
Abstract. – BACKGROUND: Red cell distrib-
ution width (RDW) is associated with poor car-
diovascular outcomes. We aimed to find out if
this association could be explained by impaired
exercise capacity in patients without obstructive
coronary artery disease (CAD).

PATIENTS AND METHODS: The patients who
underwent exercise treadmill test (ETT) who have
non-obstructive CAD and were free of heart failure
symptoms were evaluated. Total of 132 patients
were enrolled, and patients were divided into three
groups according to their Metabolic Equivalent
Task (MET) level measured by exercise treadmill
test (ETT): Less than 7 METs (group 1), 7-10 METs
(group 2) and greater than 10 METs (group 3).

RESULTS: The patients in Group 1 had signifi-
cantly higher RDW levels (16.46 ± 2.79) compared
to Group 2 (15.05 ± 2.03) and Group 3 (14.52 ±
1.37), independent of hemoglobin and hematocrit
values. Significant differences for age, gender, du-
ration of ETT and Duke Treadmill Score were also
found in proportion to the reduced exercise ca-
pacity. In multivariate analysis, only duration of
ETT (ββ = 1.017, p = < 0.001) and RDW (ββ = 0.040, p
= 0.026) were found as independent variables,
which had statistically significant effects on METs.

CONCLUSIONS: We found an independent asso-
ciation between RDW and exercise capacity in pa-
tients free of obstructive coronary disease sug-
gesting that patients with elevated RDW values are
expected to have impaired exercise capacity.
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Introduction

Reduced exercise capacity can considerably
impair quality of life and the assessment of exer-
cise capacity is an important element in the eval-
uation of patients with coronary artery disease
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(CAD). Exercise capacity can be estimated by
numerous methods. Exercise treadmill testing
(ETT) is a cost effective, well established and
most commonly used noninvasive diagnostic tool
in the evaluation of patients with suspected or
known CAD. Although the main weight has giv-
en to the diagnostic value of ST-segment depres-
sion, ETT also provides important diagnostic and
prognostic data on the exercise capacity. Meta-
bolic equivalent of task (MET) levels can be easi-
ly obtained from the ETT protocols. 

Red cell distribution width (RDW), which au-
tomatically performed as a part of a complete
blood count represents the numerical value of the
variability in the size of circulating erythrocytes
and generally used as an indicator of the differen-
tial diagnosis of anemia1. Although elevated
RDW levels indicate impaired production or in-
creased destruction of red blood cells2, several
recent large clinical studies have shown that ele-
vated RDW level is also related to adverse clini-
cal outcomes in various cardiovascular diseases,
independent of hemoglobin and/or hematocrit
values3-12. However, the underlying pathophysio-
logical mechanism responsible for this associa-
tion has not been fully elucidated. 

We hypothesized that elevated RDW might re-
flect pathophysiologic conditions that may lead
to impaired exercise capacity and investigated
whether RDW was independently associated
with the exercise capacity in patients who under-
gone ETT due to clinical suspicion of CAD.

Patients and Methods

Patients
We retrospectively evaluated the patients who

had necessary data and underwent ETT for sus-
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Statistical Analysis
The data were tested for normal distributions

using the Kolmogorov-Smirnov test. Normally
distributed continuous variables are presented as
means ± standard deviation (SD). The categorical
variables were presented as percentages. To com-
pare the continuous variables among 3 groups,
one-way analysis of variance (ANOVA) test was
used. When significant differences were detected
among the 3 groups, Bonferroni or Tukey was
used as post-hoc test to delineate pair-wise differ-
ences. Chi-squared test was used to compare the
categorical variables. Differences were consid-
ered statistically significant when p value < 0.05.
Pearson was used to test univariate correlation
with RDW. Following univariate correlations, a
multivariate linear regression model with back-
ward selection process was applied to identify in-
dependent predictors of RDW. The Statistical
Package for Social Sciences (SPSS Inc., Chica-
go, IL, USA) version 20 was used for all statisti-
cal analyses and calculations. 

