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Abstract
Background  This study investigates the association between the geriatric nutritional risk index (GNRI), a readily available 
index measuring the risk of malnutrition, and 30-day postoperative complications following revision total knee arthroplasty 
(rTKA).
Methods  The American College of Surgeons National Surgical Quality Improvement Program database was queried for 
all patients ≥ 65 who underwent rTKA between 2015 and 2021. The study population was divided into three groups based 
on preoperative GNRI: normal/reference (GNRI > 98), moderate malnutrition (92 ≤ GNRI ≤ 98), and severe malnutrition 
(GNRI < 92). Multivariate logistic regression analysis was conducted to investigate the association between preoperative 
GNRI and postoperative complications.
Results  Compared to normal nutrition, moderate malnutrition was independently significantly associated with a greater 
likelihood of experiencing any complication, blood transfusions, surgical site infection (SSI), non-home discharge, read-
mission, length of stay (LOS) > 2 days, and mortality. Severe malnutrition was independently significantly associated with 
a greater likelihood of experiencing any complication, septic shock, pneumonia, unplanned reintubation, cardiac arrest or 
myocardial infarction, stroke, blood transfusions, still on ventilator > 48 h, SSI, wound dehiscence, acute renal failure, non-
home discharge, readmission, unplanned reoperation, LOS > 2 days, and mortality. Severe malnutrition was independently 
significantly associated with a greater number of complications and had a stronger association with complications compared 
to moderate malnutrition.
Conclusion  Malnutrition identified by GNRI has strong predictive value for short-term postoperative complications following 
rTKA in geriatric patients and may have utility as an adjunctive risk stratification tool for geriatric patients undergoing rTKA.
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Introduction

Total knee arthroplasty (TKA) is an effective surgical 
treatment option for patients with debilitating knee osteo-
arthritis (OA) seeking to alleviate pain and improve qual-
ity of life [1, 2]. Osteoarthritis is the most prevalent joint 
disease in the USA, with knee OA accounting for 80% of 
the disease’s total burden [3]. The geriatric population is 
rapidly growing in the USA, resulting in more adults suf-
fering from OA and thus a greater prevalence of TKA [4, 
5]. Revision total knee arthroplasty (rTKA) procedures, 
which are often performed to correct complications fol-
lowing primary TKA, such as prosthetic infections and 
joint loosening, are also increasing as more TKAs are 
being performed [6]. The incidence of both TKA and 
rTKA is expected to rise, with a projected 90% annual 
increase in rTKA compared to a 43% annual increase in 
TKA [7].

With a rising incidence of rTKAs, it has become 
increasingly pertinent to understand patient risk fac-
tors and conditions associated with poorer postoperative 
outcomes. Malnutrition is a well-documented risk fac-
tor in orthopedic joint surgery that has been linked to an 
increased rate of adverse postoperative outcomes, includ-
ing infection, myocardial infarction, increased length of 
hospital stay, readmission, and return visits to the emer-
gency department [8–11].

In the past, serum albumin has been used as a marker 
for malnutrition. However, due to mixed evidence regard-
ing its validity as a proxy for malnutrition, newer risk 
indices such as the geriatric nutritional risk index (GNRI) 
have been developed [12]. GNRI, which assesses the risk 
of malnutrition in geriatric patients, is calculated using 
serum albumin and ideal body weight [13]. Previous litera-
ture has demonstrated that GNRI is a predictor of adverse 
postoperative outcomes following total joint arthroplasty 
(TJA) [14]. However, its utility in assessing the progno-
sis of geriatric patients who undergo rTKA has not been 
studied.

The purpose of this study is to investigate the relationship 
between GNRI and postoperative outcomes following rTKA. 
We hypothesized that there is an increased risk of early post-
operative complications in patients with GNRI indicative of 
malnutrition compared to patients with normal GNRI.

Materials and methods

We queried the American College of Surgeons National 
Surgical Quality Improvement Program (ACS-NSQIP) 
database for all patients who underwent rTKA between 

2015 and 2021. This study was exempt from approval by 
our University’s Institutional Review Board because the 
NSQIP database is fully de-identified. Data in the NSQIP 
database are obtained from over 600 hospitals in the USA, 
are collected by trained Surgical Clinical Reviewers, and 
provide validates 30-day surgical outcomes.

The Current Procedural Terminology (CPT) codes cor-
responding to rTKA (27,486—one component and 27,487—
femoral and entire tibial component) were used to identify 
30,557 patients who underwent rTKA between 2015 and 
2021. NSQIP inherently excludes all cases of patients under 
18 years of age and all cases with primary admission criteria 
related to trauma. Next, 13,038 patients with missing height, 
weight, or preoperative albumin values required to calculate 
GNRI were excluded, leaving 17,519 patients. Next, 7,814 
cases were excluded for missing American Society of Anes-
thesiologists (ASA) classification, unknown discharges des-
tination, functional health status, or age < 65. Next, revisions 
secondary to periprosthetic joint infections were excluded 
because the NSQIP does not provide information related to 
the chronicity of the infection (acute vs. chronic) or the type 
of revision (one- or two-stage procedure). Thus, 296 cases 
with the removal of a prosthesis with or without the inser-
tion of a spacer (CPT code 27,488), sepsis, or septic shock 
at the time of the operation were not included in the study. 
GNRI was then calculated for each patient using the follow-
ing formula, using weight (lb) and albumin (g/L) [14–16]:

WLo is the ideal weight determined by the Lorentz equa-
tion, based on gender and height (cm) [14–16]:

To not miss overweight or obese patients with malnutri-
tion, the ratio of Weight/WLo was capped at 1 if weight 
exceeded WLo [14, 15].

