2

2

Distribution Agreement
In presenting this thesis or dissertation as a partial fulfillment of the requirements for an advanced degree from Emory University, I hereby grant to Emory University and its agents the non-exclusive license to archive, make accessible, and display my thesis or dissertation in whole or in part in all forms of media, now or hereafter known, including display on the world wide web. I understand that I may select some access restrictions as part of the online submission of this thesis or dissertation. I retain all ownership rights to the copyright of the thesis or dissertation. I also retain the right to use in future works (such as articles or books) all or part of this thesis or dissertation.

_____________________________________   			_____________
Christopher G. Smith, MD					            Date



Predictors of preoperative hypoalbuminemia and the association with 30-day morbidity and mortality after surgery for endometrial cancer

By

Christopher Gordon Smith
Master of Public Health
Applied Epidemiology
Executive Master of Public Health



_____________________________________
Jodie L. Guest, PhD, MPH
Committee Chair

_____________________________________
Adam J. Dugan, PhD
Committee Member




Predictors of preoperative hypoalbuminemia and the association with 30-day morbidity and mortality after surgery for endometrial cancer

By

Christopher Gordon Smith
B.S., Emporia State University, 2012
M.D., University of Kansas School of Medicine, 2016








Thesis Committee Chair: Jodie L. Guest, PhD, MPH

An abstract of
A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University
in partial fulfillment of the requirements for the degree of
Master of Public Health in Applied Epidemiology 
in the Executive Master of Public Health Program,


2022
Abstract

Predictors of preoperative hypoalbuminemia and the association with 30-day morbidity and mortality after surgery for endometrial cancer

By Christopher Gordon Smith

Background: Endometrial cancer (EC) is the most common gynecologic malignancy in the United States and remains the fourth most common cancer in women. Once a diagnosis of EC is made, the principal management of most patients is with surgical staging. Current clinical guidelines recommend obtaining liver function tests as part of an initial evaluation of a patient with newly diagnosed EC of which serum albumin concentration levels are a part. Hypoalbuminemia, a surrogate for poor nutritional status, has been associated with adverse surgical outcomes in patients undergoing various surgical procedures.
Objective: The primary purpose of this study is to investigate preoperative predictors of low preoperative serum albumin (hypoalbuminemia, HA), and the relationship between HA and 30-day postoperative morbidity and mortality for women with endometrial cancer undergoing a surgical staging procedure.
Methods: Data analysis was conducted as a retrospective cohort study utilizing the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database from 2012-2016. Patients undergoing elective, same-day surgery were included in the analysis.  Patient variables and complications were defined and abstracted according to the ACS-NSQIP methodology. The primary exposure, preoperative serum albumin was classified as normal (≥ 3.5 g/dL) or HA (< 3.5 g/dL). Associations of preoperative risk factors with preoperative HA were identified using logistic regression modeling. Logistic regression assessed the crude and adjusted association of HA with 30-day postoperative morbidity and mortality. Cox proportional hazards regression modeling was used to analyze the effect of HA on the probability of 30-day survival after surgery. 
Results: The study population included 17058 patients; 1330 (7.80%) were classified as HA. Preoperative risk factors for HA were Black race (adjusted odds ratio, aOR 1.43, p = 0.0067), dyspnea with moderate exertion (aOR 1.48, p = 0.0136), history of congestive heart failure (aOR 2.55, p = 0.0172), ascites (aOR 2.94, p = 0.0004), disseminated cancer (aOR 1.61, p = 0.0045), weight loss > 10% (aOR 2.20, p = 0.0048), liver dysfunction (aOR 2.64, p <0.0001), renal dysfunction (aOR 1.93, p <0.0001), anemia (aOR 4.29, p  <0.0001), thrombocytosis (aOR 2.86, p <0.0001), preoperative blood transfusion (aOR 3.30, p = 0.0002) and worsening American Society of Anesthesiologists Classification (Class 3: aOR 1.49, p = 0.0005; Class 4: aOR 2.55, p <0.0001). Adjusted odds ratios for 30-day postoperative composite morbidity (aOR 1.55, 95% Confidence Interval [CI] 1.28 – 1.87) and all-cause mortality (aOR 3.45, 95% CI 1.75 – 6.63) were significantly higher in patients with HA. Adjusting for covariates, HA was associated with significantly lower probability of 30-day survival after surgery (adjusted hazard ratio, aHR = 3.81, 95% CI 2.17 – 6.63). 
Conclusions: Preoperative HA in women undergoing surgery for EC is associated with increased postoperative morbidity and mortality. By identifying those at risk for HA, nutritional optimization could be used to improve postoperative outcomes in such a high-risk surgical population. 
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Background
Endometrial cancer (EC) is the most common gynecological malignancy in the United States and remains the third most common cancer in women. In 2022, an estimated 65950 new cases and 12550 deaths are expected to occur from endometrial cancer [1]. Risk factors for developing EC include increasing age, altered reproductive characteristics like nulliparity, early menarche and late menopause, familial cancer syndromes, and unopposed estrogen [2]. Once a diagnosis of EC is made, the principal management of most patients is with surgical staging comprising of a total hysterectomy, bilateral salpingo-oophorectomy, assessment of pelvic and/or para-aortic lymph nodes, and resection of any extra-uterine disease when applicable. Current guidelines from the National Comprehensive Cancer Network, recommend obtaining liver function tests as part of an initial evaluation of a patient with newly diagnosed EC [3]. Part of evaluation of the liver function is an albumin concentration. 
Albumin is synthesized by hepatocytes of the liver, is excreted directly into the hepatic plasma, and eventually into systemic circulation [4]. It is the most abundant plasma protein comprising 50-60% of plasma proteins [5]. Implicated as the most important factor regulating albumin synthesis is nutritional status. In vivo studies have demonstrated that when food is deprived or diet is deficient of protein, there is an approximate reduction in albumin synthesis of 50 percent within 24 hours. This reduced synthesis is maintained for as long as the deficiency is present [4]. Obesity is not only associated with an increased risk of developing EC, but also higher odds of having low serum albumin, referred to clinically as hypoalbuminemia [2, 6]. 
Hypoalbuminemia has been associated with adverse surgical outcomes in patients undergoing various surgical procedures including hysterectomy [7], and those undergoing non-emergent surgery for gynecologic malignancies [8]. Further, hypoalbuminemia is associated with survival in patients with breast cancer, ovarian cancer, and endometrial cancer [9]. However, to date no studies have investigated specifically the association of preoperative hypoalbuminemia and perioperative outcomes among women with EC who are admitted to the hospital for elective, same-day surgery. The present study aimed to determine preoperative risk factors for hypoalbuminemia, and the association of hypoalbuminemia with 30-day postoperative morbidity and mortality among women undergoing elective, same-day surgery for endometrial cancer.

Methods
Emory University institutional review board review is not required for this project because it is not considered research of "human subjects", nor was it deemed a "clinical investigation" as defined in the federal regulations.
Data source
The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) public use files were queried to retrospectively identify patients who underwent elective surgery for endometrial cancer from 2012-2016. Through a data coordinator, the ACS-NSQIP collects perioperative variables including 30-day postoperative mortality and morbidity outcomes for patients receiving surgery at over 700 participating hospitals [10]. Data are collected in a standardized fashion with strict definitions by dedicated surgical clinical data coordinators. Surgical clinical data coordinators receive extensive training on all study variable definitions. Patients are followed throughout their surgical course and after discharge for up to 30 days postoperatively. Patients younger than 18 years old and admissions for trauma are excluded. The accuracy and reproducibility of the data have been previously shown [11-13].
Current Procedural Terminology (CPT®) codes were used to select patients who had undergone elective same-day surgery for endometrial cancer from 2012-2016 (Appendix A). Procedures performed laparoscopically are collectively categorized as “Minimally Invasive Surgery (MIS),” while those performed through an open, abdominal approach are categorized as “Open.” International Classification of Diseases, Ninth and Tenth Revision (ICD-9, ICD-10) codes were used to identify patients with endometrial cancer (Appendix B). 
Patient variables and complications were defined and abstracted in accordance with ACS-NSQIP methodology. Body mass index (BMI) was calculated by the quotient of a patient’s weight in kilograms and height in square-meters (kg/m2). Categories of BMI were defined according to the World Health Organization classification [14]. Length of hospital stay (LOS) was defined within the database as the length of hospitalization from the date of admission for elective same-day surgery until discharge. Relative value unit (RVU) is the sum of all physician work RVUs associated with the primary surgery. Physician work RVU values the level of time, skill, training, and intensity needed to provide a given service, and is used as a surrogate for surgical complexity [15].  
Postoperative outcomes analyzed included 30-day mortality and composite morbidities. Thirty-day postoperative morbidities analyzed were adverse pulmonary events (ventilation requirement greater than 48 hours, unplanned intubation, and/or postoperative pneumonia), infectious events (sepsis or septic shock, urinary tract infection), renal events (renal insufficiency or failure), wound events (superficial surgical site infection, deep surgical site infection, organ space surgical site infection, wound dehiscence), cardiac events (cardiac arrest, myocardial infarction), neurologic events (neurological deficiency, cerebrovascular event, coma), clotting events (deep vein thrombosis and/or pulmonary embolism), blood transfusion within 72 hours of surgery (intraoperative and/or postoperative) and composite morbidity (one or more of the previously listed morbidities). Thirty-day mortality is defined as death from any cause within thirty days of primary surgery.

