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Background: Definitions of malnutrition imperfectly reflect 
nutritional status or predict perioperative consequences. We 
sought to identify predictive nutritional trends by examining 
the effect of preoperative weight on postoperative outcomes 
in patients with colorectal cancer (CRC).
Methods: This retrospective review examined 148 patients 
with CRC treated with curative-intent surgery at the Veterans 
Affairs Ann Arbor Healthcare System in Michigan from January 
1, 2015 to December 31, 2019. We evaluated weight dynamics 
of patients, starting 1 year before cancer diagnosis until 1 
year after surgery. We evaluated the association of these 
weight dynamics with surgical outcomes. Primary outcomes 
observed were hospital readmission and length of stay (LOS), 
chemotherapy completion, and delayed recovery defined as 
abnormal clinical developments. 
Results: There were 115 patients in the colon cancer (CC) 
cohort and 33 in the rectal cancer (RC) cohort. Low preoperative 

albumin (< 3.5 g/dL) was present in 25 patients with CC (22%) 
and 11 patients with RC (33%). Six-month preoperative weight 
loss of at least 3% occurred in 32 patients with CC (36%). 
Delayed recovery was observed in 35 patients with CC (30%) 
and 21 patients with RC (64%). Nutrition consultation rates for 
the CC and RC groups were 15% and 36%, respectively, before 
the operation; 95% and 100%, respectively, for postoperative 
inpatients; and 12% and 73%, respectively, for postoperative 
outpatients. Six-month preoperative weight loss of ≥ 3% was 
significantly associated with delayed recovery (P < .001) and 
60-day readmissions (P = .015) but not increased LOS or 
chemotherapy noncompletion.   
Conclusions: A ≥ 3% weight loss 6 months preceding curative 
surgery for CRC was associated with adverse outcomes. An 
intensive nutrition prehabilitation program initiated at the time 
of cancer diagnosis is needed and may reduce associated 
complications. 
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In patients with gastrointestinal (GI) malig-
nancies, malnutrition is common. In addi-
tion, it has various negative implications, 

including high risk for surgical complications, 
prolonged hospitalization, decreased quality 
of life (QOL), increased mortality, and poor tol-
erance for treatments such as chemotherapy 
and radiotherapy.1

A 2014 French study of 1903 patients hos-
pitalized for cancer reported a 39% overall 
prevalence of malnutrition; 39% in patients 
with cancers of the colon/rectum, 60% for 
pancreatic cancer, and 67% for cancers of the 
esophagus/stomach.2 Malnutrition was defined 
as body mass index (BMI) < 18.5 for individu-
als aged < 75 years or BMI < 21 for individuals 
aged ≥ 75 years, and/or weight loss > 10% since 
disease onset. Malnutrition also was strongly as-
sociated with worsened performance status. 

The etiology of malnutrition in GI cancers is 
often multifactorial. It includes systemic tumor 
effects, such as inflammatory mediators con-
tributing to hypermetabolism and cachexia, 
local tumor-associated mechanical obstruction, 
GI toxicities caused by antineoplastic therapy 
or other medications, and psychological fac-
tors that contribute to anorexia.3 Patient-related 

risk factors such as older age, other chronic 
diseases, and history of other GI surgeries also 
play a role.1

Other studies have demonstrated that mal-
nutrition in patients with GI malignancies un-
dergoing surgical resection is associated with 
high rates of severe postoperative complica-
tions, increased length of stay (LOS) and time 
on a ventilator for patients treated in the inten-
sive care unit, and poor QOL in the postop-
erative survival period.4-6 Several randomized 
controlled trials conducted in patients with GI 
cancers have shown that enteral and paren-
teral nutrition supplementations in the peri-
operative period improve various outcomes, 
such as reduction of postoperative complica-
tion rates, fewer readmissions, improved che-
motherapy tolerance, and improved QOL.7-10 
Thus, in the management of patients with GI 
malignancies, it is highly important to imple-
ment early nutritional screening and establish 
a diagnosis of malnutrition to intervene and re-
duce postoperative morbidity and mortality.1

