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GLP-1 Receptor Agonists and Colorectal Cancer Risk
in Drug-Naive Patients With Type 2 Diabetes,
With and Without Overweight/Obesity
Glucagon-like peptide 1 receptor agonists (GLP-1RAs) are ap-
proved by the US Food and Drug Administration for treating
type 2 diabetes (T2D). GLP-1RAs have pleiotropic effects on low-
ering plasma glucose, inducing weight loss, and modulating

immune functions.1 Because
overweight/obesity is a ma-
jor risk factor for colorectal

cancer (CRC),2 we hypothesize that GLP-1RAs are associated
with a decreased risk for CRC in patients with T2D compared
with non–GLP-1RA antidiabetics. We conducted a nation-
wide, retrospective cohort study among drug-naive patients
with T2D comparing GLP-1RAs with 7 non–GLP-1RA antidia-
betics, including metformin and insulin, which are suggested
to influence CRC risk.3

Methods | We used the TriNetX platform to access deidentified
electronic health records of 101.2 million patients, including 7.4
million with T2D from 59 health care organizations across 50
states.4 TriNetX built-in analytic functions allow for patient-

level analyses while only reporting population-level data. The
MetroHealth System institutional review board determined that
using data from TriNetX is not human subject research and there-
fore exempt from approval. The TriNetX platform has been
shown to be useful for retrospective cancer cohort studies.5,6

The study population comprised 1 221 218 patients with T2D
who had medical encounters for T2D and were subsequently pre-
scribed antidiabetic medications from 2005 to 2019, no prior an-
tidiabetic medication use (drug naive), and no prior CRC diag-
nosis. GLP-1RAs were compared with insulin, metformin, alpha-
glucosidase inhibitors, dipeptidyl-peptidase 4 (DPP-4) inhibitors,
sodium-glucose cotransporter-2 (SGLT2) inhibitors, sulfonyl-
ureas, and thiazolidinediones. The time of 2005 to 2019 (ex-
cept for a starting year of 2013 for SGLT2 inhibitors and 2006 for
DPP-4 inhibitors) was chosen based on the year drugs were first
approved. The study population was divided into exposure and
comparison cohorts for each comparison.

Cohorts were propensity score matched (1:1, using nearest
neighbor greedy matching) for demographics, adverse socio-
economic determinants of health, preexisting medical condi-
tions, family and personal history of cancers and colonic pol-
yps, lifestyle factors (exercise, diet, smoking, and alcohol
drinking), and procedures such as colonoscopy2 (Table). The out-

Table. Demographic Characteristics of the Cohorts Before Propensity Score Matchinga

Characteristic

%b

GLP-1RA(+)/
insulin(−)
(n = 22 575)

Insulin
(+)/GLP-1RA(−)
(n = 990 239)

GLP-1RA(+)/metformin(−)
(n = 18 520)

Metformin
(+)/GLP-1RA(−)
(n = 845 150)

Age at index event, mean (SD), y 55.6 (12.3) 60.7 (16.3) 58.2 (12.9) 58.8 (14.2)

Sex

Female 56.0 46.8 57.3 48.6

Male 42.6 52.7 41.4 50.8

Ethnicity

Hispanic/Latinx 8.7 9.6 7.5 10.7

Not Hispanic/Latinx 65.1 59.5 66.8 61.3

Unknown 26.3 30.9 25.6 28.0

Race

American Indian or Alaska Native 0.4 0.5 0.02 0.4

Asian 2.3 4.4 1.9 4.2

Black 12.2 17.7 14.7 16.7

Native Hawaiian or Other Pacific Islander 0.5 1.1 0.08 0.5

White 70.8 61.2 69.8 61.5

Unknown 13.9 15.0 12.7 16.7

Abbreviation: GLP-1RA, glucagon-like peptide 1 receptor agonist.
a The status of variables was based on the presence of related clinical codes

anytime to 1 day before the index event. Other variables that were not shown
but propensity score matched between cohorts include adverse
socioeconomic determinants of health (eg, housing and economic
circumstance, upbringing, education, physical environment, social
environment), family circumstance, family and personal history of cancers,
family and personal history of colonic polyps, family history of colorectal

cancer, lifestyle factors (eg, exercise, diet, smoking, alcohol drinking),
preexisting medical conditions and procedures such as benign neoplasm of
the colon and rectum, overweight and obesity, Crohn disease, ulcerative
colitis, cystic fibrosis, bariatric surgery, colonoscopy, and radiation therapy.