Methods
Statistical Analysis
Tests were two-tailed where applicable. A p-value < 0.05 was considered statistically significant. All statistics were calculated using SAS ©, Version 9.4 (SAS Institute Inc., Cary, NC, USA).
Descriptive Statistics
Patients with unknown perioperative conditions and outcomes, or missing albumin values were excluded from the analysis. Demographic, medical history, review of systems, laboratory values, intraoperative and postoperative variables were compared between patients with “Normal” serum albumin levels and “Hypoalbuminemia.” “Normal” serum albumin was defined as preoperative albumin values ≥ 3.5 g/dL, while “Hypoalbuminemia” was defined as preoperative albumin values < 3.5 g/dL. Chi-square and Fisher’s exact tests were used for categorical variables depending on the cell sizes. The two-sample t-test was used to determine whether the mean age, preoperative albumin level and relative value units (RVUs; a surrogate for surgical complexity) were the same in “normal” serum albumin and “hypoalbuminemia” populations. The F-test was used to assess the equal variance assumption and Pooled or Satterthwaite two-sample t-tests were used where appropriate. To test the same for non-parametric variables (operative time, and hospital length of stay), the Mann-Whitney-Wilcoxon test was utilized. 

Methods
Statistical Analysis
Multiple Logistic Regression
To determine independent preoperative patient characteristics associated with preoperative hypoalbuminemia stepwise logistic regression model selection methodology was used. Those preoperative variables found to be statistically significant in the univariable analysis were included in the multivariable logistic regression model if statistical significance was < 0.20 and were removed if statistical significance was > 0.25. Development of a final multivariable logistic regression model was performed using backward elimination with retention in the model if statistical significance was < 0.05. Crude and adjusted odds ratios (aOR) are reported. The c-statistic is reported to evaluate model fit of the univariable and multivariable models. The c-statistic relates to the area under the receiver operating characteristic curve and ranges in value from 0 to 1. Values ≤ 0.5 indicate a model that is poor at classifying outcomes while a value near 1.0 reflects a strong model. 
The association of hypoalbuminemia with 30-day postoperative morbidity and mortality was determined by using univariable and multivariable logistic regression modeling. For the multivariable model, purposeful selection methodology was used and includes known perioperative variables associated with the postoperative complication in question based on review of available literature. Firth’s Penalized Likelihood was used as needed to address the bias associated with rare events, small samples, and complete separation leading to the non-convergence of traditional maximum likelihood regression estimates. Crude and adjusted odds ratios, as well as respective c-statistics are reported.
To examine the association of a decreasing preoperative albumin level with 30-day postoperative morbidity and mortality, the same methodology was used as previously mentioned apart from including preoperative serum albumin in the model as a continuous variable decreasing by 0.25 g/dL.  
Because Wald confidence intervals assume normality of the parameter estimate and perform poorly for small-to-moderate sample sizes profile likelihood confidence intervals that are based on an asymptotic chi-square distribution are reported instead [16].

Methods
Statistical Analysis

Survival Analysis: Kaplan-Meier Approach to Survival Probability & Log-Rank Test 
Calculation of the 30-day product-limit survival probabilities using conditional probabilities while accommodating censored observations was performed using the Kaplan-Meier approach. The nonparametric maximum likelihood estimates of the survivor function, S(t), is displayed as Kaplan-Meier curves. Testing was stratified by serum albumin group (“Normal” and “Hypoalbuminemia”). 
The log-rank test was used to determine whether the Kaplan-Meier survival curves for “Normal” and “Hypoalbuminemia” groups were statistically equivalent. The null hypothesis for the log-rank test is represented below:

The log-rank test statistic has an approximate chi-square distribution with k-1 degrees of freedom, where k denotes the number of groups being compared (k = 2 in this case). By using the log-rank test, equal weight is applied to all parts of the survival curve. 

Methods
Statistical Analysis. Survival Analysis

Cox Proportional Hazards Model. Model Selection
The Cox Proportional Hazards Model was used to analyze 30-day survival and the effect of explanatory variables on hazard rates. The Cox Proportional Hazards Model assumes a parametric form for the effects of the explanatory variables and allows for an unspecified form of the underlying survivor function. Due to the robustness of the Cox model, the semiparametric quality of the results approximates the results for the correct parametric model. 
To build a regression model, initially a univariable analysis of the association between survival time and pre-, intra-, and postoperative covariables was performed. Next, to determine the association of hypoalbuminemia with 30-day survival time stepwise logistic regression model selection methodology was utilized. While fixing the inclusion of preoperative serum albumin as a binary variable (Hypoalbuminemia vs. Normal), those pre-, intra, and postoperative variables found to be statistically significant in the univariable analysis were included in the multivariable Cox regression model if statistical significance was < 0.20 and were removed if statistical significance was > 0.25. Following stepwise selection methods, backward elimination selection methodology was used to determine a more parsimonious model with retention in the model if statistical significance was < 0.05. Since only 57 events occurred, overfitting the model was avoided by utilizing the best subset selection method [17 – 19]. The final model contained the best five predictor parameters. Crude and adjusted hazard ratios are reported along with profile likelihood confidence intervals. Profile likelihood 95% confidence intervals are reported in lieu of Wald’s. 
Efron’s method of approximation of the partial likelihood function was used to handle tied events. Efron’s method has been shown to be a superior methodology and overcomes the limitations of Breslow approximation encountered with a large proportion of times in the at-risk group [20].
To examine the association of a decreasing preoperative albumin level with 30-day survival, the same methodology was used as previously mentioned apart from including preoperative serum albumin in the model as a continuous variable decreasing by 0.25 g/dL.  
 

