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Background: Red cell distribution width (RDW) may be related to the prognosis of hip fractures. The purpose of this study was to
evaluate the association between (RDW) and all-cause mortality in elderly hip fractures.

Materials and Methods: Elderly patients aged >65 years who had a hip fracture were screened between January 1, 2015, and
September 30, 2019. The age, gender of patients and other demographics, as well as history of allergy, injury mechanism, underlying
illnesses at the time of admission, fracture classification, time from admission to operation, RDW, operation time, blood loss, infusion,
transfusion, treatment strategy, and length in hospital stay and follow-up and other clinical characteristics were collected. Linear and
nonlinear multivariate Cox regression models were used to identify the association between RDW and mortality in these patients.
Analyses were performed using EmpowerStats and the R software.

Results: A total of 2587 patients were included in this retrospective cohort study. The mean follow-up period was 38.92 months. A total
of 873 (33.75%) patients died due to all-cause mortality. The RDW was linearly associated with mortality in elderly patients with hip
fractures. Linear multivariate Cox regression models showed that RDW was associated with mortality (hazard ratio [HR]=1.03, 95%
confidence interval [CI]:1.02—1.05, P < 0.0001) after adjusting for confounding factors. The mortality risk increased by 3% when RDW
increased by 1 fL.

Conclusion: RDW is associated with mortality in elderly patients with hip fractures, and RDW could be considered a predictor of
mortality risk.

Registration: ChiCTR2200057323.
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Introduction
Hip fracture is a traumatic event that occurs frequently in the elderly and is associated with substantial mortality,
morbidity, and economic costs. The number of hip fractures has increased rapidly with aging of the global population.”
Research has projected that the number of hip fractures occurring worldwide each year will rise to 6.26 million by
the year 2050.% At the same time, with the increasing number of elderly people, a concomitant increase in avoidable
deaths, disability, and medical costs due to hip fractures will occur.* In the foreseeable future, hip fractures will pose
a greater burden on health services.”® Therefore, researching hip fractures, particularly in the elderly, is important.
Patients with hip fractures suffer different adverse consequences even after treatment, such as postoperative death in the
hospital, incomplete recovery of pre-fracture function, or transition from independent living to long-term care among
survivors.’ Several factors influence the prognosis of hip fractures. Studies indicate that age and sex,® surgery-related factors

9,10

(eg, surgery type and time to surgery),”'® comorbidities, and postoperative complications'' are associated with functional
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outcomes after hip fracture. Regarding time to surgery, timely operation within 48 hours of admission appears to be best
practice.'” An early systemic review revealed that postoperative 30-day and 1-year mortality increased due to delayed surgery
of over 48 hours.'* Meanwhile, different postoperative management measures may also have different effects on the prognosis
of patients with hip fracture. Studies have shown that the patients with hip fracture involved in hospital healthcare would result
in better quality of care and improved outcomes.'*'> Asplin et al pointed out that continued rehabilitation after discharge is
necessary for the recovery of patients with hip fracture.'® However, understanding the extent of prognostic factors is still
limited."”"®

Red cell distribution width (RDW) is a simple blood test parameter that reflects the degree of heterogeneity of
erythrocyte volume in peripheral blood and is usually used in the diagnosis and differentiation of several types of
anemias.'”?° In previous studies, higher levels of RDW have been considered an adverse prognostic factor in cardio-
vascular diseases, inflammation, and different types of cancers.”' ** In recent years, the relationship between RDW and
clinical fractures or other traumas has been reported. For example, the risks of all-clinical fractures also increase with
higher RDW values.”” Studies have suggested that RDW is independently associated with an increased risk of mortality
following hip fractures. Yin et al found that hip fracture patients who experience a greater fluctuation in RDW during the
hospital course are at a higher risk of 2-year all-cause mortality.”® Garbharran et al found that hip fracture patients with
larger RDWs also had higher mortality rates, suggesting an association between larger RDWs and both short- (4 months)
and long-term (1 year) mortality in patients with hip fracture.?” Therefore, we speculated that RDW may be related to the
prognosis of hip fractures.

