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Summary
Background Semaglutide demonstrated inferior weight loss responses in patients with type 2 diabetes (T2D) compared
to patients with obesity without T2D. The individualized metabolic surgery (IMS) score was validated to predict T2D
remission after bariatric surgery. The parameters of the IMS are HbA1c (<7%), insulin use, T2D medications and T2D
duration. We aim to assess weight loss outcomes of semaglutide based on IMS score in patients with obesity and T2D.

Methods This is a retrospective multicentered cohort study of patients with T2D and BMI≥ 27 kg/m2 taking ≥1 mg of
semaglutide recruited from January 2020 to December 2022. We excluded patients with a history of bariatric surgery
or taking other anti-obesity medications. IMS was calculated at baseline and patients weight change was recorded at
baseline, 3, 6, 9 and 12 months. IMS was classified as mild (0–24.9 points), moderate (25–94.9 points), and severe
(95–180 points). Analysis was performed based on IMS score quartiles and combination of Mild-Moderate vs
Severe categories. We performed mixed linear regression models including age, sex, and baseline weight to assess
associations between IMS categories with total body weight loss percentage (TBWL%).

Findings We included 297 patients (42% female, mean age 62 ± 12 years) in the analysis. At 12 months, there was a
stepwise decrease in weight loss outcomes when comparing patients by IMS quartiles (LS mean TBWL%± SE):
8.8 ± 0.8% vs 6.9 ± 0.8% vs 5.7 ± 0.9% vs 5.0 ± 0.8%. In the mixed linear model, patients in the mild-moderate
category achieved significantly superior weight loss outcomes (LS mean TBWL± SE: −8.3 ± 0.7%) than patients in
the severe category (−5.5 ± 0.6%; difference: −2.9, 95% CI: −5.2 to −0.5, p = 0.006) at 12 months. There was no
significant difference in glycemic improvement regardless of IMS severity at baseline.

Interpretation In our cohort, lower IMS severity was associated with more weight loss in patients with obesity and
T2D. Further studies are needed to understand T2D severity and its effect on semaglutide outcomes.
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Introduction
Obesity is a chronic and multifactorial disease that af-
fects over 1.9 billion individuals, representing about
39% of the world’s population.1 This disease is associ-
ated with multiple comorbidities including type 2 dia-
betes (T2D), hypertension, hyperlipidemia, non-
alcoholic fatty liver, and obstructive sleep apnea.2 In
fact, obesity represents one of the most common risk
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factors for T2D.3 A total of 80–90% of patients with T2D
are reported to have overweight or obesity.4 Both dis-
eases are associated with multiple serious diseases
including cardiovascular complications (e.g., coronary
artery disease and microvascular disease) which results
in remarkable morbidity and mortality rates.5

Multiple interventions have been established to
enhance weight loss including lifestyle changes and
hester, MN, 55902, USA.
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Research in context

Evidence before this study
We searched PubMed since inception to June 1st, 2023, for
original research articles assessing weight loss outcomes with
semaglutide in patients with or without diabetes using the
following search terms: ‘semaglutide’; ‘obesity’; ‘diabetes’;
‘weight loss’ with no language restriction. Our search
demonstrated that semaglutide led to inferior weight loss
outcomes in patients with diabetes compared to patients
without diabetes in clinical trials and real-world studies. We
identified the individualized metabolic severity (IMS) score as
a promising surrogate for diabetes severity. No studies have
been conducted to assess semaglutide weight loss outcomes
based on diabetes severity as assessed by a surrogate clinical
score.

Added value of this study
Weight loss outcomes of semaglutide are associated with
diabetes severity based on the individualized metabolic
surgery score. Lower severity score was associated with more
weight loss in patients with obesity and diabetes.

