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Abstract

Objective—Approved by the Food and Drug Administration (FDA) in 2017 for diabetes and 

2021 for weight loss, semaglutide has seen widespread use among individuals who aim to lose 

weight. We sought to evaluate weight loss and the influence of clinical factors on semaglutide 

patients in real-world clinical practice.

Methods—Using data from 10 Health Systems within the Greater Plains Collaborative (a 

PCORnet Clinical Research Network), we extracted nearly 4,000 clinical factors encompassing 

demographic, diagnosis, and prescription information for semaglutide patients. A gradient 

boosting machine learning classifier was developed for weight loss prediction and identification of 

the most impactful factors via SHAP (SHapley Additive exPlanations) value extrapolation.

Results—We studied 3,555 eligible patients (539 of whom were observed 52 weeks following 

exposure) from March 2017 to April 2022. On average, individuals lost 4.44% (Males 3.66%, 

Females 5.08%) of their initial weight. History of diabetes mellitus diagnosis was associated with 

less weight loss while prediabetes and linaclotide use were associated with more pronounced 

weight loss.

Conclusion—Weight loss in patients prescribed semaglutide from real-world evidence was 

strong but attenuated compared to previous clinical trials. Machine learning analysis of electronic 
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health record data identified factors that warrant further research and consideration when tailoring 

weight loss therapy.

Keywords

Glucagon-Like Peptide 1 (GLP-1); Weight-Reducing Drugs; Databases

Introduction

Obesity rates in the United States remain high (1) and are associated with numerous health 

conditions such as diabetes, heart disease, stroke, and higher mortality rates (2). While 

interventions for individuals with obesity include changes in behavior patterns, such as diet 

and exercise (3), adoption is challenging and often not associated with clinically meaningful 

weight loss (4); further motivating the development of novel prescription drugs for weight 

loss.

Semaglutide, a Food and Drug Administration (FDA)-approved medication intended to treat 

type 2 diabetes mellitus or reduce the risk of heart disease in such patients (5), has shown 

promise as a weight loss drug. In a randomized controlled trial, those on semaglutide 

experienced an average body weight reduction of up to 13% and 10% greater decrease in 

body weight on average than those on placebo (6). Additionally, after 52 weeks, up to 65% 

of patients lost at least 10% in body weight (6).

Semaglutide’s promise from controlled studies motivated our study to examine real-world 

weight loss across multiple healthcare systems and explore factors that are associated with 

improved or reduced effectiveness. We analyzed electronic health record (EHR) data, using 

the Greater Plains Collaborative (GPC) (7), a PCORnet Clinical Research Network (8). We 

describe the composition and magnitude of weight loss in patients prescribed semaglutide 

and then apply machine leaning models to gain insight the association of other prescription 

medications, diagnoses, and demographic information relative to the impact of semaglutide 

on weight loss.

Methods

Greater Plains Collaborative EHR Records

Annually, EHR and billing information from thirteen GPC healthcare systems (“sites”) 

are integrated in the Greater Plains Collaborative Reusable Observable Unified Study 

Environment (GROUSE) (9) which creates interoperable deidentified databases using 

the PCORnet Common Data Model (CDM) (10) format. These records include patient 

demographic, prescription, and diagnosis information used in this research. Three healthcare 

systems did not have adequate information or data conformance for semaglutide patients that 

met the study criteria and were excluded; as a result 10 health systems with observations 

from March 2017 to April 2022 were used. All protocols were approved by the University of 

Missouri Institutional Review Board.
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Study Criteria: Semaglutide Exposure and Weight Observation

The present study examined individuals that were prescribed semaglutide to analyze its 

overall effect on weight loss and determine the impact of relevant clinical factors on 

this loss. The semaglutide exposure focused on individuals prescribed dosages of 0.25mg 

to 2mg per week in line with Phase 2 of the clinical trial for semaglutide (6) as 

diabetes therapy or off label for weight loss. Individuals were included with underlying 

demographic information available as well as longitudinal data on semaglutide exposure and 

weight measurement. Using machine learning techniques, we analyzed clinically relevant 

demographic, diagnosis, and prescription factors and their relationship to weight loss 

performance of patients tracked 52 weeks after starting semaglutide.