The remaining study population (Fig.  1) was then 
indexed into three cohorts based on their preoperative 
GNRI: normal/reference (GNRI > 98), moderate malnutri-
tion (92 ≤ GNRI ≤ 98), and severe malnutrition (GNRI < 92). 
These GNRI cutoffs were chosen to stratify patients based 
on the severity of malnutrition, while maintaining cohort 
sizes of n > 1000. These cutoffs were have been previously 
validated to correlate with degree of malnutrition based on 
preexisting research on GNRI in TJA [14].

Variables collected in this study included patient demo-
graphics, comorbidities, surgical characteristics, and 
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30-day postoperative complication data. Patient demo-
graphics included gender, body mass index (BMI), age, 
tobacco use, functional status, ASA classification, and 
preoperative steroid use. Steroid use status was defined as 
patients who routinely used immunosuppressants or corti-
costeroids within 30-day pre-procedure. Tobacco use was 
defined as cigarette use at any point within the past year 
before the procedure. Preoperative comorbidities included 
congestive heart failure (CHF), diabetes, hypertension, 
severe chronic obstructive pulmonary disease (COPD), 
bleeding disorders, and disseminated cancer. 30-day com-
plications included the following: sepsis, septic shock, 
pneumonia, unplanned reintubation, urinary tract infec-
tion (UTI), cardiac arrest or myocardial infarction (MI), 
stroke, blood transfusions, deep vein thrombosis (DVT), 
pulmonary embolism (PE), on ventilator > 48 h, surgical 
site infection (SSI), wound dehiscence, acute renal fail-
ure, Clostridioides difficile (C. diff) infection, non-home 
discharge, readmission, unplanned reoperation, length of 
stay (LOS) > 2 days, mortality.

All statistical analyses were conducted using SPSS Soft-
ware version 26.0 (IBM Corp., Armonk, NY, USA). Patient 
demographics and comorbidities were compared between 
cohorts using bivariate logistic regression. Multivariate 
logistic regression, adjusted for all significantly associated 
patient demographics and comorbidities for the respective 
cohort, was used to identify associations between preop-
erative GNRI and postoperative complications. Odds ratios 
(OR) were reported with 95% confidence intervals (CI). The 
level of statistical significance was set at p < 0.05.

Results

Compared to the normal nutrition group, the moderate mal-
nutrition group was statistically significant for older age 
groups, abnormal BMI groups, dependent functional status, 
ASA classification ≥ 3, tobacco use, chronic steroid use, and 
medical comorbidities including, diabetes, hypertension, 
COPD, and bleeding disorders (Table 1). Compared to the 

Fig. 1   Case selection schematic. 
rTKA, Revision total knee 
arthroplasty; NSQIP, National 
surgical quality improvement 
program; ASA, American Soci-
ety of Anesthesiologists
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normal nutrition group, the severe malnutrition group was 
statistically significant for older age groups, dependent func-
tional status, ASA classification ≥ 3, chronic steroid use, and 
medical comorbidities including CHF, diabetes, hyperten-
sion, COPD, bleeding disorders, and disseminated cancer.

Compared to the normal nutrition group, the moder-
ate malnutrition group was significantly associated with 

a greater likelihood of experiencing any complication, as 
well as individual complications including pneumonia, 
blood transfusions, SSI, wound dehiscence, non-home 
discharge, readmission, LOS > 2  days, and mortality 
(Table 2). Compared to the normal nutrition group, the 
severe malnutrition group was significantly associated with 
a greater likelihood of experiencing any complication, as 

Table 1   Patient demographics 
and comorbidities for patients 
with preoperative normal 
GNRI, moderate malnutrition, 
and severe malnutrition

Bold p values indicate statistical significance with p < 0.05
GNRI, Geriatric nutritional risk index; BMI, Body mass index; ASA, American Society of Anesthesiolo-
gists; CHF, Congestive heart failure; COPD, Chronic obstructive pulmonary disease

Normal (GNRI > 98) Moderate malnutrition 
(92 ≤ GNRI ≤ 98)

Severe malnutrition 
(GNRI < 92)

Number (%) Number (%) p value Number (%) p value

Overall 6658 (100.0) 1636 (100.0) 1115 (100.0)
Sex 0.243 0.747
 Female 3850 (57.8) 972 (59.4) 639 (57.3)
 Male 2808 (42.2) 664 (40.6) 476 (42.7)

