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Abstract: Background: Incretin mimetics, including glucagon-like peptide-1 receptor ago-
nists (GLP-1 receptor agonist) and dipeptidyl peptidase-4 (DPP-4) inhibitors, have been
increasingly utilized for glycemic control in patients with type 2 diabetes (T2D). Studies
have demonstrated additional improvements in weight loss, cardiovascular health, and re-
nal outcomes. Animal studies have shown an association between GLP-1 receptor agonists
and C-cell proliferation and elevated calcitonin, resulting in an FDA black box. Insulin
resistance in patients with T2D, along with the use of other glucose control medications,
confounds the relationship between incretin mimetics and thyroid cancers. The true effect
of incretin mimetics on thyroid cancer remains uncertain and speculative due to this con-
founding. Methods: This retrospective cohort study compared patients with T2D, who
were new users of incretin mimetics, to new users of metformin. Study patients used
no other anti-diabetes medications beyond the study medications. The risks of incident
thyroid cancer and subsequent thyroidectomy were quantified using Cox proportional
hazards regression models fitted with adjustments for demographic and medical covariates
over a three-year study period. Medullary thyroid cancer (MTC) and multiple endocrine
neoplasia type II (MEN2) cases were quantified. Results: Of the 91,394 patients, 28 incretin
mimetic users had a diagnosis of thyroid cancer, and nine of these patients underwent a
subsequent thyroidectomy procedure. No incretin mimetic user was diagnosed with MTC
or MEN2. There was no statistically significant effect on the overall incretin mimetic cate-
gory (1.28 aHR, 0.83-1.96), the incretin mimetic subcategories of GLP-1 receptor agonists
(1.35 aHR, 0.80-2.29), or DPP-4 inhibitor (0.62 aHR, 0.33-1.17) users in developing thyroid
cancer within three years of drug initiation. Similarly, no association was found between the
overall incretin mimetic category (1.02 aHR, 0.49-2.10), the subcategories of GLP-1 receptor
agonists (1.26 aHR, 0.54-2.96), or DPP-4 inhibitors (0.32 aHR, 0.08-1.37) and a subsequent
thyroidectomy. Conclusions: In this real-world cohort study, exposure to incretin mimetics
overall or through the incretin mimetic subcategories of GLP-1 receptor agonists and DPP-4
inhibitors was not associated with risks of thyroid cancer or thyroidectomy compared to
metformin users.

Keywords: incretin mimetics; thyroid cancer; survival analysis; time-to-event; retrospective
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1. Introduction

Exponential growth in utilization rates of the glucagon-like peptide-1 (GLP-1) receptor
agonists and glucose-dependent insulinotropic polypeptides (GIPs) has been demonstrated
in recent literature [1], with monthly growth rates in the first year since the launch of 84%
for subcutaneous semaglutide and 254% for GLP-1 RA /GIP dual-agonist tirzepatide with
indications for diabetes. The incretin mimetics with FDA approval for weight management
have also experienced spectacular growth, with a 119.2% monthly growth rate for FDA-
approved subcutaneous semaglutide for weight management. This high use rate has led
to a forecasted global market growth from $22.4 billion in 2022 to $55.8 billion in 2032 [2].
While these medications have demonstrated meaningful health outcomes for patients, such
as reducing Alc, body mass, and cholesterol and improving kidney outcomes [3-6], their
relative recency in massive-scale use has left gaps in the understanding of long-term usage
effects. Thyroid cancer has emerged as one potential risk associated with incretin mimetic
use [7-9]. Given the expected continual growth in use of these drugs due to their potential
benefits in improving glycemic control [5], chronic weight management [3], and a rapidly
growing list of cardiovascular [3,6] and renal benefits [4,6], it is imperative to study their
potential deleterious side effects, including thyroid cancer.

Thyroid cancer rates are increasing, and multiple investigators have postulated a
potential link between insulin resistance and diabetes in general as an explanation for
this trend [10-15]. Thus far, findings linking thyroid cancer to diabetes have been incon-
clusive [13]. Many hypotheses have been posited towards a multi-factorial relationship
involving glucose metabolism, triglyceride levels, body mass index (BMI), and chronic ex-
posure to some hypoglycemic agents [11]. A review of the influence of multiple antidiabetic
agents has highlighted possible associations between sulfonylureas, insulin, and glitinides
on thyroid cancer while showing mixed or limited associations for thiazolidinediones,
GLP-1 receptor agonists, dipeptidyl peptidase-4 (DPP-4) inhibitors, and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors [14]. Evidence exists suggesting metformin may also
have a growth-inhibiting effect on thyroid cancer stem cells, which adds complexity to
evaluating the relationship between incretin mimetics and thyroid cancer as many an-
tidiabetic agents are used as second-line treatments to metformin [16,17]. Understanding
mechanisms of excess thyroid cancer risk among patients with diabetes demands more
focused studies of isolated antidiabetic agent medication use in real-world populations.

The effect of incretin mimetics on cancer rates, including thyroid cancers, has yet
to be firmly established. While there is evidence that these drugs protect against some
cancers [18], the United States Food and Drug Administration (FDA) placed a black boxed
warning on all recently approved GLP-1 receptor agonists. This warning was issued due
to the increased risk of C-cell tumors, specifically medullary thyroid cancer (MTC) ob-
servations in rodent studies. Per the FDA, its use is contraindicated for patients with a
history of MTC or multiple endocrine neoplasia type II (MEN2). However, no link between
GLP-1 receptor agonists and thyroid cancer has been established in human studies [19-23].
Studies have been hampered by low case counts, partly because of the infrequency of MTC
and MEN2. The rare nature of MTC [24] and MEN2 [25], coupled with the recency of the
most popular incretin mimetics such as semaglutide, jointly create challenges attributable
to small sample sizes. This is further exacerbated by the limited prevalence of patients
taking incretin mimetics exclusively; GLP-1 receptor agonists and DDP-4 inhibitors are
infrequently used as first-line medications for patients with type 2 diabetes [26]. There-
fore, longer-term studies examining single-agent use in large, population-level databases
are needed.

