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Abstract
Objective: To compare weight loss response and changes in cardiometabolic risk markers in postmenopausal women

using semaglutide with and without menopause hormone therapy (HT) use.
Methods: Retrospective cohort study of postmenopausal women treated with semaglutide for overweight or obesity

for ≥3 months. Endpoints: total body weight loss percentage (TBWL%) at 3, 6, 9, and 12 months after semaglutide ini-
tiation; and percentage of women achieving ≥5% and ≥10% TBWL and changes in cardiometabolic risk markers (glu-
cose, blood pressure, and lipids) at 12 months.

Results: There were 16 women on HTand 90 on no-HT; mean age 56 ± 8 vs 59 ± 8 yr, P = 0.2 and mean BMI 36 ± 5
vs 39 ± 8 kg/m2, P = 0.1; respectively. Among women on no-HT, White race, dyslipidemia, and depression were more
prevalent. Women on HT had a higher TBWL% at 3, 6, 9, and 12 months: 7 ± 3% vs 5 ± 4%, P = 0.01; 13 ± 6% vs
9 ± 5%, P = 0.01; 15 ± 6% vs 10 ± 6%, P = 0.02; and 16 ± 6% vs 12 ± 8%, P = 0.04; respectively. After adjusting for
potential confounders, this association remained significant across time. At 12 months, a greater percentage of women
on HT achieved ≥5% and ≥10% TBWL. Both groups experienced an improvement in cardiometabolic risk markers.

Conclusion: In postmenopausal women with overweight or obesity treated with semaglutide, HTuse was associated
with an improved weight loss response. This association was maintained when adjusted for confounders. Larger studies
should be conducted to confirm these results.
Key Words: Antiobesity medications – Hormone therapy – Menopause – Obesity – Semaglutide.
st 30, 2023; revised and accepted November 22, 2023.
ision of Endocrinology, Diabetes and Metabolism, Depart-
ine, Mayo Clinic, Jacksonville, FL; 2Precision Medicine for
m, Division of Gastroenterology and Hepatology, Depart-
ine, Mayo Clinic, Rochester, MN; 3Division of General Inter-
epartment of Medicine, Mayo Clinic, Jacksonville, FL; and
lth Research Center, Mayo Clinic, Rochester, MN.
T. contributed equally to this work.
rt: This publication was supported by NIH grant K12
d by the Mayo Clinic Center for Women's Health Research.
sources were not involved in the study design, in the
lysis, and interpretation of the data, in writing the report, or
to submit the paper for publication.
osures/conflicts of interest: Dr. Acosta is supported by NIH
60), and is a stockholder in Gila Therapeutics, Phenomix
erved as a consultant for Rhythm Pharmaceuticals, General
Bausch Health, Nestle, Amgen, Structure and Boehringer
other authors have nothing to disclose.

ution: All authors had full access to all the data and statistical

Dr. Hurtado had full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analyses.
Contributions: M.D.H. and E.T. participated in the concept and design.
M.D.H., E.T., A.A., W.G., D.A., S.F. participated in the acquisition,
analysis, and interpretation of data. M.D.H., E.T. participated in the
statistical analysis. M.D.H., E.T. participated in the drafting of the article.
M.D.H., E.T., A.A., W.G., D.A., S.F., S.S.F., C.S. participated in the
critical revision of the article for important intellectual content.
Supplemental digital content is available for this article. Direct URL
citations are provided in the HTML and PDF versions of this article on
the journal’s Website (www.menopause.org).

Address correspondence to: Maria D. Hurtado, MD, PhD, Division of
Endocrinology, Diabetes, and Metabolism, Department of Internal Med-
icine, 4500 San Pablo Rd S, Jacksonville, FL 32256. E-mail: Hurtado.
mariadaniela@mayo.edu

This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

Menopause, Vol. 00, No. 00, 2024 1

http://www.menopause.org
mailto:Hurtado.mariadaniela@mayo.edu
mailto:Hurtado.mariadaniela@mayo.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