To allow for observation of clinically meaningful effects of treatment, semaglutide patients 

were only included in the study if they had at least 3 recorded prescriptions and duration of 

semaglutide exposure of at least 12 weeks (Figure 1). Weight measurements were tracked 

relative to the window of semaglutide exposure. Initial weight was the measurement most 

recently occurring in a 30-day window leading up to and on the day of obtaining first 

semaglutide prescription. For overall observation the final weight was the most recent 

weight observation that would have occurred any amount of time at least 12 weeks after 

taking semaglutide. For machine learning analysis focused on clinical factors associated 

with weight loss, the end weight was measured one year (50–52 weeks) after beginning 

taking semaglutide. Individuals were required to have at least 26 weeks of semaglutide 

prescription out of this yearlong observation period. Weight change was classified as the 

percent change from the initial to the final weight measurements and categorized into a 

binary outcome with successful weight loss defined as ≥ 10% reduction in weight.

Prescription Medication, Diagnosis, and Demographic Information

Other medications for the semaglutide cohort focused on prescriptions written around the 

time of semaglutide exposure and defined as all prescriptions occurring in the 365 days 

leading up to the first semaglutide exposure through the date of their final weight. Prescribed 

medications were grouped using ingredient level RxNorm (11) Concept-unique identifier 

(CUI) codes obtained via the RxNorm getDrugs Application Programming Interface (API) 

(12). Medication analysis found 801 unique groups of drug ingredients prescribed to 

semaglutide patients during the observation period from a year before semaglutide exposure 

to the end date of a year after semaglutide exposure, shown in the “prescription observation 

window” shown in Figure 1.

Patient diagnoses recorded as International Classification of Diseases, Ninth Revision 

(ICD-9) or Tenth Revision (ICD-10) codes (13) in sites’ EHR and billing systems were 

mapped to diagnosis groups using Phenotype Codes (Phecodes) (14,15). Phecodes group 

ICD codes into clinically meaningful groups. Patients were excluded if they had 1) an active 

cancer diagnosis in the past year (ICD-9 140–209.99, 230–240, ICD-10 C&D) except for 

benign neoplasms (ICD-9 210–229.99, ICD-10 D10-D36), 2) a history of bariatric surgery, 

3) being underweight, or 4) pregnancy. Diagnoses only included those in the year prior to 

beginning semaglutide through the window of semaglutide exposure.
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Demographic and vital sign information was obtained and included the patient’s sex, race, 

age at start of semaglutide prescriptions, and initial weight at the time of semaglutide 

initiation. The duration of the semaglutide prescription was recorded in weeks. Sex and race 

were recorded as binary variables with male and female for sex and white and non-white for 

race, respectively. Patients with multiple birthdays were excluded.

Semaglutide Weight-Loss in Real-World Settings

We calculated percent weight loss for patients prescribed semaglutide across the total 

population and stratified by sex. The mean and standard deviation were calculated along 

with density plots to visualize the distribution of percent weight loss for men and women. 

In addition, we analyzed the percent of patients that achieved ≥ 5% and ≥ 10% weight loss, 

overall and stratified by sex. This process was repeated for weight loss in the maximally 

observable window, as well as for weight loss at 12 weeks and 52 weeks after first 

semaglutide exposure.

We also describe a 95% confidence interval for the population mean percent change in 

weight demonstrating the plausible range of values for the proportion of semaglutide 

patients that lost ≥ 5% or ≥ 10% of weight. These metrics allowed for analysis of 

mean weight loss and likelihood of patients achieving ≥ 5% or ≥ 10% weight loss on 

semaglutide overall, by sex, and by duration of exposure. We also reported on the difference 

in proportions between males and females that lost ≥ 5% or ≥ 10% in weight while on 

semaglutide.