Methods
Statistical Analysis. Survival Analysis

Cox Proportional Hazards Model: Cox Proportional Hazards Model Assessment
To test for interaction between covariables, the Partial Likelihood Ratio Test of an interaction model and no-interaction model was performed. The partial likelihood ratio test statistic represents the difference between the maximum likelihood values of the no-interaction and interaction model with an approximate chi-square distribution with degrees of freedom equal to the number of interaction terms. A non-significant test statistic value allows for the conclusion that the no-interaction model is acceptable to be made. 
Influential observations were first identified using the plots of the score residuals for each variable in the model. The score residual represents the distance of the value to the risk set means where the weights are the change in the martingale residual. The second approach to identifying influential observations was the plot of scaled score residuals, also referred to as dfbeta residuals. The dfbeta residual approximates the change in value of the estimated coefficient if a subject is removed denoted below:
[bookmark: _Hlk101457679]Δ̂ꞵki = ̂ꞵk ꟷ  ̂ꞵk(ꟷi), 
where ꞵk denotes the partial likelihood estimator of the coefficient computed using the entire sample of the entire sample size, n, and ꞵk(ꟷi) denotes the value of the estimator if the ith subject is removed. The final method for identifying influential observations was calculating the likelihood displacement statistic. This test statistic was used assess the impact each influential observation on the overall fit of the model. The likelihood displacement statistic was plotted against the martingale residuals, and influential observations were identified by having a large residual and/or leverage [21]. If influential observations were identified, they were removed, and another survival analysis was performed. If there was a large change in value of the parameter estimates of the variables included in the survival analysis, then a repeat of the model development process was warranted potentially with the exclusion of the identified poorly-fit and influential observations. 
The major assumption of the Cox Proportional Hazards Model is that the relative hazard remains constant over time with the covariates included in the prediction model. To assess the proportional hazards assumption for each variable in the final model various strategies were utilized. The first was the transformation of the survival curve by taking the natural log an estimated survival probability twice referred to as the log-log plot. If the hazards are proportional the stratum specific log-log plots exhibit constant differences and appear approximately parallel. A drawback to this approach is the lack of precision in assessing how proportional the hazards are [22]. 
To add supporting evidence of the proportionality assumption other methods were employed. The second was another graphical approach in which the observed versus expected survival probabilities over time were plotted. If there appeared to be no discrepancies in the observed and expected plots, then the proportional hazards assumption was satisfied. As with log-log plots the clear drawback to this approach is the reliance on user subjectivity. 
To have increased objectivity to the assessment of the proportional hazard assumption plots of the empirical score process based on martingale residuals was produced. The plot displays empirical score processes based on random simulations that represent the proportional hazards assumption. If the observed process deviated significantly from the simulated empirical score processes, then there was evidence of violation of the proportional hazards assumption. Adding objectivity to the plot was the calculated p-value of a Kolmogorov-type supremum test based on 5000 simulated residuals patterns. A p-value < 0.05 suggested a violation of the proportional hazards assumption for the variable in question [23]. 
Another more objective method for assessing the proportional hazards model was the goodness of fit approach. For each predictor in the model Schoenfeld residuals were defined for every subject who had an event. A ranked failure time score was calculated. Finally, the null hypothesis that the correlation between the Schoenfeld residuals and the ranked failure time score is equal to zero was tested. Rejection of the null hypothesis provided evidence of a violation of the proportional hazards assumption [24].
The final test used to evaluate the proportional hazards assumption was the plot of weighted Schoenfeld residuals versus time. A test of the non-zero slope of the Schoenfeld residuals and failure times in a given scale was performed. A statistically significant test statistic provided evidence of a hazards proportionality violation [25].
To determine the fit of the multivariable model for 30-day survival probability, a generalized R2 value was calculated:
,
where G2 is the likelihood ratio chi-square statistic for testing the null hypothesis that all variables in the model have coefficients of 0, and n is the sample size.
Values for the generalized R2 range from 0 to 1 with large values suggesting a strong fit for the model.  

Results
Univariate Analysis of Preoperative Characteristics 
A total of 17058 women were identified as having undergone non-emergent surgery for endometrial cancer. Of these patients, 1330 (7.80%) and 15728 (92.20%) were classified as hypoalbuminemia and normal serum albumin groups, respectively. The mean preoperative serum albumin concentration was 3.13 ± 0.35 g/dL for the hypoalbuminemia group. This was significantly lower than the normal preoperative serum albumin group (4.13 ± 0.34 g/dL, p <0.0001). Patients with hypoalbuminemia were more likely to be of Black race (15.77% vs. 8.32%, p <0.0001), have greater BMI (37.3 ± 11.6 kg/m2 vs. 35.3 ± 9.7 kg/m2, p <0.0001), be diabetic (32.63% vs. 22.95%, p <0.0001), have a history of severe chronic obstructive pulmonary disease (COPD; 4.59% vs. 2.11%, p <0.0001), have a history of congestive heart failure (CHF; 1.58% vs. 0.36%, p <0.0001), and renal failure (0.30% vs. 0.02%, p = 0.0020). Further, patients with hypoalbuminemia were considered to have worse baseline physiological status and greater perioperative risk (ASA Classification 3: 67.34% vs. 53.19%, p <0.0001; ASA Classification 4: 7.83% vs. 2.56%; p <0.0001). Disseminated cancer, ascites and >10% weight loss was more common in patients with hypoalbuminemia compared to those with normal preoperative serum concentrations (disseminated cancer: 11.35% vs. 4.20%, p <0.0001; ascites: 3.53% vs. 0.46%, p <0.0001; > 10% weight loss: 4.59% vs. 0.77%, p <0.0001).  The remainder of the preoperative variable analysis is summarized in Table 1. 

Results
Univariate Analysis of Intraoperative Characteristics 
Among women with preoperative hypoalbuminemia open surgery was the preferred surgical approach compared to those women with normal preoperative serum albumin concentrations (52.71%, p <0.0001). Surgical operations were more complex in patients with preoperative HA compared to their normal counterparts (20.92 ± 7.14 RVUs vs. 18.41 ± 5.43 RVUs, p <0.0001). This is also reflected as longer median operative times for those with preoperative HA (152.0 minutes vs. 147.0 minutes, p = 0.0052). Remaining descriptive statistics of intraoperative variables are presented in Table 2.

Results
Univariate Analysis of Postoperative Characteristics 
There was a greater prevalence of 30-day postoperative morbidity and mortality among women with preoperative HA than those without. Reoperation was more common in women with preoperative HA (3.53% vs. 1.23%, p <0.0001). The proportion of women needing a perioperative blood transfusion was over five times higher in women with preoperative HA than those with normal preoperative serum albumin concentrations (21.43% vs. 4.64%, p <0.0001). The median duration of postoperative hospitalization was three times longer among patients with preoperative HA (3.0 days vs. 1.0 days, p <0.0001). More concerning is that the proportion of women dying within 30 days of their primary surgical procedure was 7.5 times greater in women with preoperative hypoalbuminemia compared to those without (1.80% vs. 0.24%, p <0.0001). All other results of descriptive statistics for postoperative characteristics are summarized in Table 3.

Results
Multivariable Logistic Regression for Preoperative Hypoalbuminemia
At the conclusion of stepwise and backward selection methods, thirteen preoperative variables were significantly associated with preoperative hypoalbuminemia. In the univariate analysis of these variables, preoperative blood transfusion (OR 9.55, 95% CI 5.48 – 16.60, p <0.0001), preoperative hematocrit < 30% (OR 7.34, 95% CI 5.70 – 9.41, p <0.0001), presence of ascites (OR 7.06, 95% CI 4.21 – 11.66, p <0.0001), weight loss > 10% (OR 5.26, 95% CI 3.26 – 8.28, p <0.0001), and dyspnea at rest (OR 4.92, 95% CI 1.72 – 12.50, p = 0.0013) had the greatest associations with preoperative hypoalbuminemia. Among the thirteen preoperative variables, ASA Classification (c-statistic = 0.595), preoperative hematocrit < 30% (c-statistic = 0.587) and preoperative platelet count > 400,000 (c-statistic = 0.569) had the greatest model fit and prediction for preoperative hypoalbuminemia. 
All preoperative variables with statistically significant parameter estimate were included in the final multivariable model and included: race, diabetes status, presence of dyspnea, history of congestive heart failure, presence of ascites, presence of disseminated cancer, weight loss > 10%, serum glutamic-oxaloacetic transaminase concentration (SGOT; AST) > 40 U/L, serum creatinine > 1.2 g/dL, hematocrit < 30%, platelet count > 400, 000, receipt of preoperative blood transfusion, and ASA Classification. After adjusting for covariates, preoperative hematocrit < 30% (aOR 4.29, 95% CI 3.22 – 5.69, p <0.0001), receipt of preoperative blood transfusion (aOR 3.30, 95% CI 1.74 – 6.20, p <0.0001) and presence of ascites (aOR 2.94, 95% 1.60 – 5.34, p <0.0001) were the three covariates with greatest association with preoperative hypoalbuminemia. Table 4 and Figure 1 summarize the multivariable logistic regression model. The final multivariable model demonstrated strong model-fit with a c-statistic of 0.740.  
Results
Multivariable Logistic Regression for 30-day Postoperative Morbidity and Mortality
To determine the association of preoperative hypoalbuminemia with 30-day postoperative morbidity and mortality, logistic regression methods was utilized. In univariable analysis, preoperative serum albumin concentration less than 3.5 g/dL was significantly associated with all postoperative outcomes (p <0.05) except for composite neurological event (p = 0.5418). Preoperative hypoalbuminemia was most predictive of 30-day mortality (OR 8.74, 95% CI 5.10 – 14.78, c-statistic = 0.672), composite renal event (OR 5.09, 95% CI 2.94 – 8.49, c-statistic = 0.611), and composite pulmonary event (OR 5.09, 95% CI 3.12 – 8.05, c-statistic = 0.610). 
For multivariable logistic regression, preoperative serum albumin concentration was included in a model for each postoperative complication as a dichotomous variable along with known perioperative variables associated with the complication being analyzed. After adjusting for covariables, preoperative hypoalbuminemia was associated with all 30-day postoperative outcomes (p <0.05) except for composite neurologic, cardiac, and clotting events. All multivariable logistic models showed strong goodness-of-fit. Table 5 summarizes the univariable and multivariable logistic regression models for 30-day postoperative morbidity and mortality associated with preoperative hypoalbuminemia. 
To determine the effect of decreasing preoperative serum albumin concentration and 30-day postoperative morbidity and mortality, serum albumin was included in univariable and multivariable logistic regression models as a continuous variable. The unit of decrease was chosen as 0.25 g/dL. For every 0.25 g/dL decrease in preoperative serum albumin concentration, the association with 30-day mortality, blood transfusion within 72 hours of surgery, and composite renal event significantly increased by 59%, 49% and 44%, respectively (p <0.0001 for all). In the multivariable model, after adjusting for covariates, for every 0.25 g/dL decrease in preoperative serum albumin concentration the association with 30-day mortality significantly increased by 32% (aOR 1.32, 95% CI 1.15 – 1.52, c-statistic = 0.932). The association with experiencing 30-day composite mortality significantly increased 8% with every 0.25 g/dL decrease in preoperative serum albumin concentration (aOR 1.08, 95% CI 1.05 – 1.12, c-statistic 0.728). Table 6 and Figure 2 further summarizes the effect of decreasing preoperative serum albumin concentration with 30-day postoperative morbidity and mortality. 

