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Abstract

Objective: Weight loss achieved with standard doses of GLP-1 agonists (GLP-1a) among real-

world patients with type 2 diabetes has not been determined. We sought to describe the percent 

change in body weight 72 weeks after starting a GLP-1a.

Methods: We conducted a retrospective cohort study of non-pregnant adults first dispensed a 

GLP-1a between 2011 and 2018 using electronic health record data from patients receiving care 

at a large health system. We used linear mixed models with a person-level random intercept 

controlling for baseline variables associated with missing weight data to estimate percent body 

weight change during follow-up.

Results: Our cohort included 2,405 patients (mean[SD] age 48[10], 53% female), with a 

BMI[SD] of 37[8] kg/m2and a mean baseline weight of 238[54] lbs. Mean percent weight loss 

significantly increased from 1.1% (95% CI: 0.6–1.6) 8 weeks after GLP-1a dispensing to 2.2% 

(95% CI: 1.7–2.6) 72 weeks after GLP-1a dispensing (p for quadratic trend <.001). One third of 

patients lost ≥5% body weight at 72 weeks.

Conclusions: In this real-world study of over 2,400 patients with overweight or obesity and 

type 2 diabetes, starting a GLP-1a at standard glycemic control dose was associated with modest 

weight loss through 72 weeks.

Introduction

Markedly elevated body weight is a well described risk factor for major adverse 

cardiovascular events and all-cause mortality among patients with type 2 diabetes.1–3 

Achieving and maintaining weight loss in this group of patients may result in improved 

glycemic control and help patients reduce the dosage or number of glucose lowering 

medications.4,5 In some cases, more substantial weight loss (i.e. ≥10% to 15%) may result in 

disease remission.6,7

Corresponding author: Gretchen E White, PhD, University of Pittsburgh School of Medicine, 200 Meyran Ave, Suite 300, Pittsburgh, 
PA 15213, 304-312-3725 (cell), gew22@pitt.edu. 

HHS Public Access
Author manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2024 February 01.

Published in final edited form as:
Obesity (Silver Spring). 2023 February ; 31(2): 537–544. doi:10.1002/oby.23622.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In randomized weight loss trials, patients with type 2 diabetes and overweight or obesity 

initiating selected GLP-1 agonists, including doses higher than typically prescribed for 

glycemic control, have achieved clinically significant weight loss.8–10 In the STEP 2 Trial, 

patients randomized to the GLP-1 agonist semaglutide 2.4mg plus a lifestyle intervention 

achieved a mean 9.6% weight loss from baseline at week 68 versus a mean 3.4% in the 

lifestyle intervention alone (a 6.2% treatment difference).9 In SCALE Diabetes, liraglutide 

3.0mg achieved 6.0% weight loss compared to 2.0% in a behavioral weight loss program 

plus placebo control (a 4.0% treatment difference).

When subjects are taking doses of these medications in trials evaluating diabetes efficacy 

without a weight loss intervention in the drug or control group, we see less dramatic 

results. For example, in SUSTAIN-1, semaglutide 1.0mg achieved 4.5 kg weight loss (4.7%) 

while placebo achieved 1.0 kg (1.1%), a 3.6% treatment difference at 30 weeks.11 In 

LEAD-2, liraglutide 1.8mg achieved 2.8 kg weight loss (3.3%) versus 1.5 kg loss (2.0%) in 

control (metformin monotherapy), a 1.3% treatment difference at 26 weeks.12 In AWARD-3, 

dulaglutide 1.5mg achieved 2.3 kg weight loss (2.4%) at 26 weeks, an amount that was not 

statistically different from metformin.13

While the amounts of weight loss reported in both protocolized weight loss trials (which 

include calorie deficit inducing lifestyle interventions in their usual care arms)8–10 and in 

diabetes efficacy trials without weight loss interventions11,12 are substantial, it is not known 

how much weight loss can be demonstrated and sustained among real world patients with 

type 2 diabetes initiating a GLP-1 agonist as part of routine clinical care in the absence of 

a standard behavioral weight loss intervention. Using data from a large integrated healthcare 

system, we sought to describe the percent change in body weight from baseline among 

patients with overweight or obesity and type 2 diabetes 72 weeks after starting a GLP-1 

agonist.

