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Abstract

BACKGROUND
Red blood cell distribution width (RDW) is elevated in patients with cardio-
vascular disease (CVD).

AIM
To determine RDW values and impact of CV and non-CV coexisting morbidities
in elderly patients hospitalized with chronic CVD.

METHODS

This prospective study included 204 consecutive elderly patients (age 77.5 [7.41]
years, female 94 [46%], left ventricular ejection fraction 53.00% [37.50, 55.00])
hospitalized with chronic CVD at the Cardiology Department of Larissa
University General Hospital (Larissa, Greece) from January 2019 to April 2019.
Elderly patients were selected due to the high prevalence of coexisting morbidities
in this patient population. Hospitalized patients with acute CVD (acute coronary
syndromes, new-onset heart failure [HF], and acute pericarditis/ myocarditis),
primary isolated valvular heart disease, sepsis, and those with a history of blood
transfusions or cancer were excluded. The evaluation of the patients within 24 h
from admission included clinical examination, laboratory blood tests, and
echocardiography.

RESULTS
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The most common cardiac morbidities were hypertension and coronary artery
disease, with acutely decompensated chronic heart failure (ADCHF) and atrial
fibrillation (AF) also frequently being present. The most common non-cardiac
morbidities were anemia and chronic kidney disease followed by diabetes
mellitus, chronic obstructive pulmonary disease, and sleep apnea. RDW was
significantly elevated 15.48 (2.15); 121 (59.3%) of patients had RDW > 14.5% which
represents the upper limit of normal in our institution. Factors associated with
RDW in stepwise regression analysis were ADCHF (coefficient: 1.406; 95%
confidence interval [CI]: 0.830-1.981; P < 0.001), AF (1.192; 0.673 to 1.711; P <
0.001), and anemia (0.806; 0.256 to 1.355; P = 0.004). ADCHF was the most
significant factor associated with RDW. RDW was on average 1.41 higher for
patients with than without ADCHF, 1.19 higher for patients with than without
AF, and 0.81 higher for patients with than without anemia. When patients were
grouped based on the presence or absence of anemia, ADCHF and AF, heart rate
was not increased in those with anemia but was significantly increased in those
with ADCHF or AF.

CONCLUSION

RDW was elevated in elderly hospitalized patients with chronic CVD. Factors
associated with RDW were anemia and CV factors associated with elevated heart
rate (ADCHF, AF), suggesting sympathetic overactivity.

Key Words: Red blood cell distribution width; Elderly; Cardiovascular disease; Coexisting
morbidities

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a prospective observational study with 204 consecutive elderly
hospitalized patients seeking to evaluate the impact of cardiovascular (CV) and non-
CV coexisting morbidities on red blood cell distribution width (RDW). RDW was
significantly elevated and factors associated with RDW were anemia as well as CV
factors associated with elevated heart rate (acutely decompensated chronic heart failure
and atrial fibrillation), suggesting sympathetic overactivity.

Citation: Xanthopoulos A, Tryposkiadis K, Dimos A, Bourazana A, Zagouras A, Iakovis N,
Papamichalis M, Giamouzis G, Vassilopoulos G, Skoularigis J, Triposkiadis F. Red blood cell
distribution width in elderly hospitalized patients with cardiovascular disease. World J Cardiol
2021; 13(9): 503-513

URL: https://www.wjgnet.com/1949-8462/full/v13/i9/503.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.19.503

INTRODUCTION

Red blood cell (RBC) distribution width (RDW) is calculated as the standard deviation
in RBC size divided by the mean corpuscular volume (MCV), and represents an
expression of the variation in size of the RBC (anisocytosis) that make up the total
population in an individual patient[1]. Emerging evidence suggests that, besides RBC
abnormalities, diverse human pathologies have been frequently associated with
anisocytosis. In this regard, increased RDW is associated with adverse events and
mortality in many cardiovascular diseases (CVDs) such as ischemic cerebrovascular
disease, peripheral artery disease, atrial fibrillation (AF), heart failure (HF), and
hypertension (HTN)[2,3]. This study evaluated RDW and the impact of coexisting
morbidities in elderly patients hospitalized with chronic CVD[4].

