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Metformin and weight loss
medication impact on survival
outcomes in older women with
obesity-related cancers
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While the association between metformin and mortality in obesity-related cancers (ORC: breast (BrCa),
colorectal (CRC), endometrial (ECa), and ovarian (OCa)) remains inconsistent, the impact of weight

loss medication (WLM) on mortality in ORC is largely unexplored, particularly among older women.
This study aims to investigate the association between pre-diagnostic use of metformin and WLM

with all-cause and cancer-specific mortality in older women with ORC. A retrospective cohort of 63,907
women (2 65 years) with ORC was identified using SEER-Medicare 2007-2015 data. Pre-diagnostic
prescriptions of metformin and WLM were ascertained, and inverse probability of treatment weighting
using propensity score (IPTW-PS) was utilized to balance baseline patient characteristics. Cox
proportional hazards and competing-risks models were conducted. Metformin was associated with all-
cause- (HR:1.86; 95% Cl: 1.81-1.92) and ORC-specific mortality (HR: 1.71; 95% Cl: 1.63-1.77). Likewise,
WLM was associated with all-cause- (HR:1.64; 95% Cl: 1.59-1.71) and ORC-specific mortality (HR:

1.55; 95% Cl: 1.48-1.62). Dual use of metformin and WLM was associated with all-cause- (HR:1.39;
95% Cl: 1.34-1.45) and ORC-specific mortality (HR: 1.28; 95% CI: 1.21-1.53). Significant associations
were observed in ORC subgroup analyses, except that WLM was inversely associated with ECa-specific
morality. Pre-diagnostic metformin and WLM were associated with an increased mortality risk in older
women with ORC, with effects more pronounced among metformin users. Further prospective studies
are needed to substantiate these findings.

Keywords Metformin, Weight loss medication, Breast cancer, Colorectal cancer, Ovarian cancer,
Endometrial cancer

Abbreviations

aHR Adjusted hazard ratio

BMI Body mass index

BrCa Breast cancer

CCI Charlson comorbidity index

CI Confidence interval

CRC Colorectal cancer

CPT Current procedural terminology
ECa Endometrial cancer

FG Fine-Gray

HR Hormone receptor

HER2 Human epidermal growth factor receptor 2

1School of Public and Population Health, University of Texas Medical Branch, Galveston, TX 77555, USA.
2Department of Internal Medicine, University of New Mexico Health Sciences Center, Albuquerque, NM 87131,
USA. 3Graduate School of Biomedical Science, University of Texas Medical Branch, 301 University Blvd, Galveston,
TX 77555, USA. “*O’Donnell School of Public Health, University of Texas Southwestern Medical Center, Dallas,
TX 75390, USA. *Department of Surgery, Division of Urology, UTHealth McGovern Medical School, Houston,
TX 77030, USA. 6Simmons Comprehensive Cancer Center, University of Texas Southwestern Medical Center,
Dallas, TX 75390, USA. "These authors contributed equally: Maryam R. Hussain and Omer Abdelgadir. *email:
omabdelg@utmb.edu

Scientific Reports|  (2025) 15:21828 | https://doi.org/10.1038/s41598-025-09393-1 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-09393-1&domain=pdf&date_stamp=2025-7-1

www.nature.com/scientificreports/

IPTW Inverse probability of treatment weighting
NDC National Drug Codes

Oca Ovarian cancer

(O Overall survival

ORCs Obesity-related cancers

PS Propensity score

RCT Randomized controlled trials

ROS Reactive oxygen species

SEER Surveillance, Epidemiology, and End Results
WLM Weight loss medication

Obesity has reached epidemic proportions in the United States, with over 36% of adults currently classified as
obese. Severe obesity affects nearly 10%, with a higher prevalence in women than men’. Substantial health risks
have been linked to obesity*?. Older women with obesity are prone to a high risk of obesity-related cancer (ORC)
including breast cancer (BrCa), colorectal cancer (CRC), endometrial cancer (ECa), and ovarian cancer (OCa)*.
These cancers share complex etiologies, often involving chronic inflammation, insulin resistance, and hormonal
dysregulation>*>. While the precise mechanisms linking obesity to ORC risk remain to be fully understood, the
association is well-established>®. The American Cancer Society’s 2024 report estimates 42,170 deaths from BrCa,
13,860 from ECa, and 12,730 from OCs in women’.

Weight management strategies, including lifestyle modifications and weight loss medication (WLM), are
essential for addressing the obesity crisis®. Understanding the impact of weight management strategies on
the survival outcomes of older women with ORC is of paramount importance. Effective weight management
in this population necessitates careful consideration, as it is intertwined with the unique physiological and
pharmacological challenges faced by aging individuals. Age-related changes, such as fat redistribution and
sarcopenia, can significantly increase the risks associated with traditional weight loss approaches’. Moreover,
the high prevalence of comorbidities in this population, coupled with polypharmacy, elevates the risk of drug-
drug interactions, adverse events, and medication non-adherence!®.

Metformin has been used off-label for weight loss purposes!! and has also been investigated for its potential
anti-cancer properties!2. Meta-analyses of observational studies and randomized controlled trials (RCTs) have
reported associations between metformin use and reduced all-cause and cancer-specific mortality in patients
with cancer!*-!”. However, these findings are not consistent. Some studies have reported increased mortality risks
with metformin use!®!°, while others have found no benefit. Notably, the MA.32 RCT found no improvement
in invasive disease-free survival among non-diabetic breast cancer patients receiving metformin®’. These
conflicting results may be partly explained by methodological limitations in earlier observational studies,
including immortal time bias, which can lead to inaccurate estimates of benefit or risk?!.

WLMs, including diethylpropion, liraglutide, lorcaserin, orlistat, phendimetrazine, and phentermine, have
gained prominence in obesity management due, in part, to their low cost?2. While their efficacy in weight loss
is evident, long-term effects on cancer outcomes remain unclear. Given the rising prevalence of obesity and the
widespread use of these medications, rigorous safety evaluations are imperative. Notably, in early 2020, the US
Food and Drug Administration (FDA) reported an increased risk of cancer linked to lorcaserin?. Although
some studies suggested a connection between liraglutide and thyroid cancer, a meta-analysis failed to confirm
this association®*-2°. Additionally, in vitro and in vivo studies have shown that orlistat may have anti-tumor
properties in capacity in ECa, OCa, and CRC>~%.

Metformin may benefit cancer outcomes by directly inhibiting cancer cell proliferation®® and indirectly
suppressing tumor progression through changes in the adipose tissue microenvironment and systemic
endocrine alterations®. However, its potential negative impact include immunosuppressive effects, such as
reduced proinflammatory cytokine production and promotion of regulatory T cell differentiation, which could
impair immune responses to cancer’**3. Similarly, while the immunomodulatory effects of WLM are less
understood, they are believed to impact the immune system indirectly through metabolic actions, particularly
in lipid metabolism>*.

Bodyweighthasbeen shown to influence ORC survival outcomes. While excess weight is often detrimental
the “obesity paradox” highlights potential exceptions®. Some studies have reported a paradoxical association in
CRC and BrCa, where overweight or mildly obese cancer patients had better survival compared to normal-
weight patients*-**. Given the substantial burden of ORC, the growing prevalence of obesity, the widespread
use of metformin and WLM, and the limited knowledge about how these medications affect ORC survival in the
geriatric population, this study aimed to investigate the association between pre-diagnostic use of metformin
and WLM with all-cause and ORC-specific mortality in older women with ORC.

35-38
>

Materials and methods

Data

Data was obtained from the Surveillance, Epidemiology and End Results (SEER)-Medicare 2007-2015, a linkage
of population-based cancer registries from 19 SEER regions with longitudinal Medicare administrative data®!.
Data on the cancer-free population was collected from the 5% non-cancer file. The SEER program collects
detailed information on cancer cases, including demographics and clinical and survival information*’. Medicare
maintains comprehensive records of healthcare services for individuals aged 65 and older, including diagnoses,
treatments, and health outcomes. The present study was approved by the Institutional Review Board of the
University of Texas Medical Branch at Galveston, Texas, USA (IRB Approval Code: 20-0237; Approval date: 15
September 2020). Due to the retrospective nature of this study, no patient informed consent specific to this study
was required.
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Study cohort

This retrospective cohort study initially included all women aged>65 years (n=576,565) with continuous
Medicare Part D enrollment from 7/2007 to 6/2015. Participants were categorized as exposed or unexposed
based on metformin or WLM prescriptions from 7/2007 to 6/2015. The study’s index date was defined as the date
of initiation of metformin or WLM. Exposed subjects younger than 65 years at the index date, with less than six
months of continuous Medicare Parts A and B enrollment prior to the index date, or with any ORC diagnosis
including BrCa, CRC, ECa, or OCa (Supplemental Table 1) within six months of the index date were excluded.
Potential unexposed matches were subjects aged > 65 years with at least six months of Medicare Parts A and B
coverage. Unexposed subjects were matched one to three with exposed subjects based on birth year and assigned
the same index date (matched cohort n=160,230). The final cohort (n=63,907) comprised subjects diagnosed
with ORC from 1/2008 to 12/2015. It was ensured that both exposed and unexposed groups maintained
continuous Medicare Parts A and B enrollment for at least six months before the assigned index date, and the
index date was at least six months before any diagnosis of ORC. Figure 1 and Supplemental Fig. 1 illustrate
the cohort selection and study timeline. Fourteen subgroups based on tumor sidedness, stage, and grade were
created for stratified analysis as indicated in Supplementary Fig. 2. For the subgroup analyses, advanced stage
cancer was defined as the American Joint Committee on Cancer (AJCC) stages III and IV, while high-grade
cancer was defined as Grade 3 (poorly differentiated) and Grade 4 (undifferentiated).

