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B ABSTRACT

Objective: To determine the prognostic value of RDW in patients with hip fracture and

Jhony A. De La Cruz-Vargas, Flor Cloreth Vento Benel,
Miguel A. Perez, Lucy E. Correa-Lopez

its association with selected variables such as unfavorable functional grade, postoperative
complications, comorbidities, previous fracture, age and sex.

Method: A clinical trial with both retrospective and prospective components study was
carried out among 99 patients hospitalized at the Hospital Central de la Fuerza Aérea del
Peru [Central Hospital of the Peruvian Air Force], from January 2014 to July 2015, with a
follow-up at 6 months for the evaluation of mortality and degree of dependence. RDW and
association with related variables were investigated.

Results: High RDW values (Q4 RDW> 14.1) were strongly associated with increased mor-
tality (OR = 5.41 CI: 2.35-12.46 p = 0.000) and with an increased patient dependence grade
(OR=1.607 CI:1.074-2.44 p = 0.040)., with respect to the other quartiles. A positive trend
was observed with the highest RDW values and the antecedent of previous fracture showed
a significant association with mortality at 6 months.

Conclusion: RDW is a simple, easy and widely available parameter in the total red blood
cell count. Our study shows that both the RDW and the antecedent of previous fracture are
associated with an increased risk of mortality at 6 months after discharge, in addition RDW
is associated with an increase in patient dependence after hip fracture.

Keywords: RDW; prognostic factor; hip fracture; mortality.

Objetivo: determinar el valor prondstico de RDW en pacientes con fractura de cadera y

su asociacién con variables seleccionadas como grado funcional desfavorable, complicacio-
nes postoperatorias, comorbilidades, fractura previa, edad y sexo.

Método: se realiz6 un ensayo clinico con un estudio de componentes prospectivo y retros-
pectivo realizado entre 99 pacientes hospitalizados en el Hospital Central de la Fuerza Aé-
rea del Peru con un seguimiento a los 6 meses para la evaluacién de la mortalidad y el grado
de dependencia. RDW y asociacién con variables relacionadas fueron investigados.

Resultados: los valores altos de RDW (Q4 RDW> 14.1) se asociaron fuertemente con una
mayor mortalidad (OR = 5.41 IC: 2.35-12.46 p = 0.000) y con un mayor grado de dependen-
cia del paciente (OR = 1.607 CI: 1.074-2.44 p = 0.040), con respecto a los otros cuartiles. Una
tendencia positiva se observé con los valores mas altos de RDW y el antecedente de fractura
previa mostré Una asociacion significativa con la mortalidad a los 6 meses.
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Conclusion: RDW es un parametro simple, ficil y ampliamente disponible en el total de
sangre roja recuento de células. Nuestro estudio muestra que tanto el RDW como el ante-
cedente de fractura previa son asociado con un mayor riesgo de mortalidad a los 6 meses
después del alta, ademas de RDW se asocia con un aumento en la dependencia del paciente
después de una fractura de cadera.

Palabras clave: RDW; factor prondstico; fractura de cadera; mortalidad.

INTRODUCTION

According to international statistics, in 2015, 1 in 10 people were over the age of 60 and that number
is expected to increase to 1 in 5 by the year 2050 (1-3). Given the increasing number of individuals in
that age group, in 2016, the World Health Organization released its Global Strategy and Action Plan
on Ageing and Health which focused, among other things, on the need to align health systems to the
needs to this increasing population segment. The plan calls for governments to establish sustainable
health care systems designed to address the long-term care needs of this population and places spe-
cial emphasis on the need to develop better data, measurement and research among this group (4).

These plans include addressing complications arising from hip fractures.

Each year, approximately 1.5 million hip fractures occur worldwide and according to the World
Health Organization that figure will increase to 2.6 million by 2025 and to 6 million by the year

2050. Hip fractures are most commonly found among those 65 and older (5,6).

According to global estimates, 70% of hip fractures will occur in Latin America (7), and the Pe-
ruvian national health insurance program known as EsSalud estimates that 12-16% of Peruvian
women over the age of 50 will suffer a hip fracture each year. Population statistics show that there
will be 7.5 million Peruvian women aged 50 or older by 2050. Therefore, more than 500,000 hip
fractures could be expected by 2050 (8).

