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Abstract

Objective: The objective of this study was to evaluate the relationship between admission C-reactive protein (CRP) to albumin ratio (CAR) and 30-day mortality
in older adults undergoing surgical treatment for hip fractures.

Methods: This retrospective study included patients aged >65 years who presented to the emergency department of a tertiary care hospital with a diagnosis
of hip fracture and subsequently underwent surgical treatment between January 2023 and January 2025. Demographic, clinical, and laboratory data were
extracted from electronic records. The CAR was determined by dividing the serum CRP level (mg/L) by the serum albumin level (g/L), based on laboratory
values obtained upon hospital admission. The primary outcome was 30-day all-cause mortality. Multivariable logistic regression was used to identify
independent predictors. Model discrimination was assessed using the area under the receiver operating characteristic curve (AUROC), and calibration was
evaluated using the Hosmer-Lemeshow test. The optimal CAR cut-off was determined via Youden's index.

Results: Among the 411 patients, 43 (10.5%) died within 30 days. Non-survivors were older, predominantly male, and had higher American Society of
Anesthesiologists scores, lower serum albumin and hemoglobin levels, and higher CRP levels. Median CAR was significantly higher in deceased patients (14.8
vs. 3.5, p<0.001). In multivariate analysis, CAR remained an independent predictor of 30-day mortality [adjusted odds ratio: 2.77; 95% confidence interval (Cl):
2.14-3.76]. The AUROC for CAR was 0.930 (95% CI: 0.860-0.988), and the optimal cut-off value of 6.5 yielded 88.4% sensitivity and 96.2% specificity.

Conclusion: CAR at admission was independently associated with short-term mortality in geriatric patients undergoing hip fracture surgery. As a readily
obtainable marker reflecting systemic inflammation and nutritional status, CAR may serve as a valuable tool for early risk stratification in emergency
orthopedic care.
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Amac: Bu calismanin amacl, kalca kirigi nedeniyle cerrahi uygulanan yasli hastalarda, bagvuru anindaki C-reaktif protein (CRP)/albimin oraninin (CAR) 30
gunlok mortalite ile iLiskisini aragtirmaktir.

Yontem: Bu retrospektif calismaya, Ocak 2023 ile Ocak 2025 tarihleri arasinda bir dictincti basamak hastanesinin acil servisine kalca kirigi tanisiyla bagvuran
ve cerrahi tedavi uygulanan >65 yas hastalar dahil edildi. Demografik, klinik ve laboratuvar verileri elektronik kayitlardan elde edildi. CAR, basvuru sirasinda
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dlctilen serum CRP (mg/L) degerinin serum albiimin (g/L) degerine bolinmesiyle hesaplandi. Birincil sonlanim 30 gunlik tim nedenlere bagli mortaliteydi.
Bagimsiz prediktérleri belirlemek icin cok dediskenli Lojistik regresyon analizi kullanildi. Modelin ayirt ediciligi alicr calisma karakteristik egrisinin altindaki
alan (AUROC) ile, kalibrasyonu ise Hosmer-Lemeshow testi ile degerlendirildi. En uygun CAR kesim noktasi Youden indeksi ile belirlendi.

Bulgular: Toplam 411 hastanin 43'ii (%10,5) 30 giin icinde hayatini kaybetti. Hayatini kaybeden hastalar daha yasli, cogunlukla erkekti; Amerikan Anesteziyoloji
Dernegi skorlari daha yiiksek, serum albiimin ve hemoglobin diizeyleri daha diisik, CRP diizeyleri ise daha yuksekti. Ortanca CAR degeri 6len hastalarda
anlamli olarak daha yuksekti (14,8 vs. 3,5; p<0,001). Cok degiskenli analizde CAR, 30 giinliik mortalitenin bagimsiz bir prediktorii olarak kaldi [diizeltilmis
olasilik orant: 2,77; %95 giiven araligi (GA): 2,14-3,76]. CAR icin AUROC 0,930 (%95 GA: 0,860-0,988) olarak bulundu ve 6,5'lik esik degeri %88,4 duyarlilik ve

%96,2 0zgullik sagladi.

