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Introduction Distal radius fractures (DRFs) are increasingly managed surgically 
among fragility fractures due to prolonged life expectancy and surgical advancements. 
Yet, malnutrition can impact postoperative outcomes and complications. We sought 
to determine the impact of malnutrition on open reduction and internal fixation (ORIF) 
of DRFs during the perioperative and 30-day postoperative periods.
Materials and Methods Using the National Surgical Quality Improvement Program 
database, all patients who underwent ORIF of a DRF between January 1, 2008, and 
December 31, 2016, were identified and stratified by preoperative serum albumin lev-
els: normal (≥3.5 g/dL; n = 2,546) or hypoalbuminemia (<3.5 g/dL; n = 439). Demo-
graphical and perioperative data were compared. Operative complications were strat-
ified into major and minor complications, and data were analyzed using descriptive 
statistics and multivariate regression models.
Results Compared with patients with normal levels, a higher proportion of hypoal-
buminemia patients had ASA scores > 3 (9.1 vs. 2%) and a longer mean length of stay 
(3.16 vs. 0.83 days). Hypoalbuminemia patients also had 625% greater odds for devel-
oping major complications during the 30-day postoperative period (odds ratio = 7.25; 
95% confidence interval: 1.91–27.49).
Conclusion Malnutrition significantly affected outcomes and complications of distal 
radius ORIF. This study highlights the importance of prevention and treatment of mal-
nutrition in the setting of fragility fractures.
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Introduction
Distal radius fractures (DRFs) are among the most commonly 
treated fragility fractures, accounting for nearly 50% of all 
fractures encountered in the primary care setting.1 The risk of 
sustaining a DRF increases with advancing age and female sex 
secondary to osteoporosis.2 DRFs have a substantial socioeco-
nomic impact, with more than 85,000 Medicare beneficiaries 

sustaining a DRF annually. These injuries can significantly 
increase patient morbidity and severely limit activities of 
daily living.3 While DRFs have historically been treated non-
operatively in elderly patients, increased life expectancy and 
advancements in surgical techniques have made surgical 
fixation an increasingly used alternative in these patients.4 
This is especially true in the short-term postoperative period 
for patients with unstable fracture patterns, where open 
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reduction internal fixation (ORIF) has been shown to achieve 
better radiographic outcomes and wrist range of motion than 
nonoperative treatment.4,5

Malnutrition has been implicated in multiple facets of 
orthopaedic care.6-8 It is defined as serum total lymphocyte 
count < 1,500 cells/mm3 and serum albumin concentration 
< 3.5 g/dL, as well as other biomarkers using standardized 
screening tools.9 Albumin, the most abundant plasma pro-
tein, is commonly used as a marker for nutritional status due 
to its established inverse relationship in regard to albumin 
level and mortality, complications, and length of hospital 
stay.10-14 The incidence of malnutrition in patients with hip 
fractures has been reported to be up to 88%.15-18 Malnutrition 
is associated with a wide range of complications in surgical 
patients, such as increased length of stay (LOS), increased 
ventilator time, postoperative infections, and hospital read-
missions.8,19,20 Total hip arthroplasty patients with low serum 
albumin levels have an increased 1-year mortality,15 whereas 
preoperative hypoalbuminemia (<3.5 g/dL) is an independent 
risk factor for an increased LOS and sustaining a postoper-
ative 30-day complication following adult spinal deformity 
surgery21 and posterior cervical spinal fusion.7 Moreover, the 
frequency of fragility fractures of the distal radius in elderly 
patients with reduced bone mineral density (BMD) empha-
sizes the importance of this topic, as hypoalbuminemia and 
reduced BMD have been implicated in predisposing patients 
to fragility fractures such as DRFs, as well as potential adverse 
postoperative sequelae.22

The purpose of this study was to determine the effects of 
malnutrition on ORIF of DRFs during the perioperative and 
30-day postoperative periods. The specific aims of the study 
were to evaluate (1) patient demographics, (2) perioperative 
factors, and (3) 30-day postoperative complications in the 
setting of hypoalbuminemia.

