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Background: Consumption of a diet with high glycemic indices has been associated with inferior cancer-
specific outcomes in patients with early-stage colorectal cancer, but there is limited prospective evidence that 
alterations in dietary habits improves cancer outcomes. This study aimed to determine the feasibility and 
acceptability of following a low glycemic load (GL) diet in patients with stage I-III colorectal cancer.
Methods: Patients with stage I-III colorectal cancer, who completed definitive therapy, and consumed an 
average daily GL >150 participated in a 12-week tailored face-to-face dietary intervention with a target GL. 
This study followed a 2-stage design, with 4 planned cohorts, each with an assigned GL target and dietary 
intervention intensity. The primary endpoint of feasibility was determined by participant compliance, defined 
as an individual following the assigned GL ≥75% of the time. Compliance was determined using 24-hour 
telephone recalls. A cohort was deemed feasible if at least 67% of participants were compliant. Secondary 
endpoints included acceptability of the diet, nutritional support resources necessary to follow the diet, and 
evaluation of the effect of the diet on physical measures and correlative laboratories. 
Results: Only cohort 1 was required as the primary endpoint of feasibility was met (stringent GL target, 
low intensity dietary support). The majority of participants experienced a decrease in body mass index (BMI) 
and waist circumference, 29% experiencing meaningful weight loss (≥5%). The dietitian spent an average of 
6.97 hours (SD 2.18) face-to-face time and 1.58 hours (SD 0.68) by phone with each participant. Significant 
decreases were seen in total cholesterol, very-low-density lipoprotein (VLDL) and triglycerides (all P<0.05). 
All participants liked the foods and were satisfied with the diet. All participants felt the in-person meetings 
were helpful, and 62% did not feel a virtual meeting (e.g., Skype, etc.) could replace in-person meetings. 
Conclusions: Patients with stage I-III colorectal cancer can follow a low GL diet with a 12-week in-
person dietary intervention. Significant changes in physical and laboratory measures suggest relevant biologic 
effects of the dietary intervention. This study establishes feasibility, and warrants a larger scale prospective 
intervention trial to evaluate the impact of a low GL diet on cancer outcomes.
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Introduction

Colorectal cancer is the second leading cause of cancer 
death in men and the third leading cause of death in 
women the United States each year (1). Despite advances in 
adjuvant therapy, observed 5-year overall survival in patients 
with stage III disease range from 12.9% to 73.7% (2)  
depending on the tumor and nodal pathologic features, 
with average survival of 71.8% (2-5). In those with 4 or 
more lymph nodes, greater than 50% will recur or die 
within 5 years of diagnosis (6). While advances in molecular 
profiling of tumors have provided an opportunity to tailor 
adjuvant therapy, attempts to add targeted therapies to 
an adjuvant chemotherapy backbone of fluoropyrimidine 
plus oxaliplatin have failed to improve survival (7-9). This 
raises the question of what factors, in addition to inherent 
tumor characteristics, influence recurrence risk; largely 
unaddressed are the influences of behavioral factors on 
micrometastases. 

 Epidemiologic research clearly associates diet and other 
lifestyle habits with the risk of developing colon cancer. 
Beyond increasing the risk for malignancy, preclinical 
and clinical data suggest these modifiable lifestyle factors 
that affect energy balance, in particular diet, may impact 
outcomes in those definitively treated for colon cancer 
(6,10-13) through effects on the extracellular environment 
influencing tumor cell survival. Thus dietary interventions 
offer potential alternative therapeutic strategies. 

An observational study has shown that consumption 
of a Western diet, known to consist of foods with high 
glycemic indices, negatively impacts both progression free 
and overall survival in patients with stage III colon cancer 
who are treated with standard adjuvant therapy, most 
notable in those with body mass index (BMI) >25 (HR 2.26) 
(6,10). The glycemic index (GI) is a unit of measurement 
which stratifies carbohydrates based on postprandial blood 
glucose response. The value is dependent on the nature 
of the carbohydrate compared to a reference food, either 
white bread or glucose. A related measurement is the 
glycemic load (GL) which accounts for the quantity of food 
consumed. 