However, tools and predictors of malnutri-
tion are often imperfect. The Academy of Nutri-
tion and Dietetics and the American Society for 
Parenteral and Enteral Nutrition (AND/ASPEN) 
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weight-based criteria define malnutrition and 
nutritionally-at-risk as BMI < 18.5, involun-
tary loss of at least 10% of body weight within  
6 months or 5% within 1 month, or loss of  
10 lb within 6 months.11 While the ASPEN cri-
teria are often used to define malnourishment, 
they may not fully capture the population at 
risk, and there does not exist a gold-standard 
tool for nutritional screening. A 2002 study 
that performed a critical appraisal of 44 nutri-
tional screening tools found that no single tool 
was fully sufficient for application, develop-
ment, evaluation, and consistent screening.12 
As such, consistently screening for malnutri-
tion to target interventions in the perioperative 
period for GI surgical oncology has been chal-
lenging.13 More recent tools such as the peri-
operative nutrition screen (PONS) have been 
validated as rapid, effective screening tools to 
predict postoperative outcomes.14 Additionally, 
implementation of perioperative nutritional pro-
tocols, such as enhanced recovery after sur-
gery (ERAS) in colon cancer (CC) surgery, also 
has shown improved perioperative care and 
outcomes.15 

Preoperative nutritional interventions have 
been implemented in practice and have fo-
cused mostly on the immediate perioperative 

period. This has been shown to improve sur-
gical outcomes. The Veterans Health Adminis-
tration (VHA) provides comprehensive care to 
patients in a single-payer system, allowing for 
capture of perioperative data and the opportu-
nity for focused preoperative interventions to 
improve outcomes.  

METHODS 
This was a retrospective record review of 
colorectal malignancies treated with cura-
tive intent at the Veterans Affairs Ann Arbor 
Healthcare System (VAAAHS) in Michigan be-
tween January 1, 2015, and December 31, 
2019. We examined nutritional status, degree 
of longitudinal weight loss, and subsequent 
clinical outcomes, including delayed postop-
erative recovery and delays in chemotherapy 
in 115 patients with CC and 33 patients with 
rectal cancer (RC) undergoing curative surgi-
cal resection at VAAAHS. To avoid additional 
confounding effects of advanced cancer, only 
early-stage, curable disease was included. 
This study was approved by the VAAAHS In-
stitutional Review Board. 

Patient cases were identi f ied in the 
VAAAHS cancer registry, which included 
115 patients with colon primary tumors and  

FIGURE Patient Inclusion Flow Diagram 

Abbreviation: VA, US Department of Veterans Affairs.

33 Patients received  
neoadjuvant therapy for 
rectal primary

115 Patients treated with 
upfront surgery

28 Patients excluded
      4 Removed duplicate entries
    11 Care outside VA
      5 Patients with stage IV disease
      2 Intercurrent primaries
      1 Surgery aborted due to extensive disease
      1 Small cell histology
      3 Transanal resection

148 Patients included

176 Patients with curable colorectal cancer
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33 patients with rectal tumors. According to 
the VAAAHS standard of care, patients with 
CC did not require neoadjuvant therapy while 
patients with RC cohort did (Figure). The CC 
cohort was defined as patients who had an 
adenocarcinoma, mucinous adenocarcinoma, 
or carcinoid tumor of the colon or rectosig-
moid junction. These patients did not receive 
neoadjuvant therapy and underwent curative-
intent surgical resection of their tumor. The RC 
cohort was defined as patients who had ad-
enocarcinoma, mucinous adenocarcinoma, 
or signet ring cell carcinoma of the rectum. 
These patients received neoadjuvant chemo-
radiation followed by curative-intent surgical 
resection of their tumor. 

Patients with postoperative follow-up out-
side of VAAAHS were excluded. Patients were 
excluded if their surgery had noncurative in-
tent or if they had distant metastatic disease. 
Data on patient weights, laboratory results, 
nutrition consultations, postoperative compli-
cations, delayed recovery, readmissions, and 
chemotherapy tolerance were abstracted by 
patient chart review in the VHA Computer-
ized Patient Record System and Joint Legacy 
Viewer by 2 researchers. 

Delayed recovery was defined as any ab-

normal clinical development described in in-
patient progress notes, outpatient follow-up 
notes within 60 days, or in hospital discharge 
summaries. Excluded were psychiatric events 
without additional medical complications, 
postoperative bleeding not requiring an inva-
sive intervention, urinary retention, postop-
erative glycemic control difficulties, cardiac 
events that happened before postoperative 
hospital discharge and not requiring readmis-
sion, and postoperative alcohol withdrawal. 
Complications were defined similarly to de-
layed recovery but excluded isolated pro-
longed postoperative ileus. LOS was defined 
in days as time from admission to discharge. 

