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Introduction: Hip fractures are a vital mortality and morbidity problem in the 
elderly population. This study investigates the role of the c-reactive protein/
albumin ratio in mortality after hip fractures.

Materials and Method: The records of 144 patients ages 65 years and older 
who underwent hemiarthroplasty for hip fractures between 2015 and 2018 
were retrospectively analyzed. Patients’ records included age, gender, fracture 
type, American Society of Anesthesiologists score, the time between fracture 
and surgery, the time between surgery and discharge, length of hospital stay, 
preexisting comorbidities, preoperative c-reactive protein and albumin levels, 
and mortality.

Results: The median age of the patients was 79 years (range: 65–101). Re-
garding sex, 89 patients (61.8%) were female, and 55 patients (38.2%) were 
male. Based on the univariate analysis, age, comorbidity ≥ 3, American Soci-
ety of Anesthesiologists score ≥ 4, the time between fracture and surgery ≥ 2 
days, the time between surgery and discharge ≥ 5 days, c-reactive protein ≥ 
79 mg/L, albumin < 2.85 g/dL, and c-reactive protein/albumin ratio ≥ 29 were 
found to be risk factors for mortality. Based on the binary logistic regression 
analysis, age ≥ 85 years, comorbidity ≥ 3, and c-reactive protein/albumin ratio 
≥ 29 were independent predictors of mortality.

Conclusion: C-reactive protein/albumin ratio ≥ 29 was a reliable indicator of 
mortality in elderly patients who underwent hemiarthroplasty for hip fractures. 
Additionally, being over the age of 85 and having three or more comorbidities 
was associated with an increased mortality risk.
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INTRODUCTION

Hip fractures are a major public health problem and 
can lead to disability, reduced quality of life, and 
increased mortality. In general, hip fractures affect 
around 1.5 million people per year worldwide (1). 
The number of hip fractures will increase as the el-
derly population increases around the world. The 
high incidence of hip fractures combined with high 
morbidity and mortality rates has turned this into a 
social and economic burden (2).

Risk factors related to mortality have been the 
subject of numerous studies (3-6). Many risk factors 
related to geriatric hip fractures may affect mortal-
ity, including age, sex, functional ability before the 
fracture, type of fracture, type of surgery, preexist-
ing comorbidities, duration of hospitalization, low 
preoperative hemoglobin, and high American Soci-
ety of Anesthesiologists (ASA) score (3). Due to the 
high morbidity and mortality of hip fractures, more 
work must be done to resolve this issue and reduce 
the socioeconomic burden it creates.

Some studies have emphasized the importance 
of high c-reactive protein (CRP) and low albumin 
levels in hip fractures (4-6). However, there is no 
consensus on this subject, and studies on the rela-
tionship between the CRP/albumin ratio (CAR) and 
mortality are limited. Thus, this study aims to inves-
tigate the role of CAR in mortality after hip fractures. 
This research also seeks to clarify other risk factors 
related to mortality due to hip fractures.

MATERIALS AND METHOD

This observational study retrospectively reviewed 
the records of 144 patients over the age of 65 years 
who underwent hemiarthroplasty for hip fractures 
at the Abdurrahman Yurtaslan Oncology Training 
and Research Hospital from January 2015 to Janu-
ary 2018. Patients under 65 years of age, who died 
during or prior to surgery, or whose records could 
not be

found were excluded from the study. Patients’ 
age, sex, fracture type, ASA score, time between 
fracture and surgery (TFS), time between surgery 
and discharge (TSD), length of hospital stay, preex-
isting comorbidities, preoperative CRP and albumin 
levels, and mortality rates were recorded. Albumin 
value (g/dL) and CRP value (mg / L) measured in 
blood serum on day 0 after fracture were recorded.

Ethical approval was obtained from the ethics 
committee of our hospital to carry out this study. All 
procedures were done in accordance with the ethi-
cal standards of the institution’s Human Experiment 
Committee and the Declaration of Helsinki. In-
formed consent was obtained from all participants 
or their family members.

STATISTICAL ANALYSES

Statistical analyses were done using SPSS for Win-
dows, version 22.0 (IBM Corp., Armonk, NY, USA). 
Qualitative variables were expressed as frequen-
cies and percentages and quantitative variables as 
medians and interquartile ranges (IQRs). The con-
formity of numerical data to a normal distribution 
was assessed using the Kolmogorov- Smirnov test. 
The Mann–Whitney U test was used for comparative 
analyses of non-parametric variables between two 
independent groups, and the independent sam-
ple t-test was used for parametric variables. The 
chi-squared test and Fisher’s exact test were used 
for comparative analyses of categorical variables 
between independent groups. To determine the 
optimum cut-off levels of pre-treatment albumin, 
CRP, CAR, TFS, and TSD, a receiver operating curve 
(ROC) analysis was done. Following the ROC anal-
ysis, the area under the curve (AUC) for the cut-off 
values as well as their sensitivity and specificity were 
determined. A binary logistic regression model was 
used to determine the independent predictors of 
mortality. All statistical analyses were two way, and 
the level of statistical significance was set at p < 
0.05. 
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RESULTS

