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OBJECTIVE: To assess the effect of a consumer-based

mobile meditation application (app) on wellness in out-

patient obstetric and gynecology patients during the

coronavirus disease 2019 (COVID-19) pandemic.

METHODS: We conducted a randomized controlled trial

at a university outpatient clinic of obstetric and gynecol-

ogy patients during the COVID-19 pandemic. Women

were randomly assigned to the intervention group, who

was prescribed a mobile meditation app for 30 days, or

the control group, which received standard care. The

primary outcome was self-reported perceived stress.

Secondary outcomes included self-reported depression,

anxiety, sleep disturbance, and satisfaction with the

meditation app. A sample size of 80 participants (40 per

group) was calculated to achieve 84% power to detect a 3-

point difference in the primary outcome.

RESULTS: From April to May 2020, 101 women were

randomized in the study—50 in the meditation app

group and 51 in the control group. Analysis was by

intention-to-treat. Most characteristics were similar

between groups. Perceived stress was significantly less

in the intervention group at days 14 and 30 (mean differ-

ence 4.27, 95% CI 1.30–7.24, P5.005, d50.69 and mean

difference 4.28, 95% CI 1.68–6.88, P5.002, d50.69,

respectively). Self-reported depression and anxiety were

significantly less in the intervention group at days 14 and

30 (depression: P5.002 and P5.04; anxiety: P5.01, and

P5.04, respectively). Sleep disturbance was significantly

less in the intervention group at days 14 and 30 (P5.001

and P5.02, respectively). More than 80% of those in the

intervention group reported high satisfaction with the

meditation app, and 93% reported that mindfulness

meditation improved their stress.

CONCLUSION: Outpatient obstetric and gynecology

patients who used the prescribed consumer-based

mobile meditation app during the COVID-19 pandemic

had significant reductions in perceived stress, depres-

sion, anxiety, and sleep disturbance compared with

standard care.
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The coronavirus disease 2019 (COVID-19) pan-
demic has led to health care system changes that

affect obstetric and gynecology patients. This includes,
but is not limited to, visitor restrictions, modifications
to outpatient visits (ie, telemedicine), extended visit
intervals, cancelled visits, and suspension of educa-
tional programs and group prenatal care. Experienc-
ing a global pandemic as a pregnant patient is a unique
life event that can increase stress, anxiety, and depres-
sion.1 For surgical patients, a joint statement was
released on March 16, 2020, stating elective proce-
dures should be postponed to divert health care atten-
tion and resources for this public health crisis.2

Physicians were confronted with finding new strate-
gies to guide women through the burden of increased
demands at home in addition to personal health care
changes. For example, physicians could recommend
more self-care (eg, home blood pressure monitoring),
virtual and online support resources through public
health and mental health agencies, and encourage
software applications (apps) that may help self-
manage stress and anxiety.1,3

Mindfulness is defined as the mental state of
focusing one’s awareness on the present moment with-
out judgement.4 The effects of mindfulness meditation
have been studied in pregnancy, postpartum, infertil-
ity, chronic and postoperative pelvic pain, and cancer
patients with positive effects on well-being, although
data are limited.5–11 Of late, mobile apps have
become a popular platform to deliver mindfulness
meditation. The objective of this randomized con-
trolled trial was to assess the effect of a consumer-
based mobile meditation app on perceived stress in
outpatient obstetric and gynecology patients during
the COVID-19 pandemic.

METHODS

We conducted a randomized controlled trial in
Phoenix, Arizona, from April 14, 2020, to May 28,
2020. The Institutional Review Board at the Univer-
sity of Arizona College of Medicine Phoenix
approved the study protocol. The trial was registered
with ClinicalTrials.gov (registration number
NCT04329533) and was conducted in accordance
with the protocol. Included in the study were
English-speaking women aged 18 years and older
who were established patients of our clinic. Eligibility
criteria for the obstetric patients was a confirmed
pregnancy between 14 and 34 weeks of gestation;
for the gynecology patients, it was a surgical proce-
dure that was delayed or cancelled due to the
COVID-19 pandemic. Women with the inability to
regularly access a smart device or who already used

the meditation app Calm were not eligible to partici-
pate in the study. After patients were identified, they
were invited to participate in the study by telephone
call from study personnel (R.B.S), and all participants
provided electronic informed consent.