Methods

Design and Participants

Our dataset combined electronic health record and health insurance claims data for patients 

receiving care at a large integrated healthcare system based in Western Pennsylvania.14 

We obtained these data from the PaTH Clinical Research Network, a partner network 

in PCORnet, the National Patient-Centered Clinical Research Network.15,16 We linked 

EHR and claims data using de-identified unique linkage IDs. This study was approved 

by the Human Research Protection Office at the University of Pittsburgh, IRB number 

STUDY21050064.

Non-pregnant adults (aged 18 years and older) who were first dispensed a GLP-1 agonist 

(liraglutide, dulaglutide, exenatide ER, semaglutide, exenatide, and albiglutide) between 

2011 and 2018 were eligible (see Table S1). We only included dosages approved for 

glycemic control (i.e. we did not include higher dose GLP-1 agonist with approved 

indications for weight loss). We excluded patients without: 1) at least 72 weeks of 

continuous enrollment after the index dispense date, 2) at least 52 weeks of continuous 

enrollment before the index dispense date of a GLP-1 agonist, 3) at least one valid weight 
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measurement within the 8 weeks before the dispense date and at least one weight measure in 

the 72 weeks following index dispense date of a GLP-1 agonist.

Measures

The two outcomes of this study were: 1) percent weight change and 2) proportion of 

people with at least 5% weight loss in the 72 weeks following first GLP-1 agonist dispense 

date.9 The follow-up period was divided into 8-week intervals. When there was more 

than one weight measurement in a given 8-week interval, we randomly selected a weight 

measurement for that window.

Baseline demographic and clinical variables were measured during the 52 weeks prior 

to the first GLP1-a dispense date and extracted from the electronic health record 

portion of the dataset. These variables included age, sex, race, ethnicity, smoking status, 

comorbidities (i.e., Type 2 diabetes, obesity, hypertension, hyperlipidemia, coronary artery 

disease, coronary heart failure, stroke, and end stage renal disease) and diabetes related 

complications (i.e., neuropathy, retinopathy, nephropathy foot ulcers, serious hypoglycemic 

event, serious hyperglycemic event, and peripheral artery disease) based on ICD-9-CM 

and ICD-10-CM diagnostic codes, history of bariatric procedure, body weight (in pounds), 

body mass index (kg/m2), and laboratory measures (i.e., HbA1c, creatinine [mg/dl], low-

density lipoprotein cholesterol [mg/dl], high-density lipoprotein cholesterol [mg/dl], and 

total cholesterol [mg/dl]). Obesity was defined as an ICD-9-CM or ICD-10-CM diagnostic 

code of obesity or a calculated BMI ≥30 kg/m2. To determine whether patients had 

undergone a bariatric procedure, we used the ICD-10-CM and CPT-4 codes described in 

Table S2. For patients who underwent a bariatric procedure during the 72-week follow-up 

period, we censored all body weight and BMI measurements that occurred following the 

bariatric procedure.

Statistical Analysis

Descriptive statistics summarize baseline characteristics and percent weight change and at 

least 5% weight loss in each 8-week follow-up interval between the index dispense date for 

a GLP-1 agonist and 72 weeks after the index dispense date. We used descriptive statistics to 

summarize the percent weight change from baseline and percent of participants who lost at 

least 5% of baseline body weight in each 8-week time window.

Longitudinal analyses were performed using mixed models with a person-level random 

intercept controlling for baseline factors associated with missing follow-up weight data (i.e., 

sex, smoking status, coronary artery disease, hypertension, coronary heart failure, chronic 

kidney disease, having at least one hospitalization and HbA1c value) as fixed effects. Mixed 

models were also used to test for linear and quadratic trends in weight loss and proportion 

with at least 5% weight loss over time. A linear mixed model was used to estimate percent 

weight change, with follow-up time as a discrete fixed effect (i.e., 8-week intervals from 

baseline to 72 weeks). Modeled means and 95% confidence intervals (CI) are reported for 

each follow-up time window. A Poisson mixed models with robust error variance was used 

to estimate the proportion of participants who lost at least 5% of their baseline body weight, 
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with follow-up time as a discrete fixed effect. Proportions and 95% CI are reported for each 

follow-up time window.

