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Abstract

Purpose The platelet-to-lymphocyte ratio (PLR) has been extensively studied in various diseases. However, the relationship
between PLR and hip fracture remains unknown. The aim of this study was to evaluate whether PLR would be an independent
prognostic factor in elderly hip fracture patients.

Methods Between January 2014 and December 2018, a retrospective cohort study was conducted in a orthopaedic centre, China. A
total of 460 hip fracture patients were included. PLR was calculated as the ratio of platelet to lymphocyte counts and divided into high
PLR group (>189) and low PLR group (< 189) by using the receiver operating characteristic (ROC) curve. The relationship between
PLR and one year all-cause mortality rate was assessed by univariate and multivariate Cox proportional hazard models. Further
subgroup analysis stratified by different clinical and biological characteristics was performed to make the results more accurate.
Results After a median follow-up of 32.0 months (range, 12.0-75.4), 92 patients (mortality rate: 20.0%) died within one year.
PLR was significantly higher in dead patients compared with alive patients (» <0.05), and high PLR group also had a high
mortality rate (32.21% vs. 14.15%, p <0.001). After multivariate adjustment, high PLR remained an independent predictor for
one year all-cause mortality (adjusted hazard ratio (HR) 1.56, 95% confidence interval (CI) 1.02-2.41, p =0.041). Moreover,
advanced age (HR 1.05, 95% CI 1.01-1.08), male (HR 1.62, 95% CI 1.06-2.45), CCI>2 (HR 2.83, 95% CI 1.64-4.89),
conservative treatment (HR 5.94, 95% CI 3.71-9.73), low haemoglobin level (HR 1.02, 95% CI 1.01-1.04), and low albumin
level (HR 1.07, 95% CI 1.02—1.13) were independent risk factors for survival. Furthermore, subgroup analysis results were
consistent with the main findings in most stratified groups.

Conclusion This study highlights that high PLR (> 189) is associated with increased one year all-cause mortality in elderly hip
fracture patients. As PLR is a simple indicator that can be calculated from the blood routine test, it can be easily performed in
usual clinical practice.
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Introduction showed that the one year mortality rate was 13.96% after hip

fracture in mainland China [1], and hip fracture was associated
Due to the high morbidity and mortality, hip fracture has become  with excess short- and long-term all-cause mortality in Europe
a major public health issue worldwide. A recent meta-analysis ~ and USA [2]. At the same time, hip fracture incidence data
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suggested that hip fracture rates may be increasing in Poland [3],
France [4], Japan [5], Italy [6], and China [7].

Recently, the relationship between inflammation and prog-
nosis has attracted more attention. A study conducted by
Norring-Agerskov et al. [8] found that the 30-day mortality
after hip fracture was significantly associated with elevated
levels of inflammation markers, such as C-reactive protein
(CRP), soluble urokinase plasminogen activating receptor
(suPAR), and ferritin. In addition, a series of studies have
reported that many inflammation-based markers were directly
related to poor prognosis or post-operative complications in
patients with hip fracture, including prognostic nutritional in-
dex ratio (PNI) [9], CRP/PNI ratio [10], and neutrophil-to-
lymphocyte ratio (NLR) [11, 12]. Platelet-to-lymphocyte ratio
(PLR), a novel marker of systemic inflammation, has been
reported to be closely related to the prognosis of many dis-
eases, such as inflammatory diseases [13], cardiovascular dis-
ease [14], and various malignancies [15-17], even in the
2019-novel coronavirus disease (COVID-19) [18].

To our knowledge, elevated PLR was found to be significant-
ly associated with increased all-cause mortality in general popu-
lation, especially in the elderly [19]. However, none studies have
examined the relationship between PLR and all-cause mortality
in elderly hip fracture patients. Therefore, the aim of this study
was to investigate the predictive value of PLR in elderly hip
fracture patients.

Methods
Study design and patients

This retrospective cohort study was performed at the Orthopaedic
Center of Deyang City, China. Consecutive patients with hip frac-
ture who admitted to our department from January 2014 to
December 2018 were initially considered. The inclusion criteria
were as follows: (1) aged over 60 years; (2) diagnosis of hip
fracture, including femur neck fracture and intertrochanteric frac-
ture; (3) caused by a fall from no greater than standing height; and
(4) fresh fracture less than three weeks. Patients who were either
high-energy fractures or pathological fractures, lacked complete
data, and failed to follow-up were excluded from the study. The
study was approved by the Institutional Ethics Committee of
Peoples’s Hospital of Deyang City, and written informed consents
were obtained from patients or their immediate family members.

