STROBE Statement—checklist of items that should be included in reports of observational studies
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	Item No.
	Recommendation
	Page 
No.
	Relevant text from manuscript

	[bookmark: bold5][bookmark: italic6]Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	2
	retrospectively 

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	2
	We retrospectively evaluated the impact of GLP-1 RA, compared to propensity-matched controls, on mortality, MALO, major adverse cardiac events (MACE), and obesity related cancers in obese adults with T2DM using the TrinetX global collaborative database. GLP-1 RA decreased all-cause mortality (1.7 vs 5.4% H.R. (95% CI) 0.38, 0.37-0.39 at 2 years), MACE (4.4 vs 8.2% H.R. 0.66, 0.65-0.68), MALO (0.7 vs 1.8% H.R. 0.5, 0.49-0.55) and obesity-related cancers (1.5 vs 2.2%, H.R. 0.85, 0.81-0.89) at all durations of exposure studied.  GLP-1 RA improved the rates of each of the MACE components (p< 0.0001 for each).  GLP-1 RA reduced ascites, hepatic encephalopathy, variceal hemorrhage, and hepatocellular cancer (p< 0.01 for all outcomes).  These benefits were confirmed in those who also had a diagnosis of either MASLD or cirrhosis prior to the initiation of GLP-1 RA.

	[bookmark: bold7][bookmark: italic8]Introduction
	

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	3
	Noncommunicable diseases (NCDs) account for about forty million deaths and seventy percent of premature deaths each year globally 1. Cardiovascular disease, type 2 diabetes mellitus (T2DM), hypertension, and cancers are well-recognized NCDs.  It is, however, now recognized that NCDs also include additional conditions that are interlinked with these classical NCDs and impact the course of these conditions, such as metabolic dysfunction-associated steatotic liver disease (MASLD) 2.  
Multiple NCDs like T2DM and MASLD are mechanistically linked by insulin resistance and are often concomitantly present in the same individual 3,4.  There is a collinear progression of these conditions; for example, those with more advanced MASLD with cirrhosis are more likely also to both develop and have type 2 diabetes than those with early stages of MASLD 5,6.  These conditions also impact each other, and those with MASLD experience higher cardio-renal-metabolic outcomes and cancers, while those with a greater number of metabolic disorders are more likely to experience adverse liver-related outcomes 2,7.  
Glucagon-like peptide-1 receptor agonists (GLP-1 RA) have transformed the care of T2DM and demonstrated improvement in mortality, glycemic control, and related cardio-renal-metabolic outcomes 8-10

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	4
	In order to fill these data gaps, we interrogated the TrinetX Global collaborative database, which includes individual patient-level data on over 200 million individuals longitudinally 15.  We evaluated the long-term outcomes in individuals with T2DM and obesity who received a GLP-1 RA and compared them to a propensity-matched control group that did not receive a GLP-1 RA.  These provide a comprehensive assessment of the benefits versus risks of GLP-1 RA in a real-world clinical practice setting.


	[bookmark: bold11][bookmark: italic12]Methods
	

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	24
	A retrospective analysis of the TriNetX Global collaborative database was performed to evaluate the long-term outcomes of individuals with T2DM and obesity who received GLP-1 RA therapy.  The analysis covered the period from 2010 to 2025

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	24
	The TriNetX platform is a data resource that includes anonymized individual patient-level data from multiple institutions, including over 212 million individuals across 120 major health care organizations, out of which 117 million are from the US 15.  For participating institutions, it provides access via secure portals and has built-in analytic capabilities that can be used to interrogate the data from these individuals.  These data analysis capabilities allow individual patient-level data analysis to inform population-level data reports.


	Participants
	6
	(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
	24
	A retrospective analysis of the TriNetX Global collaborative database was performed to evaluate the long-term outcomes of individuals with T2DM and obesity who received GLP-1 RA therapy.  The analysis covered the period from 2010 to 2025. 

