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OBJECTIVE: To describe the impact of nutrient-stimulated hormone (NuSH) therapies on weight loss by bariatric surgery type,

diabetes status, and timing of initial NuSH prescription.

METHODS: Retrospective study of 1638 adults who underwent bariatric surgery at a single academic medical center between 2015
and 2022. Baseline demographics, NuSH therapy prescriptions, and follow-up weights were obtained from electronic health
records. We calculated percent total weight loss (%TWL) over time using linear mixed models.

RESULTS: Patients who underwent Roux-en-Y gastric bypass (RYGB) had greater %TWL compared to those who underwent sleeve
gastrectomy (SG). Those without diabetes had greater %TWL compared to those with diabetes. At 72 months, adjusted average %
TWL was highest in patients who received NuSH prescriptions both before and after surgery (22.7%, 95% Cl: 17.9-27.5), followed by
those with prescriptions only after surgery (19.9%, 95% Cl: 18.3-21.4) and those without prescriptions (19.6%, 95% Cl: 18.1-21.2).
The greatest %TWL was seen in patients who had prescriptions within 6 months after surgery.

CONCLUSION: Individuals who underwent RYGB and who did not have diabetes had the highest %TWL. Receiving a NuSH
prescription both before and after surgery and early NuSH initiation were associated with the greatest %TWL.

International Journal of Obesity; https://doi.org/10.1038/541366-026-02159-3

INTRODUCTION

In 2022, approximately 280,000 bariatric surgery procedures were
performed in the United States. Of these, sleeve gastrectomy (SG)
and Roux-en-Y gastric bypass (RYGB) were the most commonly
performed, representing 57% and 22% of the total, respectively
[1]. Bariatric surgery is currently the most effective treatment for
severe obesity. A meta-analysis of randomized trials and observa-
tional studies reported percent total weight loss (%TWL) ranging
from 17 to 28% in the short term (1-2 years) and 13 to 25% in the
long-term (3-5 years) [2]. Longer-term follow-up studies have
reported maintenance of weight loss for up to 12 years [2, 3].
Bariatric surgery is also a very effective treatment for type 2
diabetes in patients with severe obesity. A pooled analysis of
randomized trials found that glycemic control was superior in
patients with type 2 diabetes who underwent bariatric surgery
compared to those who received medical management for up to
12 years [4]. RYGB was associated with better glycemic outcomes
when compared to SG and adjustable gastric banding [4]. At the
study location, SG is the preferred surgical option due to shorter
operative time, decreased length of stay, and fewer long-term
postoperative management requirements [4, 5].

Despite its effectiveness, weight regain is now being reported
more frequently following bariatric surgery, especially after SG [6].
Because the frequency of SG is increasing and that of RYGB is
decreasing, we anticipate that weight regain will become an
increasingly common problem in clinical practice and will require
effective treatment strategies.

Currently, the literature provides no standard definition of
weight regain. Several definitions have been proposed and
estimates of weight regain vary depending on the definition
used. One definition used in a recent systematic review was the
median percentage of maximum weight lost regained [7]. It was
reported to range from 19 to 26% [7].

Current treatment strategies for weight regain include inter-
ventions to increase dietary and physical activity adherence, anti-
obesity medications (AOMs), and surgical revisions. Several
observational studies have evaluated the use of glucagon-like
peptide-1 receptor agonists (GLP-1 RAs) for the treatment of both
suboptimal clinical responses and weight regain after bariatric
surgery. The most common AOM studied was liraglutide as this
was the first GLP-1 RA approved by the Food and Drug
Administration (FDA) for the treatment of obesity in December
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2014 [8-11]. In June 2021, semaglutide was approved by the FDA
for the treatment of obesity. The dual gastric inhibitory polypep-
tide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist
tirzepatide was not approved by the FDA for the treatment of
obesity until November 2023. The term “nutrient-stimulated
hormone” (NuSH) therapy has been used to refer to these classes
of medications [12].

In this study, we evaluated the effectiveness of bariatric surgery
for weight loss and described the current use of NuSH therapies
and their impact on weight loss by the type of surgery performed,
diabetes status, and the period during which NuSH therapy was
prescribed. Our goal was to better understand the utilization of
NuSH therapies in patients with obesity undergoing RYGB and SG
with and without diabetes to inform how NuSH therapies might
be most effectively used and to highlight the cost and potential
cost-effectiveness of alternative approaches to surgical and
medical treatment.