MATERIALS AND METHODS

This prospective study included 204 consecutive elderly (> 65 years) patients admitted
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to the Cardiology Department of Larissa University General Hospital (Larissa, Greece)
from January 2019 to April 2019. Elderly patients were selected due to the high
prevalence of coexisting morbidities in this patient population. Patients hospitalized
for acute CVD (acute coronary syndromes [n = 49], acute de novo HF (n = 18), acute
pericarditis/ myocarditis [n = 15]), primary isolated valvular heart disease (1 = 9),
sepsis (n = 27), and those with a history of blood transfusions (1 = 17) or cancer (1 = 25)
were excluded. The study complied with the Declaration of Helsinki and the study
protocol was approved by the institutional ethical committee. There was no need for
written informed consent as the study was observational. All authors had full access to
the data, take responsibility for its integrity, contributed to the writing of the
manuscript, and agree to this report as written.

Patient evaluation

The evaluation of the patients within 24 h from admission included clinical
examination, laboratory blood tests, and echocardiography. Levels of hemoglobin (Hb)
and RDW were measured with the use of the Siemens Advia 2120 (Siemens Healthcare
Diagnostics, INC, Deerfield, IL, United States). NT-pro B-type natriuretic peptide (NT-
proBNP) was measured with the use of Siemens Advia Centaur (Siemens Healthcare
Diagnostics), while urea, creatinine, and electrolyte levels with Siemens Dimension
(Siemens Healthcare Diagnostics). Echocardiography was performed and reviewed by
two independent echocardiographers, with the use of General Electric Vivid 7 machine
(GE Healthcare, Horten, Norway). The left ventricular ejection fraction (LVEF) was
calculated with the use of two-dimensional echocardiography by implementing the
biplane method of disks summation technique[5].

Definitions of coexisting conditions/morbidities

(1) Coronary artery disease (CAD): history of typical angina in subjects with risk
factors, history of myocardial infarction, history of hospitalization for angina, history
of percutaneous coronary intervention or coronary bypass grafting and accordant
medical prescription list; (2) HTN: history of HTN treatment within the past 3 years;
(3) Acutely decompensated chronic HF (ADCHEF): deterioration of preexisting chronic
HF resulting in an unplanned hospitalization; (4) AF: electrocardiographic findings of
AF at admission and/or history of treatment for AF; (5) Diabetes mellitus (DM):
treatment with anti-hyperglycemic agents including insulin, within the past 3 years;
(6) Chronic obstructive pulmonary disease (COPD): history of dyspnea, chronic cough
or sputum production, or history of recurrent lower respiratory tract infections in a
patient receiving COPD treatment the past 3 years; (7) Anemia: self-reported anemia
and relevant treatment within the past 3 years or hemoglobin (Hb) < 130 g/L for men
and < 120 g/L for women at admission; (8) Chronic kidney disease (CKD): elevated
creatinine ( 2 1.2 mg/dL) in three consecutive measurements in the past 3 years and
confirmed at admission; and (9) Sleep apnea: Sleep apnea treatment with continuous
positive airway pressure (CPAP) within the past 3 years.

Statistical analyses

Descriptive statistics are presented for the study population. Continuous variables
exhibiting a normal distribution are summarized as the mean and standard deviation
(SD), whereas continuous variables exhibiting a non-normal distribution are presented
as the median and interquartile range (IQR). The distribution of each continuous
variable was visually examined through histograms. Categorical variables are
presented as frequencies and percentages. A linear regression model was employed to
identify factors associated with the elevation of RDW. Univariate analysis was initially
carried out to explore the independent association of each variable with RDW. Any
such factor subsequently entered a stepwise forward selection procedure to obtain the
multivariate model fitting the data best. Factors were added one-at-a-time, starting
from the one indicated as the most significant in the univariate analysis, until none
yielded any further improvement in the data fit. This was judged using the likelihood
ratio test, a frequently used test that compares the change in deviance in nested
models, with the level of significance for addition to the model set at 10%.All estimates
generated from linear regression analyses were presented along with 95% confidence
intervals (Cls) and P values. P values will be reported from two-sided tests at the 5%
significance level. All analyses were carried out with STATA 15 (StataCorp LLC;
College Station, TX, United States).
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RESULTS

