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ABSTRACT

BACKGROUND: This study aimed to evaluate the prognostic value of the C-reactive protein -albumin-lymphocyte (CALLY) index,
an inflammation-based score derived from C-reactive protein (CRP), albumin, and lymphocyte count, in predicting 30-day mortality in
elderly patients with hip fractures.

METHODS: A retrospective analysis was conducted on patients aged 65 years and older who were hospitalized with hip fractures
between January 2022 and January 2025. Clinical and laboratory data were extracted from electronic medical records. The CALLY
index was calculated using the formula: Albumin %X Lymphocyte / CRP. The primary outcome was all-cause mortality within 30 days of
admission. Receiver operating characteristic (ROC) analysis was used to assess the discriminative ability of the index, and multivariable
logistic regression was performed to identify independent predictors of mortality.

RESULTS: A total of 410 patients aged 65 years and older with surgically treated hip fractures were included. The 30-day mortality
rate was 14.6% (n=60). The CALLY index was significantly lower in non-survivors than in survivors (median: 5.6 vs. 9.4, p<0.001).
Receiver operating characteristic (ROC) analysis showed that the CALLY index had moderate predictive ability for 30-day mortal-
ity, with an area under the curve (AUC) of 0.788. At the optimal cutoff value of 7.5, sensitivity was 75% and specificity was 67%. In
the multivariable logistic regression model, inclusion of the CALLY index improved overall discrimination, yielding an AUC of 0.962.
Kaplan-Meier survival analysis also demonstrated significantly lower survival probability in patients with low CALLY scores (p<0.001).

CONCLUSION: The CALLY index is a simple, accessible score that was independently associated with early mortality in elderly
patients with hip fractures. It may help clinicians identify high-risk patients during the initial phase of hospitalization and inform peri-
operative management decisions.
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INTRODUCTION advances in surgical techniques and perioperative care, short-
term mortality after hip fracture remains high, with estimates

Hip fractures are a major public health concern among the  ranging between 1.4% and 10% in the first 30 days after injury.

elderly, frequently resulting in functional decline, loss of inde-  ™*! Identifying high-risk patients early in their hospital course
pendence, and increased mortality. With a rapidly aging global is essential for optimizing care and resource allocation.

population, the incidence of hip fractures continues to rise, ~ New research emphasizes how crucial inflammation-related
especially among individuals over 65 years of age.l'"*] Despite indicators are for predicting the prognosis of elderly patients
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after hip fracture surgery.[*” Among these, C-reactive protein
(CRP), serum albumin, and lymphocyte count have emerged
as accessible and clinically relevant indicators of the patient's
overall inflammatory burden and nutritional status.®'? Sev-
eral composite indices—such as the CRP-to-albumin ratio
and neutrophil-to-lymphocyte ratio—have been investigated
for their utility in predicting complications and mortality.
U121 The C-reactive protein-albumin-lymphocyte (CALLY)
index, derived by combining CRP, albumin, and lymphocyte
parameters into a unified calculation, has been proposed as
a practical tool for predicting short-term mortality; however,
its applicability in geriatric hip fracture populations remains
insufficiently explored.

The purpose of this study is to assess the predictive utility of
the CALLY index in estimating 30-day mortality among older
patients admitted to the hospital with hip fractures.

MATERIALS AND METHODS

This retrospective study was conducted in the emergency de-
partment of a high-volume academic hospital. The study pop-
ulation included patients aged 65 years and older who were
admitted with a diagnosis of hip fracture between January I,
2022 and January |, 2025. Ethics approval was obtained from
the Ethics Committee of Yeni Yiizyil University (Approval
No: 2025/05-1548, Date: 07.05.2025), and the principles of
the Declaration of Helsinki were followed in conducting the
study. Patients with radiologically confirmed fractures of the
proximal femur, including femoral neck, intertrochanteric,
and subtrochanteric regions, who were admitted for surgical
treatment were considered eligible. Patients with polytrauma,
pathological fractures, open wounds, hematologic malignan-
cies, or missing CRP, albumin, lymphocyte count, or 30-day
survival status data were excluded.