Data collection

Patient characteristics were gathered from the hospital records,
including demogrphics (age, gender), fracture information (cause
of fracture, fracture type, fracture location), comorbid diseases
according to Charlson comorbidity index (CCI), and treatment
details (surgery or conservative treatment, blood transfusion).
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Blood tests were routinely measured for each patient on
admission. We also collected laboratory data including plate-
let counts (x 10°/L, reference range 100-300), lymphocyte
counts (x 10°/L, reference range 1.1-3.2), hemoglobin (g/L,
reference range 130.0—175.0), albumin (g/L, reference range
35.0-55.0), and creatinine (umol/L, reference range 53.0—
106.0). The platelet-to-lymphocyte ratio (PLR) was calculated
as the ratio of platelet to lymphocyte counts (PLR = platelet/
lymphocyte counts). According to the World Health
Organization (WHO) criteria, anemia was defined as hemo-
globin level < 13.0 g/dL in men and < 12.0 g/dL in women. In
addition, the albumin and creatinine levels were classified as
follows: (1) albumin <35.0 g/l and albumin >35.0 g/L and
(2) creatinine < 106.0 umol/L and creatinine > 106.0 pwmol/L.

Follow-up and study endpoint

Patients were telephonically followed up monthly for the first
three months, and then every three months until the one year,
and every six months thereafter. The outcome of this study
was one year all-cause mortality, which was defined as the
proportion of patients who died within 365 days after hospital
admission. The follow-up time was defined as the period be-
tween hospital admission and date of death or the last follow-
up time (December 31, 2019).

Statistical analysis

Continous variables were expressed as means + standard de-
viation (SD) or median (interquartile range, IQR) according to
the distribution. The Shapiro-Wilk test was used to assess
normal distribution. Differences between groups were ana-
lyzed using the independent Student’s # test for normally dis-
tributed variables, and Wilcoxon rank-sum test for non-
normally distributed variables. Categorical variables were
shown as frequencies (percentages), and compared by x? test.
Receiver operating characteristic (ROC) curves were used to
determine the optimal cut-off values for the platelet, lympho-
cyte, and PLR, and then divided into high or low group.
Survival was estimated using the Kaplan—Meier method, and
the differences between groups were assessed using the log-
rank test. After adjusting for significant variables identified by
univariate analysis (p <0.10), multivariate Cox proportional
hazard model was performed to calculate hazard ratio (HR)
and 95% confidence interval (CI) for risk of mortality. We
also conducted subgroup analyses for each stratified groups
of age, gender, hypertension, anaemia, CCI, hip fracture type,
treatment, blood transfusion, and albumin level. For the sub-
group analysis, we did not perform multivariable adjustment
due to a very small number of events. All statistical analyses
were performed using JMP Pro software (version 13.0.0; SAS
Institute Inc., Cary, NC, USA), and a p < 0.05 was considered
statistically significant.
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Results
Patient characteristics

A total of 460 hip fracture patients were included in this study,
and the patient characteristics are summarized in Table 1. Of
these participants, the average age was 79.31 years, and women
made up the majority of the patients (66.96%). With respect to
comorbid diseases, 70.43% had anemia, 36.52% had hyperten-
sion, and the proportions of none (CCI=0), low (CCI=1) and
high comorbidity (CCI > 2) were 48.91%, 33.04%, and 18.04%,
respectively. Additionally, 47.61% were intertrochanteric frac-
ture, 73.04% underwent surgery, and 18.26% received red blood
cells transfusion. Laboratory data showed that the median values
of platlet, lymphocyte, and PLR were 141.50, 0.98, and 143.96,
respectively. During the median follow-up time of 32.0 months
(range, 12.0-75.4), 92 cases (mortality rate: 20.00%) died within
1 year.

According to the ROC curves (Fig. 1), the optimal cut-
off value was 177.0 for platelet counts (sensitivity
44.57%, specificity 72.55%), 0.93 for lymphocyte counts
(sensitivity 60.87%, specificity 57.61%), and 189.0 for
PLR (sensitivity 52.17%, specificity 72.55%). As expect-
ed, the area under curve (AUC) of PLR (AUC 0.61, 95%
CI 0.54-0.68) was slightly larger than platelet (AUC 0.57,
95% CI 0.50-0.64) and lymphocyte (AUC 0.59, 95% CI
0.43-0.66).