Patient characteristics

The characteristics of the patients enrolled in this study are presented in Table 1.
Patients were elderly, and approximately half were females. Most patients suffered
from HTN and CAD, with ADCHF and AF also being frequently present. The most
common non-cardiac morbidities were anemia and CKD followed by DM, COPD, and
sleep apnea. The RDW values of the study population appeared to be elevated (mean
[SD] = 15.48 [2.15], median [IQR] = 14,9 [2.7]) compared to the upper limit of normal of
our institution (14.50%). In total, 121 (59.3%) of patients had RDW > 14.5%.

Univariate regression analysis

The results obtained from the univariate linear regression analysis are presented in
Table 2. The presence of ADCHF appeared to be the most important independent
factor associated with the elevation of RDW, followed by the presence of AF, anemia,
CKD, COPD, increased urea values, reduced LVEF, and a higher age. Other factors
found to be significant at the 5% level were the presence of DM, the presence of sleep
apnea, and increased C-reactive protein (CRP).

Multivariate model selection

The results obtained from the model selection procedure are presented in Table 3.
ADCHEF appeared to be the most important factor alone (change in deviance compared
to the null model: 62.86, P < 0.001), and hence was contained in all sets of models
considered for investigation of the best data fit. The presence of AF in the model
yielded greater improvement compared to any other factor when included in the
model jointly with ADCHF (change in deviance compared to model including ADCHF
only: 19.33, P < 0.001). Thus, AF was retained in the model alongside ADCHF. Anemia
provided the most significant improvement compared to any other factor when
included in addition to ADCHF and AF (change in deviance compared to model
including ADCHF and AF: 8.35, P = 0.004), and hence was retained in the model along
with ADCHF and AF. No further improvement was observed when all factors
excluded during the selection procedure re-entered the model, one-at-a-time, along
with ADCHF, AF, and anemia (P > 0.15). Therefore, the best model included ADCHF,
AF, and anemia.

Multivariate regression analysis

The results obtained from the multivariate linear regression analysis are presented in
Table 4. ADCHF was again the most significant factor associated with RDW, with an
average increase of 1.41 noted for patients with ADCHF compared with those without.
Furthermore, the RDW was on average 1.19 higher for patients with AF compared to
patients without AF, and on average 0.81 higher for anemic patients compared to non-
anemic. It is noteworthy that when patients were grouped based on the presence or
absence of anemia, ADCHF and AF, heart rate was not increased in those with anemia
but was significantly increased in those with ADCHF or AF (Figure 1).

DISCUSSION

In this study that included elderly patients hospitalized with CVD, RDW was
significantly elevated. ADCHF was the most significant factor associated with RDW,
whereas other important factors were AF and anemia. RDW was significantly higher
than the RDW of a subgroup of elderly (i.e. 71-85-years-old) (n = 1479) of a historical
cohort including a total of 8089 individuals (15.48 + 2.15 vs 12.6+0.8, respectively; P <
0.0001)[6].

An increased RDW mirrors a profound deregulation of erythrocyte homeostasis
involving both impaired erythropoiesis and abnormal RBC survival and is used along
with other RBC indices to help determine the causes of anemia[7]. A high RDW
provides a clue for anisocytosis and/or the presence of two red cell populations, since
other RBC indices (e.g., MCV or mean corpuscular hemoglobin concentration [MCH])
reflect average values and may not adequately reflect RBC changes where mixed RBC
populations are present (e.g., dimorphic RBC populations in sideroblastic anemia or
combined iron deficiency anemia (decreased MCV and MCH) and megaloblastic
anemia (increased MCV).
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Demographic/clinical

Age (mean + SD, yr)

Female sex, 1 (%)

Body weight (mean + SD, kg)

Height (mean # SD, m)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Heart rate (beats/minute)

Left ventricular ejection fraction (%) (median, IQR)
Laboratory

RDW! (mean + SD)

C-reactive protein” (mg/L) (median, IQR)
Hemoglobin® (mean + SD, g/dL)
Hematocrit” (mean + SD)

White blood cells’ (K/pL)

Urea (mg/dL) (median, IQR)

