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Background: Hip fractures impose significant morbidity and mortality. Red cell distribution
width (RDW) appears to be an emerging tool in predicting mortality following hip fractures.
Several factors can influence the RDW value including genetic factors and ethnicity. The
purpose of the study was to assess the relation between RDW level at admission and hip
fracture mortality within 6 months among Arab/Middle East populations.

Methods: We conducted a single-center retrospective cohort study including 549 patients
(274 female and 275 male) diagnosed with a hip fracture undergoing surgery from
February 2016 to December 2019. All included patients shared the same country of origin
which is Arab Middle East country. Statistical analysis, including binary regression, was
performed to assess the relationship between RDW and mortality within 6 months of
admission. Other predictors of mortality following hip fracture surgery were also assessed.
Results: The mean age was 76.42 (£9.19) years. Seventy (12.8%) of participants died within 6
months. No statistically significant association (P=0.053) between RDW level at admission and
mortality within 6 months of surgery was found. Binary regression demonstrated that the only
independent predictors of mortality were age (P= 0.003, odds ratio 1.048 with 95% CI 1.016 to
1.080) and male gender (P= 0.021, odds ratio 1.872 with 95% CI 1.100 to 3.185).
Conclusion: Although the previous studies reported that RDW is one of the predictors of
mortality in hip fracture patients, our study found no relation in the Arab population. This
finding may confirm the influence of genetic factors and ethnicity on RDW value. We
recommend further large-scale multicenter studies to solidly establish the relationship
between RDW and hip fracture mortality among the Arab/Middle East population.
Keywords: RDW, hip fracture, mortality, Arab, red cell distribution width

Introduction

Hip fractures impose a global health burden, not only for being one of the most
commonly encountered in acute orthopedic management but also for its associated
morbidity and mortality." With the improvement in global life expectancy, hip fractures
are estimated to increase in the upcoming years to 3.94 million and 6.26 million cases
by 2025 and 2050, respectively, ranking hip fractures among the leading causes of
morbidity worldwide.? The Middle East is projected to account for 4.87% of global hip
fractures in 2025, with a further increase to 6.96% by 2050.> Hip fractures are
associated with both, short-term and long-term mortality. Current estimates of mortal-
ity within the first postoperative month range between 5-10%, while the first-year
mortality rate could approach as high as 36%.'~

Received: 9 October 2021
Accepted: 14 December 2021
Published: 22 December 2021

International Journal of General Medicine 2021:14 10195-10202 10195
© 2021 Hamdan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0003-2382-5585
http://orcid.org/0000-0001-7246-2384
http://orcid.org/0000-0001-5588-9458
http://orcid.org/0000-0003-3694-2801
mailto:m.elessi2007@hotmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Hamdan et al

Dove

As a result of the significant association between hip
fractures and mortality, several mortality predictive tools
are utilized. Of significance, the American Society of
(ASA) and the
Comorbidity Index (CCI).** Specific prediction models

Anesthesiologists score Charlson
with regard to hip fractures have been developed; they
mainly encompass the Nottingham Hip Fracture Score
(NHFS) and the Orthopedic version of the Physiologic
and Operative Severity Score for the Enumeration of
Mortality and Morbidity (O-POSSUM) as they enable
preoperative risk stratification and accordingly aid in the
management plan.®’ Nonetheless, they have not been
widely adopted due to the time-consuming process
involved.®

The red cell distribution width (RDW) is a routine part
of the complete blood count (CBC) and reflects the range
of red blood cell (RBC) size and volume, where the higher
the RDW, the greater the RBC heterogeneity. Although
RDW is predominately used in the workup of anemia, it
has been utilized as a predictive tool in a wide range of
conditions among which are cardiovascular diseases, acute
pancreatitis, diabetes, and colorectal cancer.” "> As a result
of the predictive value of RDW with various conditions, it
is increasingly becoming an emerging tool in the predic-
tion of mortality in hip fractures either solely, or in con-
junction with other parameters.®'*'®
Since the RDW value may be influenced by genetic

19,20
7 we

factors and different ethnicities or populations,
aimed to study the relation of RDW and mortality of hip
fracture patients among the Middle East/Arab population
sample. To the best of our knowledge, no previous studies
from the Middle East reported this relationship.

Our study aimed to investigate the association of RDW
value on admission with the short-term mortality (within 6
months of admission) in hip fracture patients. The results
would either further reinforce or contradict the emerging
use of RDW as an independent predictor of mortality in
hip fractures.

Methods

A retrospective cohort study was conducted at a tertiary
teaching hospital by retrieving and reviewing the records
of patients who were admitted with a hip fracture during
the period from February 2016 to December 2019. A total
of 595 patients’ medical records were initially retrieved.
Forty-six patients were excluded due to having missing
information in medical records, being lost to follow-up, or
being below the age of 50 years. Accordingly, 549 patients

were included in the study and their medical records were
reviewed. Of note, all included patients shared the same
country of origin which is Arab Middle East country.