METHODS

Study population

We performed a retrospective cohort study of all adult patients 18-65
years of age who underwent RYGB and SG between 01/01/2015 and 12/31/
2022 at a single large academic medical center. The date 01/01/2015 was
selected to correspond with the date of FDA approval of liraglutide for the
treatment of obesity (12/23/2014). Conversions from SG to RYGB (n = 12)
were classified as SG and all weight values after the date of the second
surgery were censored. Patients who had revision surgeries during the
study period, but initial bariatric procedures performed before 01/01/2015,
and patients who were diagnosed with malignancies or pregnancies
during the study period were excluded from the study.

Ethics approval and consent to participate

The study protocol was reviewed and approved by the University of
Michigan Institutional Review Board (IRB), study ID HUMO00245147. The IRB
granted a waiver of informed consent, as the research involved retrospective
secondary analyses of a HIPAA-compliant limited dataset.

Data collection

Data were collected using the health system’s clinical data warehouse, a
web-based software program, and chart reviews. The datasets generated
during and/or analyzed during the current study are available from the
corresponding author on reasonable request. Surgical procedure types and
dates were identified using Current Procedural Terminology (CPT) codes,
International Classification of Diseases (ICD-9) and procedural ICD-10 codes
(based on the Centers for Medicare & Medicaid Services (CMS) reimburse-
ment scheme). We collected demographic information including age, sex,
race, and insurance type. We collected anthropometric data including
height, weight, blood pressure, and Body Mass Index (BMI) values over
time. We used each patient’s residential zip code to perform geocoding to
assess median neighborhood income, percent unemployment, percent
receiving Supplemental Nutrition Assistance Program (SNAP) benefits, and
percent education level classified as less than high school diploma, high
school and/or some college, and bachelor’s degree or higher. We collected
information on medical history and the dates of NuSH therapy
prescriptions for the GLP-1 RAs liraglutide, semaglutide, dulaglutide, and
exenatide, and the dual GIP and GLP-1 agonist tirzepatide. There were no
patients who had prescriptions for lixisenatide or albiglutide. We collected
baseline laboratory data on platelet, lipid, hemoglobin A1C, serum
creatinine, lipase, aspartate transaminase (AST), and alanine transaminase
(ALT) levels, estimated glomerular filtration rate (eGFR), and urine albumin-
creatinine ratio. Laboratory data were obtained from the health system'’s
data warehouse and included tests ordered and performed within the
system. However, the dataset also included laboratory results from external
facilities that were incorporated into patients’ electronic health records.
Prescription data were derived from prescription orders generated by
providers practicing within the health system.

NuSH therapy prescriptions
Patients were classified as receiving NuSH therapy if they had at least one
prescription during the study period. The length of each prescription
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period was calculated as the difference between the prescription
period’s stop date and its corresponding start date. The cumulative
exposure to NuSH therapy was calculated as the sum of all prescription
periods, in days, with the result expressed as months. For the analysis of
the association between NuSH therapy and weight loss, patients were
categorized as never having received a NuSH prescription, receiving a
prescription only before surgery, before and after surgery, or only after
surgery.

Percent total weight loss (%TWL)

To evaluate the effects of surgery on weight, we defined the baseline
weight as the weight at the time of surgery. Follow-up weights were
assessed from the electronic health record every 3 months for up to
72 months after surgery. The weight used at each time point was the
last weight recorded within the 3-month interval. The number of
follow-up measurements varied among individuals, with a minimum of
0 and maximum of 24 reported. The median was 7 and the interquartile
range was 9. Missing values were not imputed. Only available weights
were used to calculate %TWL. %TWL associated with bariatric surgery
was calculated as the difference between the baseline weight and the
weight during each interval divided by the baseline weight multiplied
by 100.

