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COVID‑19 experiences predicting 
high anxiety and depression 
among a sample of BRCA1/
BRCA2‑positive women in the US
Kate E. Dibble  1* & Avonne E. Connor1,2

During the COVID-19 pandemic, breast and ovarian cancer survivors experienced more anxiety and 
depression than before the pandemic. Studies have not investigated the similarities of this trend 
among BRCA1/2-positive women who are considered high risk for these cancers. The current study 
examines the impact of COVID-19 experiences on anxiety and depression in a sample of BRCA1/2-
positive women in the U.S. 211 BRCA1/2-positive women from medically underserved backgrounds 
completed an online survey. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were 
estimated using multivariable logistic regression for associations between COVID-19 experiences and 
self-reported anxiety and depression stratified by demographic factors. Overall, women who reported 
COVID-19 stigma or discrimination (aOR, 5.14, 95% CI [1.55, 17.0]) experienced significantly more 
depressive symptoms than women who did not report this experience. Racial/ethnic minority women 
caring for someone at home during COVID-19 were 3.70 times more likely (95% CI [1.01, 13.5]) to 
report high anxiety while non-Hispanic white women were less likely (aOR, 0.34, 95% CI [0.09, 1.30], 
p interaction = 0.011). To date, this is the first study to analyze anxiety and depression considering 
several COVID-19 predictors among BRCA1/2-positive women. Our findings can be used to inform 
future research and advise COVID-19-related mental health resources specific to these women.

One in eight women will be diagnosed with breast cancer in their lifetime, but only 5–10% of these women have 
a BRCA1 and/or BRCA2 (BReast CAncer) genetic mutation1. Although rare, these mutations occur on dominant 
genes, indicative of a 50% inheritance rate, and therefore, occur within biological family units and often co-occur 
with other rarer cancer-specific mutations such as ATM, CDH1, CHEK2, PALB2, PTEN, STK11, and TP532. Due 
to these mutations, women have an increased risk of breast and ovarian cancers3, living with a cumulative breast 
cancer risk of 72% among BRCA1 and 69% among BRCA2 carriers4. Ovarian cancer risk is also elevated by the 
presence of these mutations, with one study finding that ovarian cancer occurs in an estimated 44% of BRCA1-
positive women and 17% for those with BRCA24. When breast cancer does occur among this population, those 
with BRCA1 mutations are more likely to be diagnosed with triple-negative breast cancer, associated with higher 
risk of mortality5, while BRCA2-positive women are more likely to be diagnosed with hormone receptor-positive 
tumors6. The rate of recurrence has been approximated between 25 and 30% remains elevated among BRCA1/2-
positive cancer survivors but remains highly dependent on individual clinical characteristics such as stage at 
diagnosis, treatment(s), and hormone receptor status6. Prophylactic treatment(s), such as hysterectomy, bilateral 
mastectomy, salpingectomy, and oophorectomy surgeries, remain the gold standard for preventing breast and 
ovarian cancers among women with these mutations7,8, but biannual ongoing surveillance (e.g., self-examination, 
magnetic resonance imaging, transvaginal ultrasound, mammogram, etc.) has also been recommended9.

Recently, the coronavirus disease 2019 (COVID-19) caused delays in diagnostic investigation, surgical pro-
cedures, and routine surveillance for all women, due to limited in-person services10,11. Many of these limitations 
will have long-lasting consequences such as later-stage diagnoses and poorer clinical outcomes12, particularly for 
those with BRCA1/2 mutations, who rely on ongoing care for risk reduction and early detection. Individuals with 
cancer may be at greater risk of COVID-19 complications and death, worsened by older age (≥ 60 years), a history 
of smoking, obesity, hypertension, cardiovascular disease, and diabetes13–15. The COVID-19 pandemic is expected 
to have an increase in cancer-related mortality due to care disturbances across the cancer continuum, including 
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but not limited to: (1) reduced access to care due to fear of infection, reallocation of resources, unemployment in 
the healthcare field, clinic shutdowns; (2) delayed routine care involving preventive screening, abnormal screen-
ing and symptom follow-up; (3) later-stage diagnosis indicative of reduced survival, fewer treatment options, and 
more invasive treatment; and (4) delayed or modified treatments like postponement of treatments and surgeries16. 
Cancer screening during the pandemic decreased 29–36% from pre-pandemic levels, and specifically, one study 
found an 86–94% decline in screening for breast and cervical cancers than 2017–2019 historical averages17. The 
impact of the COVID-19 pandemic on mental health outcomes among high-risk women, a population that 
already experience high rates of anxiety and depression18–20, has not yet been investigated.