After completing the electronic informed consent,
participants completed a baseline (day 0) survey
including three validated questionnaires on perceived
stress, depression, anxiety, and sleep disturbance.
After baseline assessments, participants were random-
ized to either the intervention group, who were
prescribed the mindfulness meditation app Calm for
30 days, or the control group, who received standard
care. The University of Arizona College of Medicine
research staff produced the computer-generated sim-
ple randomization scheme. Randomization allocation
ratio was one-to-one. A password-protected random-
ization database, Research Electronic Data Capture
(REDCap), was used for randomization allocation as
well as data collection and management. The
password-protected database, Qualtrics, was used for
participant questionnaires.

Patients in the intervention group were provided
information on how to download and use the mobile
app Calm. Verbal and written encouragement was
given to use the mobile app 70 minutes per week,
preferably 10 minutes per day, for a total of 30 days.
Patients could use any of the components of the
mobile app they chose (eg, mindfulness meditation,
sleep stories, nature sounds). Participants were
encouraged to use the “daily Calm,” a 10-minute
guided meditation unique to each day; however, this
was not required. Participants in the control group
continued with their standard obstetric or gynecology
care for 30 days. At the conclusion of the study
period, the control group received access to the
mobile app Calm for 30 days.

At three specified study time periods (days 0, 14,
and 30), patients completed self-reported psycholog-
ical assessments. The primary study outcome was
perceived stress difference between groups over the
30-day study period and was measured using Cohen’s
10-item Perceived Stress Scale.12 The Perceived Stress
Scale score ranges from 0 to 40 (0–135low stress, 14–
265moderate stress, 27–405high stress). Secondary
study outcomes included the perceived stress differ-
ence mid-study (day 14) and other self-reported psy-
chological measures of depression, anxiety, and sleep
disturbance, which were measured using Zigmond’s
14-item Hospital Anxiety and Depression Scale13

and the 8-item PROMIS (Patient-Reported Outcomes
Measurement Information System) Sleep Disturbance
Short Form.14 The Hospital Anxiety and Depression
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score ranges from 0 to 21 individually for anxiety and
depression (0–75normal, 8–105borderline abnor-
mal, 11–215abnormal). The PROMIS Sleep Distur-
bance Short Form score ranges from 29 to 77 (less
than 555none to slight, 55–59.95mild, 60–
69.95moderate, 70 and over5severe). Electronic
reminders were generated for patients who did not
complete the day 14 and 30 assessments, followed by
reminder phone calls for the day 30 assessments.

For participants in the intervention group, satis-
faction with the meditation app was assessed by
questionnaire at the end of the 30-day study period.
A 5-point Likert scale was used to evaluate overall
satisfaction and ease of use with the app. The effect the
app had on participants’ stress and sleep were assessed
with a 4-point Likert scale, and perception of positive
change to their mental health, physical health, stress,
anxiety, and sleep were assessed with binary questions
(yes or no). Frequency of app use was self-reported on
the final questionnaire. All patients were assessed on
their perceptions of the COVID-19 pandemic before
and after the study, including personal risk of infec-
tion with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the virus that causes COVID-
19; ability to prevent infection; level of worry for per-
sonal, family member, and community infection; and
the effect COVID-19 has had on their stress, mental
health, and physical health. Electronic medical
records were reviewed for demographic data, baseline
characteristics, pregnancy course for the obstetric
patients, and preoperative course for the gynecology
patients.

We powered the study to detect a clinically
significant mean difference of 3 points in the per-
ceived stress score. The power calculation used the
normal approximation method assuming a pooled
standard deviation of 0.5 and the test statistic used was
the two-sided Fisher’s exact test with an a priori sig-
nificance level of 0.05. A sample size of 80 partici-
pants (40 per group) was calculated to achieve 84%
power. To allow for a 20% attrition rate, we planned
to enroll 100 participants. Categorical variables were
examined using the Chi squared test and two-sided
Fisher’s exact test. The Student’s t test was used to
determine differences in continuous variables. Sec-
ondary analyses compared differences by group and
by time interactions using repeated analysis of vari-
ance tests. A significance level of 0.05 was used for all
tests. Effect sizes were quantified using Cohen’s d with
values greater than 0.50 suggesting moderate effect
and values 0.21 to 0.50 suggesting modest effect.
Intention-to-treat and per protocol analyses were both
performed; however, intention-to-treat is reported.