Age  < 0.001  < 0.001
 65–74 4481 (67.3) 955 (58.4) 554 (49.7)
 75–84 1907 (28.6) 557 (34.0) 402 (36.1)

  ≥ 85 270 (4.1) 124 (7.6) 159 (14.3)
BMI (kg/m^2)  < 0.001 0.413
  < 18.5 19 (0.3) 12 (0.7) 7 (0.6)
 18.5–29.9 2569 (38.6) 551 (33.7) 456 (40.9)
 30–34.9 1979 (29.7) 452 (27.6) 285 (25.6)
 35–39.9 1288 (19.3) 355 (21.7) 185 (16.6)

  ≥ 40 803 (12.1) 266 (16.3) 182 (16.3)
Functional status prior to surgery  < 0.001  < 0.001
 Dependent 191 (2.9) 128 (7.8) 156 (14.0)
 Independent 6467 (97.1) 1508 (92.2) 959 (86.0)

ASA classification  < 0.001  < 0.001
  ≤ 2 2271 (34.1) 387 (23.7) 131 (11.7)
  ≥ 3 4387 (65.9) 1249 (76.3) 984 (88.3)
Tobacco use 0.017 0.300
 No 6364 (95.6) 1541 (94.2) 1,058 (94.9)
 Yes 294 (4.4) 95 (5.8) 57 (5.1)

Steroid use  < 0.001  < 0.001
 No 6357 (95.5) 1526 (93.3) 1m015 (91.0)
 Yes 301 (4.5) 110 (6.7) 100 (9.0)

Comorbidities
 CHF 89 (1.3) 47 (2.9)  < 0.001 75 (6.7)  < 0.001
 Diabetes 1486 (22.3) 419 (25.6) 0.005 309 (27.7)  < 0.001
 Hypertension 4979 (74.8) 1282 (78.4) 0.003 889 (79.7)  < 0.001
 COPD 323 (4.9) 120 (7.3)  < 0.001 113 (10.1)  < 0.001
 Bleeding disorder 253 (3.8) 107 (6.5)  < 0.001 150 (13.5)  < 0.001
 Disseminated cancer 14 (0.2) 7 (0.4) 0.124 26 (2.3)  < 0.001

Total operation time (minutes) 0.817 0.066
 0–79 1291 (19.4) 310 (18.9) 240 (21.5)
 80–128 2049 (30.8) 526 (32.2) 347 (31.1)

  ≥ 129 3318 (49.8) 800 (48.9) 528 (47.4)
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well as individual complications including septic shock, 
pneumonia, unplanned reintubation, cardiac arrest or 
MI, stroke, blood transfusions, on ventilator > 48 h, SSI, 
wound dehiscence, acute renal failure, C. diff infection, 
non-home discharge, readmission, unplanned reoperation, 
LOS > 2 days, and mortality.

Adjust multivariate regression analysis controlling for 
all significant patient demographic and comorbidity factors 
(Table 3) revealed that compared to the normal nutrition 
group, the moderate malnutrition group was independently 
significantly associated with a greater likelihood of experi-
encing any complications, as well as individual complica-
tions including blood transfusions, SSI, non-home discharge, 
readmission, LOS > 2 days, and mortality. Compared to the 
normal nutritional group, the severe malnutrition group was 
independently significantly associated with a greater likeli-
hood of experiencing any complication, as well as individual 
complications including septic shock, pneumonia, unplanned 
reintubation, cardiac arrest or MI, stroke, blood transfusions, 
on ventilator > 48 h, SSI, wound dehiscence, acute renal fail-
ure, non-home discharge, readmission, unplanned reopera-
tion, LOS > 2 days, and mortality.

In general, compared to the normal nutrition group, 
severe malnutrition was independently significantly associ-
ated with a greater number of complications than moderate 
malnutrition. Moreover, for complications independently 
significantly associated with both moderate and severe mal-
nutrition, severe malnutrition was generally found to have 
stronger associations: any complication (OR 1.74 in mod-
erate malnutrition vs. 5.92 in severe malnutrition), blood 
transfusions (OR 2.33 vs. 3.85), SSI (OR 1.74 vs. 2.61), 
non-home discharge (OR 1.82 vs. 2.87), readmission (OR 
1.32 vs. 1.89), LOS > 2 days (OR 1.83 vs. 5.45), and mortal-
ity (OR 2.83 vs. 6.95).