Sonuc: Kalca kirgi nedeniyle cerrahi uygulanan yasli hastalarda bagvuru anindaki CAR dederi, kisa vadeli mortalite ile bagimsiz olarak iliskilidir. Sistemik
enflamasyonu ve beslenme durumunu yansitan kolay elde edilebilen bir belirtec olarak CAR, acil ortopedi bakiminda erken risk siniflandirmast icin degerti

bir arac olabilir.
Anahtar Kelimeler: C-reaktif protein, alblimin, kalca kirigl, mortalite, yasli

Introduction

Hip fractures in older adults represent a major public health
concern due to their high incidence, associated comorbidities,
and significant postoperative morbidity and mortality.
Globally, the number of hip fractures is projected to exceed 6
million by 2050, with mortality rates 19% at 30 days and up to
30% at one year following surgery®3. Given the vulnerability
of this population, early identification of patients at high risk
of adverse outcomes remains a clinical priority.

Among various prognostic markers, inflammation and
nutritional status have emerged as critical determinants of
postoperative survival in geriatric patients. C-reactive protein
(CRP), an acute-phase reactant produced by hepatocytes
in response to interleukin-6 and other pro-inflammatory
cytokines, is widely used to reflect systemic inflammation®,
On the other hand, serum albumin serves as an indicator
of both nutritional status and chronic disease burden and
has been shown to inversely correlate with frailty and
postoperative complications®?.

The CRP-to-albumin ratio (CAR) combines these two markers
intoasingleindex, capturingbothinflammatoryand nutritional
dimensions of physiological stress. CAR has been proposed
as a prognostic marker in various clinical settings, including
sepsis, cardiovascular disease, malignancy, and postoperative
complications®1®, Recent studies have suggested that
elevated CAR may be independently associated with higher
mortality in patients undergoing orthopedic surgeries,
including hip fracture repair®'?. However, despite these
findings, data specific to the geriatric hip fracture population
remain limited. Few studies have systematically evaluated the
association between CAR measured at admission and short-
term mortality outcomes in this high-risk group.
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Moreover, the integration of CAR into routine preoperative
assessment remains controversial due to variability in study
designs, thresholds, and confounding factors.

Accordingly, this study investigates the prognostic value of
the admission CAR in predicting 30-day mortality among
elderly patients undergoing surgical treatment for hip
fractures.

Materials and Methods

This retrospective observational study included patients
presenting to the emergency departments of two tertiary
care hospitals-Memorial Bahcelievler Hospital and Beykent
University Faculty of Medicine Hospital-with a diagnosis of
hip fracture. The study includes patients aged 65 years and
older who were admitted with a diagnosis of hip fracture
and underwent surgical treatment between January 1, 2023,
and January 1, 2025. ALl patients were managed according
to standardized institutional protocols for perioperative care
and rehabilitation. Ethical approval was obtained from the
Local Research Ethics Committee of Memorial Bahcelievler
Hospital (approval no: 147, date: 27.03.2025). Inclusion criteria
were: patients aged =65 years with low-energy, fragility
hip fractures (including femoral neck, intertrochanteric,
and subtrochanteric fractures), who underwent surgical
treatment within 72 hours of hospital admission, and had
complete preoperative laboratory data, including serum
CRP and albumin levels. Patients were excluded if they had
pathological or periprosthetic fractures, high-energy trauma,
recent surgery (within the last 6 months), chronic Lliver
disease, immunosuppressive therapy, active malignancy,
or if they were discharged against medical advice. Patients
with missing key laboratory data (CRP or albumin) were also
excluded.
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Demographic characteristics (age, sex), comorbidities (e.g.,
diabetes, cardiovascular, pulmonary diseases), American
Society of Anesthesiologists scores (ASA) classification,
time to surgery, type of anesthesia, and laboratory results
(including CRP, albumin, hemoglobin, creatinine, and
sodium) were recorded at admission. CAR, calculated as
the ratio of serum CRP (mg/L) to albumin (g/L), serves as a
composite marker of systemic inflammation and nutritional
condition®. Postoperative complications were classified
as minor or major. Minor complications included urinary
tract infections, superficial wound infections, and delayed
wound healing. Major complications included pulmonary
embolism, myocardial infarction, cardiac arrest, sepsis, and
unplanned intubations. Complications were identified within
30 days postoperatively, based on clinical and laboratory
documentation in patient records.