Coupled with COVID-19 pandemic stressors, the impending risk of cancer, the push for prophylactic sur-
geries, continuous surveillance, and the associated worry of affected family members have been associated with 
even more increases in adverse mental health symptomology8,21–24 and reduced health-related quality of life8,25,26. 
Adverse mental health symptomology is often heightened considering BRCA1/2 diagnoses and what they mean 
for their health in the future24,27,28, often compounded if testing is prompted by a cancer diagnosis29. Anxi-
ety and depression are often reported among women with BRCA1/2 mutations, most commonly among those 
who are undergoing genetic testing19, undergoing prophylactic surgeries24, and/or during biannual surveillance 
appointments30. Although genetic testing offers preventive opportunities and the knowledge for risk reduction 
and/or management, it has also been linked to increased anxiety, stress, and depressive symptomology18,24, 
trending at varying levels throughout this process.

Objectives.  The current study aims to determine the association between several COVID-19 pandemic 
experiences and anxiety and depression symptomology, while adjusting for covariates among BRCA1/2-positive 
US women from medically underserved backgrounds. Secondarily, we stratified these associations by income 
status and race/ethnicity to identify high-risk groups of mutation carriers. The importance of this paper remains 
unprecedented, as those with increased risk for breast and ovarian cancer due to genetic mutations may have 
experienced limited preventive, diagnostic, and/or treatment-related care as the COVID-19 pandemic continues 
into 2021 and beyond.

Methods
Study design and sample.  Participants were recruited through national, online support groups: BRCA1 
BRCA2 Genetic Ovarian & Breast Cancer Gene (~ 11,000 members), BRCA​ Genetic Sisters Support Group 
(~ 6000 members), BRCA1 & BRCA2 Support Group (~ 3300 members), BRCA​ Strong (~ 2500 members), BRCA​ 
Sisterhood of Hope (~ 1400 members), Facing Our Risk for Cancer Empowered (FORCE) message boards, 
Understanding BRCA​ (~ 1500 members), BRCA​ Advanced & Other Hereditary Cancers Journal Club (~ 3200 
members), and BRCA​ Preventive Mastectomy & Hysterectomy Support Group (~ 900 members) from Decem-
ber 2020 to March 2021. One study recruitment post was posted per day within each group (BRCA​ Strong only 
allowed one post per week), with written permission obtained from group moderators prior to posting. The post 
consisted of a brief announcement introducing the study, eligibility criteria, and a link to an anonymous survey. 
Participants were eligible if they were 18 years or older, female, lived in the US, could read/speak in English, 
have undergone and tested positive for either (or both) BRCA1 and/or BRCA2 genetic mutations within the 
past 5 years, and identify with at least one medically underserved population (i.e., racial, ethnic, and/or sexual 
minority, person with a physical disability, those with low income, first-generation immigrant, and/or those 
who are chronically ill). By clicking the brief study announcement, potential participants were rerouted to an 
anonymous screener survey to determine eligibility, and those fitting criteria were rerouted to the full online 
survey via REDCap (Research Electronic Data Capture) hosted at the Johns Hopkins Bloomberg School of Pub-
lic Health (JHSPH)31,32. Survey questions prompted participants to rate anxiety, depression, COVID-19 impact, 
demographic characteristics, clinical cancer and genetic testing information, prophylactic surgery and ongoing 
surveillance history, body satisfaction, perceived worry of cancer, cancer empowerment, health-related quality 
of life, discrimination, and healthcare access. Participants who completed the online survey were compensated 
with a $20 Amazon e-gift card. This study was approved and conducted according to the ethical standards of the 
JHSPH Institutional Review Board (IRB) and informed consent was obtained from all participants.

Model variables.  Predictor variables.  To measure the impact of COVID-19, the Pandemic Stress Index33 
was utilized within the current study. The items involving COVID-19 experiences were as follows: changes in life 
due to COVID-19, diagnosed with COVID-19, fear of getting or spreading COVID-19, worrying about loved 
ones, quarantining or isolation, caring for someone at home, working from home, lost job, changes in healthcare 
services, stigma or discrimination, personal financial loss, frustration/boredom, not having basic supplies, more 
depression, more anxiety, sleep issues, increased substance use, change in sexual activity, loneliness, confusion 
about COVID-19, giving to the greater good by following COVID-19 mandates, and getting emotional or finan-
cial support from loved ones. The COVID-19 experiential items were entered as predictors, with one predictor 
in each model. Predictors were originally dichotomous with either “no” did not experience (referent) or “yes” 
experienced the COVID-19-related prompt during the pandemic. Items ranged from general COVID-19 occur-
rences (e.g., diagnosed with COVID-19, quarantining, working from home, etc.), health-related prompts (e.g., 
anxiety, depression, substance use, frustration/boredom, etc.), or resource reallocation (e.g., changing travel 
plans, financial loss, needing financial support, etc.) (Supplementary Information).