Implications of all the available evidence
These results underscore that diabetes severity, as assessed by
a surrogate clinical score, can help predict the weight loss
outcomes achieved by semaglutide in patients with diabetes.
The application of this score could permit a personalized
approach for selection of antiobesity medications and help
define realistic goals in terms of weight loss.
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diets,6 anti-obesity medications (AOMs),7 and bariat-
ric procedures.8 Within FDA-approved anti-obesity
medications, semaglutide has been shown to result in
the highest total body weight loss percentage (TBWL
%) of around 14.9% in randomized clinical trials with
patients without T2D.7 However, in patients with
T2D, this medication demonstrates an inferior TBWL
% of 9.6% in 68 weeks of follow-up.9 This difference
in effectiveness is also replicated in real-world trials.10

Although multiple hypotheses have been formulated to
explain this variation in weight loss outcomes, there are
limited data on parameters that influence these outcomes.
For instance, in the Look AHEAD trial, the use of insulin
and other medications for T2D was associated with infe-
rior weight loss outcomes in response to an intensive
lifestyle intervention.11 The individualized metabolic sur-
gery (IMS) score is a scoring system that was constructed
and validated to establish an evidence-based selection of
bariatric surgery based on T2D severity. It includes four
parameters including glycemic control (HbA1c <7%), in-
sulin use, number of T2D medications, and duration of
T2D. Eventually, patients with T2D have IMS scores be-
tween 0 and 180 and fall within 3 categories of T2D se-
verities: mild (0–24.9), moderate (25–94.9), and severe
(95–180).12 Although the IMS score is built for patients
undergoing bariatric surgery, its components are not
surgery-specific and can be obtained for all patients with
T2D. In fact, the aim of this score is to classify patients
with different T2D severity. We hypothesized that patients
with more severe T2D may achieve inferior weight loss
outcome in response to semaglutide. In this study, we aim
to assess weight loss outcomes of semaglutide based on
IMS score in patients with T2D.

Methods
Patient selection
We performed a multicentered retrospective cohort
study of patients with T2D and receiving weekly
subcutaneous injections of semaglutide. We included
patients from the Mayo Clinic Hospitals in Minnesota,
Arizona and Florida, and all affiliated hospitals in the
Mayo Clinic Health System. We used a timeframe be-
tween January 2020 till December 2022 for patients
starting semaglutide for the purposes of T2D or obesity
treatment. We included patients with body-mass index
(BMI) ≥ 27 kg/m2 and taking ≥1 mg of semaglutide
(i.e., 1, 1.7, 2, 2.4 mg) to select patients who were able to
tolerate the medication and advance to the higher doses.
We excluded patients receiving other anti-obesity med-
ications, with diagnosed active malignancy, with preg-
nancy, and with history of bariatric surgery.

Ethics
The Mayo Clinic institutional review board approved the
study and waived the need for informed consent owing
to its minimal-risk nature and use of de-identified data
(IRB: 17-001068).

Data collection
We used the electronic medical records (EMR) to collect
baseline demographic and clinical data on our patients.
We abstracted information pertaining to IMS parame-
ters (i.e., number of T2D medications, insulin use,
duration of T2D, and glycemic control [HbA1c <7%]).
We confirmed semaglutide start date from clinical notes
and communications between patients and their physi-
cians. Patients’ body weights were abstracted from EMR
at baseline, 3, 6, 9, and 12 months. We calculated TBWL
% according to the following formula: TBWL
% = 100 × ([Weight at Baseline Visit − Weight at Follow-
up Visit]/Weight at Baseline Visit).

Score calculation
We calculated the score for each of our patients using
the following score calculator: https://riskcalc.org/
Metabolic_Surgery_Score/ at the start date of semaglu-
tide. In this score, we added the clinical information
www.thelancet.com Vol 72 June, 2024
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pertaining to each of the following four parameters:
number of T2D medications (0–5), insulin use (yes/no),
duration of T2D (0–40 years), and glycemic control
(HbA1c <7%). The score calculation will result in a score
between 0 and 180, reflecting the severity of T2D.