Pre-diagnostic use of metformin and WLM

The pre-diagnostic use of metformin and WLM was the primary exposure. Prescription of metformin and
WLM was established from the Medicare Part D file using National Drug Codes (NDC) and Current Procedural
Terminology (CPT) codes (Supplemental Table 2). WLM included in this study were diethylpropion, liraglutide,
lorcaserin, orlistat, phendimetrazine, and phentermine. The subjects were divided into four groups based on pre-
diagnostic use of metformin and WLM: neither users (reference group), metformin alone, WLM alone, and dual
users. The index date was defined as the date of initiation of metformin or WLM within the study period; for
patients who used both metformin and WLM, at least six months between the latter of the two dates and ORC
diagnosis (if any) was required. These criteria were also applied to the metformin and WLM groups. At least six
months between the prescription date and the diagnosis of ORC (if any) was required to be classified as exposed.
For dual users, a minimum of six months between the later of the two prescription dates and the diagnosis of
ORC (if any) was required to be classified as exposed.

Mortality outcomes

The primary outcomes were all-cause mortality and ORC-specific mortality. Time to event was calculated in
months from the date of BrCa, CRC, ECa, or OCa diagnosis to either death or the end of the follow-up (right-
censored), whichever comes first. Death from any cause was considered the event for the all-cause mortality
analysis. A competing risk analysis evaluated ORC-specific mortality, with death from other causes as a
competing risk. Given that the SEER database only records diagnosis month and year, we designated the first of
the corresponding month as the day of diagnosis to handle censoring more effectively.

Covariates

Study covariates were selected based on a priori knowledge®®. Patient characteristics included age at index
date (65-70, 70-75, 75-80, and >80 years), race and ethnicity (White, Black, Hispanics, and other), Percent
of residents living below the poverty, and NCI-Charlson Comorbidity Index (CCI 0, 1, 2, 3 or more). The
CCI was calculated six months prior to the index date to assess the comorbidity burden. Clinical indicators
identified from Medicare claims using NDC and CPT codes (available upon request), included diabetes, insulin
use, hypertension, hyperlipidemia, cardiovascular disease, fatigue, muscle wasting, hypogonadism, pituitary
dysfunction, depression, osteoporosis, Cushing syndrome, hypothyroidism, hyperthyroidism, and polycystic
ovary syndrome. To minimize ascertainment bias, the covariates were measured at least six months before the
index date and the mandatory six-month gap between medication initiation and ORC diagnosis.

Statistical analysis

Descriptive statistics were used to summarize the baseline characteristics of the study cohort. Categorical
variables were presented as frequencies and proportions, while continuous variables were described using means
and standard deviations (SDs). Study variables were compared using the Chi-square test or Fisher exact test, as
appropriate. Overall survival (OS) probabilities were calculated using the Kaplan-Meier method and compared
between the metformin and WLM groups using the log-rank test.

To adjust for potential confounding due to baseline differences across exposure groups, we employed inverse
probability of treatment weighting (IPTW) based on propensity scores in a multi-category exposure setting?’.
A propensity score is the estimated probability that an individual receives a particular treatment, given their
observed baseline characteristics. By weighting individuals based on these probabilities, IPTW creates a pseudo-
population in which the distribution of observed covariates is independent of treatment assignment, thus
mimicking some of the properties of a randomization. Our study involved four mutually exclusive exposure
groups: neither users (reference group), metformin alone, WLM alone, and dual users. Because traditional
propensity score methods are designed for binary exposures, we used a multiple binary comparison approach:
we fit three separate binary propensity score models, each comparing one active treatment group to the reference
group. Each model was estimated using gradient boosting machines (GBMs) with cross-validation and included
all baseline covariates. For each participant, we calculated the inverse of their estimated probability of being in
their observed treatment group (inverse propensity score), producing IPTWs. These weights were then averaged
across the three models to derive a final stabilized weight for each individual. These stabilized IPTWs were
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D enrollment anytime in 2007-2015.
(n=576,565)

All females (includes cancer-free population and primary obesity-related cancer (ORC) including
breast, colorectal, endometrial and ovarian cancer, > 65 years old) with at least 1-year continuous Part

|

Exposed to metformin and/or WLMs
anytime 7/2007 — 6/2015.
(n=106,764)

|

Age > 65 at prescription and continuous AB
enrollment 6 months prior to first
prescription.

(n=51,600)
|

No diagnosis of breast, colorectal,
endometrial and ovarian cancer or diagnosis
of breast, colorectal, endometrial, ovarian
cancer (if any) > 6 months after exposure
(index date).

(n=40,081)

Matched 1:3 Based on birth year.
(n=40,060)

No exposure to metformin
and no WLMs.
(n=469,801)

Pool of eligible unexposed
with at least 6 months AB
enrollment at any time and
age > 65 years
(n=334,064)

Matched on birth year, with
6 months of continuous AB
enrollment before matched
index date and breast,
colorectal, endometrial and
ovarian cancer diagnosis (if
any) at least 6 months after
matched index date.
(n=120,170)

Matched 1:3 cohort.
(n=160,230)

Final cohort

entry date (1/1/2008), and accurate survival time record.
(n=63,907)

Subjects who were diagnosed with Obesity-related cancer (ORC) and were alive or died after cohort

Fig. 1. Cohort selection flowchart. Study inclusion and exclusion criteria.

applied in subsequent multivariable models to reduce confounding and estimate adjusted associations between

exposure and outcome. We assessed the convergence of the propensity score models and evaluated covariate
balance before and after weighting using standardized mean differences (Supplemental Figs. 3-5). The IPTW

approach resulted in substantial reduction in covariate imbalances across exposure groups, indicating that the
weighting strategy successfully addressed confounding in our analytic sample.

Multivariable Cox proportional hazards models were employed to assess all-cause mortality risk before and
after IPTW adjustment. Competing risk analyses were performed using the Fine-Gray (FG) subdistribution
hazard models before and after IPTW adjustment to account for the possibility of death from causes other
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Category

All-cause mortality
ORC
Neither users
Metformin
WLM
Dual users

Advanced stage ORC
Neither users
Metformin
WLM
Dual users

High grade ORC
Neither users
Metformin
WLM
Dual users

Cancer-specific mortality
ORC
Neither users
Metformin
WLM
Dual users

Advanced stage ORC
Neither users
Metformin
WLM
Dual users

Metformin
WLM
Dual users

Before IPTW using Propensity Score After IPTW using Propensity Score

Patients (Events) Person-Years Adjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

48.486 (9.547) 199226 Ref Ref
14239 (5.261) 48.282 1.76 (1.68 . 1.84) [ a] <0.0001* 1.86 (1.81.1.92) = ol <0.0001*
605 (160) 1964 159 (136, 1.86) e <00001* 164 (1.59.1.71) o <0.0001*
577 (129) 2,188 1.19(099 . 1.42) —— 0.0598 139(1.34,1.45) sl <0.0001*

8541 (3.865) 26,115 Ref . Ref
3374 (2.170) 7910 159 (148, 1.71) e <0.0001° 1.63 (1,55, 1.71) = <0.0001*
264 156 (122.1.99) —— 0.0004*  162(153.1.71) s <0.0001*

286 098 (0.72,1.33) — 0.8961 0.96(09,103) [} 02755

10356 (2.321) 41,991 Ref ) Ref
3374 (1.387) 11,063 1.83 (166 ,2.01) —— <00001°  202(1.89,2.14) st <0.0001*
506 1.46 (105 .201) ey 00225%  159(148.1.72) [ <0.0001*
461 1.15(081,1.64) —r—e—q 0.4403 157(1.46,1.69) —e— <0.0001*

48.486 (4.811) 199.226 Ref -
14,239 (2.669) 48282 1.67 (156 ,1.79) — <0000 171(1.63,1.77) = <0.0001*
1964 151(121,1388) —— 0.0003* 155 (148, 1.62) e <0.0001*
2,188 1.06 (0.8 , 1.41) e — 0.6735 128(121,1.35) - <0.0001*

8541 (2.869) 26,115 Ref Ref
3374 (1.589) 7910 156 (142, 1.7) ——— <00001°  155(147,1.64) ] <0.0001*
264 1.68 (128 ,221) — 0.0002% 1.83(1.73,1.93) ——y <0.0001*
286 0.86 (0.58 . 1.29) —_— 04723 0.87(0.81.0.94) Ha— 0.0006 *

10,356 (1.264) 41,991 Ref Ret
3374 (771) 11,063 179 (156 ,2.04) —— <(|nuu|‘“ 201(185.2.17) —a— <0.0001*
506 1.77(1.19.2.63) P 00049"  |64(149,1.79) —— <0.0001*
461 122(0.73,2.06) f '—‘"—‘ 0.4506 223(2.02,2.46) —a—  <0.0001"

. : ,
05 1 15 2 25 ! 15 2 25
Adjusted HR (95% CI) Adjusted HR (95% CI)

Fig. 2. HRs and 95% CIs for the association of pre-diagnostic use of metformin and WLM with all-cause and
cancer-specific mortality among women 65 + years old with ORC. aHR, adjusted hazard ratio; CI, confidence
interval; ORC, obesity-related cancers; WLM, weight loss medication. Multivariable Cox regressions (all-
cause mortality) and Fine-Gray competing risks (cancer-specific mortality) models are adjusted for age at
prescription, race/ethnicity, cancer stage, cancer grade, Charlson comorbidity index, diabetes, use of insulin,
hypertension, hyperlipidemia, cardiovascular disease, malaise and fatigue, muscular wasting and atrophy,
hypogonadism, anterior pituitary dysfunction, depression, osteoporosis, Cushing syndrome, hypothyroidism,
hyperthyroidism, polycystic ovary syndrome, poverty rate. “Denotes statistical significance at the P-value <
0.05 level.

than ORC. The FG model is designed to model the cumulative incidence of events of interest and estimate the
marginal probability of an event in the presence of competing events that may prevent the event of interest
from occurring. Potential interactions between metformin or WLM and other covariates were evaluated prior
to model selection. The proportionality assumption was assessed using log-log survival plots and weighted
Schoenfeld residuals. Model goodness-of-fit was evaluated using Cox-Snell and deviance residuals. Values of
P <0.05 were considered statistically significant. Statistical modeling was performed using SAS (SAS Institute
v.9.4, Cary, NC, USA, RRID: SCR_008567), and result figures were generated using R software (RStudio, v.4.3.1,
Boston, MA, USA, RRID: SCR_000432).