Several randomized controlled trials were conducted over the last decade to examine
the relationship between specific GLP-1 receptor agonists and thyroid cancer. However,
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the findings were generally non-significant. A 2024 systematic review examined the results
of five randomized controlled trial meta-analyses among people with diabetes or obese
individuals and described a non-significant increased risk in the form of elevated odds
ratios of 1.54, 1.49, 2.04, 1.19 and a risk ratio of 1.30 for the GLP-1 receptor agonist groups,
with only one study having a significant fixed-effect of 1.52 [CI 1.01-2.29] [19]. However,
the authors suggested these results are imprecise due to the limited counts of thyroid cancer
outcomes and short follow-up periods. This same review also examined six case-control
or cohort observational studies performed in claims and research databases, two of which
found statistically significant increased risks of thyroid cancer (hazard ratio of 1.46 for
1-3 years of cumulative GLP-1 receptor agonist use and a risk ratio of 1.66 for liraglutide
compared to other antidiabetic agents) [19]. The authors commented on moderate-to-high
levels of bias and high degrees of variability in terms of follow-up, lag time, exposure, and
lack of important covariates and indicators. While these studies benefited from higher
sample sizes in general, their results were hindered by a lack of uniformity and validity in
the outcome definition. Specifically, it was difficult to isolate MTC from a broader thyroid
cancer diagnosis. Instead, other indicators were relied on to define MTC cases, such as
treatment with vandetanib, thyroid surgery, diagnostic tests, the presence of nodules or
goiters, or elevated calcitonin levels. However, no combination of these indicators provides
sufficient evidence of MTC, even when paired with a positive cancer diagnosis [19].

An issue little reconciled in other studies, randomized or observational, is that pa-
tients with diabetes rarely take GLP-1 receptor agonists on their own, and, as second-line
treatments, GLP-1 receptor agonists are frequently paired with other antidiabetic agents.
Since diabetes and obesity have a well-established connection to many cancers, including
thyroid cancers [12,27], the added effect of using other medications on such outcomes
is particularly difficult to establish. Metformin is the most frequently used antidiabetic
agent, and there is evidence that it lowers the growth rate of benign and cancerous thyroid
cells [15,17,28]. Therefore, for this study, we included patients exclusively taking incretin
mimetics and compared them to patients exclusively taking metformin, ensuring drug
nativity between the groups as well as to any other antidiabetic agent.

2. Methods
2.1. Data Source

This study utilized the University of California Health Data Warehouse (UCHDW)
for all analyses. The UCHDW captures health data including but not limited to visits,
procedures, diagnoses, drug and prescription dispensing, and lab measures from all six UC
Health systems (Davis, Irvine, Los Angeles, Riverside, San Diego, San Francisco). Extending
back to 2012, this dataset holds records for over 11 million distinct patients and 1.5 billion
distinct drug exposures across just under 200 million health center visits. These data are
structured according to the Observational Medical Outcomes Partnership Common Data
Model (OMOP-CDM) and are suited to studying cohorts of patients longitudinally.

2.2. Study Cohort

This retrospective cohort included patients with type 2 diabetes (T2D) who were new
drug users initiating a prescription regimen of either (1) oral metformin or (2) an incretin
mimetic, which was either a DPP-4 inhibitor, GLP-1 receptor agonist, or GLP-1RA/GIP
agent, between 1 January 2012 and 1 March 2025. Patients were required to have at least
one refill per month or a proportion of days covered of at least 0.8 during a three-month
“lag period” defined as the first 90 days since their initial prescription fill. Patients were
excluded if they had any prescription fills of antidiabetic agents other than metformin
or the first incretin mimetic used before or during the follow-up period. The excluded
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antidiabetic agents were sodium-glucose cotransporter-2 inhibitors, sulfonylureas, amylin
analogs, thiazolidinediones, alpha-glucosidase inhibitors, insulin glargine, glitinides, or
any drugs that are combinations of blood glucose-lowering medications. Additionally,
incretin mimetic users must have used no more than one type of incretin mimetic (DPP-4
inhibitor, GLP-1 receptor agonist, or GLP-1 RA/GIP) before or during the follow-up period.
Patients were required to have evidence of a healthcare interaction in the form of either a
visit to any UC Health care facility, a record of exposure to a drug or device, any record
of a lab or physical measurement or observation, any record of a procedure, or any new
health condition at least two months prior to their first prescription to ensure patients were
drug-naive. Patients diagnosed with thyroid cancer or those who had a thyroidectomy at
any point prior to the end of the lag period were excluded to account for the time required
for cancer development.

Patients were eligible for cohort entry if they were determined to have T2D at the
UCHDW. Given the potential for the absence of diagnosis for T2D in some patients with
diabetes, plasma glucose and Alc levels were also used to identify patients with T2D,
consistent with other observational studies [29,30] and the American Diabetes Association
(ADA) 2023 standards of care [31]. The following approaches were applied:

e Type 2 diabetes mellitus diagnosis: Patients were included if they had a condition
having SNOMED codes 201826 or 443732 for either “Type 2 diabetes mellitus” or
“Disorder due to type 2 diabetes mellitus”, respectively. Any electronic health record
codes derived from these codes were also considered indicative of a T2D diagnosis;

e Hemoglobin Alc (HbAlc): Consistent with the American Diabetes Association (ADA)
2023 standards of care, patients with an Alc measure of 6.5% (48 mmol/mol) or greater
were considered to have T2D [31]. Therefore, we considered a patient having at least
two HbA1lc measurements at or above 6.5% to have T2D;

e  Plasma glucose: The ADA 2023 standard of care criteria permits a T2D diagnosis given
an 8-h fasting plasma glucose of 126 mg/dL (7.0 mmol/L) or greater or a plasma
glucose measure of 200 mg/dL (11.1 mmol/L) or greater using an anhydrous glucose
load equivalent to 75 g [31]. In our study, patients who had two of either measurement
beyond this threshold were considered to have T2D;

e Hyperglycemia: In line with the ADA 2023 standards, patients with a diagnosis of
hyperglycemia or a symptom (excessive thirst, frequent urination, or blurred vision)
and a random plasma glucose of at least 200 mg/dL (11.1 mmol/L) were included;

e  Patients lacking a hyperglycemia diagnosis were required to have at least two elevated
Alc or (fasting) plasma glucose test results.