The Institutional Ethics Committee approved
the study protocol, and the study was conducted
in accordance with the Declaration of Helsinki.

Results

Baseline demographic and clinical characteris-
tics as well as risk factors were similar in the
three groups, except for age and gender. The age
of patients with poor (group 1) and moderate ex-
ercise capacity (group 2) was significantly higher
than those of good exercise capacity (group 3). A
gender difference was also observed between
three groups suggesting that exercise capacity
was significantly higher in males than females.
As expected, the duration of ETT and Duke
Treadmill Score were found to be decreased in
proportion to the reduced exercise capacity. Pa-
tients with poor exercise capacity (group 1)
demonstrated significantly higher RDW levels
(16.46 ± 2.79) compared to moderate (15.05 ±
2.03) and good exercise capacity (14.52 ± 1.37),
independent of hemoglobin and/or hematocrit
values. The other hematologic and biochemical
parameters were similar in the three groups.
Baseline demographic and clinical characteris-
tics, as well as laboratory and ETT results of the
groups are presented in Table I.

In univariate correlation analysis, age, sex,
body mass index, hypertension, exercise dura-
tion, Duke treadmill score, creatinine, hemoglo-

pected CAD between February and August 2013.
All patients had an initial evaluation consisting
of history, physical examination, 12-lead ECG,
complete blood count analysis and then ETT. The
patients with recent acute myocardial infarction,
with the signs and symptoms of congestive heart
failure, having obstructive lesion in any coronary
artery detected in coronary angiography per-
formed due to positive ETT results, mechanical
prosthetic valves, infective endocarditis, low left
ventricular ejection fraction (< 50%), nutritional
deficiency (iron, vitamin B12, or folate deficien-
cy), blood dyscrasias, recent blood transfusion,
autoimmune or inflammatory diseases, renal fail-
ure and hepatic failure were excluded. A total of
285 patients were evaluated, and 153 patients
matching the above exclusion criteria were ex-
cluded from the study. The remaining 132 pa-
tients were finally included in the analysis.

Exercise Treadmill Test
After discontinuation of drugs, which possibly

affect the ETT results such as beta-blockers and
long acting nitrate agents, a symptom-limited
ETT using Bruce protocol was performed ac-
cording to established guidelines13. The ETT was
considered diagnostic if the patient reached tar-
get heart rate (85 % of the maximum predicted
heart rate), or typical angina symptoms devel-
oped during the test. An up-sloping ST depres-
sions ≥ 1.5 mm or down sloping/horizontal de-
pressions ≥ 1.0 mm in at least 2 leads were ac-
cepted as positive ETT. The same independent
investigator blinded to patients’ clinical details
and biochemical results analyzed all ETT results.
MET level and Duke Treadmill Score (DTS)
were calculated from the ETT protocols. Patients
were divided into 3 groups according to their ex-
ercise capacity estimated by ETT: Group 1, poor
exercise capacity (< 7 METs); Group 2, moder-
ate exercise capacity (7-10 METs); and Group 3,
good exercise capacity (> 10 METs).

Laboratory Measurements
The blood samples were taken in the morning

hours after a fasting period of at least 12 hours
within a week of ETT. The blood samples for com-
plete blood count analysis were collected in
tripotassium EDTA tubes and analyzed using an au-
tomatic blood counter. Routine biochemical tests
including fasting plasma glucose, creatinine, blood
urea nitrogen, total serum cholesterol, triglyceride,
high-density lipoprotein, and low-density lipopro-
tein cholesterol were also measured. 
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Group 1 Group 2 Group 3
All patients (n = 33) (n = 32) (n = 67)
(n = 132) (< 7 METs) (7-10 METs) (>10 METs) p value