Patient charts were reviewed retrospectively to compile
clinical findings and laboratory results. The following vari-
ables were recorded: age, sex, comorbidities, initial vital
signs, fracture type, time to surgery, length of hospital stay,
in-hospital complications, and 30-day mortality. Laboratory
parameters included CRP, serum albumin, and absolute lym-
phocyte count, all obtained on the day of admission prior to
surgery.

The CALLY index was derived according to the following
equation!'™

CALLY Index=Albumin (g/dL)xLymphocyte (10°%L)/(CRP
(mg/L)x10).

All values were measured in standard units (CRP in mg/L,
albumin in g/dL, lymphocytes in 10°/L). Thirty-day all-cause
mortality after admission was designated as the primary out-
come.
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Statistical Analysis

Statistical computations were performed using R software
(version 4.4.2; R Foundation for Statistical Computing, Vien-
na, Austria). Numeric variables were assessed for normality
by visual inspection of histograms and reported as median [in-
terquartile range (IQR)] due to non-normal data distribution.
Categorical data were expressed as frequencies and propor-
tions. For numeric data, the Mann-Whitney U (MWU) test
was used to compare groups, and depending on appropri-
ateness, the Chi-squared or Fisher's exact test was used to
assess categorical variables. To identify independent predic-
tors of 30-day mortality, variables with a p-value below 0.20
in univariable analysis were incorporated into a multivariable
logistic regression model. Variance inflation factors (VIF)
were computed to evaluate multicollinearity, with variables
exceeding a VIF of 5 flagged for potential removal. Results
were presented as adjusted odds ratios with 95% confidence
interval (Cl). Brier score, Nagelkerke R2, and the area under
the receiver operating characteristic curve (AUROC) with
95% CI were used to assess the final model's performance.
The Hosmer-Lemeshow goodness-of-fit test was applied to
evaluate model calibration. Internal validation was performed
through 5-fold cross-validation, with AUROC, sensitivity, and
specificity reported as mean * standard deviation across folds.
The discriminatory ability of the CALLY index for predicting
30-day mortality was assessed using ROC curve analysis. The
AUROC 95% Cl was derived using bootstrap resampling with
1,000 iterations. The ROC curve and its 95% Cl were visual-
ized using “‘ggplot2,” with the confidence interval displayed as
a shaded area for clarity.

RESULTS

A total of 410 elderly patients with hip fractures were in-
cluded in the study. The observed 30-day all-cause mortality
rate was 10.5% (n=43). The baseline demographic and clini-
cal characteristics of the cohort, stratified by 30-day mortal-
ity status, are presented in Table |. The deceased patients
were significantly younger than survivors, with a median age
of 81 years [interquartile range (IQR): 72.5-84.5] compared
to 84 years [IQR: 78-91] (p=0.005). Female sex was similarly
prevalent in both groups (79.1% vs. 71.7%; p=0.369). The
deceased group exhibited a higher prevalence of dementia
(51.2% vs. 33.5%; p=0.028), whereas Charlson Comorbidity
Index scores were paradoxically lower [3 (IQR, 1-7) vs. 5
(IQR, 3-7); p=0.026]. Rates of malignancy and American Soci-
ety of Anesthesiologists Physical Status scores (ASA) did not
differ significantly between groups.

Regarding inflammatory and nutritional markers, deceased
patients demonstrated significantly higher CRP levels [78
mg/L (IQR: 53-102.75) vs. 589 mg/L (IQR: 29.1-97.9);
p=0.010], along with lower serum albumin [2.7 g/dL (IQR:
2.4-2.9) vs. 3.2 g/dL (IQR: 2.8-3.6); p<0.001] and lymphocyte
counts [0.7x10°%/L (IQR: 0.35-1.15) vs. 1.2x10°/L (IQR: 0.85-
1.7); p<0.001]. The neutrophil-to-lymphocyte ratio was also
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Table I. Comparison of survivor and deceased groups among patients with hip fractures

