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Abstract

and preoperative predictor of postoperative outcomes.

Background: Nutritional status is an important factor in predicting the risk associated with surgery for cancer
patients. This is especially true in colorectal cancer. Many nutritional assessments are used in clinical practice, but
those assessments are rarely evaluated for their ability to predict postoperative outcome.

Methods: This is a retrospective, multi-institutional study of the ACS-NSQIP database, investigating preoperative
nutrition status and its association with postoperative mortality and morbidity.

Results: The prevalence of malnutrition is higher in colorectal cancer, when compared with other most common
cancers. Among 42,483 colorectal cancer patients postoperative mortality was significantly associated with
hypoalbuminemia (hazard ratio = 3.064, p < 0.001), body weight loss (hazard ratio = 1.229, p = 0.033) and body mass
index of <185 kg/m? (hazard ratio = 1.797, p < 0.001). Only hypoalbuminemia significantly predicted all postoperative
complications, even in further multivariate logistic regression analyses (p < 0.001). Multiple regression analysis showed
that the hypoalbuminemia group had the highest coefficient in significant association with length of total hospital stay
(B=3.585, p < 0.001) and overall complication (B=0.119, p < 0.001).

Conclusions: In colorectal cancer, malnutrition significantly contributes to postoperative mortality, morbidity and
length of total hospital stay. Hypoalbuminemia, with levels below 3.5 g/dl, serves as an excellent assessment tool

Background

Malnutrition is a significant problem in cancer patients
due to the combined effects of malignant disease progress,
the host response to the tumor, and related anticancer
treatments [1, 2]. The incidence of malnutrition among
cancer patients differs significantly in different cancer types
and when measured by different screening tools [3-5].
However, malnutrition has been associated in all cancer
types with poor prognosis and quality of life [6].
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In the United States, colorectal cancer is the third most
common cancer in both men and women [7]. Malnutrition
is more common in colorectal cancer than in non-GI
cancers due to the direct effects of bowel obstruction and
malabsorption. Currently in use are a heterogeneous group
of nutritional assessment tools. Three of the most com-
monly used are: hypoalbuminemia [8, 9]; body weight loss
(BWL) [6]; and body mass index (BMI) [10-12]. Compari-
sons of the predictive ability of each of these indices
are seldom analyzed in colorectal cancer patients [13],
especially across a large sample of patients.

The American College of Surgeons-National Surgical
Quality Improvement Program (ACS-NSQIP) database
records preoperative comorbidities and postoperative
outcomes from more than 500 medical institutions in the
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United States and Canada. We analyzed this database with
respect to the exact nutritional state of colorectal cancer
patients and compared these data to patients with other
common cancers using albumin level, body weight loss
and BMI. We also analyzed and compared the ability of
each of these methods to accurately predict postoperative
morbidity and mortality in colorectal cancer.

Methods

Patient selection

Data from the ACS-NSQIP during the years 2009 to 2013
was used, selecting patients with the most common can-
cers which included: prostate, breast, lung and bronchus,
colorectal, urinary bladder, uterus corpus and cervix, and
thyroid cancer according to the ICD-9 (International Clas-
sification of Disease, Ninth Revision) diagnostic codes
(Additional file 1). Colorectal cancer patients undergoing
related operations were identified by the Current Proced-
ural Terminology (CPT) codes (Additional file 2) in the
categories: principle operative procedure; other procedure;
or concurrent procedure. The data is de-identified and
contains no patient information. The data is considered
exempt from human subjects review.

Nutritional assessment

We used hypoalbuminemia, body weight loss (BWL) and
body mass index (BMI) to identify nutritional status. Hy-
poalbuminemia was defined as serum albumin levels less
than 3.5 g/dl. Body weight loss malnutrition included
those patients with a greater than 10 % decrease in body
weight in the 6 month interval immediately preceding
surgery. BMI was subdivided into underweight (BMI less
than 18.5 kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9 kg/m2) and obese (>=30 1<g/m2),
according to World Health Organization (WHO) [14]
and National Institutes of Health (NIH) [10] classifica-
tions. Patients with a BMI of 18.5-29.9 kg/m* were de-
fined as a reference group for comparison.