Age, y, mean ± SD 53.47 ± 11.92 53.63 ± 15.42 59.28 ± 10.38 50.62 ± 9.57 0.003
Male sex, n (%) 49 (37.1%) 7 (21.2%) 9 (28.1%) 33 (49.3%) 0.012
Body mass index, kg/m2, mean ± SD 28.55 ± 4.60 29.93 ± 5.02 28.94 ± 4.88 27.68 ± 4.09 0.060
Diabetes, n (%) 29 (22%) 6 (18.2%) 11 (34.4%) 12 (17.9%) 0.150
Hypertension, n (%) 57 (43.2%) 19 (57.6%) 13 (40.6%) 25 (37.3%) 0.149
Hyperlipidemia, n (%) 19 (14.4%) 5 (15.2%) 3 (9.4%) 11 (16.4%) 0.640
Previous CAD, n (%) 27 (20.5%) 7 (21.2%) 7 (21.9%) 13 (19.4%) 0.953
Medications
ASA, n (%) 37 (28%) 11 (33.3%) 11 (34.4%) 15 (22.4%) 0.340
ACEI/ARB, n (%) 29 (22%) 8 (24.2%) 8 (25%) 13 (19.4%) 0.768
BB, n (%) 29 (22%) 11 (33.3%) 8 (25%) 10 (14.9%) 0.100
CCB, n (%) 14 (10.6%) 4 (12.1%) 4 (12.5%) 6 (9%) 0.821
Statin, n (%) 13 (9.8%) 5 (15.2%) 1 (3.1%) 7 (10.4%) 0.259

Exercise Treadmill Test
Duration, min, mean ± SD 8.20 ± 3.83 3.83 ± 1.21 7.11 ± 0.83 10.86 ± 2.09 < 0.001
METs, mean ± SD 10.05 ± 3.47 5.87 ± 1.16 8.70 ± 0.92 12.77 ± 2.40 < 0.001
Maximum Heart Rate (reached), (%) 97.25 ± 9.42 93.72 ± 12.43 99.71 ± 9.39 97.82 ± 7.11 0.028
Duke Treadmill Score -0.2 ± 8.30 -5.11 ± 6.91 -2.50 ± 6.47 3.65 ± 8.01 < 0.001

Biochemical parameters (Plasma)
Fasting glucose, (mg/dl) 108.90 ± 31.62 107.80 ± 20.63 118.51 ± 45.46 105.07 ± 27.81 0.161
Urea (mg/dl) 30.23 ± 7.98 30.58 ± 8.42 31.48 ± 8.72 29.50 ± 7.45 0.524
Creatinine (mg/dl) 0.92 ± 0.17 0.89 ± 0.13 0.89 ± 0.19 0.96 ± 0.18 0.111
HDL-C, (mg/dl) 48.02 ± 11.11 49.23 ± 12.42 46.96 ± 9.43 47.87 ± 11.23 0.743
LDL-C, (mg/dl) 124.93 ± 38.29 127.46 ± 48.59 130.59 ± 37.33 121.00 ± 32.58 0.518
Triglyceride, (mg/dl) 153.04 ± 109.17 177.77 ± 115.08 160.35 ± 137.14 136.85 ± 88.79 0.220
Total-C, (mg/dl) 200.85 ± 42.22 208.80 ± 53.94 202.28 ± 37.97 196.08 ± 37.00 0.391

Hematological parameters
White blood cell, (103 / µL) 6.17 ± 2.10 6.16 ± 1.89 6.60 ± 3.07 5.96 ± 1.55 0.364
Red blood cell, (103/µL) 4.67 ± 0.46 4.73 ± 0.45 4.57 ± 0.43 4.70 ± 0.47 0.300
Hemoglobin, (g/dL) 13.45 ± 1.30 13.24 ± 1.37 13.25 ± 1.24 13.65 ± 1.28 0.214
Hematocrit, (%) 40.45 ± 4.84 39.99 ± 3.90 39.77 ± 3.19 41.00 ± 5.80 0.407
Mean Corpuscular Volume, 86.28 ± 4.74 85.12 ± 3.97 86.31 ± 6.45 86.83 ± 4.05 0.236
Red cell distributed width (%) 15.13 ± 2.11 16.46 ± 2.79 15.05 ± 2.03 14.52 ± 1.37 < 0.001
Platelet count, (103/µL) 265.14 ± 63.37 275.18 ± 59.62 276.28 ± 56.18 254.88 ± 67.44 0.168
Mean platelet volume, (fL) 8.81 ± 0.86 8.77 ± 0.89 8.85 ± 0.93 8.82 ± 0.82 0.933
Neutrophil/Lymphocyte ratio 1.88 ± 0.86 1.87 ± 0.80 1.75 ± 0.49 1.96 ± 1.02 0.559