Adjuvant management course was derived 
from reviewing documentation from medical 
oncology consultations and progress notes. 
In patients for whom adjuvant chemotherapy 
was indicated and prescribed, chemotherapy 
was considered complete if chemotherapy was 
started and completed as indicated. Adjuvant 
chemotherapy was considered incomplete if 
the patient declined chemotherapy, if chemo-
therapy was not started when indicated, or if 
chemotherapy was not completed as indicated. 
Neoadjuvant therapy data were abstracted 
from medical and radiation oncology notes.

TABLE 1 Patient Demographics
  
Characteristics

Colon cancer 
(n = 115)

Rectal cancer 
(n = 33) 

Age, mean (SD), y 70 (9.1) 59 (1.4)

pT stage, mean (SD) 2.3 (0.8) 1.6 (1.2)

pN stage, mean (SD) 0.4 (0.7) 0.4 (0.7)

Comorbidities, No. (%) 
   Diabetes mellitus
   Peripheral arterial disease 
   Coronary artery disease 
   Cerebral vascular accident/transient ischemic attack

84 (73)
43 (37)

4 (3)
25 (22)
12 (10)

29 (88)
12 (36)
5 (15)
10 (30)

2 (6)

Disease progression or recurrence, No. (%) 10 (9) 5 (15)

Died within 1 year, No. (%) 6 (5) 0 (0)

BMI at time of diagnosis, No. (%), 
  < 18.5
  18.5-24.9
  25.0-29.9
  ≥ 30.0

0 (0)
23 (26)
24 (27)
43 (48)

0 (0)
6 (18)
5 (15)
15 (45)

Albumin, g/dL
  Preoperative, mean (SD) 
  Postoperative, mean (SD) 
  Low preoperative (< 3.5), No. (%)   

3.71 (0.45)
3.68 (0.44) 

25 (22)

3.60 (0.42)
3.54 (0.52) 

11 (33)

Abbreviations: BMI, body mass index; pN, pathologic nodal; pT, pathologic tumor.
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Recorded data were collected on both 
weight and BMI. Weights were extracted 
as follows: Weight 1 year before time of di-
agnosis, ± 4 months; weight 6 months be-
fore diagnosis ± 3 months; weight at time 
of diagnosis ± 2 weeks; weight at time of 
surgery ± 2 weeks; weight 30 days post-
surgery ± 2 weeks; weight 60 days postsur-
gery ± 2 weeks; weight 1 year postsurgery  
± 4 months. Mean percent change in weight 
was calculated from recorded weights be-
tween each allocated time point. A weight 
loss of ≥ 3% was found to be clinically rel-
evant and was chosen as the minimal cutoff 
value when analyzing outcomes associated 
with weight trends.

Nutrition consultations were abstracted as 
follows: Preoperative nutrition consultations 
were defined as occurring between time of 
cancer diagnosis and surgery in either the in-
patient or outpatient setting; inpatient postop-
erative nutrition consultations occurred during 
admission for surgery; readmission nutrition 
consultations occurred on readmission in in-
patient setting, if applicable; outpatient post-
operative nutrition consultations were defined 
as occurring up to 2 months postdischarge in 
the outpatient setting. 

Albumin values were extracted as follows: 
Preoperative albumin levels were defined as 
up to 4 months prior to diagnosis, and post-

operative albumin levels were defined as 2 to 
6 months after surgery. 

Analysis 
The data were described using mean (SD) for 
continuous variables and number and per-
centages for categorical variables. Where ap-
propriate, Fisher exact test, Pearson χ2 test, 
Spearman ρ, and Mann-Whitney U test were 
used for tests of significance. SAS (SAS In-
stitute) was utilized for multivariable analysis. 
The significance level was P = .05 for all tests. 