However, the relationship between RDW and prognosis of patients with hip fractures remains unclear. Therefore, this
study assessed the influence of RDW on patient mortality over a long-term follow-up period. We hypothesized that there
would be an association between RDW and mortality. In this retrospective cohort study, we aimed to identify the role of
RDW in hip fractures.

Materials and Methods
Study Design
In our study, we recruited elderly patients who had a hip fracture between January 1, 2015, and September 30, 2019, at
the largest trauma center in Northwest China.

This retrospective study was approved by the Ethics Committee of Xi’an Honghui Hospital (No. 202201009). All
procedures involving human participants were performed in accordance with the 1964 Declaration of Helsinki and its
amendments. The informed consent was obtained from all subjects.

Participants

Demographic and clinical data of the patients were obtained from their original medical records. The inclusion criteria
were as follows: 1) age > 65 years; 2) radiographic or computed tomography diagnosis of a femoral neck, intertrochan-
teric, or subtrochanteric fracture; 3) patients who were receiving surgical or conservative treatment in a hospital; 4)
availability of clinical data in the hospital; and 5) patients able to be contacted by telephone. The exclusion criteria were
as follows: 1) patients who could not be contacted; 2) patients who with anemia or cancer.

Hospital Treatment

The patients were examined using blood tests and ultrasonography to prepare for surgery to determine patient’s
cardiopulmonary function and whether there was thrombosis in the lower limbs. Intertrochanteric fractures are often
managed with closed/open reduction and internal fixation (ORIF) of the proximal femoral nail anti-rotation. Femoral
neck fractures are often treated with hemiarthroplasty (HA) or total hip arthroplasty (THA) depending on the patient’s
age. Prophylaxis for deep vein thrombosis through drug treatment and functional exercise was initiated on admission.
Upon discharge, the patients were asked to return monthly to assess fracture union or function.
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Follow-Up

After discharge, the patients’ family members were contacted by telephone from January to March 2022 to collect data on
survival, survival time, and activities of daily living. This follow-up was conducted by two medical professionals with two
weeks of training and one year of experience. Patients who could not be contacted initially were referred two other times.
When the family members of the patients did not respond, we stopped and recorded the patients as lost to follow-up.

Endpoint Events
The endpoint event in this study was all-cause mortality after treatment. We defined all-cause mortality as death reported

by patients’ family members.

Variables

The variables in our study were as follows: age, gender, occupation, history of allergy, injury mechanism, fracture
classification; presence of hypertension, diabetes, coronary heart disease (CHD), arrhythmia, hemorrhagic stroke,
ischemic stroke, cancer, multiple injuries, dementia, chronic obstructive pulmonary disease (COPD), hepatitis, and
gastritis; age-adjusted Charlson comorbidity index (aCCl), time from injury to admission, time from admission to
operation, RDW, operation time, blood loss, infusion, transfusion, treatment strategy, and length in hospital stay and
follow-up. The dependent variable was all-cause mortality, while the independent variable was the RDW. The other
variables were potentially confounding factors.

Statistics Analysis
Continuous variables are reported as the means + standard deviations (Gaussian distribution) or medians (range, skewed
distribution). Categorical variables are presented as numbers with proportions. A Chi-squared test (categorical variables),
one-way analysis of variance (ANOVA [normal distribution]), or Kruskal-Wallis H-test (skewed distribution) was used
to detect differences between different RDWs (according to anemia criteria). Univariate and multivariate Cox propor-
tional hazards regression models (three models) were used to test the association between RDW and mortality. Model 1
was not adjusted for covariates. Model 2 was minimally adjusted for sociodemographic variables. Model 3 was fully
adjusted for all covariates. To test the robustness of our results, we performed sensitivity analysis. We converted the
RDW into a categorical variable according to the anemia criteria and calculated the P-value for trends to verify the results
of RDW as a continuous variable, and we examined the possibility of nonlinearity. Because Cox proportional hazards
regression model-based methods are often suspected to be unable to deal with nonlinear models, the nonlinearity between
RDW and mortality was addressed using a Cox proportional hazards regression model with cubic spline functions and
smooth curve fitting (the penalized spline method). If nonlinearity was detected, we first calculated the inflection point
using a recursive algorithm and then constructed a two-piecewise Cox proportional hazards regression model on both
sides of the inflection point.