Postprandial blood glucose responses are felt to influence 

carcinogenesis through several mechanisms including 
hyperinsulinemia and disruptions in the insulin like 
growth factor (IGF) axis, influencing tumor cell growth, 
differentiation, and apoptosis (10,14-19). Additionally, 
alterations in glucose metabolism in cancer cells (Warburg 
effect) is felt to provide selective growth advantage (20). 
Dietary habits also affect lipid metabolism which influences 
the development and outcomes of colorectal malignancy 
(21,22). The increase in adverse cancer related outcomes 
observed in those with a BMI >25, is felt to be related to the 
pleiotropic effects of obesity on pro-oncogenic mediators 
of cellular metabolism, involving the aforementioned 
mechanisms, as well as alterations in adipokine secretion and 
subclinical inflammation (14,23-27). The site of adiposity 
storage may also influence colorectal cancer outcomes, as 
increased waist circumference has been associated with 
increased recurrence risk (27,28).

We hypothesize that reducing dietary GL in the adjuvant 
setting will improve survival in patients with locoregional 
colon or rectal cancer. As an initial step in testing this 
hypothesis prospectively, it is necessary to demonstrate 
the feasibility of following a low GL diet in this patient 
population and determine the necessary resources to achieve 
compliance. Our intervention consisted of in-person contact 
(educational and supportive resources) with a dietitian, 
given evidence that dietitian-led and tailored interventions 
increase dietary compliance (29-31). We also evaluated the 
dietitian service resources necessary to facilitate adherence 
to and acceptability of the diet. In correlative analysis we 
evaluated the effect of lowering the dietary GL on BMI, 
lipid metabolism and other pro-oncogenic intermediaries 
of cellular metabolism. We present the following article in 
accordance with the TREND reporting checklist (available 
at: http://dx.doi.org/10.21037/jgo-20-330).

Methods

The study was approved by the Institutional Review Board 
at Seidman Cancer Center, University Hospitals Cleveland 
Medical Center, and utilized the Reliant Review at 
Metrohealth Medical Center (University Hospitals 01-14-
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07C, MetroHealth 15-00732). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013).

Subjects 

Eligible patients were 18 years or older, English speaking, 
with a history of stage I-III colon or rectal cancer who 
had undergone definitive therapy (surgery with or without 
chemotherapy and/or radiation therapy), and regularly 
consumed a diet with a daily GL (using white bread 
reference) >150, as estimated through a 3-day self-reported 
food record. They also needed to be readily available for 
a 3-month period and agreeable to participate in regular 
dietary adherence assessments. 

Participants were identified through medical and surgical 
oncology clinic referrals as well as through the tumor 
registries at University Hospitals Cleveland Medical Center 
and MetroHealth Medical Center in Cleveland, Ohio. 
Patients were approached at the time of their follow up 
visits or contacted by phone. Those identified through the 
tumor registry were contacted by phone and if interested 
were mailed a consent form and a 3-day dietary food record. 
They were then contacted to review the consent form and 
if interested, consented by phone and were contacted by a 
member of the bionutrition team, who provided detailed 
instructions on how to complete a 3-day dietary intake log 
and return it for screening and evaluation. If eligible, an 
appointment with the dietitian was made either alone or in 
a small group, and in-person written informed consent was 
obtained at that time for each participant. 

Instruments and intervention 

This was a “dose escalation” study with four planned 
cohorts each with an assigned GL target using white bread 
as a reference (Stringent ≤102 GL or Lenient between 
126–150 GL) and dietary intervention intensity (Low 
intensity or High intensity). The first cohort was our ideal 
intervention with the lowest GL target (≤102) and the 
minimal nutritional service support. Subsequent cohorts 
either relaxed the GL target or increased the dietitian 
service support. Each cohort was intended to follow a 
2-stage study design with early termination of a cohort if 
the primary endpoint of feasibility was not met, and plan 
to close once the feasibility endpoint was met (schema 
included in supplemental material). The sample size in the 
first stage was n=12 and if ≥8 participants were compliant 

with the diet, 18 patients were enrolled in that cohort. 
Feasibility was determined by participant compliance which 
was defined as individual following the assigned target GL 
≥75% of the time between weeks 4 and 12. Compliance was 
determined through use of 24-hour telephone recalls every 
2 weeks at random and calculating the GL. The cohort 
was deemed feasible if 67% of participants were compliant. 
Secondary endpoints included acceptability of the diet 
assessed though use of a Food Acceptability Questionnaire, 
and evaluation of the effect of the diet on physical measures 
including BMI and waist circumference, lipid metabolism 
and pro-oncogenic intermediaries of cellular metabolism, 
which were assessed monthly. 

