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Introduction
Simple falls are common in the elderly population. Studies 
have shown that approximately 1 in 3 older adults fall at least 
once yearly, and of those who fall, approximately half fall 
more than once (1,2). Because of these falls, hip fracture is a 
common injury in elderly patients. Developing hip fractures, 
unfortunately, cause high mortality rates, but their frequency is 
gradually increasing (3). In the literature, mortality rates within 
1 year range from 12% to 37% (4,5). The risk of mortality is 
approximately five times higher for females and approximately 
eight times higher for males in the first 3 months after fracture 
(6).

Malnutrition is a severe cause of increased morbidity and 
mortality and decreased functionality and quality of life that 
can be treated and prevented in the geriatric population 
(7). When it occurs with a catabolic response to surgical 
treatment together with malnutrition, it causes muscle loss 
and is associated with impaired postoperative rehabilitation, 
postoperative complications, worse clinical outcomes, longer 
length of stay, and mortality (8-10).

The geriatric nutrition risk index (GNRI) is used to determine 
the nutritional status of the geriatric population. It is calculated 
on the basis of serum albumin levels and the ratio of current 
body weight to ideal body weight (11). GNRI allows for the 
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early detection and diagnosis of malnutrition, timely and 
appropriate administration of interventions, and identification 
of postoperative complications and mortality in patients on 
dialysis and those with cardiovascular disease (12,13).

In this study, we evaluated the ability of GNRI values to predict 
90-day complications and mortality in elderly patients with hip 
fractures. Our study hypothesises that low GNRI values can help 
predict early complications and mortality.

Materials and Methods
The study was approved by the local institutional review board 
(University of Health Sciences Turkey, Prof. Dr. Cemil Taşcıoğlu 
City Hospital; decision number: E-48670771-020-212353622, 
date: 29.03.2023) and performed under the ethical standards 
laid down in the Declaration of Helsinki. All patients provided 
written informed consent before their inclusion in the study. 

This study was planned retrospectively, and patients over the age of 
65 years who applied to our hospital between 2014 and 2023 were 
examined for the study. Age, gender, height, weight, fracture type, 
hemogram, and routine biochemical values at the time of admission 
to the hospital, previous trauma history, and hospitalization within 
90 days after surgery were evaluated from the patient’s files. 
Patients over 65 who applied with the diagnosis of the femoral 
neck or intertrochanteric femur fracture were treated surgically; 
patients whose preoperative height, weight, and albumin values 
were recorded in their files, and patients with a follow-up period 
of at least three months were included in the study. Patients under 
the age of 65 years, patients whose files could not be accessed, and 
patients with pathological fractures were excluded.

GNRI was calculated using the formula [1.489 x albumin (g/L)]+ 
[41.7 x (body weight/ideal weight)] (14). While determining the 
ideal weight of the patients, a body mass index of 22 kg/m2 was 
taken (15). An index of >98 was normal; values between 92 and 98 
were determined as low risk and <92 as moderate/severe risk (16).

The neutrophil-to-lymphocyte ratio, albumin, C-reaktif 
protein (CRP) values, and CRP-to-albumin ratio were recorded 
by examining the hemogram and biochemistry tests taken 
routinely at the time of admission to the hospital. The 
Charlson comorbidity index (CCI) and American Society of 
Anaesthesiologists score were calculated manually based on 
preoperative comorbidities and patient records (17). Surgical 
site infection and periprosthetic joint infections that developed 
in the first 90 days were recorded as early complications.

Statistics

Statistical analyzes were performed using SPSS version 25.0 
software. Descriptive data are presented using percentage, mean, 
and standard deviation. The compliance of the variables with 
normal distribution was examined using histogram graphs and 
the Kolmogorov-Smirnov test. The independent group student 

t-test and One-Way ANOVA test were used when evaluating the 
normally distributed (parametric) variables between the groups. 
The chi-square test was used to determine the categorical 
data. Cox regression analysis was performed to determine the 
relationship between mortality and GNRI class. Cases where the 
p value was under 0.05, were accepted as statistically significant.

Results
The study included 1,345 patients with a mean age of 80.27±7.45. 
62.9% of the cases were female; their demographic data are 
shown in Table 1. The 90-day mortality rate of the patients 
examined in the study was 10.6%. In addition, when we look at 
early complications, this rate is 4%. Statistically, although there 
was no significant relationship between early complications and 
the GNRI, it was found to be significant with mortality (Table 2). 
A statistically significant difference was found as a result of cox 
regression analysis for the relationship between mortality and 
GNRI class (p=0.039, Figure 1).

