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ARTICLE INFO ABSTRACT

Keywords: Background: Hypoalbuminemia is a marker for malnourishment and is associated with poor outcomes in the
Proximal humerus fractures setting of hip fractures, periprosthetic joint fractures, and spine surgery. We hypothesized that hypoalbuminemia
Malnourishment is associated with higher rates of early complication in patients undergoing surgical treatment for proximal
Hypoalbuminemia humerus fractures.

Complications

Methods: Utilizing the ACS NSQIP database, all proximal humerus fractures treated with plate fixation were
extracted from 2006 to 2015. Two cohorts were compared based on hypoalbuminemia (albumin < 3.5 g/dL)
versus normoalbuminemia (albumin > 3.5 g/dL). Patient demographics and postoperative complications were
analyzed with multivariable regression.

Results: Out of 916 patients undergoing PHF surgery, 290(31.7%) satisfied criteria for hypoalbuminemia (mean
age: 65.9, female: 71%). Among 339 obese patients with BMI > 30, 87 (25.7%) were hypoalbuminemic. Patients
with hypoalbuminemia were overall at higher risk of any (29.7% vs 12.1%, p < 0.001), major (10.0% vs 2.4%,
p < 0.001), and minor complications (24.1% vs 11.0%, p < 0.001) as well as readmissions (12.7% vs 5.1%,
p < 0.001). Obese hypoalbuminemic patients had similar rates of complication as non-obese hypoalbuminemic
patients. Multivariable regression showed that hypoalbuminemia had an odds ratio of 1.85(p = 0.003) for
predicting any complication within 30 days of surgery.

Conclusion: Hypoalbuminemia is associated with higher risk for complications and readmission after PHFs. It
occurs more frequently in patients with chronic disease and is predictive of malnourishment. Paradoxically,
hypoalbuminemia is not uncommon in obese patients.

Level of evidence: 1II; Retrospective Cohort Study.

Perioperative outcomes

1. Introduction

Serum albumin (SA), an acute-phase protein, has been evaluated as
a marker for malnutrition and is shown to correlate with risk for sur-
gical complications and mortality."* An estimated 20% of all patients
admitted for an acute medical condition meet criteria for hypoalbu-
minemia, defined as SA under 3.5 g/dL.>* Several studies have shown
that hypoalbuminemia is associated with increased short-term mor-
tality, length of hospital stay and complications.””

Thus, SA levels may have utility in predicting complications among
patients with traumatic orthopaedic injuries including proximal hu-
merus fractures (PHF). In the past several decades, the incidence of PHF
has significantly increased in the US and is now the third most common
fracture treated by orthopedic surgeons.®° Established risk factors for
sustaining proximal humerus fracture include advanced age, female

sex, history of fractures, low bone mineral density, history of falls, poor
vision, specific medical comorbidities such as insulin-dependent dia-
betes, and low physical activity.'®'?

While previous studies have shown hypoalbuminemia to be asso-
ciated with worse outcomes in orthopedic procedures including hip
fractures and periprosthetic joint fractures, no study to date has as-
sessed the impact of hypoalbuminemia on early complication rates with
patients sustaining PHF.'® Thus, the purpose of this study was to define
the association between hypoalbuminemia and 30-day postoperative
complications in patients undergoing open reduction-internal fixation
(ORIF) for PHF. We hypothesize that hypoalbuminemia will be an in-
dependent risk factor associated with increased early postoperative
complications that may lead to poor outcomes.
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2. Methods

Utilizing the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) database, all PHF treated
with plate fixation as defined by the Current Procedural Terminology
(CPT) code 23615 (open treatment of proximal humeral fracture, in-
cludes internal fixation, when performed, includes repair of tuberosity
(s) when performed) were extracted between January 1, 2006 and
December 31, 2015."* No identifiable patient information is included in
the database, and was thus deemed exempt from IRB. Patients pre-
senting to the emergency department in an urgent or emergent manner
with activation of the trauma protocol were not included in the NSQIP
database. Thus, all cases analyzed were elective in nature.

Exclusion criteria included any patients less than 18 years old, in-
complete data or missing data on SA levels. Patients with diagnoses of
pathologic fracture or cancer were also excluded. Demographic vari-
ables were collected for all patients. Demographic factors included sex,
age, race, BMI, and other comorbidities. Comorbidities included history
of diabetes, dyspnea, chronic obstructive pulmonary disease (COPD),
smoking, chronic heart failure (CHF), dialysis, renal failure, hyperten-
sion, bleeding disorder, and steroids. Patients were stratified by al-
bumin levels: =3.5 g/dL (normal) or < 3.5 g/dL (hypoalbuminemic)
that were obtained within 30 days of the surgical date. Patients were
also characterized by American Society of Anesthesiologists (ASA) Class
(Table 1).

