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Abstract

Background Obesity has played a central role in heightened coronavirus disease 2019 (COVID-19) risk and vaccine response.
COVID-19 vaccine intention among those with a history of severe obesity, specifically those who have undergone bariatric
surgery, has not been described. This study aims to examine early COVID-19 vaccine intention among mothers with a his-
tory of severe obesity who underwent bariatric surgery.

Methods Sixty-four mothers (M,,,, =39.3 years) who underwent bariatric surgery (M ;e since surgery = 19-6 months) completed
surveys online (November 2020-February 2021). Information obtained included their COVID-19 vaccine intention (vaccine
ready, undecided, vaccine opposed). Analyses examined group differences in demographics, body mass index (BMI=kg/
m?), knowledge of obesity-related COVID-19 risk, flu vaccination history, general beliefs about vaccine safety/effectiveness,
and factors increasing confidence/motivation to obtain a COVID-19 vaccine.

Results Thirty-six (56.3%) mothers had severe obesity (> Class IT [BMI= >35 kg/m?]). The majority were vaccine hesitant
(undecided [n=28; 43.8%]; vaccine opposed [n=15; 23.4%]). Compared to the vaccine-ready group, vaccine-hesitant groups
were younger (p <.05). For the vaccine opposed, recent flu vaccination rates (p =.012) and general belief that vaccines are
safe (p=.028) were lower than expected. Among hesitant participants, no reported side effects and the health of self and
others were endorsed as top factors increasing vaccine confidence and motivation respectively.

Conclusions While preliminary, the prominence of early vaccine hesitancy in this sample of mothers who have undergone
bariatric surgery, with most persisting with severe obesity, indicates a subgroup at high risk. Factors to address through
targeted messaging and intervention were identified.
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Introduction

Obesity and related comorbid health conditions have played
a central role in coronavirus disease 2019 (COVID-19) risk
and response. Individuals with obesity are at heightened risk
for experiencing more severe COVID-19 illness, hospitaliza-
tions, and progression to intensive care, as well as COVID-

Key points

e Single-center data showed COVID-19 vaccine hesitancy in

67% of mothers post-surgery

o Most still had obesity, yet a third were unaware of the obesity
risk for COVID-19

e Age, recent flu vaccine, and vaccine safety beliefs were related
to hesitancy

e Expert input, understanding side effects, and health benefits may
be key
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19 related death. [1, 2] Moreover, those with obesity who
recover from the primary COVID-19 infection are also more
likely to experience post-acute sequelae of COVID-19 (i.e.,
“long COVID”) compared to individuals with a healthy body
mass index (BMI=kg/m?). [3] As such, in the United States
(U.S.), initial vaccine distribution plans in many states prior-
itized individuals with obesity and/or related comorbidities
for early vaccine access. [1, 4]

Encouraging evidence suggests that for those with
severe obesity, undergoing bariatric surgery may reduce
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COVID-19 morbidity and mortality [5—10]. However, even
with improved weight and health following bariatric surgery,
many individuals may continue to present with known risk
factors for severe COVID-19 (i.e., high BMI [kg/mz], unre-
mitting Type 2 Diabetes). For example, insufficient weight
loss or weight regain may result in a post-surgical BMI
(kg/m?) that remains in the obese or severely obese range.
[11] Understanding the interplay of surgical outcomes and
COVID-19 outcomes is a critically important and emerging
literature. However, even if individuals experience improved
COVID-19 outcomes in connection with a history of bari-
atric surgery, undoubtedly surgery does not prevent risk of
virus transmission. Thus, from a public health perspective,
it is also imperative to understand patient COVID-19 vac-
cine intentions.

Widespread vaccine uptake has been essential in reducing
COVID-19 related morbidity and mortality, but also in slow-
ing transmission of the virus and the potential emergence of
more life-threatening variants. [12] Yet less is known about
vaccine intention in people with obesity, [13, 14] and specif-
ically those who have undergone bariatric surgery. Research
conducted in the general population, prior to the U.S. vac-
cine rollout in December 2020, [15] suggested that demo-
graphic differences, such as being female, younger, lower
educational attainment, or belonging to certain ethnic minor-
ity groups were associated with greater vaccine hesitancy.
[16-18] Individual attitudes and beliefs, including hesitancy
about vaccines in general, uncertainty about COVID-19
vaccine safety, and apprehension due to COVID-19 vaccine
novelty have also been identified as factors associated with
lower vaccine intention. [18-20] Similar apprehensive atti-
tudes were observed in the only published study to date, on
COVID-19 vaccine attitudes among a sample with obesity.
[14] In June to October 2020, researchers surveyed adults
with obesity in Canada and found that approximately 40%
were vaccine hesitant and many had low confidence in a
COVID-19 vaccine.

