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A B S T R A C T

Background: /Objectives: Obesity is a risk factor for COVID-19 infection severity and mortality. Anti-obesity
medications (AOM) are effective for weight loss. However, weight loss outcomes with AOM during the COVID-
19 pandemic are yet to be described.
Subjects: /Methods: Between January 1, 2016, and June 30, 2021, a total of 966 patients were prescribed long-
term FDA-approved AOMs at the Mayo Clinic. From these patients, 711 patients did not meet inclusion
criteria. A total of 255 patients were included.
Interventions/methods: We performed a retrospective systematic review of electronic medical records and included
patients who started a long-term FDA-approved AOM. We excluded patients with history of bariatric procedure,
AOM prescription with lorcaserin, orlistat, semaglutide (approved for weight loss after the pandemic), or phen-
termine (short-term AOM), those taking �2 AOMs, <3 months of prescribed AOM, and/or pregnancy. Analysis
was divided by 1)preCOVID-19: those who started an AOM before COVID-19 restrictions, 2)COVID-19: those who
started an AOM during first quarter of 2020 after the establishment of COVID-19 restrictions. Our primary
endpoint was the total body weight loss percentage (%TBWL) at 3, 6, and 12 months after AOM initiation.
Results: There was a statistical difference in TBWL% between the preCOVID-19 and COVID-19 group: 5.3 � 3.5%
vs 4 � 3.0% (95% CI -2.4 to �0.2; p ¼ 0.02) and 9.7 � 7.2% vs 6.2 � 4.7% (95% CI -5.7 to �1.3; p ¼ 0.002) at 3
and 12 months, respectively. At 6 months, the TBWL% was 7.1 for the preCOVID-19 group compared to 6.2% for
the COVID-19 (95% CI -2.5 to 0.7; p ¼ 0.25).
Conclusion: With the possible exception of liraglutide, this study shows that weight loss outcomes to AOMs were
inferior when prescribed during the routine clinical practice throughout COVID-19 pandemic, compared to the
outcomes observed prior to the COVID-19 pandemic.
1. Introduction

Obesity is a chronic and relapsing disease, with a rising prevalence
and a high economic burden [1]. It is estimated that 42.5% of U.S. adults
have obesity (i.e., body-mass index [BMI] �30 kg/m2), including 9.0%
with severe obesity (i.e., BMI �40 kg/m2) [2–4]. Recent studies
demonstrate an attributed annual medical costs of individuals with
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obesity exceed $2000, which poses a substantial financial burden on the
healthcare system [5]. Obesity is also associated with higher rates of
mortality and worse outcomes due to associated weight-related comor-
bidities such as dyslipidemia, type 2 diabetes mellitus, hypertension, and
some forms of cancer [6].

The spread of COVID-19 imposed many governmental restrictions
putting billions of people into a lockdownwhich may have increased their
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engagement in obesogenic prone behaviors [7]. Closure of fitness facil-
ities, stay-at home policies, and increased frequency of unhealthy snacking
may also have minimized the effectiveness of weight management pro-
grams leading to a sustained weight gain even after lockdown restrictions
were lifted [8,9]. Literature studies have reported an average meanweight
gain of 1.5–3 kg in the general population, with greater weight gain in
males and individuals with overweight and obesity [10–13].

Weight management guidelines recommend an intensive and multi-
component approach for weight loss in patients living with obesity and
overweight. This approach has traditionally relied on a multidisciplinary
team and on-site, in-person clinical care [14]. In view of the social
distancing mandates, COVID-19 presented a challenge to multidisci-
plinary weight management programs, where telehealth became a pop-
ular alternative to in-person visits [15]. Telemedicine has demonstrated a
safe and successful intervention to populations of difficult access [16].
Current evidence has proven the efficacy of telemedicine for short-term
follow-up and its impact on patients with obesity [17].