The population of interest (test-group) included adults with T2DM and obesity who received a GLP-1 RA (ICD-10/RxNorm codes- E11 + TNX 9083 + ATC A10BJ or  RxNorm 2601723 or 60548 or 1991302 or 475968 or 1551291). Patients with a history of bariatric surgery (CPT- 1007385) were excluded

	[bookmark: bold14][bookmark: italic15]
	
	(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
	Fig 1
	

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	24-27
	The population of interest (test-group) included adults with T2DM and obesity who received a GLP-1 RA (ICD-10/RxNorm codes- E11 + TNX 9083 + ATC A10BJ or  RxNorm 2601723 or 60548 or 1991302 or 475968 or 1551291). Patients with a history of bariatric surgery (CPT- 1007385) were excluded. (Figure 1) A detailed list of ICD-10 codes used for this study to define the populations and outcomes is provided in Supplemental Table 1.  For those who received a GLP-1 RA, ongoing GLP-1 RA use was identified by continued prescriptions for a GLP-1 RA with varying pre-specified durations of drug exposure from 2 to 8 years.  Outcomes were further analyzed over an additional 3 years from the last date of the prescription period.  The rationale for a minimum duration of exposure for 2 years was to have plausibility that the GLP-1 RA had time to affect underlying disease biology.
Data from the test group were compared with a propensity-matched control group using 1:1 propensity scores generated by greedy nearest-neighbor algorithms with a caliper width of 0.1 in the TrinetX analytics systems. A standard mean difference of < 0.1 was considered a negligible difference27.  The covariates included demographics (age, race, gender), known comorbidity profile (hypertension, known heart disease, CKD, stroke, cirrhosis), body mass index (BMI), laboratory data (hemoglobin, bilirubin, AST, platelets, INR, creatinine, LDL-cholesterol), smoking status, and use of statins, SGLT2 inhibitors, and angiotensin receptor blockers.  
The first endpoint measured was all-cause mortality. Cardiovascular outcomes included a 5-point
MACE (acute myocardial infarction, cerebral infarction,  unstable angina, heart failure, coronary revascularisation procedures) (I21, I21.0, I21.1, I21.2, I21.3, I21.29, I21.11, I21.21, I21.01,  I21.4, I21.A9, I63, I50, I20.0). Additional outcomes included new diagnosis of heart failure with reduced ejection fraction as well as heart failure with preserved ejection fraction (I50.2 or I50.3). 
Major adverse liver outcomes (MALO) were defined as a composite of acute variceal hemorrhage (ICD-10 185.01), overt ascites (R18), and hepatic encephalopathy (K76.82).  Hepatocellular cancer (C22) was measured separately.  Additional outcomes included spontaneous bacterial peritonitis and hepatorenal syndrome (K65.2 and K76.7).  
Cancer-related outcomes included breast cancer, GI cancers (esophageal cancer, gastric cancer, gallbladder cancer, pancreatic cancer, colorectal cancer), ovarian and endometrial cancer, renal cell cancer, prostate cancer, and thyroid cancer (C50, C15, C16, C23, C25, C18, C20, C56, C54.1, C64, C65, C61, and C73).  Microangiopathic outcomes, including diabetes-related ophthalmic complications (E11.3 or E11.51 or E11.39 or E11.311) and blindness (H54), and neuropathy (G62 or E11.40) were also included.  Renal outcomes included CKD and renal replacement therapy (N18 and CPT- 1012740).  Safety-related outcomes of interest included thyroid medullary cancer, acute pancreatitis, acute cholecystitis, or cholecystectomy (C73, K85, K81.0, CPT- 1014153 or 47562 or SNOMED- 45595009).  



	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	26
	The analysis was performed on the TriNetX data analytics platform, and the results were downloaded from the platform.  

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	27-28
	Significance was set at p< 0.001 for all-cause mortality, MACE, MALO, any cancer, and CKD.  This statistical bar was deliberately set at a high level to increase certainty, i.e., confidence in the interpretation of the data due to potential “noise” in EMR data.  Also, we agreed internally at the initiation of data analysis that we would proceed with assessment of statistical significance for all-cause mortality, then sequentially to MACE, followed by MALO, and then any cancer with this fixed significance level if it met significance for mortality, followed by each sequential outcome.  This was done to minimize over-interpretation due to multiple comparisons.  If any outcome in this sequence did not meet our agreed-upon threshold, the remaining downstream data would only report significance nominally and provide OR with confidence limits.