Discussion

In this study, we found that compared to normal nutrition, 
moderate malnutrition was independently significantly asso-
ciated with a greater likelihood of experiencing any com-
plication, blood transfusions, SSI, non-home discharge, 
readmission, LOS > 2 days, and mortality. Severe malnu-
trition was independently significantly associated with a 

Table 2   Bivariate analysis 
of 30-day postoperative 
complications in patients with 
preoperative normal GNRI, 
moderate malnutrition, and 
severe malnutrition

Bold p values indicate statistical significance with p < 0.05
GNRI, Geriatric nutritional risk index; UTI, Urinary tract infection; MI, Myocardial infarction; DVT, Deep 
vein thrombosis; PE, Pulmonary embolism; SSI, Surgical site infection

Normal (GNRI > 98) Moderate malnutrition 
(92 ≤ GNRI ≤ 98)

Severe malnutrition 
(GNRI < 92)

Number (%) Number (%) p value Number (%) p value

Any complication 3,139 (47.1) 1,058 (64.7)  < 0.001 980 (87.9)  < 0.001
Sepsis 27 (0.4) 9 (0.6) 0.427 9 (0.8) 0.073
Septic shock 6 (0.1) 3 (0.2) 0.315 9 (0.8)  < 0.001
Pneumonia 18 (0.3) 11 (0.7) 0.017 24 (2.2)  < 0.001
Unplanned reintubation 15 (0.2) 4 (0.2) 0.884 14 (1.3)  < 0.001
UTI 53 (0.8) 13 (0.8) 0.995 14 (1.3) 0.128
Cardiac arrest or MI 26 (0.4) 10 (0.6) 0.228 19 (1.7)  < 0.001
Stroke 8 (0.1) 1 (0.1) 0.524 8 (0.7)  < 0.001
Blood transfusions 323 (4.9) 208 (12.7)  < 0.001 252 (22.6)  < 0.001
DVT 43 (0.6) 13 (0.8) 0.511 13 (1.2) 0.061
PE 28 (0.4) 9 (0.6) 0.482 6 (0.5) 0.583
On ventilator > 48 h 4 (0.1) 3 (0.2) 0.144 11 (1.0)  < 0.001
SSI 162 (2.4) 76 (4.6)  < 0.001 78 (7.0)  < 0.001
Wound dehiscence 47 (0.7) 4 (0.2) 0.041 21 (1.9)  < 0.001
Acute renal failure 5 (0.1) 1 (0.1) 0.851 6 (0.5)  < 0.001
Clostridioides difficile infection 13 (0.2) 5 (0.3) 0.394 8 (0.7)  < 0.001
Non-home discharge 1,392 (20.9) 606 (37.0)  < 0.001 585 (52.5)  < 0.001
Readmission 341 (5.1) 125 (7.6)  < 0.001 124 (11.1)  < 0.001
Unplanned reoperation 214 (3.2) 54 (3.3) 0.859 57 (5.1) 0.002
Length of stay > 2 days 2,695 (40.5) 965 (59.0)  < 0.001 925 (83.0)  < 0.001
Periprosthetic fracture 24 (0.4) 6 (0.4) 0.97 4 (0.4) 0.993
Mortality 11 (0.2) 12 (0.7)  < 0.001 24 (2.2)  < 0.001
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greater likelihood of experiencing any complication, septic 
shock, pneumonia, unplanned reintubation, cardiac arrest 
or myocardial infarction, stroke, blood transfusions, on ven-
tilator > 48 h, SSI, wound dehiscence, acute renal failure, 
non-home discharge, readmission, unplanned reoperation, 
LOS > 2 days, and mortality. Severe malnutrition was inde-
pendently significantly associated with a greater number of 
complications and had a stronger association with complica-
tions compared to moderate malnutrition.

Malnutrition was recently defined by the European Soci-
ety of Clinical Nutrition and Metabolism as “BMI < 18.5 kg/
m2, or an unintentional weight loss > 10% of initial body 
weight with BMI < 20  kg/m2 if < 70  years of age or 
BMI < 22 kg/m2 if older than 70 years, or fat-free mass 
index < 15 and 17 kg/m2 in women and men, respectively” 
[17]. While this definition has been widely used, there exist 
critics who advocate for the consideration of measures 
reflecting bodily function such as inflammation [18]. It has 
been well established that malnutrition downregulates the 
immune response by suppressing immunologic functions 
such as lymphocyte production and antibody secretion 
[19–21]. These processes may be especially detrimental in 
postoperative patients who need a robust immune response 
to repair wounds, prevent catabolic states, and fight off infec-
tions [22].

Our analysis found that both moderate and severe malnu-
trition were commonly significantly associated with an older 

demographic, dependent functional status, ASA classifica-
tion ≥ 3, steroid use, CHF, diabetes, hypertension, COPD, 
and bleeding disorder. One study investigating the albumin-
to-fibrinogen ratio as a proxy for malnutrition also found 
that diabetes and an ASA classification ≥ 3 were significantly 
associated with malnourished patients [23]. Another study 
reviewing the relationship between hypoalbuminemia and 
TJA found that malnourished patients had significant associ-
ations with dependent functional status, steroid use, tobacco 
use, and multiple comorbidities [24]. Moreover, CHF, bleed-
ing disorders, and metastatic cancer have been documented 
as significantly associated demographics in malnourished 
patients who receive TJA [25]. Thus, our findings support 
preexisting literature showing that malnourished patients 
have a greater number of comorbidities compared to patients 
with normal nutrition.