The primary outcome was 30-day all-cause mortality,
defined as death occurring within 30 days of surgery.
Mortality status was verified through hospital records and
national electronic death notification systems.

Statistical Analysis

All statistical analyses were conducted using R version 4.4.2
(R Foundation for Statistical Computing, Vienna, Austria).
Descriptive statistics were used to summarize baseline
characteristics, and comparisons between survivors and
non-survivors were performed using independent samples
t-tests or Mann-Whitney U tests for continuous variables,
depending on normality, assessed via the Kolmogorov-
Smirnov test and visual inspection of histograms. Categorical
variables were analyzed using the chi-square test or Fisher's
exact test, as appropriate. A multivariable logistic regression
model was constructed to identify independent predictors of
30-day mortality. Variables with p<0.20 in univariate analysis
were considered for inclusion, and it was ensured that CAR

remained in the model regardless of statistical significance.
Multicollinearity was assessed using the variance inflation
factor (VIF), with variables exhibiting VIF >5 removed to improve
model stability. Model performance was evaluated using the
Hosmer-Lemeshow goodness-of-fit test, Nagelkerke's R?
and area under the receiver operating characteristic curve
(AUROC). The AUROC was internally validated using 5-fold
cross-validation. The diagnostic accuracy of CAR was further
assessed using receiver operating characteristic (ROC) analysis.
The optimal cut-off value for predicting 30-day mortality
was determined using Youden's index, and corresponding
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value with 95% confidence intervals (Cls),
were computed using the Wilson score interval method. The
ROC curve was plotted with a 95% confidence band, and model
discrimination was evaluated via DelLong's test for area under
the curve comparison. All statistical tests were two-tailed, with
p<0.05 considered statistically significant.

Results

A total of 411 patients were included in the analysis, of
whom 43 (10.5%) died within 30 days. The mean age was
significantly higher in the deceased group (87.3+6.9 years)
compared to the survivor group (82.2+6.2 years, p<0.001)
(Table 1). The proportion of male patients was higher among
deceased patients (51.2% vs. 30.2%, p=0.009). The Parker
Mobility score was significantly lower in the deceased group
(4.3+2.0 vs. 5.8+1.9, p<0.001), and cognitive impairment was
more prevalent (48.8% vs. 28.3%, p=0.009).

Among comorbidities, diabetes mellitus (37.2% vs. 19.3%,
p=0.012), chronic heart disease (60.5% vs. 32.9%, p=0.001),
and chronic lung disease (41.9% vs. 19.6%, p=0.002) were
significantly more commonin deceased patients. No significant
differences were observed for hypertension, chronic kidney
disease, or malignancy.

Table 1. Baseline characteristics of hip fracture patients stratified by 30-day mortality

Variable Survivors (n=368) Deceased (n=43) p
Demographics & baseline

Age (years) 82.2+6.2 87.3+6.9 <0.001
Male sex 111 (30.2) 22 (51.2) 0.009
Parker mobility score 5.8+1.9 4.3+2.0 <0.001
Cognitive impairment 104 (28.3) 21 (48.8) 0.009
Comorbidities

Hypertension 225 (61.1) 25 (58.1) 0.829
Diabetes mellitus 71 (19.3) 16 (37.2) 0.012
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Table 1. Continued

Variable Survivors (n=368) Deceased (n=43) p
Chronic heart disease 121 (32.9) 26 (60.5) 0.001
Chronic lung disease 72 (19.6) 18 (41.9) 0.002
Chronic kidney disease 58 (15.8) 9 (20.9) 0.516
Malignancy 46 (12.5) 9 (20.9) 0.194
Surgical & perioperative factors