DO ET AL

D
ow

nloaded from
 http://journals.lw

w
.com

/m
enopausejournal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 03/20/2024
uring the menopause transition, up to 70% of women
Dexperienceweight gain.1Weight gain is typicallymodest
and estimated at 2.1 kg.2‐5 While aging and estrogen

decline play a key role, additional factors have also been
identified.6,7 For instance, through the menopause transition,
women experience a decrease in total 24-hour energy expenditure
by 9% and a decrease in spontaneous physical activity energy
expenditure by 30%.8 Aside from weight gain, the menopause
transition is associated with changes in body composition in-
cluding an increase in fat mass, a decrease in lean mass, and
an increase in abdominal adiposity.8,9 These changes in weight
and body composition increase the risk for cardiometabolic dis-
eases, as evidenced by the increased prevalence of type 2 diabetes,
dyslipidemia, metabolic dysfunction-associated steatotic liver
disease (MASLD-previously referred to as nonalcoholic fatty liver
disease), and cardiovascular disease (CVD) after menopause.10‐14

There is evidence that use of menopause hormone therapy
(HT) can partially mitigate these changes. During menopause,
HT use, compared to no-HT use, has been shown to attenuate
the increase in total and visceral abdominal adiposity by around
60% and to decrease waist circumference and body mass index
(BMI) by 0.8%.9,15,19 HTuse has not only been associated with
the attenuation of lean mass loss but with an increase in lean
mass by 1%.15,20 Furthermore, HT use decreases vasomotor
symptoms during the menopause transition which can lead to
improved sleep, increased activity, and overall increased quality
of life, all factors that can further mitigate the changes in body
composition experienced during menopause.21 Additional fa-
vorable effects of HT use include an improvement in glucose
metabolism, a reduction in the risk of diabetes, an improvement
in the lipid profile, a decrease in the incidence of MASLD, and
an overall favorable impact on CVD risk.10,16,18,22

Weight loss can improve cardiometabolic diseases, conse-
quently decreasing CVD and mortality risks.23 As CVD is the
leading cause of mortality in women and menopause is an inde-
pendent risk factor for CVD, interventions to prevent weight
gain andmanage overweight and obesity are of particular impor-
tance in postmenopausal women.24 Semaglutide is a glucagon-like
peptide 1 receptor agonist approved for the treatment of overweight
and obesity that leads to a mean weight loss of 15% after 68 wk,
weight loss that is superior to other antiobesity medications.25‐32

Furthermore, the recent Semaglutide and Cardiovascular Out-
comes in Obesity without Diabetes (SELECT) trial reported
that semaglutide decreases the risk of major cardiovascular
events by 20%, becoming the only antiobesity medication
shown to improve cardiovsacular outrcomes in adults with over-
weight and obesity.33

This study compared weight loss response to semaglutide be-
tween postmenopausal women with and without HT use. It fur-
ther determined if cardiometabolic risk markers such as fasting
glucose, glycosylated hemoglobin A1c (HbA1c), blood pres-
sure, and lipid profile changed over 12 months of semaglutide
use by group. We hypothesized that in postmenopausal women
using semaglutide for the treatment of overweight and obesity,
HT use would be associated with an improved weight loss re-
sponse as compared to postmenopausal women without HT

HURTA
2 Menopause, Vol. 00, No. 00, 2024
use.We further hypothesized that this improvement would result
in a more favorable cardiometabolic risk profile.

METHODS

Study design and participants
This study is a retrospective review of the electronic medical

records (EMRs) of patients in the Mayo Clinic Health System
using semaglutide for the treatment of overweight or obesity
(BMI >27 kg/m2) between January 1, 2021, and March 31,
2023. This study compared weight loss outcomes and changes
in cardiometabolic risk markers in response to semaglutide be-
tween postmenopausal women with and without systemic HT
use (HT vs no-HT). Menopause status was defined as women
≥40 years who had ≥12 months of amenorrhea not related to
other causes (eg, use of contraceptives) or women with a history
of bilateral oophorectomy. Women older than age 40 years with
a history of hysterectomyor endometrial ablationwith a documented
follicle stimulating hormone (FSH) level greater than 50 IU/L were
also included. Women in the no-HT group had to have never re-
ceived systemic HT. Women were included in the HT group only
if HT was started prior to semaglutide initiation and continued
throughout the duration of semaglutide treatment. Exclusion criteria
included less than 3 months of semaglutide use, history of bariatric
surgery, and active malignancy. HT consisted of transdermal or oral
estradiol with or without a progestogen based on hysterectomy sta-
tus. The Mayo Clinic Institutional Review Board (IRB) waived the
need for obtaining informed consent from our patients due to mini-
mal risk attributed to this study.