We collected the following data from the medical
records: age, gender, comorbidities, type of fracture
(femoral neck, intertrochanteric, or subtrochanteric), type
of surgery (partial hip replacement, intramedullary nail, or
dynamic hip screw), RDW upon admission, hemoglobin
levels upon admission, and death up to 6 months after
surgery.

Mortality was assessed collectively up to 6 months
from the date of admission by either directly contacting
the patients or their families by phone or by checking the
date of the medical record for their latest visit to the clinic.

RDW is a measure of size variability of the erythro-
cytes and it is routinely done as part of CBC laboratory
test at our institution. Our institution’s laboratory RDW
reference limit is set at 15%. Accordingly, 2 RDW sub-
categories were set, normal RDW with value <15%, and
elevated RDW with value >15%. The relationship between
RDW at admission and all-cause mortality was subse-
quently investigated.

The study was conducted in accordance with ethical
Ethical

approval was obtained from the appropriate institutional

regulations of the Declaration of Helsinki.

review board (reference number 221000055).

Statistical Analysis

SPSS version 26.0 (Chicago, USA) was used in our ana-
lysis. Mean (+ standard deviation) was used to describe
continuous variables. Count (frequency) was used to
describe other nominal variables. The independent sample
t-test was performed to analyze the mean difference in
mortality and each continuous measurement, and data
were presented in mean difference and 95% confidence
interval (CI). The Chi-square test was used to analyze the
frequency difference between mortality and each catego-
rical variable included in our analysis. Binary logistic
regression was used to analyze the predictors of mortality.
We adopted a model-building strategy to conduct binary
that had
a significant level (<0.1) at the univariate analysis were

logistic regression, where only variables
included in the regression model for multivariate analysis.
The included variables were age, gender, RDW grouped
values, type of fracture, and the presence of cardiovascular
disease. All underlying assumptions were met. A P-value

of 0.05 was adopted as a significant threshold.
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Results
A total of 549 patients were included in this study, with
a mean age of 76.42 (£9.19) years. They were 275 (50.1%)
men and 274 (49.9%) women. Overall, seventy patients
(12.8%) died within 6 months of admission (28 in hospital,
33 within 3 months, and 9 within 3-6 months). Table 1
details the characteristics of the included sample.

Upon comparing the characteristics of patients who
died within six months of admission and those who

Table | Characteristics of Patients in the Included Sample

survived, the mean RDW was 15.85% (SD 1.96) and
15.36% (SD 1.96), respectively (P= 0.053; mean differ-
ence 0.486 with 95% CI between 0.01 to 0.98).

When categorizing RDW to either less than 15% or more
than or equal to 15% and using it as a categorical variable
rather than a continuous variable, a more significant relation-
ship was deduced with 62.9% of those who died within 6
months having an RDW value equal to or above 15%,
compared to 49.9% of those who survived (P=0.028).

Mean Standard Count Column N %
Deviation
Age upon Admission (year) 76 9
Gender Female 274 49.9%
Male 275 50.1%
RDW upon Admission (%) 15.4 2.0
RDW Above or Below 15% | <I5% 266 48.5%
> or =15% 283 51.5%
Hemoglobin levels upon Admission (g/dL) 11.85 242
Type of Fracture Femur neck 193 35.2%
Intertrochanteric 328 59.7%
Subtrochanteric 28 5.1%
Type of Surgery Partial hip replacement 187 34.1%
Intramedullary nail 199 36.2%
Dynamic hip screw 163 29.7%
DM No 294 53.6%
Yes 255 46.4%
HTN No 180 32.8%
Yes 369 67.2%
Cardiovascular Diseases No 370 67.4%
Yes 179 32.6%
Pulmonary Diseases No 521 94.9%
Yes 28 5.1%
Renal Disease No 487 88.7%
Yes 62 11.3%
Neurological Disease No 542 98.7%
Yes 7 1.3%
(Continued)
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Table | (Continued).

Mean Standard Count Column N %
Deviation
Malignancy No 516 94.0%
Yes 33 6.0%
Cerebrovascular Disease No 486 88.5%
Yes 63 11.5%
Dementia No 515 93.8%
Yes 34 6.2%
Mortality No 479 87.2%
In-hospital mortality 28 5.1%
3-months mortality 33 6.0%
6-months mortality 9 1.6%

Abbreviations: RDW, red cell distribution width; DM, diabetes mellitus; HTN, hypertension.

Table 2 compares the characteristics of patients who died
within six months of admission and those who survived.