Results

Table 1 summarizes characteristics of 63,907 women aged > 65 years diagnosed with ORC in the SEER-Medicare
dataset (2007-2015), including BrCa (n=40,909), CRC (n=23,473), (ECa (n=6,654), and OCa (n=2,736). Most
patients (75.9%) had no pre-diagnostic exposure to metformin or WLM; 22.3% used metformin alone, 0.9%
used WLM alone, and 0.9% used both. Users of metformin and/or WLM were generally younger, more likely to
be White, and had a higher burden of comorbidities including diabetes, hypertension, cardiovascular disease,
and various metabolic and endocrine conditions. Characteristics of the study cohort according to the ORC type
are presented in Supplemental Table 3. The median follow-up was 43.2 months for the ORC cohort overall,
ranging from 22.1 months in OCa to 46.2 months in BrCa. The estimated 5-year OS in the ORC cohort was
highest among non-users (79.7%), followed by dual users (75.7%), WLM users (69.9%), and metformin users
(59.7%) (log-rank p <0.0001) (Supplemental Table 4).

After inverse probability of treatment weighting using propensity scores, pre-diagnostic metformin use was
associated with increased risks of all-cause and cancer-specific mortality across all cancer types. In the overall
ORC cohort, metformin use was linked to an 86% increase in all-cause mortality and a 71% increase in ORC-
specific mortality; WLM use was associated with a 64% and 55% increase, respectively, and dual use with a 39%
and 28% increase (Fig. 2). In BrCa, metformin was associated with a 95% increase in all-cause mortality and
89% in BrCa-specific mortality, WLM with 87% and 33%, and dual use with 53% and 27% (Fig. 3). Among CRC
patients, respective increases in all-cause and cancer-specific mortality were 59% and 41% for metformin, 52%
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Category
All-cause mortality
BrCa

Neither users
Metformin

Dual users
Advanced stage BrCa

Neither users
Metformin

Dual users

Dual users

Right-sided BrCa
er users
Metformin

Dual users
Left-sided BrCa
Neither users
Metformin

WLM
Dual users

Ca

specific mortality
]
Neither users
Metformin
WLM
Dual users
Advanced stage BrCa
Neither users
Metformin
Dual users
High grade BrCa
Neither users
Metformin
Dual users
Right-sided BrCa

ither users
Metformin
WLM

Dual users
Left-sided BrCa
Neither users
Metformin

Dual users

Before IPTW using Propensity Score After IPTW using Propensity Score
Patients (Events) Person-Years Adjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value
31,871 (4.320) 138,101 Ref Ref .

8252 (2.264) 30,807 181 (1.69 ,1.95) —— <0.0001* 195 (1.86.2.04) —— <0.0001
401 (82) 1397 1.82 (146 ,2.26) — <0.0001*  187(1.78 .1.97) —_— <0.0001"
385 (69) 1474 1.38(1.08.1.75) —— 0.0102 * 1.53(1.45,1.62) —— <0.0001"

3018 (1,157) 10,150 Ref Ref
1.145 (646) 3094 148 (1.29,1.7) —— <00001% 167 (1.53,1.82) —— <0.0001°%
3821) 107 1.7 (109, 2.64) —_— 00174 " 1.73(1.55.1.92) — <0.0001*
47(16) 141 094 (0.57 . 1.56) —_— 0.8157 1.15(1.03.1.28) |—=— 00141 #

7489 (1,298) 31,735 Ref Ref

2266 (719) 8.165 1.66 (146 ,1.89) —— <0.0001* 1.86(1.71.2.02) —— <0.0001"
113 (23) 383 149 (0.98 ,2.26) [ e —— 0.0615 1.73 (157 . 1.92) —— <0.0001"
100 (20) 361 1.15(0.73 . 1.81) —_— 0.5378 1.48 (1.34 . 1.65) —— <0.0001"

15.544 (2.035) 67590 Ref g Ref

3990 (1.101) 14920 1.87(1.68 ,2.07) —— <0.0001° 207(1.94,221) —— <0.0001%
193 31) 711 159 (1.11,228) —_— 00107 * 165 (1.52 . 1.78) —e— <0.0001 "
177 27) 699 1.06 (0.72 . 1.56) —— 0.7801 157 (1.44 . 1.71) —— <0.0001*

16.159 (2.173) 70,139 Ref i Ref

4,197 (1,110) 15797 —— <0.0001° 1.85(1.73 ,1.97) —— <0.0001°
206 (51) 679 — <0000137 218 (2.04,2.34) —— <0.0001"
208 (42) 775 —_— 0.0006 * 1.67 (154, 1.79) —— <0.0001*

31,871 (1.522) 138,101 Ref . Ref

8252 (847) 30,807 1.8 (159.2.05) —— <0.0001° 1.89 (1.75.2.03) —— <0.0001*
401 (24) 1.397 142094 .2.13) H— 0.0941 1.33(1.21, 1.46) —— <0.0001"
385 (22) 1474 124(0.79 . 1.93) —_—— 0.3550 127 (116 . 1.39) ——it <0.0001"

3018 (766) 10,150 Ref

1.145 (432) 3094 155 (131, 1.84) — <0.0001* —_— <0.0001"
38(13) 107 157 (091 .2.71) H— 0.1087 —_— <0.0001"
47(<11) 141 098 (0.5, 1.88) —_— 09414 —— <0.0001*

7489 (565) 31,735 Ref

2266 (326) 8165 171 (139 —— <0.0001" — <0.0001°
13 (11) 383 1.66 (0.89 0.1117 —— <0.0001°
100 (11) 361 162085 0.1408 —_— <0.0001°

15.544 (682) 67.590 Ref Ref

3.990 (398) 14920 1.82(151,201) —— <0.0001" 183 (1.63,2.04) —— <0.0001"
193 (12) 711 1.7 (096 ,301) 0.0676 159 (138 | 1.84) —_— <0.0001 *
177 (<11) 699 1.15(0.6.2.18) —_— 0.6790 1.16(1.02,1.32) —a—i 00278 *

16,159 (759) 70,139 Ref :

4,197 (408) 15,797 1.82(153.2.18) — <0.0001" 196 (1.76 .2.18) —— <0.0001*
206 (12) 679 1.36 (0.75 . 244) —_———— 0.3105 124(109.141) | +—e—i 00011 #
208 (12) 775 1.39(0.73 .2.64) —— i 03105 149 (131.1.72) — <0.0001*

T I T T T 1
05 1 15 2 25 3 ! 15 2 25
Adjusted HR (95% CI) Adjusted HR (95% CI)

Fig. 3. HRs and 95% Cls for the association of pre-diagnostic use of metformin and WLM with all-cause

and cancer-specific mortality among women 65 + years old with BrCa. aHR, adjusted hazard ratio; BrCa,
breast cancer; CI, confidence interval; WLM, weight loss medication. Multivariable Cox regressions (all-

cause mortality) and Fine-Gray competing risks (cancer-specific mortality) models are adjusted for age at
prescription, race/ethnicity, cancer stage, cancer grade, Charlson comorbidity index, diabetes, use of insulin,
hypertension, hyperlipidemia, cardiovascular disease, malaise and fatigue, muscular wasting and atrophy,
hypogonadism, anterior pituitary dysfunction, depression, osteoporosis, Cushing syndrome, hypothyroidism,
hyperthyroidism, polycystic ovary syndrome, poverty rate. “Denotes statistical significance at the P-value <
0.05 level. °SEER-Medicare data presentation guideline has been followed and all counts less than 11 have been
suppressed.

and 85% for WLM, and 31% and 28% for dual use (Fig. 4). In ECa, metformin use was associated with a 101%
increase in all-cause mortality and 74% in ECa-specific mortality, while WLM was linked to a 21% increase in
all-cause mortality and a 36% reduction in ECa-specific mortality; dual use was associated with a 16% increase
in all-cause mortality without a clear effect on cancer-specific mortality (Fig. 5). For OCa, metformin, WLM,
and dual use were associated with 104%, 31%, and 85% increases in all-cause mortality, respectively, with similar
trends observed for cancer-specific mortality (Fig. 5). These associations were consistent across subgroups of
patients with advanced stage or high grade cancer (Figs. 2, 3, 4 and 5). Subgroups results are detailed in the
supplemental materials.

In the sensitivity analysis (Supplementary Tables 5, 6), we separately assessed the association between
metformin and WLM with all-cause and cancer-specific mortality in older women with ORC, distinguishing
between women with and without diabetes. Overall, while the direction and magnitude of these associations
were largely consistent with the primary analysis, diabetes status appeared to modulate the impact of metformin
and WLM on mortality risk in older women with ORC. Interestingly, in the non-diabetic subgroup, metformin
users generally had a higher mortality risk, while in the diabetic subgroup, WLM users had a greater risk
compared to the other groups.

