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Introduction: This study aimed to investigate the relationship between all-
cause mortality and the values of red-cell distribution width, mean platelet volume, 
platelet-to-lymphocyte ratio, and neutrophil-to-lymphocyte ratio in geriatric 
patients who had become bedridden.

Materials and Method: The retrospective study reviewed 1981 patients aged 
65–104 years who were bedridden and followed at University of Health Sciences, 
Antalya Training and Research Hospital Family Medicine Clinic from 2016 to 2018. 
Due to the effects on studied test parameters, patients with anemia were excluded 
from the study, and 898 patients included. The baseline variables red cell distribution 
width, mean platelet volume, platelet-to-lymphocyte ratio, and neutrophil-to-
lymphocyte ratio were compared between survivors and non-survivors.

Results: Of the 898 patients, 141 (15.7%) died during follow-up. Mean red cell 
distribution width (15.7%), platelet-to-lymphocyte ratio (140.5), and neutrophil-
to-lymphocyte ratio (3.14) levels in non-survivors were statistically significantly 
higher than those of survivors (14.9%, p<0.001; 125, p=0.030; and 2.38, p<0.001, 
respectively). The retrospective follow-up revealed that red cell distribution width, 
platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio levels (17.6%, 
205.82, and 4.99, respectively) had increased during the last three months before 
death, but this was not statistically significant. The results of univariate logistic 
regression analyses showed that mortality was positively associated with red cell 
distribution width and neutrophil-to-lymphocyte ratio. In a multivariate model, red 
cell distribution width was identified as an independent predictive factor associated 
with mortality.

Conclusion: Red cell distribution width, platelet-to-lymphocyte ratio, and 
neutrophil-to-lymphocyte ratio may be strong predictors of mortality in patients 
who have become bedridden, and alarms to take action for measures.
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Aged
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INTRODUCTION
Red blood cell distribution width (RDW), mean 
platelet volume (MPV), and neutrophil, lymphocyte, 
and platelet (PLT) counts are inexpensive and 
rapid tests routinely used in clinical practice as 
part of a complete blood count (CBC), which 
have great potential as prognostic markers. 
RDW is a quantitative measure of variability in 
the size of circulating erythrocytes. Higher values 
reflect greater heterogeneity in cell sizes and 
indicate anisocytosis (1). Although the mechanism 
explaining the relationship between RDW and 
survival is not fully understood, it is believed 
that systemic factors affecting erythrocyte 
homeostasis such as inflammation and oxidative 
stress may be responsible (2). Like RDW, others 
such as MPV, platelet-to-lymphocyte ratio (PLR), 
and neutrophil-to-lymphocyte ratio (NLR) are 
novel inflammatory markers that are indicative of 
systemic inflammation (3-5). MPV reflects mean 
platelet size and larger platelets are more active 
than functionally, metabolically, and enzymatically 
smaller ones. Platelets with a larger volume contain 
more prothrombotic material, and increased 
MPV indicates increased platelet production and 
activation. Platelet activation is associated with 
adverse clinical outcomes of vascular diseases 
such as coronary artery disease, stroke, and venous 
thromboembolism (6). In the setting of cancer, 
NLR, PLR, and RDW are biomarkers indicating 
systemic inflammation and are considered as 
early diagnostic and prognostic factors (7, 8). 
Inflammatory cells, chemokines, cytokines, and 
proinflammatory mediators that play a role in 
inflammation in cancer-related mortality contribute 
to tumor cell formation, proliferation and metastasis 
(9). Similarly, inflammation accounts for the 
atherosclerotic process and mortality associated 
with cardiovascular diseases. Atherosclerotic 
plaques are thought to develop as an inflammatory 
response to vascular injury (10, 11). As a result, 
inflammation is the most prominent mechanism 
behind all-cause mortality, particularly in vascular 

diseases such as cardiovascular diseases, stroke, 
and venous thromboembolism as well as cancer-
related mortality and this process can be assessed 
by tests such as RDW, MPV, PLR, and NLR, which are 
very simple.

