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Abstract
Purpose The impact of the COVID-19 pandemic on behavioral issues among those who have completed bariatric surgery (BS) is
not well described in ethnically diverse populations. The aim of this study was to compare the impact of COVID-19 lockdown
orders and after lockdown orders were lifted on substance use, mental health, and weight-related behaviors among a sample of
post-BS adults.
Materials and Methods A retrospective medical chart review identified BS patients from one university-based obesity medicine
clinic and two BS practices. An online non-anonymous survey was implemented in two phases: during lockdown (April 1–May
31, 2020) and after lockdown orders were lifted (June 1, 2020–September 30, 2020) to obtain information about the COVID-19
pandemic’s impact on BS patients.
Results A total of 189 (during lockdown=39, post-lockdown=150) participants (90.4% female, mean age 52.4 years,
SD 11.1, 49.8% non-Hispanic White, 30.6% non-Hispanic Black, 16.1% Hispanic) participated. Lockdown partici-
pants were more likely to have sleep problems (74.3% vs. 56.1%, P=.039) and feel anxious (82.0% vs. 63.0%,
P=.024) versus post-lockdown participants. A majority (83.4%) reported depression in both lockdown/post-lockdown.
Post-lockdown participants were more than 20 times more likely to report substance use compared those in lock-
down (aOR 20.56, 95% CI 2.66–158.4).
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Center, 6363 Forest Park Road, BL10.204, Dallas, TX 75390, USA.

Key Points
The COVID-19 pandemic has resulted in durable health impacts for BS
patients.
Substance use significantly increased over the course of the pandemic in
BS patients.
High levels of insomnia, anxiety, and depression were self-reported in
ethnically diverse BS patients.
There may be a bidirectional relationship with these health challenges in
BS patients.
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Conclusions and Relevance The COVID-19 pandemic is having a substantial negative impact on substance use, mental health,
and weight-related health behaviors in diverse BS patients. These findings have important implications for post-BS patient care
teams and may suggest the integration of screening tools to identify those at high risk for behavioral health issues.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) outbreak reached the epidemiological definition of a
global pandemic in March 2020, which placed substantial
stress on healthcare systems throughout the world and resulted
in governments issuing lockdown and stay-at home orders [1].
SARS-CoV-2 causes coronavirus disease 2019 (COVID-19),
which has been shown to cause more severe disease in people
with obesity [2–9].

Furthermore, some studies show that bariatric surgery
(BS), a safe and effective procedure to treat obesity and its
comorbidities [10–15], may be protective against severe
COVID-19 with decreases in hospitalization, intensive care
requirements, and mortality [16–18]. Elective surgeries, in-
cluding BS, were canceled during the pandemic to preserve
hospital capacity for the excess of critically ill patients asso-
ciated with the pandemic [19]. Stay-at-home mandates have
also disrupted the dietary and physical activity habits of many
people with obesity resulting in increased difficulty in
attaining weight loss goals, reduced physical activity, and in-
creases in stockpiling food [20]. In post-BS patients, there is a
report of patients in Brazil who struggled with protein intake
andmanaging processed food consumption; however, weight-
related behaviors during the COVID-19 pandemic have not
yet been fully characterized for post-BS patients in the USA
through 2020 [21].

Several systematic reviews have shown that in the gen-
eral population, the COVID-19 pandemic is strongly asso-
ciated with poor mental health outcomes [22–24]. Other
reviews have documented the deleterious impact of the
epidemic among those living with mental illness [25–27].
In addition to weight-related behaviors, there are psycho-
social challenges for BS patients during the COVID-19
pandemic as well, including increased substance and alco-
hol misuse [28–30]. Indeed, several studies have reported
lifetime psychiatric illness in MBS patient populations
with rates as high as 50–70% [31–33]. Social orders that
enforce distancing and isolation for BS patents who are at
greater risk for mental health issues have exacerbated these
documented underlying psychiatric disorders [34, 35]. A
US single-site study conducted early in the epidemic
among 208 BS patients showed 44% of participants report-
ed increased depression, as well as loneliness (36.2%),
nervousness (54.7%), snacking (62.6%), loss of control