Time to surgery (hours) 24.5+5.3 30.6+5.2 <0.001
ASA score 3.0£0.7 3.9+0.4 <0.001
Laboratory markers

Hemoglobin (g/dL) 12.5+1.8 10.8+2.4 <0.001
Serum albumin (g/dL) 3.9+0.5 3.2+0.6 <0.001
CRP (mg/L) 11.9 (6.5-18.9) 28.6 (15.4-38.4) <0.001
CAR 3.5(1.8-6.2) 14.8 (7.5-24.3) <0.001
Creatinine (mg/dL) 0.9+0.3 1.5+0.5 <0.001
eGFR (mL/min/1.73 m?) 68.5+15.4 48.9+18.1 <0.001
BMI (kg/m?) 24.7+4.2 22.2+3.9 <0.001
Postoperative & metabolic indicators

Minor complications 112 (30.4) 13 (30.2) 1.000
Major complications 40 (10.9) 17 (39.5) <0.001
Lactate (mmol/L) 1.9+0.5 3.7£13 <0.001
CRP: (;—(rjeactive protein, CAR: C-reactive protein to albumin ratio, ASA: American Society of Anesthesiologists, eGFR: Estimated glomerular filtration rate, BMI: Body
mass inaex

Deceased patients had significantly longer time until surgery
(30.6+5.2 hours vs. 24.5+5.3 hours, p<0.001) and a higher ASA
score (3.9+0.4 vs. 3.0+0.7, p<0.001). Regarding laboratory
markers, deceased patients had lower hemoglobin (10.8+2.4
g/dL vs.12.5+1.8 g/dL, p<0.001) and had lower serum albumin
(3.2¢0.6 g/dL vs. 3.9+0.5 g/dL, p<0.001). Conversely, they
exhibited significantly higher CRP levels [28.6 (15.4-38.4) mg/L
vs. 11.9 (6.5-18.9) mg/L, p<0.001] and CAR [14.8 (7.5-24.3) vs.
3.5 (1.8-6.2), p<0.001]. Postoperative complications were more
frequent in the deceased group, with major complications
occurring in 39.5% of deceased patients compared to 10.9%
of survivors (p<0.001). Lactate levels were also significantly
higher among deceased patients (3.7+1.3 mmol/L vs. 1.9+0.5
mmol/L, p<0.001).

In the multivariable model, CAR remained a significant
predictor of 30-day mortality (adjusted odds ratio: 2.77, 95%
Cl:2.14-3.76) (Table 2). Other independent predictors included
ASA score (1.89, 95% Cl: 1.57-2.24), hemoglobin (0.78, 95%
Cl: 0.62-0.99), CRP (2.12, 95% Cl: 1.64-2.70), creatinine (2.23,
95% Cl: 1.77-2.78), and major complications (1.39, 95% CI:
1.10-1.73). The AUROC of the multivariable model was 0.889
(95% Cl: 0.833-0.941), the Hosmer-Lemeshow goodness-of-
fit test was p=0.41, and Nagelkerke's R? was 0.78.
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The AUROC for CAR in predicting 30-day mortality was 0.930
(95% Cl: 0.860-0.988) (Table 3, Figure 1). The optimal cut-off,
determined by Youden's index, was 6.5, yielding a sensitivity
of 88.4% (95% Cl: 75.5-94.9) and specificity of 96.2% (95%
Cl: 93.7-97.7). At lower thresholds (3.5 and 5.0), sensitivity
remained high (93.0%), but specificity improved significantly
at 5.0 (81.0%). A cut-off of 7.5 provided a balanced trade-off
with a specificity of 98.6% and a PPV of 87.5%. At higher cut-
offs (10.0 and 14.0), specificity reached 100%, but sensitivity
declined to 72.1% and 46.5%, respectively.