Outcome assessments.  To measure anxiety symptomology, the Generalized Anxiety Disorder 7-item (GAD-7) 
scale34. The GAD-7 is a 7-item, 4-point Likert scale prompting, “How often have you been bothered by the fol-
lowing over the past 2 weeks?” ranging from 0 (not at all sure) to 3 (nearly every day). Responses were added to 
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create a final score which ranged from zero to 21 with clinical cutoffs for mild (zero to 5), moderate (six to 10), 
and severe anxiety (11+)34. The GAD-7 has a sensitivity of 89% and specificity of 82%, utilized as a screening 
tool to recommend further evaluation for those scoring in the moderate to severe range34. In the general popu-
lation, the GAD-7 reflects good reliability (α = 0.89)35 and excellent within the current sample (α = 0.93). For 
the purposes of this study, clinical cutoffs were dichotomized for mild (referent) and moderate/severe anxiety. 
Moderate/severe anxiety will be discussed as “high anxiety”.

Depressive symptomology was measured using the Patient Health Questionnaire (PHQ-9) Depression 
Assessment36. The PHQ-9 is a 9-item, 4-point Likert scale asking, “Over the last 2 weeks, how often have you 
been bothered by the following problems?” ranging from 0 (not at all) to 3 (nearly every day). Responses were 
combined to create a total score which ranged from zero to 27 with clinical cutoffs for minimal (zero to four), 
mild (five to nine), moderate (10–14), moderately severe (15–19), and severe depression (20–27)36. The PHQ-9 
has been used in the general population, psychiatric populations, and obstetric-gynecologic populations, with an 
average sensitivity of 88% and specificity of 88% for major depression36. In the general population, the PHQ-9 has 
good reliability (α = 0.86–0.89) and excellent reliability (α = 0.90) within the current sample. Within the current 
study, clinical cutoffs were dichotomized for minimal/mild (referent) and moderate/moderately severe/severe 
depression. Moderate/moderately severe/severe depression will be discussed as “more depressive symptoms”.

Covariates and stratifications.  The following variables were included as covariates across all models: age at 
survey completion, number of comorbid conditions, years since genetic testing, education, marital status, race/
ethnicity, income status, cancer survivor status (has a history of cancer versus no cancer history), and geographic 
location. Age at survey completion, number of comorbid conditions (including a past cancer diagnosis) and 
years since genetic testing were treated as continuous. Survivor/control status was originally dichotomous and 
remained as such in analysis (no cancer history [referent], cancer survivor). Race and ethnicity were two sepa-
rate variables. The race variable was polynomial (American Indian or Alaska Native, Asian, Native Hawaiian or 
other Pacific Islander, Black or African American, non-Hispanic white (NHW), biracial or multiracial) and eth-
nicity was dichotomous (Hispanic or Latino, not Hispanic or Latino). These variables were combined to create a 
race/ethnicity variable (NHW, racial/ethnic minority) due for ease of interpretation and limited subgroup size. 
Income status was originally polynomial, ranging from less than $20,000 USD annually to $200,000 USD annu-
ally or more. A cutoff was created based upon the US Census Bureau37 dichotomizing annual household income 
(at least $40,000 USD annually per household [referent], below $40,000 USD annually per household). Categori-
cal covariates were originally polynomial (education [less than high school, high school graduate or GED, some 
college, college graduate, some graduate school, Master’s degree, professional degree, doctoral degree], marital 
status [married or living as married, divorced, separated, widowed, single], geographic location [urban, subur-
ban, rural]) but were condensed: education (some college or less [referent], college graduate or above), marital 
status (married/living as married [referent], not married), and geographic location (urban/suburban [referent], 
rural). In separate models, stratifications by income status and racial/ethnic minority status were included, how-
ever, were entered as covariates when not in use as stratifications.