eating (48.2%), binge eating (19.5%) and decreases in their
social support (23.2%), healthy eating (45.5%), and phys-
ical activity (55.2%). Patients more than 18 months post-
BS regained more than 2 kg over an average of 47 days.
Risk factors for weight regain included loss of control eat-
ing, increased snacking and binge eating, reduced con-
sumption of healthy foods, and reduced physical activity
[36]. A similar study in Poland found that patients both
pre- and post-BS reported weight gain during April 2020
[37]. In Brazil, one study showed that almost 90% of post-
bariatric patients were not consuming enough protein and
that almost a quarter of their diet consisted of ultra-
processed foods, [38] while another study from Brazil re-
ported that adherence to social distancing orders signifi-
cantly increased sedentary behaviors and decreased time
spent in moderate to vigorous physical activities [39].
Among 434 BS subjects in Italy, who were either waiting
for BS or who had completed it, 37% and 56% felt lonelier
and more bored, respectively, 66% were hungrier with in-
creased frequency of snacking (55%), 39% reported more
impulse to eat, and 49% reported they were unable to fol-
low a recommended diet [40]. While survey studies in
adults across the USA and Europe have shown that alcohol
consumption has increased during the SARS-CoV-2 pan-
demic, little is known about the pandemic’s effect on sub-
stance abuse in patients with prior BS [41–45].

Given the paucity of information on the pandemic’s effect
on BS patients, especially those from ethnically diverse back-
grounds, this study aimed to assess the effect of the SARS-
CoV-2 social distancing measures on patients with prior BS
surgery in three key areas: (1) substance abuse, (2) mental
health, and (3) weight-related behaviors. It was hypothesized
that the SARS-CoV-2 pandemic has had a substantial negative
impact on this patient population. A secondary goal was to
compare the impact of the COVID-19 pandemic during two
distinct time periods: (1) during lockdown orders (March–
May 2020) and (2) after lockdown orders were lifted (June–
September 2020) to assess if there was any reported impact
over the second period of time in particular.

Methods

Design A retrospective chart review identified patients who
completed BS from an academic healthcare system’s obesity
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medicine clinic, BS clinic, and a community-based BS prac-
tice. Clinic staff then sent an invitation via email to potential
participants that included a short description of study involve-
ment that included completing an online questionnaire.

Procedure An online non-anonymous survey was implement-
ed in two phases: during lockdown orders from April 1 to
May 31, 2020, and post-lockdown orders from June 1, 2020,
to September 30, 2020, to obtain information about the
COVID-19 pandemic’s impact on patients who completed
BS. State-mandated lockdown orders lasted about 5 weeks
(March 31–May 5, 2020), and the study post-lockdown mea-
sures started approximately 4 weeks after lockdown orders
were lifted (June 5, 2020) and was implemented through
September 30, 2020 (or for about 4 months). During both
phases, BS patients were asked to respond to a survey about
the COVID-19 pandemic’s effect on their health and lifestyle
behaviors. The lockdown phase questionnaire consisted of 85
questions and post-lockdown questionnaire consisted of 147
questions (see Supplemental Files for each complete survey).
Participants signed an online consent and authorized contact
for follow-up information. Study data were collected and
managed using Research Electronic Data Capture (REDCap)
[46, 47] electronic data capture tools hosted at the academic
institution. The University of Texas Health Science Center
Institutional Review Board approved the study.

Study Location and COVID-19 Infections This study took place
in Dallas-Fort Worth, the fourth largest metro areas in the
USA with a population of over 7.5 million [48]. Local health
department data approximated 9173 COVID-19 infections in
the metroplex as of May 5, 2020 (when lockdown orders
ended) and 171,620 cases as of September 30, 2020 (when
data collection for this study ended) [49].

Measures Participants were queried on a variety of areas in-
cluding demographics and the impact of the COVID-19 pan-
demic on their lifestyle behaviors, substance use, and physical
and mental health. To help ensure validity, wherever possible,
all questionnaire headers, questions, and response formats
were adapted from standardized instruments available through
the PhenX [50] toolkit and the Behavioral Risk Factor
Surveillance System (BRFSS) questionnaires [51]. The pri-
mary dependent variable of interest was substance use
(Y/N), and primary independent variables were weight-
related behaviors and psychological factors, such as anxiety
and depression. Covariates include age, gender, education,
BMI, and COVID-19 infection.