Data collection
Data were collected from the EMRs at baseline (ie, at sema-

glutide initiation) and at 3, 6, 9, and 12 months after semaglutide
initiation. A 30-d range was implemented for each of the time
points. Data collected included basic demographic and social
characteristics including age, race, ethnicity, marital status, level
of education (classified as less than college, i.e., high or middle
school; college; and more than college, ie, master and doctoral
degrees), and financial situation (self-reported and classified by
the existence of financial strain). Additional data collected in-
cluded anthropometrics (weight, height, and BMI); blood pres-
sure; medical history pertaining to adiposity-related diseases in-
cluding dyslipidemia, hypertension, type 2 diabetes, gastroesoph-
ageal reflux disease, MASLD, and obstructive sleep apnea;
mental health history including depression and anxiety; and lab-
oratory data including HbA1c, fasting glucose, total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglycerides. Medication data included
semaglutide dosing, which was categorized as low dose (0.25 to
1 mg weekly) and high dose (1.7 to 2.4 mg weekly), and dose
and type of systemic HT (ie, transdermal or oral estrogen and
progestogen use). Information on the use of weight-promoting
medications during the time of semaglutide treatment was also
collected. These medications included insulin, sulfonylureas,
thiazolidinediones, antipsychotics (olanzapine, clozapine, risper-
idone, quetiapine, haloperidol, among others), antidepressants
(selective serotonin reuptake inhibitors, monoamine oxidase
Copyright © 2024 The Author(s)
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inhibitors, and tricyclics), antihistamines, anticonvulsants
(gabapentin, valproic acid, carbamazepine, among others),
β-blockers, and corticosteroids.34 Age at menopause was collected
when reported in the EMR. Furthermore, data on whether patients
met with a dietitian or a behavior modification therapist for weight
loss, and the number of visitswith each provider were also collected.
Study end points
The primary endpoint was the percentage of total body

weight loss (TBWL%) at 12 months after semaglutide initiation
by HT use. TBWL% was calculated using the formula:

100 x
weight at baseline visit kgð Þ−weight at followup visit kgð Þ

weight at baseline visit kgð Þ

The secondary endpoints included: TBWL% at 3, 6, and
9 months after semaglutide initiation and percentage of women
achieving ≥5%, ≥10%, ≥15%, and ≥20% of TBWL 12months
after semaglutide initiation by HT use. In addition, changes in
cardiometabolic risk markers from baseline to 12 months were
evaluated including blood pressure, fasting glucose, HbA1c, total
cholesterol, LDL-cholesterol, HDL-cholesterol, and triglycerides.
A subgroup analysis of women on high dose of semaglutide (ie,
FIG. 1. Study flowchart. FSH, f
semaglutide 1.7–2.4 mg weekly) was performed for all primary
and secondary endpoints.

Statistical analysis
Data analysis was performed using JMP®, Version 16 (SAS

Institute Inc., Cary, NC, 1989–2019). Given the normal distribu-
tion of variables, continuous datawere summarized as mean and
standard deviation (mean ± SD). Categorical data were reported
as frequencies and percentages. The independent t-test and Pear-
son χ2 were used to compare continuous and categorical vari-
ables among the two groups, respectively. Paired t test was used
to compare changes from baseline and 12 months within each
group. Multiple regression analyses were performed to adjust
TBWL% outcomes for variables that were significantly differ-
ent between groups at baseline. Similarly, TBWL% outcomes
were adjusted for variables known to affect weight loss response
to semaglutide, including age, baseline weight, type 2 diabetes
at baseline, as well as nutritional and behavioral support. Mixed
linear models were used to estimate associations with weight
loss across time. A compound symmetric covariance structure
was used. For regression analyses, the β-coefficient with 95%
confidence interval (CI) were reported. All two-tailed P values
<0.05were considered statistically significant. The Strengthening
ollicle-stimulating hormone.