It was observed that the albumin and hemoglobin values of the 
patients included in the study and CCI were significantly lower 
in the 90-day mortality group. Age, CRP values, neutrophil to 
lymphocyte and CRP to albumin ratios were significantly higher 
in the mortality group (Table 3).

In the study, low albumin was found to be statistically 
significant in patients with early complications. CRP, neutrophil 
to lymphocyte ratio, and CRP to albumin ratio were found to be 
statistically significantly higher in the group with complications. 
There was no statistically significant difference between the 
two groups in the hemoglobin values of the patients included 
in the study (Table 4).

Discussion
Nutritional status is essential for mortality in patients with 
various diseases (18-20). Studies examining the mortality rates 
of patients with hip fractures have shown it to be associated 
with malnutrition (21,22). This study found a significant 
relationship between malnutrition and 90-day mortality in the 
geriatric population after hip fracture.

The literature has reported that wound infection is more common 
due to surgical treatment in patients with hypoalbuminemia 
due to malnutrition (21,22). This study found no significant 
relationship between early complications and malnutrition.

Because the neutrophil-to-lymphocyte ratio, CRP, and CRP-to-
albumin ratios indicate inflammatory responses, it is available 
in the literature where it is used to predict complications 
and mortality in various diseases (23-25). The results of this 
study were statistically significant both in the group with 
early complications and in the group with 90-day mortality, 
consistent with the literature.
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Study Limitations

This study has several limitations. First, the study is retrospective. 
Second, the functional status of the patients included in the 
study was not evaluated in the postoperative period. Finally, 
only the GNRI is used to assess malnutrition, and other scoring 
systems are not used. Despite these limitations, this study has the 

Figure 1. Cox regression analysis for the relationship between mortality 
and GNRI class

GNRI: Geriatric nutrition risk index, Cum: Cumulative

Table 4. Comparison of complications and blood values of the 
patients included in the study

No-complicated 
(n=1202)

Complicated 
(n=143)

p

Albumin (g/L) 36.66±4.91 34.09±3.77 <0.001*

Hemoglobin (g/dL) 11.53±1.27 11.34±1.25 0.177*

CRP (mg/dL) 70.13±11.53 75.26±8.88 <0.001*

Neutrophil to 
lymphocyte ratio 4.74±0.75 5.1±1.33 <0.001*

CRP/albumin ratio 19.6±4.84 22.41±4.13 <0.001*

*Student’s t-test, CRP: C-reactive protein

Table 2. Complication and 90-day mortality rates of the patients included in the study
Normal risk 
(n=523)

Low risk (n=442)
Moderate/severe risk 
(n=380)

Total (n=1345) p

Complication n (%) 20 (3.8%) 21 (4.8%) 18 (4.7%) 59 (4.4%) 0.724*

90-day mortality n (%) 39 (7.5%) 40 (9%) 64 (16.8%) 143 (10.6%) <0.001*

* Pearson chi-square test

Table 3. Comparison of 90-day mortality and blood values of 
the patients included in the study

Survived 
(n=1202)

Died 
(n=143)

p

Albumin (g/L) 37.26±4.54 32.33±4.55 <0.001*

Haemoglobin (g/dL) 11.71±1.28 10.53±0.65 <0.001*

CRP (mg/dL) 67.84±10.34 84.74±4.46 <0.001*

Neutrophil to lymphocyte 
ratio 4.58±0.65 5.73±0.87 <0.001*

CRP to albumin ratio 18.5±3.75 27.74±4.11 <0.001*

*Student’s t-test, CRP: C-reactive protein

Table 1. Demographic data of the patients included in the study
Normal risk 
(n=523)

Low risk (n=442)
Moderate/severe risk 
(n=380)

Total (n=1345) p 

Age (years) 79.97±7.33 80.61±7.51 80.27±7.54 80.27±7.45 0.416*

Gender
Female [n (%)] 332 (63.5%) 279 (63.1%) 235 (61.8%) 846 (62.9%) 0.875**

BMI (kg/m2) 25.67±2.41 25.46±2.48 25.13±2.46 25.45±2.45 0.004*

GNRI 102.96±3.54 95.11±1.62 86.79±4.37 95.82±7.36 <0.001*

Length of stay 11.91±5.73 11.99±5.23 12.62±5.51 12.13±5.51 0.124*

CCI 5.89±1.12 5.85±1.15 5.97±1.13 5.9±1.13 0.266*

ASA score [n (%)]
I
II
III
IV

71 (13.6%)
166 (31.7%)
202 (38.6%)
84 (16.1%)