2.3. Exposure Definition

We defined an incretin mimetic exposure group to include patients meeting the cohort
criteria and who filled a prescription for any one of the incretin mimetics, including DPP-4
inhibitors, GLP-1 receptor agonists, or GLP-1 receptor agonist/GIPs. Specifically, a GLP-1
receptor agonist or DPP-4 inhibitor user is one whose first agent had a respective drug
concept id of any coding ancestor of the Anatomical Therapeutic Chemical (ATC) 4th or
5th code of 1123618 or 21600783. GLP-1 receptor agonist/GIP users were identified using
the same ancestry approach with the RxNorm code 779705. The latter exception is required
as there was no corresponding ATC code for GLP-1 receptor agonist/GIP tirzepatide drugs
at the time of this study.

2.4. Outcome Definition

The primary outcome of interest was a thyroid cancer event during the follow-up
period of three years from the first prescription date that did not precede the end of the three-
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month lag period. A thyroid cancer diagnosis was identified in a patient having a recorded
condition occurrence with a concept id coordinated with International Classification of
Diseases 10th revision (ICD-10) code C73 for ‘Malignant neoplasm of thyroid gland’. In the
source database, the only condition concept id to satisfy this was the SNOMED ‘Primary
malignant neoplasm of thyroid gland” concept with id 133424. The secondary outcome of
a subsequent thyroidectomy or lobectomy, total or subtotal, within the three-year study
interval, was identified in patients having a procedure with the SNOMED code 4030107
or any descendant concept ID. Patients having an MTC or MEN2 diagnosis during the
study period were identified in the same manner as thyroid cancer using the International
Classification of Diseases for Oncology 3rd revision (ICD-O-3) code C73.9 and the ICD-10
codes E31.22 and E31.32, respectively.

2.5. Statistical Analysis

A Cox proportional hazard multiple regression model (CPH) [32] was used to model
the instantaneous risk of the primary outcome of thyroid cancer attributed to the exposure
category as the explanatory variable of interest. This model yielded adjusted hazard ratios
(aHRs) comparing incretin mimetics to the reference medication metformin. Time-to-event
was measured in weeks from the conclusion of the lag period until the standard binary
outcome of either event occurrence or censoring in the data. Patient censoring manifested
itself by either reaching the end of the study period without an event or loss to follow-
up during the study period. For the secondary outcome of subsequent thyroidectomy
procedures, a separate Cox proportional hazard multiple regression model was used for the
subsequent thyroidectomy outcome. For the secondary thyroidectomy outcome, time was
measured in weeks from drug initiation until the first thyroidectomy procedure for patients
who had already experienced a thyroid cancer outcome. The proportionality assumption
was assessed in both Cox models [33].

Both Cox proportional hazard multiple regression models were fit with stabilized
weights estimated from an inverse probability of treatment weighing matching proce-
dure [34]. Probability of exposure to an incretin, by type, was calculated using a multinomial
logistic regression with adjustments made for baseline demographics and comorbidities
as well as the starting year, number of outpatient visits in the first three months since
drug initiation, nearest Alc measurement, and the change in weight observed over the
study interval.

2.6. Covariates

To adjust for potential influential factors, the multiple-regression Cox model included
prespecified independent confounding variables including gender [35], race [36,37], eth-
nicity [36], obesity [27,38], diabetes [12], age [39], a prior diagnosis of non-thyroid cancer,
a family history of cancer, goiter, or other thyroid issues. Baseline Alc (%), defined as
the nearest available measurement within six months preceding the first drug usage, was
also included to adjust for patients of different glycemic status. Change in weight over
the study interval, defined as the nearest measurement in pounds within the six months
preceding drug initiation minus the furthest measurement in pounds within three years
following drug initiation, was also added. Other cancers or neoplasms were determined
using a diagnosis with a concept mapped from any ICD-10 code in the C00-C96 category
for “malignant neoplasms”, excluding C73, E31.22, and E31.23. The “other thyroid issues”
variable was a composite of thyroid disorders, including SNOMED codes for acquired
hypothyroidism, disorder of the thyroid gland, autoimmune thyroiditis, hyperparathy-
roidism, and Hashimoto’s and Grave’s disease. The year of drug initiation and the number
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of outpatient visits during the lag period were also included to adjust for detection bias.
Mean imputation was employed for patients lacking Alc or weight measurements.

3. Results

From 1 January 2012 to 1 March 2025, a total of 91,394 patients met the criteria to
be considered as having T2D and were new users of either metformin exclusively or
an incretin mimetic, with no other antidiabetic agents taken previously or during the
three-year study interval (Table 1). Of these 91,394, a total of 82,964 were metformin users,
4912 were GLP-1 receptor agonist users, and 3518 were DPP-4 inhibitor users having at least
three prescriptions or a 0.8 PDC since their first prescription during the first three months
of use. There were significant demographic and baseline health characteristic differences
between metformin, DPP-4 inhibitor, and GLP-1 receptor agonist users. GLP-1 receptor
agonist users were more often White and female than metformin and DPP-4 inhibitor users
(54.2% vs. 45.8% and 42.9% White and 61.2% vs. 51.0% and 49.0% female). Adverse health
conditions were more prevalent among GLP-1 receptor agonist patients. Of GLP-1 receptor
agonist users, 26.6% had a BMI greater than 30 during the year preceding drug initiation
compared to 8.1% for metformin and 4.9% for DPP-4 inhibitor users. GLP-1 receptor agonist
and DPP-4 inhibitor users were more likely to have had any type of cancer before their
first drug usage at 12.0% and 11.0%, respectively, as opposed to 9.9% for metformin users.
Similarly, GLP-1 receptor agonist users, compared to metformin and DPP-4 inhibitor users,
had higher rates of prior goiter (4.4% vs. 2.8% and 2.1%), other thyroid issues (18.2% vs.
10.0% and 13.3%), and a record of a family history of cancer (13.5% vs. 11.6% and 8.6%).

Table 1. Baseline patient characteristics with a chi-square test for independence p-values comparing
metformin to incretin mimetic counts and an ANOVA for age, baseline Alc, and lag-period outpatient
visit count comparisons.