The use of anti-obesity medications (AOMs) is a reliable and effica-
cious intervention for weight control, aiming at improving quality of life
and preventing the progression of weight-related comorbidities [18,19].
The Food and Drug Administration (FDA) has approved AOMs for
long-term use for individuals with BMI �30 kg/m2 or � 27 kg/m2 with
weight-related comorbidities. These AOMs include:
Phentermine-topiramate [PHEN-TOP], naltrexone-bupropion [NBSR],
orlistat, liraglutide, and semaglutide [20–24]. To date, most of the
weight loss outcomes are derived from a focused testing of AOMs under
strict control settings of randomized clinical trials (RCT). Few real-world
studies often report different weight loss outcomes compared to previous
RCTs [2,18,19,21,25–27]. Furthermore, the impact of limited healthcare
access, confinement policies, and COVID-19 infection in individuals with
overweight and obesity managed with AOM for weight control remains
unknown [28]. Although the field of obesity medicine is rapidly
advancing prior and during the pandemic, we aim to examine in the
real-world weight-loss outcomes of FDA approved long-term AOM before
and after the COVID-19 pandemic.

2. Methods

2.1. Design and eligibility criteria

We performed a systematic review of electronic medical record
(EMR) of patients from out-patient clinics (e.g., weight management
clinic) from all the Mayo Clinic Health System sites. Informed consent
was waived by the Institutional Review Boards (IRB) committee due to its
minimal-risk nature. We included all patients who started a long-term
AOM (PHEN-TOP, NBSR, and liraglutide) from January 1st, 2016, until
June 30th, 2021. We abstracted our cohort population from Mayo Clinic
Healthcare data through its medical record tool (MDE- Mayo Data Ex-
plorer). We screened patients using the electronic health record. Inclu-
sion criteria included: 1) patients with a BMI �30 kg/m2 or �27 kg/m2

with at least one weight-related comorbidity; 2) patients prescribed an
approved long-term AOM; 3) �3 months prescription of a long-term
AOM. We excluded patients with a history of bariatric surgery, prior
endoscopic procedure for weight loss (e.g., balloon, sleeve gastroplasty,
transoral outlet reduction [TORe]), those taking �2 AOMs, history of
previous or current malignancy, history of clinical trials for experimental
weight loss interventions, pregnancy, and AOM prescription for lorca-
serin (due to its discontinuation in 2020), orlistat (due to a restricted
number of patients on this medication), semaglutide (due to its approval
for weight loss after the pandemic), or phentermine (short-term AOM).
This study followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

2.2. Data collection

We searched patient's comorbidities information based on ICD-10
2

codes. We abstracted from the EMR information about demographics,
anthropometrics, including laboratory clinical values and weight in kg at
3, 6, and 12 months. We collected data from in-person and/or virtual
encounters. For the 3- month data abstraction, we gave a timeframe of
�30 days after starting the AOM and for the 6- and 12- months data
abstraction, we gave a timeframe of�45 days after starting the AOM. We
included patients prescribed phentermine-topiramate, naltrexone-
bupropion, and liraglutide regardless of the dose achieved. We collected
provider, dietitian, and psychology visits after the first day of AOM was
started until AOM was suspended. We divided our cohort in 1)
preCOVID-19: AOM prescribed from January 1st, 2016, to December
31st, 2020, i.e., 3 months prior to the establishment of COVID-19 re-
strictions and 2) COVID-19: AOM prescribed during and after COVID-19
restrictions were established.

