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Abstract

Background: The red blood cell distribution width (RDW) is a simple measure of red blood cell size heterogeneity. A
high degree of anisocytosis, expressed by RDW >15%, is observed in certain anemias, but also in other disorders, where
RDW >15% is associated with worse prognosis. We questioned whether the RDW/hemoglobin ratio (RDW/Hb) might
closer relate to disease severity than RDW.

Design: Cross sectional study
Patients: 76 residents of two Department of Comprehensive Nursing Care.

Method: Physicians classified the patients according to their clinical status in three groups: "stable", “severe-unstable”,
and “intermediate”. An outside observer extracted from the patients' files the results of RDW (elevated if >15%),
hemoglobin, iron, and transferrin. The RDW (%)/Hb (g/dL) ratio and tansferrin saturation (TSAT) were computed. The
associations between RDW, RDW/Hb, TSAT, and the patients' clinical status were assessed.

Results: In residents of Department A, RDW >15% was found in 33% of 19 stable patients, in 58% of 10 patients with
intermediate severity, and in 81% of 10 patients classified severe-unstable. The RDW/HDb ratio >1.4 was found in 24% of
stable patients, in 73% with intermediate severity, and in 93% of the severe-unstable patients. In Department B, 36 out of
38 patients were classified stable: in 61.2 % the RDW was >15% and in 38% the RDW/Hb was >1.4.

Conclusions: In a heterogenic population presenting multimorbidity, the RDW and to a higher degree the RDW/Hb (p
<0.00001), correlated with the patients' disease severity.
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acquired pneumonia, chronic obstructive pulmonary disease, liver and
kidney failure, sepsis, critical illness, etc [3-16]. There is increasing
evidence that the RDW might be helpful in assessment of disease severity
and prognostication of patient survival [4-16].

Introduction

Red cell distribution width (RDW) indicates variability in red blood cell
size. It is a standard parameter of the complete blood count, derived from
the RBC size histogram measured by automated cell counters [1]. RDW

normal range in our laboratory is 11.6% to 15%. Higher RDW indicates
dysfunctional erythropoiesis, shortened RBC lifespan, or premature
release of reticulocytes and may be due to oxidative stress, inflammation,
poor nutritional status, alteration of erythropoietin function,
tumorigenesis [2-16]. Traditionally, the RDW has been used in the
diagnosis of anemias, but recently there is awareness of an association
between elevated RDW and an increased risk of morbidity and mortality
independently of anemia in numerous disease states. An elevated RDW
was found in cardiovascular diseases, venous thromboembolism, cancer,
hematologic malignancies, diabetes, rheumatic disorders community-
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Since anemia and RDW are independent predictors of disease severity,
and frail elderly patients with multimorbidity often have chronic diseases
as well as anemia, we combined RDW and Hb in a single measure. We
proposed the combined parameter RDW/HDb ratio and tested in the present
study study whether RDW/Hb might closer correlate with disease severity
than does the parent RDW in a population of severely disabled patients
by multimorbidity.

Patients and Methods

The institutional Review Board approved this observational cohort study
and waived the need for informed consent, due to the study design.
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Included were all residents in Departments A and B of Comprehensive
Nursing, provided they were staying in the ward for at least four weeks.
In either department, 38 subjects out of 40 met this condition. The median
duration of hospitalization in Department A was 4 months (range 1-79
months) and in Department B 5 months (range 1- 60 months). On study
day a physician who was closely implied in the patients' care estimated
their clinical state. A defined set of data was reviewed, those which could
impact on the patient's outcome: age >65, hospice status, metastatic
cancer, congestive heart failure NYHA stages 3 and 4, use of CPAP or
BPAP, continuous oxygen supplementation, vegetative state, end-stage
dementia, hemodialysis, stage 3 or 4 pressure ulcers, antibiotic
prescription more than once during the last 2 months. In addition, the
disease trajectory during the patient's stay in the ward, and the physician's
intuition of the short term prognosis [17] were at the basis of classifying
the patients in three groups: ‘“severe-unstable”, '"stable", and
"intermediate”. The following laboratory data were extracted from the
patients' medical records by an independent observer: RDW, hemoglobin,
iron, and transferrin. RDW >15% was considered elevated. The
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RDW/hemoglobin ratio (RDW/Hb) was calculated in which the RDW is
expressed in percent and the hemoglobin in g/dL. We proposed the
RDW/Hb based on results of a pilot study in residents of long-term
geriatric care showing that a RDW/Hb ratio >1.4 closer correlated with
poor patient prognosis than did RDW >15%. (Naschitz JE, unpublished
observation). The transferrin saturation (TSAT) was calculated according
to the equation TSAT = iron (microgram/dL)/transferrin (mg/dL) x 71.24.
While TSAT <20% and more so <18% suggest an inadequate supply of
iron for erythropoiesis, a very low value <15% is characteristic of iron
deficiency [18]. A cutoff TSAT <15% was used in our study to mark iron
deficiency.