The primary outcome measures were any major or minor compli-
cations within 30-days of surgery. Major complications included sepsis,
septic shock, wound infection, pulmonary embolism, ventilator usage
for greater than 48 h, reintubation, renal failure, cardiac arrest, myo-
cardial infarction, or cerebrovascular accident. Minor complications
were identified as superficial surgical site infection, pneumonia, urinary
tract infection, deep vein thrombosis, bleeding requiring transfusion,
and renal insufficiency. Criteria for complications are defined in the
NSQIP Participant Use File available at https://www.facs.org/quality-
programs/acs-nsqip/program-specifics/participant-use. = Other out-
comes measured included readmission to the hospital, reoperation rate,
and hospital length of stay in days. Additional sub analysis was per-
formed evaluating the prevalence of hypoalbuminemia in obese and
non-obese patients, as well as complication rates in these sub-groups.

Summary statistics including means, standard deviations and 95%
confidence intervals were calculated for continuous variables.
Categorical variables were reported in terms of frequencies and per-
centages. Statistical analysis was performed using the R statistical
software package (R Foundation for Statistical Computing, Vienna,
Austria). Student's t-test, chi-squared contingency testing, and multi-
variate logistic regression were conducted. All variables were con-
trolled for in a multivariable regression analysis to identify independent
variables significantly associated with 30-day complication rates. A p-
value of < 0.05 was deemed statistically significant.

3. Results

Out of 916 patients undergoing open reduction internal fixation for
proximal humerus fractures, 290 (31.7%) satisfied criteria for hy-
poalbuminemia (SA < 3.5 g/dL). Mean SA levels in normal patients
was 4.0 (SD: 0.4) g/dL and 3.0 (0.4) g/dL in hypoalbuminemic patients
(p < 0.001). The mean age for all patients was 65.9 years (standard
deviation [SD]: 13.4). Patients with hypoalbuminemia were on average
older than patients without hypoalbuminemia (68.0 years [SD: 13.5] vs
65.0 years old [SD: 12.9], p = 0.002). Majority of patients were female
(263 or 28.7% male and 653 or 71.3% female). A summary of the other
preoperative patient characteristics and comorbidities are in Table 1.

Compared to patients with normal albumin, hypoalbuminemia was
found to be associated with higher rates of comorbidities including
COPD (16.9% vs 6.1%, p = 0.007), chronic steroid use (8.6% vs 5.3%,
p < 0.001), and preoperative anemia (77.6% vs 50.0%, p < 0.001).

Journal of Orthopaedics 19 (2020) 106-110

Table 1
Patient demographics and characteristics.
All Patients ~ Albumin: Albumin: P
=3.5 <35
Total 916 626 290
Demographics
Age: years, mean (SD) 65.9 (13.4) 65 (13.5) 68 (12.9) 0.002
Gender: n (%) 0.328
Female 653 (71.3) 453 (72.4) 200 (69)
Male 263 (28.7) 173 (27.6) 90 (31)
Race: n (%) 0.863
White 793 (86.6) 541 (86.4) 252 (86.9)
Nonwhite 56 (6.1) 40 (6.4) 16 (5.5)
Unknown 67 (7.3) 45 (7.2) 22 (7.6)
Comorbidities
BMI: kg/m"2, mean (SD) 29.1 (8.2) 29.6 (7.8) 28.0 (8.8) 0.005
Diabetes: n (%) 0.068
Non-insulin 118 (12.9) 87 (13.9) 31 (10.7)
Dependent
Insulin Dependent 96 (10.5) 57 (9.1) 39 (13.4)
Dyspnea: n (%) < 0.001
At rest 6 (0.7) 3(0.5) 3
Moderate Exertion 63 (6.9) 36 (5.8) 27 (9.3)
COPD: n (%) 87 (9.5) 38 (6.1) 49 (16.9) 0.007
Smoking: n (%) 207 (22.6) 125 (20) 82 (28.3) 0.556
CHF: n (%) 17 (1.9) 10 (1.6) 7 (2.4 < 0.001
Dialysis: n (%) 10 (1.1) 1(0.2) 9 (3.1) 0.005
Renal Failure: n (%) 7 (0.8) 1(0.2) 6 (2.1) 0.608
Hypertension: n (%) 559 (61) 378 (60.4) 181 (62.4) 0.005
Bleeding disorder: n (%) 88 (9.6) 48 (7.7) 40 (13.8) 0.073
Steroids: n (%) 58 (6.3) 33 (5.3) 25 (8.6) < 0.001
ASA Class: n (%) < 0.001
1 24 (2.6) 22 (3.5) 2(0.7)
2 286 (31.3) 232 (37.1) 54 (18.6)
3 509 (55.6) 326 (52.2) 183 (63.1)
4 96 (10.5) 45 (7.2) 51 (17.6)
Clinical Characteristics
Serum Albumin: mean 3.70 (0.6) 4.0 (0.4) 3.0 (0.4) < 0.001
(SD)
Preop. Blood 39 (4.3) 12 (1.9) 27 (9.3) 0.02
Transfusion: n (%)
Anemia: n (%) 538 (58.7) 313 (50) 225 (77.6) < 0.001

* BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease; CHF:
Congestive Heart Failure: ASA: American Society of Anesthesiology; Preop
Blood Transfusion - within 48 h preoperatively.

Overall, 80.7% of patients with hypoalbuminemia had a ASA class of 3
or 4 compared to 59.4% of normal patients (p < 0.001) (Table 1).

Patients with hypoalbuminemia were overall at higher risk of any
(29.7% vs 12.1%, p < 0.001), major (10.0% vs 2.4%, p < 0.001), and
minor complications (24.1% vs 11.0%, p < 0.001), readmissions
(12.7% vs 5.1%, p < 0.001), and length of stay (5.9 days vs 3.5 days,
p < 0.001). Significant differences in major complications included
rate of sepsis (p 0.014), ventilator usage for greater than 48 h
(p = 0.036), and reintubation (p = 0.037; Table 2).

Multivariable logistic regression revealed hypoalbuminemia was
independently associated with complication within 30-days of surgery
(odds ratio 1.85, 95% confidence interval: 1.22-2.79; p 0.003;
Table 3). Factors such as diabetes, COPD, smoking, and hypertension
were not significant predictors of hypoalbuminemia.

Among 339 obese patients with BMI > 30, 87 (25.7%) were hy-
poalbuminemic. However, obese hypoalbuminemic patients had similar
rates of complication compared to non-obese hypoalbuminemic pa-
tients (33.3% vs 31.0%) (Fig. 1).

4. Discussion

Management of proximal humerus fractures varies depending on
patient comorbidities and severity of injury. Treatment options include


https://www.facs.org/quality-programs/acs-nsqip/program-specifics/participant-use
https://www.facs.org/quality-programs/acs-nsqip/program-specifics/participant-use

M. Vora, et al.
Table 2
Association of hypoalbuminemia with complications.
All Patients ~ Albumin: Albumin: P
=3.5 <35
Total 916 626 290
Any Complication 162 (17.7) 76 (12.1) 86 (29.7) < 0.001
Major Complication 44 (4.8) 15 (2.4) 29 (10) < 0.001
Sepsis 6 (0.7) 1 (0.2) 5(1.7) 0.014
Septic Shock 3(0.3) 1(0.2) 2 (0.7) 0.237
Wound Infection 5 (0.5) 2(0.3) 3 () 0.185
Pulmonary Embolism 6 (0.7) 5 (0.8) 1(0.3) 0.671
Ventilator =48 h 7 (0.8) 2(0.3) 5(1.7) 0.036
Reintubation 5(0.5) 1(0.2) 4 (1.4) 0.037
Renal Failure 3(0.3) 1(0.2) 2(0.7) 0.237
Cardiac Arrest 3(0.3) 1(0.2) 2(0.7) 0.237
Myocardial Infarction 2(0.2) 1(0.2) 1 (0.3) 0.533
Cerebrovascular 2(0.2) 1(0.2) 1(0.3) 0.533
Accident
Minor Complication 139 (15.2) 69 (11) 70 (24.1) < 0.001
Superficial Infection 2(0.2) 2(0.3) 0 (0) 1
Pneumonia 19 (2.1) 9 (1.4) 10 (3.4) 0.082
Urinary Tract Infection 14 (1.5) 6 (1) 8 (2.8) 0.046
Deep Vein Thrombosis 8(0.9) 5 (0.8) 3() 0.713
Transfusion 107 (11.7) 51 (8.1) 56 (19.3) < 0.001
Readmission (Out of 709) 53 (7.5) 25 (5.1) 28 (12.7) < 0.001
Reoperation (Out of 713) 26 (3.6) 15 (3.1) 11 (5) 0.299
Hospital Length of Stay: 4.2 (14.5) 3.5 (16.7) 5.9 (7.6) < 0.001

days, mean (SD)

All complications shown are reported in number of incidents followed by rate of
incidence in parantheses.