As shown in Table 1, the high PLR patients (PLR > 189)
were more likely to be older age, intertrochanteric fracture,
receiving conservative treatment, lower haemoglobin, and al-
bumin levels (all p <0.05). Likewise, the one year mortality
rate was significantly higher in the high PLR group compared
with the low PLR group (32.21% vs. 14.15%, p <0.001).
Consistently, deceased patients had significantly higher plate-
let counts (154.0 (111.3-211.3) vs. 140.0 (104.0-185.85),p =
0.041), and PLR level (190.5 (115.9-270.3) vs. 139.0 (103.7—

Table 1 Patient characteristics according to platelet-to-lymphocyte ratio

Variable Total (n=460) PLR P value
Low< 189 (n=311) High>189 (n=149)
Demographics
Age (years) 79.31+8.38 78.02+8.57 81.99+7.30 <0.001
Female, n (%) 308 (66.96) 210 (67.52) 98 (65.77) 0.709
Comorbid diseases
Hypertension, n (%) 168 (36.52) 106 (34.08) 62 (41.61) 0.118
Anemia, n (%) 324 (70.43) 213 (68.49) 111 (74.50) 0.183
CCIL n (%) 0.225
CCI=0 225 (48.91) 159 (51.13) 66 (44.30)
CCI=1 152 (33.04) 102 (32.80) 50 (33.56)
CCI=>2 83 (18.04) 50 (16.08) 33 (22.15)
Fracture information
Hip fracture type, n (%) 0.027
Neck 241 (52.39) 174 (55.95) 67 (44.97)
Intertrochanteric 219 (47.61) 137 (44.05) 82 (55.03)
Left-side fracture, n (%) 241 (52.39) 163 (52.41) 78 (52.35) 0.990
Treatment
Surgery, n (%) 336 (73.04) 245 (78.78) 91 (61.07) <0.001
Blood transfusion, n (%) 84 (18.26) 50 (16.08) 34 (22.82) 0.084
Laboratory data
Platelet (x 10%/L) 141.50 (105.00-189.75) 128 (94-165) 186 (140.5-237.5) <0.001
Lymphocyte (x 10°/L) 0.98 (0.69-1.29) 1.13 (0.89-1.41) 0.66 (0.51-0.87) <0.001
PLR 143.96 (105.14-211.19) 117.43 (90.00-145.22) 268.00 (214.26-342.46) <0.001
Hemoglobin (g/L) 110.77£20.18 112.08 £20.04 108.04 £20.28 0.044
Albumin (g/L) 37.56 +4.60 37.89+4.53 36.86+4.70 0.025
Creatinine (umol/L) 63.80 (53.75-82.95) 63.25(53.10-82.93) 64.30(54.00-83.30) 0.695
Survival status
1-year death, n (%) 92 (20.00) 44 (14.15) 48 (32.21) <0.001

PLR platelet-to-lymphocyte ratio, CCI Charlson comorbidity index
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Fig. 1 Receiver operating characteristic (ROC) curves of platelet counts,
lymphocyte counts, and platelet-to-lymphocyte ratio (PLR) for predicting
1-year survival. Data presented as area under the curve (AUC) with 95%
confidence interval (CI)

198.0), p=0.001), and lower lymphocyte counts (0.8 (0.6—
1.2) vs. 1.0 (0.7-1.3), p =0.007) than alive patients (Fig. 2).

Clinical variables predicting one year mortality

The relationships between clinical variables and 1-year mor-
tality are listed in Table 2. In univariate analysis, older age,
male, CCI>1, undergoing conservative treatment, low

haemoglobin level, high platelet counts (> 177 x 109/L), low
lymphocyte counts (< 0.93 x 10°/L), high PLR (>189), low
albumin level, and high creatinine (> 106.0 umol/L) were sig-
nificantly associated with the increased one year mortality.
Consistent with this result, log-rank test of the Kaplan—
Meier curves also showed that patients with high platelet
counts and PLR level, as well as low lymphocyte had worse
one year mortality (Fig. 3).

As PLR includes platelet and lymphocyte counts, they
were not entered into the multivariate Cox proportional hazard
model. After inclusion of significant factors in the multivariate
analysis to adjust the effects of covariates, high PLR (adjusted
HR 1.55, 95% CI 1.01-2.39) remained an independent prog-
nostic factor for predicting the prognosis. In addition, ad-
vanced age (HR 1.05, 95% CI 1.01-1.08), male (HR 1.62,
95% CI 1.06-2.45), CCI>2 (HR 2.83, 95% CI 1.64-4.89),
conservative treatment (HR 5.94, 95% CI 3.71-9.73), low
haemoglobin level (HR 1.02, 95% CI 1.01-1.04), and low
albumin level (HR 1.07, 95% CI 1.02—1.13) were independent
risk factors for one year mortality.