Variable Survivor (n=367) Deceased (n=43) P
Age (years) 84 [78-91] 81 [72.5-84.5] 0.005
Sex (female) 263 (71.7%) 34 (79.1%) 0.369
Dementia 123 (33.5%) 22 (51.2%) 0.028
Malignancy 79 (21.5%) 9 (20.9%) 1.000
Ccl 5[3-7] 3[1-7] 0.026
ASA score 2[1-3] 2[1-3] 0.282
CRP (mg/L) 58.9 [29.1-97.9] 78 [53-102.75] 0.010
Albumin (g/dL) 3.2 [2.8-3.6] 2.7 [2.4-2.9] <0.001
Lymphocyte (x10%/L) 1.2 [0.85-1.7] 0.7 [0.35-1.15] <0.001
NLR 5.9 [3.3-8.5] 8[4.7-9.9] 0.009
Platelet Count (x10%/L) 223 [188-267.5] 204 [170.5-244.5] 0.065
Hemoglobin (g/dL) 11.3[10.7-11.7] 10.3 [9.9-11] <0.001
Sodium (mmol/L) 137 [135-138] 133 [131-134] <0.001
Creatinine (mg/dL) 0.98 [0.79-1.12] 1.47 [1.31-1.67] <0.001
CALLY Index 0.66 [0.36-1.5] 0.24 [0.09-0.40] <0.001
Time to Surgery (hours) 39 [28-51] 38 [25-48] 0.465
Fracture Type 0.019

Femoral Neck 113 (30.8%) 17 (39.5%)

Intertrochanteric 209 (56.9%) 26 (60.5%)

Subtrochanteric 45 (12.3%) 0 (0%)
Surgery Type 0.391

Arthroplasty 120 (32.7%) 11 (25.6%)

IM Nail 247 (67.3%) 32 (74.4%)
Postoperative Pneumonia 34 (9.3%) Il (25.6%) <0.001
Postoperative Delirium 74 (20.2%) 10 (23.3%) 0.690
Length of Stay (days) 19 [14-24] 18 [13.5-26] 0.759

CRP: C-reactive protein; ASA: American Society of Anesthesiologists Physical Status Score; NLR: Neutrophil-to-Lymphocyte Ratio; CCl: Charlson Comorbid-

ity Index; CALLY: CRP-Albumin-Lymphocyte Index; IM: Intramedullary.

higher in deceased patients [8 (IQR: 4.7-9.9) vs. 5.9 (IQR:
3.3-8.5); p=0.009]. Additionally, hemoglobin and platelet
counts were significantly lower in the deceased group [10.3
g/dL (IQR: 9.9-11) vs. 1.3 g/dL (IQR: 10.7-11.7); p<0.00I,
and 204x10°/L (IQR: 170.5-244.5) vs. 223x10°/L (IQR: 188-
267.5); p=0.065, respectively]. Serum sodium was markedly
lower in deceased patients [133 mmol/L (IQR: 131-134)
vs. 137 mmol/L (IQR: 135-138); p<0.001]. Creatinine levels
were significantly higher in the deceased group [1.47 mg/dL
(IQR: 1.31-1.67) vs. 0.98 mg/dL (IQR: 0.79-1.12); p<0.001].
The CALLY index was markedly reduced among deceased
patients [0.24 (IQR: 0.09-0.40) vs. 0.66 (IQR: 0.36-1.5);
p<0.001]. Postoperative pneumonia occurred significantly
more frequently among deceased patients (25.6% vs. 9.3%;
p<0.001), while postoperative delirium and length of hospital
stay did not differ significantly.
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In the multivariable logistic regression model (Table 2),
the CALLY index, sodium, hemoglobin, platelet count, and
fracture type emerged as independent predictors of 30-day
mortality. Specifically, the CALLY index showed an adjusted
odds ratio (aOR) of 0.90 (95% CI: 0.81-0.97; p<0.001), and
sodium had the strongest association with mortality (aOR:
0.11; 95% CI: 0.05-0.21; p<0.001). The model demonstrat-
ed excellent discrimination with an AUROC of 0.962 (95%
Cl: 0.936-0.988) and good calibration (Hosmer-Lemeshow
p=0.978). The Brier score was 0.037 (95% CI: 0.025-0.050),
indicating accurate risk prediction. Nagelkerke’s R? was
0.816, suggesting substantial explained variance. Internal vali-
dation with 5-fold cross-validation yielded a mean AUROC
of 0.941+0.056, mean sensitivity of 97.6%%1.8%, and mean
specificity of 62.8%+20.2%.
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Table 2. Multivariable logistic regression analysis for 30-day
mortality