At the time data were collected for the current study
(November 2020-February 2021), national surveillance
estimated that approximately half of the people in the U.S.
either had (18%) or were intending (37%) to be vaccinated.
[19] Also during this time, COVID-19 daily rates in the state
where most study participants lived reached the highest peak
to date, with 12,973 new cases — and 209 deaths — in a
day. [21, 22] Within this dynamic context, the present study
aims were to examine early COVID-19 vaccine intention
among a sample of women with a history of bariatric sur-
gery. Given larger study aims, women were also mothers
with children 18 years or younger under her care. Study aims
also included exploration of whether early vaccine intention
varied by demographic factors, BMI (kg/m?) and knowl-
edge of obesity as a risk for severe COVID-19, as well as
general vaccine beliefs and recent flu vaccine history (used

as a proxy of general vaccine acceptance). [23] Factors that
would increase their confidence and motivation to obtain
the COVID-19 vaccine were explored. Understanding early
vaccine intention and related factors for an at-risk sample is
important in order to highlight potential areas of focus for
improving COVID-19 vaccine uptake. Given the unprec-
edented nature of this global pandemic, current findings will
also help expand the field’s knowledge of vaccine beliefs and
intentions in the context of a pandemic, which has implica-
tions for informing approaches to future large-scale disease
outbreaks.

Methods

The present study uses data obtained from the Maternal
Attitudes Surrounding COVID-19 (MASC) study, the
aims of which were to better understand mothers’ percep-
tions of the impact and experiences related to COVID-19
on families with obesity. The 4-month MASC recruitment
window (November 2020 to February 2021) fell during the
launch of the COVID-19 vaccine distribution in the U.S. yet
prior to BMI (kg/m?) or obesity being prioritized for vac-
cine access locally. The present study focuses on a MASC
study subgroup of mothers who had undergone bariatric
surgery and were recruited from a research registry of bari-
atric surgery candidates at a single clinical center, willing
to be contacted for future research (n =452, registry enroll-
ment June 2016—September 2019). MASC study eligibility
required mothers to have a biological child < 18 years living
in the home, access to the internet and a smart device/com-
puter, and the ability to read and speak English fluently. All
women on the registry were sent an email and/or text mes-
sage introducing the study. During the MASC study window,
98 mothers from the registry consented, and 94 proceeded
to participate, of whom 64 had undergone bariatric surgery
since enrolling in the registry.

Following completion of the informed consent process,
mothers were emailed a unique study link to complete ques-
tions online via Research Electronic Data Capture (RED-
Cap)™. [24, 25] A subset of MASC study questions focused
on vaccine intention, attitudes, and beliefs were designed
by the investigators and informed by the broader literature
on general vaccine acceptance, intentions, and behaviors.
[23, 26] COVID-19 vaccine intention groupings were based
on 3 response options: vaccine ready (“get it as soon as
possible”), undecided (“wait and see how others respond
to the vaccine first and then maybe get it”), and vaccine
opposed (“not get the vaccine”). Participants also reported
their history of COVID-19 symptoms or diagnosis (yes/no),
knowledge of obesity as a risk factor for severe COVID-19
(yes/no), flu vaccination history in the past 12 months (yes/
no), general beliefs (i.e., not COVID-19 specific) regarding
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Table 1 Knowledge, attitudes, beliefs, and vaccine intention survey questions

Questions

Response Options

1. Someone in the family had symptoms or was diagnosed with
COVID-19

2. Prior to today, were you aware that the CDC lists obesity as a risk
factor for severe illness from COVID-19

Attitudes and Beliefs about Vaccines in General

3. In general, I believe the use of vaccines is a safe way to protect
against illnesses

4. In general, I believe vaccines are effective in protecting against ill-
nesses

5. Did you get a flu vaccine in the past 12 months?
Attitudes, Beliefs, and Intentions COVID-19 Vaccine
6. If a COVID-19 vaccine was made available to you, would you...