The correlations were assessed between the hematologic indices (RDW,
RDW/hemoglobin, TSAT) and the physicians' estimate of the patient
condition. For statistical analyses, Student's two tailed t-test was used. P
values <0.05 were considered significant.

Results: Patient characteristics are shown in Tables 1 and 2.

Patient data Severe and unstable (n 10) | Intermediate (n9) Stable (n 19}
Female 6 (60%) 4 (44%) 10(53%)
Age >65 8 (80%) 8(89%) 11 (58%)
Hospice status 6 (B0%) 1] 0
Metastatic cancer 7 (70%) 1] 1
CHFNYHA 3 1 1 1
CHFNYHA 4 1 0 0

CPAP or BPAP 0 0 3(16%)
Continuous oxygen 1 1 9 (47%)
Vegetative state 1 3(33%) 3(16%)
End-stage dementia 1 1 1
Antibiotcs »once/2 mo 4 (40%) 6(67%) 2
Hemodialysis 1 2 0

5t3 —4 pressure ulcers 1 4 (44%) 7(37%)
Tracheostomy 0 3(33%) 11 (58%)

Table 1. Patient data and prevalence of pathologies in Department A

Seven patients having metastatic cancers (six among them in hospice status) were classified “severe and unstable™, making out the majority in this
category. One patient with metastatic prostate cancer, well controlled under hormonal treatment, was included in the "stable" group.

Patient data Severe and unstable (2) Stable (36)
Female 1 21
Age =65 2 22
Hospice status 1 2
Metastatic cancer 1 5
CHF NYHA 3 4
CHFNYHA 4 1 3
CPAP or BPAP 2
Continuous oxygen 11
Vegetative state 5
End-stage dementia 1 8
Antibiotcs »once/2 mo

Hemodialysis 1
St3 —4 pressure ulcers 11
Tracheostomy 14

Table 2. Patient data and prevalence of pathologies in Department B
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The RDW, RDW/Hb and TSAT averages and SD of residents of
Department A are presented in Table 3. The RDW and RDW/Hb differed
significantly between stable patients and all others (Table 4). The best
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discrimination between stable patients and the others categories was
noticed for RDW/Hb >1.4. Similar analysis was done in residents of
department B (Tables 5 and 6)

Patient status No patients | No tests RDW % ave (SD) RDW/Hb avg (SD} | TSAT avg (SD)
Severe and unstable | 10 16 18.3(2.7) === 2.03(0.47) === 24.3(15.9) **
Intermediate 9 26 16.8(2.7) ** 1.7 (0.5)*** 16.2(9) *
Stable 19 42 15.0 (1.4) 1.22(0.2) 15.6(7.3)

Table 3. Department A: average and SD of RDW, RDW/Hb and TSAT in the three groups. Statistical significance was calculated with reference to

the stable patients: * not significant, ** p<0.01 , *** p<0.00001

Patient status No patients MNo tests RDW = 15% RDW/Hb>1.4 TSAT < 15%
Severe and unstable | 10 16 13 (81%) 15 (93%) 7 (44%)
Intermediate 9 26 15 (58%) 19 (73%) 15 (58%)
Stable 19 42 14 (33%) 10 (24%) 21(50%)

Table 4. Department A: RDW, RDW/Hb, and TSAT exceeding cut-of values

The study parameters of residents in Department B are shown in Tables 5 and 6.