Variable aOR (95% CI) P
Age 0.62 (0.38-0.96) 0.032
Dementia 1.69 (0.64-4.58) 0.290
ccl 0.80 (0.50-1.25) 0.331
CALLY Index 0.90 (0.81-0.97) <0.001
NLR 1.09 (0.68-1.76) 0.711
Platelet Count 0.52 (0.28-0.91) 0.021
Hemoglobin 0.53 (0.31-0.86) 0.010
Sodium 0.11 (0.05-0.21) <0.001
Fracture Type

Intertrochanteric 1.15 (0.42-3.23) 0.792

Subtrochanteric 0.038 (0.0002-0.53) 0.012
Postoperative Pneumonia 2.08 (0.60-7.02) 0.241

aOR: Adjusted Odds Ratio; CCI: Charlson Comorbidity Index; Cl: Confi-
dence Interval; NLR: Neutrophil-to-Lymphocyte Ratio; CALLY: C-Reactive
Protein-Albumin-Lymphocyte Index.

Table 3. Diagnostic performance of the C-reactive protein-
albumin-lymphocyte (CALLY) index for 30-day
mortality prediction

Metric Value (95% CI)

AUROC 0.788 (0.711-0.865)

Youden Index 0.477

Criterion <0.25

Sensitivity 0.744 (0.702-0.786)

Specificity 0.733 (0.690-0.776)

Positive Likelihood Ratio 2.787 (2.629-2.945)

Negative Likelihood Ratio 0.349 (0.330-0.371)

AUROC: Area Under the Receiver Operating Characteristic Curve; Cl:
Confidence Interval; CALLY: C-Reactive Protein-Albumin-Lymphocyte In-
dex.

The diagnostic performance of the CALLY index in predicting
30-day mortality is detailed in Table 3 and visualized in Figure
I. The AUROC was 0.788 (95% CI: 0.711-0.865). The optimal
threshold, determined by Youden's index, was <0.25, provid-
ing a sensitivity of 74.4% (95% Cl: 70.2-78.6%) and specificity
of 73.3% (95% Cl: 69.0-77.6%). The corresponding positive
likelihood ratio was 2.79 (95% CI: 2.63-2.95), and the nega-
tive likelihood ratio was 0.35 (95% Cl: 0.33-0.37).

DISCUSSION

This study demonstrates that the CALLY index is significantly
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Figure 1. Receiver operating characteristic curve for the C-reac-
tive protein-albumin-lymphocyte (CALLY) index in predicting 30-
day mortality.

associated with 30-day mortality in elderly patients hospital-
ized with hip fractures. Lower CALLY values were observed
in non-survivors, and the index showed moderate discrimina-
tive ability in univariable analysis. When integrated into a mul-
tivariable logistic regression model, its inclusion contributed
to excellent overall predictive performance. These findings
highlight the potential utility of the CALLY index as part of
a broader risk assessment strategy in geriatric trauma care.

Hip fractures in the elderly represent a major clinical chal-
lenge, often leading to significant morbidity, prolonged hos-
pitalization, functional decline, and increased short-term and
long-term mortality. These patients are typically frail, have
multiple comorbidities, and reduced physiological reserves,
all of which contribute to poorer outcomes after trauma and
surgery.l'l Mortality rates within 30 days can exceed 10%,
and even among survivors, recovery of pre-injury function
is often incomplete.l'” Therefore, early identification of pa-
tients at risk of adverse outcomes is essential to optimize
perioperative care and resource allocation.['’]

The CALLY index integrates three routinely measured bio-
markers—CRP, albumin, and lymphocyte count—each of
which has independently demonstrated prognostic value in
elderly patients with hip fractures. Their combined use may
enhance predictive performance by capturing the inflamma-
tory, nutritional, and immunologic status of the patient.