Materials and Methods
Database
The American College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP) database was queried 
to determine the effects of malnutrition on the outcomes 
of DRFs treated with an ORIF. The ACS NSQIP is a validated, 
prospectively collected database that consists of deidentified 
perioperative clinical data of surgical patients from more 
than 600 institutions in the United States.23-27 At the partic-
ipating hospitals, ACS-trained clinical reviewers collect and 
maintain data during the preoperative and perioperative 
periods using operative reports, medical charts, and patient 
interviews. The data include patient demographics, med-
ical comorbidities, and laboratory and intraoperative data 
including the Current Procedural Terminology (CPT) codes 
for the surgical procedures and the International Classifica-
tion of Disease, 9th and/or 10th Revision, diagnosis codes 
for the surgical diagnosis. It additionally includes data up to 
30 days postoperatively, which consists of discharge dispo-
sitions, readmissions, reoperations, and mortality.24,28 In this 
database, complications are classified as either major (death; 
intracranial, cardiac, pulmonary, or renal complication; 

symptomatic venous thromboembolism; any surgical site 
infection; sepsis; or reoperation) or minor (superficial sur-
gical site infection, urinary tract infection, pneumonia, or 
others).29 Due to the deidentified nature of the dataset, this 
study was exempted from review by our Institutional Review 
Board.

Patient Population
All patients who underwent an ORIF of a DRF between 
 January 1, 2008, and December 31, 2016, in the NSQIP data-
base were queried using CPT codes 25607, 25608, and 25609. 
Only patients who had preoperative serum albumin levels 
were included (n = 2,985). Patients were stratified into two 
groups for statistical analysis: (1) normal serum albumin 
level group (≥ 3.5 g/dL; n = 2,546) and (2) hypoalbuminemia 
group (< 3.5 g/dL; n = 439).

Demographics and Perioperative Data
The demographics analyzed included age, sex, body mass 
index (BMI), which was calculated from height and weight 
variables, and race (white versus nonwhite). A modified 
Charlson comorbidity index score,30 which has demonstrated 
similar efficacy to the original score,31,32 was calculated 
with comorbidities assigned the following points: chronic 
obstructive pulmonary disease (COPD) (1 point), congestive 
heart failure (CHF) (1 point), renal failure and/or end-stage 
renal disease (2 points), on a ventilator (2 points), ascites 
(3 points), and disseminated cancer (6 points). The modified 
Charlson comorbidity index scores were reported as 0, 1, or 
≥2 points. The American Society of Anesthesiologists (ASA) 
scores were categorized as ≤3 or >3, and the type of anes-
thesia was reported as general or nongeneral. Wound classi-
fication indicating clean, clean/contaminated, contaminated, 
or dirty/infected wounds was collected. Additionally, data 
regarding the hospital LOS were collected.

Postoperative Complications
The postoperative complications were stratified into major 
and minor complications.33,34 The major complications 
included stroke, pulmonary embolism, cardiac arrest, myo-
cardial infarction, acute renal failure, unplanned reintu-
bation, sepsis, and septic shock. The minor complications 
included superficial surgical site infection, deep surgical site 
infection, organ space infection, pneumonia, urinary tract 
infection, renal insufficiency, deep vein thrombosis, wound 
dehiscence, and need for blood transfusion.

Statistical Methods
The data analysis was performed using SPSS version 24.0 
(IBM Corp., Armonk, New York, United States). Descriptive 
statistics were performed for the study variables, chi-square 
or Fisher’s exact test were used for categorical variables, and 
Student’s t-tests were used for continuous variables. Multi-
variate logistic regression models were developed to control 
for variables with p < 0.05 in the univariate testing phase to 
evaluate the effect of individual risk factors including hypo-
albuminemia on the incidence of 30-day major and minor 
postoperative complications.
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Table 1  Comparison of demographic parameters and baseline comorbidities between patients undergoing ORIF for distal radius 
fracture with normal albumin or hypoalbuminemia