Results
Association of Preoperative Hypoalbuminemia with 30-Day Postoperative Survival
To identify perioperative variables to include in the Cox Proportional Hazards Model univariable analysis was performed. Statistically significant variables associated with 30-day postoperative survival were: hypoalbuminemia, race, presence of dyspnea, history of COPD, history of CHF, presence of ascites, disseminated cancer, weight loss > 10%, preoperative renal failure, preoperative serum creatinine > 1.2 g/dL, preoperative hematocrit < 30%, receipt of preoperative blood transfusion, ASA classification, route of surgical approach, number of RVUs, reoperation within 30 days, receipt of blood transfusion within 72 hours of surgery, composite neurologic, cardiac, pulmonary, renal, infectious, clotting, and wound events, and composite morbidity. Next stepwise selection methodology was used to develop a more parsimonious model. Fifteen variables were identified. Backwards selection method was then used to identify a further parsimonious model resulting in nine variables. Because only 57 uncensored events were used in the survival analysis, the best subset selection method was used to identify the best five variables to include in the model. After comparing regression models’ Mallow’s C-score (63.33), the final model used for survival analysis was identified as:
,
where ꞵ1 = 1.33858, H = Hypoalbuminemia, ꞵ2 = 2.19876, C = Composite Cardiac Event, ꞵ3 = 2.40992, P = Composite Pulmonary Event, ꞵ4 = 1.57117, O = Blood Transfusion Within 72 hours of Surgery, ꞵ5 = 1.49404, and R = Composite Renal Event.
Crude hazard ratios (HR) for the above variables are derived from the univariable analysis for 30-day survival probability and are reported in Table 7. The resulting Kaplan-Meier graph which plots the 30-day product-limit survival probabilities for patients with and without preoperative hypoalbuminemia is displayed in Figure 3. The unadjusted survival curves for “Normal” preoperative serum albumin concentration and “Hypoalbuminemia” groups were significantly different (log-rank = 85.3172, p <0.0001). 
To test for the interaction between the dichotomous preoperative serum albumin concentration variable (Hypoalbuminemia vs. Normal), product terms between the variable and covariates were included in an interaction model. The interaction model is displayed below:
,

where ꞵ1 = 1.52373, H = Hypoalbuminemia, ꞵ2 = 2.34521, C = Composite Cardiac Event, ꞵ3 = 2.19583, P = Composite Pulmonary Event, ꞵ4 = 1.37516, O = Blood Transfusion Within 72 hours of Surgery, ꞵ5 =2.24680, R = Composite Renal Event, ꞵ6 = -0.24449, ꞵ7 = 0.36382, ꞵ8 = 0.08009, and ꞵ9 = -1.38761.
The Likelihood Ratio Test Statistic was found to be 3.007 ⁓ . There was no statistically significant difference between the interaction and no-interaction model (p = 0.55665). Therefore, no interaction between hypoalbuminemia and covariables was present, and the no-interaction model was used to carry out remaining statistical tests. 
Testing for influential observations found there to be no influential observations (Figures 4-6).    
To assess for violations of the proportional hazard assumption, log-log plots of each covariable were produced. Figure 7 shows that there were no violations of the proportional hazards assumption. The next graphical approach was the plot of observed versus expected survival probabilities over time. Though there were some discrepancies noted within categories (serum albumin, perioperative blood transfusion, and composite renal event), overall, the plots suggest satisfaction of the proportional hazard’s assumption (Figure 8).
To have increased objectivity to the assessment of the proportional hazard assumption plots of the empirical score process based on martingale residuals was produced. In univariable analysis, there was a weak signal suggesting that postoperative composite pulmonary event violated the proportional hazards assumption (maximum absolute value = 1.2121, p = 0.0596) (Figure 9). For each explanatory variable in the multivariable model, there were no violations of the proportional hazards assumption (Figure 10). To further assess the proportional hazards assumption with more objectivity, the goodness of fit approach was used. In univariable analysis, only postoperative composite pulmonary event suggested a violation of the proportional hazards assumption (ρ = -0.27705, p = 0.0306). In the multivariable model, there were no violations of the proportional hazards assumption. Finally, plots of weighted Schoenfeld residuals versus time were produced to assess the proportional hazards assumption of the univariable and multivariable model for probability of 30-day survival. In the assessment of the univariable model, violation of the assumption was suggested for postoperative composite pulmonary event only (ρ = -0.2747, p = 0.0336) (Figure 11). When assessing the multivariable model, there was no evidence to suggest violations of the proportional hazards assumption for each covariate (Figure 12).
To determine the fit of the final multivariable model for probability of 30-day survival, the generalized R2 value was calculated. The multivariable model showed strong fit with a generalized R2 value of 0.953.
After adjusting for covariables, individuals with preoperative hypoalbuminemia undergoing surgery for endometrial cancer die at a rate that is about 3.8 times the rate of individuals with normal serum albumin concentrations (adjusted hazard ratio, aHR = 3.81, 95% CI 2.17 – 6.63). The confidence interval suggests that rates as low as approximately 2.2 times or as high as approximately 6.6 times are consistent with the observed data at the 95% confidence level (Table 7). Figure 13 depicts the adjusted 30-day survival curves comparing “Normal” and Hypoalbuminemia groups. When treating preoperative serum albumin as a continuous variable, for every 0.25 g/dL decrease the rate of 30-day mortality increases by 32% (aHR = 1.32, 95% CI 1.15 – 1.52, p <0.0001). Based on the confidence intervals the rate of 30-day mortality can be as low as 15% or as high as 52% for every 0.25 g/dL decrease in preoperative serum albumin concentration. Figure 14 displays the effect of decreasing preoperative serum albumin concentration on 30-day survival probability. Thirty-day survival probability appears to worsen when preoperative serum albumin decreases below approximately 4.4 g/dL.