Several studies have reported that RDW, MPV, 
PLR, and NLR are strong predictors of mortality. For 
example, high RDW was associated with increased 
mortality in patients with acute heart failure in a study 
by Van Kimmenade (12), in patients with community-
acquired intra-abdominal sepsis followed up in the 
intensive care unit in a study by Özdogan (13), and 
in patients older than 65 years presenting to the 
emergency department in a study by Soo Hyun 
Kim (14). On the other hand, in their meta-analysis 
of 11 cohort studies Tajarernmuang et al. reported 
MPV as the predictor of all-cause mortality for non-
cardiac critically ill patients (6), while Bozkurt et al. 
reported MPV and NLR as the predictor of all-cause 
mortality in geriatric patients followed up in the 
intensive care unit, and Wang et al. reported NLR 
as the predictor of all-cause mortality in a meta-
analysis of 10 cohort studies (3, 15).

Despite all these studies, large scale and follow-
up studies are still needed to fully understand the 
effect of RDW, MPV, PLR, and NLR on mortality. 
To this end, this study aimed to investigate the 
relationship of RDW, MPV, PLR, and NLR with 
mortality in geriatric patients who had become 
bedridden due to various diseases.

MATERIALS AND METHOD
Study population
The retrospective study reviewed a population 

of 1981 patients aged 65–104 years who were 
bedridden and followed at the University of Health 
Sciences, Antalya Training and Research Hospital 
(TRH) Family Medicine Clinic between January 
1, 2016 and December 31, 2018. The patients’ 
laboratory test results were obtained from the 
hospital’s information management system. Patients 
with anemia (The World Health Organization defined 
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on previously developed forms.

CBC parameters (hemogram) were analyzed 
using a Beckman Coulter LH 780 Hematology 
Analyzer (Beckman Coulter Inc., Miami, Florida). 
The NLR was calculated by dividing the number of 
neutrophils with the number of lymphocytes, and 
the PLR by dividing the number of platelets with the 
number of lymphocytes.

The normal distribution ranges for RDW, MPV, 
PLR, and NLR vary, but have been reported as 
approximately 12–16%; 9.5–11.5 µm3; 125–135, 
and 1.50–2.0, respectively, in a variety of studies 
(2, 16-19).

anemia as serum hemoglobin levels of < 13 g/dL 
in men over 15 years of age, < 12 g/dL in women 
over 15 years of age and in non-pregnant women, 
and < 11 g/dL in pregnant women), were excluded, 
as anemia may affect the study parameters. The 
clinical data of 898 patients were examined from 
patients’ files. The Antalya TRH Clinical Research 
Ethics Committee approved the study prior to its 
implementation (approval no; 8/20, date; 07 March 
2019), and the study was performed in compliance 
with the Declaration of Helsinki.

Data collection and laboratory measurements
The demographic data, diagnoses, mortality, 

and CBC parameters of the patients were recorded 

Table 1. Comparison of study parameters and laboratory data between groups

Variables Total
(n=898)

Survivors
(n=757)

Non-survivors
(n=141) p

Age 79 (19-104) 78 (19-104) 83 (24-103) <0.001

Gender
Female 599 (66.7) 505 (66.7) 94 (66.7) 0.992

Male 299 (33.3) 252 (33.3) 47 (33.3)