C-reactive protein is a widely studied marker of systemic in-
flammation and has been repeatedly linked to poor outcomes
following hip fracture surgery in elderly patients. Elevated
CRP levels reflect both the acute stress response and the
extent of tissue injury, and are often correlated with higher
rates of postoperative complications, delirium, and mortality.
In a recent retrospective cohort study, Long et al.l'¥ reported
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that elevated CRP at admission was independently associat-
ed with increased long-term mortality in geriatric patients
undergoing hip fracture surgery, even after adjusting for age
and comorbidities. Similarly, a prospective study by Lozano-
Vicario et al.l'! found that higher CRP levels were predictive
of postoperative delirium, which itself is a known risk factor
for early mortality.

Serum albumin is a well-established marker of both nutrition-
al and inflammatory status, and its prognostic value in elderly
patients with hip fractures has been consistently demonstrat-
ed. Hypoalbuminemia is associated with impaired immune
response, delayed wound healing, and increased vulnerability
to complications such as infection and prolonged immobili-
zation. Recent studies have confirmed its predictive role in
postoperative outcomes. A retrospective cohort by Vural et
al.l'"! found that albumin was one of the strongest indepen-
dent predictors of both early and late mortality in elderly
patients with proximal femur fractures. Similarly, a study by Li
et al.l'®l showed that preoperative hypoalbuminemia was sig-
nificantly associated with the development of postoperative
pneumonia, which itself contributed to increased short-term
mortality following hip fracture surgery.

Lymphocyte count serves as a surrogate marker of immune
competence and physiologic reserve in older adults. De-
creased lymphocyte levels, commonly observed in frail and
inflamed patients, reflect both immune suppression and nu-
tritional compromise.!'”) Several studies have shown that lym-
phopenia at admission is significantly associated with higher
postoperative mortality and complications following hip frac-
ture surgery. For instance, Zhu et al.?® demonstrated that a
low lymphocyte-to-CRP ratio was independently predictive
of one-year mortality in elderly patients undergoing hemi-
arthroplasty for displaced femoral neck fractures. Another
cohort study by Lu et al.?'! found that lower absolute lym-
phocyte counts were associated with increased long-term
mortality, regardless of other inflammatory parameters.

To the best of our knowledge, this is the first study to evalu-
ate the prognostic value of the CALLY index specifically in
elderly patients with hip fractures. Our findings revealed that
lower CALLY scores were independently associated with in-
creased 30-day mortality. Importantly, each component of
the CALLY index—CRP, albumin, and lymphocyte count—
also showed significant differences between survivors and
non-survivors in univariate analysis, supporting the biological
rationale of the index. These results suggest that the CALLY
index not only reflects systemic inflammation and nutritional
status but also captures broader immune vulnerability in this
high-risk population.

From a practical standpoint, the CALLY index may serve as a
simple bedside tool for early risk stratification in elderly pa-
tients admitted with hip fractures. In our study, a cut-off value
of <0.25 was associated with a substantially increased risk of
30-day mortality. Patients below this threshold may warrant
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closer hemodynamic and metabolic monitoring, optimization
of nutritional status, and more intensive perioperative sur-
veillance. This information could help clinicians identify frail
patients at an early stage and allocate resources, such as early
geriatric consultation, multidisciplinary management, or ad-
mission to higher-level care units.

An unexpected finding of our study was that patients in the
deceased group had a lower median age and lower Charl-
son Comorbidity Index (CCI) score compared to survivors.
Several factors may account for this paradoxical observation.
First, acute clinical conditions such as perioperative pneumo-
nia, electrolyte disturbances, or renal dysfunction may have
contributed more strongly to early mortality than baseline
comorbidity burden. Second, fracture type and surgical com-
plexity may have influenced outcomes independently of age
and CCI. Third, variations in the timing of surgery and peri-
operative management could also have affected short-term
survival. These observations highlight that short-term mor-
tality after hip fracture is not solely dependent on age or co-
morbidity indices but is also influenced by acute physiological
stressors and perioperative complications.