Discussion

In this retrospective cohort of elderly patients undergoing
hip fracture surgery, the CAR measured at admission was
significantly associated with 30-day mortality. The ratio
remained an independent predictor even after adjusting for
clinical and laboratory confounders, demonstrating strong
discriminative power for early mortality risk. These findings
suggest that CAR may serve as a practical and biologically
plausible marker for early risk stratification in this high-risk
population.
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Table 2. Multivariable logistic regression analysis for 30-day mortality in hip fracture patients

Variable Adjusted OR (95% CI)
ASA score 1.89 (1.57-2.24)
Hemoglobin 0.78 (0.62-0.99)

CRP 2.12 (1.64-2.70)

Creatinine

2.23(1.77-2.78)

(
(

Major complications

1.39 (1.10-1.73)

CAR 2.77 (2.14-3.76)

OR: Odds ratio, Cl: Confidence interval, CRP: C-reactive protein, CAR: C-reactive protein to albumin ratio, ASA: American Society of Anesthesiologists

Table 3. Diagnostic performance of CAR for 30-day mortality

PPV (%)
(95% ClI)

Sensitivity (%)
(95% CI)

Specificity (%)

CAR (95% Cl)

NPV (%)

PLR (95% Cl
(95% CI) (95% C1)

NLR (95% CI)

35 93.0 (81.4-97.6) 50.0 (44.9-55.1) 17.9 (13.4-23.4)

98.4 (95.4-99.5) 1.86 (1.50-2.31) 0.14 (0.05-0.34)

81.0 (76.7-84.7) 36.4 (28.0-45.7)

99.0 (97.1-99.7) 4.89 (3.72-6.33) 0.09 (0.03-0.24)

(
5.0 93.0 (81.4-97.6)
(

75 81.4 (67.4-90.3) 98.6 (96.9-99.4) 87.5 (73.9-94.5)

97.8 (95.8-98.9) 59.91 (28.85-124.41) 0.19 (0.09-0.37)

10.0 72.1(57.3-83.3) 100.0 (99.0-100) 100.0 (89.0-100)

96.8 (94.6-98.2)

14.0 46.5 (32.5-61.1) 100.0 (99.0-100) 100.0 (83.9-100)

(
Inf (NA) 0.28 (0.16-0.49)
(

94.1 (91.3-96.0) Inf (NA) 0.53 (0.37-0.77)

Negative Likelihood ratio, NA: Not available

CAR: C-reactive protein to albumin ratio, Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, PLR: Positive likelihood ratio, NLR:

Receiver Operating Characteristic (ROC) Curve
CRP/Albumin Ratio for 30-Day Mortality
AUC =0.93 (95% CI: 0.86 - 1)

1.00 1'

’

0.75

Sensitivity
o
3

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 1. ROC curve of C-reactive protein (CRP)/albumin
ratio for predicting 30-day mortality in hip fracture patients

Cl: Confidence interval, AUC: Area under the curve

The CAR represents the dynamic interaction between
systemic inflammation and nutritional status-two
interdependent  pathways influencing outcomes in

elderly patients with hip fractures. Elevated CRP Llevels
are a hallmark of the acute-phase response, triggered
by cytokines such as interleukin-6 during tissue injury
and trauma™. In hip fracture patients, a pronounced
inflammatory response has been associated with increased
risks of postoperative complications including delirium,
pneumonia, and cardiovascular events®™. Conversely,
serum albumin, a negative acute-phase reactant and
marker of visceral protein stores, reflects both baseline
nutritional reserve and the body's ability to counteract
catabolic  stress®®. Hypoalbuminemia is frequently
observed in frail older adults and has been linked to
impaired wound healing, immune dysfunction, and higher
infection rates*!®, As such, CAR integrates two biologically
relevant dimensions-proinflammatory activation and
protein depletion-into a single composite index. In geriatric
trauma patients, who often exhibit diminished physiological
reserve and multimorbidity, this ratio may serve as a more
sensitive indicator of vulnerability and mortality risk than
either marker alonet.