Statistical methods.  All analyses were performed using Stata statistical software, version 1638. Frequency 
and percentages were analyzed to identify missingness; cases that were missing were dropped for that specific 
model. Missingness is outlined in Table 1. Chi-square tests for categorical variables and independent samples 
t tests for continuous variables were conducted to determine potential covariates for demographic characteris-
tics of interest. These analyses compared characteristics by income and racial/ethnic minority status) and are 
included in Table 1. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were calculated with mul-
tivariable logistic regression models to measure the association between each COVID-19 experience/predictor 
and outcomes (anxiety and depression), while adjusting for age at survey completion, number of comorbid con-
ditions, years since genetic testing, education, marital status, survivor/control status, geographic location, race/
ethnicity, and income status. To examine the effect of experiences during COVID-19 on anxiety and depressive 
symptomology by income status and racial/ethnicity among BRCA1/2-positive women, models were stratified 
by these factors and an interaction term was created for COVID-19 experience combined with income status 
(did/did not experience during COVID-19 × income status) and race/ethnicity (did/did not experience dur-
ing COVID-19 × race/ethnicity) within appropriate models. Analyses in Table 1 were two-sided and statistical 
significance was indicated if p values were below 0.05. For multivariable logistic regression models, the level of 
statistical significance was restricted to p values less than or equal to 0.02 to account for multiple tested models.

Ethics approval.  This study was performed in line with the principles of the Declaration of Helsinki. 
Approval was granted by the Johns Hopkins Bloomberg School of Public Health Institutional Review Board.

Consent to participate.  Informed consent was obtained from all individual participants included in the 
study.

Results
Characteristics of the study sample.  Description of the study population and characteristics are shown 
in Table 1. A total of 211 BRCA1/2-positive women, both with and without a history of cancer meeting inclusion 
criteria were included in the current study. The sample ranged in age from 18 to 75 (M = 39.5, SD = 10.6) and 
most women did not have a history of cancer (n = 138, 65.4%). The composition of originally polynomial pre-
dictor variables was as follows: race (American Indian or Alaska Native [2.4%], Asian [6.6%], Native Hawaiian/
other Pacific Islander [0.9%], Black or African American [4.3%], NHW [79.1%], biracial or multiracial [6.2%]) 
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Characteristics

Stratifications

p value

Total female sample 
(N = 211)
No. (%)

Non-Hispanic White 
(n = 142)
No. (%)

Racial/Ethnic Minority 
(n = 69)
No. (%) p value

Average/high income* 
(n = 162)
No. (%)

Low income* (n = 49)
No. (%)

Disadvantaged health characteristics

Disability status

 No disability 96 (67.6) 51 (73.9)

0.350

118 (72.8) 29 (59.2)

0.068

147 (69.7)

 Disability 46 (32.4) 18 (26.1) 44 (27.2) 20 (40.8) 64 (30.3)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Sexual orientation

 Straight or not gay 106 (74.6) 56 (81.2)

0.293

129 (79.6) 33 (67.3)

0.074

162 (76.8)

 LGBTQ+ or something 
else 36 (25.4) 13 (18.8) 33 (20.4) 16 (32.7) 49 (23.2)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Immigration status

 Not a first-generation 
immigrant 135 (95.1) 62 (89.9)

0.153

149 (92.0) 48 (98.0)

0.140

197 (93.4)

 First-generation immi-
grant 7 (4.9) 7 (10.1) 13 (8.0) 1 (2.0) 14 (6.6)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Multimorbidity

 No multimorbidity 53 (37.3) 28 (40.6)

0.648

60 (37.0) 21 (42.9)

0.463

81 (38.4)

 Two or more comorbid 
conditions 89 (62.7) 41 (59.4) 102 (63.0) 28 (57.1) 130 (61.6)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Covariates

Age

 49 years or younger 110 (78.6) 63 (92.6)

0.011

134 (83.8) 39 (81.3)

0.685

173 (83.2)

 50 years or over 30 (21.4) 5 (7.4) 26 (16.0) 9 (18.4) 35 (16.8)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Education

 College degree or above 86 (60.6) 50 (72.5)

0.090

116 (71.6) 20 (40.8)

 < 0.001

136 (64.5)

 No college degree 56 (39.4) 19 (27.5) 46 (28.4) 29 (59.2) 75 (35.5)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Marital status

 Married or living as 
married 87 (61.3) 45 (65.2)

0.578

118 (72.8) 14 (28.6)

 < 0.001

132 (62.6)

 Other 55 (38.7) 24 (34.8) 44 (27.2) 35 (71.4) 79 (37.4)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cancer status

 No cancer history 92 (64.8) 46 (66.7)

0.945

102 (63.0) 36 (73.5)

0.148

138 (65.4)

 Cancer survivor 47 (33.1) 23 (33.3) 58 (35.8) 12 (24.5) 70 (33.2)

 Missing 3 (2.1) 0 (0.0) 2 (1.2) 1 (2.0) 3 (1.4)