Predictive Modeling and Risk Factor Discovery

We adopted a gradient boosting machine (GBM) model, an embedded feature selection 

technique which performed feature selection while constructing and optimizing a prediction 

model, on the two subgroups separately (16). GBM is an ensemble learning technique 

that generates a sequence of decision trees, each of which is designed to further improve 

prediction accuracy from the previous trees. We developed and validated the model 

with 5-fold cross-validation (17) and repeated the experiment 10 times to evaluate result 

stability. Predictions were evaluated based on area under the receiver operator characteristic 

curve (AUROC), specificity, sensitivity, and precision on testing datasets. To control for 

overfitting, we carefully tuned the model hyper-parameters (i.e., depth, learning rate, number 

of iterations, L2 regularization term, random strength, and bagging temperature) within each 

training session. We compared between two state-of-art GBM implementations and adopted 

Catboost to generate the final predictive model and risk factor set, as it demonstrated 

superior performance in AUROC over other implementations (e.g., xgboost (18)) in presence 

of predominantly categorical features. Catboost (19,20) is a novel gradient boosting toolkit 

tailored for categorical variables that can be used for classification or regression, here used 

for classification.

A total of 1,395 predictors were initially included in the Catboost model, including: 588 

Phecodes; 801 medication ingredients that were present in the population out of 3,102 

possible medication groups; basic demographic information such as age, sex, and race; time 

(in weeks) on semaglutide; as well as initial weight. We evaluated the marginal effects of 
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each feature using the Shapley Additive exPlanations (SHAP) value (21), which measured 

how the predicted odds ratio would change by including a particular factor of certain value 

for each individual patient (22). The SHAP value extrapolations were fit with the publicly 

available SHAP API (23), Tree Explainer (24) and Force plots (25). Feature importance 

was ranked based on average SHAP values. Using the top 20 important features from our 

SHAP value analysis, we fit a parsimonious logistic regression model and reported adjusted 

odds ratio (OR). All analyses were conducted in Python 3.7.017 using open source packages 

(26–32).

Results

Study population

Of the 36,318 individuals across 13 health systems exposed to semaglutide, 11,349 from 

the 10 health systems included in our analysis were tracked over 12 weeks. After screening 

for individuals that also had demographic information available, trackable weight records 

in the required time windows, and did not meet any exclusion criteria of cancer, bariatric 

surgery, or pregnancy, 3,555 patients remained for study. These individuals were used to 

assess overall weight change associated with semaglutide exposure. To examine associated 

52 week weight change, we also conducted a subgroup analysis of patients exposed to 

semaglutide for at least 26 weeks with weight measurements 52 weeks from semaglutide 

initiation (n = 539; 15.2% of total semaglutide exposure population). This subpopulation 

was also studied using machine learning analysis on other clinically relevant factors for 

weight change in combination with semaglutide (Figure 2). The study population was 

primarily white, with 2606 (74.4%) in the overall population and 384 (71.2%) in the 

population analyzed after 52 weeks. The average age was 55.0 years and weight was 108.7 

kilograms in the overall cohort, while the average age was 55.8 years and weight 107.2 

kilograms in the cohort observed over 52 weeks. Diabetes mellitus incidence was seen in 

3115 (87.6%) of the total semaglutide population and in 450 (83.4%) of the cohort tracked 

over 52 weeks (Table 1). Further information on the most common Phecode group coverage 

in the cohort observed over 52 weeks is shown in Table S1.

Weight Loss Experienced by Individuals on Semaglutide

Individuals on semaglutide experienced weight loss success, and the weight loss at different 

exposure durations are shown in Table 2. In the overall semaglutide exposure population, 

patients on average lost 4.44% (95% CI: 4.13%, 4.75%) of their initial body weight, with 

males losing less at 3.66% (95% CI: 3.25%, 4.07%), and females losing more at 5.08% 

(95% CI: 4.58%, 5.57%) as shown in Figure 2. In addition, the proportion of patients losing 

≥ 5% weight was 41.9% (95% CI: 39.8%, 44.0%), and ≥ 10% reduction weight was 18.1% 

(95% CI: 16.4%, 19.8%). At 52 weeks from the start of semaglutide treatment, patients 

on average lost 4.43% (95% CI: 3.87%, 4.98%) of their initial body weight, with males 

losing 3.83% (95% CI: 3.11%, 4.55%) and females losing 4.86% (95% CI: 4.06%, 5.66%). 