Creatinine’ (mean % SD, mg/dL)

SGOT* (IU/L) (median, IQR)

SGPT' (IU/L) (median, IQR)

K+* (mean + SD, mmol/L)

Na+' (mmol/L) (median, IQR)
Non-cardiac conditions/morbidities, 1 (%)
Diabetes mellitus

Chronic obstructive pulmonary disease
Chronic kidney disease

Sleep apnea

Anemia

Cardiac conditions/morbidities, n (%)
Acutely decompensated chronic heart failure
Coronary artery disease

Hypertension

Atrial fibrillation

Medications (discharge), 1 (%)
Renin-angiotensin-aldosterone system inhibitors
Beta-blockers

Diuretics

77.50 +7.41
94 (46)

76.28 +14.22
1.66 +0.09
135(34.8)

79 (21)

735 (19)

53.00 (37.50, 55.00)

15.48% +2.15%
0.48 (0.16,1.37)
12,25 +1.92
37.89% + 6.04%
831 (2.85)

51.70 (38.60, 70.50)
1.21 (0.49)

20.15 (16.55, 25.65)
16.75 (11.65, 22.90)

4.20 £ 0.56

140.00 (137.50, 142.00)

68 (33)
37 (18)
84 (41)
15 (7)

85 (42)

104 (51)
133 (65)
152 (75)

97 (47.5)

159 (78)
145 (71)

137 (67)

Three values missing.
ZFifty-four values missing.
3Two values missing.

*Four values missing. RDW: Red blood cell distribution width; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic

transaminase.

RDW has additionally been used as a prognosticator in diverse pathologies
including CVD[8,9]. Many of the conditions for which an increase in RDW was
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Table 2 Results obtained from univariate linear regression analysis

Factor Coefficient 95%Cl P value
Age 0.072 (0.033, 0.111) <0.001
Sex (males vs females) -0.520 (-1.115, 0.075) 0.09
Weight -0.014 (-0.035, 0.007) 0.18
White blood cell count 0.081 (-0.024, 0.185) 0.13
Urea 0.022 (0.014, 0.030) <0.001
C-reactive protein’ 0.085 (0.001, 0.169) 0.05
Left ventricular ejection fraction -0.057 (-0.073, -0.038) <0.001
Acutely decompensated chronic heart failure 2.220 (1.708, 2.732) <0.001
Coronary artery disease 0.039 (-0.573, 0.650) 0.9
Hypertension -0.519 (-1.203, 0.165) 0.14
Atrial fibrillation 1.862 (1.322, 2.402) <0.001
Diabetes mellitus 0.854 (0.230, 1.477) 0.01
Chronic obstructive pulmonary disease 1.569 (0.810, 2.327) <0.001
Anemia 1.682 (1.123, 2.242) <0.001
Chronic kidney disease 1.590 (1.022, 2.158) <0.001
Sleep apnea 1.448 (0.289, 2.606) 0.02

IFifty-four values missing.

observed are associated with systemic inflammation and critical illness, but the exact
pathophysiologic mechanisms underlying the association of increase in RDW with
morbidity and mortality remains unclear[10]. Given that erythropoietin is a key
determinant of the RDW, it has been postulated that any condition affecting
erythropoietin activity (e.g., inflammation, primary renal disease, HF, bone marrow
failure) may potentially lead to increased RDW values[11-13]. Another consideration
could be nutritional imbalance, often present in patients with chronic diseases or
critical illness, expressed by micronutrient deficiencies (e.g., iron, vitamin B12, or folate
deficiency) that are associated with anisocytosis[14], and excess of macronutrients. On
the other hand, higher RDW has been associated with the metabolic syndrome (MS)
[15,16]. Proinflammatory cytokines inhibit erythropoietin-induced erythrocyte
maturation, which may lead to increased RDW[16]. Macronutrient surplus causes
lipotoxicity in healthy non-adipose tissues, and induces tissue damage[17]. Other
physiologic determinants that are associated with RDW changes include aging, Black
ethnicity, and physical exercise[6,18].