Study end points
In this study, our primary end point was to assess
weight loss outcomes based on IMS score quartiles at 12
months after semaglutide start date. Secondary end
points included: a) evaluating weight loss in patients
with mild-moderate compared to severe categories, b)
evaluating weight loss outcomes based on each of the 4
IMS parameter independently, and c) assessing change
in fasting glucose and HbA1c based on IMS severities.

Statistics
For our primary endpoint, we conducted a mixed linear
model using TBWL% as the dependent variable. In this
model, individual patients were included as a random
effect and the IMS score quartile, the data timepoint for
weight collection (3, 6, 9, and 12 months) and the
interaction between data timepoint and IMS score
severity as fixed effects. Additional fixed covariates
included sex, age, baseline weight, and binary indicator
variables for the presence of hypertension, dyslipidemia,
anxiety, and depression. We used Restricted Maximum
Likelihood (REML) to fit the model. We used Tukey’s
HSD tests to estimate pairwise differences at 12 months
among the IMS quartiles. We did not use data imputa-
tion for missing data. We used a similar mixed linear
model for a post-hoc analyses after dichotomizing IMS
categories into mild-moderate and severe. We also
conducted separate multivariate linear regression
models after adjusting for the same covariates to eval-
uate each IMS parameter as a predictor of weight loss
response at 12 months and pairwise comparisons with
Least Square Means Student’s t test or Tukey’s HSD as
appropriate. In addition, we performed 2 sample inde-
pendent t-test for continuous variables and chi squared
test for categorical variables. In addition, we conducted a
stepwise linear regression model to assess for weight
loss outcomes at 12 months using the previously
described covariates and individual parameters included
in the IMS with forward feature selection using the
minimum Bayesian Information Criterion (BIC) as the
stopping rule. We conducted separate logistic regression
analyses with use of insulin as an endpoint and the
other IMS parameters as variables to assess for corre-
lation among parameters. For all analysis, statistical
significance was set at 2-sided p < 0.05. We used JMP
Pro, version 17 (SAS Institute Inc) to perform the sta-
tistical analysis. All baseline data were normally
distributed and are summarized as mean and standard
deviation (SD). This study followed the Strengthening
the Reporting of Observational Studies in Epidemiology
reporting guideline (Supplementary Material).
www.thelancet.com Vol 72 June, 2024
Role of the funding source
Beyond payment to the research staff by Mayo Clinic,
this research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.
Results
Participant selection
In our cohort, we had a total of 1188 semaglutide pre-
scription for patients with T2DM and with overweight or
obesity. We excluded 717 patients for multiple reasons
including insurance denial and national shortage
(n = 259), unknown medication start date (n = 169), and
presence of an active malignancy (n = 101) (Table 1S).
Out of the remaining 471 patients, 174 did not reach a
dose of 1 mg or higher. Hence, a total of 297 patients
with T2DM, overweight/obesity, and taking subcutane-
ous semaglutide (≥1 mg) were included in the analysis
(Fig. 1).

Baseline characteristics
In this study, 297 patients (124 female [42%], mean age
[SD] 61.5 ± 12 years, white 279 [94%], BMI 38.6 ± 8 kg/
m2) were included in the study. Out of the 297 patients,
14 patients (5%) were in the Mild IMS severity, 97 (33%)
in the Moderate, and 186 (63%) in the Severe category.
There was no significant difference in demographic and
anthropometric data except for age where patients in the
severe category (63.6 ± 10 years) were older than the
mild (57.7 ± 12 years) and moderate (57.8 ± 15 years)
severities (p < 0.001). The most common comorbidities
were dyslipidemia (87%) and hypertension (83%), which
were significantly more prevalent in the severe category
(p < 0.001). Detailed information on the IMS parameters
and score derivatives are presented in Table 1.