Data were summarized using SAS 9.4. Results were
reported following the CONSORT (Consolidated
Standards of Reporting Trials) statement.15

RESULTS

From April 14, 2020, to May 28, 2020, we screened
263 women for inclusion in the study (132 pregnant
patients, 131 gynecology patients with delayed or
cancelled surgeries). A total of 101 patients were
consented for participation and randomized, 50 in
the meditation app group and 51 in the control group
(Fig. 1). Eleven women discontinued participation
after the baseline psychological assessments for
unknown reasons, seven in the intervention group
and four in the control group; baseline responses were
used as their day 30 responses. One participant did
not complete the baseline perceived stress assessment;
day 14 responses were used as day 0. Thirty-one
women did not complete the mid-study (day 14)
assessments, 19 in the intervention group and 12 in
the control group.

Demographic and baseline characteristics were
similar between groups (Table 1). Pregnancy char-
acteristics and outcomes were comparable between
groups for the obstetric patients. Preoperative char-
acteristics for the gynecology patients were similar
between groups. A majority of patients had a pre-
viously scheduled minimally invasive hysterec-
tomy that was delayed for at least the 30-day
study period. No patients had previously received
a laboratory diagnosis of SARS-CoV-2 infection
before study enrollment; one patient in the inter-
vention group had a confirmed SARS-CoV-2 infec-
tion during the study.

Perceived stress significantly decreased over the
30-day study period in the intervention group com-
pared with the control group (mean difference 4.28,
95% CI 1.68–6.88, P5.002, Table 2). A significant
decrease in perceived stress was also seen mid-study
(day 14) in the intervention group (mean difference
4.27, 95% CI 1.30–7.24, P5.005). Perceived stress
mean scores decreased in both groups with signifi-
cantly greater reduction in the intervention group at
day 14 and day 30 (Fig. 2). Self-reported depression
was significantly less in the intervention group at days
14 and 30 (mean difference 2.27, 95% CI 0.85–3.69,
P5.002 and mean difference 1.36, 95% CI 0.04–2.68,
P5.04, respectively). Self-reported anxiety at days 14
and 30 was significantly less in the intervention group
(mean difference 2.65, 95% CI 0.63–4.67, P5.01 and
mean difference 1.89, 95% CI 0.06–3.72, P5.04,
respectively). The intervention group had significantly
less self-reported sleep disturbance at days 14 and 30
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(mean difference 5.40, 95% CI 2.25–8.56, P5.001 and
mean difference 3.16, 95% CI 0.44–5.88, P5.02,
respectively). Differences by group allocation and by
study time period were independently associated with
the change in perceived stress as there was no signif-
icant group by time interaction found (P5.17). There
were no differences between groups at baseline (day
0) for perceived stress, depression, anxiety, or sleep
disturbance. Effect sizes calculated for group differ-
ences showed moderate effect in perceived stress at
days 14 and 30 (d50.69 and d50.69, respectively).
Moderate effect was seen in depression, anxiety and
sleep disturbance at day 14 (d50.77, d50.63, and
d50.82, respectively). Modest effect was seen in
depression, anxiety, and sleep disturbance at day 30
(d50.43, d50.43, and d50.48). A separate per-
protocol analysis for all outcomes showed no signifi-
cant differences from the intention-to-treat analysis.

Subgroup analysis revealed no within-group dif-
ferences at any timepoint, whether the participant was
an obstetric or a gynecology patient. A comparison of
the obstetric participants alone (n560) indicated no
differences at baseline for perceived stress, depression,
anxiety, or sleep disturbance. The obstetric interven-
tion group reported significantly less stress compared
with the control group at day 30 (12.764.8 vs
17.266.1, P5.004). Although perceived stress scores
were lower in the intervention group at day 14, they
did not reach statistical significance (13.965.4 vs
17.866.7, P5.054). Depression and sleep disturbance
were significantly less in the obstetric intervention

group at day 14 (4.062.7 vs 6.863.2, P5.004 and
15.065.2 vs 21.066.7, P5.003, respectively). Depres-
sion and sleep disturbance at day 30 and anxiety at
days 14 and 30 were less in the obstetric intervention
group but did not reach statistical significance. A com-
parison of the gynecology participants alone (n541)
indicated that all outcomes were less in the interven-
tion group compared with the control group at days
14 and 30; however, none reached statistical signifi-
cance except the intervention group reported signifi-
cantly less sleep disturbance at day 30 (15.366.3 vs
20.667.4, P5.03).