Menopause, Vol. 00, No. 00, 2024 3



TABLE 1. Baseline demographic, social, and clinical characteristics
of the cohort by HT use (n = 106)
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theReporting ofObservational Studies in Epidemiology (STROBE)
reporting guideline were followed.
All Cohort HT no-HT

PN = 106 n = 16 n = 90

Demographic and Social Characteristics
Age, years 58.4 ± 7.5 56.2 ± 7.6 58.9 ± 7.5 0.2
Race 0.04
White (%) 96 (91%) 12 (75%) 84 (93%)
African American (%) 5 (5%) 1 (6%) 4 (4%)
Asian Indian 3 (3%) 2 (12%) 1 (1%)
Asian Japanese 1 (1%) 0 (0%) 1 (1%)

Ethnicity, Not Hispanic or
Latino

102 (96%) 15 (94%) 87 (97%) 0.3

Marital Status 0.1
Married (%) 77 (73%) 14 (87%) 63 (70%)
Divorced (%) 13 (12%) 2 (13%) 11 (12%)
Single (%) 12 (11%) 0 (0%) 12 (13%)
Widowed (%) 4 (4%) 0 (0%) 4 (5%)

Level of Education 0.4
Less than College 19 (19%) 1 (6%) 18 (21%)
College 40 (39%) 7 (47%) 33 (38%)
More than College 43 (42%) 7 (47%) 36 (41%)

Financial Strain, No 74 (90%) 11 (100%) 63 (89%) 0.12
Baseline Body Composition
Weight, kg 104.6 ± 20.2 98.3 ± 16.1 105.9 ± 20.6 0.1
BMI, kg/m2 38.5 ± 7.5 36.4 ± 5.1 38.9 ± 7.8 0.1
Obesity category 0.15
Overweight (≥25 kg/m2) 8 (8%) 0 (0%) 8 (9%)
Obesity class I (≥30 kg/m2) 32 (30%) 8 (50%) 24 (27%)
Obesity class II (≥35 kg/m2) 30 (28%) 4 (25%) 26 (29%)
Obesity class III (≥40 kg/m2) 36 (34%) 4 (25%) 32 (36%)
Adiposity-related diseases
Dyslipidemia 65 (61%) 4 (25%) 61 (68%) 0.001
Hypertension 63 (59%) 7 (44%) 56 (62%) 0.2
Gastroesophageal reflux disease 43 (41%) 6 (38%) 37 (41%) 0.8
Obstructive sleep apnea 42 (40%) 3 (19%) 39 (43%) 0.053
Depression 35 (33%) 2 (13%) 33 (38%) 0.04
Type 2 diabetes 30 (28%) 2 (13%) 28 (31%) 0.1
Anxiety 27 (26%) 4 (25%) 23 (26%) 0.9
Nonalcoholic fatty liver disease 15 (14%) 1 (6%) 14 (16%) 0.3
Antiobesity medication dosing 0.06
0.25 to 1 mg weekly SQ 33 (31%) 2 (13%) 31 (34%)
1.7 to 2.4 mg weekly SQ 73 (69%) 14 (88%) 59 (66%)
Weight-promoting medications
Concomitant use of

weight-promoting
medications, yes

15 (14%) 2 (13%) 13 (14%) 0.8

Use of more than one
weight-promoting
medication, yes

1/15 (7%) 0/2 1/13 (5%) 0.6

Weight management components
Dietitian visit
Yes 25 (24%) 4 (25%) 21 (23%) 0.9
No. visits (median, IQ) 1 (1–2.5) 1.5 (1–2) 1 (1–3.5) 0.1
Behavioral therapy
Yes 12 (11%) 2 (13%) 10 (11%) 0.9
No. visits (median, IQ) 0 (0–3.75) 0.5 (0–1.75) 0 (0–4) 0.07
Menopause
Natural (vs surgical) 82 (77%) 10 (62%) 72 (80%) 0.15
Type of HT
Estrogen delivery
Transdermal NA 8 (50%) NA
Oral 8 (50%)

Progestogen use
Yes NA 6 (38%) NA

HT, with hormone therapy; IQ, interquartile range; no-HT,without hormone ther-
apy; SD, standard deviation; SQ, subcutaneous.
Continuous data are summarized asmean ± SD, unless noted otherwise. Categorical
data are summarized as frequency and percentage.
All P values <0.05 are considered significant.
The bold numbers signify significance, P < 0.05.
RESULTS
A total of 1,023 patients from theMayo Clinic Health System

were prescribed semaglutide injections for weight loss between
January 2021 and March 2023. Seven-hundred nineteen pa-
tients (70%) were excluded due to prescription insurance denial,
inability to use the medication due to the national shortage in
2021 and 2022, and less than 3 months of medication use. From
the 304 patients taking semaglutide for the treatment of over-
weight or obesity, 82 (27%) were men and 63 (21%) were
women younger than 40 years and were therefore excluded.
All women ≥40 years, 159 women, were screened for meno-
pause status and current HTuse. From these, 53 (33%) were ex-
cluded as they were premenopausal, their last menstrual period
was unknown with no documented FSH levels, or because they
had a hysterectomy with no documented FSH levels. Figure 1
summarizes the process for patient selection.