2.3. Weight management program

The Mayo Clinic weight management program involves a multidis-
ciplinary team that includes obesity medicine physicians, registered di-
etitians, advanced practice providers (physician assistants and nurse
practitioners), and behavioral bariatric psychologists. Upon initial eval-
uation, patients are encouraged but not obligated to meet with a dietitian
and the behavioral psychology team. All patients are encouraged but not
obligated to participate in a standardized behavioral program. The gen-
eral recommendations are to (1) reduce dietary intake to 1200–1500
calories per day for women and 1500–1800 calories per day for men, (2)
achieve a goal of 10,000 steps or more per day and 150 min or more of
moderate intensity activity per week, and (3) limit the consumption of
liquid calories (e.g., sodas, juices, alcohol). Calorie restriction and
counseling on activity might vary widely based on weight-related
comorbidities and functional capacity. Some patients are prescribed
AOMs. Patients were encouraged to return for follow-up visits 4–6 weeks
after starting the medication and every 3 months thereafter. During each
visit, providers recorded information on body weight and weight-related
comorbidities, gathered information on medication adherence based on
patients’ report and pharmacy data on prescriptions filled, and reported
side effects of the AOMs.

2.4. Study endpoints

The primary endpoint was the total body weight loss percentage (%
TBWL) at 3, 6, and 12 months after AOM initiation. %TBWL was calcu-
lated using the following formula: [100*(weight at first visit – weight at
each time point)]/weight at the first visit. Secondary endpoints included:
(1) TBWL% at 3-, 6-, and 12-months by AOM type; (2) percentage of
patients who achieved a TBWL of �5%, �10%, �15%, and �20%; (3)
comparison between telemedicine (virtual) healthcare and in-person
follow-up, and (4) metabolic changes at last follow up including: lipids
[total cholesterol, low-density lipoprotein (LDL) cholesterol, high density
lipoprotein (HDL) cholesterol and triglycerides], fasting glucose, gly-
cated hemoglobin (HbA1c), and systolic and diastolic blood pressures
(SBP and DBP, respectively).

2.5. Statistical analysis

Baseline anthropometric and demographics were normally distrib-
uted and are summarized as mean � standard deviation (SD). For
continuous variables not normally distributed, data are summarized as
median and interquartile ranges (IQR). Categorical data are presented as
frequencies and percentages. We used two tail t-test to analyze the as-
sociation of %TBWL at 3, 6, and 12 months, compared to baseline be-
tween the COVID-19 and preCOVID-19 groups. We performed a multiple
regression analysis to obtain the effect between AOMs and %TBWL
adjusted by BMI, age, and sex at baseline, and COVID-19 status, and
follow up visits with providers, dietitians, and psychologists. Results
were based on parameter estimates (PE) with 95% confidence intervals
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(95% CI) and significance values. Statistical significance was set at 2-
sided p < 0.05. We used JMP®, Version 14.3.0 (SAS Institute Inc.,
Cary, NC, 1989–2019) to perform the statistical analysis.

3. Results

3.1. Patient selection

Between January 1, 2016, and June 30, 2021, a total of 966 patients
were prescribed long-term FDA-approved AOMs at the Mayo Clinic. As
shown in Fig. 1, 711 patients did not meet inclusion criteria. A total of
255 patients were included. From these, 116 completed 12 months of
AOM use, 87 (51%) in the preCOVID-19 group and 36 (40%) in the
COVID-19 group (p ¼ 0.12). The overall reasons for discontinuation
Fig. 1. Follow-u

3

included: lost to follow-up (n ¼ 80), AOM discontinued due to cost or
insurance denial (n ¼ 21), added/switched to another AOM (n ¼ 7), side
effects (n ¼ 13), achieved goals (n ¼ 4), bariatric/endoscopic procedure
(n ¼ 4), stopped by another medical condition (n ¼ 2), and pregnancy
(n ¼ 1).
3.2. Baseline characteristics

From the 255 patients who met inclusion and exclusion criteria,
75.6% were female with a mean age of 48.2 � 12.9 years and mean BMI
of 41.9 � 8.5 kg/m2. Most patients, 55.3%, had obesity class 3
(BMI�40 kg/m2) and were primarily White (96.1%). A total of 169 pa-
tients were identified in the preCOVID-19 group and 86 in the COVID-19
group. Similarly, there was an increased number of patients with obesity
p flowchart.
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class 3 in the preCOVD-19 in comparison with the COVID-19 group:
59.8% vs. 46.5%; p ¼ 0.04. There were no other differences in de-
mographic and anthropometric baseline characteristics between COVID-
19 and preCOVID-19 groups (Table 1).