Satisfaction with the Calm app was high with a
majority of participants (81%) rating very satisfied or
satisfied at the end of the 30-day study period
(Table 3). The app was self-reported as being easy
or very easy to use for a majority of patients (86%).
The self-reported positive effects on patients’ stress
and sleep were high, with no women selecting that
the mobile app did not help at all and 7% selecting
that they were not sure whether it helped with stress
or sleep. The majority of patients perceived a positive
change in their mental health, stress level, anxiety
level, and sleep after 30 days of using the app. How-
ever, the majority of patients did not perceive a pos-
itive change to their physical health after the study. In
regard to self-reported app use, 37% of patients used
the app five times or greater per week and 37% of
patients used the app three to four times per week,
with the remainder reporting they used the app two
times or fewer per week.

Fig. 1. CONSORT (Consolidated
Standards of Reporting Trials)
flowchart of patient recruitment
and participation.

Smith. Mindfulness Effects During
COVID-19. Obstet Gynecol 2021.
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Table 1. Characteristics of the Study Participants

Characteristic
Meditation

Application Group (n550)
Control

Group (n551)

Age (y) 35.669.9 36.8612.6
BMI (kg/m2) 29.568.4 31.8610.6
Race*

American Indian/Alaskan 1 (2) 1 (2)
Asian 5 (10) 2 (4)
Black or African American 7 (14) 3 (6)
White 33 (66) 41 (80)
Multiracial 4 (8) 4 (8)

Ethnicity*
Hispanic or Latina 4 (8) 12 (24)

Insurance type
Private or other 43 (86) 41 (80)
Public 7 (14) 10 (20)

Relationship status
Single 16 (32) 17 (33)
Married or partnered 34 (68) 34 (67)

Patient type
Obstetric 33 (66) 27 (53)
Gynecologic 17 (34) 24 (47)

Gravidity
0 6 (12) 6 (12)
1 16 (32) 18 (35)
2 or more 28 (56) 17 (53)

Parity
0 25 (50) 24 (47)
1 14 (28) 11 (22)
2 or more 11 (22) 16 (31)

Prior abdominal surgery 3 (6) 10 (20)
Prior pelvic surgery 9 (18) 13 (26)
Prior cesarean delivery 8 (16) 11 (22)
Tobacco use 3 (6) 4 (8)
Comorbidities

Hypertension 1 (2) 6 (12)
Diabetes 1 (2) 4 (8)

Psychological disorders
Depression 7 (14) 4 (8)
Anxiety 8 (16) 5 (10)
Other mood disorders 2 (4) 1 (2)

Chronic pain disorders
Chronic pelvic pain 3 (6) 6 (12)
Endometriosis 3 (6) 2 (4)
Chronic back pain 2 (4) 3 (6)
Chronic headaches 7 (14) 3 (6)

Antidepressant medication use 7 (14) 4 (8)
Anxiolytic medication use 0 (0) 1 (2)
Antipsychotic medication use 1 (2) 1 (2)
SARS-CoV-2 infection

Before study 0 (0) 0 (0)
During study 1 (2) 0 (0)

Gestational age at enrollment (wk)† 23.666.1 22.765.7
Antepartum complications†

Advanced maternal age 10 (20) 5 (10)
Gestational diabetes 2 (4) 1 (2)
Hypertensive disorders 2 (4) 0 (0)

Pregnancy outcome 30 d after study conclusion†

Still pregnant 22 (67) 22 (82)

(continued )
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Self-reported perceptions of the COVID-19 pan-
demic over the 30-day study period were comparable
for all participants regardless of group in regard to
personal risk of infection, ability to prevent infection,

worry for personal infection, and worry for commu-
nity infection (Table 4). Participants in both groups
did not perceive a significant change in the effect of
the pandemic on their mental health or physical

Table 1. Characteristics of the Study Participants (continued )