In previous studies, comorbidities, poor health status and postoperative complications have
been reported as predictors of mortality in patients with hip fractures (5, 6, 9,10-12). In an
effort to decrease mortality related to age and hip fracture, several risk prediction models,
such as Charlson Comorbidity Index (CCI), (9,13) have been developed. However, the use of
these models is not always practical in clinical settings because they require special scales of

qualification and additional calculations and then their wide use in clinical practice is limited.
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The red cell distribution width (RDW), which comes from the complete blood cell count (CBC), is
conventionally used for the evaluation of heterogeneity of circulating erythrocytes and differen-
tial diagnosis (10,11,14). This widely employed clinical diagnostic tool has also been shown to be

an important predictive factor in mortality in cardiovascular diseases.

However, a link between RDW at patient hospitalization and long-term mortality among the hip
fracture population has not been fully established. Considering the expected worldwide increase
in the over 50 population and their higher propensity for hip fracture, the identification of a
prognostic parameter is critical for the stratification of mortality risk; such predictive value may

provide a prognostic value for the patient

METHODS

This was a correlational non-experimental, ambispective study among 99 patients at the Hospital
Central de la Fuerza Aérea del Perti (FA.P). Selection criteria included patients older than 65 years
who underwent surgery for hip fracture between January 2014 and July 2015 were included in the
sample. Patients with a diagnosis of pathological fracture and those who did not undergo surgical
treatment were excluded for the identification of the population. The hospital records of the Trau-
matology and Orthopedics Service were consulted upon patient discharge from hospital (see Table

1). In addition, 6 months after discharge a follow-up was completed for a functional assessment.

The study was approved by the IRB and the Protocol was registered in the School of Medicine of the
University Ricardo Palma and approved by the Hospital Director of the FA.P. Statistical Analysis.

A total of 99 patients were included in this study. Statistical analysis was performed using the

SPSS statistical package for Windows v.23.0.

Comorbidity was assessed using the Charlson index (ICh). The ICh scores were grouped into 0-1,
2-5, 2 6. Over 6 points usually involved metastatic solid tumor (12). Functional grade was asses-

sed using the Red Cross Functional Scale developed by the Spanish Neurological Society.
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Measures of central tendency were calculated for appropriate variables and the mean and the
standard deviation were obtained for continuous variables. Mortality and dependent grade,
RDW quartiles (Q1-Q4) were used and the association was measured by chi-square. Odds ratios
and their 95% confidence intervals were calculated by bivariate and Cox multivariate regression
analysis. Survival analysis was calculated using the Kaplan-Meier method and the comparison of

the survival curve was performed using the log-rank test.

RESULTS

Table 1 shows the demographic characteristics of the studied population which had a mean age of
83, was mostly female (65%), and the majority of whom were not institutionalized (patients that
live in their own homes, not in a senior citizen facility). For the general patient data, we divided the

baseline RDW into quartiles. Table 3 shows the co-morbidity factors found among the patients.

Cox multivariate regression analysis was used to analyze the association between RDW and mor-
tality at 6 months of follow-up (Table 4). The median RDW was 13.1% with an interquartile ran-
ge of 11.2-15.1%. Participants with elevated RDW had a poor functional dependence, increased
comorbidities, increased anesthetic risk, blood transfusion requirement and were more likely to

develop postoperative complications. (Table 2).

A positive association was found between the quartiles of RDW and the mortality rate at 6 mon-
ths (Table 2). The highest quartile of RDW (Q4) showed a 5-fold increase in mortality compared
to the lowest quartile (Q1).

Table 1. Demographic Characteristics of Study Participants

N | %
Age | 83.51+-9,2 |
| Gender | |
Females 64 64.6
Males 35 35.4

T S N
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N %
Age 83.51+-9,2
Institutionalized 46 46.4
Non-institutionalized 53 53.6
IS .
I 0
II 65 65.7
II1 34 34.3
v 0
" Caisoncovordiy e ||
No co-morbidity (0-1) 3 3
Low co-morbidlity (2) 43 43.4
High co-morbidity (6 o mas) 53 53.5
Hemoglobin levels at admissions 101+-1,9
Hb < 10 gr/dl 57 57.6
Hb > 10 gr/dl 36 36.4
oot 1|
Yes 45 45.5
No 54 54.5
I N N
Yes 31 31.3
No 68 66.6
RDW 13, 264
>14.1 34 34.3
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N %
Age 83.51+- 9,2
<14.1 65 65.7