b A plus sign (+) indicates that a patient was prescribed a GLP-1RA or
non–GLP-1RA antidiabetic medication, while a minus sign (−) indicates that
they were not.
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come was the first diagnosis of CRC that occurred within 15 years
starting from the index event (first prescription of GLP-1RAs vs
non–GLP-1RA antidiabetics). With censoring applied, Kaplan-
Meier analysis with hazard ratios (HRs) and 95% CIs were used
to compare time to event rates at daily time intervals. Separate
analyses were performed in patients stratified by the status of
obesity/overweight and sex but not by age groups and race and
ethnicity due to limited sample sizes. Data were collected and
analyzed on September 13, 2023, within the TriNetX Analytics
Platform using built-in functions (R, version 4.0.2 [R Project for
Statistical Computing]), with statistical significance set at a
2-sided P < .05. More details are available in the eMethods in
Supplement 1.

Results | During a 15-year follow-up in 1 221 218 drug-naive pa-
tients with T2D, GLP-1RAs were associated with decreased risk
for CRC compared with insulin (HR, 0.56; 95% CI, 0.44-0.72),
metformin (HR, 0.75; 95% CI, 0.58-0.97), SGLT2 inhibitors,
sulfonylureas, and thiazolidinediones, and with lower but not
statistically significant risk compared with alpha-glucosidase or
DPP-4 inhibitors (Figure, A). Consistent findings were ob-
served in women and in men. GLP-1RAs were associated with a
lower risk for CRC in patients with obesity/overweight com-

pared with insulin (HR, 0.50; 95% CI, 0.33-0.75), metformin (HR,
0.58; 95% CI, 0.38-0.89), or other antidiabetics (Figure, B).

Discussion | In this cohort study, GLP-1RAs were associated with
reduced CRC risk in drug-naive patients with T2D with and
without obesity/overweight, with more profound effects in pa-
tients with obesity/overweight, suggesting a potential protec-
tive effect against CRC partially mediated by weight loss and
other mechanisms not related to weight loss. Study limita-
tions include potential unmeasured or uncontrolled confound-
ers, self-selection, reverse causality, and other biases inher-
ent in observational studies, and that results need validation
from other data and study populations. Further research is war-
ranted to investigate the effects in patients with prior antidia-
betic treatments, underlying mechanisms, potential differen-
tial effects within GLP-1RAs, and effects of GLP-1RAs on other
obesity-associated cancers.
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Figure. Risks and Hazard Ratios (HRs) of First-Time Diagnosis of Colorectal Cancer (CRC) in Drug-Naive Patients With Type 2 Diabetes
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Exposure cohort (matched) 
GLP-1RA(+)/insulin(–) (n = 22 572)

GLP-1RA(+)/TZD(-) (n = 36 481)

GLP-1RA(+)/metformin(–) (n = 18 518)
GLP-1RA(+)/AGI(–) (n = 2503)
GLP-1RA(+)/DDP–4(–) (n = 44 146)
GLP-1RA(+)/SGLT2(–) (n = 25 133)
GLP-1RA(+)/SU(–) (n = 36 716)

Comparison cohort (matched) 
GLP-1RA(–)/insulin(+) (n = 22 572)

GLP-1RA(–)/TZD(+) (n = 36 481)

GLP-1RA(–)/metformin(+) (n = 18 518)
GLP-1RA(–)/AGI(+) (n = 2503)
GLP-1RA(–)/DDP–4(+) (n = 44 146)
GLP-1RA(–)/SGLT2(+) (n = 25 133)
GLP-1RA(–)/SU(+) (n = 36 716)