We found both moderate and severe malnutrition to be 
significantly associated with an increased likelihood of 
experiencing any postoperative complication. The moder-
ate malnutrition group was independently significantly asso-
ciated with blood transfusions, SSI, non-home discharge, 
readmission, LOS > 2 days, and mortality, while the severe 
malnutrition group was independently significantly associ-
ated with septic shock, pneumonia, unplanned reintubation, 
cardiac arrest or MI, stroke, blood transfusions, on venti-
lator > 48 h, SSI, wound dehiscence, acute renal failure, 
non-home discharge, readmission, unplanned reoperation, 

Table 3   Multivariate analysis 
of 30-day postoperative 
complications in patients with 
preoperative normal GNRI, 
moderate malnutrition, and 
severe malnutrition

Dashes represent associations not significant in bivariate analysis and were not included in multivariate 
analysis. Bold p values indicate statistical significance with p < 0.05
GNRI, Geriatric nutritional risk index; OR, Odds ratio; CI, Confidence interval; MI, Myocardial infarction; 
SSI, Surgical site infection

Moderate malnutrition 
(92 ≤ GNRI ≤ 98)

Severe malnutrition (GNRI < 92)

OR, p value (95% CI) OR, p value (95% CI)

Any complication 1.74, < 0.001 (1.55–1.95) 5.92, < 0.001 (4.89–7.17)
Septic shock – 7.62, < 0.001 (2.57–22.61)
Pneumonia 1.69, 0.184 (0.78–3.67) 4.93, < 0.001 (2.53–9.62)
Unplanned reintubation – 3.93, < 0.001 (1.79–8.61)
Cardiac arrest or MI – 3.29, < 0.001 (1.73–6.27)
Stroke 0.51, 0.525 (0.06–4.09) 5.13, 0.003 (1.75–15.00)
Blood transfusions 2.33, < 0.001 (1.92–2.82) 3.85, < 0.001 (3.16–4.68)
On ventilator > 48 h – 5.93, 0.002 (1.89–18.59)
SSI 1.74, < 0.001 (1.31–2.32) 2.61, < 0.001 (1.93–3.52)
Wound dehiscence – 2.39, 0.002 (1.37–4.16)
Acute renal failure – 4.84, 0.021 (1.27–18.53)
Clostridioides difficile infection – 2.08, 0.149 (0.77–5.64)
Non-home discharge 1.82, < 0.001 (1.61–2.06) 2.87, < 0.001 (2.49–3.32)
Readmission 1.32, 0.011 (1.07–1.65) 1.89, < 0.001 (1.49–2.39)
Unplanned reoperation – 1.54, 0.008 (1.12–2.12)
Length of stay > 2 days 1.83, < 0.001 (1.63–2.04) 5.45, < 0.001 (4.60–6.46)
Mortality 2.83, 0.016 (1.22–6.60) 6.95, < 0.001 (3.23–14.93)
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LOS > 2 days, and mortality. Our findings support existing 
literature showing that malnutrition is linked to infections 
and wound complications following rTKA [10, 26]. Our 
findings also concur with the findings from a study of 531 
rTJA patients that found higher 90-day complication and 
re-revision rates in patients with more severe malnutrition 
scores based on GNRI [27]. Furthermore, our results dem-
onstrate that similar to malnourished patients who undergo 
TJA, malnourished patients who undergo rTKA are more 
likely to experience poorer outcomes postoperatively [11, 
26, 28, 29].

As the average age of patients who undergo rTHA 
increases [4], methods for quantifying nutritional status 
must be sufficiently robust to differentiate between nor-
mal changes with age versus changes due to poor nutrition. 
GNRI was developed to quantify the risk of malnutrition in 
older adults as an alternative to hypoalbuminemia and BMI, 
which have been criticized for their one-dimensionality and 
inability to consider the systemic processes related to mal-
nutrition [18]. In our study, only 0.7 and 0.6% of moder-
ately and severely malnourished patients, respectively, had 
BMI < 18.5, showing that the utility of BMI in determin-
ing nutrition status is limited in isolation. However, GNRI 
combines features of body weight and serum albumin, using 
body weight to modulate the degree of albumin discrepancy 
required for malnourished classification. That is, patients 
with ideal body weight require a greater albumin abnormal-
ity to be considered malnourished based on GNRI compared 
to patients with lower than ideal body weight.

While other malnutrition indices such as the mini nutri-
tional assessment (MNA) exist, GNRI has proved to have 
the most clinical utility, demonstrating better sensitivity in 
predicting three- and six-month mortality rates as well as 
better specificity and diagnostic power compared to MNA 
[2, 30, 31]. Furthermore, GNRI is a simple and efficient 
means of diagnosing malnutrition—only requiring height, 
weight, and albumin levels—and has the added benefit of not 
requiring a caregiver to be present [31]. For these reasons, 
the incorporation of GNRI as an adjuvant screening tool for 
malnutrition in geriatric patients undergoing rTKA should 
be considered.