Postoperative outcomes

The primary outcome measures were postoperative
morbidities, length of total hospital stay, mortality in
the 30-day postoperative period and overall complication.
Postoperative morbidities included: superficial surgical site
infection; deep surgical site infection; intraabdominal ab-
scess; urinary tract infection; wound disruption; pneu-
monia; re-intubation; on ventilator for longer than 48 h;
pulmonary embolism; deep vein thrombosis; progressive
renal insufficiency; acute renal failure; stroke; cardiopul-
monary resuscitation; myocardial infarction; blood
transfusion; sepsis; septic shock; and return to operating
room. The complications, including the morbidities and
mortality, were graded and weighted according to the
Accordion Severity Grading System [15, 16]. Overall
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complication was defined as the sum of the weighted
score for each patient.

Statistical analysis

The Chi-square test was used for univariate association
between nutrition assessment and postoperative out-
come. Multivariate logistic regression was further com-
puted for any postoperative morbidity with significant
association with all three nutritional assessments. Multi-
variate Cox regression survival analysis was performed
to compare each nutritional index with 30-day postoper-
ative mortality. The associations among length of total
hospital stay, overall complication and malnutrition were
analyzed with multiple regression analysis. Multivariate
analysis was adjusted with preoperative demographic
and clinical factors including: age; sex; smoking status;
diabetes mellitus; chronic obstructive pulmonary disease;
ascites; functional health status; heart failure; hyperten-
sion; hemodialysis; steroid use; bleeding disorder; and
blood transfusion. Tests were two-tailed and statistical
significance was defined as p <0.05. All statistical ana-
lyses were performed on SPSS for Windows, Version 22.

Results

When using the hypoalbuminemia criterion of serum al-
bumin levels less than 3.5 g/dl, the prevalence of malnu-
trition in most common cancers ranged from 4 to 28 %,
which was higher than the rates of malnutrition com-
puted by body weight loss or underweight BMI status.
Malnutrition was more prevalent in colorectal cancer
than in other common cancers (Fig. 1a). The annual
malnutrition rate in colorectal cancer decreased grad-
ually from 2010 to 2013 (Fig. 1b).

A comparison was drawn between the nutritional sta-
tus of patients and postoperative outcome. This included
42,483 colorectal cancer patients undergoing related op-
erations. In univariate analysis, the group identified as
“malnourished” by hypoalbuminemia measurement in-
cluded 11,614 patients (27.3 %). This was significantly
associated with 30-day mortality and all identified mor-
bidities (Table 1).

The percentages of patients identified as having a body
weight loss of greater than 10 %, and underweight by
BMI of <18.5 kg/m> were 7 and 3 %, respectively. Body
weight loss was not associated with surgical site infec-
tion, wound disruption, pulmonary embolism or acute
renal failure. Underweight status (BMI of <18.5 kg/m?)
was only associated with 30-day mortality and 7 of the
19 postoperative morbidity variables when compared
with the reference group of patients with BMI ranging
from18.5 to 29.9 kg/m>.

Multivariate logistic regression analysis was computed
to evaluate the relationships among nutrition assessments,
30-day mortality and 6 morbidities that were all
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Table 1 The association of postoperative mortality and morbidity with malnutrition evaluated with albumin level, body weight loss
and body mass index

Postop outcome

Albumin (g/dl)
>=35/<35
n=30869/n=11614

BWL
No / Yes
n=39454 / n=3029

BMI (kg/m?)
185-299/ <185
n=27775/n=1338

30-day mortality
Superficial SSI
Deep SSI

Organ SSI

UTl

Wound disruption
Pneumonia
Re-intubation
Ventilator > 48 h
PE

DVT

PRI

ARF

Stroke

CPR

MI

Transfusion
Sepsis

Septic shock
Return to OR

325(1.1) / 670(5.8)**
2061(6.7) / 921(7.9)**
420(1.4) / 238(2.0)**
1305(4.2) / 545(4.7)*
977(3.2) / 548(4.7)**
376(1.2) / 209(1.8)**
627(2) / 535(4.6)**
520(1.7) / 506(4.4)**
448(1.5) / 511(4.4)**
243(0.8) / 135(1.2)**
348(1.1) / 335(2.9)**
51(0.8) / 153(1.3)**
165(0.5) / 141(1.2)**
81(0.3) / 99(0.9)**
144(0.5) / 142(1.2)**
223(0.7) / 150(1.3)**
2835(9.2) / 2543(21.9)**
1056(3.4) / 668(5.8)**
380(1.2) / 407(3.5)**
1544(5.0) / 792(6.8)**

861(2.2) / 134(4.4)**
2759(7) / 223(7.4)

4735(12.0) / 643(21.2)**
1534(3.9) / 190(6.3)**
710(1.8) / 77(2.5)*
2126(54) / 210(6.9**