Only cohort 1 was required as our primary endpoint of 
feasibility was met. In this cohort, participants met in person 
with the dietitian for the initial visit and were given verbal 
and written education materials, including food tables with 
glycemic indices, recipes, portion size information, meal 
plans, food preparation and grocery shopping instruction. 
Individual instruction was tailored to each participant’s 
baseline dietary preferences (e.g., vegan, allergies, etc.) 
and effort was made to maintain a heart healthy diet. 
Individualized food preferences were able to be maintained 
throughout the study. As the GL is impacted by each food’s 
GI along with the quantity consumed, participants choosing 
higher GI foods were counseled on portion sizes for those 
items. Participants then had face-to-face contact with the 
dietitian every 2 weeks, and phone contact on alternating 
weeks for a total of 12 weeks. A calendar of study events is 
shown in Table 1. 

Dietary food logs were used to determine participant 
eligibility. This valid dietary assessment tool allowed for 
real time calculations of each participant’s average daily GL. 
Because individual intake can vary day-to-day, dietary intake 
and GL was averaged over a 3-day period. Participants 
completed a self-reported dietary log that consisted of 
1 weekend day, 2-week days, and were non-consecutive 
days. Three 24-hour dietary records are routinely used to 
assess intake and considered an optimal amount of time for 
estimation of macronutrients (32). In order to minimize 
common errors with self-reported dietary recalls, such as 
under-reporting, detailed oral and written instructions 
were reviewed with participants by a dietitian, including 
instruction on how to choose the days. All food and 
beverage entries were reviewed with the participant for 
clarity and portion sizes. Participants were eligible they 
consumed a diet with an average daily GL ≥150. 

The first group meeting consisted of a 90-minute 
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education session with the dietitian, which included details 
about diet and compliance, recipes specific to low GL, 
handouts on portion sizes for more accurate documentation 
of intake, food tables of common foods with GL values, 
food records to log and document intake and contact 
information of the bionutrition team. All education items 
were orally reviewed and provided in written format in 
an organized folder for each participant. Groups varied in 
size from groups of 1–4 people. Participants did not get 
to choose their group size, and group participants were 
random based on the timing of their enrollment. It was 
attempted to get at least 3 participants in a group. 

Subsequent follow-up group education sessions occurred 
at weeks 2, 4, 6, 8, 10, and 12, and averaged 60 minutes 
in duration. Group sessions consisted of review of dietary 
intake logs, how to maintain a healthy diet with respect 
to low fat, low sodium, and low added sugar, low GL-
nutrient dense foods, helpful hints while eating out, 
recipe modifications, general nutrition, diet and disease 
prevention, importance of support partners, and lastly, 
individualized answers to participant’s questions.

Telephone follow-up calls, conducted by a dietitian, 
were attempted during weeks 1, 3, 5, 7, 9, and 11. These 
consisted of a 24-hour dietary recall, and reminder of 
attendance at next group meeting. 

The twenty-four-hour dietary recall was used to assess 
patient compliance, and was based upon use of self-reported 
detailed dietary logs, which the dietitian reviewed in-
person and by phone. Dietary intake data were collected 
and analyzed using Nutrition Data System for Research 
(NDSR) software version 2016, developed by the Nutrition 
Coordinating Center (NCC), University of Minnesota, 
Minneapolis, MN. NDSR is a comprehensive, gold-standard 

research software program and database and includes GL 
calculations (33-35). A standardized multiple-pass approach 
for collecting dietary recalls is utilized in NDSR software, 
allowing ample opportunities for participants to remember 
intake from the previous day. Implementing 24-h dietary 
recalls for compliance in dietary intervention studies is 
frequently utilized in epidemiologic studies (36).