Table I. Baseline demographic features, clinical characteristics, laboratory and ETT results of the groups with different exer-
cise capacity.

CAD: coronary artery disease; ASA: acetylsalicylic acid; ACEI/ARB: angiotensin converting enzyme inhibitor/angiotensin re-
ceptor blocker; BB: beta blocker; CCB: calcium channel blocker; METs: The metabolic equivalent; HDL-C: high density
lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol;  Total-C: total serum cholesterol.

bin and RDW were found significantly correlated
with METs. The correlation between METs and
RDW is demonstrated in Figure 1. To determine
the variables independently associated with
METs levels, a backward multivariate linear re-
gression model, including variables that correlat-
ed significantly with METs and those that exhib-
ited significant differences between 3 groups,
was performed. In multivariate analysis, only du-
ration of ETT (β = 1.017, p = < 0.001) and RDW
(β = 0.040, p = 0.026) were found as independent
variables, which had statistically significant ef-
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Figure 1. Correlation between Metabolic Equivalent Task
(METs) and Red cell distribution width (RDW).
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fects on METs. The results of univariate and
multivariate linear regression analysis are pre-
sented in Table II.

Discussion

In the present study, we found a graded inde-
pendent relation between levels of RDW and ex-
ercise capacity in patients free from critical CAD
and heart failure.

The exercise capacity has long been used as a
reliable predictor of cardiovascular and overall
mortality and morbidity14. The exercise capacity
is often evaluated in MET concept, which is fre-
quently used to indicate the aerobic intensity and
quantify the energy or oxygen cost of various
physical activities performed by a person13. In
practice, the exercise capacity has been classified
as excellent (higher than 10 METs), good (7-10
METs), moderate (4-7 METs), and poor (less
than 4 METs)15. MET levels are easily calculated
from the treadmill-based ETT protocols and pro-
vide an objective estimate of exercise capacity
without requiring additional equipment or cost.
Dunagan et al14 showed that the ETT is providing
an exercise capacity assessment equivalent to the
Duke Activity Status Index and objective physio-
logic measures for developing exercise prescrip-
tions and measuring progress. Many factors such
as age, gender, body mass index, body fat com-
position, hemoglobin content, renal function, the
heart size, peak heart rate and stroke volume,
which lead to a decrease in maximal workload
achieved or maximal oxygen consumption have
been reported affecting exercise capacity16-19.

RDW reflects heterogeneity in the size of cir-
culating red cells and RDW levels commonly rise
as a consequence of conditions that contribute to
increased red cell destruction (such as hemoly-
sis), impaired erythropoiesis, nutritional deficien-
cy (iron, vitamin B12, or folate deficiency) and
recent blood transfusion20. Patients with these
confounders were excluded from the study. Re-
cent studies found a strong independent associa-
tion between elevated RDW levels and adverse
cardiovascular clinical outcomes including all-
cause mortality in patients with cardiovascular
diseases, especially among patients without ane-
mia21. In the CHARM (Candesartan in Heart
Failure: Assessment of Reduction in Mortality
and Morbidity) study of 2679 heart failure pa-
tients, among routine biochemical and hemato-
logic measures, elevated RDW level exhibited
the greatest relationship with morbidity and mor-
tality4. Correspondingly, in their study of 4111
stable CAD patients without heart failure, Tonelli
et al8 found a graded independent association be-
tween elevated RDW levels and the risk of death
and adverse cardiovascular events. In addition,
elevated RDW levels were found as a powerful
independent risk factor for future cardiovascular
disease in healthy individuals22. The exact mech-
anism through which elevated RDW level is as-
sociated with poor cardiovascular outcomes has
not been fully elucidated. In the present study,
we aimed to examine the relationship between
RDW and exercise capacity in order to explain
the underlying mechanism.