In the present study, the CAR was identified as an independent
predictor of 30-day mortality in elderly patients undergoing
surgery for hip fracture. This finding aligns with prior
evidence that supports the role of CAR as a robust biomarker
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combining inflammatory and nutritional status in predicting
short-term postoperative outcomes. In the study by Aydin
and Kagmaz!" CAR was evaluated in a cohort of elderly
patients undergoing hemiarthroplasty and was found to
be independently associated with both intensive care unit
admission and 1-year mortality. The authors reported a
CAR cut-off value of 1.03, with a high specificity (92.7%) and
significant discriminative ability in ROC analysis®. Balta et
al.?? investigated preoperative inflammatory biomarkers,
including CAR, in patients with intertrochanteric femur
fractures and demonstrated that CAR had the highest
predictive value among the studied ratios. A cut-off value of
12.42 yielded a sensitivity of 81.8% and specificity of 69.4%.
CAR remained statistically significant in both univariate and
multivariate models for 30-day mortality. In @ more recent
study, Kaya and Efendioglu® reported that a CAR threshold
of 0.15 was significantly associated with early mortality,
though with more modest sensitivity and specificity (74% and
53%, respectively). They concluded that CAR was superior to
CRP or albumin alone and recommended its use as part of
routine risk stratification for elderly hip fracture patients®.
Collectively, these findings reinforce the clinical utility
of CAR as a non-invasive, cost-effective, and biologically
meaningful tool to identify elderly patients at increased
risk of early postoperative mortality following hip fracture
surgery. Despite variability in methodological design and
cut-off values across studies, the consistent independent
association between CAR and mortality across different
clinical settings highlights its translational relevance.

Study Limitations

This study has several limitations that merit consideration.
As a single-center, retrospective analysis, the findings may
be subject to selection bias and may not be generalizable
to other healthcare settings with different perioperative
protocols or patient demographics. Although multivariate
modeling was used to adjust for potential confounders,
the presence of residual confounding cannot be entirely
excluded, particularly with respect to unmeasured variables
such as frailty scales or detailed nutritional assessments.
Furthermore, CRP and albumin levels were assessed only at
the time of admission, without accounting for perioperative
changes that may influence outcomes. Finally, although
mortality data were obtained through national registries
and hospital records, other important outcomes such as
functional recovery, or long-term complications were not
evaluated.
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Conclusion

This study demonstrates that the CAR at hospital admission
is significantly associated with short-term mortality in
elderly patients undergoing surgery for hip fracture. As a
combined marker of systemic inflammation and nutritional
status, the ratio showed strong independent predictive
value and diagnostic accuracy. These findings support its
potential utility as an accessible and cost-effective tool for
early risk stratification in the emergency care of geriatric
trauma patients. Future prospective studies are warranted
to validate these results and explore whether targeted
interventions based on CRP/albumin levels could improve
clinical outcomes.

Ethics

Ethics Committee Approval: The study was approved by the
Ethics Committee of University of Memorial Bahcelievler
Hospital (approval no: 147, date: 27.03.2025).

Informed Consent: Given the retrospective nature of the study,
the institutional review board approved a waiver of informed
consent.

Footnotes

Authorship Contributions

Surgical and Medical Practices Concept: S.A., SY., Design:
S.A., SY., Data Collection or Processing: S.A., Analysis or
Interpretation: S.A., SY., Literature Search: S.A., SY., Writing:
S.A,SY.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Goh EL, Khatri A, Costa AB, et al. Prevalence of complications in older
adults after hip fracture surgery : a systematic review and meta-
analysis. Bone Joint J. 2025;107-B:139-48.

2. Nazrun AS, Tzar MN, Mokhtar SA, Mohamed IN. A systematic review of
the outcomes of osteoporotic fracture patients after hospital discharge:
morbidity, subsequent fractures, and mortality. Ther Clin Risk Manag.
2014;10:937-48.

3. Chen YH, Chou CH, Su HH, et al. Correlation between neutrophil-to-
lymphocyte ratio and postoperative mortality in elderly patients with
hip fracture: a meta-analysis. J Orthop Surg Res. 2021;16:681.