Overall study populationA

HR (95% CI)
0.50 (0.33-0.75)
0.58 (0.38-0.89)
0.77 (0.59-1.00)
0.68 (0.47-0.99)
0.63 (0.48-0.82)
0.73 (0.54-0.98)

Exposure cohort (matched) 

GLP-1RA(+)/TZD(-) (n = 11 099)

GLP-1RA(+)/insulin(–) (n = 9398)
GLP-1RA(+)/metformin(–) (n = 8057)
GLP-1RA(+)/DDP–4(–) (n = 16 699)
GLP-1RA(+)/SGLT2(–) (n = 8148)
GLP-1RA(+)/SU(–) (n = 15 551)

Comparison cohort (matched) 

GLP-1RA(–)/TZD(+) (n = 11 099)

GLP-1RA(–)/insulin(+) (n = 9398)
GLP-1RA(–)/metformin(+) (n = 8057) 
GLP-1RA(–)/DPP–4(+) (n = 16 699)
GLP-1RA(–)/SGLT2(+) (n = 8148)
GLP-1RA(–)/SU(+) (n = 15 551)

Patients with overweight/obesityB
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HR (95% CI)

No. of cases
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35 (0.37%)
31 (0.39%)
96 (0.58%)
47 (0.58%)
85 (0.55%)
71 (0.64%)

Exposure cohort

No. of cases
(overall risk)
67 (0.71%)
64 (0.79%)
125 (0.75%)
66 (0.81%)
154 (0.99%)
124 (1.12%)

Comparison cohort

96 (0.52%)
94 (0.42%)

14 (0.56%)
256 (0.58%)
142 (0.57%)
207 (0.56%)
222 (0.61%)

No. of cases
(overall risk)

Exposure cohort

153 (0.83%)
167 (0.74%)

26 (1.04%)
282 (0.64%)
175 (0.70%)
293 (0.80%)
378 (1.04%)

No. of cases
(overall risk)

Comparison cohort

Patients had no prior CRC and had no prior antidiabetic medication
prescriptions between matched cohorts in the overall study population (A) and
in patients with obesity/overweight (B). Kaplan-Meier analysis was used to
estimate the probability of the outcome (first diagnosis of CRC) at daily time
intervals with censoring applied within a 15-year time window starting from the
index event (first prescription of glucagon-like peptide 1 receptor agonists
[GLP-1RAs] vs other non–GLP-1RA antidiabetic medications). The cohorts were
propensity score matched for demographics, adverse socioeconomic
determinants of health, preexisting medical conditions, personal and family
history of cancers such as CRC and colonic polyps, benign neoplasms of the

colon and rectum, lifestyle factors (exercise, diet, smoking, and alcohol
drinking), medical encounters, and procedures such as colonoscopy. Overall risk
is defined as the number of incidence cases among the number of patients in
each cohort at the beginning of the time window. A plus sign (+) indicates that a
patient was prescribed a GLP-1RA or non–GLP-1RA antidiabetic medication,
while a minus sign (−) indicates that they were not. AGI indicates
alpha-glucosidase inhibitors; DPP-4, dipeptidyl-peptidase 4 inhibitors; SGLT2,
sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas, TZD,
thiazolidinediones.

Letters

E2 JAMA Oncology Published online December 7, 2023 (Reprinted) jamaoncology.com

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.5573?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573


Author Affiliations: Center for Science, Health, and Society, Case Western
Reserve University School of Medicine, Cleveland, Ohio (L. Wang, W. Wang,
Berger); Departments of Internal Medicine, Pediatrics, and Population and
Quantitative Health Sciences and the Center for Clinical Informatics Research
and Education, The MetroHealth System, Cleveland, Ohio (Kaelber); Center for
Artificial Intelligence in Drug Discovery, Case Western Reserve University School
of Medicine, Cleveland, Ohio (Xu); Case Comprehensive Cancer Center, Case
Western Reserve University School of Medicine, Cleveland, Ohio (Xu, Berger).

Accepted for Publication: September 24, 2023.

Published Online: December 7, 2023. doi:10.1001/jamaoncol.2023.5573

Open Access: This is an open access article distributed under the terms of the
CC-BY License. © 2023 Wang L et al. JAMA Oncology.