Discussion
The primary purpose of this study was to investigate preoperative predictors of low preoperative serum albumin (hypoalbuminemia, HA), and the relationship between HA and 30-day postoperative morbidity and mortality for women with endometrial cancer undergoing a surgical staging procedure. Numerous preoperative patient characteristics were found to be predictive of preoperative HA (Table 4 and Figure 1). When compared to women with normal preoperative serum albumin those with preoperative HA had greater odds of experiencing an adverse event within 30 days of surgery. More worrisome was the finding that women with preoperative HA were nearly 3.5 times more likely to die within 30 days of surgery. Based on the data, and with 95 percent certainty, the association of HA with 30-day mortality is as low as 1.75 times and as high as 6.63 times that of women with normal preoperative serum concentrations. Further, even for a minute decrease in preoperative albumin concentration of 0.25 g/dL the odds of dying within 30 days of surgery significantly increased by over 30 percent (aOR 1.32, 95% CI 1.15 – 1.52, p <0.0001). We additionally found that the rate of dying within 30 days of surgery was 3.8 times greater among women with preoperative HA compared to those with normal serum concentrations (p <0.0001) (Figure 11). Finally, for every 0.25 g/dL decrease in preoperative serum albumin concentration the rate of 30-day mortality increased by 30 percent (Figure 12). 
The association between hypoalbuminemia and adverse surgical outcomes has been known for decades. In one of the initial studies that led to the development of the American College of Surgeons National Surgical Quality Improvement Project, Gibbs et al described an exponential increase in all-cause 30-day postoperative mortality of 1% for patients with serum albumin concentrations > 4.5 g/dL to 29% in those with albumin concentrations < 2.1 g/dL [26]. In the same groups, postoperative morbidity exponentially increased from 10% to 65%. The authors further showed that of all perioperative predictors for morbidity and mortality preoperative serum albumin had the greatest (c = 0.68, and c = 0.78, respectively). Across surgical specialties, HA has been shown to be associated with increased risk of postoperative mortality and morbidity [27-32]. Among women with gynecologic cancer, patients with preoperative serum albumin concentrations less than 3.0 g/dL were found to be at very high risk of experiencing perioperative morbidity and 30-day mortality after surgery [33]. Additionally, women with vulvar cancer and preoperative HA had nearly three times greater odds to have a major wound complication (aOR = 2.7, 95% CI 1.1 – 7.1, p <0.01) [34]. The associations of HA and poor 30-day postsurgical outcomes are similar among women with ovarian cancer. Those with HA were more likely to die perioperatively (12.0% vs. 2.5%) and have higher odds of experiencing Clavien–Dindo-Classification 3-5 complications (aOR 5.24, 95% CI 1.91-14.36, p = 0.001) [35]. Finally, when using serum albumin as an adjunct to malnutrition scoring, patients with cervical cancer were at greater risk for prolonged postoperative hospital stay, readmission, reoperation, and postoperative complications (major and minor) [36].
In our study, preoperative hypoalbuminemia was associated with increased odds for all 30-day postoperative complications considered including mortality except for neurological outcomes (Table 5). Postoperative complications (morbidity) are associated with increased delay in adjuvant oncology therapies [37]. In oncology, the wait-time for treatment initiation is critical for patient prognosis [38]. For ovarian cancer, delays of adjuvant chemotherapy initiation had a negative impact on disease-free survival [39]. Delays are also associated with poorer overall survival for patients with ovarian cancer [40, 41]. Using the National Cancer Database, Luo et al revealed that delayed time between surgery and adjuvant therapy for women with early-stage endometrial cancer is significantly associated with worse overall survival [42]. Therefore, it is imperative to identify those patients most at risk for HA and limit any factors that could delay initiation of adjuvant therapy for patients with cancer, including endometrial cancer. 
As our study demonstrated, women with preoperative hypoalbuminemia are at high risk for experience adverse postoperative events (morbidity) and mortality within 30-days of their surgery. Based on our results, Black women with endometrial cancer, diabetes, dyspnea with moderate exertion, a personal history of congestive heart failure, presence of ascites, disseminated cancer, weight loss > 10%, thrombocytosis, liver and renal dysfunction, preoperative anemia, need for preoperative blood transfusion and increasing ASA Classification all have strong associations with preoperative hypoalbuminemia (Table 4, Figure 1). As such, clinicians should further screen these patients for malnutrition. Serum albumin concentrations have been used as a biomarker for the nutritional status of a patient and is a component of various screening tools: the Prognostic Nutritional Index, Prognostic Inflammatory and Nutritional Index, Mini Nutritional Assessment, Simple Screening Tool, Full Nutritional Assessment, Controlling Nutritional Status (CONUT), Maastricht Index, Nutritional Risk Index, and the Elderly Nutritional Indicators for Geriatric Malnutrition Assessment (ENIGMA) [43]. In assessing the role of biomarkers in describing the severity of malnutrition a recent meta-regression analysis of 111 studies representing nearly 53,000 patients determined that serum albumin concentrations were statistically lower in patients at high risk for malnutrition [44].  
[bookmark: _Hlk108550334]In 2016, guidelines were published by the Enhanced Recovery After Surgery (ERAS) Society for pre-, intra-, and postoperative care in gynecology/oncology surgery. Detailed within these guidelines are measures that are focused on maintaining normal physiology, enhancing patient mobilization, and reducing surgical stress. These elements start in the preadmission phase of patient care and continue past hospital discharge [45, 46]. Cost-effectiveness studies demonstrate at least a 30% reduction in patient care time without an increase in readmission rates [47-50], up to a 50% reduction in complication rates [51-64], shorter hospital length of stay, and up to 7600 USD per patient in cost savings when ERAS principles are utilized [61, 65]. Three years later, updated guidelines were published [66]. In these new guidelines, the concept of “prehabilitation” is discussed in which certain patients may benefit clinically by improving their functional and nutritional status for a period prior to their surgery [67]. Prehabilitation may include aerobic and resistance training to improve physical fitness and body composition, focused exercises to reduce physical impairments, smoking and alcohol cessation, psychological stress reduction interventions, and nutritional optimization [68].
Preoperative nutritional counseling comprising of a nutritional assessment by a registered dietitian or trained nutritionist, along with the addition of protein supplementation, physical fitness optimization, setting perioperative expectations, smoking cessation, or modification of standard preanesthetic practices such as fasting, has demonstrated numerous benefits. Some of these benefits are improved functional capacity after surgery, reduced lean body mass during the perioperative period, improved postoperative recovery, shorter hospital length of stay, and improvements in postoperative complications [68, 69]. In recent times, immunonutrition has been advocated for improving nutritional status and positively influencing the host response to surgical stress [70]. Mainstays of perioperative immunonutrition include the use of glutamine, arginine, omega-3 polyunsaturated fatty acids, and nucleotides to reduce postoperative markers of inflammation such as C-reactive peptide, tumor necrosis factor-alpha, and endotoxin. Further, immunonutrition may enhance protein synthesis following surgery which may reduce infections and non-infectious postoperative complications after major oncological surgery [71]. In a sweeping umbrella review, Slim et al determined that irrespective of its timing of administration, immunonutrition effectively halves the rate of infectious and non-infectious complications, in addition to reducing overall morbidity in patients undergoing visceral surgery [72]. Studies investigating the effects of immunonutrition on perioperative outcomes for women with gynecological malignancy are lacking but continue to evolve. Investigators from the University of California San Francisco demonstrated the reduction of postoperative infections in gynecologic oncology patients who were given immunonutrition [73]. Additionally, a group of Turkish investigators showed lower rates of wound infection, and shorter hospital length of stay [74]. However, in the most recent update to the gynecology/oncology ERAS guidelines, though there is a multitude of supportive evidence for prehabilitation in other surgical specialties, because of the lack of studies in gynecology/oncology recommendations for its use is weak [67]. 
This analysis has several strengths. The ACS-NSQIP database identified a cohort of 17058 women undergoing surgery for endometrial cancer lending a large sample size. The data were collected prospectively in a standardized fashion with strict clinical definitions by dedicated surgical clinical coordinators who have received extensive training on all study definitions. The data are generalizable as it is collected from over 700 participating hospitals across the United States. Unfortunately, cancer stage and tumor histology are not collected by data coordinators, therefore the specific stage and histology information is not included in this manuscript. Operating surgeon experience, institutional surgical volume, and institution type (community vs. academic) are not able to be controlled for using the ACS-NSQIP database, but this does add to the generalizability of the data. Additionally, the study period for which the data were collected was from a time prior to the publication of Enhanced Recovery After Surgery recommendations for gynecologic surgery which are aimed towards reducing adverse postoperative complications and improving overall patient outcomes. Finally, the retrospective nature of the study may add information and selection biases to the comparisons. 	
Our findings identify various preoperative characteristics associated with preoperative hypoalbuminemia which could identify those patients that could benefit from prehabilitation interventions. Further, we found that women with preoperative hypoalbuminemia have a greater association with 30-day postoperative morbidity and mortality even with minute decreases in preoperative serum albumin concentrations. Finally, we reported that women with preoperative hypoalbuminemia have a rate of dying within 30 days of surgery that is 3.8 times greater than those with normal serum concentrations. Specifically, we found that for every 0.25 g/dL decrease in preoperative serum albumin concentration the rate of 30-day mortality increased by approximately 30% showing preoperative hypoalbuminemia as a significant independent risk factor for 30-day postoperative morbidity and mortality among women undergoing surgery for endometrial cancer. 
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Tables & Figures
	Variable
	Albumin < 3.5 g/dL (1330, 7.80%)
	Albumin ≥ 3.5 g/dL (15728, 92.20%)
	All Subjects 
(17058, 100%)
	p value***