Upon performing a binary logistic regression to ana-
lyze the predictors of mortality, we included only variables
that had a significant level (<0.1) at the univariate analysis
(Table 2), including age, gender, RDW grouped values,
type of fracture, and the presence of cardiovascular dis-
ease. Hemoglobin level was not included due to high
collinearity with other variables. The resulted model was
able to accurately predict 87.2% of the outcome and the
omnibus test was significant at <0.001 level. The only
variables that were found as significant predictors of mor-
tality were age (P= 0.003, odds ratio 1.048 with 95%
CI 1.016 to 1.080), and gender (P= 0.021, odds ratio
1.872 with 95% CI 1.100 to 3.185), as shown in Table 3.

Discussion

With the projected exponential increase in the prevalence
of hip fractures in the upcoming years, the utilization of
a readily accessible and rapidly assessed tool in predicting
the significant associated mortality risk in patients is of
significant value. Multiple tools, such as the Nottingham
Hip Fracture Score (NHFS) and the Orthopedic version of
the Physiologic and Operative Severity Score for the
Enumeration of Mortality and Morbidity (O-POSSUM),
have been developed and are currently utilized for the
assessment of mortality risk in hip fracture patients.®’
Nonetheless, currently available models are devoid of

either, rapid assessment ability, ready accessibility, or
both; thus limiting their clinical use.® Accordingly, several
studies investigated the use of RDW, a readily available

and rapidly assessed hematological parameter, as

a possible predictor in hip fracture

8,14-18

of mortality
patients.

The exact explanation behind the link between elevated
RDW level and increased mortality of variant illnesses
(including hip fracture) is not well-understood.® The
main reported theory is that the anisocytosis of the ery-
throcytes is a result of chronic inflammatory status (higher
level of inflammatory cytokines and oxidative stress).'”*!
This state will lead to increased erythrocyte apoptosis,
myelosuppression, and decreased erythropoietin produc-
tion. The net result is a release of premature red cells
into the circulation, hence, elevated RDW. Another theory
postulated that the increased level of RDW may be
resulted from huge disturbances in homeostasis due to
underlying metabolic diseases such as hypertension, dysli-
pidemia, and malnutrition. Thus, increased the risk of
mortality."

Several reports documented that RDW may be influ-
enced by genetic factors and different ethnic groups.'®*
Our study is unique as it studied the relation between
RDW level and mortality of hip fracture in a Middle
East/Arab population sample. To the best of our knowl-
edge, no previous studies from our region confirmed or

rejected that relation.
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Table 2 Comparison of the Characteristics of Patients Who Survived and Who Died Within 6 Months

Survived Died Within 6 Months P value
Mean Count Column Mean Count Column
(SD) N % (SD) N %
Age upon Admission (year) 75.94 79.76 0.001
(9.01) (9.76)
Gender Female 249 52.0% 25 35.7% 0.008
Male 230 48.0% 45 64.3%
RDW upon Admission (%) 15.36 15.85 0.053
(1.96) (1.96)
RDWY above or below the <15% 240 50.1% 26 37.1% 0.028
normal > or =15% 239 49.9% 44 62.9%
Hemoglobin levels upon Admission (g/dl) 11.98 10.92 0.001
(2.45) (2.07)
Type of Fracture Femur neck 170 35.5% 23 32.9% 0.084
Intertrochanteric 281 58.7% 47 67.1%
Subtrochanteric 28 5.8% 0 0.0%
Type of Surgery Partial hip 164 34.2% 23 32.9% 0.910
replacement
Intramedullary nail 172 35.9% 27 38.6%
Dynamic hip screw 143 29.9% 20 28.6%
DM No 257 53.7% 37 52.9% 0.500
Yes 222 46.3% 33 47.1%
HTN No 153 31.9% 27 38.6% 0.166
Yes 326 68.1% 43 61.4%
Cardiovascular Diseases No 330 68.9% 40 57.1% 0.036
Yes 149 31.1% 30 42.9%
Pulmonary Diseases No 454 94.8% 67 95.7% 0.511
Yes 25 5.2% 3 4.3%
Renal Disease No 426 88.9% 6l 87.1% 0.391
Yes 53 11.1% 9 12.9%
Neurological Disease No 473 98.7% 69 98.6% 0.617
Yes 6 1.3% | 1.4%
Malignancy No 453 94.6% 63 90.0% 0.112
Yes 26 5.4% 7 10.0%
Cerebrovascular Disease No 426 88.9% 60 85.7% 0.270
Yes 53 11.1% 10 14.3%
(Continued)
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Table 2 (Continued).