Demographics Demographic questions were based on the vali-
dated BRFSS instrument [51]. Respondents were asked about
their gender, race/ethnicity, age, marital status, education level,
basic anthropometrics (height/weight), and household income.

Employment The survey assessed changes in employment,
including job loss and decrease in working hours. Essential
worker designation was also determined and if they were
working remotely.

COVID-19 COVID-19-related questions focused on infection of
the subject or family members with the virus, history of testing,
difficulty getting tested, or COVID-19 symptoms. All partici-
pants were asked about existing chronic medical conditions,
which would put them at greater risk for more severe COVID-
19 complications.

Lifestyle Behaviors Survey respondents were asked about the
frequency that they were leaving the house and social activi-
ties, which ranged from staying completely isolated at home
to attending large social gatherings. A variety of Likert scale
questions required respondents to compare their lifestyle be-
haviors before and since the COVID-19 pandemic (How often
do you go out to the grocery store to shop for food?) (Do you
stockpile food due to COVID-19?). Questions related to their
health included changes to exercise, healthy habits, and the
quality and quantity of food consumption (Has it been more
challenging to stick with your healthy eating pattern due to the
available food options in your local grocery store?) (Since
COVID-19, has your consumption of the following foods (fast
foods, fresh fruits, pizza, processed meats, red meat, restaurant
foods, snacks/potato chips, soda/sugar sweetened beverages,
vegetables) changed?) (Do you cook more or less due to
COVID-19?) (Do you bake more or less due to COVID-
19?) (Have you increased ordering restaurant to-go/delivery
foods to avoid going to the grocery store?). Additionally, food
security was evaluated using the validated 6-item US Adult
Food Security Survey Module [52].

Depression Depressive symptoms were assessed in survey
respondents with the validated 16-item Quick Inventory of
Depressive Symptomatology (QIDS-SR16) [53]. Participants
were queried on variety of elements, such as sleep, appetite,
and anxiety, and how these had changed over the prior 7 days.
The QIDS-SR16 has been vetted against several other dimen-
sional measures for depression and was ultimately selected for
this study because it is free, easily administered as a self-
reported instrument for ages 12 and above, and captures the
general symptoms of depression.

Anxiety Depression commonly co-occurs with clinically sig-
nificant levels of anxiety [54]. Thus, anxiety was measured via
the following QIDS-SR16 question: “I do not feel anxious,” “I
feel anxious less than half the time,” “I feel anxious more than
half the time,” “I feel anxious nearly all of the time.”

Substance Use Substance use behavior was assessed by
National Epidemiologic Survey on Alcohol and Related
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Conditions (NESARC) [55]. As per NESARC’s standardized
protocol, current alcohol use is defined as any use of alcohol
in the past 30 days. Participants reporting use of any illicit
drugs, having any alcoholic beverages during the past 30 days,
or current cigarette smoking were categorized as substance
users and composed of 26.9% (N=51) of the sample. Others
were categorized as non-users. To assess the change of these
behaviors due to the pandemic, we asked the participants to
report if they increased the use of any recreational substances,
including alcohol and tobacco, since the COVID-19 stay-at-
home orders were issued.

Statistical Analysis

Descriptive analysis was performed for baseline characteris-
tics including age, sex, race/ethnicity (non-Hispanic White
(NHW), non-Hispanic Black (NHB), Hispanic, and other),
education, annual household income, time since surgery, body
mass index (BMI), and chronic medical conditions and as well
as COVID-19 related information including test results (pos-
itive/negative), symptoms (yes/no) and level of quarantine
(from not going outside at all to going out as normal).
Detailed information on substance use, including illicit drug
use, was also reported. Pearson chi-square tests compared the
change of weight-related behaviors and psychological factors
including food stockpiling, stress eating, difficulty falling
asleep, anxiety, depression, and substance abuse, in lockdown
versus post-lockdown. Crude and adjusted odds ratios were
calculated for BS participants in post-lockdown compared to
lockdown participants to determine the odds of increased sub-
stance use, anxiety, depression, and weight-related behaviors
as the primary/dependent outcomes. Adjusted logistic regres-
sion models were controlled for age, gender, race/ethnicity,
education, BMI, prior BS (Y/N), and COVID-19 infection.
We also explored the ethnic group distribution in both lock-
down and post-lockdown of anxiety, depression, sleep distur-
bance, and substance use. A 2-sided P-value < 0.05 was con-
sidered significant. All statistical analyses were performed
using SAS v9.4 (SAS Institute, Cary, NC).