Geographic location

 Urban or suburban 139 (83.2) 40 (93.0)

0.107

136 (84.0) 44 (89.8)

0.311

180 (85.3)

 Rural 28 (16.8) 3 (7.0) 26 (16.0) 5 (10.2) 31 (14.7)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Predictors

Changes in life due to COVID-19

 No 24 (16.9) 10 (14.5)

0.563

25 (15.4) 9 (18.4)

0.650

34 (16.1)

 Yes 106 (74.6) 56 (81.2) 125 (77.2) 37 (75.5) 162 (76.8)

 Missing 12 (8.5) 3 (4.3) 12 (7.4) 3 (6.1) 15 (7.1)

Diagnosed with COVID-19

 No 131 (92.3) 59 (85.5)

0.125

145 (89.5) 45 (91.8)

0.633

190 (90.0)

 Yes 11 (7.7) 10 (14.5) 17 (10.5) 4 (8.2) 21 (10.0)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Fear of getting COVID-19

 No 54 (38.0) 30 (43.5)

0.448

63 (38.9) 21 (42.9)

0.619

84 (39.8)

 Yes 88 (62.0) 39 (56.5) 99 (61.1) 28 (57.1) 127 (60.2)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Continued
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Characteristics

Stratifications

p value

Total female sample 
(N = 211)
No. (%)

Non-Hispanic White 
(n = 142)
No. (%)

Racial/Ethnic Minority 
(n = 69)
No. (%) p value

Average/high income* 
(n = 162)
No. (%)

Low income* (n = 49)
No. (%)

Fear of spreading COVID-19

 No 74 (52.1) 47 (68.1)

0.027

93 (57.4) 28 (57.1)

0.974

121 (57.3)

 Yes 68 (47.9) 22 (31.9) 69 (42.6) 21 (42.9) 90 (42.7)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Worrying about loved ones

 No 32 (22.5) 26 (37.7)

0.021

50 (30.9) 8 (16.3)

0.046

58 (27.5)

 Yes 110 (77.5) 43 (62.3) 112 (69.1) 41 (83.7) 153 (72.5)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Quarantining and isolation

 No 54 (38.0) 31 (44.9)

0.338

70 (43.2) 15 (30.6)

0.115

85 (40.3)

 Yes 88 (62.0) 38 (55.1) 92 (56.8) 34 (69.4) 126 (59.7)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Caring for someone at home

 No 124 (87.3) 56 (81.2)

0.235

144 (88.9) 36 (73.5)

0.008

180 (85.3)

 Yes 18 (12.7) 13 (18.8) 18 (11.1) 13 (26.5) 31 (14.7)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Working from home

 No 88 (62.0) 44 (63.8)

0.800

95 (58.6) 37 (75.5)

0.033

132 (62.6)

 Yes 54 (38.0) 25 (36.2) 67 (41.4) 12 (24.5) 79 (37.4)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Lost job due to COVID-19

 No 129 (90.8) 64 (92.8)

0.642

153 (94.4) 40 (81.6)

0.005

193 (91.5)

 Yes 13 (9.2) 5 (7.2) 9 (5.6) 9 (18.4) 18 (8.5)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Changes in healthcare services

 No 105 (73.9) 51 (73.9)

0.996

127 (78.4) 29 (59.2)

0.007

156 (73.9)

 Yes 37 (26.1) 18 (26.1) 35 (21.6) 20 (40.8) 55 (26.1)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Stigma or discrimination

 No 129 (90.8) 64 (92.8)

0.642

149 (92.0) 44 (89.8)

0.632

193 (91.5)

 Yes 13 (9.2) 5 (7.2) 13 (8.0) 5 (10.2) 18 (8.5)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Personal financial loss

 No 97 (68.3) 53 (76.8)

0.201

126 (77.8) 24 (49.0)

 < 0.001

150 (71.1)

 Yes 45 (31.7) 16 (23.2) 36 (22.2) 25 (51.0) 61 (28.9)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Frustration or boredom

 No 82 (57.7) 35 (50.7)

0.336

92 (56.8) 25 (51.0)

0.476

117 (55.5)

 Yes 60 (42.3) 34 (49.3) 70 (43.2) 24 (49.0) 94 (44.5)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Not having enough basic supplies

 No 130 (91.5) 62 (89.9)

0.687

150 (92.6) 42 (85.7)

0.141

192 (91.0)

 Yes 12 (8.5) 7 (10.1) 12 (7.4) 7 (14.3) 19 (9.0)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

More anxiety

 No 73 (51.4) 32 (46.4)

0.493

82 (50.6) 23 (46.9)