Parameter Normal albumin Hypoalbuminemia p-Value

Age (years) 62 67 <0.001

Sex

 Female 77.6% 83.8% 0.004

 Male 22.9% 16.7%

Body mass index (kg/m2) 28.67 28.92 0.496

Race

 White 91.5% 92.9% 0.373

 Nonwhite 8.5% 7.1%

Charlson score

 ≤3 99.4% 98.6% 0.122

 >3 0.6% 1.4%

Comorbidities

Chronic obstructive 
 pulmonary disorder

5.1% 16.9% <0.001

 Ascites 0% 0.7% 0.003

 Congestive heart failure 0.4% 1.6% 0.007

 Renal failure 0% 0.2% 0.273

 Disseminated cancer 0.6% 0.9% 0.522

 Ventilator 0% 0.5% 0.022

 Hypertension 47.7% 63.3% <0.001

 Dialysis 0.4% 1.6% 0.005

 Steroid use 3.3% 7.3% <0.001

 Weight loss 0.3% 0.9% 0.087

 Bleeding disorder 4.1% 9.1% <0.001

 Preoperative transfusion 0.1% 1.1% 0.003

 Sepsis 1.7% 1.8% 0.892

 Smoker 19.1% 24.8% 0.006

 Dyspnea 4.8% 9.8% <0.001

 Diabetes 13.7% 20.0% 0.001

Abbreviation: ORIF, open reduction internal fixation.

Results
Demographics and Preoperative Comorbidities
Patients in the hypoalbuminemia group were older (67 vs. 
62 years; p < 0.001) and of the female sex (83.8 vs. 77.6%; 
p = 0.004). There were no significant differences in terms of 
BMI, race, or modified Charlson scores between study groups. 
Patients in the hypoalbuminemia group were significantly 
more likely to have diabetes mellitus, COPD, hypertension, ven-
tilator dependence, dialysis, preoperative steroid use, bleeding 
disorders, preoperative blood transfusion requirement, smok-
ing, dyspnea, ascites, and CHF (►Table 1).

Perioperative Factors
The hypoalbuminemia group had more patients with ASA 
scores > 3 (9.1 vs. 2%; p < 0.001) and a longer mean LOS (3.16 vs. 
0.83 days; p = 0.007) (►Table 2). There were no significant dif-
ferences between the two groups in terms of anesthesia type or 
wound class.

Postoperative Complications
Regression analysis revealed that patients with hypoalbu-
minemia had a 625% greater odds for developing a major 
complication (odds ratio [OR] = 7.25; 95% confidence interval 
[CI]: 1.91–27.49; p = 0.004) during the 30-day postoperative 
period. The odds of developing a minor complication was 
higher in the hypoalbuminemia group compared with the 
normal albumin group, but this was not statistically signif-
icant (OR = 1.73; 95% CI: 0.89–3.33; p = 0.105).

Discussion
DRFs are among the most commonly treated fragility frac-
tures in orthopaedics. Studies have shown that 40 to 55% of 
hospitalized patients are malnourished or at risk of malnu-
trition.35 Malnutrition has been associated with poor out-
comes in surgical patients, as seen in Radman et al’s study36 
and other studies in the orthopaedic literature.37-39 This study 
aimed to analyze the effects of malnutrition on postoperative 
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Table 3  List of published articles reporting the impact of hypoalbuminemia on hand-related postsurgical outcomes

Study Journal Year Condition/procedure Albumin cutoff Outcome

Wilson et al51 Journal of Hand 
Surgery

2019 ORIF of DRF 3.5 g/dL Hypoalbuminemia positively correlat-
ed with postsurgical complications, 
length of stay, readmission, and 
mortality

Luchetti et al52 Hand 2019 Hand surgery 3.5 g/dL Hypoalbuminemia positively correlat-
ed with postoperative morbidity and 
mortality

Our study ORIF of DRF 3.5 g/dL Patients with hypoalbuminemia had 
higher ASA scores, longer mean 
length of stay, and greater odds for 
developing major complications dur-
ing the 30-day postoperative period

Abbreviations: ASA, American Society of Anesthesiologists; DRF, distal radius fracture; ORIF, open reduction internal fixation.
Note: PubMed was queried using the search syntax “malnutrition” and “hypoalbuminemia” and “Hand.”