This study has certain limitations that should be acknowl-
edged. Being conducted at a single center may limit the ex-
ternal validity of the findings. The retrospective nature of the
design relies on the accuracy of recorded clinical and labora-
tory data, which may be subject to documentation bias. Since
only patients with complete data and surgical management
were included, the study population may not fully represent
all elderly patients with hip fractures. In addition, the analysis
was restricted to short-term outcomes, and no information
was available on long-term survival, functional recovery, or
readmission rates. Another limitation of our study is that we
did not directly compare the prognostic performance of the
CALLY index with other well-established prognostic tools,
such as the American Society of Anesthesiologists score, the
CCl, or the neutrophil-to-lymphocyte ratio (NLR). Although
each of these markers has demonstrated prognostic value in
geriatric hip fracture populations, our study focused specifi-
cally on the CALLY index. Future prospective studies should
perform head-to-head comparisons of these indices to clarify
their relative utility and potential complementary roles in
clinical practice.

CONCLUSION

The CALLY index is an accessible, inflammation-based score
that was independently associated with 30-day mortality in
elderly patients with hip fractures. It combines three routine-
ly available laboratory values and may help clinicians identify
high-risk patients during early hospitalization. Although its
discriminative ability was moderate, the index may serve as a
useful adjunct in risk stratification and perioperative decision-
making. Future prospective studies are needed to confirm its
predictive value across different clinical settings and longer
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follow-up periods.
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ORIJINAL CALISMA - 6Z

C-reaktif protein—albiimin-lenfosit (CALLY) indeksinin yagli kal¢a kirig1 hastalarinda
erken mortaliteyi ongormedeki rolii

AMAC: Bu calismanin amaci, C-reaktif protein (CRP), albiimin ve lenfosit sayisindan tiiretilmis, inflamasyon temelli bir skorlama sistemi olan
C-reactive protein-albumin-lymphocyte (CALLY) indeksinin, yash kalca kirigi hastalarinda 30 giinliik mortaliteyi dngormedeki prognostik degerini
degerlendirmektir.

GEREC VE YONTEM: Ocak 2022 ile Ocak 2025 tarihleri arasinda kalga kirigi nedeniyle hastaneye yatirilan, 65 yas ve lizeri hastalar retrospektif
olarak analiz edildi. Klinik ve laboratuvar verileri elektronik saglik kayitlarindan elde edildi. CALLY indeksi su formdlle hesaplandi: Albiimin x Lenfosit
/ CRP. Birincil sonug, hastaneye yatistan sonraki 30 giin iginde meydana gelen tim nedenlere bagl mortaliteydi. CALLY indeksinin ayirt edici glict,
ROC analizi ile degerlendirildi ve mortaliteyi ngéren bagimsiz degiskenleri belirlemek igin gok degiskenli lojistik regresyon kullanild.

BULGULAR: Cerrahi olarak tedavi edilen kalga kirigina sahip toplam 410 hasta calismaya dahil edildi. Otuz glinlik mortalite orani %14.6 (n=60)
idi. CALLY indeksi, hayatta kalanlara kiyasla yasamini yitiren hastalarda anlamli diizeyde daha dustkti (medyan: 5.6 vs. 9.4; p<0.001). ROC analizi,
CALLY indeksinin 30 glinliik mortaliteyi 5ngérmede orta diizeyde prediktif glice sahip oldugunu gosterdi (AUC: 0.788). En uygun esik degeri olan
7,5’te duyarlilik %75, ozglillik ise %67 idi. Cok degiskenli lojistik regresyon modeline CALLY indeksinin dahil edilmesi, genel ayirt edici glici artira-
rak AUC’yi 0.962’ye yiikseltti. Kaplan-Meier sagkalim analizi, duisiik CALLY skoruna sahip hastalarda anlamli sekilde daha diisiik sagkalim olasiligi
gosterdi (p<0.001).

SONUC: CALLY indeksi, yash kalga kingi hastalarinda erken mortalite ile bagimsiz olarak iliskili bulunan, basit ve kolay erisilebilir bir skorlama
sistemidir. Bu indeks, hastaneye yatisin erken evresinde yiiksek riskli hastalarin belirlenmesine yardimai olabilir ve perioperatif yonetim kararlarini
destekleyebilir.

Anahtar sozclikler: Bagisiklik, inflamasyon, kalga kirigi, mortalite, yasl.
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