The Food Acceptability Questionnaire was used to 
assess the acceptability of the diet at weeks 6 and 12. It is a  
12-item questionnaire, which uses a 7-point Likert scale to 
rate ease of preparation, palatability, satisfaction, perceived 
benefits or adverse effect of a particular diet. This tool 
has strong face validity but has not been extensively tested  
(37-40). It was a self-administered, paper survey. 

A 14-item program evaluation, self-administered paper 
survey, was offered at the end of the 12-week intervention 
to assess participant satisfaction with various aspects of the 
intervention and to elicit suggestions on how to improve the 
intervention. This instrument included 3 yes/no questions 
with the opportunity to explain choice, 3 multiple choice 
questions on preference of frequency and duration of visits, 
3 Likert questions on helpfulness of in-person visits, phone 
calls and likelihood to continue to follow the diet. It included 
one 10-point scale question on confidence to continue to 
follow the diet. There were also 4 qualitative items where 
participants could offer what they liked best, least, resources 
they would have liked, and open-ended suggestions. 

Statistical analysis

Descriptive analyses were used to describe the study sample, 
changes in BMI and waist circumference, food acceptability 
score and also program evaluation results. 

Table 1 Study calendar

Variables W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12

Direct contact with nutritionist X X X X X X X

Phone contact with nutritionist X X X X X X

Correlative laboratories X X X X

Height X

Weight X X X X X X X

Waist circumference X X

24 hour phone dietary  recall X X X X X

FAQ X X

Program evaluation survey X
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Screened (n=680)

Unable to contact (n=201)
•3 attempts by phone

Consented (n=55)

Ineligible  (n=168)
•Recurrent disease (n=53)
•Other malignancy (n=27)
•Language barrier (n=15)
•Other comorbidities (n=31)
•On adjuvant therapy (n=5)
•Location (n=15)
•Other (n=22)

Refused (n=256)
•No reason given  (n=135)
•Travel/location (n=45)
•Time commitment/conflict (n=36)
•Other medical issues (n=18)
•Other diet restrictions (n=11)
•Financial (n=5)
•Too strict of diet  (n=5)
•Concern for side effects (n=1)

Decided not to participate  (n=29)

•No reason give (n=25)
•Other medical issues (n=2)
•Diet too strict (n=1)
•Time commitment/conflict (n=1)

Ineligible (n=8)
•	Did not qualify based on 3 day 

food record results 

Participated  (n=18)

Figure 1 Patient enrollment diagram.

Exploratory correlative analyses evaluated the change in 
serum levels of glycosylated hemoglobin, markers of lipid 
metabolism, including total cholesterol, triglycerides, low 
density lipoprotein (LDL) high density lipoprotein (HDL) 
and leptin, and serum levels of proteins and metabolites 
affected by carbohydrate metabolism including fasting 
glucose, c-peptide, insulin-like growth factor peptides 
levels [including IGFs (IGF I and IGF II) and their binding 
proteins (IGFBP1–IGFBP6)]. The difference from baseline 
to week 12 was assessed using a paired t-test.

Results

Eighteen patients enrolled in this study. One patient 
withdrew from the study and was not included in the 
analysis and one patient did not complete the 12-week 
intervention and was included in the analysis. Figure 1 
provides information on recruitment. Patient demographic 
and clinical characteristics are summarized in Table 2. Sex, 
race and ethnicity were self-reported. 

The primary endpoint of feasibility was met in that 
67% (n=12) of participants were compliant with the diet 
over the 12-week intervention period. Compliance was not 
associated with sex, race, income, or tumor stage. 

Weight change data were available on 14 patients. Of 

those included in the analysis, 79% (n=11) of participants 
lost weight, 14% (n=2) gained weight, and 7% (n=1) 
maintained weight. Twenty eight percent of patients were 
considered to have meaningful weight loss, defined as 
≥5%. Overall there was a statistically significant decrease in 
BMI, with a mean decrease of 1.2 (SEM 0.3) P≤0.01. The 
average weight decrease in the compliant group was 4.13 kg  
(SD 2.49) and 1.98 kg (SD 5.53) in the non-compliant 
group (P=0.32). While this difference was not statistically 
significant, the trend was in the anticipated direction. 