Characteristic
Meditation

Application Group (n550)
Control

Group (n551)

Term vaginal delivery 4 (12) 3 (11)
Preterm vaginal delivery 1 (3) 1 (4)
Term cesarean delivery 5 (15) 1 (4)
Preterm cesarean delivery 1 (3) 0 (0)

Menopausal‡ 4 (24) 5 (21)
Primary surgical indication‡

Abnormal uterine bleeding 6 (35) 16 (67)
Dysmenorrhea or pelvic pain 4 (24) 5 (21)
Adnexal mass 3 (18) 2 (8)
Other 4 (24) 1 (4)

Surgery delayed or cancelled‡

Hysterectomy 7 (41) 11 (46)
Laparoscopy§ 6 (35) 4 (17)
Hysteroscopy§ 0 (0) 7 (29)
Other 4 (24) 2 (8)

Surgery setting‡

Hospital 15 (88) 20 (83)
Clinic 2 (12) 4 (17)

BMI, body mass index; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
Data are mean6SD or n (%).
* Race and ethnicity categories are selected by study participant and are included to determine generalizability.
† Obstetric participants (n560).
‡ Gynecology participants (n541).
§ Includes diagnostic and operative (excluding hysterectomy).

Table 2. Self-Reported Psychological Measures of Participants in the Meditation and Control Groups

Scale
Meditation Application

Group (n550)
Control

Group (n551)
Mean

Difference (95% CI) P

Primary outcome
PSS

Day 0 17.065.9 18.766.2 1.68 (20.72 to 4.08) .17
Day 14 13.565.5 17.866.6 4.27 (1.30 to 7.24) .005
Day 30 12.765.6 17.066.7 4.28 (1.68 to 6.88) .002

Secondary outcomes
HADS–Depression

Day 0 5.363.5 5.563.0 0.17 (21.14 to 1.48) .81
Day 14 3.962.8 6.263.1 2.27 (0.85 to 3.69) .002
Day 30 4.062.9 5.463.4 1.36 (0.04 to 2.68) .04

HADS–Anxiety
Day 0 7.664.3 8.364.4 0.71 (21.04 to 2.45) .43
Day 14 5.663.6 8.264.6 2.65 (0.63 to 4.67) .01
Day 30 5.063.9 6.964.7 1.89 (0.06 to 3.72) .04

Sleep disturbance
Day 0 20.467.0 21.167.1 0.68 (22.14 to 3.51) .64
Day 14 16.066.0 21.467.0 5.40 (2.25 to 8.56) .001
Day 30 16.165.6 19.367.3 3.16 (0.44 to 5.88) .02

PSS, Perceived Stress Scale; HADS, Hospital Anxiety and Depression Scale.
Data are mean6SD unless otherwise specified.
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health over the 30-day study. Worry for family infec-
tion significantly decreased over the study period in
the intervention group (P5.006) and did not signifi-

cantly change in the control group. The self-reported
effect of the COVID-19 pandemic on participants’
stress level significantly decreased over the 30-day
study in the intervention group (P5.02) and did not
significantly change in the control group. This differ-
ence in stress effect over time was significantly greater
in the intervention group as compared with the con-
trol group (mean difference 0.53, 95% CI 0.09–0.96,
P5.02).

One participant delivered before viability at 22
weeks of gestation during the 30-day study period;
otherwise, all obstetric patients remained pregnant at
completion of the study. No participants reported an
adverse event or unintended effect of the study.

DISCUSSION

The results of our 101-patient randomized controlled
trial indicate that self-reported stress was significantly
less after 14 and 30 days of using a prescribed
consumer-based mobile meditation application during
the COVID-19 pandemic as compared with standard
care. Differences did exist for self-reported depres-
sion, anxiety, and sleep disturbance over time with
use of the mobile meditation app.