Diagnoses

Cancer 55 (6.1) 35 (4.6) 20 (14.2) <0.001

DM 100 (11.1) 90 (11.9) 10 (7.1) 0.096

Alzheimer 167 (18.6) 133 (17.6) 34 (24.1) 0.067

CVD 218 (24.3) 187 (24.7) 31 (22) 0.490

CVS diseases 285 (31.7) 247 (32.6) 38 (27) 0.183

Lung diseases 37 (4.1) 36 (4.8) 1 (0.7) 0.026

Mean values of study 
parameters

HGB (g/dL) 13.5 ± 1.11 (10-18.6) 13.6 ± 1.1 (10-18.6) 13.25 ± 1 (12-16.7) 0.004

HCT (%) 41 (31.7-58.5) 41 (31.7-58.5) 41.2 (36.6-51.8) 0.417

WBC (103/mm3) 7.5 (2.1-22.5) 7.4 (2.1-22) 8.2 (3.2-22.5) 0.002

PLT (103/mm3) 232 (37-1071) 232 (52-1071) 227 (37-542) 0.965

RDW (%) 15.1 (12.1-28.9) 14.9 (12.1-28.9) 15.7 (12.6-26) <0.001

MPV (µm3) 8.99 ± 1.25 (6-13.6) 8.98 ± 1.24 (6-13.6) 9.04 ± 1.3 (6.3-12.8) 0.584

PLR 127.74 (29.3-1750) 125 (29.3-1750) 140.5 (35.43-805) 0.030

NLR 2.5 (0.11-70.5) 2.38 (0.11-47.4) 3.14 (0.64-70.5) <0.001

Study parameters 
above the upper limits

RDW>16,5 (%) 185 (20.6) 139 (18.4) 46 (32.6) <0.001

MPV>10,5 (µm3) 118 (13.1) 99 (13.1) 19 (13.5) 0.898

PLR>132.5 418 (46.5) 338 (44.6) 80 (56.7) 0.008

NLR>1.77 660 (73.5) 546 (72.1) 114 (80.9) 0.031
Data are presented as n (%), mean ± SD (min-max) and median (min-max). Mann-Whitney U test, Student t test, Pearson Chi-Square test. DM: Diabetes 
mellitus, CVD: Cerebrovascular diseases, CVS: Cardiovascular system, HGB: Hemoglobin, HCT: Hematocrit, WBC: White blood cells, PLT: Platelet, RDW: 
Red cell distribution width, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio.
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Similar to those in the literature, the normal 
intervals were identified in this study by our hospital 
laboratory as 11.5–16.5%; 7.4–10.4 µm3; 107.77–
132.5, and 1.5–1.77 for RDW, MPV, PLR, and NLR, 
respectively.

Statistical Analysis

Statistical analyses were made using IBM SPSS 
Statistics for Windows, Version 23.0 (IBM Corp., 
Armonk, NY, USA). Pearson chi-square and Fisher’s 
exact tests were performed for categorical variables. 
Conformity of the data to normal distribution 
was assessed with the Shapiro-Wilk test. Mann–
Whitney U tests and Student’s t tests were used for 

analysis of non-normally and normally distributed 
numerical data, respectively. For nonparametric 
variables Kruskal-Wallis tests were used to compare 
between groups and Bonferroni-Dunn tests were 
used as a post-hoc test for significant cases, while 
for parametric variables one-way ANOVA with 
post-hoc Tukey HSD tests were used. To compare 
previous measurements with those in the last 
three months, paired t-tests were used for the 
parametric data, and Wilcoxon signed-ranks tests 
were used for nonparametric data. Spearman and 
Pearson correlations were applied to investigate 
the correlation between continuous variables. 
Univariate and multivariate logistic regression 

Table 2. Comparison of patients according to RDW and MPV values

Variables RDW≤16,5
(n=713)

RDW>16,5
(n=185) p MPV≤10,4

(n=780)
MPV>10,5

(n=118) p

Age 78 (19-104) 81 (22-104) 0.005 79 (19-104) 78 (20-96) 0.077

Gender
Female 460 (64.5) 139 (75.1)

0.006
517 (66.3) 82 (69.5)

0.491
Male 253 (35.5) 46 (24.9) 263 (33.7) 36 (30.5)

Diagnoses

Cancer 40 (5.6) 15 (8.1) 0.207 49 (6.3) 6 (5.1)

DM 78 (10.9) 22 (11.9) 0.714 86 (11) 14 (11.9) 0.613

Alzheimer 138 (19.4) 29 (15.7) 0.252 145 (18.6) 22 (18.6) 0.787

CVD 174 (24.4) 44 (23.8) 0.861 189 (24.2) 29 (24.6) 0.989

CVS diseases 225 (31.6) 60 (32.4) 0.820 253 (32.4) 32 (27.1) 0.935

Lung diseases 28 (3.9) 9 (4.9) 0.567 26 (3.3) 11 (9.3) 0.247

HGB (g/dL)
13.57 ± 1.13
(10-18.6)

13.22 ± 0.94
(12-16.7)

<0.001
13.45 ± 1.06
(12-18.6)

13.86 ± 1.32
(10-18.5)

0.001

HCT (%) 41 (31.7-58.5) 40.9 (35-51.4) 0.868 40.8 (35-58.5) 42 (31.7-56.4) <0.001

WBC (103/mm3) 7.4 (2.1-22.5) 7.9 (3.8-22.4) 0.008 7.4 (2.1-22.5) 8.19 (3.3-22) 0.018

PLT (103/mm3) 228 (65-598) 245 (37-1071) 0.011 237.5 (65-1071) 183 (37-747) <0.001