To evaluate the effect of NuSH therapy on %TWL, we redefined the
baseline weight as the weight on the date of the first NuSH therapy
prescription following surgery. The follow-up weights were assessed every
3 months for up to 45 months. For those who did not receive a NuSH
prescription after surgery (never and before surgery only groups), there
was no date of first prescription after surgery to use as an index date, so an
equivalent index date was calculated. First, an average time to first
prescription was calculated among those who had a prescription after
surgery, grouped by type of surgery and diabetes status (“Average months
to prescription”, Table S2). This time to first prescription was added to the
surgery date for each patient without a NuSH prescription after surgery,
according to their type of surgery and diabetes status, to obtain an
equivalent index date. The definition of %TWL following the date of the
first NuSH therapy prescription or the index date was the same as used in
the analysis from date of surgery.

Data analysis

Descriptive statistics were used to characterize the study population,
%TWL after surgery and after initiation of NuSH therapy, and prescription
practices for NuSH therapy. Continuous variables were reported as means
and standard deviations or medians and interquartile ranges, and
categorical variables were summarized as frequency distributions. We
compared the characteristics of patients who were and were not
prescribed NuSH therapy by surgery type using t-tests for continuous
variables and chi-square tests for categorical variables.

We evaluated unadjusted trends in %TWL over time by NuSH therapy
and NuSH therapy timing, stratified by surgery type and diabetes status.

To assess the impact of surgery and NuSH therapy on %TWL
independent of age, sex, baseline BMI, surgery type, and diabetes status,
we performed multivariate analyses. Specifically, we used linear mixed
models to evaluate the effect of surgery and the association between
NuSH therapy prescriptions and %TWL accounting for the correlation of
repeated measures of a patient’s weight over time. We used marginal
models without a random intercept as there was no significant variability
explained in the model by the random intercept. We used an
autoregressive covariance structure as this best fit the data. All models
were adjusted for age, sex, BMI on the date of surgery or the date of the
first NuSH therapy prescription, baseline hemoglobin A1C, diabetes status,
surgery type, hypertension, and percent of people with a high school
diploma or some college in the patient’s residential zip code. We included
an interaction term between NuSH therapy prescription and time to assess
trends over time for %TWL. Time was introduced in the model as a
categorical variable to account for non-linear trends in weights over time.
We obtained least-squares means as population averages of %TWL over
time from the adjusted model.

We also evaluated if the time to initial NuSH therapy prescription had a
differential impact on %TWL for those who received a prescription after
surgery (excluding those who never received a prescription and those who
received a prescription only before surgery) and ran adjusted linear mixed
models and classified date of NuSH therapy prescription between 0 and
6 months, 7 and 12 months, 13 and 24 months, and more than 24 months
after surgery.
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123 (87)
13 (9)
54

29 (81)
5(14)
2 (6)

750 (80)
148 (16)

43 (5)

389 (75)

152 (86)
18 (10)
7 (4)

1139 (78)

251 (17)
71 (5)

1291 (79)

269 (16)
78 (5)

White

103 (20)
28 (5)

African American

Other

0.39 0.28

0.99

Insurance type, n (%)
Medicaid/Medicare

Private

243 (26) 7 (19) 40 (28)

698 (74)
46.8+7.0

145 (28)
375 (72)
46.0+6.9

(27)
130 (73)

47

388 (27)

435 (27)

101 (72)

439+74
32 (23)

29 (81)

1073 (73)

1203 (73)

0.007
0.10

475+5.7
13 (36)

0.04

465+7.0 446+7.2 0.001
0.

463+7.0

Baseline BMI, kg/m?

Diabetes, n (%)

<0.0001

239 (25)

239 (46)

05

(25)

478 (33) 45

523 (32)

Continuous data reported as mean + SD or median (IQR).

2p-value from x? tests for categorical variables and t-test for continuous variables.
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RESULTS

We identified 1638 eligible patients. The average age (+SD) was
424 (£10.0) years. Women accounted for 80% of the population
and 79% were white. There were 1461 (89%) patients who
underwent SG and 177 (11%) who underwent RYGB. Five hundred
fifty-six (34%) patients received prescriptions for NuSH therapy.
Among the patients who underwent SG, 36% (n = 520) received
prescriptions for NuSH therapy. In contrast, only 20% (n = 36) of
the patients in the RYGB group ever received prescriptions for
NuSH therapy. Therefore, of the 556 patients who received
prescriptions, 520 (94%) belonged to the SG group and 36 (6%)
belonged to the RYGB group. Baseline BMI at the time of surgery
was significantly higher among those who underwent SG
compared to those who underwent RYGB (46.5+7.0 vs
446 +72kg/m? p=0001). Those who received prescriptions
and underwent SG had significantly lower baseline BMIs, and
those who received prescriptions and underwent RYGB had a
significantly higher baseline BMIs than those who never received
NuSH therapy prescriptions (Tables 1 and S1).