The median age of the 144 patients was 79 years 
(range: 65–101). Regarding sex, 89 patients (61.8%) 
were female, and 55 patients (38.2%) were male. The 
patients were divided into two groups survival and 
death for evaluation. Based on the univariate analy-
sis, age, comorbidity, ASA score, TFS, TSD, CRP, al-

bumin, and CAR were associated with mortality. The 
death group had a higher rate of older patients (≥ 
85 years), patients with comorbidities > 3, and ASA 
≥ 4 compared to the survival group. In addition, the 
median TFS, TSD, CRP, and CAR levels of the death 
group were higher than the survival group. Fracture 
type and sex were not found to be associated with 
mortality (Table 1).

Table 1. Patient Characteristics

Characteristics Survival
(n = 69)

Death
(n = 75)

Total
(n = 144) P

Gender, n (%)

Female 46 (66.7) 43 (57.3) 89 (61.8)
0.249

Male 23 (33.3) 32 (42.7) 55 (38.2)

Age, n (%)

65–74 26 (37.7) 8 (10.7) 34 (23.6)

< 0.00175–84 35 (50.7) 38 (50.7) 73 (50.7)

≥ 85 8 (11.6) 29 (38.7) 37 (25.7)

Comorbidity, n (%)

< 3 59 (85.5) 8 (10.7) 67 (46.5)
< 0.001

≥ 3 10 (14.5) 67 (89.3) 77 (53.5)

ASA, n (%)

< 4 58 (84.1) 33 (44.0) 91 (63.2)
< 0.001

≥ 4 11 (15.9) 42 (56.0) 53 (36.8)

Type of fracture, n (%)

Neck 32 (46.4) 24 (32.0) 56 (38.9)

0.204Intertrochanteric 36 (52.2) 50 (66.7) 86 (59.7)

Subtrochanteric 1 (1.4) 1 (1.3) 2 (1.4)

TFS, median (Q1–Q3) 1 (1–2) 2 (1–4) 1 (1–3) 0.036

TSD, median (Q1–Q3) 5 (4–6) 6 (4–11) 5 (4–9) < 0.001

Albumin (g/dL), median (Q1–Q3) 2.8 (2.6–3.0) 2.6 (2.4–2.8) 2.7 (2.5–2.9) < 0.001

CRP (mg/L), median (Q1–Q3) 79 (52–107) 121 (82–150) 98 (68–129) < 0.001

CAR, median (Q1–Q3) 28.5 (19.0–38.8) 46.6 (31.7–56.7) 37.4 (23.7–49.5) < 0.001

ASA: American Society of Anesthesiologists; TFS: time between fracture and surgery; TSD: time between surgery and discharge; CRP: c-reactive protein; 
CAR: CRP/albumin ratio.
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Based on the ROC analysis, the highest signifi-
cant AUC value for the prediction of mortality was 
found for CAR (AUC = 0.752) followed by CRP (AUC 
= 0.731) (Figure 1). The AUC values obtained for 
TFS (0.597), TSD (0.677), and albumin (0.704) were 
also found to be statistically significant (Figures 2a-
b; Table 2). The binary logistic regression analysis 
demonstrated that age ≥ 85 years, comorbidities ≥ 

3, and CAR ≥ 29 were independent predictors of 
mortality (Table 3).

DISCUSSION

Hip fractures in the elderly population continue to 
be one of the most important issues in the health 
system, especially in orthopedics. Efforts are under-
way to solve this public health problem and to re-
duce the socio-economic burden it creates (3). The 
main finding of our study is that patients with three 
or more comorbidities, those over the age of 84 
years, and those with a CAR value of 29 and above 
had a higher mortality rate.

Although the majority of research in the litera-
ture (7-11) recommends that hip fracture patients 
receive operations without delay to allow for early 
mobilization (thereby reducing mortality and mor-
bidity), this topic remains controversial, and the ef-
fect of time between injury and surgery on mortality 
is debated. In a 2012 meta-analysis, Moja et al. (10) 
suggested that surgery should be performed within 
2 days after fracture, and they reported more com-
plications in delayed cases. Likewise, Anthony et al. 
(11) reported higher mortality in 4215 hip fracture 
patients with a surgical delay of more than 2 days. 
Similarly, in our study, a time between fracture and 
surgery of more than 2 days was associated with 
mortality rates. In addition, early fracture fixation 

Figure 1. ROC analysis of CRP and CAR

Table 2. ROC results

Parameter Cut-off AUC (95% CI) Sensitivity 
(%)

Specificity 
(%) P

TFS 2.00 0.597 (0.504–0.689) 55 58 0.046

TSD 5.00 0.677 (0.589–0.765) 75 49 < 0.001

Albumin 2.85 0.704  (0.619–0.789) 81 42 < 0.001

CRP 86.00 0.731 (0.649–0.813) 73 52 < 0.001

CAR 29.00 0.752 (0.672–0.831) 80 51 < 0.001

ROC: receiver operating curve; AUC: area under curve; CI: confidence interval; TFS: time between fracture and surgery; TSD: time between surgery and 
discharge; CRP: c-reactive protein; CAR: CRP/albumin ratio.
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and mobilization of these patients decreases the 
economic burden by reducing the overall length of 
stay and thus the total cost of treatment (12). 