	Age (years), Mean (SD)
	63.2 (12.3)
	63.0 (10.9)
	62.9 (11.0)
	0.5481

	    18-30 (%)
	7 (0.53)
	58 (0.37)
	65 (0.38)
	<0.0001

	    31-40 (%)
	62 (4.67)
	439 (2.79)
	501 (2.94)
	

	    41-50 (%)
	126 (9.50)
	1221 (7.77)
	1347 (7.91)
	

	    51-60 (%)
	319 (24.04)
	4497 (28.63)
	4816 (28.27)
	

	    61-70 (%)
	451 (33.99)
	5812 (37.00)
	6263 (36.76)
	

	    ≥ 70 (%)
	362 (27.28)
	3682 (23.44)
	4044 (23.74)
	

	Race

	    Black (%)
	191 (15.77)
	1206 (8.32)
	1397 (8.89)
	<0.0001

	    White (%)
	953 (78.70)
	12427 (85.70)
	13380 (85.16)
	

	    Other (%)
	67 (5.53)
	868 (5.99)
	935 (5.95)
	

	Hispanic Ethnicity (%)
	104 (8.32)
	1045 (7.02)
	1149 (7.12)
	0.0850

	BMI (kg/m2), Mean (SD)
	37.3 (11.6)
	35.3 (9.7)
	35.4 (9.9)
	<0.0001

	    Underweight (%)
	20 (1.51)
	106 (0.68)
	126 (0.74)
	<0.0001

	    Normal (%)
	177 (13.39)
	2079 (13.25)
	2256 (13.26)
	

	    Overweight (%)
	198 (14.98)
	2998 (19.10)
	3196 (18.78)
	

	    Class I Obesity (%)
	234 (17.70)
	3249 (20.70)
	3483 (20.47)
	

	    Class II Obesity (%)
	203 (15.36)
	2835 (18.06)
	3038 (17.85)
	

	    Class III Obesity (%)
	490 (37.07)
	4428 (28.21)
	4918 (28.90)
	

	Diabetes (%)
	434 (32.63)
	3609 (22.95)
	4043 (23.70)
	<0.0001

	Smoker (%)
	134 (10.08)
	1321 (7.74)
	1455 (8.53)
	0.0356

	Dyspnea 

	    Moderate Exertion (%)
	157 (11.80)
	970 (6.17)
	1127 (6.61)
	<0.0001

	    At Rest (%)
	12 (0.90)
	34 (0.22)
	46 (0.27)
	

	History of COPD (%)
	61 (4.59)
	360 (2.11)
	421 (2.47)
	<0.0001

	Corticosteroid Use (%)
	36 (2.71)
	325 (2.07)
	361 (2.12)
	0.1192

	History of CHF (%)
	21 (1.58)
	56 (0.36)
	77 (0.45)
	<0.0001

	Hypertension (%)
	790 (59.40)
	9128 (58.04)
	9918 (58.14)
	0.3337

	Ascites (%)
	47 (3.53)
	79 (0.46)
	126 (0.74)
	<0.0001

	Disseminated Cancer (%)
	151 (11.35)
	661 (4.20)
	812 (4.76)
	<0.0001

	> 10% Weight Loss (%)
	61 (4.59)
	121 (0.77)
	182 (1.07)
	<0.0001

	SGOT > 40 U/L (%)
	133 (10.61)
	691 (4.73)
	824 (5.19)
	<0.0001

	INR ≥ 1.5
	23 (3.47)
	109 (1.59)
	132 (1.75)
	0.0004

	Renal Failure (%)
	4 (0.30)
	4 (0.02)
	8 (0.05)
	0.0020

	Creatinine > 1.2 g/dL (%)
	170 (12.79)
	852 (5.43)
	1022 (6.00)
	<0.0001

	Hematocrit < 30% (%)
	217 (16.35)
	433 (2.77)
	650 (3.83)
	<0.0001

	Platelet Count > 400,000 (%)
	261 (19.71)
	823 (5.27)
	1084 (6.39)
	<0.0001

	Preoperative Blood Transfusion (%)
	36 (2.71)
	48 (0.31)
	84 (0.49)
	<0.0001

	ASA Classification

	    1-2
	330 (24.83)
	6955 (44.24)
	7285 (42.73)
	<0.0001

	    3
	895 (67.34)
	8362 (53.19)
	9257 (54.30)
	

	    4
	104 (7.83)
	403 (2.56)
	507 (2.97)
	

	Albumin (g/dL), Mean (SD)
	3.13 (0.35)
	4.13 (0.34)
	4.05 (0.43)
	<0.0001


[bookmark: _Hlk102926479]Table 1. Preoperative characteristics of patients undergoing surgery for endometrial cancer stratified by serum albumin concentration; p < 0.05 was considered statistically significant. 
*** Chi-square test or Fisher’s exact test were used to determine intergroup differences for categorical variables. The two-sample t-test was used to determine intergroup differences for the mean of normally distributed continuous variables. Finally, the Mann-Whitney-Wilcoxon test was used to determine intergroup differences for the median of continuous variables not normally distributed. 
BMI = body mass index; COPD = chronic obstructive pulmonary disease; CHF = congestive heart failure; SGOT = serum glutamic-oxaloacetic transaminase = AST (aspartate aminotransferase); INR = international normalized ratio; ASA = American Society of Anesthesiologists.
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	[bookmark: _Hlk102305404]Variable
	Albumin < 3.5 g/dL (1330, 7.80%)
	Albumin ≥ 3.5 g/dL (15728, 92.20%)
	All Subjects
(17058, 100%)
	p value***

	Surgical Approach

	    Minimally Invasive 
	629 (47.29)
	11327 (72.02)
	11956 (70.09)
	<0.0001

	    Open
	701 (52.71)
	4401 (27.98)
	5102 (29.91)
	

	Operative time (mins), Median (IQR)
	152.0 (112–204)
	147.0 (110–194)
	148.0 (112–196)
	0.0052

	    ≤ 120
	402 (30.23)
	5045 (32.08)
	5447 (31.94)
	0.0068

	    121-180
	461 (34.66)
	5817 (36.99)
	6278 (36.81)
	

	    >180
	467 (35.11)
	4864 (30.93)
	5331 (31.26)
	

	Wound Classification

	    1 – Clean
	27 (2.03)
	368 (2.34)
	395 (2.32)
	<0.0001

	    2 – Clean/Contaminated
	1239 (93.16)
	15171 (96.46)
	16410 (96.20)
	

	    3- Contaminated
	40 (3.01)
	145 (0.92)
	185 (1.08)
	

	    4- Dirty/Infected
	24 (1.80)
	44 (0.28)
	68 (0.40)
	

	RVUs, mean (SD)
	20.92 (7.14)
	18.41 (5.43)
	18.52 (5.49)
	<0.0001


[bookmark: _Hlk102926528]Table 2. Intraoperative characteristics of patients undergoing surgery for endometrial cancer stratified by serum albumin concentration; p < 0.05 was considered statistically significant. 
*** Chi-square test or Fisher’s exact test were used to determine intergroup differences for categorical variables. The two-sample t-test was used to determine intergroup differences for the mean of normally distributed continuous variables. Finally, the Mann-Whitney-Wilcoxon test was used to determine intergroup differences for the median of continuous variables not normally distributed.  
RVU = relative value unit.
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	Variable
	Albumin < 3.5 g/dL (1330, 7.80%)
	Albumin ≥ 3.5 g/dL (15728, 92.20%)
	All Subjects
(17058, 100%)
	p value***

	Return to Operating Room
	47 (3.53)
	194 (1.23)
	241 (1.41)
	<0.0001

	Blood Transfusion within 72h of Surgery
	285 (21.43)
	730 (4.64)
	1015 (5.95)
	<0.0001