67 (15.2%)
132 (29.9%)
172 (38.9%)
71 (16.1%)

55 (14.5%)
135 (35.5%)
139 (36.6%)
51 (13.4%)

193 (14.3%)
433 (32.2%)
513 (38.1%)
206 (15.3%)

0.663**

Fracture type [n (%)]
Femoral neck
Intertrochanteric

206 (39.6%)
317 (60.6%)

153 (34.6%)
289 (65.4%)

118 (31.1%)
262 (68.9%)

477 (35.5%)
868 (64.5%)

0.032**

Mortality [n (%)]
Releated reason
Unreleated reason

7 (9.1%)
70 (90.9%)

8 (12.9%)
54 (87.1%)

6 (8.5%)
65 (91.5%)

21 (10%)
189 (90%)

0.657**

*One-Way ANOVA test, **Pearson chi-square test, BMI: Body mass index, GNRI: Geriatric nutritional risk index, CCI: Charlson comorbidity index, ASA: American Society of 
Anaesthesiologists
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highest number of patients in the literature. More precise data 
can be obtained using studies with more patients using other 
malnutrition scoring systems to be prospectively conducted in 
the future.

Conclusion
In hip fractures with high mortality in the geriatric age group, 
90-day mortality can be predicted by GNRI score calculated 
using albumin, height, and weight values.

Ethics 

Ethics Committee Approval: The study was approved by the 
local institutional review board (University of Health Sciences 
Turkey, Prof. Dr. Cemil Taşcıoğlu City Hospital; decision number: 
E-48670771-020-212353622, date: 29.03.2023) and performed 
under the ethical standards laid down in the Declaration of Helsinki. 

Informed Consent: All patients provided written informed 
consent before their inclusion in the study. 

Authorship Contributions

Surgical and Medical Practices: M.Y., N.E., T.O.B., M.S.S., A.Y., H.G., 
Concept: M.Y., N.E., T.O.B., M.S.S., A.Y., H.G., Design: M.Y., N.E., 
T.O.B., M.S.S., A.Y., H.G., Data Collection or Processing: M.Y., N.E., 
T.O.B., M.S.S., A.Y., Analysis or Interpretation: M.Y., N.E., T.O.B., 
M.S.S., A.Y., H.G., Literature Search: M.Y., N.E., T.O.B., M.S.S., A.Y., 
H.G., Writing: M.Y., N.E., T.O.B., M.S.S., A.Y., H.G.

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.  Tosun Taşar P, Karaşahin Ö, Ural Karaman E, Serin BN, Urvasızoğlu TB, Akgöl 

Gür ST, Sevinç C. Factors Associated with Mortality in Geriatric Patients 
Presenting to the Emergency Department After Falls. Eur J Geriatric 
Gerontol 2021;3:171-176.

2.  Çakmak G. A Comprehensive Evaluation of the Relationship Between Fall 
Risk and Other Geriatric Syndromes. Eur J Geriatric Gerontol 2022;4:58-63.

3.  Yerli M, İmren Y, Çabuk H, Dedeoğlu SS, Yüce A, Bayraktar TO, Erkurt N, 
Gürbüz H. Is there a difference between traneksamic acid application routes 
in hip hemiarthroplasty?. Eur Res J 2022;8:560-566.

4.  İğde N, Yerli M, Yüce A, Ayaz MB, Gürbüz H. The role of neutrophil-
lymphocyte ratio, platelet-lymphocyte ratio, crp and albumin to predict 
postoperative one-year mortality in patients with hip fractures. Medicine 
Science 2022;11:729-733.

5.  Yerli M, Yüce A, Bayraktar TO, İğde N, Karslıoğlu B, Erkurt N, Ayaz MB, 
Dedeoğlu SS, İmren Y, Gürbüz H. The effects of the choice of the femoral 
head in hip hemiarthroplasty on radiological and clinical outcomes. Arch 
Curr Med Res 2022;3:31-35.

6.  Haentjens P, Magaziner J, Colón-Emeric CS, Vanderschueren D, Milisen K, 
Velkeniers B, Boonen S. Meta-analysis: excess mortality after hip fracture 
among older women and men. Ann Intern Med 2010;152:380-390.

7.  Catikkas NM. Malnutrition and Related Factors in Older Adults. Eur J Geriatr 
Gerontol 2020;2:36-40.

8.  Wong AM, Xu BY, Low LL, Allen JC Jr, Low SG. Impact of malnutrition 
in surgically repaired hip fracture patients admitted for rehabilitation 
in a community hospital: A cohort prospective study. Clin Nutr ESPEN 
2021;44:188-193.