All analyses were performed using statistical software packages R (http://www.R-project.org, R Foundation) and
EmpowerStats (http://www.empowerstats.com, X&Y Solutions Inc., Boston, MA, USA). Hazard ratios (HRs) with 95%
confidence intervals (Cls) were calculated. Statistical significance was set at P < 0.05 (two-sided).

Results

Patient Characteristics

From the initial 2887 participants who had hip fractures between January 2015 and September 2019, 2587 met the study
criteria and were enrolled in our study. The mean follow-up period was 38.92 months. A total of 873 (33.75%) patients
died due to all-cause mortality. Among them, the number of male deaths was 335 (38.37%), and the number of female
deaths was 538 (61.63%). RDWs were divided into five groups. Table 1 lists the demographic and clinical characteristics
of all 2587 patients, which includes comorbidities, factors associated with injuries, and treatment.
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Table | The Demographic and Clinical Characteristics

RDW quintiles Ql Q2 Q3 Q4 Q5 P-value | P-value*

N 372 486 534 596 599

RDW 39.88 + 1.48 42.57 + 049 44.49 + 0.50 46.82 + 0.79 53.30 £ 5.20 <0.001 <0.001

Age (year) 7742 £ 6.69 7881 + 6.72 79.54 + 6.64 80.21 * 6.68 80.96 + 6.76 <0.001 <0.001

Gender <0.001 -

Male 90 (24.19%) 148 (30.45%) 165 (30.90%) 215 (36.07%) 230 (38.40%)

Female 282 (75.81%) 338 (69.55%) 369 (69.10%) 381 (63.93%) 369 (61.60%)

Occupation <0.001 -

Retirement 229 (61.56%) 309 (63.58%) 306 (57.30%) 362 (60.74%) 281 (46.91%)

Farmer 86 (23.12%) 92 (18.93%) 129 (24.16%) 127 (21.31%) 195 (32.55%)

Other 57 (15.32%) 85 (17.49%) 99 (18.54%) 107 (17.95%) 123 (20.53%)

History of allergy 0.592 -

No 354 (95.16%) 472 (97.12%) 510 (95.51%) 574 (96.31%) 576 (96.16%)

Yes 18 (4.84%) 14 (2.88%) 24 (4.49%) 22 (3.69%) 23 (3.84%)

Injury mechanism 0.089 -

Falling 364 (97.85%) 468 (96.30%) 517 (96.82%) 574 (96.31%) 576 (96.16%)

Accident 6 (1.61%) 17 (3.50%) 11 (2.06%) 20 (3.36%) 14 (2.34%)

Other 2 (0.54%) 1 (0.21%) 6 (1.12%) 2 (0.34%) 9 (1.50%)

Fracture classification <0.001 -

Intertrochanteric fracture 218 (58.60%) 330 (67.90%) 386 (72.28%) 473 (79.36%) 478 (79.80%)

Femoral neck fracture 143 (38.44%) 145 (29.84%) 132 (24.72%) 109 (18.29%) 106 (17.70%)

Subtrochanteric fracture 11 (2.96%) 11 (2.26%) 16 (3.00%) 14 (2.35%) 15 (2.50%)

Hypertension <0.001 -

No 151 (40.59%) 252 (51.85%) 263 (49.25%) 298 (50.00%) 365 (60.93%)

Yes 221 (59.41%) 234 (48.15%) 271 (50.75%) 298 (50.00%) 234 (39.07%)

Diabetes <0.001 -

No 237 (63.71%) 368 (75.72%) 428 (80.15%) 507 (85.07%) 531 (88.65%)