RDW (%) 14.7 (12.1-16.5) 17.6 (16.6-28.9) <0.001 15.1 (12.1-26) 14.8 (12.4-28.9) 0.886

MPV (µm3)
8.95 ± 1.24
(6.2-13.4)

9.12 ± 1.31
(6-13.6)

0.110
8.64 ± 0.91
(6-10.4)

11.26 ± 0.7
(10.5-13.6)

<0.001

PLR 124.3 (29.3-805) 140 (33.7-1750) 0.016
132.4 (29.3-
1750)

93.8 (30.7-315.5) <0.001

NLR 2.4 (0.11-70.5) 2.67 (0.5-47.43) 0.013 2.46 (0.11-70.5) 2.68 (0.6-15.7) 0.408

Mortality 
status

Survivors 618 (86.7) 139 (75.1)
<0.001

658 (84.4) 99 (83.9)
0.898

Non-survivors 95 (13.3) 46 (24.9) 122 (15.6) 19 (16.1)
Data are presented as n (%), mean ± SD (min-max) and median (min-max). Mann-Whitney U test, Student t test, Pearson Chi-Square test, Fisher’s Exact 
test. DM: Diabetes mellitus, CVD: Cerebrovascular diseases, CVS: Cardiovascular system, HGB: Hemoglobin, HCT: Hematocrit, WBC: White blood cells, 
RDW: Red cell distribution width, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio.
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analysis was used to determine independent risk 
factors associated with mortality. The variables 
which showed significant association with mortality 
in the univariate analyses were further tested in the 
multivariate model. Data are expressed as n (%), 
mean±standard deviation or median (min–max), 
as appropriate. P values <0.05 were considered 
statistically significant.

RESULTS
The study included 898 patients, 299 of whom were 
male (33.3%) and 599 of whom were female (66.7%). 
The mean age of the patients was 79 (65–104) years. 

Of the patients, 757 were survivor and 141 were non-
survivor. The mean follow-up period of the patients 
was calculated as 19±10,5 (3-52) months. Of the 
patients, 285 (31.7%) had cardiovascular system 
(CVS) disease, 218 (24.3%) had cerebrovascular 
disease (CVD), and 167 (18.6%) had Alzheimer’s 
disease. The rate of non-survival was significantly 
higher in patients with cancer (p < 0.001). The mean 
levels of RDW (15.7%), PLR (140.5), and NLR (3.14) 
in non-survivors were statistically significantly higher 
than those in survivors (14.9%, p < 0.001; 125, p = 
0.030, and 2.38 p < 0.001), respectively (Table 1).

Based on the guidance of our hospital laboratory, 
the upper normal limits for RDW, MPV, PLR, and 

Table 3. Comparison of patients according to PLR and NLR values 

Variables PLR≤132,5
(n=480)

PLR>132,5
(n=418) p NLR≤1,77

(n=238)
NLR>1,77
(n=660) p

Age 78 (19-104) 80 (19-99) 0.002 76 (20-104) 79 (19-102) 0.002

Gender
Female 307 (64) 292 (69.9)

0.061
169 (71) 430 (65.2)

0.100
Male 173 (36) 126 (30.1) 69 (29) 230 (34.8)

Diagnoses

Cancer 29 (6) 26 (6.2) 0.911 14 (5.9) 41 (6.2) 0.856

DM 44 (9.2) 56 (13.4) 0.044 22 (9.2) 78 (11.8) 0.279

Alzheimer 101 (21) 66 (15.8) 0.044 49 (20.6) 118 (17.9) 0.357

CVD 113 (23.5) 105 (25.1) 0.582 63 (26.5) 155 (23.5) 0.357

CVS diseases 148 (30.8) 137 (32.8) 0.533 72 (30.3) 213 (32.3) 0.566

Lung diseases 23 (4.8) 14 (3.3) 0.278 16 (6.7) 21 (3.2) 0.018

HGB (g/dL)
13.62 ± 1.13
(12-18.6)

13.36 ± 1.06
(10-16.9)

0.001
13.52 ± 1.03
(12-18.3)

13.49 ± 1.13
(10-18.6)

0.786

HCT (%) 41.2 (35.4-58.5) 40.7 (31.7-51.8) 0.005 41.15 (35-52.9) 41 (31.7-58.5) 0.640

WBC (103/mm3) 7.7 (3.2-22.4) 7.4 (2.1-22.5) 0.158 6.5 (3.2-15.7) 7.9 (2.1-22.5) <0.001