Discussion

This large population-based retrospective cohort study set out to examine the association between pre-
diagnostic use of metformin and WLM with the risks of all-cause and cancer-specific mortality among older
women diagnosed with ORC, which included BrCa, CRC, ECa, and OCa. We observed an increased risk of
all-cause and ORC-specific mortality associated with metformin alone, WLM alone, and the combined use of
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Neither users | Metformin alone | WLM alone | Dual users

N(%) N(%) N(%) N(%)
Characteristics 48,486 (75.87) | 14,239 (22.28) 605 (0.95) 577 (0.90) p-value
Incident ORC
Breast cancer 31,871 (65.73) | 8,252 (57.95) 401 (66.28) 385 (66.72)
Colorectal cancer 9,865 (20.35) 3,520 (24.72) 114 (18.84) 109 (18.89) | <0.0001*
Endometrial cancer 4,719 (9.73) 1,809 (12.70) 59 (9.75) 67 (11.61)
Ovarian cancer 2,031 (4.19) 658 (4.62) 31(5.12) 16 (2.77)
ORC Stage!
Localized stage 39,945 (82.38) | 10,865 (76.30) 491 (81.16) 481 (83.36) | <0.0001°
Advanced stage 8,541 (17.62) | 3,374 (23.70) 114 (18.84) | 96 (16.64)
ORC Grade®
Low grade 38,130 (78.64) | 10,865 (76.30) 453 (74.88) 446 (77.30) | <0.0001*
High grade 10,356 (21.36) | 3,374 (23.70) 152 (1.08) 131 (22.70)
Age at index date
65-70 6,547 (13.50) 1,614 (11.34) 124 (20.50) 113 (19.58)
70 - 75 13,985 (28.84) | 4,239 (29.77) 202 (33.39) | 239 (41.42) | <0.0001
75-80 12,294 (25.36) | 3,793 (26.64) 130 (21.49) 143 (24.78)
>80 15,660 (32.30) | 4,593 (32.26) 149 (24.63) 82 (14.21)
Race/ethnicity
White 40,537 (83.61) | 10,400 (73.04) >518 (>85.79) | 459 (79.55)
Black 4,186 (8.63) 2,103 (14.77) 54 (8.93) 67 (11.61) <0.0001*
Hispanic >797 (>1.63) | 535 (3.76) <11 (<1.65)° |22 (3.81)
Other 2,965 (6.12) 1,201 (8.43) 22 (3.64) 29 (5.03)
Charlson comorbidity index
0 31,693 (65.37) | 2,082 (14.62) 246 (40.66) | 95 (16.46)
1 10,438 (21.53) | 6,639 (46.63) 169 (27.93) 223 (38.65) | <0.0001*
2 3,952 (8.15) 3,321 (23.32) 114 (18.84) 146 (25.30)
3 or more 2,403 (4.96) 2,197 (15.43) 76 (12.56) 113 (19.58)
Diabetes 5,691 (11.74) | 11,802 (82.89) 135(22.31) | 444 (76.95) | <0.0001*
Use of insulin 1,115 (2.30) 1,694 (11.90) 41 (6.78) 99 (17.16) <0.0001*
Hypertension 24,917 (51.39) | 10,673 (74.96) 398 (65.79) 435 (75.39) | <0.0001*
Hyperlipidemia 17,419 (35.93) | 7,652 (53.74) 266 (43.97) | 316 (54.77) | <0.0001*
Cardiovascular disease 20,689 (42.67) | 7,544 (52.98) 352 (58.18) 333 (57.71) | <0.0001*
Malaise and fatigue 6,390 (13.18) 2,410 (13.18) 170 (16.93) 120 (28.10) | <0.0001*
Muscular wasting and atrophy >422 (>0.85) 144 (1.01) 16 (2.64) <11 (<1.25)¢ | <0.00012
Hypogonadismb <11 (<0.05)¢ <11 (<0.05)° 0(0.0) 0(0.0) 0.3715
Anterior pituitary dysfunctionb 30 (0.06) 13 (0.09) 0(0.0) 0(0.0) 0.675
Depression disorder 1,970 (4.06) 792 (5.56) 71 (11.74) 55(9.53) <0.0001?
Osteoporosis 5,764 (11.89) 1,266 (8.89) 81 (13.39) 54 (9.36) <0.0001*
Cushing’s syndromeb <11 (<0.05)¢ <11 (<0.08)¢ <11 (<0.25)¢ | 0(0.00) 0.0392
Hypothyroidism 7,875 (16.24) | 2,706 (19.00) 174 (28.76) | 127 (22.01) | <0.00012
Hyperthyroidism >511 (>1.00) 175 (1.23) 14 (2.31) <11 (<1.10)¢ | 0.0108*
Polycystic ovary syndromeh <11 (<0.05)¢ <11 (<0.05)¢ 0 (0.00) 0 (0.00) 0.2543
Percent of residents living below poverty, mean (SD) | 10.84 (8.42) 12.96 (9.37) 11.02 (8.42) 12.87 (8.94) | <0.0001?

Table 1. Characteristics of the study cohort, n=63,907. ORC, obesity-related cancer; SD, standard deviation;
WLM, weight loss medication. *Denote Chi-square statistical significance at the p-value < 0.05 level. ®p-value
for fisher exact test. ‘SEER-Medicare data presentation guideline has been followed and all counts less than

11 have been suppressed. YAdvanced stage ORC indicated AJCC stage ITI & IV definition while localized
stage ORC indicated stage I & stage II. “High grade ORC indicated G3 (poorly differentiated) and G4
(undifferentiated). Low grade indicated G1(well differentiated) and G2 (moderately differentiated).

both. These findings persisted in ORC subgroup analyses when stratified by cancer type (BrCa, CRC, and OCa),
stage, and grade.

Unexpectedly, our findings consistently demonstrated a significantly increased risk of all-cause and cancer-
specific mortality associated with metformin use across all ORC types studied. This contradicts the prevailing
hypothesis of metformin’s survival advantage, particularly in the context of diabetes and cancer'*~". In total
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Category

All-cause mortality
CRC
Neither users
Metformin
WLM
Dual users

Advanced stage CRC
Neither users
Metformin
WLM
Dual users

Metformin
WLM
Dual users

Cancer-specific mortality
CRC
Neither users
Metformin
WLM
Dual users

Advanced stage CRC
Neither users
Metformin
WLM
Dual users

High grade CRC
Neither users
Metformin
WLM
Dual users

Before IPTW using Propensity Score

After IPTW using Propensity Score

Patients (Events) Person-Years Adjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

9.865 (3.162) 36,964 Ref Ref
3.520 (1.698) 10,699 1.55 (142, 1.68) e <00001*  159(1.51,1.67) gl <0.0001*
114 (47) 341 142 (106 . 1.89) —a— 00177 *  1.52(143,161) (2] <0.0001*
109 (35) 418 101 (072, 142) —— 0.9504 131(1.23,141) e <0.0001*

3261 (1.519) 9906 Ref Ref
1,342 (878) 3,168 1.57 (139, 1.76) e <00001*  157(1.46,1.69) e <0.0001*
43(28) 89 174 (1.19 ,2.53) —— 00040 *  194(1.79 .2.09) —e—i <0.0001*
29 (16) 91 104 (0.63 . 1.73) —— 0.8724 145(1.31,1.62) e <0.0001*

1463 (518) 5279 Ref Ref
559 (328) 1493 192 (156 ,2.35) —— <00001*  254(223.291) <0.0001*
23 (<1’ 74 126 (059 .2.67) —_— 0.5446 165(1.43.191) —a— <0.0001*
<1l (<ln® 38 NC NC 2.13(1.75,2.59) — <0.0001*

Text

9.865 (1.829) 36,964 Ref Ref
3520 (951) 10.699 142(127,159) . <00001*  141(1.32,151) e <0.0001*
114 (32) 341 1.68 (1.16 ,2.36) —— 0.0028 * 1.85(1.73.1.97) = <0.0001*
109 (20) 418 1.15(0.72 . 1.85) — 0.5522 128 (117, 141) e <0.0001*

3261 (1.134) 9906 Ref Ref
1342 (635) 3,168 15(1.31.1.73) - <00001*  142(1.31,1.55) e <0.0001*
43(25) 89 2.12(142,3.15) —_— 0.0002 * 238(2.19.2.54) <0.0001*
29 (<1 1)b 91 099 (0.51.1.94) ——— 0.9793 121(1.05,137) |F—=— 00075 *

1463 (324) 5279 Ref Ref
559 (201) 1493 1.66 (1.28 .2.15 —— 00002 *  2.52(2.15,297) e <0.0001*
23(<1p® 74 1.71(0.76 . 3.85 0.1926 226(1.95,2.62) —— <0.0001*
<11 (<11)b 38 NC NC 261(204.332) | ————— <0.0001*

T T T T T T T
05 1 15 2 25 3 35 4 ! = : = : =

Adjusted HR (95% CI) Adjusted HR (95% CI)

Fig. 4. HRs and 95% Cls for the association of pre-diagnostic use of metformin and WLM with all-cause
and cancer-specific mortality among women 65 + years old with CRC. aHR, adjusted hazard ratio; CRC,
colorectal cancer; CI, confidence interval; NC, not calculated; WLM, weight loss medication. Multivariable
Cox regressions (all-cause mortality) and Fine-Gray competing risks (cancer-specific mortality) models

are adjusted for age at prescription, race/ethnicity, cancer stage, cancer grade, Charlson comorbidity index,
diabetes, use of insulin, hypertension, hyperlipidemia, cardiovascular disease, malaise and fatigue, muscular
wasting and atrophy, hypogonadism, anterior pituitary dysfunction, depression, osteoporosis, Cushing
syndrome, hypothyroidism, hyperthyroidism, polycystic ovary syndrome, poverty rate. *Denotes statistical
significance at the P-value < 0.05 level. "SSEER-Medicare data presentation guideline has been followed and all
counts less than 11 have been suppressed.