604(1.5) / 54(1.8)
1678(4.3) / 172(5.7)**
1373(3.5) / 152(5)**

532(1.3) / 53(1.7)
1038(2.6) / 124(4.1)**

907(2.3) / 119(3.9)**

859(2.2) / 100(3.3)**

354(0.9) / 24(0.8)

599(1.5) / 84(2.8)**

365(0.9) / 39(1.3)*

278(0.7) / 28(0.9)

156(0.4) / 24(0.8)*

254(06) / 32(1.1)*
334(0.8) / 39(1.3)*

)
)
)
)

1642(5.9) / 57(4.

(5.
(5.9)/57(43)
360(1.3) / 20(1.5)
1240(4.5) / 55(4.1)
962(3.5) / 56(4.2)
325(1.2) / 22(1.6)
807(2.9) / 62(4.6)**
636(2.3) / 49(3.7)*
562(2.0) / 52(3.9)**
221(0.8) / 10(0.7)
438(1.6) / 22(1.6)
222(0.8) / 6(0.4)
159(0.6) / 11(0.8)
131(0.5) / 8(0.6)
188(0.7) / 13(1.0)
258(0.9) / 11(0.8)
3505(12.6) / 255(19.1)**
1092(3.9) / 55(4.1)
481(1.7) / 44(3.3)**
1473(5.3) / 94(7.0)*

Values in parentheses are percentage
*p < 0.05, **p < 0.001, chi-square test
BWL, body weight loss; BMI, body mass index; SSI, surgical site infection; UTI, urinary tract infection; PE, pulmonary embolism; DVT, deep vein thrombosis; PRI,

progressive renal insufficiency; ARF, acute renal failure; CPR, cardiopulmonary resuscitation; MI, myocardial infarction; OR, operation room
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Fig. 2 Adjusted odds ratio plot of the association between significant
postoperative outcomes with malnutrition. They were evaluated by
serum albumin, body weight loss and body mass index, respectively.
*p < 0.05, **p < 0.001, multivariate logistic regression. BML, body
weight loss; BMI, body mass index; OR, operating room

significantly associated with the three methods (Fig. 2).
After adjustment, hypoalbuminemia was still associated
with all postoperative outcome variables (p < 0.001). There
was no association when comparing body weight loss with
pneumonia, on ventilator > 48 h, septic shock or return to
operating room. BMI of <18.5 kg/m” was not associated
with pneumonia or re-intubation. The adjusted odds ratio
of 30-day mortality and any of the 6 morbidities was high-
est in those patients with hypoalbuminemia.

The results of multiple regression analysis on length of
total hospital stay and malnutrition screening methods is
displayed in Table 2. All three indices were associated
with increased length of total hospital stay, however, hy-
poalbuminemia had the highest coefficient associated
with the length of total hospital stay.

After adjusting for preoperative covariates, multivariate
survival analysis showed malnutrition was a significant
risk factor regardless of which screening method was

Table 2 Multiple regression analysis for length of total hospital
stay after adjustment
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Table 3 Multivariate Cox regression survival analysis for 30-day
mortality after adjustment

Variables Hazard ratio 95 % Cl. P value
Albumin
<35 3.064 2.655-3.537 <0.001
>=35 1
BWL
Yes 1.229 1.016-1.485 0.033
No 1
BMI
<185 1.797 1413-2.284 <0.001
185-29.9 1

BWL, body weight loss; BMI, body mass index

adopted. The Cox regression hazard ratio of hypoalbu-
minemia was 3.064 which was higher than that of other
two indices (Table 3). The result of multiple regression
analysis between malnutrition and overall morbidity is dis-
played in Table 4. Serum albumin of <3.5 g/dl and body
weight loss were both significant risk factors (p <0.001),
but hypoalbuminemia was more predictive of postopera-
tive morbidity.