Dyslipidemia was the predominant comorbidity found in the study
cohort (60%), followed by hypertension (48.2%) and obstructive sleep
apnea (OSA) (36.1%). In term of comorbidities, no significant difference
was found except for degenerative joint disease, which was more pre-
dominant in the preCOVID-19 group compared to the COVID-19 group:
39.6% vs. 18.6%, p ¼ 0.009.

Mean values of glucose, HbA1c, LDL-cholesterol, HDL-cholesterol,
total cholesterol, and triglycerides at baseline are presented in Table 1.
There were no differences in laboratory results between both groups,
Table 1
Continuous data are summarized as mean and standard deviation (SD) or median
and interquartile ranges (IQR). Categorical data are presented as frequencies and
percentages. Significant p values are indicated in bold.

All
patients

preCOVID-
19

COVID-19 p value

A. Baseline demographic information

N (%) 255 (100) 169 (66.2) 86 (33.7)
Age, years (SD) 48.2

(12.9)
49.1 (13.1) 46.6

(12.5)
0.13

Sex, Female (%) 193 (75.6) 126 (74.6) 67 (77.9) 0.55
Race, White (%) 245 (96.1) 167 (98.8) 78 (90.7) 0.0008

Baseline clinical information

Weight, kg (SD) 119.6
(29.3)

118 (23.8) 122.7
(37.9)

0.29

BMI, kg/m2 (SD) 41.86
(8.5)

41.7 (7.4) 42.3
(10.2)

0.63

Overweight, n (%) 11 (4.3) 6 (3.6) 5 (5.8) 0.41
Obesity Class 1, n (%) 53 (20.8) 33 (19.5) 20 (23.3) 0.49
Obesity Class 2, n (%) 50 (19.6) 29 (17.2) 21 (24.4) 0.17
Obesity Class 3, n (%) 141 (55.3) 101 (59.8) 40 (46.5) 0.04
SBP, mmHg (SD) 129 (15) 129 (15) 129 (15) 0.90
DBP, mmHg (SD) 78 (22) 78 (10) 78 (12) 0.80
Glucose, mg/dL (SD) 122 (52) 129 (61) 109 (29) 0.03
HbA1c, % (SD) 7.0 (1.7) 7.1 (1.8) 6.5 (1.2) 0.11
Total Cholesterol, mg/dL
(SD)

179 (49) 175 (40) 186 (61) 0.32

Total Triglycerides, mg/dL
(SD)

151 (78) 160 (84) 133 (63) 0.06

LDL-cholesterol, mg/dl
(SD)

103 (40) 96 (32) 115 (51) 0.04

HDL-cholesterol, mg/dl
(SD)

50 (14) 48 (14) 53 (13) 0.08

B. Comorbidities

Dyslipidemia, n (%) 153 (60) 106 (62.7) 47 (54.7) 0.35
Diabetes mellitus, n (%) 80 (31.4) 58 (34.3) 22 (25.6) 0.15
Prediabetes, n (%) 23 (9.1) 13 (7.7) 10 (11.6) 0.36
Hypertension, n (%) 123 (48.2) 81 (47.9) 42 (48.8) 0.69
GERD, n (%) 66 (25.9) 44 (26) 22 (25.6) 0.93
Obstructive sleep apnea, n
(%)

92 (36.1) 63 (37.3) 29 (33.7) 0.58

Degenerative joint disease,
n (%)

83 (32.5) 67 (39.6) 16 (18.6) 0.0009

NAFLD, n (%) 19 (7.5) 13 (7.7) 6 (7.0) 0.89

C. Medication

Phentermine/topiramate, n
(%)