Baseline characteristics
There was a total of 106 postmenopausal women taking

semaglutide for the treatment of overweight or obesity. The co-
hort was mostly comprised of White, married, college-educated
women in their late 50s with an average BMI in the obesity cat-
egory class II (Table 1). Most of our cohort was not on HT
(n = 90 vs n = 16 for HT). There were no differences in age,
weight, BMI, or type of menopause (natural vs surgical) among
the two groups (Table 1).White racewasmore prevalent in women
in the no-HT group compared to HT group (93% vs 75%,
P = 0.04). There were no differences in ethnicity, marital status,
level of education, or financial strain among the two groups.
In women using systemicHT, 50% used transdermal estradiol

at variable doses between 0.025 to 0.1 mg/d. The other half re-
ceived oral estradiol between 0.5 and 1 mg daily. Six women
(38%) were concomitantly using 100 mg of oral progesterone
daily. More women using HT achieved a high dose of sema-
glutide (1.7–2.4 mg/weekly), although this difference did not
reach statistical significance (88% vs 66%, P = 0.06; Table 1).
In those women achieving a high dose of semaglutide, there
were no differences in any of the baseline demographic, social,
and anthropometric characteristics among HT and no-HT use
(Supplemental Table 1, http://links.lww.com/MENO/B220).Among
the entire cohort, 14% were using weight-promoting medica-
tions at the same time of semaglutide use. There were no differ-
ences in the prevalence of weight-promoting medication use
among the two groups (Table 1).
The prevalence of adiposity-related diseases varied among the

two groups. In women using HT, the most common adiposity-
related diseases were hypertension (44%), followed by gastro-
esophageal reflux disease (38%) and dyslipidemia (25%). In
women on no-HT, the most common adiposity-related diseases
were dyslipidemia (68%), followed by hypertension (62%) and
obstructive sleep apnea (43%).While the prevalence of adiposity-
related diseases varied among the two groups, the differences
were not statistically significant except for dyslipidemia and
4 Menopause, Vol. 00, No. 00, 2024 Copyright © 2024 The Author(s)
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depression which were more prevalent in women on no-HT. In
women achieving a high dose of semaglutide, only dyslipidemia
was more prevalent among no-HT users compared to HTusers:
64% vs 27%, P = 0.008 (Supplemental Table 1, http://links.lww.
com/MENO/B220).
Nutrition and behavioral support were offered to allwomen as

part of the comprehensive weight management program; how-
ever, only 25% and 23% of women elected nutritional support
in the HT and no-HT groups, respectively; and 13% and 11%
elected behavioral support in the HTand no-HT groups, respec-
tively. There were no differences in nutritional and behavioral
support among the two groups.

Total body weight loss outcomes
When compared to the no-HT use, women on HT achieved

greater TBWL% at 3, 6, 9, and 12 months: 7 ± 3% vs 5 ± 4%
(mean difference 2%, P = 0.01), 13 ± 6% vs 9 ± 5% (mean differ-
ence 4%, P = 0.01), 15 ± 6% vs 10 ± 6% (mean difference 5%,
P = 0.02), 16 ± 6% vs 12 ± 8% (mean difference 4%, P = 0.04),
respectively (Fig. 2A). Similarly, compared to no-HTuse, a higher
proportion of women using HTachieved TBWL ≥5% and ≥10%
FIG. 2. (A) Total body weight loss (TBWL) at 3, 6, 9, and 12 months by hormone
≥5%,≥10%,≥15%, and≥20% of TBWL at 12months byHTuse in allwomen (n =
of semaglutide (n = 73); (D) Percentage of women on high dose a of semaglutide ach
HT, with hormone therapy; no-HT, without hormone therapy; TBWL, total body w
presented as mean ± standard error of the mean. aHigh dose of semaglutide was de
at 12 months, respectively (Fig. 2B). There was no significant dif-
ference in the proportion of women achieving categorical TBWL
≥15% and ≥20% between the two groups at 12 months.