	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	Figure 1
	


[bookmark: bold22][bookmark: italic22]Continued on next page 

	[bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	5, 28
	In order to generate biologically plausible data and to assess the impact of varying durations of GLP-1 RA exposure on outcomes, we pre-specified various minimum durations of exposure (2-8 years) and measured outcomes over a 3-year period after that when continued GLP-1 use was not formally tracked.  The 3-year time frame was chosen because third-party payers often assess benefits of therapy within this time frame to make policy decisions related to access to care.
For time-to-event analyses, proportional hazards models were used with censoring and accounting of confounding factors, and hazard ratios with 95% CI were provided.  Groups were compared using the log-rank test.  
For all-cause mortality, the entire population, regardless of prior events, was included.  For analysis of other outcomes, those who had experienced the outcome prior to initiation of the GLP-1 RA were excluded, and only new onset of events were computed to provide data on the impact of GLP-1 RA on the incidence of these outcomes.


	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	25,28
	Data from the test group were compared with a propensity-matched control group using 1:1 propensity scores generated by greedy nearest-neighbor algorithms with a caliper width of 0.1 in the TriNetX analytics systems. A standard mean difference of < 0.1 was considered a negligible difference27.
For time-to-event analyses, proportional hazards models were used with censoring and accounting of confounding factors, and hazard ratios with 95% CI were provided.  Groups were compared using the log-rank test.  

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	24,25 
	Prespecified subgroup analyses were performed in individuals with T2DM and obesity who also had baseline MASLD/MASH or cirrhosis at GLP-1 RA initiation. For liver outcome analyses, patients with hepatitis B/C and alcohol-related liver disease/AUD were excluded. In addition, a sensitivity analysis assessed individual GLP-1 RA agents for outcomes including all-cause mortality, MACE, MALO, and cancer incidence

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	
	Missing data were handled using available-case analysis within the TriNetX platform; patients contributed to analyses for variables and models where data were available. No imputation was performed.

	[bookmark: bold26][bookmark: italic28]
	
	(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
	25
	Outcomes were assessed over a fixed 3-year follow-up window after prespecified minimum exposure durations (2, 4, 6, and 8 years). Time-to-event analyses used proportional hazards models with censoring, and groups were compared using the log-rank test.

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	27
	Also, a sensitivity analysis of data for the individual approved GLP-1 RA was performed.  Outcomes were measured up to a fixed time point (3 years) after the minimum duration of exposure requirement was satisfied (2, 4, 6, and 8 years) and hazard ratios with 95% confidence limits were computed and reported. The absolute outcome rates were also reported alongside, since hazard ratios do not provide an estimate of absolute risk.  For time-to-event analyses, proportional hazards models were used with censoring and accounting of confounding factors, and hazard ratios with 95% CI were provided.  Groups were compared using the log-rank test.  

	Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	5, Figure 1
	A total of 3,307,931 adult individuals with T2DM and obesity were identified in the TrinetX database (Figure 1).  Of these, 795,273 individuals received one of several GLP-1 RA, including Lixisenatide, Albiglutide, Exenatide, Liraglutide, Dulaglutide, Semaglutide, and Tirzepatide.   Those who remained on the same or a different GLP-1 RA for varying time intervals from 2-8 years were evaluated for the major outcomes of interest, including all-cause mortality, MACE, MALO, and cancers.

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	
	

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	Figure 1
	

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	Table 1
	Table 1: Baseline characteristics for the study population for assessment of all-cause mortality 


	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	
	Baseline demographic, comorbidity, BMI, and laboratory characteristics were reported in Table 1. As this was an EMR-based TriNetX analysis, descriptive values reflect available recorded data in the platform; missingness for individual baseline variables was not separately enumerated in the aggregated output. No imputation was performed.

	[bookmark: bold37][bookmark: italic37]
	
	(c) Cohort study—Summarise follow-up time (eg, average and total amount)
	
	Follow-up was structured around prespecified minimum durations of GLP-1 RA exposure (2, 4, 6, and 8 years), with outcomes assessed over an additional fixed 3-year period after the minimum exposure requirement was satisfied. Thus, outcomes reflect approximately 5-, 7-, 9-, and 11-year windows from treatment initiation, depending on the exposure-duration cohort.