ORC, metformin use was associated with increased risks of all-cause and ORC-specific mortality, with these
associations persisting in advanced and high-grade disease. Similar findings were observed in BrCa and its
subgroups (advanced, high grade, right-sided, left-sided), where metformin use was associated with increased
risks of all-cause and BrCa-specific mortality. While observational studies have suggested a potential survival
benefit for metformin in BrCa*->!, this was not confirmed in RCTs**~>%. Notably, a previous study reported
increased risks of overall and BrCa-specific mortality following metformin discontinuation®. The observed
associations between metformin use and increased mortality in CRC, ECa, and OCa diverge from the majority of
the literature!*!>°657 However, two studies have reported increased cancer-specific mortality among metformin
users!®1,

Our study identified associations between WLM use and increased risks of all-cause and ORC-specific
mortality, with these associations persisting in advanced and high grade ORC. WLM use was associated with
increased all-cause and BrCa-specific mortality in advanced stage, high grade, right-sided, and left-sided
BrCa. In CRC (advanced stage and high grade), WLM use was associated with all-cause and CRC-specific
mortality. Likewise, WLM use was associated with all-cause and OCa-specific mortality. In ECa, WLM showed
heterogenous results where the risk of all-cause mortality increased in total ECa and decreased in advanced stage
ECa. In addition, the risk of ECa-specific mortality was decreased in total ECa and advanced stage subgroup but
increased in high grade subgroup. A recent meta-analysis reported a decreased all-cause mortality with liraglutide
use®®, but its target population differed from our study cohort, as the average age reported was significantly
younger (59.4 years) compared to our study’s average age of 76.8 years. Likewise, studies investigating orlistat
and phentermine found no increased risk of all-cause mortality>®-! yet these studies also involved populations
that were considerably younger than ours.

In our study, the combined use of metformin and WLM was generally associated with an increased risk of
all-cause and cancer-specific mortality across the overall ORC cohort and among those with high-grade disease.
Interestingly, in advanced-stage ORC, this pattern appeared to differ, with a potential reduction in ORC-specific
mortality observed among dual users. Similar patterns were noted within individual cancer types (BrCa, CRC,
ECa, and OCa) where dual use was generally linked to increased mortality, except in advanced-stage ECa, where
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Before IPTW using Propensity Score

After IPTW using Propensity Score

Category Patients (Events) Person-Years Adjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value
All-cause mortality
ECa
Neither users 4719 (1.057) 18.419 Ref Ref
Metformin 1.809 (788) 5714 19 (1.67.2.16) —— <0.0001* 201 (1.85.2.18) —a—if <0.0001*
WLM 59 (15) 159 1.29(0.77 .2.16) —_—— 0.3285 1.21(1.08,1.36) - 0.0008 *
Dual users 67 (16) 254 1.07 (065, 1.76) —1— 0.8019 1.16 (1.03 . 1.31) —-— 00149 *
Advanced stage ECa
Neither users 915 (422) 2735 Ref Ref
Metformin 417 (269) 944 1.69 (136 ,2.09) —— <0.0001" 173 (1.51,1.98) —— <0.0001*
WLM 12(<1n® 32 059(0.22.1.63) e — 0.3120 026 (0.19,0.36) <0.0001*
Dual users (<1t 32 1.18 (047 ,2.93) —T— 0.7232 0.76 (0.55 . 1.04) —— 0.0854
High ¢ :
Neither users 882 (283) 3.191 Re! Ref
Metformin 402 (239) 1075 201 (13 —e— <0.0001" 2.11 (181,247 — <0.0001*
WLM <I1(<1)® 24 N NC 127(094,1.72) —— 0.1213
Dual users 15(<1hb 44 1.56 (072 ,3.41) | e 0.2617 208(1.72,2.52) — <0.0001*
OCa
Neither users 2031 (1,008) 5742 Ref Ref
Metformin 658 (511) 1,062 201(173.233) —— <0.0001* 204 (1.86.2.23) —— <0.0001°
WLM 31(16) 67 1.31(0.79 ,2.16) —_—— 0.2995 1.31(1.17,1.47) —-— <0.0001*
Dual users 16 (<11)® 41 1.33(068 ,261) —_————— 0.3994 1.85(1.63,2.11) —— <0.0001"
Cancer-specific mortality
ECa
Neither users 4719 (636) 18419 Ref Ref
Metformin 1.809 (447) 5714 1.72 (144 .2.06) iy <0.0001" 1.74 (1.56 , 1.94) —— <0.0001*
WLM 59 (<1)b 159 093 (045.193) —_— 0.8523 0.64 (0.54,0.76) e <0.0001*
Dual users 67 (<1 b 254 0.61(026,147) —— 0.2744 1.03(0.88,1.19) —=— 0.6961
Advanced stage ECa
Neither users 915 (315) 27735 Ref Ref
Metformin 417(197) 944 1.53 (117, 1.98) —— 00015 * 1.71 (146 ,2.01) e <0.0001*
WLM 12(<1b 32 047(0.12.1.74) —_—— 0.2566 0.31(0.23,0.41) <0.0001*
Dual users (<1 ® 32 0.56(0.14,2.13) —_— 0.3914 0.36(0.24 ,0.55) —-— <0.0001*
Hi;
cither users 882 (191) 3,191 ef Ref
Metformin 402 (161) 1075 1.89(1.39.,257) — <0.0001" 199 (1.63 .2.43) —— <0.0001°
WLM <11 (<11)b 24 NC NC 2.17(1.57 .2.99) —_— 1 0.0001°
Dual users 15(<11) b 44 0.62(0.18,221) —_—— 0.4634 147 (118 . 1.84) —a— 0.0007 *
OCa
Neither users 2031 (824) 5742 Ref Ref
Metformin 658 (424) 1,062 1.85(1.56,2.19) —— <0.0001* 177 (1.59 . 1.95) st <0.0001°
WLM 31(16) 67 1.69 (103 ,2.78) —_— 00371 ° 159 (142 .1.79) ——i <0.0001°
Dual users 16(<11)b 41 125 (056 ,2.81) [ ne— 05828 201(1.78 .2.26) —— <0.0001*

T T T
05 1 15 2 25
Adjusted HR (95% CI)

3

35

T
1 5} 2 25

Adjusted HR (95% CI)

Fig. 5. HRs and 95% CIs for the association of pre-diagnostic use of metformin and WLM with all-cause

and cancer-specific mortality among women 65 + years old with ECa and OCa. Abbreviations: aHR, adjusted
hazard ratio; CI, confidence interval; ECa, endometrial cancer; NC, not calculated; OCa, ovarian cancer;
WLM, weight loss medication. Multivariable Cox regressions (all-cause mortality) and Fine-Gray competing
risks (cancer-specific mortality) models are adjusted for age at prescription, race/ethnicity, cancer stage, cancer
grade, Charlson comorbidity index, diabetes, use of insulin, hypertension, hyperlipidemia, cardiovascular
disease, malaise and fatigue, muscular wasting and atrophy, hypogonadism, anterior pituitary dysfunction,
depression, osteoporosis, Cushing syndrome, hypothyroidism, hyperthyroidism, polycystic ovary syndrome,
poverty rate. *Denotes statistical significance at the P-value < 0.05 level. "SEER-Medicare data presentation
guideline has been followed and all counts less than 11 have been suppressed.

a lower risk of ECa-specific mortality was observed. These findings are exploratory and should be interpreted
with caution, particularly in light of the limited number of dual users, which may impact the stability of the
estimates. To our knowledge, the combined use of metformin and WLM association with mortality in patients
with ORC has not been previously studied. The paucity of research on combined use of metformin and WLM
and mortality outcomes in older women with ORCs limits the direct comparison of our findings with existing
literature.

The observed increased mortality risk associated with metformin is particularly surprising given the
substantial body of literature supporting its potential survival benefits'!~!%. The mechanisms by which metformin
and WLM influence cancer mortality are likely complex, involving both direct and indirect effects. The former
suggests that the chemical properties of these medications can potentially inhibit cancer cell proliferation®’, while
the latter posits that weight loss can modify the adipose tissue microenvironment with concomitant systemic
endocrine alterations in ways that suppress tumor development and progression®. Our findings align with a
minority of studies reporting adverse cancer outcomes linked to metformin use'*1%, they suggest a poorer cancer
prognosis than is typically reported in the majority of the literature. One possible biological mechanism for poor
prognosis associated with metformin and WLM is the ability of these medications to modulate the immune
system. Metformin can exert immunosuppressive effects by reducing pro-inflammatory cytokine production
and promoting regulatory T cell differentiation. Additionally, metformin has been shown to modulate immune
responses by reducing reactive oxygen species (ROS) levels in immune cells, which may weaken the immune
response and increase susceptibility to infections and complications from cancer treatments*>**, WLM affect
lipid metabolism and have less direct evidence regarding their impact on the immune system. However, there
is limited evidence suggesting that WLM have significant immunomodulatory effects beyond their metabolic
actions®*,
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The observed association between pre-diagnostic use of metformin or WLM and increased mortality risk
may be driven by underlying clinical and methodological factors. Individuals prescribed metformin or WLM
often have comorbid conditions that independently confer elevated mortality risk. Although IPTW using
propensity scores was employed to balance observable baseline characteristics, this approach does not account
for unmeasured confounding, including factors such as diabetes duration, glycemic control, body mass index
(BMI), functional status, or frailty. These unmeasured variables may contribute substantially to the increased
mortality risk observed in the exposed groups.