PLT (103/mm3) 209 (37-471) 264 (101-1071) <0.001 224 (98-1071) 234 (37-947) 0.022

RDW (%) 14.8 (12.1-24.4) 15.3 (12.3-28.9) <0.001 14.8 (12.3-24.4) 15.1 (12.1-28.9) 0.004

MPV (µm3)
9.31 ± 1.25
(6.3-13.4)

8.62 ± 1.15
(6-13.6)

<0.001
9.01 ± 1.21
(6.3-13.1)

8.98 ± 1.27
(6-13.6)

0.778

PLR
97.8 
(29.3-132.5)

171
(132.6-1750)

<0.001
93.8
(29.3-428.4)

142.2
(30.7-1750)

<0.001

NLR 1.96 (0.5-14.9) 3.4 (0.1-70.5) <0.001 1.42 (0.11-1.77) 3.06 (1.78-70.5) <0.001

Mortality 
status

Survivors 419 (87.3) 338 (80.9)
0.008

211 (88.7) 546 (82.7)
0.031

Non-survivors 61 (12.7) 80 (19.1) 27 (11.3) 114 (17.3)
Data are presented as n (%), mean ± SD (min-max) and median (min-max). Mann-Whitney U test, Student t test, Pearson Chi-Square test, Fisher’s Exact 
test. DM: Diabetes mellitus, CVD: Cerebrovascular diseases, CVS: Cardiovascular system, HGB: Hemoglobin, HCT: Hematocrit, WBC: White blood cells, 
PLT: Platelet, RDW: Red cell distribution width, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio.
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NLR were established as 16.5%, 10.4 µm3, 132.5, 
and 1.77, respectively. Of the 141 non-survivors, 46 
(32.6%) had RDW>16.5%, 80 (56.7%) had PLR>132.5, 
and 114 (80.9%) had NLR>1.77, which were all 
significantly higher than the survivor patients (Table 
1).

On comparing the patients according to RDW, 
MPV, PLR, and NLR values in terms of demographic 
and laboratory characteristics, the ratio of survivor 
patients (86.7%) with RDW≤16.5 was found to be 
statistically significantly higher than those who died 
(13.3%) (p<0.001). Similarly, the rates of PLR≤132.5 
(87.3%, p=0.008) and NLR≤1.77 (82.7%, (p=0.031) 
were found to be statistically significantly higher in 
survivors than those who died (Table 2, 3).

Although the mean RDW (16%), MPV (9.39±1.69 
μm3), PLR (154.2), and NLR (4.45) levels of the 141 
patients who died in the retrospective evaluation 
were not statistically significant, the highest rates 
were found in the patients who were tested in 
the last month before death. On comparing the 
relationship of the study parameters of 36 patients 
who had CBC in the last three months and more than 
three months before death (16.5%, 156.67, and 3.7, 
respectively), the mean RDW, PLR, and NLR levels 

(17.6%, 205.82, and 4.99, respectively) were found 
to have increased in the last three months before 
death, but this was not statistically significant.

A positive but weak correlation was observed 
between RDW levels and age (r=0.222, p<0.001), 
PLR (r=0.108, p=0.003), and NLR (r=0.127, p<0.001) 
in survivors. RDW levels also negatively correlated 
with HGB (r=–0.245, p<0.001) and hematocrit (HCT) 
(r=–0.097, p=0.007) in survivors. In non-survivors, 
RDW levels positively correlated with white blood 
cell (WBC) count (r=0.255, p=0.002) and PLT 
(r=0.204, p=0.015) (Table 4).

In survivors, MPV levels positively correlated 
with HGB (r=0.087, p=0.016), HCT (r=0.108, 
p=0.003), and WBC (r=0.143, p<0.001), and also 
negatively correlated with PLT (r=–0.355, p<0.001) 
and PLR (r=–0.353, p<0.001). A negative but weak 
correlation was observed between MPV and PLT 
(r=–0.330, p<0.001) and PLR (r=–0.275, p=0.001) in 
non-survivors (Table 4).