There exist limitations in our study due to the charac-
teristics of the NSQIP database. We were limited to short-
term, 30-day postoperative outcomes, limiting our ability 
to draw conclusions regarding GNRI as a predictor of long-
term adverse outcomes. Additionally, a substantial portion 
of cases were excluded due to missing albumin or weight 
values. Excluded patients likely received less extensive pre-
operative laboratory testing, may be inherently healthier than 
the subset of patients included in this study, and may there-
fore introduce some degree of selection bias. Additionally, 
aseptic rTKA cases were selected by excluding cases for 
which patients had a concurrent diagnosis of sepsis or septic 

shock. However, there may exist patients with PJI second-
ary to a local infection without diagnosis of sepsis or septic 
shock, limiting our ability to fully exclude PJI. Next, while 
there was a significant difference of mortality identified in 
the moderate and severe malnutrition groups, they repre-
sent a low percentage (0.7 and 2.2% vs. 0.2% in the normal 
group). It should be noted that the significant difference in 
mortality may not be reliable given low absolute occurrences 
in both groups. Furthermore, the database does not report 
information related to management, including pre- or post-
operative nutritional supplementation that holds the ability 
to impact outcomes.

Our study contributes to the current findings of malnutri-
tion in orthopedic surgeries, focusing on the growing popu-
lation of older adults undergoing rTKA to better understand 
how to improve patient perioperative and postoperative treat-
ment plans based on their risk factors.

Conclusion

In geriatric patients with GNRI indicative of malnutri-
tion, the overall rate of complication following rTKA was 
found to increase with increasing severity of malnutrition. 
Our results show that GNRI is a strong predictor of early 
postoperative complications for geriatric rTKA patients and 
support its utility as an adjunctive risk stratification tool for 
geriatric patients undergoing rTKA.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by S.H.L., J.B., and R.A.L. The first draft of the manuscript 
was written by S.H.L., R.L, A.B., and B.L., and all authors commented 
on previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding  Open access funding provided by SCELC, Statewide Califor-
nia Electronic Library Consortium. No funds, grants, or other support 
was received.

Data availability  No datasets were generated or analyzed during the 
current study.

Declarations 

Conflicts of interest  The authors have no relevant financial or non-
financial interests to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 



	 European Journal of Orthopaedic Surgery & Traumatology          (2025) 35:213   213   Page 8 of 9

the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Adie S, Harris I, Chuan A, Lewis P, Naylor JM (2019) Selecting 
and optimising patients for total knee arthroplasty. Med J Aust 
210(3):135–141. https://​doi.​org/​10.​5694/​mja2.​12109

	 2.	 Gademan MG, Hofstede SN, Vliet Vlieland TP, Nelissen RG, 
Marang-van de Mheen PJ (2016) Indication criteria for total 
hip or knee arthroplasty in osteoarthritis: a state-of-the-science 
overview. BMC Musculoskelet Disord 17(1):463. https://​doi.​
org/​10.​1186/​s12891-​016-​1325-z

	 3.	 Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, 
Maijanen H, Woods RJ, Lieberman DE (2017) Knee osteoar-
thritis has doubled in prevalence since the mid-20th century. 
Proc Natl Acad Sci U S A 114(35):9332–9336. https://​doi.​org/​
10.​1073/​pnas.​17038​56114

	 4.	 Bashinskaya B, Zimmerman RM, Walcott BP, Antoci V (2012) 
Arthroplasty Utilization in the United States is Predicted by 
Age-Specific Population Groups. ISRN Orthop 2012. https://​
doi.​org/​10.​5402/​2012/​185938

	 5.	 Norman K, Haß U, Pirlich M (2021) Malnutrition in older 
adults—recent advances and remaining challenges. Nutrients 
13(8):2764

	 6.	 Delanois RE, Mistry JB, Gwam CU, Mohamed NS, Choksi US, 
Mont MA (2017) Current epidemiology of revision total knee 
arthroplasty in the United States. J Arthroplasty 32(9):2663–
2668. https://​doi.​org/​10.​1016/j.​arth.​2017.​03.​066

	 7.	 Klug A, Gramlich Y, Rudert M, Drees P, Hoffmann R, Weißen-
berger M, Kutzner KP (2021) The projected volume of primary 
and revision total knee arthroplasty will place an immense bur-
den on future health care systems over the next 30 years. Knee 
Surg Sports Traumatol Arthrosc 29(10):3287–3298. https://​doi.​
org/​10.​1007/​s00167-​020-​06154-7

	 8.	 Kishawi D, Schwarzman G, Mejia A, Hussain AK, Gonzalez 
MH (2020) Low preoperative albumin levels predict adverse 
outcomes after total joint arthroplasty. JBJS 102(10):889–895. 
https://​doi.​org/​10.​2106/​jbjs.​19.​00511

	 9.	 Schwartz AM, Wilson JM, Farley KX, Bradbury TL, Guild GN 
(2020) Concomitant malnutrition and frailty are uncommon, but 
significant risk factors for mortality and complication following 
primary total knee arthroplasty. J Arthroplasty 35(10):2878–
2885. https://​doi.​org/​10.​1016/j.​arth.​2020.​05.​062