The COVID-19 pandemic has significantly
affected both the physical and mental health of many
women in the United States and worldwide. However,
little is known about the psychological effect on our
obstetric and gynecology patients, and how best to
respond to the associated mental health issues that arise
during the pandemic. A survey study in pregnant
women reported the effect of the COVID-19 pandemic
as severe on their psychological health with two-thirds
reporting higher than normal anxiety.16 A multicenter
study of pregnant women in China reported signifi-
cantly higher rates of depression and thoughts of self-
harm after the declaration of the COVID-19 pan-
demic.17 Pregnant women are already a vulnerable
group for mental health disorders with increased prev-
alence of depression and anxiety.18,19 During a public
health crisis such as the COVID-19 pandemic, nega-
tive effects on mental health and wellness are exacer-
bated with concern for the fetus. Regarding gynecology
patients, the psychological effect of a cancelled surgery
due to a public health crisis is also unknown. Adverse
psychological effects including increased anxiety have
been reported outside of gynecology when surgeries
are abruptly cancelled.20,21

Mindfulness meditation as an approach to self-
manage stress has been shown to benefit overall well-
being.22 In pregnant women, mindfulness meditation
reduces stress and depression with effects up to six
months postpartum.5,6 Additionally, pregnant women

Fig. 2. Effect of meditation application on perceived stress
mean scores at three specified study time periods.

Smith. Mindfulness Effects During COVID-19. Obstet Gynecol
2021.

Table 3. Participant Satisfaction With Meditation
Application at Day 30

Meditation Application
Group (n543)

Overall satisfaction*
Very satisfied 19 (44)
Satisfied 16 (37)
Neutral 5 (12)
Dissatisfied 1 (2)
Very dissatisfied 2 (5)

Ease of use*
Very easy 24 (56)
Easy 13 (30)
Neutral 5 (12)
Difficult 1 (2)
Very difficult 0 (0)

Effect on stress†

Helps a lot 22 (51)
Helps somewhat 18 (42)
Not sure if it helps 3 (7)
Does not help at all 0 (0)

Effect on sleep†

Helps a lot 23 (53)
Helps somewhat 17 (40)
Not sure if it helps 3 (7)
Does not help at all 0 (0)

Positive change‡

In mental health 34 (79)
In physical health 15 (35)
In stress 36 (84)
In anxiety 34 (79)
In sleep 24 (56)

Data are n (%).
* Five-point Likert scale.
† Four-point Likert scale.
‡ Yes or no.
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with a history of depression benefit from mindfulness
meditation to prevent recurrence of depression.23

Mindfulness meditation has been studied in gyneco-
logic populations including infertility, chronic pain,
and painful bladder syndrome showing improved
stress, depression, and quality of life in these popula-
tions.7–10 Early investigations exist for the use
of mindfulness meditation in postoperative pain after
hysterectomy with positive effects.10 Our study is an
important contribution to this limited body of litera-
ture and suggests improved mental health and well-
being with mindfulness meditation.

During this unprecedented time of the COVID-
19 pandemic, our clinic sought alternative ways to
mitigate the presumed psychological effect the pan-
demic would have on our patients. In collaboration
with Calm, Inc, we provided this low risk wellness
intervention. Although our study focused on a specific
meditation app during an unusual time, we highlight
the need to address mental health and wellness in our
patient population. The positive effects of the app on
participant wellness supports the routine recommen-
dation of wellness apps such as Calm to be used in
obstetric and gynecology clinics outside of the
COVID-19 pandemic to enhance patients’ well-
being and address mental health.

We acknowledge several limitations of our study.
First, by including obstetric and gynecology patients,
the population was heterogeneous. Experiencing
pregnancy during a pandemic with stress for antici-
pated delivery may differ from stress of a cancelled
surgery. Interpretation of our results is limited as one
type of stress may be more amenable to mindfulness
meditation compared with the other. Although a
subanalysis of obstetric and gynecology patients was
performed, the small sample size has limited statistical
power. Justification for the combined cohort was the

short enrollment period that elective surgeries were
cancelled at our institution. Additionally, the partici-
pants had overall low baseline stress, were from a
single institution, and were evaluated during a global
pandemic, so results may not be generalizable. There
was significant regional variation in the COVID-19
effect, and, at the time of our study, Arizona had not
yet reached its peak infection rates, which affects the
external validity of our study. Participants were
presented with general information about the inter-
vention before electing to enroll in the study, which
may result in recruitment bias to patients interested in
mobile wellness apps. Final limitations include use of
the meditation app was self-reported, lack of follow-up
after 30 days, and a high study refusal rate without
data on refusers. Strengths of our study include the
randomized study design that was adequately pow-
ered for the primary outcome and all psychological
assessments were previously validated questionnaires.
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