Yes 135 (36.29%) 118 (24.28%) 106 (19.85%) 89 (14.93%) 68 (11.35%)

CHD 0.232 -

No 190 (51.08%) 234 (48.15%) 232 (43.45%) 276 (46.31%) 278 (46.41%)

Yes 182 (48.92%) 252 (51.85%) 302 (56.55%) 320 (53.69%) 321 (53.59%)

Arrhythmia 0.002 -

No 273 (73.39%) 338 (69.55%) 348 (65.17%) 387 (64.93%) 369 (61.60%)

Yes 99 (26.61%) 148 (30.45%) 186 (34.83%) 209 (35.07%) 230 (38.40%)

Hemorrhagic stroke 0.585 -

No 364 (97.85%) 479 (98.56%) 524 (98.13%) 580 (97.32%) 583 (97.33%)

Yes 8 (2.15%) 7 (1.44%) 10 (1.87%) 16 (2.68%) 16 (2.67%)

Ischemic stroke 0.085 -

No 244 (65.59%) 341 (70.16%) 384 (71.91%) 421 (70.64%) 443 (73.96%)

Yes 128 (34.41%) 145 (29.84%) 150 (28.09%) 175 (29.36%) 156 (26.04%)

Cancer 0.243 -

No 362 (97.31%) 476 (97.94%) 523 (97.94%) 577 (96.81%) 575 (95.99%)

Yes 10 (2.69%) 10 (2.06%) 11 (2.06%) 19 (3.19%) 24 (4.01%)

Multiple injuries 0.172 -

No 345 (92.74%) 452 (93.00%) 487 (91.20%) 553 (92.79%) 569 (94.99%)

Yes 27 (7.26%) 34 (7.00%) 47 (8.80%) 43 (7.21%) 30 (5.01%)

Dementia 0.356 -

No 362 (97.31%) 465 (95.68%) 515 (96.44%) 574 (96.31%) 568 (94.82%)

Yes 10 (2.69%) 21 (4.32%) 19 (3.56%) 22 (3.69%) 31 (5.18%)

COPD 0.628 -

No 351 (94.35%) 459 (94.44%) 500 (93.63%) 556 (93.29%) 553 (92.32%)

Yes 21 (5.65%) 27 (5.56%) 34 (6.37%) 40 (6.71%) 46 (7.68%)

Hepatitis 0.084 -

No 367 (98.66%) 471 (96.91%) 520 (97.38%) 576 (96.64%) 572 (95.49%)

Yes 5 (1.34%) 15 (3.09%) 14 (2.62%) 20 (3.36%) 27 (4.51%)