Metformin Incretin Mimetic r
GLP-1 Receptor DPP-4
Agonist Inhibitor
N 82,964 4912 3518
Age (avg, sd)
At first prescription 62.5 (13.8) 58.0 (13.9) 69.3 (12.5) <0.01
Gender (%)
Female 42,289 (51.0) 3008 (61.2) 1723 (49.0) <0.01
Race (%)
Asian 13,970 (16.8) 341 (6.9) 688 (19.6) <0.01
Black 4970 (6.0) 406 (8.3) 210 (6.0) <0.01
White 37,999 (45.8) 2661 (54.2) 1510 (42.9) <0.01
Ethnicity (%)

Hispanic or Latino 16,414 (19.8) 1091 (22.2) 739 (21.0) <0.01

Comorbidities (%)
Obesity 6743 (8.1) 1304 (26.6) 172 (4.9) <0.01
Thyroid issues 8313 (10.0) 895 (18.2) 466 (13.3) <0.01
Goiter 2286 (2.8) 217 (4.4) 73 (2.1) <0.01
Prior cancer 8210 (9.9) 589 (12.0) 388 (11.0) <0.01
Family history of cancer 9653 (11.6) 664 (13.5) 302 (8.6) 0.63

Measurements (avg, sd)

Alc 7.2 (2.0) 6.7 (4.4) 6.4 (1.3) <0.01
Outpatient visits 1.0 (3.0) 1.0 (2.6) 2.6 (7.3) <0.01

A total of 317 patients developed thyroid cancer during the study interval. There
were 289 thyroid cancer incidences among metformin users, 17 among GLP-1 receptor
agonist users, and 11 among DPP-4 inhibitor users. Of these patients with thyroid cancer,
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135 had a subsequent thyroidectomy during the study interval: 126 of them were metformin
users, seven were GLP-1 receptor agonist users, and two were DPP-4 inhibitor users. Only
three patients had the specific diagnostic code for either MTC or MEN2, with all three being
from the metformin group and having MEN2 (Table 2). By drug type, the highest prevalence
of thyroid cancer was among patients taking tirzepatide (3 of 453, 0.66%) and alogliptin
(1 of 62, 1.61%) for the GLP-1 receptor agonist and DPP-4 inhibitor patients, respectively
(Table 3). Patients in the metformin group had a median follow-up time of 156 weeks, and
patients in the incretin group had a median follow-up time of 152 weeks.

Table 2. Three-year study period outcomes.

Metformin Incretin Mimetic P
GLP-1 Receptor DPP-4
Agonist Inhibitor
Outcome (%)
Thyroid cancer 289 (0.35) 17 (0.35) 11 (0.31) 0.81
Thyroidectomy 126 (0.15) 7 (0.14) 2 (0.06) 0.30
MTC or MEN2 3 (0.00) 0(0) 0(0) NA

Table 3. Three-year study period outcomes by drug type.

Thyroid Cancer Thyroidectomy
Metformin (%)
Metformin 289 (0.35) 126 (0.15)
DPP-4 inhibitor (%)
Alogliptin 1(1.61) 0(0)
Linagliptin 3(0.27) 0(0)
Saxagliptin 1(1.09) 1(1.09)
Sitagliptin 6 (0.27) 1(0.04)
GLP-1 receptor agonist (%)

Dulaglutide 2(0.22) 1(0.11)
Liraglutide 1(0.18) 1(0.18)
Semaglutide 11 (0.38) 4(0.14)
Tirzepatide 3 (0.66) 1(0.22)

The adjusted Cox model results demonstrated no significant difference in the risk
of thyroid cancer between the overall incretin mimetic group (1.28 aHR, 0.83-1.96) and
the metformin group. Comparing the different incretin mimetic subgroups, the adjusted
model showed a non-significant increase in risk for GLP-1 receptor agonist users (1.35 aHR,
0.80-2.29) and a non-significant decrease among DPP-4 inhibitor users (0.62 aHR, 0.33-1.17)
for thyroid cancer compared to metformin users (Figure 1). The proportionality assumption
was satisfied with this model.

For thyroid cancer patients, the adjusted model showed no significant difference in the
risk of having a thyroidectomy between the incretin mimetic group (1.02 aHR, 0.49-2.10)
and the metformin group. There was a non-significant increase in risk for GLP-1 receptor
agonist users (1.26 aHR, 0.54-2.96) and a non-significant decrease among DPP-4 inhibitor
users (0.32 aHR, 0.08-1.37) for a thyroidectomy compared to metformin users (Figure 1).
This model also satisfied the proportionality assumption.
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Three-year risk of thyroid cancer and thyroidectomy following drug initiation
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Figure 1. Adjusted hazard ratios fitted with an inverse probability of treatment weights for the risk of
developing thyroid cancer and of a subsequent thyroidectomy during the first three years following

drug initiation.

4. Discussion

These analyses compared the risks for new incretin mimetic users against new met-
formin users in developing thyroid cancer and experiencing a subsequent thyroidectomy.
These groups had no overlapping drug usage or any other antidiabetic agents use before
or during the study period. Care was taken to control potential demographic and health
factors believed to influence thyroid cancer rates. After making these adjustments, we
did not observe any statistically significant differences in the risk of thyroid cancer or a
subsequent thyroidectomy following a period of new incretin mimetic drug usage, overall
or at the drug level, compared to metformin users.

Insulin resistance has been discussed as a possible explanation for the rising incidence
of thyroid cancer. However, the specific mechanism behind this association remains
uncertain [12,13,40,41]. In addition to the potential increased cancer risk from factors
such as obesity and hyperglycemia, patients with type 2 diabetes often require extensive
treatment regimens involving one or more anti-diabetes medications. The individual or
joint relationships to thyroid cancer are not well understood and vary from agent to agent
within drug classes. For example, in patients with type 2 diabetes, the thiazolidinedione
rosiglitazone has potential protective effects against thyroid cancer [42], while another
thiazolidinedione, pioglitazone, was observed to have no impact [43]. Therefore, it is
prudent to assess these medications in isolation.