CRP is a positive acute phase reactant that in-
creases in the event of trauma, infection, or inflam-
mation. Albumin, in contrast, is a negative acute 
phase reactant that decreases as a result of trauma, 
infection, or inflammation (13). Kim et al. (5) found 
a correlation for preoperative high CRP and preop-
erative low albumin levels with mortality in patients 
operated on for hip fractures. In their prospective 
study, Fakler et al. (14) showed that CRP is an inde-
pendent predictive factor for mortality in hip frac-
tures. Laulund et al. (15) demonstrated that low pre-
operative albumin levels are a prognostic factor for 
mortality. Capkin et al. (4) found that high CAR val-
ues are significantly correlated with mortality. In our 
study, while CAR was significant in the multivariate 
analysis, neither albumin alone nor CRP alone were 
significant. Thus, we propose that these values be 
evaluated together. High CRP and low serum albu-
min levels indicate impaired nutrition and provide 
information about the general condition of the pa-

tient. Therefore, we think that high CAR values are 
associated with mortality.

Hu et al. (16) found an association for advanced 
age and high ASA score with mortality. Smith et 
al. (17) showed that patients over 85 years of age 
had a higher rate of mortality. Zuckerman et al. (18) 
showed that advanced age and high ASA score 
are predictive factors for mortality. Similarly, in our 
study, patients over the age of 85 and those with 
an ASA score of 4 or higher had a higher rate of 
mortality.

Jiang et al. (19) found a positive correlation be-
tween the number of comorbidities and mortality 
in patients operated on for hip fractures. Likewise, 
Zuckerman et al. (18) showed that comorbidity is 
a predictive factor for mortality. Panula et al. (20) 
found no relationship between hip fracture type 
and mortality in the elderly population. While there 
was no relationship between fracture type and mor-
tality in our study, having three or more comorbidi-
ties was found to be a predictive factor for mortality.

Hip fractures are associated with increased mor-
tality: 12% to 17% of patients with a hip fracture die 

Figure 2. a: ROC analysis of the time between fracture and surgery, and time between surgery and discharge, 
b: ROC analysis of Albumin
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within the first year, and the long-term increased 
risk of death is twofold (21). In Kim et al.’s (5) study, 
1-year mortality was found to be 14%. Capkin et al. 
(4) found a 1-year mortality rate of 22%. In parallel 
with these results, the 1-year mortality rate of our 
study was 21.5%.

Women experience 80% of all hip fractures, and 
the average age at the time of fracture is 80 years 
(7). Almost all patients who experience a hip frac-
ture are older than 65 years of age (7). Capkin et al.’s 
(4) study of hip fractures showed that the average 
age of the patients was 78 years, and 58% of the pa-

Table 3. Independent predictors of mortality

Parameter OR (95% CI) P

Age

65–74 Reference

75–84 3.40 (0.83–13.92) 0.089

≥ 85 11.52 (1.86–71.23) 0.009

Comorbidity

< 3 Reference

≥ 3 42.58 (10.46–173.23) < 0.001

ASA

< 4 Reference

≥ 4 0.53 (0.13–2.14) 0.373

Albumin (g/dL)

< 2.85 Reference

≥ 2.85 0.47 (0.14 – 1.61) 0.230

CRP (mg/L)

< 86 Reference

≥ 86 0.16 (0.01–1.69) 0.128

CAR

< 29 Reference

≥ 29 17.88 (1.45–219.80) 0.024

TFS

≤ 2 Reference

> 2 1.38 (0.40–4.78) 0.607

TSD

≤ 5 Reference

> 5 2.47 (0.80–7.66) 0.117

OR: odds ratio; CI: confidence interval; ASA: American Society of Anesthesiologists; CRP: c-reactive protein; CAR: CRP/albumin ratio; TFS: time between 
fracture and surgery; TSD: time between surgery and discharge.
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tients were female. Similarly, the average age of the 
144 patients examined in this study was 79 years, 
and 61.8% of the patients were women.

Limitations

This study has some limitations. First of all, it was 
a single-center retrospective study. In addition, al-
though the population was statistically sufficient, 
the number of patients was still small. However, this 
study is valuable because of the categorization of 
numerous variables and their relationship with mor-
tality.

CONCLUSION

Hip fractures in the elderly population are one of 
the most important health issues today. A CAR ≥ 
29 in patients who underwent hemiarthroplasty for 
hip fractures was a strong indicator for mortality. In 
addition, being over the age of 85 and having three 
or more comorbidities was associated with an in-
creased mortality risk.

Disclosure statement: The authors declare no 
conflicts of interest.
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