To understand body weight changes at 72 weeks after index dispense date, we used 

descriptive statistics to compare participants with and without weight data in the 72-week 

time window. We examined the proportion of patients who lost at least 10% of their body 

weight, lost 5% to 10%, lost 3.0% to 5%, had weight maintenance (i.e., lost 3.0% to gained 

3.0%), and those who gained weight (i.e., gained over 3.0%). Analyses were conducted 

using R (R Foundation for Statistical Computing, Vienna, Austria) and SAS version 9.4 

(SAS Institute, Cary, NC, USA). All P values are two-sided. P values less than 0.05 are 

considered statistically significant.

Results

Seven thousand and six individuals were dispensed an initial GLP-1 agonist between 2011 

and 2018. After applying exclusion criteria, the final cohort was 2,405 individuals (Figure 

1). Baseline characteristics of the cohort are reported in Table 1. The mean age in the 

final cohort was 48 years and mean body mass index was 37 kg/m2. Approximately half 

of participants were female (53%), 88% were White, 92% had type 2 diabetes and 86% 

had obesity. Most participants were dispensed their index GLP-1 agonist in 2017 or 2018, 

52.3% [n=1,258]. The most commonly dispensed GLP-1 agonists were liraglutide (52%) 

and dulaglutide (40%). Three (0.1%) patients had history of a bariatric surgery procedure.

Figure 2 (and Table S3) shows the observed and modeled percent weight change in each 

8-week window through 72 weeks. Mean percent weight loss significantly increased from 

1.1% (95% CI: 0.6–1.6) 8 weeks after the index GLP-1 agonist dispense date to 2.2% (95% 

CI: 1.7–2.6) 72 weeks after the index date (p for quadratic trend <.001). The proportion 

of patients who lost at least 5% of their body weight significantly increased from 11.2% 

(95% CI: 8.4–14.1) 8 weeks after the index GLP-1 agonist dispense date to 33.3% (95% CI: 

26.8–39.7) 72 weeks after the index date (p for quadratic trend <.001; Table 2). At 72 weeks, 

nearly half of participants (42.7%) had lost weight (Figure 3) and 10.5% had lost 10% or 

more of their body weight. Participants who had weight data in the 72-week window were 

similar to those who did not (Table S4).

Discussion

In this real-world cohort of over 2,400 patients with type 2 diabetes (baseline BMI 37 kg/m2, 

HbA1c 8.5%), we found that initiation of a GLP-1 agonist (predominantly dulaglutide or 

liraglutide) without a structured behavioral intervention was associated with a 2% (~6 lbs) 

weight loss at 72 weeks. One-third of patients achieved clinically significant weight loss, 

defined as ≥5% change from baseline. Weight loss was variable: many patients experienced 

no weight change compared to baseline and a few patients gained weight.

Although the magnitude of weight loss reported in our observational study is not as 

impressive as what is described in the weight-loss specific GLP-1 agonist trials (e.g. 9.6% 

for semaglutide 2.4mg in STEP 2), our results are similar in magnitude to the results 

seen among participants of diabetes trials testing GLP-1 agonist at standard dosages for 
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HbA1c reduction. In addition, our results are also in line with the mean 1.6% to 4.6% 

differential weight loss demonstrated in placebo-controlled cardiovascular outcome trials for 

liraglutide 1.8mg (LEADER),17 semaglutide 1.0mg (SUSTAIN-6)18 and dulaglutide 1.5mg 

(REWIND).19

Prior studies have examined real-world weight change among patients with type 2 diabetes 

initiating a GLP-1 agonist in other settings. For example, one cohort study used United 

Kingdom claims data to examine body weight changes among 589 patients with T2D 

initiating a GLP-1 agonist.22 In that sample, 33% achieved weight loss ≥5% at 12 months. 