4. Pathak A, Agrawal A. Evolution of C-reactive protein. Front Immunol.
2019;10:943.



Alpar and Yilmaz. CRP/Albumin Ratio in Elderly Patients

10.

11.

12.

13.

Zhou HH, Tang YL, Xu TH, Cheng B. C-reactive protein: structure,
function, regulation, and role in clinical diseases. Front Immunol.
2024;15:1425168.

Hiroi K, Matsusaki T, Kaku R, Umeda Y, Yagi T, Morimatsu H.
Postoperative course of serum albumin levels and organ dysfunction
after liver transplantation. Transplant Proc. 2019;51:2750-4.

Berbel-Franco D, Lopez-Delgado JC, Putzu A, et al. The influence of
postoperative albumin levels on the outcome of cardiac surgery. J
Cardiothorac Surg. 2020;15:78.

Kaplan M, Duzenli T, Tanoglu A, Cakir Guney B, Onal Tastan Y, Bicer
HS. Presepsin:albumin ratio and C-reactive protein:albumin ratio as
novel sepsis-based prognostic scores : a retrospective study. Wien Klin
Wochenschr. 2020;132:182-7.

Uchimoto T, Matsuda T, Komura K, et al. C-reactive protein-albumin
ratio predicts objective response to enfortumab vedotin in metastatic
urothelial carcinoma. Target Oncol. 2024;19:635-44.

Li S, Wang Y, Xu N, Xie D. Association between C-reactive protein
to albumin ratio and subclinical myocardial injury in the general
population free from cardiovascular disease. J Cardiothorac Surg.
2024;19:487.

Capkin S, Guler S, Ozmanevra R. C-reactive protein to albumin ratio may
predict mortality for elderly population who undergo hemiarthroplasty
due to hip fracture. J Invest Surg. 2021;34:1272-7.

Cacciola G, Mancino F, Holzer LA, et al. Predictive value of the c-reactive
protein to albumin ratio in 30-day mortality after hip fracture in elderly
population: a retrospective observational cohort study. J Clin Med.
2023;12:4544.

Ak R, Doganay F, Yilmaz E. Comparison of C-reactive protein and
C-reactive protein-to-albumin ratio in predicting mortality among

14.

15.

16.

17.

18.

19.

20.

21

geriatric coronavirus disease 2019 patients. Rev Assoc Med Bras (1992).
2022,;68:82-6.

Neumaier M, Braun KF, Sandmann G, Siebenlist S. C-reactive protein in
orthopaedic surgery. Acta Chir Orthop Traumatol Cech. 2015;82:327-31.

Kim HJ, Lee S, Kim SH, Lee S, Sim JH, Ro YJ. Association of C-reactive
protein to albumin ratio with postoperative delirium and mortality in
elderly patients undergoing hip fracture surgery: a retrospective cohort
study in a single large center. Exp Gerontol. 2023;172:112068.

Li Q, Zhu M, Liu X, et al. Abnormally low serum albumin levels are
associated with abnormal bone mineral density and osteoporotic
fractures: a retrospective studies. BMC Musculoskelet Disord.
2024;25:888.

Wiedermann CJ. Hypoalbuminemia as surrogate and culprit of
infections. Int J Mol Sci. 2021;22:4496.

Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis and
clinical significance. JPEN J Parenter Enteral Nutr. 2019;43:181-93.

Aydin A, Kacmaz 0. CRP/albumin ratio in predicting 1-year mortality
in elderly patients undergoing hip fracture surgery. Eur Rev Med
Pharmacol Sci. 2023;27:8438-46.

Balta O, Altinayak H, Gurler Balta M, et al. Can C-reactive protein-
based biomarkers be used as predictive of 30-day mortality in elderly
hip fractures? A retrospective study. Ulus Travma Acil Cerrahi Derg.
2022,28:849-56.

Kaya O, Efendioglu EM. Association of preoperative C-reactive protein
to albumin ratio and mortality in elderly patients with hip fractures: a
cross-sectional study. Ulus Travma Acil Cerrahi Derg. 2024;30:907-13.

191