Survived Died Within 6 Months P value
Mean Count Column Mean Count Column
(SD) N % (SD) N %
Dementia No 451 94.2% 64 91.4% 0.257
Yes 28 5.8% 6 8.6%
Abbreviations: RDW, red cell distribution width; DM, diabetes mellitus; HTN, hypertension.
Table 3 Analysis of Predictors of Mortality
B S.E. Wald df Sig. Exp(B) 95% CI for EXP(B)
Lower Upper
Step Age upon Admission 0.046 0016 8.885 | 0.003 1.048 1.0l16 1.080
12 RDW above or below the 0.096 0.059 2.628 | 0.105 1.101 0.980 1.236
normal
Type of Fracture —-0.159 0.246 0.421 | 0516 0.853 0.527 1.380
Cardiovascular Diseases 0.475 0.267 3.16l | 0.075 1.607 0.953 2713
Gender 0.627 0.271 5.336 | 0.021 1.872 1.100 3.185
Constant -7.929 1.610 24.264 | 0.000 0.000

Abbreviations: B, B coefficient; SE, standard error; df, degree of freedom; Sig, significance level; Cl, confidence interval; Exp(B), exponential B coefficient.

Our study failed to consider the RDW as one of the
predictors of mortality in hip fracture patients as we did
not find a statistically significant relation between RDW
and mortality on binary regression.

Our findings are not consistent with the existing litera-
ture, where Garbharran et al'’ reported a 1-year mortality
rate of 36% among individuals with RDW level above
15.3% in comparison to a mortality rate ranging from
12% to 29% among participants with RDW level below
15.3% indicating a 3-fold increase in mortality risk.
Similarly, Zehir et al'* demonstrated a 2.8-fold increase
in mortality risk in patients older than 77 years with RDW
level above 14.5% at presentation.

The only significant association between RDW and
mortality in our study appeared when we grouped the
RDW value into <15% and >15%. Among the deceased
participants, 62.9% had an elevated RDW (RDW=>15%)
on admission compared to only 49.9% of those who sur-
vived (P=0.028). Interestingly, this relation was not sig-
nificant on binary logistic regression analysis.

Lv et al® investigated the relation between RDW level
and long-term mortality among hip fracture patients. They

demonstrated a statistically significant and independent
association between RDW level at admission (above
13.8%) and all-cause mortality risk at 2-year and 4-year
in non-anemic hip fracture patients. We were satisfied by
studying the same relation but at the short-term mortality
(6 months) as there is evidence that the most critical time
for an elderly patient with hip fracture is the first year after
the fracture and specifically within the first 3 months.
Furthermore, the hazards decreased substantially over the

first 2 years after fracture.”*?’

Interestingly, of 70
deceased patients in our study, 28 patients died while in
hospital after surgery, 33 patients died within 3 months of
surgery, and only 9 patients died after 3 months but less
than 6 months of surgery.

In the recent literature, there is evidence that older age
and male gender are predictors of increased mortality of
hip fracture patients.”* ¢ After performing binary regres-
sion, our study revealed older age and male gender to be
the only significant independent predictors of mortality;
thus, supporting the preexisting reports.

The type of the presenting hip fracture could have
a compelling predisposition to mortality where it has been
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reported that patients suffering from intertrochanteric frac-
tures are at a higher risk of morbidity, and most importantly,
mortality compared to the other types of hip fractures.?’ In
contrast, neither the type of hip fracture (P=0.084) nor the
type of procedure performed (P=0.910) in our study demon-
strated a statistically significant association with mortality.
This finding is supported by the study of Zehir et al'* which
reported similar findings to ours by demonstrating the
absence of statistically significant association between the
type of fracture or surgical approach and mortality among
hip fracture patients. Due to the contradicting results in the
literature, further investigations are recommended to estab-
lish the presence of a possible association between the type
of fracture and mortality.

In terms of study limitations, our sample size, 549 parti-
cipants, is rather small compared to some previous similar
studies.®'>!” More importantly, our study is limited by the
relatively small number of deaths in our sample where only
70 out of 549 (12.8%) participants were deceased within 6
months of the date of admission that preventing the sub-
categorization of our short-term mortality assessment into
in-hospital mortality, 3-month mortality, and 6-month mor-
tality. Furthermore, the study is also limited by its retro-
spective rather than prospective nature in a single institution.

We think that the conflicting results about the relation
between RDW and mortality of hip fracture may be related
to factors affecting the RDW such as lifestyle, genetic
factors, and differences in ethnicity. We recommend the
conduction of multicenter prospective cohort studies
including Arab populations from multiple countries from
the Middle East to further elaborate on the true relation-
ship between RDW and hip fracture mortality.

Conclusion

Although the previous studies reported that RDW is one of the
predictors of mortality in hip fracture patients, our study found
no relation in the Arab population. This finding may confirm
the influence of genetic factors and ethnicity on RDW value.
Further large-scale multicenter studies are recommended to
solidly establish the relationship between RDW and hip frac-
ture mortality among the Arab/Middle East population.
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