Table 3
Association of hypoalbuminemia with complications.

Adjusted OR(95%CI) P

Hypoalbuminemia (ref. = Normal) 1.85 (1.22,2.79) 0.003
Age (cont. var.) 1.01 (1.00,1.03) 0.124
Male (ref. = Female) 1.06 (0.68,1.64) 0.81
Race (ref. = White)

Nonwhite 2.21 (1.10,4.40) 0.025

Unknown 1.09 (0.52,2.26) 0.821
BMI (cont. var.) 1.01 (0.99,1.04) 0.319
Diabetes (ref. = Non-Diabetic)

Non-insulin Dependent 0.62 (0.33,1.16) 0.133

Insulin Dependent 0.72 (0.37,1.38) 0.323
Dyspnea (ref. = Non-Dyspneic)

At rest 1.5 (0.22,10.37) 0.681
Moderate Exertion 0.51 (0.22,1.19) 0.12
COPD 1.07 (0.57,1.99) 0.844
Smoking 0.97 (0.57,1.65) 0.903
CHF 0.8 (0.22,2.88) 0.733
Dialysis 0.35 (0.07,1.79) 0.206
Renal Failure 1.78 (0.27,11.8) 0.552
Hypertension 0.92 (0.59,1.46) 0.73
Bleeding Disorder 1.31 (0.73,2.34) 0.371

Steroid Use 1.73 (0.88,3.38) 0.11
ASA Class (ref. = ASA 1)

2 0.63 (0.13,3.12) 0.574

3 1.50 (0.31,7.2) 0.611

4 3.62 (0.69,18.87) 0.127
Preop. Transfusion 3.59 (1.69,7.66) < 0.001
Anemia 2.71 (1.68,4.37) < 0.001

OR: Odd's Ratio; CI: Confidence Interval.

nonoperative treatment, open reduction-internal fixation (ORIF),
hemiarthroplasty, or total/reverse shoulder arthroplasty.'*'® Risks as-
sociated with operative treatment may predispose patients to increased
short and long-term complications, thus optimizing the patient for
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surgery is of great importance to decrease risk of poor outcomes.
Modifiable risk factors including poor nutritional status can potentially
be corrected prior to surgery.'” Albumin levels are commonly used in
the hospital to assess nutritional status, and thus may be prudent to
analyze during routine preoperative workup. In this study, we report
that an estimated 31.7% of patients undergoing open plate fixation of
proximal humerus fractures are hypoalbuminemic (SA < 3.5). Ad-
ditionally, hypoalbuminemia was frequently associated with higher
comorbidity burden and was an independent predictor for higher 30-
day postoperative complications after surgery.

A surprisingly large proportion of PHF patients (31.7%) were hy-
poalbuminemic in our study. Comparatively, Meyer et al. reviewed
204,819 patients in the same NSQIP database undergoing one of 16
common major surgeries and found that 35,922 patients (17.54%) had
preoperative hypoalbuminemia.'® Out of 85,833 general surgery pa-
tients undergoing elective operations, merely 2,088 (2.43%) of patients
had low preoperative SA.'® Our cohort of patients sustaining proximal
humerus fractures were much more likely to be malnourished than in
other elective surgical cohorts described. PHFs are the third leading
cause of all fractures and disproportionately affect women more than
men, reflecting the role of osteopenia and osteoporosis in the increased
rate of fragility fractures.?>>" The prevalence of protein malnutrition is
common in this frail, elderly population and is associated with greater
bone loss and sarcopenia. Low SA levels have also been described to be
associated with fragility fractures®” This likely explains the nearly two-
fold higher prevalence of hypoalbuminemia in our patient cohort
compared to other common surgeries.

Risk factors for complications after ORIF of proximal humerus
fractures include obesity, need for perioperative blood transfusion, late
presentations or delay to surgery, and diabetes mellitus.***® Although
in elective procedures these risk factors may be modifiable over weeks
to months to optimize the patient for surgery, in the setting of fracture
fixation in which operative management is recommended within 1-2
weeks, drastic lifestyle changes to minimize risk may not be feasible.
Thus, it is essential for the treating physician to evaluate the pre-
operative SA levels in these patients with PHF and address their nu-
tritional status prior to surgery and during the perioperative period to
maximize their outcome and reduce perioperative complications.