	Neurological Event
	1 (0.08)
	24 (0.15)
	25 (0.15)
	0.7179

	Cardiac Event
	12 (0.90)
	48 (0.31)
	60 (0.35)
	0.0020

	Pulmonary Event
	28 (2.11)
	69 (0.44)
	97 (0.57)
	<0.0001

	Renal Event
	22 (1.65)
	54 (0.34)
	76 (0.45)
	<0.0001

	Infectious Event
	80 (6.02)
	441 (2.80)
	521 (3.05)
	<0.0001

	Clotting Event
	32 (2.41)
	138 (0.88)
	170 (1.00)
	<0.0001

	Wound Event
	135 (10.15)
	570 (3.62)
	705 (4.13)
	<0.0001

	Composite Morbidity
	224 (16.84)
	1125 (7.15)
	1349 (7.91)
	<0.0001

	Hospital Length of Stay (days), Median (IQR)
	3.0 (1–5)
	1.0 (1–2)
	1.0 (1–3)
	<0.0001

	Mortality
	24 (1.80)
	37 (0.24)
	61 (0.36)
	<0.0001


[bookmark: _Hlk102926608]Table 3. Thirty-day postoperative characteristics of patients undergoing surgery for endometrial cancer stratified by serum albumin concentration; p < 0.05 was considered statistically significant.                    *** Chi-square test or Fisher’s exact test were used to determine intergroup differences for categorical variables. The two-sample t-test was used to determine intergroup differences for the mean of normally distributed continuous variables.


Tables & Figures
	Preoperative Variable
	Number of Subjects Used in Analysis, n = 6050

	
	Univariable Analysis
	Multivariable Model

	
	Crude OR (95% CI)
	p-value
	c-Statistic
	aOR (95% CI)
	p-value
	c-Statistic

	Race Black vs. White (ref.)
	1.94 (1.53, 2.44)
	<0.0001
	0.546
	1.43 (1.10, 1.85)
	0.0067
	0.740

	Other
	0.83 (0.59, 1.15)
	0.2894
	
	0.73 (0.50, 1.05)
	0.0972
	

	Diabetes
	1.51 (1.25, 1.82)
	<0.0001
	0.541
	1.20 (0.97, 1.48)
	0.0861
	

	Dyspnea with Moderate Exertion vs. None (ref.)
	2.06 (1.55, 2.70)
	<0.0001
	0.533
	1.48 (1.08, 2.00)
	0.0136
	

	At Rest
	4.92 (1.72, 12.50)
	0.0013
	
	1.85 (0.60, 5.15)
	0.2572
	

	History of Congestive Heart Failure
	4.65 (2.25, 9.07)
	<0.0001
	0.508
	2.55 (1.14, 5.39)
	0.0172
	

	Ascites
	7.06 (4.21, 11.66)
	<0.0001
	0.520
	2.94 (1.60, 5.34)
	0.0004
	

	Disseminated Cancer
	3.11 (2.37, 4.08)
	<0.0001
	0.544
	1.61 (1.15, 2.23)
	0.0045
	

	> 10% Weight Loss
	5.26 (3.26, 8.28)
	<0.0001
	0.520
	2.20 (1.25, 3.76)
	0.0048
	

	SGOT > 40
	2.64 (1.97, 3.49)
	<0.0001
	0.535
	2.64 (1.93, 3.58)
	<0.0001
	

	Creatinine > 1.2
	2.67 (2.05, 3.44)
	<0.0001
	0.543
	1.93 (1.44, 2.57)
	<0.0001
	

	Hematocrit < 30%
	7.34 (5.70, 9.41)
	<0.0001
	0.587
	4.29 (3.22, 5.69)
	<0.0001
	

	Platelet Count > 400,000
	3.88 (3.05, 4.90)
	<0.0001
	0.569
	2.86 (2.19, 3.72)
	<0.0001
	

	Preoperative Blood Transfusion
	9.55 (5.48, 16.60)
	<0.0001
	0.520
	3.30 (1.74, 6.20)
	0.0002
	

	ASA Classification 3 vs. 1-2 (ref)
	1.98 (1.61, 2.44)
	<0.0001
	0.595
	1.49 (1.19, 1.87)
	0.0005
	

	4
	4.82 (3.34, 6.89)
	<0.0001
	
	2.55 (1.68, 3.84)
	<0.0001
	


[bookmark: _Hlk102926645]Table 4. Predictors of preoperative hypoalbuminemia for patients undergoing surgery for endometrial cancer. Profile likelihood confidence intervals are reported.
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	Postoperative Outcome
	Number of Subjects Used in Analysis, n = 14574

	
	Univariable Analysis
	Multivariable Analysis

	
	Crude OR (95% CI)
	c-Statistic
	p-value
	aOR (95% CI)
	c-Statistic
	p-value

	Neurological Event
	0.54 (0.03, 2.55)
	0.517
	0.5418
	0.48 (0.044, 2.09)
	0.872
	0.2863†

	Cardiac Event
	3.48 (1.82, 6.64)
	0.574
	0.0002
	0.81 (0.33, 1.820
	0.851
	0.6316

	[bookmark: _Hlk101704556]Pulmonary Event
	5.09 (3.12, 8.05)
	0.610
	<0.0001
	2.51 (1.42, 4.27)
	0.895
	0.0010

	[bookmark: _Hlk101704511]Renal Event
	5.09 (2.94, 8.49)
	0.611
	<0.0001
	2.11 (1.16, 3.72)
	0.874
	0.0073†

	Infectious Event
	2.40 (1.83, 3.09)
	0.544
	<0.0001
	1.47 (1.10, 1.95)
	0.675
	0.0085

	Clotting Event
	2.59 (1.69, 3.98)
	0.550
	<0.0001
	1.07 (0.64, 1.72)
	0.793
	0.7816†

	Wound Event
	3.03 (2.43, 3.74)
	0.560
	<0.0001
	1.72 (1.33, 2.21)
	0.803
	<0.0001

	Blood Transfusion within 72h of Surgery
	5.60 (4.75, 6.59)
	0.608
	<0.0001
	2.10 (1.70, 2.58)
	0.888
	<0.0001

	Return to Operating Room
	2.93 (2.05, 4.10)
	0.559
	<0.0001
	2.09 (1.43, 2.99)
	0.662
	<0.0001

	Composite Morbidity
	2.71 (2.29, 3.20)
	0.550
	<0.0001
	1.55 (1.28, 1.87)
	0.728
	<0.0001

	Mortality
	[bookmark: _Hlk101704449]8.74 (5.10, 14.78)
	0.672
	<0.0001
	3.45 (1.75, 6.63)
	0.930
	<0.0001†


[bookmark: _Hlk102926695]Table 5. Association of hypoalbuminemia with 30-day postoperative outcomes for patients undergoing surgery for endometrial cancer. Profile likelihood confidence intervals are reported. 
† Firth’s Penalized Likelihood was used to address the bias associated with rare events, small samples, and complete separation leading to the non-convergence of traditional maximum likelihood regression estimates.  Note: The multivariable analysis includes known predictors of the postoperative outcome in question derived from published literature.
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	Postoperative Outcome
	Decrease in Serum Albumin by 0.25 g/dL (n = 14574)

	
	Univariable Analysis
	Multivariable Analysis

	
	Crude OR (95% CI)
	c-Statistic
	p-value
	aOR (95% CI)
	c-Statistic
	p-value

	Neurological Event
	1.17 (0.94, 1.42)
	0.623
	0.1376
	1.09 (0.85, 1.35)
	0.876
	0.3388†

	Cardiac Event
	1.32 (1.17, 1.48)
	0.643
	<0.0001
	0.98 (0.85, 1.14)
	0.852
	0.8323

	Pulmonary Event
	1.40 (1.27, 1.52)
	0.660
	<0.0001
	1.19 (1.07, 1.33)
	0.891
	0.0016

	Renal Event
	1.44 (1.31, 1.58)
	0.715
	<0.0001
	1.18 (1.05, 1.33)
	0.877
	0.0023†

	Infectious Event
	1.20 (1.14, 1.26)
	0.582
	<0.0001
	1.08 (1.02, 1.14)
	0.674
	0.0077

	Clotting Event
	1.25 (1.15, 1.35)
	0.613
	<0.0001
	1.03 (0.94, 1.13)
	0.794
	0.4623†