Results

The final analytical sample included 189 patients (90.4% fe-
male, mean age 52.4 years, SD 11.1); 39 BS patients were
enrolled in the lockdown phase, while the majority (n=150)
were from post-lockdown. Patients’ demographics were sim-
ilar in lockdown and post-lockdown. About a half were NHW
(51.2% for lockdown and 46.9% for post-lockdown), and
nearly a third were NHB (33.3% for lockdown and 29.3%

for post-lockdown). The majority (54.5%) were college grad-
uates, and more than half of the sample (52.1%) had an annual
household income > $75,000. Mean BMI for patients from
lockdown and post-lockdown was 37.1 kg/m2 (SD 7.7) and
36.8 kg/m2 (SD 9.1), respectively. On average, patients from
lockdown and post-lockdown had BS about 7 to 8 years ago,
respectively; however, 40% of the sample had completed BS
since 2015. Self-reported medical conditions were highly
prevalent in both lockdown and post-lockdown and included
high blood pressure (42.0%), hyperlipidemia (21.3%), sleep
apnea (26.6%), diabetes (20.2%), asthma (21.3%), heart dis-
ease (20.2%), and active cancer treatment (3.2%). A total of 3
post-lockdown patients (2.0%) reported that they had tested
positive for SARS-CoV-2, while more patients (9.0%) report-
ed having COVID-19 symptoms. Fewer (78.0%) patients in
post-lockdown chose to stay at home compared to those
(89.7%) in lockdown, while 71.4% reported only leaving their
homes for necessities, followed by 43.6% who went outside
for walks or exercise (Table 1).

The majority (68.0%) of the sample reported that it was
more difficult to achieve their weight loss goals during the
pandemic, while 25.0% reported no impact. About half
(48.6%) reported a decreased amount of time for exercise,
and 49.1% reported a decrease in intensity of exercise.
Slightly more than a third (35.6%) of the sample reported
grocery shopping once a week, and another third (31.1%)
reported shopping 1–2 times a month. More than half of the
sample reported an increase in stockpiling food. Well over
half (63.0%) reported that healthy eating was more challeng-
ing, and 64.8% reported stress eating. More than a half report-
ed cooking more often (57.6%), while less than one-third
(27.8%) reported baking more. Food insecurity was described
by 7.2% of the sample. Over half (58.4%) reported that their
frequency of leaving their home did not change after the lock-
down orders were lifted. None of these reported behavior
changes were significantly different by lockdown/post-
lockdown (Table 2).

Table 2 also shows that patients from lockdown were sig-
nificantly more likely to have sleep problems (74.3% vs.
56.1%, P=.039) or feel anxious (82.0% vs. 63.0%, P=.024)
than those in post-lockdown. Conversely, significantly more
patients reported substance use in post-lockdown than lock-
down (33.3% vs. 2.5%, P=.0001). A majority (83.4%) of the
sample reported depression, and it was similar in both lock-
down/post-lockdown.