Among 13 patients with serial waist circumference 
measurements, five (62%) had a decrease in waist 
circumference, two (15%) had no change and three (23%) 
had an increase in waist circumference. The mean change 
in waist circumference in the compliant group was −3.92 cm 
(SD 5.25) and was +0.69 cm (SD 7.50) in the non-compliant 
group (P=0.224). 

Nutrition resources

The dietitian spent an average of 6.97 hours (SD 2.18) 
face-to-face and 1.58 hours (SD 0.68) by phone with each 
participant over 12 weeks. The dietitian recorded the time 
spent at each in-person and phone session and this was 
averaged for each participant. 
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Acceptability of the diet

There were no significant changes in response to the food 
acceptability measure between 6 and 12 weeks. At 12 weeks 
when asked “Overall how satisfied or dissatisfied are you 

with this diet?” all patients were satisfied to some extent and 
43% (n=7) were extremely satisfied. For the question “How 
well do you like these foods?” all participants answered 
moderately or better and 75% (n=12) liked the foods very 
much or extremely. When asked “How easy or difficult 
has it been for you to prepare these foods?” 93% (n=15) 
answered neutral to extremely easy; the median and mode 
response was 6 (extremely easy). When asked “How easy or 
difficult has it been for you to purchase these foods?” 75% 
(n=12) answered neutral to extremely easy, with 5 (fairly 
easy) as the most common response. Participants were asked 
to describe symptoms experienced over prior 2 weeks, 63% 
(n=10) reported increased energy, 50% (n=8) felt improved 
digestion, and 19% (n=3) better sleep than usual. 

Correlative lab studies

Over the course of the dietary intervention, there 
were significant changes in several lipid metabolites, 
including a 7.2% decrease in the mean total cholesterol, 
a 26.8% decrease in very-low-density l ipoprotein 
(VLDL), and a 26.6% decrease in triglycerides between 
baseline and week 12 (Table 3). There were no other 
statistically significant differences in biomarkers over 
the 12-week time period, though point estimates in 
several biomarkers were in the anticipated direction 
of change, including IGF2, IGFBP1 and 2, leptin, and 
LDL. When evaluating changes in biomarkers between 
the compliant and non-compliant groups there was 
significant change in IGFBP3 (absolute difference in 
IGFBP3 was 293 ng/mL, t=2.44, P=0.03). In the group 
that was compliant with the diet the mean increase was  
71.1 ng/mL and the group that was not compliant with 
the diet the mean decrease was 221.8 ng/mL. There were 
sizable differences in mean IGFBP2, and Insulin levels, 
though they did not meet statistical significance (t=1.15, 
P=0.14; t=−1.51, P=0.15). 

Program evaluation

When asked if they liked the group size, all participants 
responded “yes” and felt the frequency of in person visits 
every 2 weeks was “just right.” Ninety-two percent thought 
the duration of meetings were “just right” and one person 
felt they were “too short.” Eighty-six percent of participants 
felt the follow up phone calls were helpful to some degree 
“a little helpful” to “extremely helpful.” All patients felt 
the in-person meetings were “moderately” to “extremely 

Table 2 Patient characteristics

Characteristic N (%)

Age (year): median [range] 59 [37.5, 82.5]

Sex

Female 8 (47.1)

Male 9 (52.9)

Race

Black 5 (29.4)

White 12 (70.6)

Ethnicity

Non-Hispanic 16 (94.1)

Not stated 1 (5.9)

Income per year

<$20K 3 (17.7)

$21K–$50K 5 (29.4)

>$50K 9 (52.9)

Education

High school 1 (5.9)

Some college 5 (29.4)

Associate degree 3 (17.7)

Bachelor degree 5 (29.4)

Past-graduate 3 (17.7)

Adjuvant therapy

Yes 8 (47.1)

No 9 (52.9)

Stage

I 5 (29.4)

IIA 6 (35.3)

IIIA 4 (23.5)

IIIB 2 (11.9)

Diabetes

No 13 (76.5)

Yes 4 (23.5)
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Table 3 Changes in potential biomarker and physical measurements between baseline and week 12