The results of univariate logistic regression 
analyses showed that mortality was positively 
associated with age (odds ratio, [OR]: 1.03; 95% 
confidence interval [CI]: 1.016–1.043; p<0.001), 
cancer (OR: 3.41; 95% CI: 1.905–6.103; p<0.001), 

Table 4. Correlation between RDW and MPV levels and other factors in survivor and non-survivor patients

Study 
parameters

RDW MPV

Survivor
(n=757)

Non-Survivor
(n=141)

Survivor
(n=757)

Non-Survivor
(n=141)

r p r p r p r p
Age 0.222 < 0.001 0.070 0.408 -0.030 0.417 0.065 0.442

HGB (g/dL) -0.245 < 0.001 -0.090 0.290 0.087 0.016 0.116 0.171

HCT (%) -0.097 0.007 0.094 0.268 0.108 0.003 0.098 0.249

WBC (103/mm3) 0.068 0.061 0.255 0.002 0.143 < 0.001 -0.031 0.715

PLT (103/mm3) 0.046 0.211 0.204 0.015 -0.355 < 0.001 -0.330 < 0.001

MPV (µm3) 0.013 0.725 0.021 0.808 - - - -

RDW (%) - - - - 0.013 0.725 0.021 0.808

PLR 0.108 0.003 0.086 0.309 -0.353 < 0.001 -0.275 0.001

NLR 0.127 < 0.001 0.162 0.054 -0.028 0.440 -0.01 0.907
Spearman correlation test. HGB: Hemoglobin, HCT: Hematocrit, RDW: Red cell distribution width, WBC: White blood cells, PLT: Platelet, MPV: Mean 
platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio.
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WBC (OR: 1.152; 95% CI: 1.083–1.226; p<0.001), 
RDW (OR: 1.209; 95% CI: 1.114–1.312; p<0.001), 
and NLR (OR: 1.142; 95% CI: 1.066–1.223; p<0.001), 
while it was negatively associated with HGB (OR: 
0.765; 95% CI: 0.638–0.917; p=0.004) (Table 5).

In a multivariate model, age (OR: 1.027; 95% 
CI: 1.012–1.041; p<0.001), cancer (OR: 3.189; 95% 
CI: 1.716–5.926; p<0.001), WBC (OR: 1.102; 95% 
CI: 1.027–1.182; p=0.007), and RDW (OR: 1.132; 
95% CI: 1.033–1.239; p=0.008) were identified as 
independent predictive factors associated with 
mortality (Table 5).

DISCUSSION
In this study, we found that in patients who had 
become bedridden, higher RDW, PLR, and NLR 
levels were significantly associated with higher 
mortality risk. We did not find any correlation 

between MPV levels and mortality. In addition, we 
found that mortality positively correlated with age, 
cancer, WBC, RDW, and NLR, while it negatively 
correlated with HGB, and that RDW was an 
independent predictive factor related to mortality. 
In this retrospective follow-up, we also found that 
RDW, MPV, PLR, and NLR were highest in the last 
month before death, and that RDW, PLR, and NLR 
values increased in the last three months in patients 
who had undergone multiple examinations.

The effects of diseases such as cancer, 
cardiovascular diseases, and cerebrovascular 
diseases on the study parameters have not 
been determined definitely. It is thought that 
the most accepted common mechanism may be 
inflammation. In this study, it was aimed to determine 
the relationship between study parameters and 
mortality due to all causes (cancer, cardiovascular 
diseases, cerebrovascular diseases, etc.). For this 