Discussion

This research was based on the data from the large,
multi-institutional, nationally validated database of the
American College of Surgeons-National Surgical Quality
Improvement Program (ACS-NSQIP) and demonstrated
the prevalence of malnutrition among the most common
cancers and its predominance in colorectal cancer. In
the literature, the reported rates of malnutrition in all
types of cancer varied widely due to the many screening
tools used, and the differences between the groups ana-
lyzed. In our study, the malnutrition rate in colorectal
cancer as defined by hypoalbuminemia was similar to
the reports of other countries [17-20], but body weight

Table 4 Multiple regression analysis for overall complication
after adjustment

Variables B(coefficient) 95 % C.I. P value Variables B(coefficient) 95 % C.I. P value
Albumin Albumin
<35 3.585 3.408-3.762 <0.001 <35 0.119 0.109-0.13 <0.001
>=35 0 >=35 0
BWL BWL
Yes 1.196 0.903-1.49 <0.001 Yes 0.05 0.033-0.068 <0.001
No 0 No 0
BMI BMI
<185 1.287 0.856-1.718 <0.001 <185 0.048 0.021-0.074 <0.001
18.5-29.9 0 18.5-29.9 0

BWL, body weight loss; BMI, body mass index

BWL, body weight loss; BMI, body mass index
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loss and BMI of <18.5 kg/m® [10, 21] were not. This
may be the result of analyses based on different criteria
and data distributions that do not include values that
can be generalized to populations outside the U.S. A
uniform, easily quantified and well qualified screening
metric is needed to determine nutritional status in can-
cer patients, thus creating the potential for cross exam-
ination of data sets.

Our analyses excluded patients from the reference
group with BMI between 18.5 and 29.9 kg/m” due to the
U-shaped relationship between BMI and postoperative
outcome. The patient group with a BMI greater than
30 kg/m? was at an increased risk for overall complica-
tions, especially infectious morbidity. Obese patients at
or above 30 kg/m> were divided into an independent
group to explore the real effect of underweight status
(BMI < 18.5 kg/m?) in our study [12, 14].

Previous investigations studying the association between
hypoalbuminemia and postoperative outcome focused on
long-term survival and significant differences were seldom
noted in their multivariate analyses [8, 17, 18, 20, 22]. In
our multivariate analysis, hypoalbuminemia was signifi-
cantly associated with postoperative 30-day mortality and
overall morbidity including sepsis, renal failure, and car-
diovascular events that had not been previously demon-
strated [9, 19].

Overall complication was defined as the sum of the
weighted values of all morbidities and mortality events. A
higher complication score represented more severity in a
single patient. After multiple regression analysis, we were
able to differentiate the predictive value of the nutritional
assessment methods studied in overall complication.

Smith, et al. reported that underweight status was sig-
nificantly associated with 30-day mortality and the oc-
currence of postoperative sepsis [12]. Our study further
demonstrated the association of being underweight with
other postoperative complications including the need for
postoperative ventilation greater than 48 h, blood trans-
fusion requirement, septic shock and return to operating
room. This difference may be due to the different defini-
tions of underweight and the reference group used. We
chose the criterion of underweight patients with BMI of
<18.5 kg/m* and a reference group with BMI between
18.5 and 29.9 kg/m? which had a higher value of pre-
dicting postoperative morbidity.

There are several limitations to this study. The ACS-
NSQIP database only records events 30-day post-surgery,
and so it may underestimate the true rate of all postopera-
tive outcomes, some of which occurred after 30 days. In
addition, the database only collected the patients who re-
ceived surgical treatment. The malnutrition rate in some
cancers where surgical treatment is not necessary limits
the representation of the status of malnutrition in all pa-
tients with cancer. Similarly, there may be selection bias
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in that severely malnourished patients may not have been
offered surgery due to the expectation of poor outcomes.
In addition, the database is very large and there is a po-
tential for errors associated with miscoding and omis-
sion in some items, which forced us to exclude the
information of other confounding variables when we
computed our multivariate analyses. Finally, the data-
base has no cancer-specific variables such as protocols
of chemotherapy or radiotherapy used, or the stage and
tumor size, which could inform the subgroup analyses
and may interact with malnutrition in our postopera-
tive outcome evaluations. We excluded the patients
who received palliative surgery due to advanced stage
to reduce the effect of advanced stage in the association
between postoperative complications and malnutrition.

Conclusions

Malnutrition is a more prominent problem in colorectal
cancer than other most common cancers. Postoperative
30-day mortality and length of total hospital stay were
significantly associated with malnutrition in colorectal
cancer. Compared with body weight loss and low BMI,
low serum albumin provided more accuracy in predict-
ing postoperative morbidities in our adjusted multivari-
ate analyses. Preoperative albumin level is an objective,
simple, and qualified nutritional assessment method for
the evaluation of surgical risks in colorectal cancer pa-
tients. Although the overall rate of malnutrition in the
U.S. seems to be declining, we should actively screen for
nutritional status and intervene early in this correctable
risk factor to help avoid postoperative complications.
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