9.  Foss NB, Jensen PS, Kehlet H. Risk factors for insufficient perioperative oral 
nutrition after hip fracture surgery within a multi-modal rehabilitation 
programme. Age Ageing. 2007;36:538-543.

10.  Malafarina V, Reginster JY, Cabrerizo S, Bruyère O, Kanis JA, Martinez 
JA, Zulet MA. Nutritional Status and Nutritional Treatment Are Related 
to Outcomes and Mortality in Older Adults with Hip Fracture. Nutrients 
2018;10:555.

11.  Ji Y, Geng N, Niu Y, Zhao H, Fei W, Chen S, Ren LP. Relationship between 
geriatric nutritional risk index and osteoporosis in type 2 diabetes in 
Northern China. BMC Endocr Disord 2022;22:308.

12.  Sasaki M, Miyoshi N, Fujino S, Ogino T, Takahashi H, Uemura M, Matsuda C, 
Yamamoto H, Mizushima T, Mori M, Doki Y. The Geriatric Nutritional Risk 
Index predicts postoperative complications and prognosis in elderly patients 
with colorectal cancer after curative surgery. Sci Rep 2020;10:10744.

13.  Xu J, Zhou X, Zheng C. The geriatric nutritional risk index independently 
predicts adverse outcomes in patients with pyogenic liver abscess. BMC 
Geriatr. 2019;19:14.

14.  Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent JP, Nicolis I. 
Geriatric nutritional risk index: a new index for evaluating at-risk. Am J Clin 
Nutr 2005;82:777-783.

15.  Kotera A. Geriatric Nutritional Risk Index and Controlling Nutritional Status 
Score can predict postoperative 180-day mortality in hip fracture surgeries. 
JA Clin Rep 2019 Sep 25;5:62.

16. Cereda E, Pusani C, Limonta D, Vanotti A. The ability of the Geriatric 
Nutritional Risk Index to assess the nutritional status and predict the 
outcome of home-care resident elderly: a comparison with the Mini 
Nutritional Assessment. Br J Nutr 2009;102:563-570.

17. Golsorkhtabaramiri M, Mckenzie J, Potter J. Predictability of Neutrophil 
to Lymphocyte Ratio in preoperative elderly hip fracture patients for 
post-operative short-term complications: a retrospective study. BMC 
Musculoskelet Disord 2023;24:227.

18. Funahashi H, Morita D, Iwase T, Asamoto T. Usefulness of nutritional 
assessment using Geriatric Nutritional Risk Index as an independent 
predictor of 30-day mortality after hip fracture surgery. Orthop Traumatol 
Surg Res 2022;108:103327.

19.  Mireille FM, Korkic-Haliovic IK, Bakker MS, Ploeg T, Leeuwen PA, Houdijk AP. 
Preoperative nutrition status and postoperative outcome in elderly general 
surgery patients: a systematic review. J Parenter Enteral Nutr 2013;37:37-43. 

20. Ballmer PE. Causes and mechanisms of hypoalbuminaemia. Clin Nutr 
2001;20:271-273.

21.  Chung AS, Hustedt JW, Walker R, Jones C, Lowe J, Russell GV. Increasing 
Severity of Malnutrition Is Associated With Poorer 30-Day Outcomes in 
Patients Undergoing Hip Fracture Surgery. J Orthop Trauma 2018;32:155-
160.

22. Ryan S, Politzer C, Fletcher A, Bolognesi M, Seyler T. Preoperative 
Hypoalbuminemia Predicts Poor Short-term Outcomes for Hip Fracture 
Surgery. Orthopedics 2018;41:e789-e796.

23.  Yüce A, Yerli M, Erkurt N, Çakar M. The Preoperative Neutrophil-Lymphocyte 
Ratio is an Independent Predictive Factor in Predicting 1-Year Mortality in 
Amputated Diabetic Foot Patients. J Foot Ankle Surg 2023;62:816-819. 

24.  Yüce A, Yerli M, Erkurt N, Gürbüz S, Çakar M, Adaş M. Neutrophil-lymphocyte 
and C reactive proteinalbumin ratios as predictors of re-surgery in adult 
native knee septic arthritis. J Clin Investig Surg 2022;7:191-198.

25. Chen YH, Chou CH, Su HH, Tsai YT, Chiang MH, Kuo YJ, Chen YP. 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.