	Wound Event
	1.26 (1.21, 1.31)
	0.609
	<0.0001
	1.08 (1.03, 1.14)
	0.803
	0.0022

	Blood Transfusion within 72h of Surgery
	1.49 (1.44, 1.55)
	0.683
	<0.0001
	1.18 (1.14, 1.23)
	0.888
	<0.0001

	Return to Operating Room
	1.25 (1.17, 1.33)
	0.601
	<0.0001
	1.16 (1.08, 1.24)
	0.657
	<0.0001

	Composite Morbidity
	1.24 (1.20, 1.28)
	0.600
	<0.0001
	1.08 (1.05, 1.12)
	0.728
	<0.0001

	Mortality
	1.59 (1.44, 1.74)
	0.735
	<0.0001
	1.32 (1.15, 1.52)
	0.932
	<0.0001†


Table 6. Association of decreasing serum albumin by 0.25 g/dL with 30-day postoperative outcomes for patients undergoing surgery for endometrial cancer. Profile likelihood confidence intervals are reported. 
† Firth’s Penalized Likelihood was used to address the bias associated with rare events, small samples, and complete separation leading to the non-convergence of traditional maximum likelihood regression estimates. 
Note: The multivariable analysis includes known predictors of the postoperative outcome in question derived from published literature.  
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	Variable
	Univariable Analysis
	Multivariable Analysis

	
	Crude Hazard Ratio
(95% Confidence Interval)
	p-value
	Adjusted Hazard Ratio
(95% Confidence Interval)
	p-value

	Serum Albumin < 3.5 g/dL 
(Yes vs. No)
	8.68 (5.08, 14.62)
	<0.0001
	3.81 (2.17, 6.63)
	<0.0001

	Cardiac Event (Yes vs. No)
	95.35 (49.31, 171.92)
	<0.0001
	9.01 (3.91, 20.31)
	<0.0001

	Pulmonary Event (Yes vs. No)
	91.92 (51.36, 158.23)
	<0.0001
	11.13 (4.83, 24.43)
	<0.0001

	Blood Transfusion within 72h of Surgery (Yes vs. No)
	12.73 (7.48, 21.42)
	<0.0001
	4.81 (2.71, 4.46)
	<0.0001

	Renal Event (Yes vs. No)
	50.27 (23.96, 95.26)
	<0.0001
	4.46 (1.93, 9.60)
	0.0002


Table 7. Association of perioperative variables with 30-day survival probability following surgery for endometrial cancer. Profile likelihood confidence intervals are reported. Efron’s method was employed to handle tied event times.
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[bookmark: _Hlk102926883]Figure 1. Preoperative predictors for preoperative hypoalbuminemia among women undergoing surgery for endometrial cancer. 
* Denotes statistical significance (p < 0.05).
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[bookmark: _Hlk102926925]Figure 2. The association of a 0.25 g/dL decrease in preoperative serum albumin concentration with 30-day postoperative morbidity and mortality among women undergoing surgery for endometrial cancer. 
* Denotes statistical significance (p < 0.05).
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[bookmark: _Hlk102927020]Figure 3. Kaplan-Meier Curves for the unadjusted effect of preoperative hypoalbuminemia on 30-day survival probability following surgery for endometrial cancer. 
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Figure 4. Plots of score residuals to assess for influential observations. 
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Figure 5. Plots of scaled score residuals (dfbeta) assessing for the presence of influential observations. 
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[bookmark: _Hlk102927064]Figure 6. Plot of likelihood displacement statistic and martingale residuals for assessing presence of influential observations. 
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[bookmark: _Hlk102927122]Figure 7. Univariable log-log plots testing for proportional hazards assumption violations for the survival model. 
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[bookmark: _Hlk102927192]Figure 8. Univariable observed vs. expected plots evaluating for violations of the proportional hazards assumption. 
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[bookmark: _Hlk102927244]Figure 9. Plot of empirical score process based on 5000 martingale residuals simulations of the univariable 30-day survival model. 
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[bookmark: _Hlk102927314]Figure 10. Plot of empirical score process based on 5000 martingale residuals simulations of the multivariable 30-day survival model. 
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[bookmark: _Hlk102927386]Figure 11. Plots of weighted Schoenfeld residuals versus time to assess the proportional hazards assumption of the univariable model for probability of 30-day survival. 
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Figure 12. Plots of weighted Schoenfeld residuals versus time to assess the proportional hazards assumption of the multivariable model for probability of 30-day survival. 
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[bookmark: _Hlk102927485]Figure 13. Effect of preoperative hypoalbuminemia on 30-day survival following surgery for endometrial cancer adjusted for composite cardiac, pulmonary, renal events, and receipt of postoperative blood transfusion.  
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Figure 14. The effect of a 0.25 g/dL decrease in preoperative serum albumin concentration on the 30-day survival of women undergoing surgery for endometrial cancer adjusted for composite cardiac, pulmonary, renal events, and receipt of postoperative blood transfusion.  


Appendices
Appendix A. Primary current procedure terminology codes included in the study.
	Primary current procedure terminology codes included in the study

	Abdominal Approach

	58150
	Total abdominal hysterectomy (corpus and cervix), with or without removal of tube(s), with or without removal of ovary(s)

	58200
	Total abdominal hysterectomy, including partial vaginectomy, with para-aortic and pelvic lymph node sampling, with or without removal of tube(s), with or without removal of ovary(s)

	58210
	Radical abdominal hysterectomy, with bilateral total pelvic lymphadenectomy and para-aortic lymph node sampling (biopsy), with or without removal of tube(s), with or without removal of ovary(s)

	58953
	Bilateral salpingo-oophorectomy with omentectomy, total abdominal hysterectomy and radical dissection for debulking

	58954
	Bilateral salpingo-oophorectomy with omentectomy, total abdominal hysterectomy and radical dissection for debulking; with pelvic lymphadenectomy and limited para-aortic lymphadenectomy

	58956
	Bilateral salpingo-oophorectomy with total omentectomy, total abdominal hysterectomy for malignancy

	Minimally Invasive Surgery Approach

	58548
	Laparoscopy, surgical, with radical hysterectomy, with bilateral total pelvic lymphadenectomy and para-aortic lymph node sampling (biopsy), with removal of tube(s) and ovary(s), if performed

	58550
	Laparoscopy, surgical, with vaginal hysterectomy, for uterus 250 grams or less

	58552
	Laparoscopy, surgical, with vaginal hysterectomy, for uterus 250 grams or less; with removal of tubes(s) and /or ovary(s)

	58553
	Laparoscopy, surgical, with vaginal hysterectomy, for uterus greater than 250 grams

	58554
	Laparoscopy, surgical, with vaginal hysterectomy, for uterus greater than 250 grams; with removal of tube(s) and/or ovary(s)

	58570
	Laparoscopy, surgical, with total hysterectomy, for uterus greater than 250 grams

	58571
	Laparoscopy, surgical, with total hysterectomy, for uterus 250 grams or less; with removal of tube(s) and/or ovary(s)

	58572
	Laparoscopy, surgical, with total hysterectomy, for uterus greater than 250 grams

	58573
	Laparoscopy, surgical, with total hysterectomy, for uterus greater than 250 grams; with removal of tube(s) and/or ovary(s)

	58575
	Laparaoscopy, surgical, total hysterectomy for resection of malignancy (tumor debulking), with omentectomy including salpingo-oopherectomy, unilateral or bilateral, when performed




Appendices
Appendix B. International classification of diseases and related health problems (ICD) codes included in the study.
	International  classification of diseases and related health problems (ICD) codes included in the study

	ICD-9

	

	179.0
	Malignant neoplasm of uterus-part unspecified

	182.0
	Malignant neoplasm of corpus uteri except isthmus

	182.1
	Malignant neoplasm of isthmus

	182.8
	Malignant neoplasm of other specified sites of body of uterus

	ICD-10

	C54.0
	Malignant neoplasm of isthmus uteri

	C54.1
	Malignant neoplasm of endometrium

	C54.2
	Malignant neoplasm of myometrium

	C54.3
	Malignant neoplasm of fundus uteri

	C54.8
	Malignant neoplasm of overlapping sites of corpus uteri

	C54.9
	Malignant neoplasm of corpus uteri, unspecified

	C55
	Malignant neoplasm of uterus, part unspecified
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