Additionally, the discrepancy between our findings and prior studies reporting favorable survival outcomes
with metformin use may reflect differences in model specification and covariate adjustment. Our analysis did
not account for cancer treatment modalities, such as surgery, chemotherapy, radiotherapy, or hormonal therapy,
which are strong prognostic determinants and may have introduced residual confounding or effect modification.
For example, if metformin users were less likely to receive aggressive or guideline-concordant treatment due
to underlying comorbidities or frailty, the observed increase in mortality may partially reflect differences in
treatment intensity rather than a direct adverse effect of the medication itself. In contrast, if non-users were more
likely to receive curative treatment, this could further widen survival differences. Furthermore, the potential
for pharmacologic interaction between metformin or WLM and cancer-directed therapies remains unexplored
in this context. Insulin resistance and metabolic dysregulation may impair response to chemotherapy, while
WLM use may alter drug metabolism, nutrient absorption, or immune function, potentially affecting treatment
efficacy. These complex and unmeasured interrelationships underscore the need for cautious interpretation
of our findings and reinforce the importance of future studies that incorporate detailed treatment data to
disentangle the effects of metabolic medications from underlying clinical trajectories and therapeutic exposures.

The complicated relationship between obesity, weight loss and management, and cancer mortality has been
a subject of ongoing research. One possible explanation for the observed association between metformin and
WLM use with increased mortality risk in ORC is the obesity paradox, wherein weight loss might paradoxically
lead to a poorer prognosis?!~44. In the context of cancer, the link between the obesity paradox and risk of mortality
remains controversial due to the concomitant weight loss and cachexia, further complicated by the timing and
rate of weight loss. However, this potential link in our study remains speculative due to insufficient evidence.
Unfortunately, our study lacked BMI data, precluding a direct assessment of weight changes among ORC
patients. Therefore, we cannot definitively establish an association between weight reduction due to metformin
or WLM use and risk of mortality. Hence, speculation on this topic is therefore unwarranted. A prospective
study of older women found that overweight women who experienced minimal weight loss (< 5%) demonstrated
a significantly lower risk of mortality at both 12 and 48 months compared to normal-weight women with similar
weight loss. Women with obesity and minimal weight loss also exhibited lower mortality risk at 48 months.
Interestingly, this survival benefit was more pronounced in overweight women with advanced cancer’!. These
findings support the concept of the obesity paradox, particularly among older women with cancer mortality, as
it was previously shown by Flegal et al. reporting that overweight reduced the risk of mortality®2.

Moreover, the observed association between pre-diagnostic metformin and WLM use and increased mortality
risk in older women with ORC may be partially attributable to the prescription practices during the period when
the study data was collected (2007-2015). Over the past two decades, the adoption of WLM and metformin for
obesity management by clinicians has been characterized by cautious and limited utilization. Clinicians generally
perceived metformin as well-tolerated and a safe option for managing diabetes. While metformin, although
not FDA-approved for obesity, was occasionally prescribed off-label for weight management, particularly for
patients with more severe obesity or multiple comorbidities'"%3, which could diminish potential metformin
benefits and complicate their overall prognosis and treatment response for those with ORC. The U.S. Preventive
Services Task Force acknowledged modest weight loss and improved physiological outcomes with metformin
when combined with behavioral interventions®’. However, its primary role remained glycemic control. The
conservative approach to pharmacotherapy for obesity in the past two decades resulted in limited long-term
efficacy studies. The WLM was often prescribed as adjuncts to lifestyle changes, with a strong preference for
established agents like phentermine, accounting for over 75% of all WLM prescriptions®. A study analyzing data
from 1999 to 2010 revealed a remarkably low prescription rate for WLM, with only 2% of obesity-related visits
mentioning such medications®®. While newer WLM groups were introduced, their adoption rates exhibited a
linear rather than exponential trajectory, suggesting systemic barriers to their widespread use®’. Furthermore,
the utilization of medications like orlistat and sibutramine significantly declined over time, likely attributable to
concerns regarding safety and limited long-term efficacy®®.

Our findings suggest a concerning association between pre-diagnostic use of metformin and WLM with
increased mortality risk in older women with ORCs. This necessitates further investigation through several
key avenues. Firstly, large-scale epidemiological studies should examine the long-term effects of pre-diagnostic
metformin and WLM use on overall survival and cancer-specific outcomes, considering time- and dose-response.
Secondly, rigorously designed RCTs are crucial to establish a causal relationship between these medications
and mortality outcomes, while simultaneously evaluating their safety and efficacy within the ORC population.
Finally, laboratory-based studies should explore the underlying biological mechanisms of these associations.
These studies should investigate how metformin and WLM influence tumor biology, including their impact
on metabolic alterations, inflammation, and insulin resistance. Through these concerted research efforts, we
can gain a deeper understanding of the complex interplay between these medications, cancer progression, and
mortality in this vulnerable population. This knowledge is critical for developing more safe, informed, and
personalized treatment strategies for older women with ORC.

This study has strengths. The SEER-Medicare large sample size attenuates the random error and confers
adequate statistical power to detect subtle effects. We managed immortal bias effectively by defining appropriate
time windows for metformin and WLM exposure and limiting our analysis to patients diagnosed with ORC
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after the follow-up period began and who survived at least six months after ORC diagnosis. Nonetheless, there
are several limitations to consider. The retrospective nature of the study may introduce selection bias. While
the focus of this study is on pre-diagnostic exposure, it does not account for the duration, dosage, or adherence
to metformin or WLM. The available data did not provide sufficient information on these aspects, and as such,
variability in patients’ exposure to these medications could not be assessed. Additionally, we did not assess
the use of other diabetes medications, as this was outside the scope of the study and not feasible given the
complexity of individual treatment regimens and limitations of the SEER-Medicare data. As a result, individuals
using alternative diabetes therapies may have been classified in the ‘neither’ group or another exposure
category, introducing heterogeneity into the comparison groups. While this may have confounded the observed
associations, adjusting for every possible medication was neither technically practical nor methodologically
appropriate, as it could introduce overadjustment bias, multicollinearity, and reduced model interpretability. The
six-month pre-index period might not fully capture the patient’s medical history, and comorbidities may have
existed prior to this timeframe. The relatively short follow-up period, especially for OCa, may limit our ability
to estimate long-term mortality risk accurately. Despite adjusting for potential confounders in multivariable
models, the impact of unmeasured factors such as genetics, lifestyle habits (physical activity, smoking, and
alcohol consumption), and residual confounding cannot be completely ruled out. The SEER-Medicare indicates
that laboratory results or other environmental, and nutritional/lifestyle factors are incompletely reported with
low sensitivity. This includes data for BMI (=30 kg/m2) to define obesity, which is a risk factor for mortality.
The underreporting and inaccurate coding of BMI limit the completeness and reliability of analyses that rely on
BMI. While SEER-Medicare does not explicitly imply that BMI should not be used, it labeled BMI as problematic
and could lead to misclassification bias or inaccurate adjustments®®. However, in a previous investigation for
sensitivity analyses we adjusted our multivariable models by including obesity using diagnostic ICD-10 codes
(e.g., E66.01, 0.2, 0.3, and Z68/35-39), and the results remained nearly identical to the ones without obesity
due to its low sensitivity in SEER-Medicare’. Furthermore, in the present study we adjusted for strong factors
associated with obesity such as diabetes, hypertension, CCI comorbidity score, hyperlipidemia, and use of
insulin that it is possible that some levels of obesity were captured and adjusted for*, yet residual confounding
may remain. Our dataset lacks information on important prognostic markers in BrCa, including hormone
receptor (HR) and HER2 (human epidermal growth factor receptor 2) status. This limitation prevented us from
analyzing HR/HER2 subgroups in this study. We also did not account for cancer treatment modality due to
data reliability issues such as incomplete data, biases related to unmeasured factors influencing the decision to
receive treatment, and difficulties in interpreting sequence data variables’!. However, cancer treatment modality
is likely to modify the observed effects rather than simply confounding them. Our study speaks only for women
aged 65 and older diagnosed with ORC and cannot be generalized to other patient populations. Medicare claims
data is susceptible to errors and omissions, leading to selection and measurement biases that may significantly
impact the reproducibility and comparability of studies. The earliest available Part D in SEER-Medicare data was
from 2007; any use of metformin and WLM prior to that was not accounted for. Given these aforementioned
limitations, conclusions should be drawn with caution.

Conclusion

In summary, this population-based cohort study employed multivariable Cox regression and competing-risks
models with IPTW-PS to investigate the association between pre-diagnostic use of metformin and WLM
with mortality outcomes in older women with ORC, including BrCa, CRC, ECa, and OCa. We observed an
increased risk of all-cause and ORC-specific mortality associated with independent and joint use of metformin
and WLM across various ORC subtypes. Pre-diagnostic metformin and WLM use, alone and in combination,
was associated with an increased risk of all-cause mortality in BrCa (advanced stage, high grade, right-sided,
left-sided), CRC (advanced stage and high grade), and OCa. In ECa, WLM showed heterogenous results where
the risk of all-cause mortality increased in total ECa and decreased in advanced stage ECa. Additionally, the
risk of ECa-specific mortality was decreased in overall ECa and advanced stage subgroup but increased in high
grade subgroup. While the evidence regarding metformin’s impact on mortality in ovarian cancer remains
inconclusive, our findings challenge the prevailing notion of its potential protective effect. The limited research
on WLM use and mortality outcomes in ORC hinders direct comparison of our results. However, given the
substantial burden of ORC and increasing interest in weight loss treatments, further investigation into the safety
and prognostic implications of WLM is warranted. Large-scale prospective studies with extended follow-up
periods are needed to solidify these findings and inform clinical practice.

Implications for cancer survivors
Our findings may stimulate research into alternative weight management strategies for older women with ORCs
that are effective and do not carry the same potential risks.