The findings of this study regarding the inflammatory nature of RDW elevation are
contradictory. Inflammatory diseases[19] were both included in (e.g., AF and ADCHF)
and excluded from (e.g., CKD, and COPD) the final model. Moreover, biomarkers of
inflammation were unrelated (white blood cells) or weakly related (CRP) to RDW in
univariable analysis and both were not included in the final model. The results of the
studies on the relationship between RDW and inflammatory biomarkers have been
conflicting. In the study of Lippi and colleagues including 3845 outpatients, when
participants were grouped according to RDW quartiles, there were strong, graded
increases in erythrocyte sedimentation rate and hsCRP (P < 0.001), both parameters
being up to 3-fold higher in the fourth vs the first quartile[20]. In contrast, Lappe and
colleagues observed a significant but meaningless correlation between RDW and high-
sensitivity CRP (r = 0.181; P < 0.001) in 1489 patients with CAD[21].

Inflammatory processes are present during the development and complications of
CVD. However, although there is a wealth of information about the role of inflam-
matory cells and pathways during acute injury and the reparative processes that are
subsequently activated, little is known about the contribution of the immune system
once the trajectory has been set, and chronic CVD has been established —which
clinically represents the majority of patients[22]. The causative role inflammation plays
in disease progression is not well defined, and the majority of clinical trials that target
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Table 3 Results obtained from the model selection procedure

Explanatory factors of RDW Change in deviance' P value

Models including 1 factor’

Age 12.84 <0.001
Urea 26.50 <0.001
C-reactive protein 4.01 0.05
LVEF 30.42 <0.001
ADCHF 62.86 <0.001
Atrial fibrillation 42.01 <0.001
Diabetes mellitus 7.23 0.007
COPD 16.14 <0.001
Anemia 32.69 <0.001
CKD 28.60 <0.001
Sleep apnea 6.04 0.01

Models including 2 factors’

ADCHEF + Age 0.15 0.70
ADCHEF + Urea 3.03 0.08
ADCHEF + C-reactive protein 0.30 0.59
ADCHF + LVEF 0.06 0.80
ADCHEF + Atrial fibrillation 19.33 <0.001
ADCHF + Diabetes mellitus 3.08 0.08
ADCHF + COPD 2.39 0.12
ADCHF + Anemia 7.74 0.005
ADCHF + CKD 0.85 0.36
ADCHEF + Sleep apnea 0.34 0.56

Models including 3 factors’

ADCHEF + Atrial fibrillation + Age 0.08 0.78
ADCHEF + Atrial fibrillation + Urea 2.10 0.15
ADCHEF + Atrial fibrillation + C-reactive protein 0.54 0.46
ADCHEF + Atrial fibrillation + LVEF 0.75 0.39
ADCHEF + Atrial fibrillation + Diabetes mellitus 2.30 0.13
ADCHEF + Atrial fibrillation + COPD 0.89 0.35
ADCHEF + Atrial fibrillation + Anemia 8.35 0.004
ADCHEF + Atrial fibrillation + CKD 0.73 0.39

Models including 4 factors’

ADCHEF + Atrial fibrillation + Anemia + Age 0.50 0.48
ADCHEF + Atrial fibrillation + Anemia + Urea 1.16 0.28
ADCHEF + Atrial fibrillation + Anemia + C-reactive protein 0.34 0.56
ADCHEF + Atrial fibrillation + Anemia + LVEF 1.86 0.17
ADCHEF + Atrial fibrillation + Anemia + Diabetes mellitus 0.92 0.34
ADCHEF + Atrial fibrillation + Anemia + COPD 0.77 0.38
ADCHEF + Atrial fibrillation + Anemia + CKD 0.26 0.61
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"Largest change in deviance indicates the best model in each set (highlighted).

2Models were compared to the null model.
3Models were compared to those indicated as best in the previous set. ADCHF: Acutely decompensated chronic heart failure; CKD: Chronic kidney
disease; COPD: Chronic obstructive pulmonary disease; LVEF: Left ventricular ejection fraction.