7. What would make you more confident about the safety and effective-
ness of a COVID-19 vaccine? (check all that apply)

8. What are some things that would motivate you to get the COVID-19
vaccine? (check all that apply)

yes, no

yes I did know, no I did not know

strongly agree, agree, disagree, strongly disagree
strongly agree, agree, disagree, strongly disagree

yes, no

get it as soon as possible

wait to see how others respond to the vaccine first then maybe get it
not get the vaccine

if my doctor recommended it for me

if it is recommended by national health experts or organizations (e.g.,
CDC, health department)

if national or local government officials recommend it
If my friends or family members get the vaccine

if there are no reports of negative side effects after others begin getting
the vaccine

nothing would make me confident about the safety and effectiveness of
the COVID-19 vaccine

other-explain
if my job requires me to get the vaccine
I have a child or older family member living in my home

I or someone in my home has a compromised immune system or
chronic health condition

if it is widely available and convenient
nothing would motivate me to get the COVID-19 vaccine

other explain

vaccine safety and effectiveness (strongly agree/agree/
disagree/strongly disagree), as well as factors that would
increase confidence and motivation to obtain a COVID-19
vaccine. Questions from this 8-item survey on beliefs, inten-
tion, knowledge, and virus exposure are shown in Table 1.
Additional self-reported information included demographics
(race/ethnicity, education, partnership status, age, number
of children in the home), height and weight (BMI=kg/m?),
and bariatric surgery date (used to calculate time since sur-
gery). Participants were compensated $10. This study was
approved by the Cincinnati Children’s Hospital Medical
Center Institutional Review Board.

Descriptive statistics were used to summarize data. Given
our interest in all three vaccine intention groups (vaccine
ready, undecided, vaccine opposed) and small sample sizes,
univariate analyses were completed. To explore relation-
ships between vaccine intention groups and variables of
interest, one-way analyses of variance (ANOVA) and Pear-
son’s x tests were conducted for continuous and categorical
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variables, respectively, with post hoc analyses completed
for significant (p < 0.05 [2-tailed]) omnibus tests. Tukey’s
honestly significant difference (HSD) examined all pairwise
comparisons in ANOVAs. For x° tests, adjusted standard-
ized residuals were used [27] with the Benjamini—Hoch-
berg adjustment method applied to control for familywise
Type 1 error. [28] There were no missing data for variables
included in the analyses. All analyses were conducted using
IBM SPSS Statistics software (version 26; Armonk, NY).

Results

Table 2 details sample characteristics and all outcomes of
interest for the total sample, and by vaccine intention group.
Consistent with national data characterizing adults undergo-
ing bariatric surgery, [29] self-reported race and ethnicity
were primarily White/European (61.9%) and non-Hispanic/
Latinx (98.4%). Women were approximately 39 years of
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Table 2 Sample characteristics, knowledge of obesity risk for COVID-19, history of flu vaccination, and general vaccine beliefs by COVID-19