RESULTS 
There were 115 patients in the CC cohort and 
33 in the RC cohort. The mean (SD) age at di-
agnosis was 70 (9.1) for CC group and 59 (1.4) 
for RC group (Table 1). For the CC and RC co-
horts, the mean (SD) pathologic tumor stage 
was 2.3 (0.8) and 1.6 (1.2), respectively; the 
mean (SD) nodal stages was 0.4 (0.7) for both 
groups. Most patients (84 [73%] in the CC 
cohort and 29 [88%] in the RC cohort) had 
at least 1 recorded comorbidity (ie, diabetes 
mellitus, peripheral arterial disease, coronary 
artery disease, or history of cerebral vascu-
lar accident/transient ischemic attack). Mal-
nutrition as determined by BMI criteria was 
not highly prevalent in the patient cohort. At 
time of diagnosis, none of the patients were 
underweight (BMI < 18.5); 24 patients with 

TABLE 2 Weight and Body Mass Index Changes

 Trends
Colon cancer  

(n = 115) 
Mean % 
change

Rectal cancer 
(n = 33)

Mean % 
change

Time from diagnosis to surgery, mean (SD), d   43.9 (26.8) — 172.1 (39.1) —

Prediagnosis body mass index, mean (SD)
  1 y  
  6 mo

30.4 (6.9)
30.6 (6.6)

—
+1.9

33.2 (6.2) 
33.9 (7.8)

—
-0.5

Body mass index during care, mean (SD)
  At diagnosis 
  Start of neoadjuvant chemotherapy
  At surgery 

29.9 (7.1)
—

30.0 (6.6)

-1.5
—

+0.1

30.9 (7.4)
30.6 (7.0)
30.4 (6.7)

-2.5
+0.4
-0.3

Postoperative body mass index, mean (SD)
  30 d 
  60 d
  1 y 

29.0 (6.5)
29.4 (6.9)
29.9 (6.4) 

-3.5
+1.5
+1.3

28.0 (5.7)
29.0 (6.0)
29.8 (6.3)

-7.0
+0.2
+4.9

Adjuvant chemotherapy body mass index, mean (SD)
  At start
  At end

32.6 (8.6)
33.1 (8.7)

—
-0.3

28.2 (5.0)
28.4 (5.0)

—
+2.6

Any weight loss from 6 mo to diagnosis, No. (%) 47 (64) — 14 (70) —

Any weight loss from 6 mo to surgery, No. (%) 58 (66) — 12 (57) —
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CC (27%) and 5 patients with RC (15%) were 
overweight (BMI 25.0-29.9); and 43 patients 
with CC (48%) and 15 patients with RC (45%) 
were obese (BMI ≥ 30). CC and RC cohorts 
had a mean preoperative albumin of 3.71 and 
3.60, respectively. Low preoperative albumin 
(< 3.5), was present in 25 patients with CC 
(22%) and in 11 patients with RC (33%).

Weight Trends 
At time of diagnosis, the mean (SD) BMI was 
29.9 (7.1) for the CC group and 30.9 (7.4) for 
the RC group. The mean (SD) time in days from 
diagnosis to the date of surgery for the CC 
group was 43.9 (26.8) and 172.1 (39.1) for the 
RC group. Mean changes in BMI ranged from 

-7.0% to +4.9% (Table 2). 
From 1 year to 6 months before diagno-

sis, 40 of 80 patients lost weight in the CC 
cohort (mean change, +1.9%) and 6 of  
22 patients lost weight in the RC cohort (mean 
change, + 0.5%). From 6 months before diag-
nosis to time of diagnosis, 47 of 74 patients 
lost weight in the CC cohort (mean change, 
-1.5%) and 14 of 21 patients lost weight in the 
RC cohort (mean change, -2.5%). From time 
of diagnosis to time of surgery, 36 of 104 pa-
tients with CC and 14 of 32 patients with RC 
lost weight with a mean weight change of 
and +0.1% and -0.3%, respectively. In the  
6 months before surgery, any amount of weight 
loss was observed in 58 patients (66%) in 

TABLE 3 Recovery in Patients With Colon Cancer and Weight Loss

Patient
characteristics

All 
(N = 88)

Delayed  
recovery  
(n = 35)

No delayed  
recovery
(n = 53)

P  
value

At diagnosis

Age, mean (SD), y 71 (9.0) 71.6 (9.1) 70.2 (8.9) .48

Length of initial admission stay, mean (range), d 6.8 (1-25) 10.1 (4-25) 4.6 (1-11) < .001