These results are nearly identical to ours despite the fact that the study took place in the 

United Kingdom.

There are several limitations to our study. First, our findings may have limited 

generalizability since they were derived from patients who predominately identify as white 

and are receiving care at a single large regional healthcare system. Second, claims data 

have inherent limitations such as incomplete or missing data, inaccurate data, and lack 

of specificity of some billing codes. Given the date range utilized to achieve numbers 

and duration of follow-up, there was very little use of semaglutide which did not become 

available in the US market until its approval in December 201721. Similarly, we could not 

examine effects of dulaglutide 3.0 or 4.5 mg in our sample due to the timing of FDA 

approval for these two dosages (September 2020). Despite these limitations, our sample size 

is large and the baseline demographic and clinical characteristics of our patients may be 

very similar to patients receiving care in other US-based clinical settings. Additionally, we 

did not examine changes in body weight among the subset of patients with high medication 

adherence. We made this choice a priori and deliberately because we aimed to describe real 

world results. However, this means that our weight loss results may be more modest than 

what can be expected in patients who are fully adherent to GLP-1 agonist therapy. Moreover, 

we did not exclude participants who had undergone bariatric procedures before their GLP-1 

agonist index date. However, there were only 3 patients and we censored all weight data 

following bariatric procedures for the 5 patients who underwent a bariatric procedure during 

the 72 weeks of follow-up.

These findings therefore highlight the added value of combining pharmacologic treatments 

(i.e. GLP-1 agonist at standard diabetes dosages) with structured weight loss interventions 

(e.g. 500kcal deficit and increased physical activity and monthly follow-up contact), 

which patients in our cohort did not receive. Since structured weight loss programs are 

not typically covered by commercial or government health plans, findings that combine 

pharmacologic treatments with structured weight loss interventions may not reflect real 

world weight loss. Because our study did not include patients using structured weight loss 

interventions, our findings may better reflect the expected range of weight loss in the real 

world.20

In this real-world study using data from over 2,400 patients with overweight or obesity 

and type 2 diabetes, most patients who started a GLP-1 agonist lost weight through 72 

weeks and one third lost a clinically meaningful amount (at least 5% of body weight). This 

suggests that GLP-1 agonists may be used in patients who would benefit from weight loss in 
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real-world settings. Future research should examine changes in body weight among patients 

who are fully adherent to GLP-1 agonist therapy and identify factors associated with less 

observed weight loss in real world patients living with diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known about this subject?

• In randomized weight loss trials, patients with type 2 diabetes and overweight 

or obesity initiating selected GLP-1 agonists have achieved clinically 

significant weight loss.

• It is not known how much weight loss can be demonstrated and sustained 

among real world patients with type 2 diabetes initiating a GLP-1 agonist as 

part of routine clinical care in the absence of a standard behavioral weight 

loss intervention.

What are the new findings in your manuscript?

• Mean percent weight loss significantly increased from 1.1% (95% CI: 0.6–

1.6) 8 weeks after GLP-1a dispensing to 2.2% (95% CI: 1.7–2.6) 72 weeks 

after GLP-1a dispensing (p for quadratic trend <.001).

• One third of patients lost ≥5% body weight at 72 weeks.

How might your results change the direction of research or the focus of clinical 
practice?

These findings suggest that GLP-1 agonists be used in patients who would benefit from 

weight loss in real-world settings.
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Figure 1. 
Study cohort flow diagram
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Figure 2. 
Observed and modeled percent weight change from baseline through 72 weeks after 

index GLP-1 agonist dispensingLines indicated modeled weight change based on linear 

mixed models with a person-level random intercept adjusted for baseline characteristics 

independently associated with missing follow-up weight (i.e.Sex, smoking status, coronary 

artery disease, hypertension, coronary heart failure, chronic kidney disease, having at least 

one hospitalization, and HbA1c value). Negative values indicate weight loss from baseline.
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Figure 3. 
Proportion of participants at 72-week time window achieving observed body weight changes 

(n=1337)
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Table 1.