Subgroup analysis

To further verify whether the predictive value of PLR was
consistent among different populations, we performed a sub-
group analysis using forest plot, as shown in Fig. 4. Consistent
with the main analysis, the subgroup analysis revealed that
high PLR was significantly associated with increased one year
mortality in most subgroups (p < 0.05), except for only three
subgroups including patients without anaemia (p =0.115), al-
bumin level <35 g/L (p=0.088), and creatine level >
106 pmol/L (p =0.132).
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Fig. 2 Violin plots comparing platelet counts, lymphocyte counts, and
platelet-to-lymphocyte ratio between alive and dead patients. The hori-
zontal lines within the violin represent the median; the boxes represent the
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interquartile range; the bars represent the 95% confidence intervals; the
width of the shapes represent the density of distribution. Differences

between groups were analyzed by Wilcoxon rank-sum test
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Table 2 The univariate and multivariate Cox regression analysis of factors associated with 1-year all-cause mortality
Variable 1-year mortality

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Age (per 1 year increase) 1.08 (1.05-1.11) <0.001 1.05 (1.01-1.08) 0.006
Gender (male vs. female) 1.73 (1.14-2.60) 0.010 1.62 (1.06-2.45) 0.025
CCI=0 1.0 (Reference) 1.0 (Reference)
CCl=1 1.78 (1.06-2.99) 0.029 1.43 (0.85-2.43) 0.177
CCI>2 4.36 (2.64-7.29) <0.001 2.83 (1.64-4.89) <0.001
Fracture type (Intertrochanteric vs. neck) 1.50 (1.00-2.28) 0.053 1.35(0.86-2.14) 0.187
Surgery treatment (no vs. yes) 9.04 (5.83-14.40) <0.001 5.94 (3.71-9.73) < 0.001
Blood transfusion (yes vs. no) 0.79 (0.43-1.35) 0411 - -
Hemoglobin (per 1 g/L decrease) 1.03 (1.02-1.05) <0.001 1.02 (1.01-1.04) 0.001
Platelet (=177 vs. <177 x 10°/L) 1.92 (1.26-2.89) 0.002 - -
Lymphocyte (< 0.93 vs. >0.93 x 10°/L) 1.85(1.22-2.82) 0.003 - -
PLR (> 189 vs. < 189) 2.53 (1.68-3.82) <0.001 1.55(1.01-2.39) 0.046
Albumin (per 1 g/L decrease) 1.11 (1.06-1.17) <0.001 1.07 (1.02,1.13) 0.008
Creatinine (> 106 vs. <106 pmol/L) 3.15 (1.94-4.94) <0.001 1.60 (0.95-2.61) 0.075

Discussion

Systemic inflammation is associated with many orthopaedic
diseases, such as periprosthetic joint infection [20, 21], and
surgical site infection [22, 23]. PLR is a simple inflammatory
marker that does not need any additional laboratory testing,
and easily calculated by the platelet count/lymphocyte count
formula. According to several population-based cohort stud-
ies, increased platelet counts had a significant association with
mortality, risk of cardiovascular disease, and dementia
[24-26]. In patients with hip fracture, Galivanche et al. [27]
reported that high platelet counts were a risk factor for devel-
oping a post-operative pressure ulcer. On the other hand, total
lymphocyte count (TLC) is considered to be a nutritional

marker, and 62.6% of hip fracture patients were malnourished
as defined by TLC blew 1500 cells per cubic millimeter [28].
A recent meta analysis also suggested that lower lymphocyte
counts were closely related to a higher mortality after hip
fracture surgery [29]. As such, we hypothesized that elevated
PLR level by raising platelet counts and/or lowering lympho-
cyte counts may contribute to poor prognosis in elderly pa-
tients with a hip fracture.