0.652

105 (49.8)

 Yes 69 (48.6) 37 (53.6) 80 (49.4) 26 (53.1) 106 (50.2)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

More depression

 No 101 (71.1) 40 (58.0)

0.057

107 (66.0) 34 (69.4)

0.664

141 (66.8)

 Yes 41 (28.9) 29 (42.0) 55 (34.0) 15 (30.6) 70 (33.2)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Continued
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and ethnicity (not Hispanic/Latino [80.6%], Hispanic/Latino [18.5%]). Most of the current sample completed a 
college degree or above (64.5%) and was married or living as married (62.6%). Some of the women did report 
having at least one physical disability (40.8%) and most reported having more than one comorbid condition 
including cancer (61.6%). Most women reported ≥ $40,000/year for their household incomes (77%) A total 
of 49 participants identified as being lesbian, gay, bisexual, transgender, queer/questioning, or something else 
(LGBTQ+). Study characteristics among NHW and racial/ethnic minority women differed significantly. Racial/
ethnic minority women were more often 49 years of age or younger (p = 0.011), whereas NHW women had 
reported significantly more comorbid conditions than racial/ethnic minority women (p = 0.027). Some demo-
graphic characteristics also differed significantly by income status. Women with household incomes ≥ $40,000/
year more often reported a college degree or above (p ≤ 0.001) and being married or lived as married (p ≤ 0.001). 
COVID-19 experiences also differed by income status and racial/ethnic minority status, as depicted in Table 1.

Characteristics

Stratifications

p value

Total female sample 
(N = 211)
No. (%)

Non-Hispanic White 
(n = 142)
No. (%)

Racial/Ethnic Minority 
(n = 69)
No. (%) p value

Average/high income* 
(n = 162)
No. (%)

Low income* (n = 49)
No. (%)

Sleep issues

 No 80 (56.3) 39 (56.5)

0.980

98 (60.5) 21 (42.9)

0.029

119 (56.4)

 Yes 62 (43.7) 30 (43.5) 64 (39.5) 28 (57.1) 92 (43.6)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Increased substance use

 No 126 (88.7) 59 (85.5)

0.504

142 (87.7) 43 (87.8)

0.985

185 (87.7)

 Yes 16 (11.3) 10 (14.5) 20 (12.3) 6 (12.2) 26 (12.3)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Change in sexual activity

 No 123 (86.6) 55 (79.7)

0.195

134 (82.7) 44 (89.8)

0.232

178 (84.4)

 Yes 19 (13.4) 14 (20.3) 28 (17.3) 5 (10.2) 33 (15.6)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Loneliness

 No 91 (64.1) 37 (53.6)

0.144

101 (62.3) 27 (55.1)

0.363

128 (60.7)

 Yes 51 (35.9) 32 (46.4) 61 (37.7) 22 (44.9) 83 (39.3)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Confusion about COVID-19

 No 132 (93.0) 64 (92.8)

0.957

150 (92.6) 46 (93.9)

0.759

196 (92.9)

 Yes 10 (7.0) 5 (7.2) 12 (7.4) 3 (6.1) 15 (7.1)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Giving to the greater good by following mandates

 No 88 (62.0) 56 (81.2)

0.005

116 (71.6) 28 (57.1)

0.057

144 (68.2)

 Yes 54 (38.0) 13 (18.8) 46 (28.4) 21 (42.9) 67 (31.8)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Getting emotional support from loved ones

 No 105 (73.9) 52 (75.4)

0.825

124 (76.5) 33 (67.3)

0.196

157 (74.4)

 Yes 37 (26.1) 17 (24.6) 38 (23.5) 16 (32.7) 54 (25.6)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Getting financial support from loved ones

 No 126 (88.7) 64 (92.8)

0.360

156 (96.3) 34 (69.4)

 < 0.001

190 (90.0)

 Yes 16 (11.3) 5 (7.2) 6 (3.7) 15 (30.6) 21 (10.0)

 Missing 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Mean (SD) Mean (SD) p value Mean (SD) Mean (SD) p value Mean (SD)

Age at survey completion 40.5 (11.5) 37.5 (7.91) 0.052 39.9 (9.69) 38.2 (13.2) 0.308 39.5 (10.6)

Number of comorbid 
conditions 2.13 (1.37) 1.71 (1.12) 0.027 1.95 (1.29) 2.12 (1.36) 0.453 1.99 (1.31)

Years since genetic testing 1.96 (1.56) 1.87 (1.68) 0.694 1.99 (1.64) 1.73 (1.43) 0.300 1.93 (1.60)