Variables Baseline, mean (SEM) Week 12, mean (SEM) Change, mean (SEM) t, P value

Correlative laboratories

Total cholesterol (mg/dL) 179.4 (13.2) 166.6 (12.1) –12.8 (5.5) –2.33, 0.03

VLDL (mg/dL) 24.6 (3.4) 18.0 (1.2) –6.6 (2.8) –2.33, 0.03

Triglycerides (mg/dL) 122.6 (17.0) 90.0 (6.0) –32.6 (14.2) –2.29, 0.04

IGF 1 (ng/mL) 108.0 (7.1) 109.8 (7.6) 1.8 (3.9) 0.46, 0.66

IGF 2 (pg/mL) 402,432 [23,657] 392,420 [23,742] –10,012 [10,224] –0.98, 0.34

IGFBP1 (pg/mL) 14,853 [2,186] 17,401 [2,474] 2,548 [1,849] 1.38, 0.18

IGFBP2 (ng/mL) 246.1 (31.2) 271.2 (37.7) 25.1 (23.7) 1.06, 0.30

IGFBP3 (ng/mL) 1,913 [136] 1,898 [148] –15 (62.7) –0.24, 0.81

C-peptide (ng/mL) 2.2 (0.2) 2.1 (0.2) –0.1 (0.2) –0.49, 0.63

Leptin (pg/mL) 22,827 [5,614] 26,538 [11,246] 3,711 [7,220] 0.51, 0.61

Hgb A1c (%) 5.9 (0.2) 5.8 (0.1) –0.1 (0.1) –1.23, 0.24

Glucose (mg/dL) 111.8 (6.7) 107.2 (4.8) –4.6 (3.7) –1.25, 0.23

Insulin (uIU/mL) 13.3 (2.3) 13.8 (2.7) 0.5 (2.0) 0.27, 0.79

HDL (mg/dL) 54.6 (4.0) 54.2 (3.7) –0.3 (1.6) –0.21, 0.84

HDL ratio 3.4 (0.2) 3.1 (0.1) –0.3 (0.2) –1.55, 0.14

Physical measurements

BMI (kg/m2) 31.3 (2.0) 29.9 (2.1) –1.2 (0.3) –3.8, <0.01

VLD, very-low-density lipoprotein; IGF, insulin like growth factor; HDL, high density lipoprotein; BMI, body mass index.

helpful.” Seventy-seven percent did not feel an online video 
could replace the in-person meetings. When asked about 
using Skype/virtual visits, 62% of participants did not feel a 
virtual meeting could replace the in-person meeting while 
38% felt it could. All patients responded that they were very 
likely or extremely likely to follow the diet after completion 
of the study, and in regards to how confident they were in 
their ability to follow the diet using a scale of 1 to 10, all 
patients answered between 6–10, median 8 and mode 7. 

Discussion 

The results of this pilot study suggest that a low GL diet, 
with face-to-face dietitian support, is feasible and acceptable 
for colorectal cancer survivors. Biomarkers relevant to 
energy balance also showed directional changes consistent 
with the dietary intervention. 

A major issue with behavioral modification is the 
sustainability of the prescribed lifestyle habit once the 
intervention contact has stopped. There are several 

studies showing rapid attenuation of dietary habits after 
cessation of the intervention. We used a face-to-face dietary 
intervention given literature on increased compliance with 
diet alterations with this method as compared to other 
modalities such as phone, mail or other written educational 
material (30). The majority of patients in our study reported 
they planned to continue with the diet after completion of 
the study and felt comfortable doing so on their own with 
the training they received. One of the study limitations was 
the lack of follow up to assess longer-term dietary habits. 
However, several patients continued to have contact with 
the study dietitian and reported continuing the diet with 
encouragement from their other clinicians to continue their 
lifestyle changes as improvements were noted in control 
of their other comorbid conditions including diabetes and 
hypertension. Several participants reported that other 
family members were also following the diet plan. One 
subject routinely sends new low GL recipes to the dietitian. 

Of the potential biomarkers evaluated, in the group 
overall, there was statistically significant decrease in the 
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mean total cholesterol, VLDL and triglycerides between 
baseline and week 12. Dyslipidemia is strongly related to 
insulin resistance and the aforementioned pathophysiology 
pathways involving hyperinsulinemia and alterations in 
the IGF axis (21,22). There are several other proposed 
mechanisms linking altered lipid metabolism and cancer 
risk and possibly outcomes, including observed correlations 
between various lipids and pro-inflammatory cytokines such 
as TNF alpha and IL-6 (41). However, lipid components 
may serve as markers of other lifestyle exposures, which 
may be the actual modifiers of cancer risk and outcome. 
The clinical significance of alterations in lipid metabolism 
after the diagnosis of cancer remains uncertain, and 
lipidomic studies and their associations with colorectal 
cancer outcomes are an active area of research. 