Table 4 Results obtained from multivariate linear regression analysis

Factor

Coefficient 95%ClI P value

Acutely decompensated chronic heart failure 1.406 (0.830, 1.981) <0.001

Atrial fibrillation

Anemia

1.192 (0.673,1.711) <0.001

0.806 (0.256,1.355) 0.004
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Figure 1 Heart rate in the presence or absence of anemia, acutely decompensated chronic heart failure, and atrial fibrillation. ADCHF:
Acutely decompensated chronic heart failure; bpm: Beats per minute.
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aspects of inflammation in patients with chronic CVD have largely been negative[23,
24]. This may be partly due to the fact that the tools currently used to measure
“inflammation” are insufficiently precise and do not provide information about
disease site, activity, or discrimination between functionally important activation
pathways[23,25].

Anisocytosis can be produced by any factor that increases erythropoiesis. In the
present study, in contrast to anemia the two most important non-CV factors inducing
anisocytosis, ADCHF and AF were associated with increased heart rate confirming
that both are hyper-catecholaminergic states[26,27]. The nervous system emerges as a
critical regulatory player of the bone marrow, the primary site of postnatal
hematopoiesis and hematopoietic stem cell maintenance, both under homeostatic and
pathologic settings, with essential roles in cellular anchorage and egress, stem cell
differentiation, and endothelial cell permeability[28,29]. Factors involved in
erythropoiesis appear to revolve around the nervous system, and catecholamines seem
to be the centerpiece. Several studies support the central role of the sympathetic
nervous system (SNS) in the regulation of hematopoiesis[30,31]. Norepinephrine (NE)
is delivered to the bone marrow (BM) by the sympathetic nerve in a circadian (diurnal)
manner[32]. A close communication exists between the SNS and the BM and dysregu-
lation in this communication may lead to aberrant hematopoietic and immune system
responses[33].
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This study had several limitations. (1) The study enrolled elderly patients (= 65-
years-old) and therefore the results should be interpreted with caution in younger
populations. As previously mentioned the decision to include only elderly patients
was based on the fact that these patients usually suffer from several coexisting
morbidities enabling us to study their potential impact on RDW. (2) A control group
was lacking to compare RDW. However, a normal range of RDW value of 14.5%
representing the upper normal limit is widely accepted[1,6] and RDW was compared
with an aged-matched historical control[6]; (3) The cause of anemia was not
determined. Iron deficiency anemia is diagnosed in 16.6%-25% of non-hospitalized
older adults, 22%-40% of institutionalized older adults, and 15%-65% of hospitalized
older adults[34]. Iron deficiency and iron deficiency anemia are common problems in
patients with CVD[35]. Therefore, it is reasonable to assume that the study findings
were driven by iron deficiency anemia. And (4) By assessing heart rate, we achieved
information predominantly on the cardiac sympathetic drive. However, differentiation
of sympathetic responses means that no simple test can ever represent each and every
sympathetic outflow[36]. Nevertheless, the presence of sympathetic overactivity in
ADCHEF and AF has been demonstrated in numerous studies.

CONCLUSION

In elderly patients hospitalized with chronic CVD, RDW was elevated and associated
both with anemia and factors unrelated to anemia such as ADCHF and AF. It is of
interest that ADCHF and AF shared a common characteristic, namely heart rate
elevation, which is suggestive of SNS overactivity a well-known regulator of BM.
Further studies are necessary to establish the relationship between RDW and SNS.

ARTICLE HIGHLIGHTS

Research background
An increased red blood cell distribution width (RDW) is associated with poor
outcomes in patients with several cardiovascular diseases (CVDs).

Research motivation

Data on the pathophysiology of RDW increase in hospitalized patients with CVD are
limited.

Research objectives
The current study explored the impact of CV and non-CV coexisting morbidities in
elderly patients hospitalized with chronic CVD.

Research methods

This prospective observational study included 204 consecutive elderly (> 65 years)
patients admitted to a tertiary university hospital of Greece. Elderly patients were
selected due to the high prevalence of coexisting morbidities in this patient
population.

Research results

Factors associated with RDW were anemia, acutely decompensated chronic heart
failure (ADCHEF), and atrial fibrillation (AF).

Research conclusions

ADCHEF and AF shared a common characteristic, namely heart rate elevation, which
suggests sympathetic nervous system (SNS) overactivity, a well-known regulator of
bone marrow.

Research perspectives
Further studies will establish the relationship between RDW and SNS.
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