As incretin use continues to rapidly expand [1], population exposure to either DPP-
4 inhibitors or GLP-1 receptor agonist-containing products will increase exponentially.
Because earlier studies have suggested potentially higher risks of thyroid cancer associ-
ated with either DPP-4 inhibitors [44] or GLP-1 receptor agonists [7], the need for robust
pharmacovigilance studies further examining this risk will continue to grow. Recent FDA-
funded initiatives have emphasized the importance of amplifying the use of real-world
studies, including electronic health record (EHR) database studies, to support more robust
population-level inference [45]. Efforts to leverage large EHR databases and/or payer
claims databases will become both increasingly necessary and feasible as these agents
gain broader insurance coverage, including Medicare for obesity indications [46,47]. These
efforts will support and bolster future analyses for long-term risk analyses.
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Limitations

The limited case counts for MTC or MEN2 in this cohort are to be expected since MTC
comprises only about 3-5% of all thyroid malignancies [24], and MEN2 has an estimated
prevalence of only 1 in 35,000 [25]. Therefore, this study leaves the relationship between
incretin mimetics and MTC and MEN2 an open question for future research. While these
findings align with the larger body of evidence suggesting no association between incretin
mimetics and thyroid cancer, there is likely a need for studies directly addressing the
potential link between GLP-1 receptor agonists and MTC and MEN2. With many GLP-1
receptor agonists now approved to treat obesity, it will be increasingly possible to study this
relationship in obese, non-diabetic populations and reduce possible confounding attributed
to ADA and T2D. A prospective cohort of longer duration in a large obese population using
GLP-1 receptor agonists for weight loss would potentially address this gap.

For the purpose of this analysis, metformin or incretin use was only measured during
the first three months after new use initiation. Any use thereafter is possible. Future studies
will be needed to ascertain the effects of the duration of incretin exposure on thyroid
cancer risk.

Due to the observational nature of this study, a causal relationship cannot be deter-
mined. Potential influential factors such as socioeconomic status, health interventions, and
observations from outside of the UC Health system are not present within the UCHDW.
Therefore, this potentially useful information is absent from our study. Due to these black
boxed warnings, there is also potential for detection bias in GLP-1 receptor agonist patient
cases, translating into a differential increase in the identification of thyroid issues for GLP-1
receptor agonist users compared to DPP-4 inhibitor users. It is possible that the large, albeit
insignificant, increase in risk observed for GLP-1 receptor agonist users compared to DPP-4
inhibitor users may be explained by this bias. Additionally, without an explicit ICD-O-3
diagnosis code, it was not possible to delineate medullary thyroid cancer from generalized
thyroid cancer in this dataset. Indicators including vandetanib usage or a lab measure
indicating an elevated calcitonin level were also absent from our thyroid cancer cases.

Attributable to recent growth in GLP-1 receptor agonist use, most incretin mimetic
use has occurred in recent years [1]. Given advances in thyroid cancer detection [48,49],
there is a possibility of increased thyroid cancer detection in the incretin mimetic group
and, consequently, elevated measures of excess risk tied to the incretins. To address this
potential secular effect in risk measurement, we included the year of the first prescription
of study medication. It is important to note that any residual confounding would likely
result in an overestimate of the risk associated with incretin exposure. This observation is
encouraging, given our study findings of the estimated null effect of incretins on cancer.

5. Conclusions

This real-world study found no association between exposure to incretin mimetics
and the risk of thyroid cancer or a subsequent thyroidectomy in patients compared to
patients taking metformin. Within incretin mimetic subgroups, GLP-1 receptor agonist
users had a higher but non-significant risk of 1.35 compared to DPP-4 inhibitor users at
0.62 of developing thyroid cancer within three years of drug initiation. Our results agree
with similar studies showing no association between incretin mimetics—GLP-1 receptor
agonists or DPP-4 inhibitors—and thyroid cancer, but with the added confidence that these
findings are not confounded by the use of other antidiabetic agents. Future studies with
extended follow-up will be necessary to determine any additional long-term risk.



Pharmacoepidemiology 2025, 4, 9 10 of 12

Author Contributions: Conceptualization, J H-W., M.W.S. and D.C.; methodology, M.W.S., ] H.W.
and W.S.; software, M.W.S,; validation, M.W.S., JH.W,, D.C. and W.S.; formal analysis, M.W.S. and
W.S,; investigation, M.W.S. and J.H.W.; resources, ] H.W.,; data curation, M.W.S.; writing—original
draft preparation M.W.S. and J.H.W.; writing—review and editing, M.W.S., JH.W., W.S. and D.C,;
visualization, M.W.S.; supervision, ].H.W.; project administration, ].H.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The University of California Health Data Warehouse
(UCHDW) was constructed as a timely, retrospective, de-identified dataset for research purposes. It
is a Health Insurance Portability and Accountability Act (HIPAA) Limited Data Set and was oper-
ationalized by UC Health as ‘non-human subjects research’. Analyses are considered institutional
review board exempt.

Informed Consent Statement: Patient consent was waived in accordance with specifications per
above as a retrospective, de-identified dataset HIPAA compliant Limited Data Set. Use of the UCHDW
is considered non-human subjects research.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author(s).

Acknowledgments: The dataset used in this study, the University of California Health Data Ware-
House, was made available by the University of California Office of the President and the University
of California Biomedical, Research, Acceleration, Integration, and Development. Biomedical comput-
ing facilities are supported by the National Center for Research Resources and the National Center for
Advancing Translational Sciences, National Institutes of Health, through Grant UL1 TR001414. The
content is solely the responsibility of the authors and does not necessarily represent the official views
of the NIH. We would also like to acknowledge Minal Walvekar for helpful comments regarding the i
and Jimmy Kwon for input regarding Cox model design.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Watanabe, ].H.; Kwon, J.; Nan, B.; Reikes, A. Trends in Glucagon-like Peptide 1 Receptor Agonist Use, 2014 to 2022. ]. Am. Pharm.
Assoc. 2024, 64, 133-138. [CrossRef]

2. GLP-1 Receptor Agonist Market Size, Share & Analysis, 2023-2032. Available online: https://www.gminsights.com /industry-
analysis/glp-1-receptor-agonist-market (accessed on 3 June 2024).