Table 2  Comparison of perioperative parameters between patients undergoing ORIF for distal radius fracture with normal 
 albumin or hypoalbuminemia

Parameter Normal albumin Hypoalbuminemia p-Value

ASA score

 ≤3 98.0% 90.9%
<0.001

 >3 2.0% 9.1%

Anesthesia

 General 83.1% 80.9%
0.260

 Nongeneral 16.9%  

Wound class

 Clean 95.4% 96.1%

0.724
 Clean/contaminated 2.1% 2.3%

 Contaminated 1.8% 1.1%

 Dirty/infected 0.7% 0.5%

Length of stay (days) 0.75 3.2 0.006

Abbreviations: ASA, American Society of Anesthesiologists; ORIF, open reduction internal fixation.

outcomes in patients who underwent an ORIF of a DRF. 
Patients with hypoalbuminemia are more likely to be older 
and females when compared with patients with normal 
serum albumin levels. Our results partially corroborate find-
ings of a previous study, which, despite identifying compa-
rable serum albumin levels between males and females on 
peritoneal dialysis, showed a significantly higher impact of 
hypoalbuminemia in the latter group.40 This condition was 
associated with a longer LOS and increased postoperative 
complication rates.

There are several limitations of this study worth acknowl-
edging. First, the study used a large national database, which 
is subject to potential data collection and entry errors. How-
ever, the quality of the data has been previously assessed and 
found to have low interrater disagreement.41 Second, serum 
albumin was the parameter used to define malnutrition. 
Other studies have used other biomarkers such as total lym-
phocyte count and transferrin levels to define malnutrition. 
Another limitation was related to the patient population. 
Because our inclusion criteria for this study encompasses 
patients who underwent ORIF after sustaining a DRF in our 

study period, this patient population may not necessarily be 
limited to only a DRF injury alone. Polytrauma patients were 
not specifically excluded, which could potentially impact 
their LOS as well as their preoperative nutritional status. In 
addition, the follow-up was limited to 30 days postopera-
tively, which is inherent by using this database.

Although there is a lack of studies assessing malnutrition 
in DRF patients (►Table  3), malnutrition has been impli-
cated similarly in hip fracture and total hip arthroplasty 
patients. O’Daly et al15 found that total hip arthroplasty 
patients with low albumin tended to be older than patients 
with normal albumin. Similar to the findings of this study, 
Lee et al42 found that patients with a hip fracture/disloca-
tion and concomitant malnutrition were more than twice 
as likely to develop a complication such as venous throm-
boembolism or infection and be readmitted as patients 
with normal nutritional status. Basic science studies have 
demonstrated that protein malnutrition can have detri-
mental effects on bone healing.43 Preoperative correction of 
nutritional status may help lead to less complications and 
better fracture healing.
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Despite the current evidence suggesting that low serum 
albumin is associated with poorer outcomes,44-46 it may not 
be the most reliable predictor of malnutrition. For instance, 
Nakano et al47 point out that serum albumin levels may vary 
depending on the assay used to measure them, with the BCG 
(bromocresol green) assay possibly overestimating serum albu-
min levels. In a randomized control trial, Myint et al48 could not 
demonstrate rehabilitation benefits of oral nutritional supple-
mentation for elderly hip fracture patients. Furthermore, they 
did not observe a rate of change in the serum albumin level 
between the supplementation and control groups. However, 
the authors found clinical and nutritional benefits in the sup-
plementation group, highlighting a possible benefit to testing 
for and correcting malnutrition in fracture patients.

Perhaps, the most effective method of treating fragility 
fractures such as DRFs is prevention. Targeting modifiable risk 
factors for preventing or delaying reduction in bone quality 
is a useful approach. Calcium and vitamin D are the first-line 
supplementation for at-risk individuals as well as individuals 
with dietary deficiencies. Protein consumption has also been 
evaluated in increasing bone strength; Langsetmo et al49 
showed a positive association between dairy protein intake 
and skeletal health. Regular exercise involving resistance 
training and high-impact exercises employed early and often 
can contribute to elevated peak bone mass throughout life.50

DRFs are a common injury pattern in the elderly with 
increasing annual incidence. Malnutrition, defined in this 
study as hypoalbuminemia, is frequently observed in elderly 
patients who sustained a DRF. In patients who undergo ORIF 
of their DRF, malnutrition can be associated with increased 
complications postoperatively and a longer LOS in the 30-day 
postoperative period when compared with patients with 
normal albumin levels. This study highlights the importance 
of prevention and treatment of malnutrition in the setting of 
fragility fractures. The effect of malnutrition should be con-
sidered during the decision and counseling of patients for the 
surgical management of DRFs.