(Continued)
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RDW quintiles Ql Q2 Q3 Q4 Q5 P-value | P-value*
Gastritis 0.728 -
No 367 (98.66%) 479 (98.56%) 526 (98.50%) 583 (97.82%) 586 (97.83%)
Yes 5 (1.34%) 7 (1.44%) 8 (1.50%) 13 (2.18%) 13 (2.17%)
aCcCl 419 = I.15 4.18 + 1.14 4.21 = 1.07 4.23 + 1.08 4.26 + 1.00 0.715 0.488
Time to admission (h) 75.83 £ 193.66 64.89 + 215.89 74.60 £ 242.61 81.60 + 311.81 101.28 + 235.48 0.161 <0.001
Time to operation (d) 4.27 £2.52 427 £2.27 4.17 £2.29 4.23 £2.62 4.56 + 3.03 0.123 0.479
Treatment Strategy <0.001 -
Conservation 22 (5.91%) 31 (6.38%) 46 (8.61%) 50 (8.39%) 76 (12.69%)
ORIF 211 (56.72%) 322 (66.26%) 353 (66.10%) 443 (74.33%) 412 (68.78%)
HA 127 (34.14%) 127 (26.13%) 126 (23.60%) 96 (16.11%) 110 (18.36%)
THA 12 (3.23%) 6 (1.23%) 9 (1.69%) 7 (1.17%) 1 (0.17%)
Operation time (mins) 93.68 + 35.57 92.39 + 34.59 94.40 £ 37.22 93.76 + 38.66 95.78 + 38.78 0.708 0.765
Blood loss (mL) 242.65 + 184.42 230.66 + 133.80 252.58 + 162.54 24521 + 165.48 254.43 £ 167.40 0.187 0.354
Infusion (mL) 161831 £371.86 | 1586.76 + 404.86 | 1540.49 + 393.58 | 1543.94 £ 399.19 | 1531.65 + 361.80 | 0.005 <0.001
Transfusion (U) 091 + 1.27 1.00 £ 1.25 1.17 £ 1.33 120 £ 1.22 141 £ 1.25 <0.001 <0.001
Length in hospital (d) 8.69 + 3.56 8.66 + 3.35 9.09 + 3.86 8.84 + 3.50 9.23 + 4.03 0.048 0.121
Preoperative hemoglobin (g/L) 118.88 + 17.50 115.60 + 18.08 115.60 + 18.08 109.03 + 18.34 102.10 + 19.76 <0.001 <0.001
Postoperative hemoglobin (g/L) | 106.46 + 14.82 105.35 + 16.09 104.01 + 15.83 102.07 + 13.70 100.98 + 14.50 <0.001 <0.001
|-year Mortality 0.001
Survival 341 (91.67%) 446 (91.77%) 484 (90.64%) 525 (88.09%) 510 (85.14%)
Dead 31 (8.33%) 40 (8.23%) 50 (9.36%) 71 (11.91%) 89 (14.86%)
Mortality <0.001 -
Survival 280 (75.27%) 355 (73.05%) 372 (69.66%) 385 (64.60%) 322 (53.76%)
Dead 92 (24.73%) 131 (26.95%) 162 (30.34%) 211 (35.40%) 277 (46.24%)
Follow up (months) 3781 £ 1677 39.23 £ 18.16 40.81 + 20.32 39.78 £ 20.85 36.98 + 20.54 0.0l 0.023

Notes: Mean+SD / N (%). P-value *For continuous variables, we used the Kruskal Wallis rank-sum test, and Fisher’s exact probability test for count variables with

a theoretical number <10.

Univariate Analysis of the Association Between Variables and Mortality
We performed univariate analysis to identify potential confounding factors and the relationship between variables and

mortality (Table 2). Significant variables in the univariate analysis (P < 0.01) were included in the multivariate Cox

regression (age, gender, injury mechanism, fracture classification, hypertension, CHD, arrhythmia, ischemic stroke,

cancer, dementia, COPD, hepatitis, aCCI, time to admission, time to operation, treatment strategy, operation time,

infusion, and length in hospital).

Table 2 Effects of Factors

on Mortality Measured by Univariate Analysis

Statistics HR (95% CI) P-value
Age (year) 79.58 + 6.79 1.08 (1.06, 1.09) <0.0001
Gender
Male 848 (32.78%) |
Female 1739 (67.22%) 0.75 (0.65, 0.85) <0.0001
Occupation
Retirement 1487 (57.48%) |
Farmer 629 (24.31%) 0.91 (0.78, 1.07) 0.2763
Other 471 (18.21%) 0.85 (0.71, 1.01) 0.0718
History of allergy
No 2486 (96.10%) |
Yes 101 (3.90%) 0.88 (0.61, 1.27) 04917

(Continued)
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Table 2 (Continued).