3. Yao, H.; Zhang, A; Li, D.; Wu, Y.; Wang, C.-Z.; Wan, ].-Y.; Yuan, C.-S. Comparative Effectiveness of GLP-1 Receptor Agonists on
Glycaemic Control, Body Weight, and Lipid Profile for Type 2 Diabetes: Systematic Review and Network Meta-Analysis. BM]
2024, 384, €076410. [CrossRef]

4. Caruso, L; Giorgino, F. Renal Effects of GLP-1 Receptor Agonists and Tirzepatide in Individuals with Type 2 Diabetes: Seeds of a
Promising Future. Endocrine 2024, 84, 822-835. [CrossRef] [PubMed]

5. Dicker, D. DPP-4 Inhibitors: Impact on Glycemic Control and Cardiovascular Risk Factors. Diabetes Care 2011, 34 (Suppl. S2),
5276-5278. [CrossRef]

6. Sattar, N.; Lee, M.M.Y.; Kristensen, S.L.; Branch, KR.H.; Del Prato, S.; Khurmi, N.S.; Lam, C.S.P; Lopes, R.D.; McMurray, J.].V,;
Pratley, R.E.; et al. Cardiovascular, Mortality, and Kidney Outcomes with GLP-1 Receptor Agonists in Patients with Type 2
Diabetes: A Systematic Review and Meta-Analysis of Randomised Trials. Lancet Diabetes Endocrinol. 2021, 9, 653-662. [CrossRef]
[PubMed]

7. Tseng, C.-H.; Lee, K.-Y.; Tseng, FE-H. An Updated Review on Cancer Risk Associated with Incretin Mimetics and Enhancers.
J. Environ. Sci. Health Part C 2015, 33, 67-124. [CrossRef] [PubMed]

8. Capuccio, S.; Scilletta, S.; La Rocca, F.; Miano, N.; Di Marco, M.; Bosco, G.; Di Giacomo Barbagallo, F.; Scicali, R.; Piro, S.; Di Pino,
A. Implications of GLP-1 Receptor Agonist on Thyroid Function: A Literature Review of Its Effects on Thyroid Volume, Risk of
Cancer, Functionality and TSH Levels. Biomolecules 2024, 14, 687. [CrossRef]

9.  Silverii, G.A.; Monami, M.; Gallo, M.; Ragni, A.; Prattichizzo, F.; Renzelli, V.; Ceriello, A.; Mannucci, E. Glucagon-like Peptide-1

Receptor Agonists and Risk of Thyroid Cancer: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Diabetes
Obes. Metab. 2024, 26, 891-900. [CrossRef]


https://doi.org/10.1016/j.japh.2023.10.002
https://www.gminsights.com/industry-analysis/glp-1-receptor-agonist-market
https://www.gminsights.com/industry-analysis/glp-1-receptor-agonist-market
https://doi.org/10.1136/bmj-2023-076410
https://doi.org/10.1007/s12020-024-03757-9
https://www.ncbi.nlm.nih.gov/pubmed/38472620
https://doi.org/10.2337/dc11-s229
https://doi.org/10.1016/S2213-8587(21)00203-5
https://www.ncbi.nlm.nih.gov/pubmed/34425083
https://doi.org/10.1080/10590501.2015.1003496
https://www.ncbi.nlm.nih.gov/pubmed/25803196
https://doi.org/10.3390/biom14060687
https://doi.org/10.1111/dom.15382

Pharmacoepidemiology 2025, 4, 9 11 0f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Aschebrook-Kilfoy, B.; Sabra, M.M.; Brenner, A.; Moore, S.C.; Ron, E.; Schatzkin, A.; Hollenbeck, A.; Ward, M.H. Diabetes and
Thyroid Cancer Risk in the National Institutes of Health-AARP Diet and Health Study. Thyroid 2011, 21, 957-963. [CrossRef]
Shih, S.-R.; Chiu, W.-Y.; Chang, T.-C.; Tseng, C.-H. Diabetes and Thyroid Cancer Risk: Literature Review. Exp. Diabetes Res. 2012,
2012, 578285. [CrossRef]

Yeo, Y.; Ma, S.-H.; Hwang, Y.; Horn-Ross, P.L.; Hsing, A.; Lee, K.-E.; Park, Y.J.; Park, D.-J.; Yoo, K.-Y.; Park, S.K. Diabetes Mellitus
and Risk of Thyroid Cancer: A Meta-Analysis. PLoS ONE 2014, 9, e98135. [CrossRef] [PubMed]

Luo, J.; Phillips, L.; Liu, S.; Wactawski-Wende, J.; Margolis, K.L. Diabetes, Diabetes Treatment, and Risk of Thyroid Cancer. J. Clin.
Endocrinol. Metab. 2016, 101, 1243-1248. [CrossRef] [PubMed]

Kushchayeva, Y.; Kushchayev, S.; Jensen, K.; Brown, R.J. Impaired Glucose Metabolism, Anti-Diabetes Medications, and Risk of
Thyroid Cancer. Cancers 2022, 14, 555. [CrossRef] [PubMed]

Brenta, G.; Di Fermo, F. Thyroid Cancer and Insulin Resistance. Rev. Endocr. Metab. Disord. 2024, 25, 19-34. [CrossRef]

Chen, G.; Xu, S.; Renko, K.; Derwahl, M. Metformin Inhibits Growth of Thyroid Carcinoma Cells, Suppresses Self-Renewal of
Derived Cancer Stem Cells, and Potentiates the Effect of Chemotherapeutic Agents. . Clin. Endocrinol. Metab. 2012, 97, E510-E520.
[CrossRef]

Tseng, C.-H. Metformin Reduces Thyroid Cancer Risk in Taiwanese Patients with Type 2 Diabetes. PLoS ONE 2014, 9, e109852.
[CrossRef]

Wang, L.; Wang, W.; Kaelber, D.C.; Xu, R.; Berger, N.A. GLP-1 Receptor Agonists and Colorectal Cancer Risk in Drug-Naive
Patients with Type 2 Diabetes, with and Without Overweight/Obesity. JAMA Oncol. 2024, 10, 256. [CrossRef]