The relationship between RDW and exercise ca-
pacity has not been fully elucidated in literature.
Only one study by Craenenbroeck et al23 showed
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Univariate analysis Multivariate analysis

Independent variables ββ p ββ p*

Age -0.207 0.017 -0.023 0.202
Gender -0.312 < 0.001 0.008 0.735
BMI -0.302 < 0.001 -0.019 0.300
HT -0.185 0.034 0.023 0.190
Exercise duration 0.975 < 0.001 1.017 < 0.001
Reached MHR 0.078 0.312 0.001 0.934
Duke Treadmill Score 0.503 < 0.001 -0.037 0.063
Creatinine 0.183 0.042 -0.017 0.378
Hemoglobin 0.202 0.020 0.022 0.189
RDW -0.314 < 0.001 0.040 0.026

Table II. Univariate and Multivariate regression analysis based on independent variables likely to affect the METs.

*p value at the last step, which the independent variables remained in model. BMI: body mass index; HT: hypertension; MHR:
maximum heart rate; RDW: red cell distribution width.



that higher RDW is independently related to im-
paired exercise capacity in CHF patients. In the
present study, we examined the relationship be-
tween RDW levels and exercise capacity defined
by METs in patients without obstructive coronary
artery stenosis and heart failure and found a graded
and independent association between baseline
RDW level and exercise capacity, even after adjust-
ment for multiple potential confounders. Although
age and gender were different in the groups with
various exercise capacity, these parameters were
not independently predictive of METs achieved in
multivariate regression analysis.

Taken together, the underlying mechanism of
poor clinical outcomes in patients with higher
RDW may be related to the decrease in exercise
capacity. The mechanism and the direction of
this potential association as well as the factors
that increase the RDW are not yet fully clear.
Speculating that raised RDW is the “cause” of
decreased exercise capacity rather than a “surro-
gate marker” of it, inflammation, which is one of
the hallmarks of atherosclerosis, may play a role
in increased RDW levels, and consequently, im-
paired exercise capacity in patients with CAD.
Cardiovascular diseases have a recognized rela-
tionship with the inflammatory markers24. Impor-
tantly, a strong correlation between RDW and in-
flammatory markers, C-reactive protein and sedi-
mentation rate has been detected5,25. Inflammato-
ry cytokines have been found to suppressing the
erythrocyte maturation, disturbing the red cell
membrane, allowing juvenile erythrocytes enter-
ing into circulation and, therefore, increasing in
heterogeneity of the size and RDW levels26,27.
The other most common proposed mechanism
for increased RDW level is neurohumoral activi-
ty. Experimental and clinical studies have report-
ed an association between accelerated erythro-
poiesis and activation of neurohumoral states (the
sympathetic system and renin-angiotensin sys-
tem), which may in turn increase RDW28,29. Con-
sequently, the survival of red blood cell is re-
duced by ineffective erythropoiesis due to both
chronic inflammation and neurohumoral activa-
tion, juvenile erythrocytes are released into the
circulation and therefore the delivery of oxygen
to the tissues is reduced, especially during exer-
cise30. Consistent with these mechanisms, in the
present study, we found that RDW independently
predicts the exercise capacity in patients without
severe CAD and heart failure. The clinical im-
pact of this relationship, on the other hand, is not
exactly known and should further be evaluated.

Conclusions

In patients without obstructive CAD as well as
heart failure, relatively higher RDW values are
related to lower exercise capacity. This potential
relationship between RDW and exercise capacity
can provide an insight into understanding the un-
derlying mechanism of poor clinical outcomes in
patients with cardiovascular disease. Further
studies are required to explain this relationship in
more detail.
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