Weight loss outcomes
IMS quartiles
Based on IMS quartiles, 75 patients were included in the
1st quartile (12–78), 73 patients in the 2nd quartile
(79–107), 78 patients in the 3rd quartile (108–129), and
71 patients in the 4th quartile (130–172) (Table 2S). At
12 months, there was a stepwise decrease in weight loss
outcomes when comparing patients by IMS quartiles
(LS mean TBWL%± SE): 8.8 ± 0.8% vs 6.9 ± 0.8% vs
5.7 ± 0.9% vs 5.0 ± 0.8% (Fig. 2A). There was only a
statistically significant difference when comparing pa-
tients in Q1 vs. Q4 at 12 months (difference: −3.7, 95%
CI: −7.4 to −0.1, p = 0.04). The detailed mixed linear
model estimates and pairwise comparisons at each
timepoint are presented in the Supplementary Material
(Table 3S).

Combined mild-moderate vs severe IMS
Due to the small sample size and strict cut-offs in the
mild category, we combined patients in the mild and
3

http://www.thelancet.com
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Fig. 1: Flowchart of the study.
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moderate categories. In this new classification, 111 had
a score between 0 and 95 (Mild-Moderate) and 186 had a
score >95 (Severe). In the mixed linear model, patients
in the mild-moderate category achieved significantly
superior weight loss outcomes (LS mean TBWL±
SE: −8.3 ± 0.7%) than patients in the severe category
(−5.5 ± 0.6%; difference: −2.9, 95% CI: −5.2 to −0.5,
p = 0.006) at 12 months (Fig. 2B). Detailed estimates for
the mixed linear model and pairwise comparisons at all
timepoints are presented in the Supplementary Material
(Table 4S).

Independent effect of IMS parameters
We evaluated weight loss outcomes of all IMS parame-
ters at 12 months after adjusting for multiple covariates
(Fig. 3). Patients on insulin had a lower TBWL (LS mean
TBWL% ± SE) of 5.3 ± 1.0% when compared to
7.7 ± 0.9% in patients not on insulin (difference: −2.5,
95% CI: −4.4 to −0.6, p = 0.01). Patients with HbA1c ≥ 7
had lower TBWL of 5.8 ± 0.8% compared to 9.4 ± 1.2%
in patients with HbA1c < 7 (difference: −3.6, 95%
CI: −5.8 to −1.4, p = 0.002). Patients on one T2D
medication had a TBWL of 9.7 ± 1.5% (n = 16) vs on 2
medications: 6.5 ± 1.0% (n = 55) vs on 3 medications:
6.6 ± 1.0% (n = 64) vs on ≥4 medications: 2.6 ± 1.6%
(n = 15). Pairwise comparison demonstrated significant
difference in TBWL% between patients on 1 T2D
medication compared to ≥4 (difference: −7.1, 95%
CI: −12.4 to −1.8, p = 0.004). Patients with a duration of
T2D ≤ 5 years had a TBWL of 9.0 ± 1.2% (n = 32) vs
5–10 years: 6.0 ± 1.3% (n = 28) vs 10–15 years:
5.0 ± 1.2% (n = 36) vs > 15 years: 5.3 ± 1.1% (n = 54)
(p = 0.004). Pairwise comparison demonstrated signifi-
cant difference in TBWL% between patients with ≤5
years of T2D compared to those with 10–15 years (dif-
ference: −4.0, 95% CI: −8.0 to −0.04, p = 0.047). In the
stepwise linear regression model to predict TBWL% at
12 months, using sex, depression, and use of insulin as
variables, resulted in the best fit for the model
(Table 5S). In regression models for TBWL% at 12
months including sex, age, baseline weight, and pres-
ence of hypertension, dyslipidemia and anxiety as
covariates, the addition of use of insulin as a variable
resulted in an adjusted R2 of 0.16, as compared to an
adjusted R2 of 0.20 when adding the IMS numerical
score as a variable (Table 6S). We conducted 3 separate
logistic regression analyses with use of insulin as the
endpoint and each IMS parameter as a variable). The
www.thelancet.com Vol 72 June, 2024
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Demographics All patients Mild Moderate Severe p-value