Table 1.   Participant demographic characteristics and disadvantaged health population factors, overall and 
by income status and racial/ethnic minority status. LGBTQ+ = lesbian, gay, bisexual, transgender, queer, 
or questioning, or other. Disadvantaged health characteristics also include income status and racial/ethnic 
minority status. Bolded font indicates significant p value (< 0.05). *Income status = annual household income 
less than $40,000 USD.
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Anxiety and COVID‑19 experiences by income status and race/ethnicity.  Table  2 depicts the 
associations between specific COVID-19 experiences and odds of reporting high anxiety overall and stratified 
by income status. In adjusted models overall, women who reported experiencing depression during COVID-
19 were 5.02 times more likely to report higher anxiety (95% CI [2.33, 10.8]) than women without depression. 
Similarly, women reporting sleep issues during this time were also significantly more likely to experience higher 
anxiety (aOR, 2.77, 95% CI [1.39, 5.54]) than women who did not report sleep issues. In stratified analyses by 
income, lower income women who reported having depression were 7.06 times more likely (95% CI [2.78, 17.9]) 
to also report higher anxiety compared with average/high income women (aOR, 1.99, 95% CI [0.47, 8.39]). 
Women of lower income were also significantly more likely to report higher anxiety (aOR, 3.65, 95% CI [1.64, 
8.11]) if they reported having sleep issues during COVID-19 compared to women of average/high income (aOR, 
1.12, 95% CI [0.28, 4.42]). No interactions between high anxiety and income on any COVID-19 predictor.

Table 2 also shows the relationship between several COVID-19 experiences and the odds of reporting high 
anxiety stratified by race/ethnicity. Racial/ethnic minority women experiencing stigma or discrimination due to 
COVID-19 were 7.71 times more likely to report high anxiety (95% CI [1.44, 41.0]) compared to NHW women 
(aOR, 1.18, 95% CI [0.12, 11.9]; p interaction = 0.19). Racial/ethnic minority women also were more likely to 
report high anxiety if they experienced sleep issues during the COVID-19 pandemic (aOR, 2.63, 95% CI [1.18, 
5.88]) while this association among NHW women was not significant (aOR, 3.16, 95% CI [0.92, 10.8], p interac-
tion = 0.80). NHW women reported significantly with depression also had higher odds of high anxiety (aOR, 
7.94, 95% CI [1.88, 33.5]) as did racial/ethnic minority women (aOR, 4.15, 95% CI [1.69, 10.1]) compared to their 
respective referent category who did not report depression. Racial/ethnic minority women caring for someone 
at home during COVID-19 were 3.70 times more likely (95% CI [1.01, 13.5]) to report high anxiety; however, 
this finding was not statistically significant (p value > 0.02). NHW women were less likely to have high anxiety 
with caring for someone at home (aOR, 0.34, 95% CI [0.09, 1.30], p interaction = 0.01). There was an additional 
significant interaction between changes in healthcare services and race/ethnicity (p interaction = 0.02); however, 
aORs were not statistically significant. No other interactions were observed by race/ethnicity.

Depression and COVID‑19 experiences by income status and race/ethnicity.  Table 3 presents the 
association between the COVID-19-related experiences and the odds of reporting more depressive symptoms, 
overall and by income status and race/ethnicity. Women reporting stigma or discrimination (aOR, 5.14, 95% CI 
[1.55, 17.0]) or sleep issues (aOR, 2.52, 95% CI [1.24, 5.13]) during the COVID-19 pandemic were significantly 
more likely to have more symptoms of depression than women who did not experience these experiences. In 
models stratified by income status, women with lower incomes who reported sleep issues during the pandemic 
(aOR, 3.16, 95% CI [1.44, 6.94]) were significantly more likely to report increased depressive symptoms in com-
parison with women of average/high income (aOR, 0.96, 95% CI [0.21, 4.25], p interaction = 0.15). There was a 
significant interaction between women who reported quarantining/isolation and low income status (p interac-
tion = 0.01), where women with higher incomes were significantly less likely to have depressive symptoms (aOR, 
0.08, 95% CI [0.01, 0.43]) than women of lower incomes (aOR, 0.73, 95% CI [0.35, 1.52]). No other significant 
interactions were observed by income.