After controlling for key demographics, education, BMI,
and COVID-19 infection, compared with lockdown patients,
post-lockdown patients were significantly less likely to report
difficulty falling asleep (adjusted odds ratio (aOR) 0.41, 95%
CI 0.17–0.97) and anxiety (aOR 0.37, 95% CI 0.14–0.99).
Strikingly, patients in post-lockdown were more than 20 times
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Table 1 MBS Patient
Demographic and Medical
Information (n = 189), COVID-
19 and Obesity Study

Variables Total
(n=189)

During lockdown
(n=39)

Post-lockdown
(n=150)

Male, n (%) 18 (9.6) 5 (12.8) 13 (8.6)

Age, mean (SD) 52.4 (11.1) 50.28 (10.4) 53.02 (11.2)

Race, n (%)

Non-Hispanic White 89 (49.8) 20 (51.2) 69 (46.9)

Non-Hispanic Black 57 (30.6) 13 (33.3) 44 (29.3)

Hispanic 30 (16.1) 3 (7.6) 27 (18.3)

Other 10 (5.3) 3 (7.6) 7 (4.7)

Education, n (%)

Some high school 1 (0.5) 1 (2.5) 0 (0)

High school graduate 17 (9.0) 3 (7.6) 14 (9.3)

Some college or technical school 68 (36.2) 12 (30.7) 56 (37.3)

College graduate 103 (54.5) 23 (58.9) 80 (53.3)

Annual household income, n (%)

< $25,000 17 (9.0) 1 (2.5) 16 (10.7)

$25,000–49,999 31 (16.8) 7 (17.9) 24 (12.0)

$50,000–74,999 42 (22.3) 6 (15.3) 36 (24.1)

>75,000 98 (52.1) 25 (64.1) 73 (48.9)

BMI, mean (SD) 36.8 (8.8) 37.1 (7.3) 36.8 (9.1)

Time since MBS, months (SD) 97 (86.1) 90 (98.2) 99 (82.7)

Medical conditions, n (%)

Active cancer treatment 6 (3.2) 0 (0) 6 (4.0)

Asthma/other pulmonary disease 40 (21.3) 4 (10.26) 36 (24.0)

Diabetes 38 (20.2) 2 (5.1) 36 (24.0)

Heart disease 10 (5.3) 3 (7.6) 7 (4.6)

High blood pressure 79 (42.0) 19 (48.7) 60 (40.0)

High cholesterol/hyperlipidemia 40 (21.3) 5 (12.8) 35 (23.3)

Sleep apnea 50 (26.6) 15 (38.4) 35 (23.3)

Test positive for COVID-19, n (%) 3 (1.6) 0 (0) 3 (2.0)

COVID-19 symptoms, n (%)

Asymptomatic 2 (11.8) 0 (0) 2 (14.2)

Very mild 8 (47.1) 1 (33.3) 7 50.0)

Moderate 3 (17.7) 2 (66.6) 1 (7.1)

Severe 4 (23.5) 0 (0) 4 (28.5)

Very severe 0 (0) 0 (0) 0 (0)

Total 17 (9.0) 3 (7.6) 14 (9.4)

Staying at home since COVID-19, n (%) 152 (80.4) 35 (89.7) 117 (78.0)

Level of quarantine, n (%)

Not going outside at all 5 (2.7) 1 (2.5) 4 (2.6)

Going outside for walks or exercise 82 (43.6) 21 (53.8) 61 (40.6)

Going outside for necessities (food,
medications)

135 (71.4) 32 (82.0) 103 (68.6)

Visiting close family/friends 36 (19.2) 6 (15.3) 30 (20.0)

Going to work 20 (10.6) 6 (15.3) 14 (9.3)

Attending religious services 8 (4.7) 0 (0) 8 (5.3)

Attending parties/large social functions 0 (0) 0 (0) 0 (0)

Going out as normal 0 (0) 0 (0) 0 (0)

Lost job since COVID-19, n (%) 14 (7.5) 5 (13.1) 9 (6.0)
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more likely to report substance use compared those in lock-
down (aOR 20.56, 95% CI 2.66–158.4) (Table 3).