Individuals with a history of Diabetes mellitus lost 7.44% (95% CI: 5.73%, 9.15%) of 

initial weight after 52 weeks while those without diabetes lost only 3.86% (95% CI: 3.26%, 

4.47%). On average, we found greater weight loss was associated with a longer duration of 

semaglutide exposure, though in diverse real world populations the average loss appeared 

Powell et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to be around 5%. Men and women experienced approximately 3–5% mean weight loss and 

women experienced greater magnitudes of weight loss compared to men (Figure 3).

Catboost Model Fitting and SHAP Interpretation

The Catboost Classifier model was trained on the data with 10% weight loss as the primary 

outcome, and obtained an AUROC of 0.808 (95% CI: 0.694, 0.901). Model sensitivity 

and specificity was 0.217. and 0.982, respectively. Overall accuracy was 0.852 on all data. 

Given that the model was utilized for feature analysis, its low sensitivity was deemed 

acceptable and with high AUROC, specificity, and accuracy the analysis proceeded. The best 

Catboost model achieving the highest AUROC score had hyperparameters with 50 iterations, 

a learning rate of 0.3, a max depth of 3, and a L2 regularization term of 0.5. The ROC curves 

for the Catboost classifier and other gradient boosting machine models are shown in Figures 

S1–S3.

The Average SHAP value plots after 10-fold cross-validations are presented in Figure 4. 

From this analysis, the factors found most highly associated with weight loss included 

disorders of the adrenal glands, linaclotide use, elevated blood glucose level, and codeine 

use. Elevated blood glucose level diagnoses related to prediabetes rather than diabetes 

mellitus. Diagnosis of diabetes mellitus and history of dulaglutide and metformin use 

were most associated with limited weight loss success. SHAP feature analysis revealed a 

combination of demographic, diagnosis, and prescription factors as important features in 

predicting ≥ 10% weight loss (Table S2).

Adjusted odds ratios of achieving 10% weight loss 52 weeks after semaglutide exposure 

(Table 3) were calculated using coefficients from a logistic regression model, where the 

logistic regression model was fit using the top 20 features from the SHAP plots. SHAP 

features found with an adjusted association with weight loss had odds ratios and 95% 

confidence intervals greater than 1. These features included disorders of the adrenal glands, 

linaclotide use, prediabetes, and codeine use. A history of diabetes mellitus and dulaglutide 

prescription were most strongly associated with less weight loss.

Discussion

Observed Weight Loss

While individuals taking semaglutide experienced successful weight loss, achieving 

clinically meaningful weight loss in a real-world setting remains a challenge. With short 

exposure times, the proportion of patients achieving clinically significant weight loss was 

low. At 12 weeks, only 28.95% achieved a 5% weight reduction and 4.91% achieved a 

10% weight reduction. At 52 weeks, these proportions increased to 40.07% and 17.25%, 

respectively. In addition, observed mean weight change was found to be 3.06% at 12 weeks, 

much different than previously reported, but consistent, if slightly attenuated, with other 

findings after 3 months of exposure (33), albeit at a greater dosage level. We found that 

women experienced greater weight loss than men with semaglutide exposure, with the 

majority of both men and women being exposed to the 0.25mg to 2mg weekly dose of 

semaglutide. While it is possible that this is due to women weighing less to begin with, 
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and therefore potentially receiving proportionally greater dose exposure, there may be other 

factors at play. For one, differences in body composition including muscle mass vs fat levels 

in males and females could play a role in weight loss performance. Our study population 

had a higher proportion of non-White patients among females than males, and fewer women 

treated with semaglutide had underlying diabetes mellitus. Interestingly, patients without 

diabetes experienced greater weight reduction compared to those with diabetes, which 

suggests that a higher proportion of women may have been taking semaglutide primarily 

for weight loss. Furthermore, women included in this study had fewer comorbidities such as 

diabetes, hypertension, and hyperlipidemia. These findings suggest that further research is 

needed to fully understand the differences in weight loss response between men and women 

with semaglutide exposure.