There were 502 (31%) patients with diabetes in the study
population. Of those, 459 (91%) underwent SG and 43 (9%)
underwent RYGB. The proportion of patients with diabetes who
received NuSH therapy prescriptions was higher compared to
those without diabetes (48% vs 27%, respectively). We did not
have information as to whether the medications were prescribed
for diabetes or weight management. The pattern of use was
similar in each procedure group (Table 1).

Prescription practices

The percentage of patients who received NuSH therapy prescrip-
tions was highest between 6 and 12 months after surgery and
slowly declined thereafter. Patients with diabetes were more likely
to be prescribed NuSH therapy compared to those without
diabetes except between 24 and 42 months, when those without
diabetes were more likely to receive prescriptions (Fig. 1). The
average time to the first NuSH therapy prescription after surgery
was 30 months. Patients who underwent RYBG and had diabetes
had the shortest time to NuSH therapy prescription whereas those
who underwent SG and did not have diabetes had the longest
time to NuSH therapy prescription (Table S2).

Surgery type and %TWL

Starting from the date of surgery, unadjusted %TWL was highest
at 1-2 years for all patients. Those in the RYBG group had
significantly higher %TWL over time compared to those in the SG
group. After stratification by surgery type and diabetes status,
those in the RYGB group and without diabetes had the highest %
TWL followed by those in the RYGB group with diabetes. Those
without diabetes in the SG group had higher %TWL than those
with diabetes, but lower than those in the RYBG group (Fig. 2).
Those with diabetes in the SG group had the lowest %TWL.

NuSH therapy prescription and %TWL

Starting from the date of first NuSH therapy prescription, or the
index date for those who were not prescribed NuSH therapy after
surgery, those who received NuSH therapy prescriptions before
and after surgery and only after surgery had the highest adjusted
average %TWL over time. At 12 months, those with prescriptions
before and after surgery lost on average, 3% more of their total
weight since the initial prescription (95% Cl: 0.7%, 5.0%) compared
to those who did not receive NuSH therapy. At 12 months, those
who received prescriptions only after surgery lost an average of
4.5% more of their total body weight after the initial prescription
(95% Cl: 3.3%, 5.6%) compared to those who did not receive NuSH
therapy. At 45 months, the adjusted average %TWL was highest
for those who received NuSH prescriptions before and after
surgery, followed by the group that received prescriptions only
after surgery (4.6% (95% Cl: 0.2%, 9.0%) vs 2.2% (95% Cl: 0.2%,

SPRINGER NATURE
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12%

10%

8%

% of patients
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0-6 mo

6-12mo 12-18 mo 18-24mo 24-30 mo 30-36 mo 36-42mo 42-48 mo 48-54 mo 54-60 mo 60-66 mo 66-72 mo

«
=

0%

cummulative

W Diabetes

m Al ®Non Diabetes

Fig. 1

%TWL

Cumulative percentage of patients prescribed NuSH therapy after surgery by diabetes status. Lines indicate cumulative incidence.

6 12 18 24 30 36 42 48 54 60 66 72
mo mo mo mo mo mo mo mo mo mo mo mo
------ RYGB Non-DM  esssmmm RYGB DM @=» e= SG Non-DM SG DM
Category N total 6 mo 12 mo 24 mo 36 mo 48 mo 60 mo 72 mo
SG Non-DM 983 459 404 324 272 216 170 113
SG DM 478 262 244 197 168 134 94 74
RYGB Non-DM 132 56 53 44 36 27 17 18
RYGB DM 45 18 20 17 14 12 9 5

Fig. 2 Unadjusted average %TWL' by sleeve gastrectomy or Roux-en

-Y gastric bypass and diabetes status, from date of surgery. 'Table

represents the number of participants at each time point and overall percentage of patients with diabetes within each category.