Data availability

The SEER-Medicare datasets used to conduct this study are available upon approval of a research protocol by the
National Cancer Institute. Instructions for obtaining these data are available at https://healthcaredelivery.cance
r.gov/seermedicare/obtain/.

Received: 21 March 2025; Accepted: 26 June 2025
Published online: 01 July 2025

Scientific Reports |

(2025) 15:21828 | https://doi.org/10.1038/s41598-025-09393-1 nature portfolio


https://healthcaredelivery.cancer.gov/seermedicare/obtain
https://healthcaredelivery.cancer.gov/seermedicare/obtain
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

References

1.
2.

3.

11.
. Daugan, M. et al. Metformin: an anti-diabetic drug to fight cancer. Pharmacol. Res. 113, 675-685 (2016).
13.
14.
15.
16.
17.

18.
19.

20.
21.
22.

23.

24.
25.
26.
27.
28.
29.

30.
31.

32.
33.

34.
35.
. Backes, E. J. et al. The impact of body weight on ovarian cancer outcomes. Int. J. Gynecol. Cancer. 21 (9), 1601-1605 (2011).
37.
38.

39.
. Kroenk, C. H. et al. Analysis of body mass index and mortality in patients with colorectal cancer using causal diagrams. JAMA

41.
42.
43.

44,

Hales, C. M., Carroll, M. D., Fryar, C. D. & Ogden, C. L. Prevalence of obesity and severe obesity among adults: united states,
2017-2018. NCHS Data Brief. 360, 1-8 (2020).

Calle, E. E. & Kaaks, R. Overweight, obesity and cancer: epidemiological evidence and proposed mechanisms. Nat. Rev. Cancer. 4,
579-591 (2004).

Fruh, S. M. Obesity: risk factors, complications, and strategies for sustainable long-term weight management. J. Am. Assoc. Nurse
Pract. 29, S3-514 (2017).

. Pati, S. et al. Obesity and cancer: A current overview of epidemiology, pathogenesis, outcomes, and management. Cancers (Basel).

15, 485 (2023).

. Renehan, A. G., Zwahlen, M. & Egger, M. Adiposity and cancer risk: new mechanistic insights from epidemiology. Nat. Rev.

Cancer. 15, 484-498 (2015).

. Munsell, M. E et al. Body mass index and breast cancer risk according to postmenopausal estrogen-progestin use and hormone

receptor status. Epidemiol. Rev. 36, 114-136 (2014).

. Siegel, R. L. et al. Cancer statistics, 2025. CA Cancer J. Clin. 75, 10-45 (2025).
. Jensen, M. D. et al. AHA/ACC/TOS guideline for the management of overweight and obesity in adults: A report of the American

College of Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity Society. Circulation 129,
$102-S138 (2014). (2013).

. Gill, L. E., Bartels, S. J. & Batsis, J. A. Weight management in older adults. Curr. Obes. Rep. 4, 379-388 (2015).
. Khezrian, M., McNeil, C. J., Murray, A. D. & Myint, P. K. An overview of prevalence, determinants and health outcomes of

polypharmacy. Ther. Adv. Drug Saf. 11, 2042098620933741 (2020).
Yerevanian, A. & Soukas, A. A. Metformin: mechanisms in human obesity and weight loss. Curr. Obes. Rep. 8, 156-164 (2019).

Cao, X. et al. The effect of Metformin on mortality among diabetic cancer patients: A systematic review and meta-analysis. JNCI
Cancer Spectr. 1, pkx007 (2017).

Lega, I. C. et al. The effect of Metformin on mortality following cancer among patients with diabetes. Cancer Epidemiol. Biomarkers
Prev. 23, 1974-1984 (2014).

Zhang, P. et al. Association of Metformin use with cancer incidence and mortality: A meta-analysis. Cancer Epidemiol. 37,207-218
(2013).

Noto, H., Goto, A., Tsujimoto, T. & Noda, M. Cancer risk in diabetic patients treated with metformin: A systematic review and
meta-analysis. PLoS One. 7, 33411 (2012).

Gong, Z. et al. Diabetes, Metformin and incidence of and death from invasive cancer in postmenopausal women: results from the
women’s health initiative. Int. J. Cancer. 138, 1915-1927 (2016).

Mazzone, P. J. et al. The effect of Metformin and Thiazolidinedione use on lung cancer in diabetics. BMC Cancer. 12, 410 (2012).
Orchard, S. G. et al. Association of metformin, aspirin, and cancer incidence with mortality risk in adults with diabetes. JNCI
Cancer Spectr. 7, pkad017 (2023).

Goodwin, P. J. et al. Effect of Metformin vs placebo on invasive disease-free survival in patients with breast cancer: the MA.32
randomized clinical trial. JAMA 327, 1963-1973 (2022).

Khouri, C. & Suissa, S. R. E. Association of Metformin use and cancer incidence: a systematic review and meta-analysis. J. Natl.
Cancer Inst. 116, 1399-1400 (2024).

Khera, R. et al. Association of Pharmacological treatments for obesity with weight loss and adverse events: A systematic review and
meta-analysis. JAMA 315, 2424-2434 (2016).

The US Food and Drug Administration. 2-13-2020 FDA drug safety communication Silver Spring, MD: The US Food and Drug
Administration. (2020). Available from: https://www.fda.gov/drugs/drug-safety-and-availability/safety-clinical-trial-shows-possi
ble-increased-risk-cancer-weight-loss-medicine-belvig-belviq-xr. Accessed 5 August 2024.

Funch, D. et al. Risk of thyroid cancer associated with use of liraglutide and other antidiabetic drugs in a US commercially insured
population. Diabetes Metab. Syndr. Obes. 14, 2619-2629 (2021).

Bjerre Knudsen, L. et al. Glucagon-like peptide-1 receptor agonists activate rodent thyroid C-cells causing calcitonin release and
C-cell proliferation. Endocrinology 151, 1473-1486 (2010).

Alves, C., Batel-Marques, F. & Macedo, A. F. A meta-analysis of serious adverse events reported with exenatide and liraglutide:
acute pancreatitis and cancer. Diabetes Res. Clin. Pract. 98, 271-284 (2012).

Wysham, W. Z. et al. Effects of fatty acid synthase Inhibition by Orlistat on proliferation of endometrial cancer cell lines. Target.
Oncol. 11, 763-769 (2016).

Peng, H. et al. Orlistat induces apoptosis and protective autophagy in ovarian cancer cells: involvement of Akt-mTOR-mediated
signaling pathway. Arch. Gynecol. Obstet. 298, 597-605 (2018).

Jin, B. R. et al. Anti-obesity drug Orlistat alleviates Western-diet-driven colitis-associated colon cancer via Inhibition of STAT3 and
NF-kB-mediated signaling. Cells 10, 2060 (2021).

Hua, Y. et al. Metformin and cancer hallmarks: shedding new lights on therapeutic repurposing. J. Transl Med. 21, 403 (2023).
Martinez-Tapia, C. et al. The obesity paradox for mid- and long-term mortality in older cancer patients: A prospective multicenter
cohort study. Am. J. Clin. Nutr. 113, 129-141 (2021).

Hartwig, J. et al. Metformin attenuates ROS via FOXO3 activation in immune cells. Front. Immunol. 12, 581799 (2021).

Marcucci, E, Romeo, E., Caserta, C. A., Rumio, C. & Lefoulon, F. Context-dependent Pharmacological effects of Metformin on the
immune system. Trends Pharmacol. Sci. 41 (3), 162-171 (2020).

Kwon, Y. J., Kwon, G. E,, Lee, H. S., Choi, M. H. & Lee, J. W. The effect of Orlistat on sterol metabolism in obese patients. Front
Endocrinol. (Lausanne) 13, 824269 (2022).

Boyd, N. E et al. Body weight and prognosis in breast cancer. J. Natl. Cancer Inst. 67 (4), 785-789 (1981).

Secord, A. A. et al. Body mass index and mortality in endometrial cancer: A systematic review and meta-analysis. Gynecol. Oncol.
140 (1), 184-190 (2016).

Wen, H. et al. Body mass index, weight change, and cancer prognosis: A meta-analysis and systematic review of 73 cohort studies.
ESMO Open. 9 (3), 102241 (2024).

Lennon, H., Sperrin, M., Badrick, E. & Renehan, A. G. The obesity paradox in cancer: A review. Curr. Oncol. Rep. 18 (9), 56 (2016).

Oncol. 2 (9), 1137-1145 (2016).

Simillis, C. et al. A systematic review and meta-analysis assessing the impact of body mass index on long-term survival outcomes
after surgery for colorectal cancer. Eur. J. Cancer. 172, 237-251 (2022).

Chiu, C. C. et al. Correlation of body mass index with oncologic outcomes in colorectal cancer patients: A large population-based
study. Cancers (Basel). 13 (14), 3592 (2021). Published 2021 Jul 17.

Tsang, N. M. et al. Overweight and obesity predict better overall survival rates in cancer patients with distant metastases. Cancer
Med. 5 (4), 665-675 (2016).

Warren, J. L., Klabunde, C. N., Schrag, D., Bach, P. B. & Riley, G. E. Overview of the SEER-Medicare data: Content, research
applications, and generalizability to the United States elderly population. Med Care. ;40(8):IV-3-18. Suppl. (2002).

Scientific Reports |

(2025) 15:21828 | https://doi.org/10.1038/s41598-025-09393-1 nature portfolio


https://www.fda.gov/drugs/drug-safety-and-availability/safety-clinical-trial-shows-possible-increased-risk-cancer-weight-loss-medicine-belviq-belviq-xr
https://www.fda.gov/drugs/drug-safety-and-availability/safety-clinical-trial-shows-possible-increased-risk-cancer-weight-loss-medicine-belviq-belviq-xr
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

45. SEER Program. About the SEER Program. Surveillance, Epidemiology, and End Results (SEER) Program. (2023). Available from:
https://seer.cancer.gov/about/overview.html. Accessed 5 August 2024.