Figure 1 demonstrated the percentage of patients with de-
pression, sleep difficulty, substance use, and anxiety by ethnic
groups in lockdown and post-lockdown. The distribution of

ethnic groups was very similar in these variables of interests.
For example, in post-lockdown, the majority who reported
depression (36.4%), difficulty falling asleep (38.5%), sub-
stance use (52%), and anxiety (39.3%) were NHW, followed
by NHB, Hispanics, and others. Interestingly, only NHB (2%)

Table 2 Change of weight-related behaviors and psychological factors post-COVID-19 lockdown orders byMBS, COVID-19 and obesity study phase

N (%)

Total (n=189) During lockdown
(n=39)

Post-lockdown
(n=150)

P-value*

Weight loss goal Easier to achieve 13 (6.9) 2 (5.6) 11 (7.3) 0.868
Not affect 47 (25.0) 9 (23.6) 38 (25.3)

Harder to achieve 128 (68.0) 27 (71.0) 101 (67.3)

Exercise time Decreased 92 (48.6) 15 (38.4) 77 (51.3) 0.428
Unchanged 39 (20.6) 8 (20.5) 31 (20.6)

Increased 36 (19.0) 10 (25.6) 26 (17.3)

Do not exercise 22 (11.6) 6 (15.3) 16 (10.6)

Exercise intensity Decreased 82 (49.1) 15 (45.5) 67 (50.0) 0.896
Unchanged 66 (39.5) 14 (42.2) 52 (38.8)

Increased 19 (11.3) 4 (12.1) 15 (11.1)

Food shopping frequency Never/home delivery 31 (17.8) 5 (13.8) 26 (18.8) 0.911
1–2 times/month 57 (32.7) 12 (33.3) 45 (32.6)

1 time/week 62 (35.6) 14 (38.8) 48 (34.7)

> 2 times/week 24 (13.7) 5 (13.8) 19 (13.7)

Stockpile food Less 5 (2.7) 1 (2.7) 4 (2.7) 0.874
Unchanged 81 (44.2) 15 (40.5) 66 (45.2)

More 97 (53.0) 21 (56.7) 76 (52.0)

Follow health diet plans Easier 17 (9.2) 3 (7.8) 14 (9.5) 0.509
Unchanged 51 (27.7) 8 (21.0) 43 (29.4)

More challenging 116 (63.0) 27 (71.0) 89 (60.9)

Stress eat more Yes 118 (64.8) 29 (76.3) 89 (61.8) 0.095
No 64 (35.1) 9 (23.6) 55 (38.1)

Cooking activity Less 24 (13.0) 4 (10.5) 20 (13.7) 0.858
Unchanged 54 (29.3) 11 (28.9) 43 (29.4)

More 106 (57.6) 23 (60.5) 83 (56.8)

Baking activity Less 24 (13.1) 3 (8.1) 21 (14.3) 0.557
Unchanged 108 (59.0) 24 (64.8) 84 (57.5)

More 51 (27.8) 10 (27.0) 41 (28.0)

Cannot afford to eat balanced meals Often 13 (7.2) 2 (5.4) 11 (7.6) 0.528
Sometimes 26 (14.4) 3 (8.1) 23 (16.0)

Never 140 (77.7) 32 (86.4) 108 (75.5)

Going out frequency since the
stay-at-home orders have been lifted

Less 43 (27.9) 4 (66.6) 39 (26.3) 0.087
No difference 90 (58.4) 2 (33.3) 88 (59.4)

More 21 (13.6) 0 (0.0) 21 (14.1)

Difficulty falling asleep Yes 111 (60.0) 29 (74.3) 82 (56.1) 0.039
No 74 (40.0) 10 (25.6) 64 (43.8)

Anxiety Yes 124 (67.0) 32 (82.0) 92 (63.0) 0.024
No 61 (32.9) 7 (17.9) 54 (36.9)

Substance abuse Yes 51 (26.9) 1 (2.5) 50 (33.3) 0.0001

No 138 (73.02) 38 (97.4) 100 (66.6)

Depression Yes 151 (83.4) 35 (92.1) 116 (81.1) 0.105

No 30 (16.5) 3 (7.8) 27 (18.8)

*Chi-square test
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Table 3 Crude and adjusted odds ratio for MBS in phase 2 by weight-related behaviors and psychological factors