Comorbidities, No. (%)
  Any
  Diabetes mellitus
  Coronary artery disease
  Peripheral artery disease
  Cerebral vascular accident/transient  
    ischemic attack

50 (57)
39 (44)
20 (23)

3 (3)

9 (10)

22 (63)
17 (49)
8 (23)
1 (3)

4 (11)

28 (53)
22 (42)
12 (23)

2 (4)

5 (9)

 
 
 
 
 

Pathologic tumor stage
  Mean (SD)
  Stage, No. (%)
    1
    2
    3
    4

2.3 (0.9)

16 (18)
33 (38)
33 (38)

6 (7)

2.3 (0.8)

5 (14
11 (31)
13 (37)

3 (9)

2.4 (0.9)

11 (20)
21 (40)
20 (38)

3 (6)

.68
 

Pathologic nodal stage
  Mean (SD)
  Stage, No. (%)
    0
    1
    2

0.4 (0.6)

58 (66) 
22 (25)

7 (8)

0.5 (0.6)

21 (60)
11 (31)

2 (6)

0.4 (0.6)

37 (70)
11 (21)

5 (9)

.63

6 mo before surgery

Body mass index, mean (SD) 30.9 (6.8) 31.7 (7.6) 30 (6.2) .35

Weight change, mean, lb -1.5 -3.1 -0.5 .02

Weight lost, No. (%)
  ≥ 3% 
  ≥ 5% 
  ≥ 10 lb 

32 (36)
23 (26)
20 (23)

20 (57)
15 (43)
9 (26)

12 (23)
8 (15)
11 (21)

< .001
.003
.01



Colorectal Cancer

MAY 2023  •  FEDERAL PRACTITIONER SPECIAL ISSUE  •  S29

the CC group and in 12 patients (57%) in the 
RC group. In this time frame, in the CC co-
hort, 32 patients (36%) were observed to have 
at least 3% weight loss, and 23 (26%) were  
observed to have at least 5% weight loss 
(Table 3). In the 6 months before surgery, 20 of 
88 patients (23%) in the CC cohort lost ≥ 10 lb.

In patients who completed adjuvant che-
motherapy in the CC group, mean (SD) BMI 
at the beginning and end of chemotherapy 
was 32.6 (8.6) and 33.1 (8.7), respectively, 
and a -0.3% mean change in weight was  
observed. In the RC group, mean (SD) BMI 
was 28.2 (5.0) at the initiation of adjuvant 
chemotherapy and 28.4 (5.0) at its comple-
tion, with a +2.6% mean change in weight. 

In the immediate postoperative period, 
most patients were losing weight in both the 
CC and RC groups (mean, -3.5% and -7.0% 
at 1 month postoperative, respectively). At 
1-year after surgery, patients had modest 
mean increases in weight: +1.3% for patients 
with CC and +4.9% for patients with RC. 

A relatively large proportion of patients had 
missing data on weights at various data points 
(Table 4). Preoperative weight trends were ham-
pered by this limitation. Of the 115 patients, only 
62 (54%) had data available to evaluate weight 
dynamics from 1 year prior to time of diagnosis, 
74 (64%) from 6 months prior to diagnosis, and 
73 (63%) for 1 year prior to time of surgery. The 
trend from 6 months pre-diagnosis until the time 
of surgery allowed for the most complete anal-
ysis: Data were available for 88 of 115 patients 
(77%). Data were missing in 33 patients with RC 
as well; thus, data analysis is focused on the CC 
cohort.

Nutrition Consultations
In the CC group, preoperative nutrition consul-
tations (either inpatient or outpatient) occurred 
in 17 patients (15%). Inpatient postoperative 
nutrition evaluations occurred in 110 patients 
(96%) (Table 5). Of these inpatient postopera-

tive consultations, either oral or enteral nutri-
tional supplements were prescribed 26 times 
(24%). Patients had a postoperative outpatient 
nutrition follow-up within 2 months postdis-
charge in only 14 cases (12%). Of 15 patients 
who were readmitted to the hospital, 11 (69%) 
had a nutrition reconsultation on readmission.