N (%) 297 (100) 14 (5) 97 (33) 186 (63)

Age, years (SD) 61.5 (12) 57.7 (12) 57.8 (15) 63.6 (10) <0.001

Sex, Female (%) 124 (42) 6 (43) 49 (51) 69 (37) 0.09

Race, White (%) 279 (94) 13 (93) 89 (92) 177 (95) 0.30

Clinical Parameters (SD)

Weight, kg 115.8 (27) 111.1 (23) 114.2 (27) 117.0 (27) 0.57

Height, m 1.73 (0.1) 1.73 (0.1) 1.71 (0.1) 1.74 (0.1) 0.15

BMI, kg/m2 38.6 (8) 36.9 (5) 38.9 (9) 38.7 (8) 0.71

Baseline HbA1c, % 8.1 (1.6) 6.4 (0.5) 7.7 (0.2) 8.5 (0.1) <0.001

Baseline fasting blood glucose, mg/dL 178.9 (71.8) 133.5 (20.5) 169.4 (8.0) 186.5 (5.6) 0.02

Obesity Comorbidities (%)

Hypertension 246 (83) 10 (71) 68 (70) 168 (90) <0.001

Dyslipidemia 258 (87) 8 (57) 78 (80) 172 (93) <0.001

GERD 136 (46) 5 (36) 46 (47) 85 (45) 0.71

NAFLD 76 (26) 2 (14) 21 (22) 53 (29) 0.28

OSA 177 (60) 7 (50) 58 (60) 112 (60) 0.75

Anxiety 70 (24) 1 (7) 31 (32) 38 (20) 0.03

MDD 88 (30) 1 (7) 36 (37) 51 (27) 0.04

IMS Parameters

T2D duration, years (SD) 13.0 (8) 1.9 (4) 7.3 (4) 16.9 (7) <0.001

On Insulin, yes (%) 162 (55) 0 (0) 16 (17) 146 (79) <0.001

HbA1c < 7% (%) 89 (30) 12 (86) 48 (50) 29 (16) <0.001

T2D medications (SD) 2.6 (1) 1.2 (0.4) 2 (0.7) 3 (0.7) <0.001

Mean Score (SD) 102 (36) 18 (3) 71 (18) 124 (18) <0.001

Bold means p < 0.05. Abbreviations used: BMI, Body mass index; GERD, Gastroesophageal reflux disease; NAFLD: Non-alcoholic fatty liver disease; OSA, Obstructive sleep
apnea; MDD: Major depressive disorder; HbA1c: Glycated hemoglobin; T2D: Type-2 diabetes mellitus.

Table 1: Distribution of demographical, clinical, obesity comorbidities, and Individualized Metabolic Surgery (IMS) parameters among the mild,
moderate, and severe categories of IMS score.

Articles
resulting R2 (U) were 0.04 for HbA1C%, 0.17 for
number of T2D medications, and 0.17 for T2D duration.
T2D outcomes based on IMS severity categories.
Fig. 2: A. Total body weight loss percent (TBWL%) at 12 months between
6, 9, and 12 months in patients with Mild/Moderate vs Severe IMS catego
are portrayed. * = p < 0.05.

