
Complete blood count and RDW analysis were performed
with Cell-Dynn 3700 (Abott, IL, USA). Cardiac troponin
measurements were made with ARCHITECH ci400
(ARCHITECH, IL, USA) by the indirect ion-selective
electrode dilution method.
The normal cut off value of troponin I was< 0.0262 ng/mL,

patients with a troponin I value less than 0.02ng/mL were
included in the normal troponin I group while those with a
value higher than 0.02 ng/mLwere evaluated as having a high
troponin I. The normal range of RDW levels was 11 - 16%.
Patients with RDW > 16% were termed high RDW levels;

patients with RDW< 11% were termed low RDW levels. The
normal range of MPV levels was 6 - 12 fL.

2.3 Statistical analyses
Statistical analysis was performed using SPSS version 22. The
conformance of variables to normal distribution was examined
by visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk test). Descrip-
tive analyses were given for the median and interquartile range
(frequency tables for ordinal variables) for non-normally dis-
tributed data. Since it was determined that the blood pa-
rameters with numerical data were not normally distributed,
these parameters and ordinal data; i.e., clinical outcome and
ECG variables were compared between the groups using the
Kruskal-Wallis test. TheMann-Whitney U test was performed
to test the significance of pairwise differences using Bonfer-
roni correction to adjust for multiple comparisons. While in-
vestigating the associations between non-normally distributed
and/or ordinal variables, the correlation coefficients and their
significancewere calculated using the spearman test. A p value
of less than 0.05 was considered statistically significant.
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FIGURE 2. Evaluation of the ECG findings of normal sinus rhythm (NSR), myocardial infarction (MI), ischemia, non-
ischemia, and according to troponin I values.

3. Results

The study included 3,922 patients. Of the 3,922 patients,
2,196 (56%) were male and 1,726 (44%) were female. The
median age of the patients discharged from the emergency
room was 46 [25], the median age of the patients with better
prognosis was 46 [25], and the median age of poor prognosis
was 38 [13]. 392 patients were hospitalized and progressed
with better prognosis. 7 patients had poor prognosis, and 3522
patients were discharged after completion of the emergency
examination and treatment procedures. The presence of co-
morbid diseases was higher in patients with poor prognosis.
Discharge from the hospital resulted in a better prognosis (p<
0.05). When biochemical values, hemogram parameters and
vital signs were evaluated according to prognosis, there was
no statistically significant difference between the three groups
(p > 0.05) (Table 1).
The most common ECG rhythm was normal sinus rhythm

(NSR) observed in 3,366 (85%) patients. The relationship
between the remaining ECG findings and high troponin I was
recorded in Fig. 1. 14.3% of MI findings were detected in
the first-visit ECG of the patients resulting in better prognosis.
Ischemic changes without MI findings were detected in 28.6%
of patients resulting in poor prognosis. There was a significant
difference between the ECG parameters of the patients and
prognosis (p < 0.00) (Table 1).
According to the ECG parameters, the patients were divided

into four groups; those with normal sinus rhythm (NSR), those
with findings consistent with acute myocardial infarction (MI),
those with ischemic findings other than MI, and those with

no ischemic finding but without normal sinus rhythm (NSR)
(Fig. 2). While 87.9% of the patients with normal troponin I
had NSR, 78.2% of those with high troponin I had normal sinus
rhythm (NSR), indicating no clinically significant difference
between the groups (p > 0.001) (Fig. 2). However, there
was a statistically significant difference between the patients
with high and normal troponin I in terms of the ischemic ECG
findings other than MI (p < 0.001).
There was no statistically significant difference in the RDW