	10.	 Gu A, Malahias M-A, Strigelli V, Nocon AA, Sculco TP, Sculco 
PK (2019) Preoperative malnutrition negatively correlates with 
postoperative wound complications and infection after total 
joint arthroplasty: a systematic review and meta-analysis. J 
Arthroplasty 34(5):1013–1024. https://​doi.​org/​10.​1016/j.​arth.​
2019.​01.​005

	11.	 Black CS, Goltz DE, Ryan SP, Fletcher AN, Wellman SS, 
Bolognesi MP, Seyler TM (2019) The role of malnutrition in 
ninety-day outcomes after total joint arthroplasty. J Arthroplasty 
34(11):2594–2600. https://​doi.​org/​10.​1016/j.​arth.​2019.​05.​060

	12.	 Evans DC, Corkins MR, Malone A, Miller S, Mogensen KM, 
Guenter P, Jensen GL, Committee AM (2021) The use of vis-
ceral proteins as nutrition markers: an ASPEN position paper. 
Nutr Clin Pract 36(1):22–28. https://​doi.​org/​10.​1002/​ncp.​10588

	13.	 Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent 
J-P, Nicolis I, Benazeth S, Cynober L, Aussel C (2005) Geri-
atric Nutritional Risk Index: a new index for evaluating at-risk 

elderly medical patients2. Am J Clin Nutr 82(4):777–783. 
https://​doi.​org/​10.​1093/​ajcn/​82.4.​777

	14.	 Fang CJ, Saadat GH, Butler BA, Bokhari F (2022) The geriatric 
nutritional risk index is an independent predictor of adverse 
outcomes for total joint arthroplasty patients. J Arthroplasty 
37(8s):S836-s841. https://​doi.​org/​10.​1016/j.​arth.​2022.​01.​049

	15.	 Jia Z, El Moheb M, Nordestgaard A, Lee JM, Meier K, Kong-
kaewpaisan N, Han K, El Hechi MW, Mendoza A, King D, 
Fagenholz P, Saillant N, Rosenthal M, Velmahos G, Kaafarani 
HMA (2020) The Geriatric Nutritional Risk Index is a powerful 
predictor of adverse outcome in the elderly emergency surgery 
patient. J Trauma Acute Care Surg 89(2):397–404. https://​doi.​
org/​10.​1097/​TA.​00000​00000​002741

	16.	 Bouillanne O, Morineau G, Dupont C, Coulombel I, Vincent 
JP, Nicolis I, Benazeth S, Cynober L, Aussel C (2005) Geriat-
ric Nutritional Risk Index: a new index for evaluating at-risk 
elderly medical patients. Am J Clin Nutr 82(4):777–783. https://​
doi.​org/​10.​1093/​ajcn/​82.4.​777

	17.	 Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum 
A, Klek S, Muscaritoli M, Nyulasi I, Ockenga J, Schneider 
SM, de van der Schueren MA (2015) Diagnostic criteria for 
malnutrition–an ESPEN consensus statement. Clin Nutrition 
34(3):335–340. https://​doi.​org/​10.​1016/j.​clnu.​2015.​03.​001

	18.	 Soeters P, Bozzetti F, Cynober L, Forbes A, Shenkin A, Sobotka 
L (2017) Defining malnutrition: a plea to rethink. Clin Nutr 
36(3):896–901. https://​doi.​org/​10.​1016/j.​clnu.​2016.​09.​032

	19.	 Chandra RK (2002) Nutrition and the immune system from birth 
to old age. Eur J Clin Nutr 56(Suppl 3):S73-76. https://​doi.​org/​
10.​1038/​sj.​ejcn.​16014​92

	20.	 Bourke CD, Berkley JA, Prendergast AJ (2016) Immune dys-
function as a cause and consequence of malnutrition. Trends 
Immunol 37(6):386–398. https://​doi.​org/​10.​1016/j.​it.​2016.​04.​
003

	21.	 Childs CE, Calder PC, Miles EA (2019) Diet and immune func-
tion. Nutrients 11(8):1933

	22.	 Gillis C, Wischmeyer PE (2019) Pre-operative nutrition and 
the elective surgical patient: why, how and what? Anaesthesia 
74(Suppl 1):27–35. https://​doi.​org/​10.​1111/​anae.​14506

	23.	 Maimaiti Z, Xu C, Fu J, Tianyu Li W, Chai W, Zhou Y, Chen 
J (2021) A Novel biomarker to screen for malnutrition: albu-
min/fibrinogen ratio predicts septic failure and acute infection 
in patients who underwent revision total joint arthroplasty. J 
Arthroplasty 36(9):3282–3288. https://​doi.​org/​10.​1016/j.​arth.​
2021.​04.​027

	24.	 Fryhofer GW, Sloan M, Sheth NP (2019) Hypoalbuminemia 
remains an independent predictor of complications following 
total joint arthroplasty. J Orthop 16(6):552–558. https://​doi.​org/​
10.​1016/j.​jor.​2019.​04.​019