Espinosa De Ycaza, A.E.; Brito, ].P.; McCoy, R.G.; Shao, H.; Singh Ospina, N. Glucagon-Like Peptide-1 Receptor Agonists and
Thyroid Cancer: A Narrative Review. Thyroid 2024, 34, 403-418. [CrossRef]

Lisco, G.; De Tullio, A.; Disoteo, O.; Piazzolla, G.; Guastamacchia, E.; Sabba, C.; De Geronimo, V.; Papini, E.; Triggiani, V.
Glucagon-like Peptide 1 Receptor Agonists and Thyroid Cancer: Is It the Time to Be Concerned? Endocr. Connect. 2023, 12,
€230257. [CrossRef]

Bezin, J.; Gouverneur, A.; Pénichon, M.; Mathieu, C.; Garrel, R.; Hillaire-Buys, D.; Pariente, A.; Faillie, ].-L. GLP-1 Receptor
Agonists and the Risk of Thyroid Cancer. Diabetes Care 2023, 46, 384-390. [CrossRef]

Bea, S.; Son, H.; Bae, ].H.; Cho, S.W.; Shin, J.; Cho, Y.M. Risk of Thyroid Cancer Associated with Glucagon-like Peptide-1 Receptor
Agonists and Dipeptidyl Peptidase-4 Inhibitors in Patients with Type 2 Diabetes: A Population-based Cohort Study. Diabetes Obes.
Metab. 2024, 26, 108-117. [CrossRef] [PubMed]

Hu, W,; Song, R.; Cheng, R.; Liu, C.; Guo, R.; Tang, W.; Zhang, J.; Zhao, Q.; Li, X.; Liu, J. Use of GLP-1 Receptor Agonists
and Occurrence of Thyroid Disorders: A Meta-Analysis of Randomized Controlled Trials. Front. Endocrinol. 2022, 13, 927859.
[CrossRef]

Viola, D.; Elisei, R. Management of Medullary Thyroid Cancer. Endocrinol. Metab. Clin. N. Am. 2019, 48, 285-301. [CrossRef]
[PubMed]

PDQ Cancer Genetics Editorial Board. Multiple Endocrine Neoplasia Type 2 (MEN2) (PDQ®): Health Professional Version. In
PDQ Cancer Information Summaries; National Cancer Institute (US): Bethesda, MD, USA, 2002.

Shin, H.; Schneeweiss, S.; Glynn, R.J.; Patorno, E. Trends in First-Line Glucose-Lowering Drug Use in Adults With Type 2 Diabetes
in Light of Emerging Evidence for SGLT-2i and GLP-1RA. Diabetes Care 2021, 44, 1774-1782. [CrossRef] [PubMed]

Matrone, A.; Ferrari, F.; Santini, F; Elisei, R. Obesity as a Risk Factor for Thyroid Cancer. Curr. Opin. Endocrinol. Diabetes Obes.
2020, 27, 358-363. [CrossRef]

Meng, X.; Xu, S.; Chen, G.; Derwahl, M.; Liu, C. Metformin and Thyroid Disease. |. Endocrinol. 2017, 233, R43-R51. [CrossRef]
Wells, B.J.; Lenoir, K.M.; Wagenknecht, L.E.; Mayer-Davis, E.].; Lawrence, ].M.; Dabelea, D.; Pihoker, C.; Saydah, S.; Casanova, R,;
Turley, C.; et al. Detection of Diabetes Status and Type in Youth Using Electronic Health Records: The SEARCH for Diabetes in
Youth Study. Diabetes Care 2020, 43, 2418-2425. [CrossRef]

Kudyakov, R.; Bowen, ].; Ewen, E.; West, S.L.; Daoud, Y.; Fleming, N.; Masica, A. Electronic Health Record Use to Classify Patients
with Newly Diagnosed versus Preexisting Type 2 Diabetes: Infrastructure for Comparative Effectiveness Research and Population
Health Management. Popul. Health Manag. 2012, 15, 3-11. [CrossRef]

ElSayed, N.A.; Aleppo, G.; Aroda, V.R.; Bannuru, R.R.; Brown, EM.; Bruemmer, D.; Collins, B.S.; Gaglia, J.L.; Hilliard, M.E.;
Isaacs, D.; et al. 2. Classification and Diagnosis of Diabetes: Standards of Care in Diabetes—2023. Diabetes Care 2023, 46, S19-540.
[CrossRef]

Cox, D.R. Regression Models and Life-Tables. |. R. Stat. Soc. Ser. B Stat. Methodol. 1972, 34, 187-202. [CrossRef]

Grambsch, PM.; Therneau, T.M. Proportional Hazards Tests and Diagnostics Based on Weighted Residuals. Biometrika 1994,
81, 515-526. [CrossRef]

Buchanan, A.L.; Hudgens, M.G.; Cole, S.R.; Lau, B.; Adimora, A.A.; for the Women'’s Interagency HIV Study. Worth the Weight:
Using Inverse Probability Weighted Cox Models in AIDS Research. AIDS Res. Hum. Retroviruses 2014, 30, 1170-1177. [CrossRef]
[PubMed]


https://doi.org/10.1089/thy.2010.0396
https://doi.org/10.1155/2012/578285
https://doi.org/10.1371/journal.pone.0098135
https://www.ncbi.nlm.nih.gov/pubmed/24927125
https://doi.org/10.1210/jc.2015-3901
https://www.ncbi.nlm.nih.gov/pubmed/26760177
https://doi.org/10.3390/cancers14030555
https://www.ncbi.nlm.nih.gov/pubmed/35158824
https://doi.org/10.1007/s11154-023-09849-7
https://doi.org/10.1210/jc.2011-1754
https://doi.org/10.1371/journal.pone.0109852
https://doi.org/10.1001/jamaoncol.2023.5573
https://doi.org/10.1089/thy.2023.0530
https://doi.org/10.1530/EC-23-0257
https://doi.org/10.2337/dc22-1148
https://doi.org/10.1111/dom.15292
https://www.ncbi.nlm.nih.gov/pubmed/37735822
https://doi.org/10.3389/fendo.2022.927859
https://doi.org/10.1016/j.ecl.2018.11.006
https://www.ncbi.nlm.nih.gov/pubmed/30717909
https://doi.org/10.2337/dc20-2926
https://www.ncbi.nlm.nih.gov/pubmed/34385345
https://doi.org/10.1097/MED.0000000000000556
https://doi.org/10.1530/JOE-16-0450
https://doi.org/10.2337/dc20-0063
https://doi.org/10.1089/pop.2010.0084
https://doi.org/10.2337/dc23-S002
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1093/biomet/81.3.515
https://doi.org/10.1089/aid.2014.0037
https://www.ncbi.nlm.nih.gov/pubmed/25183195