Conflict of Interest
S.M.K. is a committee member of the American Society for 
Surgery of the Hand. M.C. reports stock ownership with 
Johnson & Johnson, Roche, Sanofi-Aventis, and Shire, out-
side the submitted work. All the other authors report no 
conflict of interest.

References

1 MacIntyre NJ, Dewan N. Epidemiology of distal radius frac-
tures and factors predicting risk and prognosis. J Hand Ther 
2016;29(2):136–145

2 Holroyd C, Harvey N, Dennison E, Cooper C. Epigenetic influ-
ences in the developmental origins of osteoporosis. Osteopo-
ros Int 2012;23(2):401–410

3 Shauver MJ, Yin H, Banerjee M, Chung KC. Current and future 
national costs to medicare for the treatment of distal radius 
fracture in the elderly. J Hand Surg Am 2011;36(8):1282–1287

4 Arora R, Gabl M, Erhart S, Schmidle G, Dallapozza C, Lutz 
M. Aspects of current management of distal radius frac-
tures in the elderly individuals. Geriatr Orthop Surg Rehabil 
2011;2(5-6):187–194

5 Egol KA, Walsh M, Romo-Cardoso S. Dorsky S, Paksima 
N. Distal radial fractures in the elderly: operative com-
pared with nonoperative treatment. J Bone Joint Surg Am 
2010;92(9):1851–1857

6 Kamath AF, McAuliffe CL, Kosseim LM, Pio F, Hume E. Mal-
nutrition in joint arthroplasty: prospective study indi-
cates risk of unplanned ICU admission. Arch Bone Jt Surg 
2016;4(2):128–131

7 Lee NJ, Kothari P, Kim JS, et al. Nutritional status as an adjunct 
risk factor for early postoperative complications following 
posterior cervical fusion. Spine 2017;42(18):1367–1374

8 Nelson CL, Elkassabany NM, Kamath AF, Liu J. Low albumin lev-
els, more than morbid obesity, are associated with complica-
tions after TKA. Clin Orthop Relat Res 2015;473(10):3163–3172

9 Cross MB, Yi PH, Thomas CF, Garcia J, Della Valle CJ. Evaluation 
of malnutrition in orthopaedic surgery. J Am Acad Orthop Surg 
2014;22(3):193–199

10 Cabrerizo S, Cuadras D, Gomez-Busto F, Artaza-Artabe I, 
Marín-Ciancas F, Malafarina V. Serum albumin and health 
in older people: review and meta analysis. Maturitas 
2015;81(1):17–27

11 Caironi P, Langer T, Gattinoni L. Albumin in critically ill patients: 
the ideal colloid? Curr Opin Crit Care 2015;21(4):302–308

12 Vincent J-L, Dubois M-J, Navickis RJ, Wilkes MM. Hypoalbu-
minemia in acute illness: is there a rationale for intervention? 
A meta-analysis of cohort studies and controlled trials. Ann 
Surg 2003;237(3):319–334

13 Sullivan DH, Sun S, Walls RC. Protein-energy undernutrition 
among elderly hospitalized patients: a prospective study. 
JAMA 1999;281(21):2013–2019

14 Seiler WO. Clinical pictures of malnutrition in ill elderly sub-
jects. Nutrition 2001;17(6):496–498

15 O’Daly BJ, Walsh JC, Quinlan JF, et al. Serum albumin and total 
lymphocyte count as predictors of outcome in hip fractures. 
Clin Nutr 2010;29(1):89–93

16 Patterson BM, Cornell CN, Carbone B, Levine B,  Chapman D. 
Protein depletion and metabolic stress in elderly patients 
who have a fracture of the hip. J Bone Joint Surg Am 
1992;74(2):251–260

17 Hanger HC, Smart EJ, Merrilees MJ, Frampton CM. The preva-
lence of malnutrition in elderly hip fracture patients. N Z Med 
J 1999;112(1084):88–90

18 Nicholson JA, Dowrick AS, Liew SM. Nutritional status and 
short-term outcome of hip arthroplasty. J Orthop Surg (Hong 
Kong) 2012;20(3):331–335

19 Bohl DD, Shen MR, Kayupov E, Cvetanovich GL, Della Valle CJ. 
Is hypoalbuminemia associated with septic failure and acute 
infection after revision total joint arthroplasty? A study of 
4517 patients from the National Surgical Quality Improve-
ment Program. J Arthroplasty 2016;31(5):963–967