values, categorized RDW and troponin levels according to
gender (p = 0.837; p = 0.277; p = 0.816; respectively). The
relationships of clinical outcome with high and normal tro-
ponin I, and categorized Red cell distribution width (RDW)
in patients are shown in Table 2. According to Troponin
I variables, there was a statistically significant difference in
terms of clinical outcome, and according to the Games-Howell
posthoc analysis, the difference was seen between better clin-
ical outcome and emergency discharge (p < 0.001). Another
hemogram parameter, the MPV (mean platelet volume) level
was found to have a median value of 9.5 fL (IQR 1.20)
in the group with normal troponin I and 9.5 fL (IQR 1.20)
in the group with high troponin I, indicating no statistically
significant difference (p > 0.05). When the RDW levels were
compared in terms of clinical outcome, there was no statis-
tically significant difference between the patients discharged
from the emergency department without hospitalization, those
discharged from a hospital service (better prognosis), and those
requiring intensive care or died (poor prognosis) (p > 0.05)
(Spearman’s correlation analysis: r = -0.025, p = 0.110).
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TABLE 1. Demographic data, laboratory findings, known diseases of the patients.
Discharge Better prognosis Poor prognosis p

Age 46 (25) 46 (25) 38 (13) > 0.05
Gender(n) 3523 392 7
Male(%) 55.7% 58.4% 71.4%
Female (%) 44.3% 41.6% 28.6% > 0.05
Vital signs
SBP(mmhg) 125 (60 - 152) 128.5 (80 - 220) 129 (118 - 160) > 0.05
DBP(mmhg) 80 (70 - 89) 78 (65 - 92) 82 (46 - 100) > 0.05
HR(/min) 82 (45 - 200) 81 (41 - 170) 88 (65 - 97) > 0.05
sPO2(%) 98 (64 - 100) 98 (87 - 100) 97 (95 - 98) > 0.05
ECG categories (%) < 0.001
NSR 87 75.3 71.4
MI 0.2 14.3 0
nonMI ischemic changes 6.2 4.8 28.6
non-ischemic changes 6.6 5.6 0
Comorbidities% (+/-)
HT 14/86 22.4/77.6 28.6/71.4 < 0.05
DM 8.8/91.2 12.5/87.5 14.3/85.7 = 0.049
CAD 6.6/93.4 10.7/89.3 28.6/71.4 < 0.05
CRF 0.7/99.3 1.3/98.7 28.6/71.4 < 0.05
HPL 3.7/96.3 7.1/92.9 14.3/85.7 < 0.05
BK parameters
Glucose(mg/dL) 103 (50 - 610) 105 (70 - 470) 99 (89 - 134) p > 0.05
BUN (mg/dL) 29 (20 - 49) 29.9 (20 - 117) 34.2 (23.5 - 81.3) p > 0.05
Cre (mg/dL) 0.8 (0.5 - 9) 0.8 (0.3 - 6) 0.8 (0.6 - 8.3) p > 0.05
Na(mEq/L) 139 (100 - 149) 139 (98 - 146) 137 (123 - 140) p > 0.05
K(mEq/L) 4.3 (2.8 - 5.9) 4.3 (3.2 - 5.7) 4.5 (3.6 - 4.9) p > 0.05
Hemogram parameters
WBC ( 103 µL) 8.5 (5 - 29.5) 8.8 (1.17 - 18) 7.3 (6.4 - 15.1) p> 0.05
Neu ( 103 µL) 5 (2 - 26.7) 5.1 (0.7 - 15) 5.9 (3.4 - 11) p > 0.05
Hgb(g/dl) 13.8 (11 - 19.5) 13.8 (6.1 - 17.9) 12.3 (10.1 - 15.4) p > 0.05
Hct (%) 41.3 (35 - 55) 41.6 (19.3 - 54.1) 36.2 (30.7 - 46.4) p > 0.05
RDW ( 103/µL) 13.3 (8.1- 26.5) 13.4 (11.6 - 23.7) 13.9 (12.7 - 18.6) p > 0.05
MCV (fL) 86.7 (75 - 112.5) 87.2 (63.9 - 99.5) 86.4 (78.9 - 92) p > 0.05
Plt ( 103 µL) 251.6 (145 - 830) 251 (111 - 508) 215 (171 - 273) p > 0.05
MPV( 103 µL) 9.5 (7 - 14.5) 9.5 (6.1 - 12.6) 10.1 (5.8 - 10.7) p > 0.05
SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, NSR: normal sinus rhythm, MI:
myocardial infarction, HT: hypertension, DM: diabetes mellitus, CRF: Chronic renal failure, HPL: hyperlipidemia,
BUN: blood urea nitrogen, Crea: creatinine, Na: sodium, K: potassium, WBC: white blood cell, Neu: neutrophil,
Hgb: hemoglobine, Hct: hematocrit, RDW: red cell distribution width, MCV: mean corpuscular volume, Plt:
platelet, MPV: mean platelet volume.