124 (48.6) 92 (54.4) 32 (37.2) 0.01

Naltrexone/bupropion, n
(%)

59 (23.1) 31 (18.3) 28 (32.6) 0.01

Liraglutide, n (%) 72 (28.2) 46 (27.2) 26 (30.2) 0.66

All p values < 0.05 were considered significant.
BMI, body mass index; DBP, diastolic blood pressure; GERD, gastroesophageal
reflux disease; HbA1c, Hemoglobin A1c; HDL, High-density lipoprotein; LDL,
low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; SBP, systolic
blood pressure.
Diagnosis of obesity comorbidities was based on diagnoses listed by clinicians.
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except for glucose and LDL-cholesterol. Pre-COVID-19 had a median
glucose of 129 � 69 mg/dl in comparison with the COVID-19 group
109 � 29 mg/dl (p ¼ 0.03). LDL-cholesterol in the COVID-19 group was
higher in comparison with the preCOVID-19 group: 115 � 51 vs.
96 � 32 mg/dl, p ¼ 0.04.

3.2.1. Prescribed antiobesity medications
In the entire cohort, the most frequent prescribed medication was

phentermine-topiramate (48.6%) followed by liraglutide (28.2%), and
bupropion-naltrexone (23.1%). Phentermine-topiramate was prescribed
at 7.5–46 mg daily in 77.1% of patients, while 6% received 11.25–69 mg,
and 16.9% received 15–92 mg. For liraglutide, a weight loss dose
�1.8 mg (high dose), was achieved in 90.3% of patients. When stratified
by our two groups, 84.6% patients in the COVID-19 group achieved a
dose >1.8 mg, whereas 93.5% patients in the preCOVID-19 group ach-
ieved the same dose range (p ¼ 0.21). All patients taking bupropion/
naltrexone received 16–180 mg twice daily.

3.3. Changes in total body weight loss outcomes

The entire cohort had a mean of 8.6 � 6.7 %TBWL at one year. The
COVID-19 group lost significantly less TBWL% compared to the
preCOVID-19 group at 3 and 12 months (Fig. 2A). At 3 months, the
COVID-19 group lost 0.65% less weight compared to the preCOVID-19
group [% TBWL 4.7% vs. 5.35%; 95% CI -2.4 to �0.2; p ¼ 0.02]. At 12
months, COVID-19 group lost 3.6% less weight compared to preCOVID-
19 group [% TBWL 6.16% vs 9.66%; 95% CI -5.7 to�1.3; p¼ 0.02] (Fig.
2A). There was no significant difference in %TBWL at 6 months (TBWL
7.07% for pre-COVID-19 vs 6.15% for COVID-19 group; 95% CI -2.5 to
0.7; p ¼ 0.25) for the preCOVID-19 group (see Fig. 2A).

3.4. Secondary end points

3.4.1. TBWL% at 3-, 6-, and 12-months analysis by AOM type
In patients prescribed phentermine-topiramate, we found no signifi-

cant differences in % TBWL at 3, 6, or 12 months between COVID-19 and
preCOVID-19 groups (Fig. 2B). There was a trend for higher weight loss
in the preCOVID-19 group at 12 months, but the trend did not achieve
significance.

Patients prescribed naltrexone-bupropion during COVID-19 had a
significantly lesser TBWL% at all time points in comparison with those in
the preCOVID-19 group (Fig. 2C).

In patients prescribed liraglutide, no significant differences in %
TBWL were observed at 3, 6, or 12 months between COVID-19 and pre-
COVID-19 group (Fig. 2D). There was a trend for greater weight loss in
patients in the COVID-19 group. We performed a subanalysis in the lir-
aglutide group by dose (�1.8 mg low dose vs. �2.4 mg high dose). In the
high dose subanalysis at 12 months, preCOVID-19 achieved a �13.9% vs
�7.8% TBWL in the COVID-19 group (p ¼ 0.66). In the low dose sub-
analysis at 12 months, preCOVID-19 achieved a�3.62% vs�6.0% TBWL
in the COVID-19 group (p ¼ 0.67) (Fig. 1S).