Variables Crude odd (95% CI)a P-valuea Adjusted odds (95% CI)b P-valueb

Stockpile food

Less or unchanged 1.0 (ref) - 1.0 (ref) -

More 0.79 (0.38–1.62) 0.529 0.78 (0.36–1.69) 0.525

Follow healthy eating pattern

Easier or unchanged 1.0 (ref) - 1.0 (ref) -

More challenging 0.64 (0.29–1.38) 0.258 0.62 (0.27–1.40) 0.251

Stress eat more

Yes 0.50 (0.22–1.14) 0.099 0.48 (0.20–1.14) 0.096

No 1.0 (ref) - 1.0 (ref) -

Cooking activity

Less 1.27 (0.36–4.51) 0.625 1.25 (0.33–4.61) 0.740

Unchanged 1.0 (ref) - 1.0 (ref) -

More 0.92 (0.41–2.07) 0.610 1.04 (0.44–2.45) 0.870

Baking activity

Less 2.00 (0.54–7.28) 0.346 1.41 (0.35–5.60) 0.663

Unchanged 1.0 (ref) - 1.0 (ref) -

More 1.17 (0.51–2.67) 0.696 1.10 (0.44–2.75) 0.878

Going out frequency since the stay-at-home orders have been lifted

Less often 0.22 (0.03–1.26) 0.940 0.29 (0.04–2.03) 0.958

No difference 1.0 (ref) - 1.0 (ref) -

More often >999 (<0.001–>999) 0.950 >999 (<0.001–>999) 0.964

Weight loss goal

Easier to achieve 1.30 (0.24–6.93) 0.684 1.23 (0.20–7.42) 0.706

Unchanged 1.0 (ref) - 1.0 (ref) -

More difficult to achieve 0.88 (0.38–2.05) 0.596 0.79 (0.32–1.95) 0.520

Exercise time

Decreased 1.32 (0.51–3.43) 0.146 1.59 (0.55–4.5) 0.063

No difference 1.0 (ref) - 1.0 (ref) -

Increased 0.67 (0.23–1.94) 0.398 0.83 (0.26–2.66) 0.823

Do not exercise 0.68 (0.20–2.32) 0.520 0.50 (0.13–1.84) 0.163

Exercise intensity

Decreased 1.20 (0.54–2.71) 0.674 1.51 (0.62–3.68) 0.480

Unchanged 1.0 (ref) - 1.0 (ref) -

Increased 1.01 (0.28–3.52) 0.890 1.19 (0.31–4.53) 0.966

Difficulty falling asleep

Yes 0.44 (0.20–0.97) 0.042 0.41 (0.17–0.97) 0.042

No 1.0 (ref) - 1.0 (ref) -

Anxiety

Yes 0.37 (0.15–0.90) 0.028 0.37 (0.14–0.99) 0.048

No 1.0 (ref) - 1.0 (ref) -

Substance abuse

Yes 18.9 (2.5–142.4) 0.004 20.56 (2.66–158.4) 0.003

No 1.0 (ref) - 1.0 (ref) -

Depression

Yes 0.36 (0.10–1.28) 0.117 0.42 (0.11–1.53) 0.1901

No 1.0 (ref) - 1.0 (ref) -

a Crude logistic regression
bAlso adjusted for age, gender, race, education, BMI, COVID-19 infection
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reported substance use in lockdown, while 26% of NHB re-
ported substance use in post-lockdown.

Discussion

Analysis showed that substance use significantly increased
over the course of the pandemic in the context of persistently
high levels of self-reported insomnia (>55%), anxiety (>60%),
and depression (>80%) in both lockdown and several months
after lockdown orders were lifted. Ethnic group distribution in
anxiety, depression, sleep disturbance, and substance use were
similar. There is likely a bidirectional relationship with these
mental health challenges and other changes in health behav-
iors and circumstances including decreased physical activity,
difficulty with healthy eating patterns, stress eating, food in-
security, and job loss. These findings have major implications
for BS care teams as well as other healthcare professionals
who have BS patients in their care as they identify andmanage
the psychosocial effects of the pandemic in this vulnerable
population. These findings also suggest the need for rapid
implementation and dissemination of telehealth-delivered
psychosocial care and implementation science research [34].