Corresponding Authors: Rong Xu, PhD, Center for Artificial Intelligence in Drug
Discovery (rxx@case.edu), and Nathan A. Berger, MD, Case Comprehensive
Cancer Center (nab@case.edu), Case Western Reserve University School of
Medicine, 10900 Euclid Ave, Cleveland, OH 44106.

Author Contributions: Drs Xu and Berger had full access to all of the data in the
study and take responsibility for the integrity of the data and the accuracy of
the data analysis.
Concept and design: W. Wang, Kaelber, Xu, Berger,.
Acquisition, analysis, or interpretation of data: L. Wang, W. Wang, Xu, Berger.
Drafting of the manuscript: W. Wang, Xu, Berger.
Critical review of the manuscript for important intellectual content: All authors.
Statistical analysis: L. Wang, W. Wang, Xu.
Obtained funding: Xu.
Administrative, technical, or material support: Kaelber, Xu, Berger.
Supervision: Xu, Berger.

Conflict of Interest Disclosures: Dr Kaelber reported grants from the National
Institutes of Health during the conduct of the study. Dr Xu reported grants from
the National Institutes of Health during the conduct of the study. Dr Berger
reported grants from the National Institutes of Health during the conduct of the
study. No other disclosures were reported.

Funding/Support: This work was supported by the National Cancer Institute
Case Comprehensive Cancer Center (CA221718, CA043703), the American
Cancer Society (RSG-16-049-01-MPC), the Landon Foundation–American
Association for Cancer Research (15-20-27-XU), the National Institutes of Health
Director’s New Innovator Award Program (DP2HD084068), the National
Institute on Aging (AG057557, AG061388, AG062272, AG07664), and the
National Institute on Alcohol Abuse and Alcoholism (AA029831).

Role of the Funder/Sponsor: The funders had no role in the design and
conduct of the study; collection, management, analysis, and interpretation of
the data; preparation, review, or approval of the manuscript; and decision to
submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

1. Bendotti G, Montefusco L, Lunati ME, et al. The anti-inflammatory and
immunological properties of GLP-1 receptor agonists. Pharmacol Res. 2022;182:
106320. doi:10.1016/j.phrs.2022.106320

2. Colorectal cancer risk factors. American Cancer Society. Accessed September
14, 2023. https://www.cancer.org/cancer/types/colon-rectal-cancer/causes-
risks-prevention/risk-factors.html

3. Currie CJ, Poole CD, Gale EAM. The influence of glucose-lowering therapies
on cancer risk in type 2 diabetes. Diabetologia. 2009;52(9):1766-1777. doi:10.
1007/s00125-009-1440-6

4. TriNetX. Accessed May 6, 2023. https://trinetx.com/

5. Wang W, Kaelber DC, Xu R, Berger NA. Breakthrough SARS-CoV-2 infections,
hospitalizations, and mortality in vaccinated patients with cancer in the US
between December 2020 and November 2021. JAMA Oncol. 2022;8(7):1027-1034.
doi:10.1001/jamaoncol.2022.1096

6. Wang L, Xu R, Kaelber DC, Berger NA. Time trend and association of
early-onset colorectal cancer with diverticular disease in the United States:
2010-2021. Cancers (Basel). 2022;14(19):4948.
doi:10.3390/cancers14194948

Letters

jamaoncology.com (Reprinted) JAMA Oncology Published online December 7, 2023 E3

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.5573?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573
mailto:rxx@case.edu
mailto:nab@case.edu
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.5573?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573
https://dx.doi.org/10.1016/j.phrs.2022.106320
https://www.cancer.org/cancer/types/colon-rectal-cancer/causes-risks-prevention/risk-factors.html
https://www.cancer.org/cancer/types/colon-rectal-cancer/causes-risks-prevention/risk-factors.html
https://dx.doi.org/10.1007/s00125-009-1440-6
https://dx.doi.org/10.1007/s00125-009-1440-6
https://trinetx.com/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.1096?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573
https://dx.doi.org/10.3390/cancers14194948
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.5573