www.thelancet.com Vol 72 June, 2024
In our cohort, multivariate linear regression models
assessing for the change in fasting blood glucose and
HbA1C from baseline to last follow-up demonstrated no
Individualized Metabolic Surgery (IMS) quartiles and B. TBWL% at 3,
ries. For both panels, mean and standard error of the mean (whiskers)
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Fig. 3: A. Total body weight loss percentage (TBWL%) at 12 months in patient with/without insulin use, B. with HbA1c ≥ 7 vs HbA1c < 7, C.
different number of type 2 diabetes (T2D) medications, and D. different duration of T2D. Least square (LS) means obtained from the linear
regression models are presented in all panels. Whiskers represent standard error. For panel A and B, groups were compared with LS means
Student’s t tests. For panel C and D, we conducted pairwise comparisons using LS means Tukey’s HSD tests. * = p < 0.05, ** = p < 0.01,
*** = p < 0.001. Non-significant pairwise comparisons are not shown.
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significant difference between patients with different
IMS severities, however, patients in the moderate cate-
gory had numerically superior improvements in both
glycemic parameters (Table 7S).
Discussion
To the best of our knowledge, this is the first multi-
centered study to assess the weight loss outcomes of
semaglutide based on an innovative scoring system for
diabetes severity in patients with T2D and overweight/
obesity. In this study, we show that the weight loss
outcomes of semaglutide, with doses of 1 mg or higher,
decrease with an increased T2D severity. Although the
TBWL% is associated with IMS score, the change in
T2D parameters (i.e., fasting blood glucose and HbA1c)
are not significantly affected by T2D severity. These
results may contribute to a better understanding of the
parameters that are associated with weight loss achieved
by semaglutide in patients with T2D.

Multiple studies have demonstrated that patients
with T2D experience inferior weight loss outcomes with
semaglutide.7,9,10 This has been attributed to multiple
factors, some are well-studied, while other are yet to be
established. For instance, Overgaard et al. previously
described that among patients with T2D, females and
patients with lower HbA1c at baseline had superior
weight loss outcomes in response to subcutaneous and
oral semaglutide, with no apparent effect of concomitant
medications, including insulin. In addition, they
demonstrated that baseline weight affects the semaglu-
tide exposure, with higher baseline weight resulting in
lower exposure of circulating drug.13 In the IMS model,
four parameters have been assessed to reflect T2D
severity and remission after bariatric surgery.12 In this
study, we hypothesized that the severity of T2D,
www.thelancet.com Vol 72 June, 2024
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represented by each of the IMS parameters, may reflect
the weight loss outcomes associated with semaglutide.

One of the most commonly studied parameters that
affect body weight in patients with T2D is the
concomitant diabetes medications which may impede
weight loss interventions and possibly result in weight
gain. In fact, insulin, sulfonylureas, thiazolidinediones,
and meglitinides are T2D medications that are known to
result in weight gain.14 For example, in a systematic
review and meta-analysis including 14,250 patients, in-
sulin was associated with a dose-dependent mean body
gain of 4.3 ± 2.74 kg upon a mean follow-up of 27.7
weeks.15 Similarly, we show a weight loss difference of
2.3% between patients on insulin compared to those not
on this medication. This increase in body weight and/or
hindrance for weight loss may be due a cumulative ef-
fect of several factors including the conservation of
ingested calories with a better regulated glycemic level
below the renal excretion threshold, inhibition of lipol-
ysis and protein catabolism, stimulation of lipogenesis,
impairment of the anorectic signals to the arcuate nu-
cleus, and increased carbohydrate consumption to avoid
hypoglycemia.14 This is supported by our observation
that subjects with higher HgbA1c (>7%) had a similar
benefit in glycemic control but experienced lower
TBWL.

In addition, a higher baseline level of HbA1c,
longer duration of T2D, and greater number of dia-
betes medications were associated with inferior weight
loss outcomes in our study. This may be attributed to a
more severe T2D, which is also associated with other
complications such as microvascular complications,
cardiovascular comorbidities (i.e., hypertension, pe-
ripheral artery disease) and other diseases that affect
the body weight. For instance, patients with advanced
T2D (i.e., less controlled [e.g., HbA1c > 7, longer
duration]) are at higher risk of developing peripheral
artery disease16 which may limit the activity level
compared to patients without this disease.17 A limited
activity level would contribute to a lower energy
expenditure, resulting in a positive energy balance
which ultimately causes weight gain.18 In addition, our
study demonstrates that patients with higher IMS score
(e.g., severe category) are older in age, which may also
be influenced by a lower activity level and resting en-
ergy metabolism.19 This finding is expected as patients
older in age are more likely to have a greater duration
of T2D.