vaccine intention group

All Vaccine ready ~ Undecided ~ Vaccine opposed ~ F/x*?*  p
Female, N (%) 64 (100) 21(32.8) 28 (43.8) 15 (23.4) N/A
Age (years), M (SD) 39.3 (6) 42.6 (6.2) 38.4(5) 36.4 (5.6) 6.08 .004
Race (N=63), n (%) ® 3.03 22
White/European 39 (60.9) 15(71.4) 18 (64.3) 6 (40)
Black/African American 20 (31.2) 4(19.0) 9(32.1) 7 (46.7)
Asian/Asian American 1(1.6) 1(4.8) 0 0
Bi-racial/Multi-racial 34.7) 1(4.8) 1(3.6) 1 (6.6)
Unknown/Not reported 1(1.6) 1(6.6)
Ethnicity (N=61), n (%) N/A
Hispanic/Latinx 1(1.6) 0 1(3.6) 0
Partnership Status, n (%) 6.45 .04
Single/Unmarried 22 (34.4) 3(14.3) 11 (39.3) 8 (53.3)
Living with partner/Married 42 (65.6) 18 (85.7) 17 (60.7) 7 (46.7)
Number of children (<18 years) in home, M (SD) 2.3 (1.3) 1.9 (.7) 2.4 (1.4) 2.5(1.6) 1.15 32
Highest Education, n (%) 3.66 45
<High School Diploma/GED 22 (34.4) 7(33.3) 9(32.1) 6 (40)
Undergraduate degree/Vocational training 27 (42.2) 7 (33.3) 15 (53.6) 5(33.3)
Graduate-/Professional degree 15(23.4) 7(33.3) 4(14.3) 4(26.7)
BMI (kg/m?), M (SD) 369(8.1) 36(7.3) 37 (8.5) 38.1(8.7) 29 5
Healthy weight , n (%) 2(3.1) 2(9.5) 0 0
Overweight ¢, n (%) 11 (17.2) 2(9.5) 6(21.4) 3(20)
Obesity class I €, n (%) 15 (23.4) 6 (28.6) 7 (25) 2 (13.3)
Obesity class > 11, n (%) 36 (56.3) 11 (52.4) 15 (53.6) 10 (66.7)
History of COVID-19 diagnosis or symptoms 9 n (%) 12 (18.8) 7 (33.3) 2(7.1) 3(20) N/A
Had knowledge of obesity as a risk for COVID-19 4 n (%) 41 (64.1) 14 (66.7) 17 (60.7) 10 (66.7) 24 .89
Received flu vaccine (past 12 months)®, n (%) 39 (60.9) 17 (81) 17 (60.7) 5(33.3) 8.34 .02
General belief vaccines are safe ©,
n (%) 51 (79.7) 20 (95.2) 23 (82.1) 8 (53.3) 9.68 .01
General belief vaccines are effective ©, n (%) 56 (87.5) 20 (95.2) 25 (89.3) 11 (73.3) 3.98 .14

3Chi-square tests (x*) were completed for percentages and ANOVAs (F) were completed for mean values to test differences among vaccine inten-

tion groups (df=2)

"Dichotomized as White/European vs Non-White/European for chi-square analysis

°BMI categorized as healthy weight at 18.5-<25 kg/m?, overweight at 25-<30 kg/m?, obesity class I at 30-<35 kg/m?, obesity class II

at>35 kg/m?

dNumber of participants who responded “yes”; variable represented in analysis as “yes” and “no”

*Number of participants who responded, “strongly agree” or “agree”; variable dichotomized in analysis as “strongly agree”/ “agree” and

“strongly disagree”/ “disagree”

age (range 25.9-54.7 years), with most residing with a
partner (65.6%) and 2 biological children < 18 years (range
1-6 children) and having completed post-secondary edu-
cation/training (65.6%). Mean time since bariatric surgery
was 19.6 months (SD=10.9; range < 1 month—47 months)
with the majority of mothers meeting criteria for obesity
(79.7% > Class 1 [BMI= >30 kg/mz]) if not severe obe-
sity (56.3% > Class II [BMI= > 35 kg/m?]). Nearly 1 in 5
reported a previous diagnosis or symptoms of COVID-19.
Approximately 1 in 3 women were in the vaccine-ready
group, (n=21; 32.8%), with the majority either in the undecided

(n=28; 43.8%) or vaccine-opposed (n=15; 23.4%) group
(Fig. 1). Vaccine intention significantly varied between groups
based on age (p=0.004), with the undecided and vaccine-
opposed groups being significantly younger (undecided p=0.03;
vaccine opposed p=0.01) relative to the vaccine-ready group.
Vaccine intention was significantly associated with partner-
ship status (p=0.04), with higher than expected rates of mar-
ried/residing partner participants in the vaccine-ready group
(p=0.02). Vaccine intention was unrelated to race (defined
as White/European vs. Other racial/ethnic groups), education,
number of children in the home, or current BMI (kg/mz).
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COVID-19 Vaccine Intention % of Sample
N=64
Vaccine
Opposed

23.4%

Undecided
43.8%

Vaccine Ready
32.8%

Fig.1 Vaccine intention group based on response to item: “If a
COVID-19 vaccine was made available to you would you... get it as
soon as possible (vaccine ready), wait and see how others respond to
vaccine and then maybe get it (undecided), or not get the vaccine (not
vaccine opposed).”