To our best knowledge, this is the first study showing a
clear association between PLR and mortality in elderly hip
fracture patients. We found that high PLR (>189) had an
increased one year mortality rate, with a 18.06% higher than
patients with low PLR (< 189). Likewise, deceased patients
had significantly higher platelet counts and PLR level, and
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Fig. 3 Kaplan—Meier survival analyses of elderly hip fracture patients
according to platelet counts, lymphocyte counts and platelet-to-
lymphocyte ratio (PLR). Hazard ratio (HR) was calculated using a Cox
regression analysis, and p value was estimated using the log-rank test, and

Low 207 192 181 171 163 159 153
High 253 241 234 229 225 219 215

Low 311 296 289 282 278 273 267
High 149 137 127 118 110 105 101

the shaded areas indicate 95% confidence interval (CI). The numbers
shown below the Kaplan—Meier survival curves are the number of pa-
tients at risk at the specified month for each group
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lower lymphocyte counts than alive patients. Similar to our
study, Mathur et al. [19] observed that mean PLR was signif-
icantly higher in general population who died than those who
were living, and participants in the fourth quartile of PLR were
at significantly higher risk of mortality than those in the first
quartile (19.8 vs. 13.9 per 1000 person-years).

In univariate analysis, our current results revealed that
older age, male, CCI > 1, undergoing conservative treatment,
low haemoglobin and albumin level, and high creatinine level
were significantly associated with the increased one year mor-
tality. These risk factors associated with the poor prognosis
after hip fracture has been confirmed in the previous studies
[30, 31]. Although blood transfusion was associated with
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mortality after hip fracture in some studies [32, 33], no such
relationship was found in our data. We speculated that the
possible reason was that the number of patients receiving
blood transfusion were small (z =284 in our study), which
may influence this relationship. After adjustment with other
factors in multivariate analysis, older age, male, CCI1>2, con-
servative treatment, low haemoglobin, and albumin levels
were independent risk factors for one year mortality, which
were consistent with other studies [30, 31]. Notably, high PLR
remained an independent prognostic factor for predicting the
prognosis (adjusted HR 1.55; 95% CI 1.01-2.39). However,
high creatinine level lost statistical significance in the multi-
variate analysis, but there was a trend toward significance (p =
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0.075). This might be due to an insufficient sample size of
patients with high creatinine level (n =57 in our study), al-
though we had a relatively large overall sample.

In addition, previous study pointed out that the value of
PLR varied with age and sex [34], we therefore performed a
subgroup analysis to verify whether the predictive value of
PLR was consistent among different populations. The sub-
group analysis also confirmed that the relationship between
PLR and mortality remained stable across all the age groups,
as well as male or female subgroups. Of note, this relationship
existed in other subgroups, including patients with femoral
neck or intertrochanteric fracture, undergoing surgery or con-
servative treatment, and receiving blood transfusion or not.
Although several studies have confirmed that a low serum
albumin level was negatively correlated with the risk of
post-operative complications and total mortality in patients
with hip fracture [29], our study found that the predictive
value of PLR did not reach statistical significance in subgroup
patients with hypoalbuminemia (albumin level < 35.0 g/L). It
is noteworthy that there was such a trend toward lower mor-
tality (p = 0.088). Similarly, patients with high creatinine level
(> 106 pmol/L) failed to achieve statistical significance (p =
0.132). This finding was consistent with prior research that
only high PLR level over 311 had a higher risk of death in
older patients with acute kidney injury [35].

Although high PLR level has been reported to be closely
related to a poor prognosis of many diseases, the possible
mechanism of this predictive ability is not clear so far.
Herein, we assumed the following factors may account for
it. First, hip fractures occur commonly in the elderly, and the
average age was 79.31 years in our study. A recent study has
demonstrated that elevated PLR was associated with increased
all-cause mortality in the elderly but not in the middle age or
younger participants [19]. Second, about 34.08% elderly hip
fracture patients suffered chronic obstructive pulmonary dis-
ease (COPD) [36], and high PLR was significantly associated
with both hospital mortality and 90-day mortality in patients
with COPD [30, 37]. Third, elderly hip fracture patients are
even more prone to complications, such as pneumonia [38],
deep vein thrombosis [39], and heart failure [40]. These fac-
tors are closely related to a worse prognosis of hip fracture,
and high PLR level was associated with a poor prognosis in
patients with these diseases [18, 41, 42]. Additionally, PLR
was observed to be significant association with deep vein
thrombosis after total joint arthroplasty [43].

However, this study had several limitations. First, the PLR
level was recorded only at time of admission to hospital,
which limited us to explore the relationship of the change of
PLR over time after hip fracture. Second, the current study
was a single-center retrospective study, and additional large-
scale clinical cohorts are needed to confirm these findings.
Finally, we are unable to assess the short-term prognosis of
PLR due to a relatively small number of deaths.

Conclusion

This study highlights that elevated PLR (> 189) is associated
with increased one year all-cause mortality in elderly hip frac-
ture patients. As PLR is a simple indicator that can be calcu-
lated from the blood routine test, it can be easily performed in
usual clinical practice.
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