When TBWL% was adjusted for semaglutide dose intensity
(high [1.7–2.4 mg weekly] vs low [0.25–1 mg weekly]), the dif-
ferences persisted. Furthermore, in the subgroup analysis of
women on a high dose of semaglutide, the differences among
the two groups in TBWL% at all timepoints, and the differences
in the proportion of women achieving ≥5 and ≥10% TBWL at
12 months also persisted (Fig. 2C and 2D). No differences in
weight loss response to semaglutide among postmenopausal
women with oral vs transdermal estrogen delivery, or with or
without concomitant progesterone use were observed (Supple-
mental Figs. 1A and B, http://links.lww.com/MENO/B221).

Multiple regression analyses taking into consideration weight
loss across all timepoints were performed to account for variables
that were statistically different at baseline, including race and the
presence of dyslipidemia and depression (Table 2, Model 1A).
In this mode, HT use was an independent predictor of TBWL
%.A separate multiple regressionmodel took into consideration
known variables that affect weight loss response to antiobesity
therapy (HT) use in all women (n = 106); (B) Percentage of women achieving
106); (C) TBWL at 3, 6, 9, and 12months by HTuse in women on high dose a

ieving≥5%,≥10%,≥15%, and≥20% of TBWL at 12 mo by HTuse (n = 73).
eight loss. All P values <0.05 are considered significant. Data in the figures are
fined as a dose of 1.7 to 2.4 mg weekly. *P < 0.05.

Menopause, Vol. 00, No. 00, 2024 5
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medications including age, baselineweight, type 2 diabetes, and
nutritional and behavioral support (Table 2, Model 2A). In this
model, HTuse also predicted TBWL% with significance. Sim-
ilar results of these two models were also observed in the sub-
group analysis of women taking high doses of semaglutide with
or without HT use (Table 2, Models 1B and 2B).

Changes in Cardiometabolic risk markers
Both groups had improvement in cardiometabolic risk markers

(Fig. 3 and Supplemental Table 2, http://links.lww.com/MENO/
B220). Women on no-HT had a significant improvement in
fasting glucose, HbA1c, and systolic blood pressure. Women
on HT had significant improvement in HbA1c, triglycerides,
and total cholesterol. For these women, there was a near signif-
icant improvement in systolic blood pressure and LDL-
cholesterol (P = 0.06 for both). In the women on high doses
of semaglutide, women on no-HT had a significant improvement
in HbA1c and systolic blood pressure and women on HT had a
significant improvement in HbA1c, triglycerides, and total cho-
lesterol, with a trend toward improvement in systolic blood pres-
sure and LDL-cholesterol (Supplemental Table 3, http://links.
lww.com/MENO/B220).We compared the changes frombaseline
to 12 months of each cardiometabolic risk marker among the
two groups and no differences were observed (data not shown).
DISCUSSION
In this study, the weight loss response to semaglutide differed

between postmenopausal women with and without HT use.
TABLE 2. Mixed-model multiple regression analyses considering HTuse,
and considering HT use, age, race, weight and diabetes diagnosis at ba

Model 1: Mixed-Model Multiple Regression Analyses Considering HT U

Model 1A: All Women (n = 106)

β coefficient 95% CI

HT use (yes vs no) 4.1 1.1 7 0
Race (White vs others) 0.4 −3 3.8 0
Depression (yes vs no) 1.4 −0.8 3.5 0
Dyslipidemia (yes vs no) −0.8 −2.9 1.3 0
3 mo (vs 12 mo) −8.3 −9.3 −7.4 <0
6 mo (vs 12 mo) −3.7 −4.7 −2.8 <0
9 mo (vs 12 mo) −1.9 −2.9 −0.9 0

Model 2: Mixed-Model Multiple Regression Analyses Considering H
and Dietitian and Behavior

Model 2A: All Women (n = 106)

β coefficient 95% CI P

HTuse (yes vs no) 3.4 1.8 5 <0.0
Age (each 1-yr increase) −0.01 −0.1 0.08 0.9
Race (White vs others) 0.8 −1.2 2.7 0.4
Baseline weight (each 1 kg increase) 0.05 0.02 0.08 0.0
Diabetes (yes vs no) −1.5 −3 −0.06 0.0
Dietitian visit (yes vs no) −0.7 −2.1 0.8 0.4
Psychology visit (yes vs no) 0.3 −1.8 2.4 0.8
3 mo (vs 12 mo) −7.7 −9.3 −6.1 <0.0
6 mo (vs 12 mo) −3.4 −5.1 −1.8 <0.0
9 mo (vs 12 mo) −2.1 −3.8 −0.4 0.0