In the RC group, preoperative inpatient or 
outpatient nutrition consultations occurred in 
12 patients (36%). Eight of those occurred 
before initiation of neoadjuvant chemoradio-
therapy. All 33 patients received an inpatient 
postoperative nutrition evaluation during ad-
mission. Oral or enteral nutrition supplements 
were prescribed 19 times (58%). Postopera-
tive outpatient nutrition consultations occurred 
for 24 patients (73%). Of the 19 patients who 
were readmitted to the hospital, 3 (16%) had a 
nutrition reconsultation on readmission. 

Outcomes
The primary outcomes observed were delayed 
recovery, hospital readmission and LOS, and 
completion of adjuvant chemotherapy as in-
dicated. Delayed recovery was observed in  
35 patients with CC (40%) and 21 patients 
with RC (64%). Multivariable analysis in the 
CC cohort demonstrated that weight change 
was significantly associated with delayed re-
covery. Among those with ≥ 3% weight loss in 
the 6-month preoperative period (the weight 
measurement 6 months prior to diagnosis to 
date of surgery), 20 patients (63%) had de-
layed recovery compared with 15 patients 
(27%) without ≥ 3% weight loss who experi-
enced delayed recovery (χ2 = 10.84; P < .001).

Weight loss of ≥ 3% in the 6-month pre-
operative period also was significantly asso-
ciated with complications. Of patients with at 
least 3% preoperative weight loss, 16 (50%) 
experienced complications, while 8 (14%) 
with < 3% preoperative weight loss experi-
enced complications (χ2 = 11.20; P < .001). 
Notably, ≥ 3% weight loss in the 1-year  

TABLE 4 Patient Weights at Specified Time Points

Cancer 
type

Patients, 
No.

1 y  
before 
surgery

6 mo 
before 
surgery

At  
diagnosis

At neoadjuvant 
chemotherapy

At  
surgery

1 mo  
postoperative

2 mo  
postoperative

1 y 
postoperative

Colon, 
No. (%) 115 80 (70) 96 (83) 90 (78) – 103 (90) 101 (88) 58 (50) 100 (89)

Rectal, 
No. (%) 33 22 (67) 21 (64) 30 (91) 32 (97) 32 (97) 32 (97) 27 (82) 33 (70)
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preoperative period before surgery was not 
significantly associated with delayed re-
covery. Any degree of 30-day postoper-
ative weight loss was not correlated with 
delayed recovery. Final ly, low preoper-
ative albumin also was not correlated with 
delayed recovery (Fisher exact; P = .13). 
Table 3 displays differences based on pres-
ence of delayed recovery in the 88 patients 
with CC 6 months before surgery. Of note,  
≥ 10-lb weight loss in the 6 months preced-
ing surgery also correlated with delayed re-
covery (P = .01).

In our cohort, 3% weight loss over 6 months 
had a sensitivity of 57%, specificity of 77%, 
positive predictive value 63%, and negative 
predictive value 73% for delayed recovery. By 
comparison, a 10-lb weight loss in 6 months 
per ASPEN criteria had a sensitivity of 40%, 
specificity of 85%, positive predictive value 
64%, and negative predictive value 68% for 
delayed recovery. 

Hospital Readmissions and LOS
Hospital readmissions occurred within the first 
30 days in 11 patients (10%) in the CC cohort 

and 12 patients (36%) in the RC cohort. Read-
missions occurred between 31 and 60 days in 
4 (3%) and 7 (21%) of CC and RC cohorts, re-
spectively. The presence of ≥ 3% weight loss 
in the 6-month preoperative period was signif-
icantly associated with 60-day readmissions. 
Among those with ≥ 3% preoperative weight 
loss, 8 patients (25%) had readmissions within 
60 days vs 3 patients (5%) without 3% pre-
operative weight loss who had readmissions 
within 60 days (Fisher exact; P = .02).

Mean (SD) LOS was 6.4 (4.7) days (range, 
1-28) for patients with CC and 8.8 (5.1) days 
(range, 3-23) for patients with RC. Mean (SD) 
LOS increased to 10.2 (4.3) days and 9.7 (6.0) 
days in patients with delayed recovery in the 
CC and RC cohorts, respectively. The mean 
(SD) LOS was 5.2 (2.8) days and 6.3 (2.2) days 
in patients without delayed recovery in the CC 
and RC cohorts, respectively. There was no 
significant difference when examining asso-
ciation between percent weight change and 
LOS for either initial admission (rs = -0.1409; 
2-tailed P = .19) or for initial and readmis-
sion combined (rs = -0.13532; 2-tailed P = .21) 
within the CC cohort. 