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Cohort study—Report numbers of outcome events or summary measures over time
	Pages 5-7, figures 1-4
	

	
	
	Case-control study—Report numbers in each exposure category, or summary measures of exposure
	
	

	
	
	Cross-sectional study—Report numbers of outcome events or summary measures
	
	

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	5-7
	The use of any GLP-1 RA, inclusive of all of the individual agents noted above, was associated with a decrease in all-cause mortality following a minimum period of exposure of 2 years (Figure 1).  The absolute risk was 1.7 vs 5.4 % (Hazard Ratio (H.R.) with 95% CI: 0.38 (0.37-0.39), p< 0.0001).  The mortality rates remained relatively lower in those on a GLP-1 RA compared to controls, 2% vs 6.4% (H.R. 0.38, 0.34-0.42) even after 8 years of minimum exposure. The differences were statistically significant at all minimum durations of exposure studied.  These changes were further reflected in Kaplan-Meier analyses of time to death (Supplemental Figure 1).


	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	24-25
	The use of any GLP-1 RA, inclusive of all of the individual agents noted above, was associated with a decrease in all-cause mortality following a minimum period of exposure of 2 years (Figure 1). The absolute risk was 1.7 vs 5.4 % (Hazard Ratio (H.R.) with 95% CI: 0.38 (0.37-0.39), p< 0.0001). The mortality rates remained relatively lower in those on a GLP-1 RA compared to controls, 2% vs 6.4% (H.R. 0.38, 0.34-0.42) even after 8 years of minimum exposure. The differences were statistically significant at all minimum durations of exposure studied. These changes were further reflected in Kaplan-Meier analyses of time to death (Supplemental Figure 1).

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	25; Figures 1-4
	Absolute outcome rates were reported alongside hazard ratios to provide clinically meaningful estimates of risk over the fixed follow-up period, as hazard ratios alone do not quantify absolute risk. Absolute risks for key outcomes (including mortality, MACE, MALO, and cancers) are presented across the minimum exposure-duration cohorts with the additional 3-year follow-up window.


[bookmark: italic43][bookmark: bold44]Continued on next page 

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	8
	The effects of individual agents in use in routine practice on all-cause mortality, MACE, MALO, and cancer incidence are shown in Supplemental Figure 4.

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	10
	The current study focused on a broad population of individuals receiving GLP-1 RA for T2DM and obesity. It demonstrated clinically meaningful benefit in real-world clinical practice, arguably a highly relevant setting for assessing the real value of drugs. The benefits range from mortality, cardiovascular disease, CKD, MALO, and cancers in this population. They further provide data on the safety of these agents with data on ophthalmic complications of T2DM and blindness, thyroid cancer, and pancreatitis

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	13
	weakness is the nature of real-world data, which does not allow granular interrogation of outcomes at an individual level.  Further outcomes are assessed from coding data, which can be unreliable; however, as with other real-world data, this weakness is compensated for by the large amount of data and the tight confidence limits around the observed risk differences. 


	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	13
	In summary, the current study robustly demonstrates the multifaceted benefits and safety of GLP-1 RA in patients with T2DM and obesity.  It provides novel data on the benefits of GLP-1 RA on liver-related outcomes and extends the benefit profile from those already known from clinical trials to include both macrovascular and microvascular complications of T2DM.  These data are expected to assist in clinical decision-making, future trial design and innovation, and to support greater access to such agents for those with T2DM and obesity.


	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	13
	In summary, the current study robustly demonstrates the multifaceted benefits and safety of GLP-1 RA in patients with T2DM and obesity.  It provides novel data on the benefits of GLP-1 RA on liver-related outcomes and extends the benefit profile from those already known from clinical trials to include both macrovascular and microvascular complications of T2DM.  These data are expected to assist in clinical decision-making, future trial design and innovation, and to support greater access to such agents for those with T2DM and obesity.


	[bookmark: italic49][bookmark: bold50]Other information
	

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	1
	This work was supported by intramural funds from the Stravitz-Sanyal Institute for Liver Disease and Metabolic Health, VCU, Richmond, VA. The sponsor had no role in defining the project, its implementation, data analysis or contents of this manuscript.




*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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