When RDW and troponin levels variable were compared,
there was a statistically significant relationship between them
and there was very weak positive correlation. 0.3% of the
change in troponin level varied with RDW (p = 0.001) (Spear-
man’s correlation analysis: r = 0.055, p = 0.3).
Patients with elevated troponin were consulted with cardi-

ology and no emergency cardiac pathology were discharged
after follow-up and treatment in the emergency room. HT in
256(35.9%) of these 714 patients, hypoxia in 244 (34.2%),
hypoperfusion in 120 (16.8%), tachyarrhythmia in 52 (7.3%),
anemia in 33 (4.6%), bradyarrhythmia in 8 (1.1%), and chronic
renal failure in 1 (0.1%).
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TABLE 2. Evaluation of RDW and troponin I values with prognosis.
Discharge Better prognosis Poor prognosis p

Troponin I (ng/ml) < 0.001
Normal troponin I 2809 (79.7%) 263 (67.1%) 2(28.6%)
Elevated troponin I 714 (20.3%) 129 (32.9%)) 5 (71.4%)

RDW (103 /µL) > 0.05
< 11% 8 (0.2%)

11 – 16% 3264 (92.7%) 371 (94.6%) 6 (85.7%)
> 16% 250 (7.1%) 21 (5.4%) 1 (14.3%)

RDW, red cell distribution width.

TABLE 3. Distribution of ECG changes according to prognosis in patients with troponin I > 0.002 ng/ml.
Discharge Better prognosis Poor prognosis

NSR 564 (79%) 96 (74.4) 3 (60%)
MI 6 (0.8%) 17 (13.2%)
Non MI ischemia 85 (11.9%) 10 (7.8%) 2 (40%)
Non ischemia 59 (8.3%) 6 (4.7%)
Total 714 129 5

When the ECG findings and prognosis of patients with
elevated troponin were examined, NSR was detected in 79%
of patients discharged, 74.4% of patients with better prognosis
and 60% of patients with poor prognosis. 13.2% of the patients
with better prognosis and 0.8% of the patients discharged from
the emergency department had an MI finding on the first-time
ECG (Table 3).

4. Discussion

In this study, when the RDW levels were compared in terms
of clinical outcome, there was no statistically significant dif-
ference between the patients discharged from the emergency
department without hospitalization, those discharged from a
hospital service (better prognosis), and those requiring inten-
sive care or died (poor prognosis) (p > 0.05) (Spearman’s
correlation analysis: r = -0.025, p = 0.110). When RDW and
troponin levels variable were compared, there was a statisti-
cally significant relationship between them and there was very
weak positive correlation. 0.3% of the change in troponin level
varied with RDW (p = 0.001).
Although the gold standard for the diagnosis of an acute MI

is a high troponin I value, changes in MPV and RDW levels
have also been studied to determine their ability to facilitate
diagnosis. There was no poor prognosis in our patients withMI
findings on the first-arrival ECG. Undoubtedly, these changes
resulted in earlier interventions. Early intervention in ischemic
ECG changes was very important. The most common ECG
changes in patients with poor prognosis were those without
MI findings but with ischemic changes on ECG. In unstable
angina, acute MI and sudden cardiac death, ischemia triggers
platelet activation which results in elevated MPV. In a study
in which patients with non-ST elevation were followed up for
three years, aspirin resistance and elevatedMPVwere found to
increase the risk of developing a reccurent MI [6]. In another

study, in which patients with non-ST elevation were examined,
it was found that high RDW was an independent determinant
of one-year mortality in patients that were hospitalized for the
first time due to heart failure [8].