When comparing the compliant versus non-compliant 
group, there was a significant difference in the change 
in IGFBP3, with increased level in the compliant group 
and decreased levels in the non-compliant group. There 
were sizable point differences in the change in IGFBP2, 
and Insulin levels, though they did not meet statistical 
significance. The role of IGFBP3 in carcinogenesis 
remains unclear, as studies have had conflicting results 
(14,15,18,42), but increased levels may be beneficial as 
IGFBP3 binds greater than 95% of the circulating IGF, 
modulating its access to IGF receptors and influencing cell 
proliferation (18,42). It has also been shown to influence 
growth and apoptosis through mechanisms independent of 
IGF (42). Conclusions on the effect of the diet on potential 
biomarkers were limited by the small sample size and short 
duration of our study. Another limitation was that we did 
not collect data on activity level which may have influenced 
the exploratory correlative laboratory results.

Given the complex and interdependent nature of various 
energy balance factors it is difficult to determine the impact 
of altering individual factors. Additionally, the degree to 
which each factor influences the biology of the tumor, 
whether their influence is fixed and prognostic or dynamic 
and potentially altered by lifestyle changes, and whether 
they influence the response to tumor-directed therapies is 
uncertain. The observed changes in physical and laboratory 
measures suggest possible biologic effect of the dietary 
intervention, but these data must be viewed as exploratory 
and hypothesis-generating, and a large scale prospective 
study is necessary to determine if these changes affect 
outcomes in those already diagnosed with colorectal cancer, 
and if the benefit differs by baseline phenotypes, i.e., those 
with increased baseline BMI. 

To further inform the design of a future large scale 
study of the impact of a low GL diet on colorectal cancer 
recurrence, we elicited participant satisfaction with the 
diet and the intervention, as well as suggestions on how to 
improve the intervention. All patients were satisfied with the 
diet and the majority were “extremely satisfied.” This may 
have in part been secondary to the personalized training 
each participant received, which was felt to be one of the 
strengths of the intervention, as well as this being a self-
selected population. Seventy-five percent of patients liked 
the foods they were able to eat very much and the majority 
felt the meals were easy to prepare and purchase. The 
flexibility of the diet and fact that participants were able 
to continue to eat foods they enjoyed in moderation was 
an important component of the success and acceptability 
of the diet. The majority of patients also felt the diet 
positively impacted their energy, and half the patients felt 
the diet positively impacted their digestion. While most 
patients felt the face-to-fact interaction was important in 
their success, nearly 40 percent felt a virtual meeting could 
have replaced the face-to-face meetings. We note that 
some patients who provided verbal consent to participate 
by phone, subsequently withdrew, suggesting that program 
enhancements might be required to broaden the appeal of 
a dietary intervention. In this regard, virtual telehealth is 
an opportunity that warrants further evaluation, given the 
time and resources necessary for in-person sessions and 
the recent large scale adoption of various virtual exercise 
programs as well as telehealth, which has quickly advanced 
due to efforts to safely evaluate and treat patients during the 
COVID-19 pandemic (43,44).

This study was an essential first step in demonstrating 
the feasibility and acceptability of following a low GL diet 
in the patient population. Additional prospective study is 
necessary to determine if purposeful dietary changes after the 
diagnosis of colorectal cancer changes cancer-specific clinical 
outcomes such as risk of recurrence and overall survival. The 
diagnosis of cancer, like many other health conditions, is 
often a transformative event during which people are more 
likely to implement recommendations to change life style 
habits. This study suggests that colorectal cancer patients 
are able to follow a low GL diet with an in-person dietary 
intervention. While the study participants provided positive 
feedback on the program, our recruitment data suggests 
that further program refinements may be needed to broadly 
attract patients to this type of intervention. The use of virtual 
dietitian visits may mitigate issues with travel and time 
constraints, and thus facilitate program scalability. 
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