Table 2. Patient Mortality by RDW

N %
RDW1 («<11%) 3 12
RDW2 (11.1-12.5%) B 12
RDW3 (12.6-14%) 2 8
RDW4 (>14%) 17 68

Table 3. Variable Distribution

(Iil])_:‘l/g%l) a 1§?£25 %) RDW3 (12.6-14%) RDW4 (>14%)
Variable (n=19) (n =23) (n=23) (n=34)
Age (years) 819+8 80+9 83+10 85+7
Males (%) 3(15.7) 11 (47.8) 10 (43.7) 11 (32.3)
Institutionalized (%) 9 (47) 0 (0) 1(4.3) 3(8.82)
Charlson index 0-1 (%) 0 (0) 0 (0) 1(4.3) 0 (0)
2-5 (%) 6 (31.5) 11 (47.8) 5(21.7) 6 (17.6)
>6 (%) 13 (68.4) 12 (52.1) 17 (73.9) 28 (82.4)
ASA 2 (%) 16 (23.8) 12 (17.9) 19 (28.4) 20 (29.9)
ASA >3 (%) 3(9.3) 11 (34.3) 4(12.5) 14 (43.75)
Cardiac post operative complications (%) 3 (15.7) 0 (0) 1(4.3) 1(2.9)
Respiratory post-operative complications (%) 2 (10.5) 0 (0) 0 (0) 1(2.9)
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Delirio Post operative (%) 2(10.5) 0 (0) 0 (0) 0 (0)
Sepsis post operatative 1(5.2) 0 (0) 0 (0) 2(5.4)
Hemoglobin on admission 11,3+ 2 10,7 +-1,9 10,43 +-2.23 11,3 +- 3,51

Blood transfusion 8 (42.5) 10 (43.7) 10 (43.7) 14 (41.17)

Table 4: Multivariate analysis for the variables that were significant with respect
to the objective variable Functional Grade at 6 months and mortality.

20

Dysfunctional Grade Mortality
Variables Death
Power Cl 95% P value OR IC 95% P Value
Gender
Male 1,636 0,365 |0,875-3,019 | 0,106 1,322 0,198 0,75-1,246 | 0,352
Female
Age
75 and older 3,750 0,915 11’12;25é 0.016 1,159 0,22 0,945- 1,423 | 0,227
<75
Hemoglobin
<10 6,545 0,684 1,170- 36,6 | 0,032 2,593 0,183 0,636-10,56 | 0,184
> 10
Previous Fracture
Yes 1,100 0,504 |0,525-,2,303 | 0,800 2,386 0.773 1,366-4,094 | 0,003
No
Co-morbidity
High 4,00 0.843 | 1,58-10,08 | 0.000 1,949 0,212 0,709-0,357 | 0,196
Low
Institutionalized
Yes 0,771 0,862 | 0,894-2,174 | 0.614 - 0,333 0,052-2,131 | 0,157
No
Salud

VoL. 34 (1) 2019 - 13-28
BarraNQuILLA (COL.)



Amplitud de. d|§tr|buc|on.er|trocnar|a - RDwW como Jhony A. De La Cruz-Vargas, Flor Cloreth Vento Benel,
factor prondstico en pacientes mayores de 65 afios .
Miguel A. Perez, Lucy E. Correa-Lopez

operados de fractura de cadera

Respiratory
Complications

Yes 1,286 0,635 | 0,96-17,136 | 0.949 = 1,333 0,146-12,48 | 0,800

No

Table 5. Mortality and unfavorable functional grade in the 4 categories.

Dysfunctional Grade Mortality

Variables Death
OR Cl 95% P value OR IC 95% P value
RDW Q1 <11 0,537 0,268- 1,224 0.095 0,632 0,20- 1,908 0,393
RDW Q2 >11-<12.5 0,880 0,524-1,47 0,618 0,420 0,164-1,520 | 0,187

RDW Q3>12.6- <14

RDW O4s 14.1 0,767 0,440- 1,336 0,319 0,315 0,080-1,243 | 0,060
1,607 1,074- 2,44 0,04 5,413 2,355-12,46 | 0,000
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Figure 1.- Survival Rates for RDW4
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Figure 2.- Survival Rates for Previous Fracture

The Cox multivariate analysis is shown in Table 3. Significant associations found were: type of
residence before fracture (senior citizen facility or their own home), Required assistance to mo-
bilize before the fracture, ASA, Charlson index (0-1, 2-5, >6), postoperative delirium, cardiac and
respiratory complications. RDW had a significant independent association with mortality at 6

months of follow-up (see Table 4).
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DISCUSSION

The current study found an association between elevated RDW levels and mortality at 6 months
of follow-up in patients with hip fracture, regardless of the other predictors of mortality after this
event, including anemic status, age, comorbidities and postoperative complications. Results also
suggest that this association shows a positive association to mortality, with the increase of RDW

in the four categories.