20 Dietch ZC, Guidry CA, Davies SW, Sawyer RG. Hypoalbu-
minemia is disproportionately associated with adverse out-
comes in obese elective surgical patients. Surg Obes Relat Dis 
2015;11(4):912–918

21 Phan K, Kim JS, Xu J, et al. Nutritional insufficiency as a pre-
dictor for adverse outcomes in adult spinal deformity surgery. 
Global Spine J 2018;8(2):164–171

22 Afshinnia F, Wong KK, Sundaram B, Ackermann RJ, Pennathur 
S. Hypoalbuminemia and osteoporosis: reappraisal of a con-
troversy. J Clin Endocrinol Metab 2016;101(1):167–175

23 American College of Surgeons. National Surgical Quality 
Improvement Program. Participant use data file

24 Khuri SF, Daley J, Henderson W, et al. National VA Surgical 
Quality Improvement Program. The Department of Veterans 
Affairs’ NSQIP: the first national, validated, outcome-based, 
risk-adjusted, and peer-controlled program for the measure-
ment and enhancement of the quality of surgical care. Ann 
Surg 1998;228(4):491–507

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



S38

Journal of Hand and Microsurgery   Vol. 12   Suppl. S1/2020

Impact of Malnutrition following Surgical Fixation of Distal Radius Fractures Newman et al.

25 Hall BL, Hamilton BH, Richards K, Bilimoria KY, Cohen ME, 
Ko CY. Does surgical quality improve in the American Col-
lege of Surgeons National Surgical Quality Improvement Pro-
gram: an evaluation of all participating hospitals. Ann Surg 
2009;250(3):363–376

26 Shiloach M, Frencher SK Jr, Steeger JE, et al. Toward robust 
information: data quality and inter-rater reliability in the 
American College of Surgeons National Surgical Quality 
Improvement Program. J Am Coll Surg 2010;210(1):6–16

27 Bovonratwet P, Malpani R, Ottesen TD, et al. Aseptic revision 
total hip arthroplasty in the elderly: quantifying the risks for 
patients over 80 years old. Bone Joint J 2018;100-B(2):143–151

28 Curtis GL, Newman JM, George J, Klika AK, Barsoum WK, 
Higuera CA. Perioperative outcomes and complications in 
patients with heart failure following total knee arthroplasty. 
J Arthroplasty 2018;33(1):36–40

29 Lukasiewicz AM, Grant RA, Basques BA, Webb ML, Samuel 
AM, Grauer JN. Patient factors associated with 30-day mor-
bidity, mortality, and length of stay after surgery for subdu-
ral hematoma: a study of the American College of Surgeons 
National Surgical Quality Improvement Program. J Neurosurg 
2016;124(3):760–766

30 Charlson ME, Charlson RE, Peterson JC, Marinopoulos SS, 
Briggs WM, Hollenberg JP. The Charlson comorbidity index 
is adapted to predict costs of chronic disease in primary care 
patients. J Clin Epidemiol 2008;61(12):1234–1240

31 Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, 
Ghali WA. New ICD-10 version of the Charlson comorbid-
ity index predicted in-hospital mortality. J Clin Epidemiol 
2004;57(12):1288–1294

32 Stavem K, Hoel H, Skjaker SA, Haagensen R. Charlson comor-
bidity index derived from chart review or administrative 
data: agreement and prediction of mortality in intensive care 
patients. Clin Epidemiol 2017;9:311–320

33 Higuera CA, Elsharkawy K, Klika AK, Brocone M, Barsoum 
WK. 2010 Mid-America Orthopaedic Association Physician 
in Training Award: predictors of early adverse outcomes after 
knee and hip arthroplasty in geriatric patients. Clin Orthop 
Relat Res 2011;469(5):1391–1400

34 Belmont PJ Jr, Goodman GP, Waterman BR, Bader JO,  Schoenfeld 
AJ. Thirty-day postoperative complications and mortality fol-
lowing total knee arthroplasty: incidence and risk factors 
among a national sample of 15,321 patients. J Bone Joint Surg 
Am 2014;96(1):20–26