Each model was performed in all women (n = 106, models 1A and 2A) and in wome
HT, with hormone therapy; no-HT, without hormone therapy.
All P values <0.05 are considered significant.
The bold numbers signify significance, P < 0.05.
aHigh dose of semaglutide was defined as a dose of 1.7 to 2.4 mg weekly.
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Three, 6, 9, and 12 months after semaglutide initiation, HT use
was associated with approximately 30%moreweight loss. After
adjusting for potential confounding variables this association re-
mained significant across time. Similarly, at 12 months, HTuse
was associated with a greater probability of achieving ≥5% and
≥10% TBWL. The weight loss observed in our study was asso-
ciated with an improvement in cardiometabolic risk markers, re-
gardless of HT use.

These results replicate the effectiveness of semaglutide in
phase 3 clinical trials and real-world studies.26,28 The 16% total
body weight loss observed in the HT group, is similar to the
weight loss response to semaglutide in pivotal studies.25,26 We
observed an inferior weight loss response in the no-HT group
that cannot be explained by the presence of factors that can af-
fect weight loss, such as age, baseline weight, the presence of
type 2 diabetes at baseline, and semaglutide dosage. Given the
retrospective nature of the study, we were unable to identify fac-
tors other than HTuse that could explain this differential response.

While the difference in weight loss response among the two
groups may be explained by the positive effects of HT on body
composition changes, other factors need to be considered.9,15

The primary indication for HT is for the treatment of vasomotor
symptoms which impact 80% of women during the menopause
transition and can last a mean of 7 to 10 years.35 Improving va-
somotor symptoms can consequently lead to improved sleep,
physical activity, and overall quality of life, all factors that can
affect response to weight loss interventions.21 An additional con-
sideration that can occur in observational studies is healthy-user
race, and depression and dyslipidemia diagnoses at baseline (model 1);
seline, and dietitian and behavioral psychology support (model 2)

se, Race, and Depression and Dyslipidemia Diagnoses at Baseline

Model 1B: Women on High Dose of Semaglutide (n = 73)

P β coefficient 95% CI P

.007 3.7 1.9 5.5 <0.0001

.8 2 −0.3 4.1 0.05

.2 0.5 1 2 0.5

.5 −2.1 −3.5 −0.7 0.004

.0001 −8.8 −10.8 −6.2 <0.0001

.0001 −4 −5.9 −2 <0.0001

.0002 −2.3 −4.2 −0.3 0.02

T Use, Age, Race, Weight and Diabetes Diagnosis at Baseline,
al Psychology Support

Model 2B: Women on High Dose of Semaglutide (n = 73)

β coefficient 95% CI P

001 4.1 2.4 5.7 <0.0001
0.02 −0.08 0.1 0.7
2.3 0.3 4.3 0.03

03 0.08 0.04 0.1 <0.0001
4 −1 −2.8 0.8 0.3

0.6 −1.1 2.3 0.5
−0.15 −2.5 2.2 0.9

001 −8.7 −10.5 −6.9 <0.0001
001 −4 −5.9 −2.2 <0.0001
1 −2.2 −4.1 −0.3 0.02

n on high dose a of Semaglutide only (n = 73, models 1B and 2B).

Copyright © 2024 The Author(s)
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FIG. 3. Changes in fasting glucose, HbA1c, lipid profile, and blood pressure by hormone therapy use in all women (n = 106). DBP, diastolic blood pressure;
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; HT, with hormone therapy; LDL, low-density lipoprotein; no-HT, without hormone
therapy; SBP, systolic blood pressure; SD, standard deviation. All P values <0.05 are considered significant. Data in the figures are presented as
mean ± standard deviation.
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bias. Healthy-user bias arises when users of preventive medica-
tions are healthier due to factors other than medication effect.36