Patient status No patients | Notests RDW % avg (SD) RDW/Hb avg (SD) | TSAT % ava (SD)

Severe and unstable | 2 5 18.3(1) 1.6(0.08) 27.7(9.9)

Stable 36 116 15.3 (2.55) 1.3(1.7) 13.1(19.6)
Table 5. Department B: average and SD of RDW, RDW/Hb and TSAT

Patient status Mo patients MNo tests RDW = 15% RDW/Hb>1.4 TSAT = 15%

Severe and unstable |2 5 100 100 0

Stable 36 116 71(61.2%) 44 (38%) 53 (59%)

Table 6. Department B: RDW, RDW/Hb, and TSAT exceeding cut-of values

Discussion

An elevated RDW was found in a variety disorders, including
cardiovascular diseases, venous thromboembolism, cancer, hematologic
malignancies, diabetes, rheumatic disorders, community-acquired
pneumonia, chronic obstructive pulmonary disease, liver and kidney
failure, sepsis, and critical illness [3-16]. Our study addressed patients
with multimorbidity and severe frailty, hospitalized in long-term geriatric
and palliative care. In this population the RDW correlated with disease
severity and clinical instability. This correlation was significant in
residents of Department A which comprised a heterogenic population (10
classified unstable, 19 stable, and 9 of intermediate severity); the
correlation could not be assessed by means of statistics in residents of
department B where only two patients were unstable and all others
classified stable. The combined parameter RDW/Hb correlated closer
with diseases severity and clinical instability than did RDW.

The mechanism by which RDW carries a strong prognostic significance
across many diseases is unclear. An explanation might be in the positive
correlation between RDW and inflammatory markers, including
interleukin-6, C-reactive protein, soluble tumor necrosis factor (TNF)
receptors | and Il, hepcidin, and soluble transferrin receptor. Indeed,
inflammation impairs erythropoiesis and causes changes in red blood cell
maturation, which contribute to anisocytosis [18]. Also, chronic
intermittent hypoxemia is associated with elevated RDW, possibly via
intermittent surges in erythropoietin [19]. The RDW was shown to be
associated with malnutrition, inhibition of iron transport and utilization,
and poorer prognosis in cancer patients [18]. Additional findings suggest
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that RDW is related to the aging process [20,21]. Although it is not
established whether an elevated RDW is a risk factor or a risk marker, i.e.
and epiphenomenon of the underlying biological imbalance, an elevated
RDW conveys in general important information for short and long-term
prognosis (2-16). So, the RDW might serve as an integrative measure of
multiple clinical and subclinical processes occurring simultaneously. We
tested the hypothesis whether the relationship between RDW and clinical
status severity can be strengthened by merging RDW and hemoglobin as
a combined parameter. In the present study RDW/Hb >1.4 was found in
93% of patients with severe-unstable status and only in 24% and 38%,
respectively, of patients in stable condition in either department. The
RDW/Hb correlated closer than RDW with the patients' clinical
condition. The advantage of the combined parameter RDW/Hb over
RDW may be analogous to the advantage of the combined parameter
RDW-carcinoembrionic antigen, better predicting the prognosis for
survival in colorectal cancer than either parameter alone [18].

There are limitations to our present study. First, the estimate of patients’
clinical status by physicians is intuitive to a certain degree and might not
be identical by different physicians, which might partially explain the
differences of patient classification in departments A and B, and also
might have affected the results. Second, inhomogeneity of the patient
population in this study, while illustrating the real-life situation in long-
term and palliative care, does not permit to focus separately on each
disease. Third, the RDW/Hb might population dependent [22]. The
advantage of RDW/Hb over RDW in the present study, comprising
patients with severe frailty and multimorbidity, might not hold for fit older
subjects. Whether or not RDW or RDW/Hb might serve as independent
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prognostic factors in residents of long-term geriatric and palliative care
needs to be assessed in prospective studies.
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