Our findings of less pronounced weight reduction compared to previous findings may be 

due to several factors. Individuals in randomized controlled studies received counseling and 

attempted lifestyle changes in addition to semaglutide treatment, while in our study it was 

possible that individuals did not significantly change their lifestyle while taking semaglutide. 

The attenuated weight loss performance of semaglutide alone may speak to the importance 

of implementing these lifestyle interventions concurrently with semaglutide prescription. 

In addition, adherence was much more strongly confirmed in previous studies (6, 33–35), 

while our study relied only on EHR records of prescription as measure of semaglutide 

use. Additionally, some previous studies had majority female participants (33–35). The near 

equivalent number of male and female patients in our study may have contributed to lower 

overall weight reduction. This study also focused on individuals with a 0.25mg to 2mg 

weekly dose of semaglutide. The dosage used in the clinical trials to treat obesity are higher 

1.7mg or 2.4mg doses (33). We did not include records of the 2.4mg dosage in the present 

study due to inadequate accumulation of records from FDA approval in 2021 to the end of 

our study window in March 2022, which could have contributed to more modest weight loss 

performance of individuals taking semaglutide. Earlier trials also excluded individuals with 

diabetes, and individuals taking similar dosages of semaglutide as in our study saw weight 

loss after 52 weeks between 6% and 13% (6), which is very comparable to the 7.4% of 

loss observed in individuals without diabetes this study. However, 83.4% of our population 

consisted of individuals with diabetes mellitus, who saw more modest weight loss of 3.9% 

of their initial body weight.

Clinically Relevant Factors

Our study highlights the ability of Catboost models to predict weight loss at the 10% 

threshold, while the SHAP analysis found trends in the feature importance not previously 

reported. We found that factors significantly associated with more weight loss were 

disorders of the adrenal glands, prescription of linaclotide, prediabetes, other disorders of 

the eye, malnutrition and underweight diagnosis, lesions of the mouth, and codeine use. 

Diabetes mellitus, dulaglutide use, metformin use, higher age, and disorders of the retina 

were associated with less weight loss.

Prior work suggests that individuals with diabetes have more difficulty losing weight 

(36), which may explain why diabetes mellitus, metformin, or dulaglutide prescription are 
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strongly associated with less weight loss on semaglutide. Metformin is a gold standard first 

line care medication for individuals with diabetes (37), and dulaglutide is another common 

diabetes medication (38). Individuals taking metformin in conjunction with semaglutide 

found limited success in weight reduction, which may because they were struggling with 

diabetes care on metformin alone and were prescribed a second medication in semaglutide. 

Dulaglutide is also a GLP-1 Receptor Agonist. It may be that individuals switched between 

or took both drugs in the hopes of seeing additive effects, and failed to see them in 

weight loss. Further research is warranted to better understand the effect of metformin and 

dulaglutide use on weight loss in individuals taking semaglutide.

The phenotype group for elevated blood glucose levels encompassed those with prediabetes, 

but not Type 1 or Type 2 diabetes mellitus. We found that weight loss with semaglutide 

was greater in individuals with prediabetes compared to those with diabetes mellitus. These 

findings suggest that the weight loss benefits of semaglutide may be greatest in those with 

early evidence of diabetes or prediabetes. This may be due, at least in part, to the fact 

that individuals with prediabetes still have more preserved pancreatic beta cell function and 

insulin reserve, which may allow for greater weight loss response to semaglutide. These 

findings have important implications for the treatment of individuals with diabetes and 

prediabetes, and suggest that further research is needed to fully understand the mechanisms 

underlying the observed differences in weight loss response. Overall, our study provides 

important insights into the potential use of semaglutide as a weight loss medication for 

individuals with diabetes and prediabetes.

Additionally, patients with a Phecode for ‘disorders of the retina,’ which includes diabetic 

retinopathy, had less weight loss with semaglutide treatment. Interestingly, those with 

the Phecode for ‘other disorders of the eye’ tended to have a more robust weight loss 

response. Based on our analysis, we suspect that non-specific eye condition diagnostic codes 

were ordered to associate with annual retinopathy screening among patients with diabetes, 

particularly for those without a history of diabetic retinopathy. This is in line with our 

earlier findings, where those with prediabetes or new-onset and well-controlled diabetes 

had a better weight loss response to semaglutide. The presence of diabetic retinopathy is 

suggestive of long-standing or poorly controlled diabetes, which may have a less robust 

weight loss response to semaglutide. Similarly, lesions of the mouth could be present as 

a significant feature in conjunction with the impact of diabetes mellitus on oral health 

(39).These findings highlight the importance of further research and consideration of patient 

characteristics and comorbidities when prescribing semaglutide for weight loss.