Pharmacoepidemiology 2025, 4, 9 12 0f 12

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

Yao, R.; Chiu, C.G,; Strugnell, S.S.; Gill, S.; Wiseman, S.M. Gender Differences in Thyroid Cancer: A Critical Review. Expert. Rev.
Endocrinol. Metab. 2011, 6, 215-243. [CrossRef]

Magreni, A.; Bann, D.V.; Schubart, J.R.; Goldenberg, D. The Effects of Race and Ethnicity on Thyroid Cancer Incidence. JAMA Oto-
laryngol. Head Neck Surg. 2015, 141, 319. [CrossRef] [PubMed]

Keane, E.; Francis, E.C.; Cathain, E.O.; Rowley, H. The Role of Race in Thyroid Cancer: Systematic Review. ]. Laryngol. Otol. 2017,
131, 480-486. [CrossRef] [PubMed]

Fussey, ].M.; Beaumont, R.N.; Wood, A.R.; Vaidya, B.; Smith, J.; Tyrrell, ]. Does Obesity Cause Thyroid Cancer? A Mendelian
Randomization Study. J. Clin. Endocrinol. Metab. 2020, 105, €2398—e2407. [CrossRef]

Kwong, N.; Medici, M.; Angell, T.E.; Liu, X.; Marqusee, E.; Cibas, E.S.; Krane, ].F.; Barletta, J.A.; Kim, M.I; Larsen, PR.; et al. The
Influence of Patient Age on Thyroid Nodule Formation, Multinodularity, and Thyroid Cancer Risk. J. Clin. Endocrinol. Metab.
2015, 100, 4434—-4440. [CrossRef]

Rong, E; Dai, H.; Wu, Y;; Li, J.; Liu, G.; Chen, H.; Zhang, X. Association between Thyroid Dysfunction and Type 2 Diabetes:
A Meta-Analysis of Prospective Observational Studies. BMC Med. 2021, 19, 257. [CrossRef]

Gursoy, A. Rising Thyroid Cancer Incidence in the World Might Be Related to Insulin Resistance. Med. Hypotheses 2010, 74, 35-36.
[CrossRef]

Tseng, C.-H. Rosiglitazone May Reduce Thyroid Cancer Risk in Patients with Type 2 Diabetes. Ann. Med. 2013, 45, 539-544.
[CrossRef]

Tseng, C. Pioglitazone and Thyroid Cancer Risk in Taiwanese Patients with Type 2 Diabetes. J. Diabetes 2014, 6, 448—-450. [CrossRef]
Tseng, C.-H. Sitagliptin Use and Thyroid Cancer Risk in Patients with Type 2 Diabetes. Oncotarget 2016, 7, 24871-24879. [CrossRef]
[PubMed]

Simon, G.E.; Bindman, A.B.; Dreyer, N.A.; Platt, R.; Watanabe, ].H.; Horberg, M.; Hernandez, A.; Califf, RM. When Can We Trust
Real-World Data to Evaluate New Medical Treatments? Clin. Pharma. Ther. 2022, 111, 24-29. [CrossRef] [PubMed]

Ward, A.; Tysinger, B.; Nguyen, P.; Goldman, D.; Lakdawalla, D. Benefits of Medicare Coverage for Weight Loss Drugs. 2023.
Available online: https://doi.org/10.25549 /4RF9-KH77 (accessed on 3 June 2024).

Ippolito, B.; Levy, ].E. Expanding Medicare Coverage of Anti-Obesity Medicines Could Increase Annual Spending by $3.1 Billion
to $6.1 Billion: Article Examines Spending Implications If Medicare Were to Cover Antiobesity Medicines. Health Aff. 2024,
43, 1254-1262. [CrossRef] [PubMed]

Kim, N.H.; Han, ].S.; Bae, WK.; Kim, ].Y.; Lee, K; Lee, H.; Lee, KH.; Jung, S.Y.; Lee, H.; Jeong, H.-Y.; et al. Changes in Diagnostic
Performance of Thyroid Cancer Screening before and after the Korean Thyroid Imaging Reporting and Data System Revision.
Korean . Fam. Med. 2022, 43, 225-230. [CrossRef]

Papaleontiou, M.; Haymart, M.R. Too Much of a Good Thing? A Cautionary Tale of Thyroid Cancer Overdiagnosis and
Overtreatment. Thyroid 2020, 30, 651-652. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1586/eem.11.9
https://doi.org/10.1001/jamaoto.2014.3740
https://www.ncbi.nlm.nih.gov/pubmed/25654447
https://doi.org/10.1017/S0022215117000688
https://www.ncbi.nlm.nih.gov/pubmed/28367769
https://doi.org/10.1210/clinem/dgaa250
https://doi.org/10.1210/jc.2015-3100
https://doi.org/10.1186/s12916-021-02121-2
https://doi.org/10.1016/j.mehy.2009.08.021
https://doi.org/10.3109/07853890.2013.851865
https://doi.org/10.1111/1753-0407.12149
https://doi.org/10.18632/oncotarget.8399
https://www.ncbi.nlm.nih.gov/pubmed/27029076
https://doi.org/10.1002/cpt.2252
https://www.ncbi.nlm.nih.gov/pubmed/33932030
https://doi.org/10.25549/4RF9-KH77
https://doi.org/10.1377/hlthaff.2024.00356
https://www.ncbi.nlm.nih.gov/pubmed/39146500
https://doi.org/10.4082/kjfm.21.0168
https://doi.org/10.1089/thy.2020.0185

	Introduction 
	Methods 
	Data Source 
	Study Cohort 
	Exposure Definition 
	Outcome Definition 
	Statistical Analysis 
	Covariates 

	Results 
	Discussion 
	Conclusions 
	References