While the analysis did not find statistical differences in
many of the weight-related behaviors between lockdown
and post-lockdown, this high overall prevalence of self-
reported challenges is striking. For example, over 2/3 of the
sample reported difficulty in achieving weight loss goals,
which was likely driven by around half the population

reporting decreased exercise, increased stockpiling of food,
and difficulty with healthy dietary patterns. In addition, there
are suggestions of superimposed financial stress of the pan-
demic as over 20% of respondents reported at least some
difficulty affording healthy meals and over 7% became unem-
ployed during the pandemic.

High levels of self-reported anxiety, depression, and in-
somnia have been documented in people with obesity during
the pandemic [29]. In our cohort, it is concerning that these
psychological stresses appear to be occurring in conjunction
with coping mechanisms such as stress eating and substance
use in people with a history of BS. The relationship between
chronic stress, mental health disorders, and substance use is
well documented in the literature [2, 56], in addition to the
bidirectional relationship between stress and obesity [3, 57].

To our knowledge, this is the first report of substance use
behaviors among ethnically diverse BS patients for an extend-
ed period through the COVID-19 pandemic, that is, for
months beyond the initial hard lockdown phases that occurred
worldwide. Most published quantitative studies that have fo-
cused on the psychosocial impact of the epidemic on BS pa-
tients collected data during the first wave only [36, 40], had no
information on ethnic distribution of the sample [4, 37, 40,
58], or were majority non-Hispanic White participants [36,
60], and none collected data on substance use behaviors.
Two international qualitative studies with sample sizes < 25
either were majority non-Hispanic White [6, 61] or did not
report ethnicity [7, 62] and neither reported on substance use
behaviors in BS patients. A history of BS is associated with

Fig. 1 Ethnic group distribution of depression, anxiety, sleep disturbances, and substance use among bariatric surgery study participants during
lockdown and post-lockdown orders

3745OBES SURG  (2021) 31:3738–3748



increased substance, and this is thought to be due to a variety
of psychosocial and physiological factors [8, 9, 63–66]. In the
current study, education, income, and ethnicity do not appear
to be associated with or protective against these increases in
mental health stresses and behaviors for post-BS patients. This
suggests the need for broad outreach and education initiatives
for BS patients to ensure that their mental health needs are
being met during the pandemic in order to mitigate the impact
on health behaviors that could be deleterious to body weight,
metabolic outcomes, and overall wellbeing.

There are several limitations to this study that should
be mentioned. First, this was a sample of convenience
which can produce selection bias. Respondents were
primarily college-educated NHW women with an aver-
age age of 51 years and an annual income of ≥$75,000.
This study may not be generalizable to a clinic that
treats a different demographic of people, a healthy
weight population, or non-BS patients. It may also not
be generalizable to other populations and as a result
may not accurately assess the burden of COVID-19 on
obesity-related health and behaviors in lower socioeco-
nomic status who are disproportionately more affected
by obesity and COVID-19. Participants were established
weight management patients with secured health insur-
ance, which is not representative of the average
American challenged with obesity. Another limitation
is that behavioral changes were based on the patient’s
own perception at the time of the survey rather than on
quantifying these behaviors (such as exercise time de-
creased from 120 to 60 min/week). Furthermore, we
infer that an increase in behaviors that favor weight
gain during COVID-19 would lead to worsening obesity
but are not able to present longitudinal causal effect
data on changes in body weight due to the study de-
sign. Strengths of the study include the capture of im-
portant information to inform comprehensive, future
healthcare for BS patients to optimize health behaviors
and outcomes while mitigating risks.

Data from this study support the creation of programs for BS
patients to screen for mental health and health behaviors that
could undermine weight management and overall health in this
vulnerable population as the world recovers from the COVID-19
pandemic. Healthcare access should be optimized for BS patients
through novel strategies, including telehealth and mental health
outreach, for the duration of the pandemic and beyond.

In conclusion, the COVID-19 pandemic is having a durable
negative impact on the health behaviors and mental health of
people with a history of BS. This vulnerable group reports
high levels of anxiety and depression, which have been report-
ed in tandem with maladaptive coping mechanisms such as
substance use and stress eating. These behaviors may under-
mine post-BS weight management, metabolic outcomes, and

overall health. Appropriate screening and intervention pro-
grams must be implemented for this at-risk population.
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