4.2%), respectively). The groups of patients who never received
prescriptions for NuSH therapy or received prescriptions only
before surgery demonstrated gradual weight regain after surgery.
(Fig. 3 and Table S3).

Starting from the date of surgery (Fig. 4), those who never
received NuSH therapy prescriptions achieved the greatest
adjusted %TWL up to 54 months of follow up. The groups that
received prescriptions before and after surgery and only after
surgery achieved modest increases in adjusted %TWL after the
average time to initial prescription (30 months), closing the gap in
%TWL with the group that never received NuSH therapy
prescriptions at 54 months. At 72 months, the adjusted average
%TWL was 19.6% (95% Cl: 18.1%, 21.2%) for those who never
received prescriptions, 22.7% (95% Cl: 17.9%, 27.5%) for those who
received prescriptions before and after surgery, and 19.9% (95%
Cl: 18.3%, 21.4%) for those who received prescriptions only after
surgery. Patients who received NuSH therapy prescriptions only
before surgery had a lower adjusted %TWL compared to those
who did not receive prescriptions before surgery (never and after
surgery only) and had the smallest adjusted %TWL over time (Fig.
4 and Table S4).

We also examined the effect of the time to the initial NuSH
therapy prescription for those who received a prescription after
surgery (excluding those who never received prescriptions and

SPRINGER NATURE

those who received prescriptions only before surgery). Patients
who received their first prescription within the first 6 months after
surgery achieved the highest %TWL at 72 months (23.6% (95% Cl:
16.1%, 30.8%)). Those prescribed NuSH therapy after 24 months
after surgery achieved the second largest %TWL at 72 months
(20.2% (95% ClI: 18.1%, 22.3%)). Those who were prescribed NuSH
therapy 6-12 months after surgery had the lowest %TWL at
72 months (14.7% (95% Cl: 10.1%, 19.4%)) (Fig. 5 and Table S5).

DISCUSSION

Obesity is a chronic, relapsing condition that requires long-term,
multi-modal treatment. Bariatric surgery is currently the most
effective treatment for this condition but weight regain remains a
concern despite initial treatment effectiveness. Use of obesity
modifying medications like NuSH therapy is becoming an
increasingly prevalent strategy to address weight regain following
surgical therapy.

In this retrospective cohort study of patients who underwent
bariatric surgery at a single large academic medical center, we
found that more than one-third (34%) received NuSH therapy
prescriptions. The rate we observed is higher than the reported
use of liraglutide and semaglutide in another post-bariatric
surgery population, most likely due to the more recent time

International Journal of Obesity
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E 6 mo~, ~ 12mo_ 18 mo 24 mo 30 mo 36 mo 42 mo 45 mo
2 == ~
® Sea
-4 St~ —-—- LS.
Wi -7~
-6 ~- <
-8
-10
-12
After Surgery Only  «eeeeeene Before and After Surgery Before Surgery Only = — = Never
Timing Diabetes % N total 6 mo 12 mo 24 mo 36 mo 42 mo 45 mo
Never 25.0% 1082 253 233 171 118 53 46
Before Surgery Only 60.0% 55 5 5 2 0 0 0
Before and After Surgery 81.8% 77 49 40 27 17 10 9
After Surgery Only 36.8% 424 213 184 114 69 54 44

Fig. 3 Adjusted’ average %TWL>? from date of first NuSH therapy prescription by prescription tlmmg Table represents the number of
participants at each time point and overall percentage of patients with diabetes within each category. Model was adjusted for age, sex, BMI
at first prescription, diabetes status, basellne hemoglobin A1C, type of surgery, hypertension, and percent of persons in zip code with high
school diploma and/or some college. *Estimated from least squared means of the interaction term between treatment and time from adjusted

model. Data were truncated at 45 months due to paucity of follow up information after that time point.