TABLE 5 Nutrition Consultations and Postoperative Outcomes 
Criteria Colon cancer (n = 115) Rectal cancer (n = 33) 

Nutrition consultations

Preoperative, No. (%) 17 (15) 12 (36)

Postoperative, No. (%)
  Inpatient
  Outpatient

110 (96) 
14 (12) 

33 (100) 
24 (73)

During readmission, No. (%) 11 (69) 3 (16)

Postoperative outcomes

Oral or enteral supplementation, No. (%) 26 (24) 19 (58) 

Delayed recovery, No. (%) 35 (30) 21 (64)

Length of stay, mean (SD), d
  Total
  With delayed recovery
  Without delayed recovery

6.4 (4.7) 
10.2 (4.3) 
5.2 (2.8) 

8.8 (5.1) 
9.7 (6.0) 
6.3 (2.2) 

Hospital readmissions, No. (%)
  ≤ 30 d
  31-60 d

11 (10) 
4 (3) 

12 (36) 
7 (21)

Adjuvant chemotherapy, No. (%)
  Indicated
  Started within 12 wk of surgery
  Completed as indicated

31 (27) 
25 (81) 
17 (68) 

33 (100) 
18 (55) 
10 (56) 
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Chemotherapy 
Within the CC cohort, 31 patients (27%) had 
an indication for adjuvant chemotherapy. Of 
these, 25 of 31 (81%) started chemotherapy 
within 12 weeks of surgical resection, and 
of these, 17 of 25 patients (68%) completed 
chemotherapy as indicated. Within the RC 
cohort all 33 patients had an indication for ad-
juvant chemotherapy, of these 18 of 33 pa-
tients (55%) began within 12 weeks of surgical 
resection, and 10 of 18 (56%) completed che-
motherapy as indicated. 

Among the CC cohort who began but did 
not complete adjuvant chemotherapy, there was 
no significant association between completion 
of chemotherapy and preoperative weight loss. 
Of patients with ≥ 3% preoperative weight loss,  
3 (43%) did not complete chemotherapy vs  
3 patients (27%) without preoperative weight 
loss who did not complete chemotherapy as in-
dicated (Fisher exact; P = .63). Finally, low pre-
operative albumin did not significantly correlate 
with lack of completion of adjuvant chemother-
apy (Fisher exact; P = .99).

DISCUSSION 
This study highlights several important find-
ings. There were no patients in our cohort that 
met ASPEN malnourishment criteria with a 
BMI < 18.5. Twenty percent of patients lost  at 
least 10 lb in 6 months before the operation. 
Notably, patients had significant associations 
with adverse outcomes with less pronounced 
weight loss than previously noted. As has 
been established previously, malnourishment 
can be difficult to screen for, and BMI also is 
often an imprecise tool.12 In the CC cohort, 
weight loss ≥ 3% from 6 months before sur-
gery was significantly associated with delayed 
recovery, complications, and hospital read-
missions. We did not identify a statistically 
significant effect on chemotherapy comple-
tion. However, the numerical difference was 
suggestive of a difference, and a type 2 error 
is possible due to our limited sample size. 

Our findings imply that the effects of even 
mild malnutrition are even more profound than 
previously thought. Significantly, this applies 
to overweight and obese patients as well, as 
these constituted a significant fraction of our 
cohort. A finding of ≥ 3% weight loss at the 
time of CC diagnosis may provide an oppor-
tunity for a focused nutrition intervention up 
to the time of surgery. Second, although nutri-

tion consultation was frequent in the inpatient 
setting during the hospital admission (96%-
100%), rates of nutrition evaluation were as low 
as 15% before surgery and 12% after surgery, 
representing a key area for improvement and 
focused intervention. An optimal time for inter-
vention and nutrition prehabilitation would be 
at time of diagnosis before surgery with plans 
for continued aggressive monitoring and sub-
sequent follow-up. Our finding seems to pro-
vide a more sensitive tool to identify patients 
at risk for delayed recovery compared with the 
ASPEN-driven assessment. Given the simplic-
ity and the clinical significance, our test con-
sisting of 3% weight loss over 6 months, with 
its sensitivity of 57%, may be superior to the 
ASPEN 10-lb weight loss, with its sensitivity of 
40% in our cohort.