Statistics HR (95% CI) P-value
Injury mechanism
Falling 2499 (96.60%) |
Accident 68 (2.63%) 0.25 (0.12, 0.54) 0.0003 | 0.0003
Other 20 (0.77%) 1.61 (0.86, 3.00) 0.1355
Fracture classification
Intertrochanteric fracture | 1885 (72.86%) |
Femoral neck fracture 635 (24.55%) 0.85 (0.72, 1.01) 0.0725
Subtrochanteric fracture 67 (2.59%) 0.78 (0.51, 1.20) 0.2627
Hypertension
No 1329 (51.37%) [
Yes 1258 (48.63%) 1.14 (1.00, 1.30) 0.057
Diabetes
No 2071 (80.05%) |
Yes 516 (19.95%) 1.02 (0.86, 1.20) 0.8614
CHD
No 1210 (46.77%) |
Yes 1377 (53.23%) 1.32 (1.15, 1.51) <0.0001
Arrhythmia
No 1715 (66.29%) |
Yes 872 (33.71%) 1.33 (1.16, 1.52) <0.0001
Hemorrhagic stroke
No 2530 (97.80%) |
Yes 57 (2.20%) 1.14 (0.74, 1.76) 0.5444
Ischemic stroke
No 1833 (70.85%) |
Yes 754 (29.15%) 1.42 (1.23, 1.63) <0.0001
Cancer
No 2513 (97.14%) |
Yes 74 (2.86%) 1.74 (1.26, 2.41) 0.0009
Multiple injuries
No 2406 (93.00%) |
Yes 181 (7.00%) 0.99 (0.76, 1.29) 0.9291
Dementia
No 2484 (96.02%) |
Yes 103 (3.98%) 2.62 (2.03, 3.38) <0.0001
COPD
No 2419 (93.51%) |
Yes 168 (6.49%) 1.55 (1.23, 1.96) 0.0002
Hepatitis
No 2506 (96.87%) |
Yes 81 (3.13%) 1.62 (1.18, 2.23) 0.0032
Gastritis
No 2541 (98.22%) |
Yes 46 (1.78%) 0.96 (0.58, 1.57) 0.8533
aCcCl 422 + 1.08 1.52 (1.43, 1.61) <0.0001
Time to admission (h) | 80.74 + 248.20 1.00 (1.00, 1.00) 0.0586
Time to operation (d) | 4.31 + 258 1.03 (1.00, 1.05) 0.0459

(Continued)
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Table 2 (Continued).

Statistics HR (95% CI) P-value
Treatment Strategy
Conservation 225 (8.70%) |
ORIF 1741 (67.30%) 0.31 (0.26, 0.38) <0.0001
HA 586 (22.65%) 0.33 (0.27, 0.41) 0.0001
THA 35 (1.35%) 0.06 (0.02, 0.26) 0.0001
Operation time (mins) | 94.07 + 37.17 1.00 (1.00, 1.00) 0.0402
Blood loss (mL) 24558 * 162.75 1.00 (1.00, 1.00) 0.4396
Infusion (mL) 1559.90 + 388.08 | 1.00 (1.00, 1.00) 0.0002
Transfusion (U) I.16 + 1.27 1.04 (0.99, 1.10) 0.1229
Length in hospital (d) | 893 + 3.69 1.02 (1.01, 1.04) 0.004

Multivariate Analysis of RDW and Mortality
We used three models (Table 3) to assess the correlation between RDW and mortality. Linear regression was performed when
the RDW was considered as a continuous variable. The fully adjusted model showed a 3% increase in mortality risk
(HR=1.03, 95% CI: 1.02—1.05; P < 0.0001) when RDW increased by 1 fL after controlling for confounding factors. When
the RDW was considered as a categorical variable, we found statistically significant differences in RDW among the three
models (P < 0.0001). In addition, the P-value for trends also showed a linear correlation in the three models (P < 0.0001).
However, we found that the change interval was slow in this subgroup (Table 3). This instability indicates the
possibility of a nonlinear correlation.

Curve Fitting and Analysis of Threshold Effect
There may be a curved association between RDW and mortality after adjusting for confounding factors (Figure 1). We
compared two fitting models to explore the curved associations (Table 4). Unfortunately, the curvilinear relationship
between RDW and mortality could not be verified using the present data.

Figure 2 presents the Kaplan—Meier survival curve.