In our study, with the increase in RDW levels, discharge was
reduced. Patients with high RDW were discharged after hos-
pitalization or intensive care hospitalization with poor progno-
sis. Many studies have been conducted to evaluate whether
hemogram parameters can be prognostic factors. Similarly,
it has been investigated whether there is any relation between
various parameters causing hypoxia and ischemia and the tro-
ponin I level. In a study that aimed to determine the possible
association between the ionized calcium level and mortality in
cases of pulmonary embolism, a low correlation was observed
between the troponin I level and ionized calcium[10]. There
are many reasons for increases in the Troponin I level. In
our study, we detected hypertensive crisis, hypoxia and hy-
poperfusion in patients who had high troponin I level and were
discharged from the emergency department. In a study, normal
RDW values were found in 20% of cases with FE deficiency
anemia, and RDW was elevated in half of those with chronic
disease anemia and heterozygous thalassemia [11]. Other re-
searchers reported that increased neutrophil/lymphocyte ratio
was associated with increased mortality in patients receiving
intensive care [12]. Similarly, studies in the literature showed
that MPV was associated with intravascular thrombus and
altered platelet functions [13, 14]. All these findings suggest
that the variability of RDW due to hypoxia and ischemia may
determine diagnosis and prognosis. In our study there was no
correlation between the discharge status of patients and their
RDW values. Although a statistically significant difference
was found between the troponin I and RDW levels (p = 0.001),
there was no statistically significant difference between better
prognosis, poor prognosis, and RDW levels (p > 0.05). This
suggests that it may not be appropriate to use RDW values to
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determine prognosis in these patients.
In some studies, average RDW values have been reported

to be higher in women [11, 15, 16] while others found no
significant relationship between gender and RDW values [11,
17–20]. In our study, there was no statistically significant
difference in the RDW values, categorized RDW and troponin
levels according to gender (p = 0.837; p = 0.277; p = 0.816;
respectively). There are also studies revealing that the RDW
value is affected by obesity and metabolic syndromes, and
exercise can result in a significant improvement in cardiovas-
cular disease and RDW [11, 21, 22]. Although it is suggested
that RDW may be affected by genetic factors, it should be
remembered that hyperlipidemia, hypertension, and cardiovas-
cular disease may also be genetic, and RDWmay increase due
to these diseases [11]. Comorbid diseases were distributed
according to prognosis and the presence of comorbid disease
was higher in patients with poor prognosis. There was a
significant difference in all groups discharged, resulting in
better prognosis and poor prognosis (p < 0.05).
In the literature, studies have also evaluated the relationship

between RDW and coronary artery diseases in patients that
have undergone angioplasty [5, 23, 24]. In patients with MI
that have undergone this procedure, a relationship has been
reported between the RDW level and mortality [5, 25, 26]. In
our study, our patients with a better prognosis were those who
had been hospitalized and underwent angioplasty. There was
no significant relationship between better prognosis and RDW
values. Although the underlying reason for the relationship
between RDW and cardiovascular diseases is not yet precisely
known, it may be associated with proinflammatory cytokines
and oxidative stress increasing the RDW level [5, 27, 28].
Despite the statistically significant difference in the RDW
levels between our normal and high troponin I groups, no
clinical significance was observed in this evaluation.

5. Conclusion

Although it can be shown that RDW, one of the hemogram
parameters, can be effective in determining the prognosis of
patients with ischemic pathology; detailed meta-analysis is
needed.
RDW levels may vary in patients with elevated troponin lev-

els and chest pain but they have no effect on clinical outcomes.

LIMITATIONS

Since our study was retrospective only patients with ’chest
pain’ were examined. Patients diagnosed with acute coronary
syndrome with different complaints could not be evaluated.
Our patients were only given a blood test at the time of

presentation with no follow-up analysis being conducted; thus,
antiplatelet use was not determined. We may not have been
able to distinguish patients who had not yet been diagnosed
with hypertension, diabetes mellitus, or cardiac disease but
carried the associated risk factors. In addition, the affects
of revascularization procedures such as angioplasty was not
determined. Lastly, readmissions were not evaluated.
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