COVID-19 vaccine intention was associated with a gen-
eral belief that vaccines are safe (p=0.008) and obtaining
a flu vaccine in the past 12 months (p=0.02), but unrelated
to a general belief that vaccines are effective or to knowl-
edge of obesity increasing risk for severe COVID-19. Post
hoc analyses indicated that belief that vaccines are safe was

Fig.2 Factors contributing to
increased confidence summa-
rized as % endorsed by each
vaccine intention group

Recommended by national health experts or
organizations

My doctor recommended : : 321

No reported negative side effects after others get

vaccine

@ Vaccine Ready (n=21)

higher than expected in the vaccine-ready group (p =0.004)
and lower in the vaccine-opposed group (p =0.03). Simi-
larly, flu vaccination rates were higher than expected in the
vaccine-ready group (p =0.02) and lower in the vaccine-
opposed group (p=0.01).

The vaccine-ready and undecided groups endorsed multi-
ple factors that would increase their confidence in COVID-
19 vaccine safety and effectiveness, including clinician and
other health expert recommendations, and for the undecided
group, reports of no side effects were also important (Fig. 2).
For the vaccine-ready and undecided groups, motivating
factors to get a COVID-19 vaccine included an employer
mandate or a compromised immune system for self or others
in the home (Fig. 3). In stark contrast, the majority of the
vaccine-opposed group reported “nothing” would increase
their confidence or motivate them to obtain a COVID-19
vaccine.

Discussion

While preliminary, these data provide an early snapshot of
prominent vaccine hesitancy in a clinical sample of moth-
ers post-bariatric surgery during the peak of new COVID-
19 cases and deaths both locally and nationally, as well as
during the initial COVID-19 vaccine distribution phase in
the U.S. [15, 21, 22] Two in 3 were unsure (43.8%) or not
planning to get the vaccine (23.4%), numbers fairly consist-
ent with national views during the same time period. [19]

What would make youmore confident about the safety and effectiveness of a
COVID-19 vaccine? (check all that apply)

Undecided (n=28) m Vaccine Opposed (n=15)

10
14.3
. 50

Nothing

] 85.7

1 76.2

67.9

Friends/Family members get vaccine 35.7

National/L ocal government recommended 143

Other (confidence factors) 7.1
1

0 10 20 30 40 50 60 70 80 90 100
% of Responders

Other (confidence factors) responses included follow-up qualitative responses [n = 4], the theme
across groups was a desire to see “long term” data demonstrating no side effects.
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Fig.3 Factors contributing to
motivation to get the COVID-
19 vaccine summarized as %
endorsed by each vaccine inten-
tion group

Nothing would motivate me to get the COVID- 10

19 vaccine

I or someone in my home has a compromised
immune system or chronic health condition

If my job requires me to get the vaccine

If it is widely available and convenient 3s.

I have a child or older family member living in

my home

F'Vaccine Ready (n=21)

What are some things that would motivate you to get a COVID-19 vaccine?

(check all that apply)

Undecided (n=28) ™ Vaccine Opposed (n=15)

166.7

Other (motivation factors) 10.7

67
0 10 20 30 40 50 60 70 80 90 100

% of Responders

Other (motivation factors) responses included follow-up qualitative responses [n = 4], the
theme across groups was “no negative side effects” reported.

However, unique to the present sample is not only a post-
bariatric surgery context, but a high prevalence of persisting
obesity, if not severe obesity. Consistent with national data,
[30] the majority had knowledge that their obesity placed
them at risk for severe COVID-19 morbidity and mortality.
Yet that 1 in 3 (35.9%) still lacked that knowledge during the
“third wave” in the United States when the daily number of
new cases reached their peak is concerning. Although there
is some evidence to suggest bariatric surgery may contribute
to reduced morbidity and mortality, the potential protective
mechanism of bariatric surgery is not fully understood in
individuals who persist with obesity. [5-7, 9, 10] Also of
note, despite the positive role that bariatric surgery may have
in reducing severe COVID-19 outcomes, it does not protect
against virus transmission, which remains a critical public
health concern.