3.4.2. Proportion of patients achieving �5–20% TBWL
The percentages of patients achieving a TBWL of�5%,�10%,�15%,

and 20% were significantly higher in the preCOVID-19 group in com-
parison to COVID-19 group (Fig. 2E-F and Fig. 3).

When displayed by medication, phentermine-topiramate and
naltrexone-bupropion led to a greater proportion of patients achieving a
TBWL >5%, 15%, and 20% in the preCOVID-19 group compared to the
COVID-19 group. No differences were observed between groups in pa-
tients prescribed liraglutide.

3.4.3. Multidisciplinary weight management program and telemedicine
(Table 2)

There was a difference in the number of provider visits (in-person or
via telemedicine) between groups: 3 (2–3) for preCOVID-19 vs. 2



Fig. 2. A. Total body weight loss at 3, 6 and 12 months in COVID-19 and PreCOVID-19 patients. B-D. Total body weight loss at 3, 6 and 12 months in COVID-19 and
PreCOVID-19 patients by medication. E-F. Percentage of patients who achieved 5, 10, 15 and 20% TBWL at 6 and 12 months. Figures A–D are represented in mean and
standard error.
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(1.75–3) for COVID-19, p ¼ 0.02. No participants in the preCOVID-19
group had an appointment via telemedicine, while 36.6% of partici-
pants in the COVID-19 group had at least 1 or more virtual encounter
(p < 0.0001).

The proportion of patients with at least one dietitian encounter was
higher in the preCOVID-19 group compared to COVID-19 group: 45.6%
vs. 26.7%, p ¼ 0.004. When stratified by group, 92.3% of the virtual
dietitian visits happened in the COVID-19 group (p¼<0.0001).

Similarly, the proportion of patients with at least one bariatric psy-
chology visit was higher in the preCOVID-19 vs. COVID-19 group: 36.1%
5

vs. 17.4%, p ¼ 0.002. Telemedicine visit modality was predominantly in
the COVID-19 group (p¼<0.0001).

3.4.4. Baseline metabolic changes (Table 2S)
At last follow-up visit, there were no significant difference between

groups in terms of clinical improvements in glucose, hemoglobin A1c,
SBP, DBP or in the lipid panel (total cholesterol, HDL-cholesterol, LDL-
cholesterol, or triglycerides) when compared between groups.



Fig. 3. A. Percentage of patients who achieved 5, 10, 15 and 20% TBWL at AOM termination for all the medications. B-D. Percentage of patients who achieved 5, 10,
15 and 20% TBWL at AOM termination by medications.
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3.4.5. Multiple regression analysis
To assess what variables predict %TBWL at 12 months, we performed

regression analysis. Variables considered included: starting an AOM
during COVID-19 pandemic, BMI at baseline, and number of visits with a
physician, dietitian, and psychologist. Multiple regression analysis
showed that the following variables predicted a lower %TBWL at 12
Table 2
Multidisciplinary provider visits. Continuous data are summarized as median and
interquartile ranges (IQR).

preCOVID-
19

COVID-
19

p value

N ¼ 169 N ¼ 86

Number of visits with a physician, (IQR) 2 (2–3) 2
(1.75–3)

0.02

Patients with virtual physician visit, n (%) 0 (0) 30 (34.8) <0.0001
Patients with �1 dietitian visit, n (%) 77 (45.6) 23 (26.7) 0.004
Total no. of patients with virtual dietitian
visit n (%)

1 (0.6) 11 (12.8) <0.0001

Patients with �1 psychologist visit, n (%) 61 (36.1) 15 (17.4) 0.002
Total no. of patients with virtual
psychologist visit, n (%)

0 (0) 9 (10.4) <0.0001

Significant p values are indicated in bold.
All p values < 0.05 were considered significant.