Baseline characteristics of study cohort

Study cohort (N=2405)

Characteristic
a n (%)

b

Age (years), mean[SD] 48 [10.3]

Sex

 Male 1140 (47.4)

 Female 1265 (52.6)

Race

 White 2112 (87.8)

 Black 238 (9.9)

 Other 55 (2.3)

Hispanic 18 (0.7)

Comorbidity
c

 Type 2 diabetes 2214 (92.1)

 Obesity
d 2060 (85.7)

 Hypertension 1826 (75.9)

 Hyperlipidemia 1365 (56.8)

 Smoker 479 (19.9)

 Coronary artery disease 450 (18.7)

 Chronic kidney disease 251 (10.4)

 Neuropathy 220 (9.1)

 Congestive heart failure 120 (5.0)

 Foot ulcers 76 (3.2)

 Stroke 70 (2.9)

 Retinopathy 68 (2.8)

 Nephropathy 49 (2.0)

 Serious hypoglycemic event 24 (1.0)

 End stage renal disease 8 (0.3)

 Serious hyperglycemic event 5 (0.2)

 Peripheral artery disease 2 (0.1)

History of bariatric procedure 3 (0.1)

At least one hospitalization 263 (10.9)

Body weight (lbs), mean[SD] 237.6 [53.7]

BMI, (kg/m2) mean[SD] 37.2 [7.5]

HbA1c (%), mean[SD] 8.5 [1.8]

HbA1c < 6.5% 177 (7.4)

Creatinine (mg/dl), mean[SD] 0.99 [0.4]

LDL Cholesterol (mg/dl), mean[SD] 88.8 [35.3]

HDL Cholesterol (mg/dl), mean[SD] 42.9 [12.3]

Total Cholesterol (mg/dl), mean[SD] 169.6 [43.8]
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Study cohort (N=2405)

Characteristic
a n (%)

b

Prescribed GLP-1 agonist

 Liraglutide 1247 (51.9)

 Dulaglutide 962 (40.0)

 Exenatide ER 117 (4.9)

 Semaglutide 39 (1.6)

 Exenatide 28 (1.2)

 Albiglutide 12 (0.5)

BMI, body mass index; GLP-1, glucagon-like peptide 1; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

a
Baseline characteristics were measured during the 365 day baseline period (prior to the first GLP-1 agonist dispense date).

b
Unless otherwise specified.

c
Based on ICD-9-CM and ICD-10-CM diagnostic codes.

d
According to ICD-9-CM or ICD-10-CM diagnostic codes or calculated baseline body mass index > 30 kg/m2.

Obesity (Silver Spring). Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

White et al. Page 14

Table 2.

Observed and modeled percent of participants who lost at least 5% of baseline bodyweight at each 8-week 

time segment between the index GLP-1 agonist dispensing through week 72.

Observed Modeled

Time Window, weeks n (%) % (95% Confidence Interval)

8 118 (9.5) 11.2 (8.4, 14.1)

16 265 (17.6) 20.2 (16, 24.4)

24 315 (21.9) 24.7 (19.8, 29.7)

32 351 (24.8) 27.7 (22.2, 33.2)

40 365 (26.2) 29.8 (23.9, 35.6)

48 364 (26.6) 30.5 (24.6, 36.4)

56 378 (26.3) 30.7 (24.7, 36.7)

64 386 (29.1) 33.0 (26.6, 39.3)

72 391 (29.2) 33.3 (26.8, 39.7)

p-value for quadratic trend <0.001

Proportions and 95% confidence intervals were estimated using a Poisson mixed model with robust error variance with a person-level random 
intercept controlling for variables associated with missing follow-up weight (i.e., sex, smoking status, coronary artery disease, hypertension, 
coronary heart failure, chronic kidney disease, having at least one hospitalization, and HbA1c value)
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