At the time of this writing, in the U.S. and locally, rates
of COVID-19 vaccinations were <50%. [22, 31] With the
growing spread of the COVID-19 Delta variant, largely
among those who are unvaccinated, it has been recom-
mended that individuals return to wearing masks in public,
with a concern for a return to increased public restrictions.
[21, 32] The present findings illustrate the potential for a
clinical subpopulation at continued high risk, as well as
highlight factors to tailor COVID-19 vaccine acceptance
messaging in bariatric surgery care. Given many acknowl-
edged their trust in recommendations of their medical pro-
viders and other health experts, bariatric surgery clinicians
may be positioned to have a positive impact on vaccine

uptake for some hesitant patients, including younger, female
patients who may be more vaccine hesitant. Knowledge of
patients’ recent flu vaccination history may also suggest
when targeted discussion about vaccine beliefs would prove
timely.

To increase confidence and motivation, clinicians might
be primed to explain clinical trial processes and outcomes,
including anecdotal experiences of short-term and tolerable
side effects. Providing education on how and where to access
the vaccine and that it is provided at no cost will also reduce
misinformation. Counseling hesitant patients in ways that
resonate with their values may prove helpful, noting protec-
tive benefits of vaccination for their health and the health
of loved ones. Fortunately, bariatric surgery team members
have multiple opportunities to engage patients during follow-
up across the first post-bariatric surgery year, but clinicians
should consider additional means of patient outreach (i.e.,
mailed newsletters and MyChart messaging) given the likeli-
hood of decreased clinic attendance over time. [33] Moreo-
ver, considering these data characterize mothers, there are
broader intergenerational implications, as parents typically
are vaccine decision-makers for their children. [23] Finally,
it is important to acknowledge that some individuals (i.e.,
vaccine-opposed group) will be particularly difficult to per-
suade to get a COVID-19 vaccination. As such, continued
research and public engagement are important in order to
understand the perspective of hard-to-reach populations.

To our knowledge, these are the first data characteriz-
ing early COVID-19 vaccine hesitancy within a sample of
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patients who underwent bariatric surgery, while also adding
to emerging research on vaccine intention among individuals
with obesity who are an identified high-risk population. This
is particularly timely given the resurgence of COVID-19
hospitalizations due to new disease variants and as indica-
tions and parameters for a booster shot are debated. [31, 34]
While novel, this study is not without limitations. Due to
study design, current data are limited by sample size and in
that they are from a single medical center in the Midwest-
ern U.S. and represent only mothers who were reachable
during a brief study window (November 2020 to February
2021) during the initial U.S. distribution of a COVID-19
vaccine. Further, the sample only included mothers with
residing biological children (<18 years), which may have
contributed to a sample younger than the average age of
bariatric surgery patients in the U.S. (i.e., 44 years old).
[29, 35] Also, because we recruited from an existing patient
registry limited to biological mothers, data do not include
men, or women without biological children. All these factors
may impact the generalizability of the current findings to the
broader bariatric surgery population. Though this sample
was similar to the larger U.S. bariatric surgery population
in that it was predominantly Non-Hispanic/Latinx, White,
indeed the sample reflects a systemic disparity in the larger
patient population. [29] As such, given the sample’s lim-
ited racial and ethnic diversity, data may not fully capture
the experience of all mothers who have undergone bariatric
surgery. In addition, while the majority of study participants
(63%) completed surveys during the initial vaccine rollout in
the U.S., what has unfolded since has unexpectedly become
an ever-changing landscape of COVID-19. As a result, inten-
tions and beliefs may have changed for mothers after study
completion. Research is critically needed with larger and
more diverse samples (e.g., non-White, lower socioeco-
nomic status, non-English speaking) with obesity to fully
capture this evolving crisis and dynamic vaccine hesitancy
and uptake trends over time. As recently noted by others,
additional work should also consider other potential obe-
sity-specific contributors to COVID-19 vaccine hesitancy,
including uncertainty about vaccine effectiveness [13] and
the effects of obesity-specific clinical- and public health
messaging on experiences of weight bias and stigma and
vaccine decision-making. [36]

Conclusions

The current pandemic presents an intersection of two pub-
lic health crises, COVID-19 and obesity. As the COVID-19
vaccine campaign continues and public health initiatives
work to encourage COVID-19 vaccination among those who
are hesitant, targeted and specific efforts may be needed to
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ensure COVID-19 vaccine uptake in groups with obesity,
including those who have undergone bariatric surgery.
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