Discussion

Our retrospective cohort study reveals a significant linear relationship between RDW and all-cause mortality in elderly
hip fracture patients. The results showed that the case fatality rate increased by 3% when the RDW increased by 1 fL
(HR=1.03; 95% CI: 1.02-1.05; P < 0.0001), which highlighted the potential of RDW as a valuable clinical predictor for
mid-term all-cause mortality in elderly patients with hip fractures. Therefore, the RDW after admission can be considered
a clinical predictor of mid-term all-cause mortality in elderly patients with hip fractures.

Table 3 Univariate and Multivariate Results by Cox Regression

Exposure Non-Adjusted Model Minimally-Adjusted Model | Fully-Adjusted Model
RDW 1.04 (1.03, 1.05) <0.0001 1.03 (1.02, 1.05) <0.0001 1.03 (1.02, 1.05) <0.0001
RDW quintiles

Ql | [ |

Q2 1.05 (0.80, 1.37) 0.7152 0.93 (0.72, 1.22) 0.6184 1.04 (0.77, 1.39) 0.8114

Q3 1.14 (0.88, 1.48) 0.3061 0.98 (0.76, 1.26) 0.8652 1.04 (0.78, 1.39) 0.7762

Q4 1.36 (1.07, 1.74) 0.0135 I.11 (0.87, 1.42) 0.4083 1.21 (0.92, 1.60) 0.1814

Q5 1.90 (1.50, 2.41) <0.0001 1.46 (1.15, 1.85) 0.0019 1.55 (1.17, 2.04) 0.0020

P for trend <0.0001 <0.0001 <0.0001

Notes: Data in table: HR (95% CIl) P-value. Outcome variable: mortality. Exposed variables: RDWV. Minimally-adjusted model
adjust for: age, gender. Fully-adjusted model adjust for: age, gender, injury mechanism, fracture classification, hypertension, CHD,
arrhythmia, ischemic stroke, cancer, dementia, COPD, hepatitis, aCCl, time to admission, time to operation, treatment strategy,
operation time, infusion, length in hospital.
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Figure | Curve fitting between RDW and mortality. Adjusted for age, gender, injury mechanism, fracture classification, hypertension, CHD, arrhythmia, ischemic stroke,
cancer, dementia, COPD, hepatitis, aCCl, time to admission, time to operation, treatment strategy, operation time, infusion, length in hospital.

Previous research has explored the associations between RDW and various conditions such as cancer,>'** heart failure,?*°
and cardiovascular disease.’'~** Recently, some researchers have reported correlations between RDW and trauma, osteoporosis,
fracture, and fracture complications. Sakai et al found that mortality in the elevated RDW group was statistically higher than that
in the non-elevated RDW group among osteoporotic vertebral fracture patients who received conservative treatment, indicating
a correlation between larger RDWs and poor outcomes.> Li et al used the osteoporotic fracture index (malnutrition, poor
physical performance, and fatigue) to delineate frailty and found that a larger RDW can be regarded as a frailty indicator in the
elderly.** In a past retrospective cohort study, Marom et al found the independent association between higher baseline RDW on
admission and higher rates of all-cause mortality in the first 3, 6, and 12 months following proximal femoral fracture surgery.”> It
is noteworthy that a relationship between RDW and hip fractures in the elderly has also been found. In a prospective cohort study
of 1333 participants with a 2-year follow-up, Yin et al considered hip fracture patients with larger fluctuations in RDW between
admission and discharge to be at a higher risk for all-cause mortality.”® In some follow-up studies with small sample sizes, an
association between baseline RDW and short-term mortality in patients with hip fractures has been reported. For example, in
a prospective cohort study with 4-month and 1-year follow-ups of 698 hip fracture patients, Garbharran et al reported that the
group with larger admission RDWs also had a higher mortality rate.?” Additionally, Lv et al conducted the first study to explore
the association between RDW and long-term all-cause mortality.>® They indicated that increased RDWs were significantly
associated with an increased risk of all-cause mortality in a non-anemic hip fracture population. There have been some studies on
the relationship between RDW and hip fractures, but studies on the relationship between RDW and all-cause mortality of hip

fractures are still relatively scarce. More studies are needed to confirm the association between RDW and all-cause mortality after