30

25

20

10

6 12 18 24 30
mo mo mo mo mo mo

= = = Never Before Surgery Only

After Surgery Only

42 48 54 60 66 72
mo mo mo mo mo mo

--------- Before and After Surgery

Timing Diabetes % N total 6mo 12mo  24mo  36mo  48mo  60mo 72 mo
Never 25.0% 1082 469 421 305 256 198 133 94
Before Surgery Only 60.0% 55 26 20 17 7 3 3 0
Before and After Surgery ~ 81.8% 77 53 50 35 32 23 17 9
After Surgery Only 36.8% 424 247 230 225 195 165 137 107

Fig. 4 Adjusted’ average %TWL>? from date of surgery by prescription timing. Table represents the number of participants at each time
point and overall percentage of patients with diabetes within each category. Model was adjusted for age, sex, baseline BMI, diabetes status,
basellne hemoglobin A1C, type of surgery, hypertension, and percent of persons in zip code with high school diploma and/or some college.

3Estimated from least squared means of the interaction term between treatment and time from adjusted model.

period of our study and the approval and more frequent use of
effective NuSH therapies for weight loss [13].

In our population, patients with and without diabetes who
underwent RYGB had higher %TWL compared to those who
underwent SG. The %TWL was lower among patients with diabetes
compared to those without diabetes undergoing the same type of
bariatric procedure. These findings are consistent with the literature
[14, 15] and suggest that RYGB might improve weight loss outcomes
compared to SG, especially in patients with diabetes.

It is important to understand the associations among surgical
strategies, patient selection, and timing of NuSH therapy
prescriptions and subsequent outcomes. We found that patients
who underwent SG were more likely to be prescribed NuSH

International Journal of Obesity

therapy than those who underwent RYGB. The cost of NuSH
therapy is high in the US with list prices for semaglutide,
dulaglutide and tirzepatide more than $1000 per month [15, 16].
Self-pay prices for semaglutide (Wegovy) and tirzepatide (Zep-
bound) available through manufacturers’ pharmacies range from
$350 to $500 per month [17, 18]. In the US, list21 price reflects the
manufacturer’s published price before any discounts or rebates.
Self-pay prices indicate the prices paid by patients without
insurance, which are typically lower than list prices. Considering
the high costs of the NuSH therapy, RYBG may be more cost-
effective than SG over the long-term, further supporting the
notion that RYBG may be the bariatric surgery procedure of
choice, especially for patients with diabetes.

SPRINGER NATURE
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30

25

20

10

6
mo

12
mo

18
mo

24
mo

30
mo

mo

36 42

mo

48
mo

54
mo

60
mo

66
mo

72
mo

e 24+ months ~ esesess 12-24 months e= e= 0-6 months 6-12 months
Interval Diabetes %  Ntotal 6 mo 12mo  24mo  36mo  48mo  60mo  72mo
0-6 months 81.5% 27 24 20 14 11 7 6 5
6-12 months 55.6% 99 53 57 43 32 25 15 11
12-24 months 43.5% 124 62 63 70 51 31 25 19
24+ months 35.1% 251 161 140 133 133 125 108 81

Fig. 5 Adjusted’ average %TWL>? from date of surgery by first pre

scription time interval® for those who received a NuSH therapy

prescription after surgery’. 'Table represents the number of participants at each time point and overall percentage of patients with diabetes
within each category. Model was adjusted for age, sex, baseline BMI, diabetes status, baseline hemoglobin A1C, type of surgery,
hypertension, and percent of persons in zip code with high school diploma and/or some college. *Estimated from least squared means of the
interaction term between treatment and time from adjusted model. *Time intervals indicate the period in which patients received their first
NuSH therapy prescription after surgery. ®Includes only patients who received a NuSH therapy prescription before and after surgery or only

after surgery.

Interestingly, those who never received a NuSH therapy prescrip-
tion achieved the greatest adjusted %TWL for up to 54 months
following surgery. At 72 months, the adjusted average %TWL was
19.6% for those who never received a NuSH therapy prescription,
22.7% for those who received a prescription before and after surgery,
and 19.9% for those who received a prescription after surgery only.
We hypothesize that these findings may in part be explained by
confounding by indication which occurs when the indication for
treatment is associated with the outcome [19]. In the present case,
clinicians may have been more likely to prescribe NuSH therapy for
patients who had lower %TWL over time. It is difficult to adjust for
confounding by indication. However, we attempted to minimize the
impact of confounding by indication by describing %TWL over time
and evaluating the association between NuSH therapy and %TWL
starting on the date of initial prescription. As might be expected, we
saw a progressive increase in %TWL with NuSH therapy after
54 weeks. A recent case-control study showed that preoperative use
of semaglutide did not result in higher %TWL which is not consistent
with our findings [20], likely related to differences in study design
and inclusion of only one type of medication.