46. Herndn, M. A., Hernandez-Diaz, S., Werler, M. M. & Mitchell, A. A. Causal knowledge as a prerequisite for confounding evaluation:
an application to birth defects epidemiology. Am. J. Epidemiol. 155 (2), 176-184 (2002).

47. Austin, P. C. An introduction to propensity score methods for reducing the effects of confounding in observational studies.
Multivar. Behav. Res. 46 (3), 399-424 (2011).

48. Xu, H. et al. Metformin use is associated with better survival of breast cancer patients with diabetes: A meta-analysis. Oncologist
20 (11), 1236-1244 (2015).

49. Kim, H. J. et al. Metformin increases survival in hormone receptor-positive, HER2-positive breast cancer patients with diabetes.
Breast Cancer Res. 17 (1), 64 (2015). Published 2015 May 3.

50. Lega, I. C. et al. Association between Metformin therapy and mortality after breast cancer: A population-based study. Diabetes
Care. 36 (10), 3018-3026 (2013).

51. Cejuela, M., Martin-Castillo, B., Menendez, J. A. & Pernas, S. Metformin and breast cancer: where are we now? Int. J. Mol. Sci. 23
(5), 2705 (2022). Published 2022 Feb 28.

52. Martin-Castillo, B. et al. A phase 2 trial of neoadjuvant Metformin in combination with trastuzumab and chemotherapy in women
with early HER2-positive breast cancer: the METTEN study. Oncotarget 9 (86), 35687-35704 (2018). Published 2018 Nov 2.

53. Sonnenblick, A. et al. Impact of diabetes, insulin, and Metformin use on the outcome of patients with human epidermal growth
factor receptor 2-positive primary breast cancer: analysis from the ALTTO phase III randomized trial. J. Clin. Oncol. 35 (13),
1421-1429 (2017).

54. Goodwin, P. J. et al. Effect of Metformin vs placebo on metabolic factors in NCIC CTG MA.32. J. Natl. Cancer Inst. 107 (3), djv006
(2015). Published 2015 Mar 4.

55. Peeters, P. J. et al. Use of Metformin and survival of diabetic women with breast cancer. Curr. Drug Saf. 8 (5), 357-363 (2013).

56. Xie, H., Li, M. & Zheng, Y. Associations of Metformin therapy treatment with endometrial cancer risk and prognosis: A systematic
review and meta-analysis. Gynecol. Oncol. 182, 15-23 (2024).

57. Kaur, P. et al. Metformin use and survival in people with ovarian cancer: A population-based cohort study from British columbia,
Canada. Neoplasia 56, 101026 (2024).

58. Vemulapalli, H. S. et al. Safety and efficacy of liraglutide on cardiovascular outcomes in patients with diabetes mellitus: A meta-
analysis of randomized controlled trials. Cureus 15 (9), e45421 (2023). Published 2023 Sep 17.

59. Ardissino, M. et al. Long-term cardiovascular outcomes after Orlistat therapy in patients with obesity: A nationwide, propensity-
score matched cohort study. Eur. Heart J. Cardiovasc. Pharmacother. 8 (2), 179-186 (2022).

60. Lewis, K. H. et al. Safety and effectiveness of longer-term phentermine use: clinical outcomes from an electronic health record
cohort. Obes. (Silver Spring). 27 (4), 591-602 (2019).

61. Kim, K. K., Cho, H. ], Kang, H. C,, Youn, B. B. & Lee, K. R. Effects on weight reduction and safety of short-term phentermine
administration in Korean obese people. Yonsei Med. J. 47 (5), 614-625 (2006).

62. Flegal, K. M, Kit, B. K., Orpana, H. & Graubard, B. I. Association of all-cause mortality with overweight and obesity using standard
body mass index categories: A systematic review and meta-analysis. JAMA 309 (1), 71-82 (2013).

63. Styne, D. M. et al. Pediatric obesity-assessment, treatment, and prevention: an endocrine society clinical practice guideline. J. Clin.
Endocrinol. Metab. 102 (3), 709-757 (2017).

64. Moyer, V. A. & U.S. Preventive Services Task Force. Screening for and management of obesity in adults: U.S. Preventive services
task force reccommendation statement. Ann. Intern. Med. 157 (5), 373-378 (2012).

65. Saxon, D. R. et al. Antiobesity medication use in 2.2 million adults across eight large health care organizations: 2009-2015. Obes.
(Silver Spring). 27 (12), 1975-1981 (2019).

66. Xia, Y., Kelton, C. M., Guo, J. ], Bian, B. & Heaton, P. C. Treatment of obesity: pharmacotherapy trends in the united States from
1999 to 2010. Obes. (Silver Spring). 23 (8), 1721-1728 (2015).

67. Thomas, C. E., Mauer, E. A, Shukla, A. P, Rathi, S. & Aronne, L. ]. Low adoption of weight loss medications: A comparison of
prescribing patterns of antiobesity pharmacotherapies and SGLT2s. Obes. (Silver Spring). 24 (9), 1955-1961 (2016).

68. Bolen, S. D. et al. Trends in and patterns of obesity reduction medication use in an insured cohort. Obes. (Silver Spring). 18 (1),
206-209 (2010).

69. SEER-Medicare Linked Data Resource. Analytic support for researchers. Measures that are limited or not available in the data.
Available from: https://healthcaredelivery.cancer.gov/seermedicare/considerations/measures.html. Accessed 23 August 2024.

70. Lopez, D. S. et al. Use of weight loss medications in relation with prostate, colorectal, and male breast cancers among older men:
SEER-Medicare 2007-2015. J. Cancer Res. Clin. Oncol. 149 (11), 8255-8265 (2023).

71. SEER Treatment Data Limitations (November. 2023 Submission) - SEER Data & Software. Available from: https://seer.cancer.gov
/data-software/documentation/seerstat/nov2023/treatment-limitations-nov2023.html. Accessed 23 August 2024.

Acknowledgements

The collection of cancer incidence data used in this study was supported by the California Department of Public
Health pursuant to California Health and Safety Code Sect. 103885; Centers for Disease Control and Prevention’s
(CDC) National Program of Cancer Registries, under cooperative agreement 5NU58DP006344; the National
Cancer Institute’s Surveillance, Epidemiology and End Results Program under contract HHSN2612018000321I
awarded to the University of California, San Francisco, contract HHSN261201800015I awarded to the Universi-
ty of Southern California, and contract HHSN2612018000091 awarded to the Public Health Institute. The ideas
and opinions expressed herein are those of the author(s) and do not necessarily reflect the opinions of the State
of California, Department of Public Health, the National Cancer Institute, and the Centers for Disease Control
and Prevention or their Contractors and Subcontractors.

Author contributions

Maryam R. Hussain: Conceptualization, formal analysis, visualization, methodology, writing—original draft,
writing-review and editing. Omer Abdelgadir: Conceptualization, formal analysis, visualization, methodology,
writing-original draft, writing-review and editing. Yong-Fang Kuo: Conceptualization, formal analysis, meth-
odology, writing-review and editing. Steven Canfield: Conceptualization, methodology, writing-review and ed-
iting. David S. Lopez: Conceptualization, funding acquisition, formal analysis, methodology, writing-original
draft, writing-review and editing.

Funding
David S. Lopez was supported by the National Institute of Health (NIH) and National Institute on Aging (NIA),
Grant #: P30 AG059301; National Cancer Institute (NCI), Grant #: P30CA142543; and Cancer Prevention and

Scientific Reports |

(2025) 15:21828 | https://doi.org/10.1038/s41598-025-09393-1 nature portfolio


https://seer.cancer.gov/about/overview.html
https://healthcaredelivery.cancer.gov/seermedicare/considerations/measures.html
https://seer.cancer.gov/data-software/documentation/seerstat/nov2023/treatment-limitations-nov2023.html
https://seer.cancer.gov/data-software/documentation/seerstat/nov2023/treatment-limitations-nov2023.html
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Research Institute of Texas (CPRIT), Grant#: RP210130.
Declarations

Competing interests

“The authors have no relevant financial or non-financial interests to disclose””. “This study used the linked
SEER-Medicare database. The interpretation and reporting of these data are the sole responsibility of the
authors. The authors acknowledge the efforts of the National Cancer Institute; the Office of Research,
Development and Information, CMS; Information Management Services (IMS), Inc.; and the Surveillance,
Epidemiology, and End Results (SEER) Program tumor registries in the creation of the SEER-Medicare
database.”

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki and received approval from the
Institutional Review Board (IRB) at the University of Texas Medical Branch (UTMB) in Galveston, Texas, USA
(IRB Approval Code: 20-0237; Approval Date: September 15, 2020). Given the retrospective nature of this de-
identified secondary data analysis, the IRB at UTMB approved the waiver of informed consent in accordance
with the 45 CFR 46.104.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-09393-1.

Correspondence and requests for materials should be addressed to O.A.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:21828 | https://doi.org/10.1038/s41598-025-09393-1 nature portfolio


https://doi.org/10.1038/s41598-025-09393-1
https://doi.org/10.1038/s41598-025-09393-1
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Metformin and weight loss medication impact on survival outcomes in older women with obesity-related cancers
	﻿Materials and methods
	﻿Data
	﻿Study cohort
	﻿Pre-diagnostic use of metformin and WLM
	﻿Mortality outcomes
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Implications for cancer survivors﻿﻿﻿﻿
	﻿References