35 Gallagher-Allred CR, Voss AC, Finn SC, McCamish MA. Malnu-
trition and clinical outcomes: the case for medical nutrition 
therapy. J Am Diet Assoc 1996;96(4):361–366

36 Radman M, Mack R, Barnoya J, et al. The effect of  preoperative 
nutritional status on postoperative outcomes in children 
undergoing surgery for congenital heart defects in San 
 Francisco (UCSF) and Guatemala City (UNICAR). J Thorac Car-
diovasc Surg 2014;147(1):442–450

37 Chermesh I, Hajos J, Mashiach T, et al. Malnutrition in 
cardiac surgery: food for thought. Eur J Prev Cardiol 
2014;21(4):475–483

38 La Torre M, Ziparo V, Nigri G, Cavallini M, Balducci G, 
 Ramacciato G. Malnutrition and pancreatic surgery: preva-
lence and outcomes. J Surg Oncol 2013;107(7):702–708

39 Leandro-Merhi VA, de Aquino JLB. Determinants of malnutri-
tion and post-operative complications in hospitalized surgical 
patients. J Health Popul Nutr 2014;32(3):400–410

40 Sikorska D, Olewicz-Gawlik A, Baum E. Pawlaczyk K, Oko 
A. The importance of hypoalbuminemia in peritone-
al dialysis patients: impact of gender. Adv Clin Exp Med 
2019;28(6):729–735

41 American College of Surgeons. ACS NSQIP User Guide. National 
Surgical Quality Improvement Program (NSQIP)

42 Lee JH, Hutzler LH, Shulman BS, Karia RJ, Egol KA. Does risk 
for malnutrition in patients presenting with fractures predict 
lower quality measures? J Orthop Trauma 2015;29(8):373–378

43 Day SM, DeHeer DH. Reversal of the detrimental effects of 
chronic protein malnutrition on long bone fracture healing. 
J Orthop Trauma 2001;15(1):47–53

44 Kumar V, Alva A, Akkena S, Jones M, Murphy PN, Clough T. Are 
albumin and total lymphocyte count significant and reliable 
predictors of mortality in fractured neck of femur patients? 
Eur J Orthop Surg Traumatol 2014;24(7):1193–1196

45 Steinberg EL, Amar E, Sagy Y, Rath E, Kadar A, Sternheim A. 
The impact of serum albumin and serum protein levels on 
 POSSUM score of patients with proximal femur fractures. 
 Injury 2014;45(12):1928–1931

46 Kieffer WKMM, Rennie CS, Gandhe AJ. Preoperative albumin 
as a predictor of one-year mortality in patients with fractured 
neck of femur. Ann R Coll Surg Engl 2013;95(1):26–28

47 Nakano T, Kuwabara A, Tanaka K. Overestimated serum 
albumin levels in patients with hip fracture. Clin Nutr 
2011;30(2):261–262

48 Myint MWW, Wu J, Wong E, et al. Clinical benefits of oral 
nutritional supplementation for elderly hip fracture patients: 
a single blind randomised controlled trial. Age Ageing 
2013;42(1):39–45

49 Langsetmo L, Shikany JM, Burghardt AJ, et al; Osteoporot-
ic Fractures in Men (MrOS) Study Research Group. High 
dairy protein intake is associated with greater bone strength 
parameters at the distal radius and tibia in older men: a cross- 
sectional study. Osteoporos Int 2018;29(1):69–77

50 NIH Consensus Development Panel on Osteoporosis Preven-
tion, Diagnosis, and Therapy. Osteoporosis prevention, diag-
nosis, and therapy. JAMA 2001;285(6):785–795

51 Wilson JM, Holzgrefe RE, Staley CA, Schenker ML, Meals C. 
The effect of malnutrition on postoperative complications 
following surgery for distal radius fractures. J Hand Surg Am 
2019;44(9):742–750

52 Luchetti TJ, Chung A, Olmscheid N, Bohl DD, Hustedt JW. 
Hypoalbuminemia is associated with increased postoperative 
mortality and complications in hand surgery. Hand (N Y) 2019. T

hi
s 

do
cu

m
en

t w
as

 d
ow

nl
oa

de
d 

fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 U

na
ut

ho
riz

ed
 d

is
tr

ib
ut

io
n 

is
 s

tr
ic

tly
 p

ro
hi

bi
te

d.