6

months: starting an AOM in the COVID-19 cohort (PE [95% CI]: �1.45;
p ¼ 0.03) and a lower number of visits with a physician (PE [95% CI]:
1.83; p ¼ 0.003). When adding the type of medication to the variables in
the multiple regression analysis, the only variable that predicted a lower
TBWL% was lower number of visits with a physician (PE [95% CI]:
�1.30; p ¼ 0.03).

4. Discussion

The COVID-19 pandemic affected individuals’ eating and lifestyle
habits with multiple studies reporting an increase in weight [29]. Most of
the research to date has focused on weight gain and negative health
consequences of COVID-19 in the general population. However, obesity
treatment strategies, as AOM and its weight loss outcomes, have not been
assessed. Therefore, in this study, we report weight loss outcomes to
AOM in a real-world setting during COVID-19 pandemic. This retro-
spective study of adult population revealed that the use of approved
long-term AOMduring the COVID-19 pandemic had a different impact on
weight loss outcome when compared to a population prescribed before
the pandemic. We report a significant lower %TBWL of about 0.65% and
3.6% at 3- and 12-months follow-up respectively, for those who were
prescribed an AOM during the COVID 19 pandemic in comparison with
those who were prescribed an AOM before the pandemic.

The %TBWL achieved among patients prescribed an AOM before the
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COVID-19 pandemic showed similar results to other studies evaluating
the efficacy of AOM ranging from 2.9% to 6.8% [25,26,30–34]. Our re-
sults showed a weight loss response very similar of about 5.3% at 3
months and 9.8% at 12-month follow-up.

In our study, the AOM response by medication during COVID-19
pandemic represented important differences to previously reported
data [25]. Phentermine-topiramate showed the greatest %TBWL with
11.4% and 8.0% before and during the COVID-19 pandemic at 12
months, respectively. These overall robust response of
phentermine-topiramate is clinically less in the COVID-19 group when
compared to other studies, where the highest %TBWL at 12 months can
reach about 12% at 1 year [25]. The weight loss response of
naltrexone-bupropion before and during the COVID-19 pandemic at 12
months was 6.7 vs 3.7% TBWL, respectively, with significantly less %
TBWL in all timepoints in the COVID-19 group, when compared to the
preCOVID-19 group and published studies [33]. Interestingly, only
naltrexone-bupropion achieved significant differences when compared
between both groups. The etiology behind this seen difference is not well
understood. The weight loss response to liraglutide at 12 months
follow-up before and during the COVID-19 pandemic was 4.8 vs. 7.4 %
TBWL, respectively. Previously reported data have reported a weight loss
as high as 7.4 kg and a 8% TBWL at 12 months [24,32]. The discrepancy
in the results (greater weight loss during the pandemic) is explained by
our secondary analysis. When the liraglutide group response was divided
into �1.8 mg vs � 2.4 mg dose, the preCOVID-19 group achieved a
greater weight loss at �2.4 mg whereas the COVID-19 group achieved
greater weight loss at doses �1.8 mg. We do not have any explanation as
what this difference may be related to. The sample is small, and no
further conclusions can be drawn from the current data.

The proportion of patients achieving weight loss outcomes of >5%,
>10%,>15%, and>20% before the pandemic was 77.7%, 44.7%. 17.7%
and 11.8% and is similar to those observed in multicenter clinical studies
[25]. In our cohort, categorical weight loss outcomes (5–20% TBWL)
during the COVID-19 pandemic showed a lower proportion of patients
achieving the same outcomes, with significant differences in those who
achieved >10% and >15% TBWL.