Previous Studies
Our findings are consistent with previous 
studies that have demonstrated that peri-
operative weight loss and malnutrition are 
correlated with delayed recovery and compli-
cations, such as wound healing, in patients 
with GI cancer.2,4,5,8 In a retrospective study of 
more than 7000 patients with CC, those who 
were overweight or obese were found to have 
an improved overall survival compared with 
other BMI categories, and those who were un-
derweight had an increased 30-day mortality 
and postoperative complications.16 

In another retrospective study of 3799 pa-
tients with CC, those who were overweight 
and obese had an improved 5-year survival 
rate compared with patients whose weight 
was normal or underweight. Outcomes were 
found to be stage dependent.17 In this study 
cohort, all patients were either overweight or 
obese and remained in that category even 
with weight loss. This may have contributed to 
overall improved outcomes. 

Implications and Next Steps 
Our study has several implications. One is that 
BMI criteria < 18.5 may not be a good mea-
sure for malnutrition given that about 75% 
of the patients in our cohort were overweight 
or obese and none were underweight. We 
also show a concrete, easily identifiable find-
ing of percent weight change that could be 
addressed as an automated electronic no-
tification and potentially identify a patient at 
risk and serve as a trigger for both timely and 



Colorectal Cancer

S32  •   FEDERAL PRACTITIONER SPECIAL ISSUE   •  MAY 2023

early nutrition intervention. It seems to be 
more sensitive than the ASPEN criterion of 
10-lb weight loss in 6 months before surgery.  
Sensitivity is especially appealing given the 
ease and potential of embedding this tool in 
an electronic health record and the clinical 
importance of the consequent intervention. 
Preoperative as opposed to perioperative nu-
trition optimization at time of CC diagnosis is 
essential, as it may help improve postsurgical 
outcomes as well as oncologic outcomes, in-
cluding completion of adjuvant chemotherapy. 
Finally, although our study found that rates of 
inpatient postoperative nutrition consultation 
were high, rates of outpatient nutrition con-
sultation in the preoperative period were low. 
This represents a missed opportunity for inter-
vention before surgery. Similarly, rates of post-
operative nutrition follow-up period were low, 
which points to an area for improvement in 
longitudinal and holistic care. 

We suggest modifications to nutrition in-
tervention protocols, such as ERAS, which 
should start at the time of GI malignancy di-
agnosis.18 Other suggestions include standard 
involvement of nutritionists in inpatient and 
outpatient settings with longitudinal follow-up 
in the preoperative and postoperative periods 
and patient enrollment in a nutrition program 
with monitoring at time of diagnosis at the 
VHA. Our findings as well as previous litera-
ture suggest that the preoperative period is the 
most important time to intervene with regard to 
nutrition optimization and represents an oppor-
tunity for intensive prehabilitation. Future areas 
of research include incorporating other impor-
tant measures of malnourishment indepen-
dent of BMI into future study designs, such as 
sarcopenia and adipose tissue density, to bet-
ter assess body composition and predict prog-
nostic risk in CC.18,19

Strengths and Limitations 
This study is limited by its single-center, retro-
spective design and small sample sizes, and 
we acknowledge the limitations of our data 
set. However, the strength of this VHA-based 
study is that the single-payer system allows 
for complete capture of perioperative data as 
well as the opportunity for focused preoper-
ative interventions to improve outcomes. To 
our knowledge, there is no currently existing 
literature on improving nutrition protocols at 
the VHA for patients with a GI malignancy. 

These retrospective data will help inform cur-
rent gaps in quality improvement and sup-
portive oncology as it relates to optimizing 
malnourishment in veterans undergoing surgi-
cal resection for their cancer. 

CONCLUSIONS 
In the CC cohort, weight loss of ≥ 3% from 
6 months prior to time of surgery was signifi-
cantly associated with delayed recovery, com-
plications, and hospital readmissions. Our 
findings suggest that patients with CC under-
going surgery may benefit from an intensive, 
early nutrition prehabilitation. Preoperative nu-
trition optimization may help improve post-
surgical outcomes as well as oncologic 
outcomes, including completion of adjuvant 
chemotherapy. Further research would be able 
to clarify these hypotheses.
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