Although each of the multivariate linear regression
models showed an association between each of the IMS
parameters independently with weight loss outcomes of
semaglutide, a stepwise model showed that use of in-
sulin was the most informative factor to predict TBWL%
at 12 months. The use of the numerical IMS score to
predict TBWL% at 12 months led to an increase in the
explained variance by 4% when compared to use of in-
sulin. Importantly, both T2D duration and number of
www.thelancet.com Vol 72 June, 2024
T2D medications were strongly correlated with use of
insulin. This might be a result of collinearity among the
parameters included in the IMS, however, having a
scoring model that combines all these factors and es-
tablishes a unique score which is associated with weight
loss outcomes of semaglutide can be of important value
for clinical practice to set expectations in terms of
weight loss. Although insulin use seems to be the most
correlated variable with weight loss response, we have
shown by the quartile IMS analysis that there is a
stepwise decrease in weight loss with higher IMS score.
This difference in weight loss cannot be simply
explained by use of insulin alone. Hence, we believe that
using the IMS score can improve the clinical practice by
providing a comprehensive tool for physicians and pa-
tients to set expectations in terms of weight loss out-
comes. For example, in patients using insulin, a greater
duration of T2D may reflect an inferior weight loss
compared to patients with a shorter duration of T2D.
Importantly, it is essential to point out that the T2D
outcomes (i.e., change in fasting blood glucose and
HbA1c) are similar between all IMS severity scores. In
fact, all patients with T2D benefit similarly from the
effect of semaglutide on the glucose homeostasis
regardless of T2D severity at baseline. This indicates
that semaglutide is an effective treatment for all patients
with diabetes, with enhanced weight loss effect in a
specific group of people.

Our study has multiple strengths that would add to
the aim of establishing predictors of response to AOMs
(e.g., semaglutide). This study is the first of its nature to
present a well-developed and validated score that
potentially predicts weight loss outcomes in patient with
T2D. The inclusion of a large sample size from different
centers in the US add generalizability and power to our
results.

There are several limitations to our current study.
First, given the nature of the retrospective data collec-
tion, we had limited ability to abstract data on all the
IMS parameters. Second, the majority of our patients
were White with a higher proportion of male patients as
opposed to most RCTs, limiting the ability to generalize
the results to other external populations. Third, we had a
significant decrease in the number of patients compared
to our original cohort due to multiple reasons. Fourth,
we have a small sample size in the mild IMS category,
which make our analysis by quartile division a better
analysis method to test our hypothesis. Importantly, we
had a significant proportion of missing weight data at
different timepoints, however, we believe that by con-
ducting mixed linear models with repeated measures for
the dependent variable we were able to better address
for data missing at random.20 Finally, there is an
increased susceptibility to coding errors and inaccurate
documentation from EMR.

In this study, we show that IMS scoring system for
T2D severity is associated with weight loss outcomes of
7
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semaglutide. A lower IMS severity reflects better weight
loss outcomes in patients with obesity and T2D when
taking semaglutide. Importantly, the inferior weight loss
outcomes in patients with severe T2D must not hinder
the use of this medication in this population. In fact,
semaglutide is associated with significant cardiovascular
and comorbidity improvement in patients with obesity
including patients with severe T2D. Our findings could
help clinicians set informed expectations for weight loss
outcomes in patients with severe T2D taking semaglu-
tide, however, it is likely that the cardiometabolic ben-
efits associated with semaglutide treatment in this
population far exceed the effect on weight loss. It is
essential to apply this scoring model to previous and
future randomized clinical trials to test its efficacy in
predicting weight loss outcomes of semaglutide and
other glucagon-like peptide-1 receptors agonists. In
addition, mechanistic studies are needed to further
understand the effect of T2D on weight loss outcomes of
semaglutide.
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