This has been well established in research involving HT use,
particularly as it relates to better CVD outcomes.37‐39 Com-
pared to no-HT users, HT users generally pursue healthier life-
style, are more physically active, leaner, and less likely to
smoke, and have better access to medical care.40,41 In this study,
it is therefore possible that women on HTwere more amenable
to make healthier dietary changes and exercise more regularly.
In this study, we considered other potential confounders, includ-

ing the use of weight-promoting medications. Weight-promoting
medications can affect weight loss response toweight loss inter-
ventions. It is estimated that 11% of postmenopausalwomen take
weight-promoting medications, and their use has been associated
with greater increase in BMI and waist circumference during this
stage of life.42 In our study, the prevalence of weight-promoting
medication use among HT users and nonusers was virtually the
same, and thereby this variable may not explain the difference
in weight loss outcomes among the two groups. Another impor-
tant variable to consider, that this retrospective study was not able
to fully assess, is the allostatic load. The allostatic load is a mea-
sure of cumulative biological risk as people age that can be asso-
ciated with negative health outcomes and certainly blunted
weight loss response to antiobesity interventions.43 Our study
did however compare certain components that are considered
for the allostatic load calculation, including BMI, blood pressure,
lipid profile, glucose, and HbA1c, with no differences among the
two groups.

To date, there are no studies comparing weight loss outcomes
to any of the antiobesity interventions, including semaglutide,
among postmenopausal women with and without HT use. This
study is relevant because menopause is associated with significant
metabolic changes, including weight gain and body composi-
tion changes.44 As the prevalence of overweight and obesity
Menopause, Vol. 00, No. 00, 2024 7
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among postmenopausal women increases, so does the risk of car-
diometabolic diseases and CVD mortality.45‐47 Further, meno-
pause, independent of aging, accelerates CVD risk.24 Therefore,
as CVD is the leading cause of death among women, there is a
critical need to implement interventions to reduce this risk, in-
cluding interventions that target excess adiposity. The importance
of these interventions is further underscored by the fact that
women spend one-half of their adult life in menopause, and as
such, improving overall health and quality of life, and decreasing
CVD risk is of utmost importance.48

The strengths of the study include a high level of detail re-
garding data collection. Although this study was limited by
the observational and retrospective design, it is the first to assess
the response to semaglutide among postmenopausal women
with and without current HT use. Furthermore, we report data
on cardiometabolic risk markers that may influence weight
and overall health management in menopause. Our study has
limitations. The retrospective nature of the study does not allow
for the establishment of a causal relation between HT use and
weight loss response to semaglutide or for the minimization of
confounding factors. Despite including women across the Mayo
Clinic Health system, our cohort included 106 women, and only
a minority, 15%, were on HT. This is not surprising as the pre-
scription rate of HT among women with clinical indications re-
mains below 10%.49,50 Although we observed significant differ-
ences in weight loss at all time points, our small sample size may
have affected the statistical significance of some of our end-
points. Importantly, the sample size reflects the strict inclusion
and exclusion criteria used to avoid potential confounders,
which is a strength of this study. In addition, our study consisted
of mostly White, college-educated women with no financial
strain, potentially limiting the generalizability of the findings.
To establish a more definitive relationship between HT use

and weight loss response to semaglutide in postmenopausal
women, future prospective studies should incorporate the age
at menopause; type of menopause; the duration, type, and dose
of HT use; data on sleep quality, vasomotor symptoms, quality
of life, activity, diet, and allostatic load; and the timing of
semaglutide initiation in relation to HT initiation. Similarly, it
would be interesting to investigate if there are differences in
weight loss response to antiobesity medications among premen-
opausal, perimenopausal, and postmenopausalwomen not using
HT (after adjusting for age and body composition), and if there
are differences, if these are mitigated with HT use.

CONCLUSION
The menopause transition is associated with weight gain. As

a woman's predicted lifespan continues to increase, women will
spend a greater percentage of their lives in menopause. This,
added to the fact that the obesity prevalence continues to rise
in midlife women, underscores the importance of weight man-
agement interventions in postmenopausal women. In this study,
HTuse in postmenopausal women was associated with a greater
weight loss with semaglutide. Larger studies are needed to con-
firm these results. Further, future studies are needed to identify
the mechanisms behind this differential weight loss response.
8 Menopause, Vol. 00, No. 00, 2024
While the effect of HTuse on body composition could partly ex-
plain this difference, additional mechanisms are probably in-
volved, such as the effect of HT on sleep quality, vasomotor
symptoms, and quality of life.
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