Adrenal insufficiency is previously known to be associated with weight loss (40), making 

its appearance as an influencing factor unsurprising. Linaclotide has been used off-label for 

weight loss in individuals with obesity or eating disorders (41), showing its precedence as 

a weight loss mechanism and the potential added effects towards weight reduction when 

taken with semaglutide. Malnutrition and underweight BMI classification was also found 

to be associated with more weight loss, and was likely an association with the weight loss 

itself. Weight loss has been shown as a side effect of codeine exposure and withdrawal in 

mice (42), thus the effect of codeine on weight loss is potentially additive in combination 

with semaglutide. Older age has been shown to increase the difficulty of losing weight (43), 

Powell et al. Page 8

Obesity (Silver Spring). Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and our semaglutide population found the same association with older individuals. Previous 

trials had populations of an average age of 47 years (6) compared to our population’s 

average age of 55.8 years.

Limitations and Agenda for Future Research

There are a number of limitations in the study. Firstly, we obtain information on semaglutide 

exposures based on their prescriptions, and do not confirm if actual doses are being 

administered, leading perhaps to potential lack of adherence issues. Also, we do not have 

information about the diet and exercise patterns of the individuals under examination, which 

are often first line recommendations for weight loss care. Our findings of lower weight 

reduction than reported in clinical trials may be attributed, at least in part, to the fact that 

counseling on lifestyle modifications, which is routine in clinical trials, may be less common 

in real-world clinical practice. Of note as well, the model achieved very high specificity 

(0.982) but poor sensitivity (0.217). This suggests our Catboost model is finding factors 

that are associated with attenuation more completely than promotion of weight loss. Given 

that the model lacks strong sensitivity performance, it is possible that some findings were 

false negative. The model could be finding features that are not as strongly negatively 

associated with weight loss as indicated. As noted above, our study did not have access to 

information on individuals that took novel higher dosage levels of semaglutide. The highest 

level of dosage that is included in our study is 2mg per week, while the semaglutide can 

be prescribed as high as 2.4mg per week. Future research could implement observational 

analysis in the real world setting to look at the effect of dosage levels on weight loss in 

individuals with or without diabetes.

Conclusion

Evidence from multi-site EHR data suggests that patients prescribed semaglutide experience 

weight loss. Yet, these real-world findings suggest smaller reductions in weight of around 

5% compared to early clinical trials with around 10% reductions over the same dosage and 

exposure time. This highlights the challenges of realistically achieving significant weight 

loss in the real world compared to the clinical trial setting. Machine learning can serve as 

a valuable tool for analyzing the complex prescription and biological factors that impact 

weight loss in patients prescribed semaglutide, including the identification of several factors 

found associated with weight loss performance. These factors include that use of dulaglutide 

and metformin, and diagnosis of diabetes mellitus, especially severe forms such as those 

complicated by diabetic retinopathy, were associated with poor weight loss performance. By 

contrast, use of codeine and linaclotide and diagnosis of prediabetes were associated with 

greater weight reduction. In addition, the association of female sex on stronger weight loss 

performance on semaglutide is significant. Individuals with diabetes are more likely to see 

moderate but not strong weight loss performance at this dosage level of semaglutide, while 

those without diabetes are likely to see stronger results. These findings suggest patient-level 

factors worth considering that may influence weight loss performance with semaglutide and 

directions for further research on how to personalize this method of weight loss therapy.
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Study Importance Questions

• What is already known about this subject?

– Semaglutide, an anti-diabetic medication approved for long-term 

weight management, has shown effectiveness in clinical trials, 

including up to 60% of patients losing at least 10% in weight 52 

weeks after prescription.