Although RDW has been linked to mortality in several different diseases as well as healthy older
adults, these studies have not completely elucidated how it could be linked to an increased risk
of death, which remains uncertain (15-19). The main theory is through chronic inflammation,
in particular, through the presence of inflammatory cytokines and high oxidative stress (18,20).
Inflammatory states and high RDW are linked through the mechanisms of Myelosuppression,
reduced renal erythropoietin production and increased cellular apoptosis (18,19). These inflam-
matory cellular changes that prevail in chronic diseases affect the survival of red blood cells and
cause their premature release into the bloodstream which leads to an increase of RDW and, which
may represent an integrated index of multiple pathophysiological mechanismsincluding chronic
inflammation, increased oxidative stress, nutritional deficiencies, organ congestion and aging it-
self. These factors may result in anisocytosis thus conferring a cumulative indication of high risk
of mortality. This is more likely in the case of a large group, such as hip fracture patients whose

injury is their only common entity.

Various efforts have been made to identify patients with the highest risk of mortality after a
hip fracture. (21-25). One such effort includes the development of the Nottingham hip fracture
score and the POSSUM score (physiological and operative severity score for mortality and morbi-
dity) (26, 27,28). None of the scores incorporate postoperative complications nor do they include
RDW. Although RDW does not classically belong to modifiable risk factors, the results of our study
support the role of RDW in identifying a group of high-risk patients after hip fracture, who could
benefit targeting their clinical surveillance since their admission, during their hospitalization
and discharge. It is also known that post-fracture mortality does not follow a homogeneous pat-
tern but varies according to age and gender. There are also other factors such as living in nursing

homes or suffering from comorbidity that also have a significant influence on mortality (29).
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In this study we considered all the mortality predictors known in the literature, such as: advanced
age, gender (males have higher mortality rate), an ASAIII and IV, having 3 or more comorbidities as-
sociated with admission, dementia, postoperative cardio circulatory and respiratory complications.
Another factor include residence in a senior citizen facility (30). Our data after the bivariate analysis
coincide with the literature regarding advanced age and have 3 or more associated comorbidities,
but not in relation to sex, however when comparing patients with previous fracture according to
sex, there is a greater survival in female patients (p = 0.013). In the characterization of the sample
by age group and sex, we found results similar to those proposed by Rocabruno (31, 32). who states
that there is an incidence of 50% of hip fractures in patients older than 80 years; the behavior of two

sexes remain the same for this age group as proposed by some authors (33, 34).

In the multivariate analysis model, only the RDW and the previous fracture (p = 0.003) remained
independent predictors of mortality. Unlike the study by Roche et al. (9), we found no associa-
tion between postoperative respiratory infections and mortality. Sex did not influence, perhaps

because of our limited sample.

The results corroborate the high morbidity and mortality of patients undergoing hip fracture sur-
gery, the important limitations in gait capacity and the functional status of patients at 6 months

after surgery.

Regarding the unfavorable functional grade, in the multivariate model it was obtained that ad-
vanced age, low hemoglobin, high comorbidity and respiratory complications are associated fac-

tors, which would constitute the profile of a geriatric patient with a poor prognosis.

CONCLUSION

Red cell distribution width is a simple, easy and widely available parameter in total red blood cell
count. Our study shows that both elevated RDW and previous fracture history are significantly asso-
ciated with a 6-month mortality risk, and RDW is associated with poor functional dependence after
hip fracture. The stratification of patients at risk for mortality on admission with a complete anam-
nesis (history of previous fracture) and a simple examination of red blood cells (RDW) may be useful
and practical in the management of these patients. Future studies, prospective and multicentric are

necessary to confirm these results and to clarify deeply the underlying mechanisms.
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