Table 4 Nonlinearity of RDW versus Mortality

Outcome: HR (95% CI) P-value

Fitting model by stand linear regression 1.03 (1.02, 1.05) <0.0001
Fitting model by two-piecewise linear regression

Inflection point 54

<54 1.04 (1.02, 1.06) 0.0001

>54 1.01 (0.98, 1.05) 0.4448

P for log-likelihood ratio test 0.246

Notes: Adjust for: age, gender, injury mechanism, fracture classification, hypertension, CHD,
arrhythmia, ischemic stroke, cancer, dementia, COPD, hepatitis, aCCl, time to admission, time
to operation, treatment strategy, operation time, infusion, length in hospital.
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Figure 2 Kaplan-Meier survival.

hip fractures with larger sample sizes. This study evaluated the association between RDW at admission and hip fracture
prognoses in a large sample population and extended previous observations demonstrating the prognostic significance of
increased RDWs in patients with hip fracture.

The underlying mechanism linking RDW with adverse outcomes after hip fractures remains unclear. However, researchers
have found that larger RDWs can be regarded as a frailty indicator in the elderly.>* The presence of frailty predicts
a substantially elevated risk of adverse outcomes, including fractures, cardiovascular events, and even mortality.*’ >’
Frailty has been regarded as an important factor affecting the prognosis of hip fractures. Low et al indicated that premorbid
frailty is the strongest independent predictor of adverse outcomes, including poor functional independence measure efficiency
and inability to recover pre-fracture mobility and return to community dwelling.** Krishnan et al found that mortality and
length of hospital stay were significantly higher in the high frailty group than in the low frailty group, indicating that frailty is
associated with adverse outcomes after hip fracture.*’ As a blood test parameter that reflects the degree of heterogeneity of
erythrocyte volume in peripheral blood, RDW is not only used in the diagnosis and differentiation of several types of anemia,
but is also associated with aggravated inflammation, greater disease burden, and higher oxidative stress.'*?%** These factors
may be potential mechanisms of frailty development.**™* Considering these findings, large RDWs could be considered
a predictor of poor prognosis after hip fracture, which was also confirmed in our study.
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Although the linear relationship between RDW and the prognosis of hip fracture has been confirmed in this study, we also
inferred the possibility of a curvilinear relationship by subgroup analysis and curve fitting; however, the inflection point on the
curve was not found. At present, a linear relationship is more suitable for explaining the relationship between RDW and the
prognosis of hip fractures.

To identify confounding factors in our study and draw more reliable conclusions, we first determined the factors influencing
hip fracture prognosis and those influencing RDW. Previous studies showed that age,*® sex,*’ frailty,*® fracture type,*®
complication,*” CHD,* cancer,”’ dementia,”* time from injury to surgery,™ treatment strategy>* influence the prognosis of
hip fractures. In addition, at the univariate analysis stage, we found additional factors that were statistically significant, such as
ischemic stroke, operation time, and infusion volume. Meanwhile, considering the factors influencing RDW, COPD,”’ cancer™®
and other factors were incorporated into the model. Therefore, most confounding factors were controlled.

Our study has several limitations. First, loss to follow-up is unavoidable. Because our study had a retrospective
design, there was some degree of loss to follow-up. In order to obtain as much information as possible on the prognosis
of hip fracture patients, we called those who could not be contacted initially two more times by telephone. Second, our
study was limited in its ability to infer causation; therefore, further studies on the causal relationship between RDW and
all-cause mortality in elderly patients with hip fractures are required. Third, since the sample in the current study came
from Western China, the generalizability of our present findings may be limited by ethnicity and region. Therefore,
caution should be exercised when extrapolating these conclusions to other populations or countries.

In conclusion, our study showed that RDW was associated with mortality in elderly patients with hip fracture, and
RDW could be considered a predictor of mortality risk.
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