– Interacting factors, such as comorbidities and other medications 

can impact weight loss, and their role on semaglutide’s real-world 

performance for weight loss has not been widely explored.

• What are the new findings in your manuscript?

– Real-world data from patients prescribed semaglutide suggests 

strong but attenuated weight loss after 52 weeks compared to clinical 

trial findings.

– Interactions with important medications and biological factors can 

both be associated with deterring and promoting weight loss in 

patients prescribed semaglutide.

• How might your results change the direction of research or the focus of 

clinical practice?

– Identified clinical factors, including diabetes and prescribed 

medications, may warrant future research regarding mechanisms 

of action in populations where polypharmacy and multiple 

comorbidities are common.

– As real-world data analyses are replicated, stable models 

incorporating concomitant medications and comorbidities may 

provide improved, personalized clinical decision support for weight 

management.
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Figure 1. 
Data Collection Timeline

The observation period for inclusion and exclusion criteria of the study are shown. 

Semaglutide prescriptions must have lasted for at least 26 weeks of the year-long 

observation period, and individuals were required to have a recorded weight in the 30 

days leading up to beginning semaglutide and in the period 50–52 weeks after beginning 

semaglutide. Prescription records and diagnoses were included and individuals with cancer 

diagnoses were excluded if they occurred in the year prior to the beginning of through the 

end of semaglutide exposure. Individuals were excluded if they had a record of a pregnancy 

or bariatric surgery at any point.
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Figure 2. 
Patient Cohort Flowchart

Over 36,000 individuals from 13 health systems had an exposure to semaglutide. Following 

exclusion and complete records criteria the cohort contained 3,555 individuals observable 

for weight loss. 539 individuals tracked 52 weeks after exposure to semaglutide were used 

for machine learning analysis.
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Figure 3. 
Density Plot of Weight Loss

Density plots for percent weight loss of semaglutide patients are shown for the 3,555 

total trackable individuals on semaglutide, stratified by male and female patients. The 

threshold of 10% weight loss is shown by the vertical red line. Females experienced a 

greater proportion of the population losing higher percent of weight than males.
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Figure 4. 
Repeated 10x Cross-Validation Average SHAP Summary Plot

SHAP value plots for features (27) are presented and ranked vertically by importance. Each 

individual in the semaglutide study is represented by a dot on each feature row. The dot’s 

position on the horizontal x-axis line represents its SHAP value for that individual, with the 

dots piling up to show density. Color is used to display the original value of a feature, for 

example for prescription groups a red dot is used to indicate an individual that has taken 

that medication (29). Values of the left of zero on the x-axis represent values for that feature 

influencing the model towards predicting 0, or having not achieved ≥ 10% weight loss, while 

values to the right represent values for the feature influencing the model towards predicting 

1, or predicting having successfully achieved ≥ 10% weight loss. For example, red values 

for linaclotide appearing to the right of zero suggest that a patient taking linaclotide is 

influencing the model to predict that patient taking linaclotide will more likely achieve ≥ 

10% weight loss on semaglutide. Males are indicated by red coloring and appear to the 

left, suggesting their relationship is with attenuated weight loss. The global importance of a 

feature is represented by which features are higher vertically on the plot and are calculated 

by the mean absolute SHAP value for that feature over all the given samples (29). In the 
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figure, sex, length of semaglutide exposure, among other features are the most important 

SHAP features. Complete interpretations of all SHAP features are shown in Table S2. SHAP 

plots for the XGBoost and Gradient Boost models are presented in Figure S4–S5.
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Table 2.

Weight loss of trackable individuals taking semaglutide

Mean weight loss (kg) Mean % weight loss Lost >= 10% Weight Lost >= 5% Weight

Overall

 Males, N=1,600 4.35 (3.96, 4.72) 3.66% (3.35, 3.97) 12.75% (11.12, 14.38) 36.44% (34.08, 38.80)

 Females, N=1,955 5.09 (4.74, 5.45) 5.08% (4.74, 5.41) 22.46% (20.61, 24.30) 46.39% (44.18, 48.60)

 Overall, N=3,555 4.76 (4.50, 5.02) 4.44% (4.21, 4.67) 18.09% (16.82, 19.35) 41.91% (40.29, 43.53)