In our analysis of %TWL after initiation of NuSH therapy, we found
that patients who received NuSH therapy prescriptions after surgery
had greater %TWL compared to patients who never received
prescriptions or who received prescriptions only before surgery. At
45 months after initial prescription, the average adjusted %TWL was
4.6% in the group that received NuSH therapy before and after
surgery and 2.2% in the group that received therapy only after
surgery, whereas the group of patients who never received NuSH
therapy had an average weight increase of 5.8% over the same
timeframe. Several retrospective studies described %TWL ranging
from 5.3 to 13.4% after liraglutide treatment for insufficient weight
loss or weight regain following bariatric surgery [21]. Estimates for
weight loss are higher for semaglutide compared to liraglutide. Our
estimates are similar but not entirely comparable to those from
previous retrospective studies, as we were not able to distinguish
between types of NuSH therapies, potential differences in time to
administration after bariatric surgery, and population characteristics.
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It is important to highlight that, based on the results for those who
received prescriptions before and after surgery, patients may benefit
from using NuSH therapy in preparation for surgery to optimize their
outcomes and as adjunctive therapy after surgery in cases of
suboptimal clinical response or weight regain.

The biological mechanism by which NuSH therapy prevents
weight regain after bariatric surgery appears to be related to
increasing GLP-1 levels. After bariatric surgery, the postprandial
levels of GLP-1 increase by as early as 3 days. The duration of the
effect depends on the type of surgical procedure. However, the
levels of fasting GLP-1 remain lower after surgery in people with
obesity than in lean controls. It has been hypothesized that NuSH
therapy prevents weight regain after bariatric surgery by increasing
fasting levels of GLP-1 and maintaining the increases in postprandial
GLP-1 levels that tend to decrease over time following surgery [21].

We also found that %TWL was different based on the timing of
initiation of NuSH therapy. Those who received a prescription
within 6 months of surgery had the highest %TWL over time.
Previous studies have demonstrated a wide range of time to
initiation of NuSH therapy and therefore, we cannot directly
compare our results or determine if there is an optimal time to
initiate these medications after surgery.

Our study is not without limitations. Although we had
information about prescription fills for NuSH therapy, we could
not evaluate actual medication use or dosages. Due to the
retrospective nature of our study and the use of diagnostic codes,
there could also have been issues with the assignment of surgery
type. We minimized this by adjudicating surgical status using
individual chart reviews. The observational nature of the study
precludes causal inference and unmeasured confounding is still
possible. We were, however, able to adjust our estimates of %TWL
for commonly reported confounders. Our population primarily
included white women and may not be representative of the
general population. The characteristics of our population were,
however, similar to other previously described populations that
undergo bariatric surgery. Due to the small sample size, we could
not evaluate associations with individual medications.
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Our study has several advantages. We evaluated a large
population of patients undergoing bariatric surgery at a single
large academic center and were able to have approximately 6
years of follow up to evaluate %TWL over time.

We found that RYGB results in a greater %TWL than SG and
that individuals with diabetes achieve a lower %TWL than those
without diabetes, regardless of the procedure performed. NuSH
therapy prescriptions are more frequent for patients who
undergo SG compared to those who undergo RYGB and for
patients with diabetes compared to those without diabetes.
Receiving a prescription after surgery leads to a higher %TWL
compared to not receiving a prescription. We recommend RYBG
as the bariatric procedure of choice, particularly for patients with
diabetes, and hypothesize RYGB may be more cost-effective
than SG after accounting for the current utilization and price of
NuSH therapies. More studies are needed to elucidate the
optimal time to initiate NuSH therapy in preparation for or as an
adjunct to bariatric surgery and the cost-effectiveness of RYBG
vs SG after accounting for the use of NuSH therapies. This
information should be used to create guidelines that address
pre/post operative use of NuSH therapies and indications for
implementation.
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