	25.	 Bala A, Ivanov DV, Huddleston JI, Goodman SB, Maloney WJ, 
Amanatullah DF (2020) The cost of malnutrition in total joint 
arthroplasty. J Arthroplasty 35(4):926-932.e921. https://​doi.​org/​
10.​1016/j.​arth.​2019.​11.​018

	26.	 Blevins K, Aalirezaie A, Shohat N, Parvizi J (2018) Malnutri-
tion and the development of periprosthetic joint infection in 
patients undergoing primary elective total joint arthroplasty. J 
Arthroplasty 33(9):2971–2975. https://​doi.​org/​10.​1016/j.​arth.​
2018.​04.​027

	27.	 Oakley CT, Konopka JA, Rajahraman V, Barzideh OS, Mef-
tah M, Schwarzkopf R (2023) Does the geriatric nutritional 
risk index predict complication rates and implant survivorship 
in revision total joint arthroplasty? Arch Orthop Trauma Surg 
143(12):7205–7212

	28.	 Huang R, Greenky M, Kerr GJ, Austin MS, Parvizi J (2013) 
The effect of malnutrition on patients undergoing elective joint 
arthroplasty. J Arthroplasty 28(8):21–24. https://​doi.​org/​10.​
1016/j.​arth.​2013.​05.​038

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5694/mja2.12109
https://doi.org/10.1186/s12891-016-1325-z
https://doi.org/10.1186/s12891-016-1325-z
https://doi.org/10.1073/pnas.1703856114
https://doi.org/10.1073/pnas.1703856114
https://doi.org/10.5402/2012/185938
https://doi.org/10.5402/2012/185938
https://doi.org/10.1016/j.arth.2017.03.066
https://doi.org/10.1007/s00167-020-06154-7
https://doi.org/10.1007/s00167-020-06154-7
https://doi.org/10.2106/jbjs.19.00511
https://doi.org/10.1016/j.arth.2020.05.062
https://doi.org/10.1016/j.arth.2019.01.005
https://doi.org/10.1016/j.arth.2019.01.005
https://doi.org/10.1016/j.arth.2019.05.060
https://doi.org/10.1002/ncp.10588
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/j.arth.2022.01.049
https://doi.org/10.1097/TA.0000000000002741
https://doi.org/10.1097/TA.0000000000002741
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/j.clnu.2015.03.001
https://doi.org/10.1016/j.clnu.2016.09.032
https://doi.org/10.1038/sj.ejcn.1601492
https://doi.org/10.1038/sj.ejcn.1601492
https://doi.org/10.1016/j.it.2016.04.003
https://doi.org/10.1016/j.it.2016.04.003
https://doi.org/10.1111/anae.14506
https://doi.org/10.1016/j.arth.2021.04.027
https://doi.org/10.1016/j.arth.2021.04.027
https://doi.org/10.1016/j.jor.2019.04.019
https://doi.org/10.1016/j.jor.2019.04.019
https://doi.org/10.1016/j.arth.2019.11.018
https://doi.org/10.1016/j.arth.2019.11.018
https://doi.org/10.1016/j.arth.2018.04.027
https://doi.org/10.1016/j.arth.2018.04.027
https://doi.org/10.1016/j.arth.2013.05.038
https://doi.org/10.1016/j.arth.2013.05.038


European Journal of Orthopaedic Surgery & Traumatology          (2025) 35:213 	 Page 9 of 9    213 

	29.	 Nanri Y, Shibuya M, Fukushima K, Uchiyama K, Takahira N, 
Takaso M (2021) Preoperative malnutrition is a risk factor for 
delayed recovery of mobilization after total hip arthroplasty. Pm 
r 13(12):1331–1339. https://​doi.​org/​10.​1002/​pmrj.​12570

	30.	 Abd Aziz NAS, Mohd Fahmi Teng NI, Kamarul Zaman M 
(2019) Geriatric nutrition risk index is comparable to the mini 
nutritional assessment for assessing nutritional status in elderly 
hospitalized patients. Clin Nutrition ESPEN 29:77–85. https://​
doi.​org/​10.​1016/j.​clnesp.​2018.​12.​002

	31.	 Abd-El-Gawad WM, Abou-Hashem RM, El Maraghy MO, 
Amin GE (2014) The validity of Geriatric nutrition risk index: 

simple tool for prediction of nutritional-related complication of 
hospitalized elderly patients. Comparison with Mini nutritional 
assessment. Clin Nutrition 33(6):1108–1116. https://​doi.​org/​10.​
1016/j.​clnu.​2013.​12.​005

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/pmrj.12570
https://doi.org/10.1016/j.clnesp.2018.12.002
https://doi.org/10.1016/j.clnesp.2018.12.002
https://doi.org/10.1016/j.clnu.2013.12.005
https://doi.org/10.1016/j.clnu.2013.12.005

	Increasingly severe malnutrition according to the geriatric nutritional risk index is associated with a greater risk of postoperative adverse events
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References