12 weeks from semaglutide 
exposure

 Males, N=416 2.88 (2.48, 3.29) 2.46% (2.11, 2.80) 2.56% (1.13, 4.00) 21.79% (18.05, 25.54)

 Females, N=603 3.65 (3.31, 3.99) 3.57% (3.24, 3.91) 6.90% (4.78, 9.01) 34.48% (30.51, 38.45)

 Overall, N=1,019 3.30 (3.03, 3.56) 3.06% (2.82, 3.30) 4.91% (3.58, 6.23) 28.65% (25.88, 31.43)

52 weeks from semaglutide 
exposure

 Diabetes, N=450 4.19 (3.49, 4.88) 3.86% (3.26, 4.47) 14.00% (10.79, 17.21) 36.44% (32.00, 40.89)

 Without Diabetes, N=89 7.94 (5.99, 9.88) 7.44% (5.73, 9.15) 33.71% (23.89, 43.53) 58.43% (48.19%, 
68.67%)

 Males, N=225 4.39 (3.42, 5.36) 3.76% (2.99, 4.52) 13.33% (8.89, 17.78) 33.33% (27.17, 39.49)

 Females, N=314 5.10 (4.18, 6.03) 4.95% (4.10, 5.80) 20.06% (15.63, 24.49) 44.90% (39.40, 50.41)

 Overall,N=539 4.80 (4.13, 5.47) 4.45% (3.87, 5.04) 17.25% (14.06, 20.44) 40.07% (35.94, 44.21)

Metrics describing overall weight loss and proportion of individuals meeting significant weight loss thresholds for the overall cohort and cohorts 
observed at endpoints 12 weeks and 52 weeks after beginning taking semaglutide. The Diabetes group includes individuals diagnosed with Type 1 
or Type 2 diabetes.

Note: Data is in the form Mean (0.25%, 97.5%). Data includes the average weight loss as a percent lost of initial weight, while the bottom two rows 
are the proportion of patients in the entire cohort that achieve ≥ 5% and ≥ 10% weight loss.
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Table 3.

Adjusted Odds Ratios of SHAP Important Features for Achieving 10% Weight Loss

RxNorm Ingredient Group, Phecode, or Demographic Factor 10% Weight Loss Odds Ratio (OR) Number of Patients

dulaglutide 0.26 [0.09, 0.75] 92 (17.1%)

Diabetes mellitus 0.44 [0.22, 0.87] 450 (83.5%)

Age, Mean(SD) 0.98 [0.96, 0.99] 55.8 (12.1)

Disorders of the adrenal glands 25.45 [6.03, 107.45] 14 (2.6%%)

metoprolol 0.43 [0.18, 1.02] 110 (20.4%)

Initial weight (kg), Mean(SD) 1.00 [0.99, 1.00] 107.2 (25.6)

Disorders of the retina 0.23 [0.07, 0.73] 63 (11.7%%)

linaclotide 14.95 [2.54, 87.97] 10 (1.9%)

Elevated blood glucose level 2.32 [1.28, 4.20] 118 (21.9%)

Signs and symptoms involving emotional state 2.41 [0.90, 6.48] 25 (4.6%)

Other disorders of eye 25.50 [5.08, 128.12] 9 (1.7%)

Joint symptoms 0.62 [0.35, 1.12] 231 (42.9%)

metformin 0.55 [0.31, 0.97] 367 (68.1%)

Malnutrition and underweight 5.02 [1.59, 15.87] 20 (3.7%)

Lesions of mouth 8.38 [1.88, 37.37] 10 (1.9%)

meloxicam 0.34 [0.11, 1.08] 56 (10.4%)

codeine 2.97 [1.31, 6.73] 50 (9.3%)

Vitamin deficiencies 1.12 [0.62, 2.02] 206 (38.2%)

cough 0.86 [0.42, 1.73] 116 (21.5%)

atorvastatin 0.83 [0.46, 1.51] 245 (45.5%)

The adjusted odds ratios from a Logistic Regression model for the most important features obtained from SHAP analysis of the Catboost Classifier 
model.
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