While significant weight loss was observed in both groups, only
modest improvements were observed in the individual's metabolic pa-
rameters. It is reported that for certain comorbidities (e.g., hypertension,
dyslipidemia, and diabetes type 2) modest weight loss of 5–10% is
required to prevent their progression or development [35,36]. Whereas
other comorbidities (OSA or NAFLD) require a greater weight loss to
translate into a clinical improvement [37].

We hypothesized that prescribing an AOM will lead to a significantly
less weight loss during the pandemic due to a limited standard medical
care and changes in social behaviors due to the pandemic. The impor-
tance of these findings relies on its contribution towards a better un-
derstanding of the impact a stressful situation and how contributory
factors such as this one can influence obesity therapies and their weight
loss outcomes. To date, no former studies have approached the study of
weight loss outcomes of AOM during the COVID-19 pandemic or other
similar related situation, hence the importance of our findings.

A probable aspect that may have impacted the weight loss outcome
response to AOM is possibly related to the difference regarding the fre-
quency and type of visit (e.g., telemedicine vs. in-person) of provider,
dietitian, and psychology visits. It is known that a weight loss multidis-
ciplinary intervention is associated with a greater and more clinically
significant and sustained weight loss compared with standard of care
[38–40]. Although we showed that the pandemic was a independent
predictor of weight loss on multiple regression analysis, after taking into
consideration the type of medication, the number of visits with an obesity
medicine provider was the strongest predictor of response. Visits with
additional members of the multidisciplinary team did not independently
affect the differences observed in weight loss outcomes before and during
the pandemic in this report. It is important to note that with the advent of
technologies, telemedicine has become a popular alternative to
7

conventional in-person visits to achieve significant and sustained weight
loss. Consequently, depending on the patient propensity to obesity,
telemedicine could be geared towards prevention of weight gain rather
than weight loss in patients at high risk of weight gain during high stress
situations such as the COVID-19 pandemic [29,41,42].

This study has several limitations. First, as this is a retrospective
study, not all variables were available for all patients at all time points.
Furthermore, we rely on chart documentation which sometimes is not
accurate and comprehensive. Consequently, we could not report data on
relevant outcomes such as changes in the prevalence of weight-related
metabolic risk factors (prediabetes, diabetes, HTN, HLD) or changes in
the number of medications used for these diseases. Similarly, due to this,
data reported on metabolic outcomes do not account for potential
implementation or adjustment of drugs altering these parameters during
the period of using AOM. Second, demographically, our cohort is pre-
dominantly female and White which limits the generalization of these
data to other populations. Third, weight and visits data were abstracted
through in-person and virtual (self-report) follow-up. This is especially
relevant for the COVID-19 group, where a telemedicine medical setting
was preferentially opted, altering the regularity of standard medical care,
therefore EMR records [43]. The retrospective nature of this report does
not allow to determine the accuracy of EMR recording, therefore the
impact of this factor on weight loss outcomes remains undetermined.
Fourth, due to limited number of prescriptions, some AOM were left out,
including well provenmedications such as orlistat due to no prescriptions
during COVID pandemic and semaglutide due to being approved during
the pandemic and not having a control in the pre-pandemic era. One
could argue that we could have used patients prescribed semaglutide at
diabetes doses, however, the doses for weight loss are higher (2.4 mg
weekly versus 1 mg weekly, as of the submission of this manuscript).
Finally, another limitation includes the lack of assessment of the social
and mental health factors that may contribute to the difference observed
(e.g., access to exercise facilities, stress, anxiety, depression). Studying
these factors may help explain the decrease in weight loss outcomes of
the COVID-19 group. However, this was limited due to the retrospective
nature of our study.

With the possible exception of liraglutide, this study shows that
weight loss outcomes to AOMs were inferior when prescribed during the
routine clinical practice throughout COVID-19 pandemic, compared to
the outcomes observed prior to the COVID-19 pandemic. Further studies
are needed to understand whether this observation is due to changes in
care delivery during the pandemic or due to individual factors such as
stress, decreased physical activity, remote working, among others.
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