Table 5. Logistic regression analysis of the mortality predictors

Variables
Univariate logistic regression Multiple logistic regression

OR (95%CI) p value OR (95%CI) p

Age 1.03 (1.016-1.043) <0.001 1.027 (1.012-1.041) <0.001

Gender (Ref= female) 1.002 (0.684-1.467) 0.992 - -

Diagnoses

Cancer 3.41 (1.905-6.103) <0.001 3.189 (1.716-5.926) <0.001

Diabetes mellitus 0.566 (0.287-1.116) 0.100 - -

Alzheimer 1.491 (0.971-2.289) 0.068 - -

CVD 0.859 (0.558-1.322) 0.490 - -

CVS diseases 0.762 (0.51-1.139) 0.184 - -

Lung diseases 0.143 (0.019-1.052) 0.056 - -

HGB (g/dL) 0.765 (0.638-0.917) 0.004 0.882 (0.726-1.071) 0.206

HCT (%) 1.009 (0.956-1.065) 0.734 - -

WBC (103/mm3) 1.152 (1.083-1.226) <0.001 1.102 (1.027-1.182) 0.007

PLT (103/mm3) 1 (0.998-1.002) 0.711 - -

RDW (%) 1.209 (1.114-1.312) <0.001 1.132 (1.033-1.239) 0.008

MPV (µm3) 1.04 (0.903-1.199) 0.584 - -

PLR 1.002 (1-1.003) 0.074 - -

NLR 1.142 (1.066-1.223) <0.001 1.053 (0.997-1.113) 0.064

CVD: Cerebrovascular diseases, CVS: Cardiovascular system, HGB: Hemoglobin, HCT: Hematocrit, WBC: White blood cells, PLT: Platelet, RDW: Red cell 
distribution width, MPV: Mean platelet volume, PLR: Platelet-to-lymphocyte ratio, NLR: Neutrophil-to-lymphocyte ratio.
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reason, cancer patients as well as patients with 
cardiovascular and cerebrovascular diseases in 
particular, were included in the study.

The relationship between elevated RDW, MPV, 
PLR, and NLR levels and increased risk of mortality 
has been previously reported in various patient 
groups (such as middle-aged and elderly patients, 
critically ill patients, patients presenting to the 
emergency department, or special diagnostic 
groups such as patients with coronary artery 
stenos, acute myocardial infarction, or chronic 
kidney disease) (2, 6, 13-15, 17, 20). However, to 
our knowledge there has been no study in which 
these four inflammatory markers were evaluated in 
patients who had become bedridden.

Many studies have investigated the relationship 
of high RDW to increased risk of mortality. For 
instance, Kushang et al. analyzed seven population-
based studies and demonstrated that high RDW 
values were associated with increased mortality risk. 
This study found that every 1% increase in RDW 
increased the total mortality risk by 14%. Moreover, 
RDW was found to be strongly associated with CVD, 
cancers, and other disease-related deaths as well as 
total mortality even in patients without age-related 
disease (1). In a study conducted by Patel et al. with 
8175 adults aged 45 and over showed that each 
1% increase in RDW increased the risk of mortality 
by 22% and that RDW is strongly associated with 
mortality even in non-anemic participants (2). Only 
non-anemic patients were evaluated in our study, 
in which mean RDW levels of non-survivors were 
found to be significantly higher than those of the 
survivors, and univariate logistic regression analysis 
showed a strong relationship between RDW and 
mortality, whereas multivariate logistic regression 
analysis showed that RDW was an independent risk 
factor of mortality.

Wang et al. studied 134 patients with 
adenosquamous carcinoma of the lung and reported 
that high PLR levels were independently associated 
with low survival rate (21). Likewise, Oylumlu et al. 
found that PLR values greater than 142 predicted 

in-hospital deaths in patients with acute coronary 
syndrome (20). In our study, mean PLR levels of 
non-survivors were found to be significantly higher 
(140.5) than those of the survivors (125).

Tamhane et al. studied 2833 patients presenting 
with acute coronary syndrome and stated that 
the level of NLR measured at admission was an 
independent predictor of in-hospital and six-month 
mortality (22). Liu et al. reported that 80% of 333 
patients with sepsis died within 28 days, and NLR 
was found to be significantly higher in patients who 
died (23). A similar study in patients with sepsis and 
septic shock reported that high NLR was predictive 
of 28 day mortality (24). Similarly, in our study, the 
highest levels of NLR were found in the last month 
before death in non-survivors, and NLR levels 
increased in the last three months prior to death in 
non-survivor patients with multiple examinations.

In a study by Yoldas, in which PLR and NLR were 
evaluated together as a marker of mortality, NLR 
and PLR levels of non-survivors were found to be 
significantly higher than those of survivors (25). In 
our study, in addition to RDW and MPV, PLR and NLR 
were evaluated as markers of all-cause mortality in 
patients who had become bedridden, and mean 
PLR, and NLR levels were found to be significantly 
higher in non-survivor patients compared to 
survivors.

Iron, ferritin, vitamin B12 and folic acid 
deficiencies can affect RDW levels. The fact that 
these data of all patients were not available and that 
patients with these deficiencies were not excluded 
from the study can be shown as a limitation of our 
study. Being followed patients from a single-center 
and cross-sectional may be the other limitations of 
our study.

Strengths of our study are; the population was 
quite large, and patients with anemia were excluded 
from the study due to the effects on studied test 
parameters -especially RDW-, and some patients’ 
test results of the last three months before death 
included to study.
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