In our study, 13% of hypoalbuminemic patients were readmitted
which was significantly higher than patients with normal albumin le-
vels which had a 5% readmission rate. Further patients with normal
albumin levels had a 3.5-day average length of stay while patients with
low albumin levels had an average of 6 days. This outcome is consistent
with other studies that demonstrate SA levels are inversely correlated
with length of stay after total hip arthroplasty.”’ > Del Savio et al.
showed that hypoalbuminemic patients undergoing a total hip re-
placement procedure were twice as likely to have a prolonged hospital
stay (greater than 15 days) compared to those with normal albumin
levels. Comparatively, patients with low and normal albumin levels in
16 major procedures had an average length of stay of 8 and 4 days
respectively.'® Additionally, hypoalbuminemic patients undergoing
THA were much more likely to have an other comorbid diagnoses, in-
cluding avascular necrosis of the hip.?”

Overall thirty-day rate of any complication in our study cohort was
17.7%, with the subcohort of hypoalbuminemic patients experiencing
29.7% risk of complication compared to 12.1% in normo-albuminemic
patients. These complication rates are similar to the 10.8% for normo-
albuminemic and 28.9% for hypoalbuminemic patients reported by
Dietch et al. who evaluated 85,833 patients undergoing elective sur-
gical procedures.'® In comparison, our study cohort had on average a
higher baseline ASA class, indicating patients sustaining proximal hu-
merus fractures also have greater baseline medical comorbidities. In a
study conducted by Nussenbaum et al. elective total hip or knee ar-
throplasty patients were separated into two groups based on those with
body mass index <35 and albumin = 3.5. The total complication rates
was 35.4% in the hypoalbuminemic patients compared to 14.8% in
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Fig. 1. Albumin and BMI correlation.

those with normal albumin levels (P < 0.01).°"

One interesting finding in our study was the association of obesity
and hypoalbuminemia on complication rates after PHF surgery. Studies
have shown overweight and obese patients may have paradoxical
malnutrition from eating high calorie foods that lack sufficient nutrition
content.>”>* Thus oftentimes malnutrition is under-recognized and
untreated in obese patients. While both malnutrition and obesity may
be considered modifiable risk factors, obesity is notoriously difficult for
patients to modify.>° Kaidar et al. investigated the prevalence of vi-
tamin deficiencies in the morbidly obese population before undergoing
bariatric surgery and found that it is higher and more significant than
expected.®® Using the NSQIP database in 2011, Dietch et al. showed
that hypoalbuminemia is disproportionately associated with adverse
outcomes in obese elective surgical patients.'® Our results show that
obese hypoalbuminemic PHF patients had the highest complication
rates of 33.3%, suggesting obesity and hypoalbuminemia together may
pose a double risk for poor surgical outcomes likely by impeding wound
healing. Thus, it appears that nutritional counseling may be of similar
importance to weight loss in reducing the risk of postsurgical compli-
cations. Because there were no treatments evaluated in this study, no
specific recommendations can be made for future treatment options.
However, studying the effect of improving nutritional status prior to
surgery on postoperative outcomes would be very helpful. Evidence in
colorectal surgery has shown that treating malnutrition preoperatively
leads to better results.””

Limitations of this study include those of a retrospective review in
which individual patient information cannot be identified and accurate
surgeon documentation in the electronic medical record is assumed.
Other limitations include that not all hospitals collected data on al-
bumin levels so the sample of hospitals in this study was smaller than
all hospitals participating in NSQIP. The timing of albumin levels re-
lative to the initial trauma is not available and hence it is unclear when
the timing of low albumin levels may affect wound healing. In re-
cognizing these limitations inherent to the NSQIP, the large sample size
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over a study span of 9 years is advantageous in studying uncommon
events such as readmissions, and the random sampling methodology
reduces selection bias. Lastly it is unclear whether surgeons chose to
treat malnutrition in hypoalbuminemic patients with supplementation
or protein shakes and whether or not this affects patient outcome. These
aspects of perioperative care remain to be studied and future pro-
spective trials designed to investigate the role of optimizing nutritional
status may greatly affect standard of care with regards to preoperative
workup. Despite these limitations, it is difficult to track patients in the
early postoperative period and thus the 30-day tracking of patients over
time is a valuable component of the NSQIP.

5. Conclusion

In this analysis of 916 patients undergoing ORIF for proximal hu-
merus fractures, 31.7% satisfied criteria for hypoalbuminemia.
Hypoalbuminemia was independently associated with significantly in-
creased complications and readmissions within 30 days of surgery.
Patients who were both obese and hypoalbuminemic were at greatest
risk of complication compared to all other analyzed subcohorts.
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