In models stratified by race/ethnicity (Table 3), minority women who experienced stigma or discrimination 
related to COVID-19 had 6.20 times the odds of reporting more depressive symptoms (95% CI [1.60, 24.0]) while 
NHW women had 2.66 times the odds (95% CI [0.26, 26.6]) of this outcome, although this association was not 
significantly different. The association between sleep issues due to the pandemic and depression symptoms was 
significantly modified by race/ethnicity (p interaction = 0.01). NHW women reporting sleep issues during the 
pandemic were 7.77 more likely (95% CI [2.31, 26.1]) to experience more depressive symptoms while minority 
women were only 1.40 times more likely (95% CI [0.59, 3.29]), although this finding among minorities was not 
statistically significant. There were also statistically significant racial/ethnic differences among women caring for 
someone at home during the COVID-19 pandemic and odds of depression. NHW women were less likely (aOR, 
0.24, 95% CI [0.06, 0.97]) to report more depressive symptoms, while racial/ethnic minority women were 3.52 
times more likely (95% CI [1.11, 11.0]) to experience depression symptomology, although neither relationship 
was significant (p interaction = 0.003). No other significant interactions were observed by race/ethnicity.

Discussion
Among BRCA1/2-positive women residing in the US, the current study analyzed relationships between expe-
riencing COVID-19-related instances and odds of reporting anxiety and depression overall and stratified by 
sociodemographic factors. Historically, women with BRCA1/2 mutations have been difficult to recruit in large 
numbers, partly due to the rarity of the prevalence of these mutations. In past literature, women with these muta-
tions have been primarily recruited from hospital genetics programs or gynecologists offices in small numbers39. 
Due to the nature of the COVID-19 pandemic and with hospital outpatient non-essential care halting, the cur-
rent study piloted recruitment through online Facebook BRCA1/2-oriented support groups, which were very 
successful in reaching our recruitment ceiling of 225 consented participants in 3.5 months.

Demographically, most of the sample was younger than age 50, consistent with past literature suggesting 
that women are being genetically tested at younger ages40,41. Most women were NHW and educated, but there 
was some diversity where as much as 40.8% reported a physical disability and 61.6% a chronic condition. The 
current study is novel in its relation to COVID-19, however research remains limited regarding the pandemic 
and its impact on at-risk cancer populations such as those with BRCA1/2 mutations. Commonalities existed 
with several COVID-19-related experiences predicting increases in anxiety and depression symptomologies 
among women with BRCA1/2 mutations. It appears reporting stigma or discrimination or sleep issues during 
the pandemic resulted in significantly increased chances of having more anxiety and depression symptoms than 
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All women and 
covariates (N = 190) Low income (N = 44)

Average/high income 
(N = 146)

p int

Racial/ethnic minority 
(N = 64) NHW (N = 126)

p intaOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Changes in life due to COVID-19

No (33) 1.00 Reference 1.00 Reference 1.00 Reference 0.503 1.00 Reference 1.00 Reference 0.537

Yes (157) 1.18 [0.509, 2.77] 1.40 [0.531, 3.71] 0.738 [0.144, 3.78] 1.39 [0.519, 3.74] 0.758 [0.139, 4.13]

Diagnosed with COVID-19

No (169) 1.00 Reference 1.00 Reference 1.00 Reference 0.152 1.00 Reference 1.00 Reference 0.942

Yes (21) 0.793 [0.296, 2.12] .543 [0.182, 1.62] 4.29 [0.327, 56.3] 0.768 [0.204, 2.88] 0.828 [0.181, 3.78]

Fear of getting COVID-19

No (68) 1.00 Reference 1.00 Reference 1.00 Reference 0.983 1.00 Reference 1.00 Reference 0.167

Yes (122) 1.47 [0.750, 2.88] 1.46 [0.683, 3.13] 1.48 [0.392, 5.64] 2.03 [0.894, 4.62] 0.749 [0.229, 2.44]

Fear of spreading COVID-19

No (103) 1.00 Reference 1.00 Reference 1.00 Reference 0.787 1.00 Reference 1.00 Reference 0.642

Yes (87) 1.16 [0.615, 2.20] 1.22 [0.593, 2.50] 0.993 [0.265, 3.71] 1.28 [0.603, 2.72] 0.915 [0.277, 3.02]

Worrying about loved ones

No (42) 1.00 Reference 1.00 Reference 1.00 Reference 0.268 1.00 Reference 1.00 Reference 0.835

Yes (148) 1.18 [0.541, 2.61] .993 [0.424, 2.32] 4.13 [0.375, 45.4] 1.27 [0.448, 3.65] 1.07 [0.320, 3.62]

Quarantining/Isolation

No (67) 1.00 Reference 1.00 Reference 1.00 Reference 0.215 1.00 Reference 1.00 Reference 0.765

Yes (123) 0.919 [0.481, 1.75] 1.13 [0.550, 2.35] 0.403 [0.093, 1.75] 0.988 [0.444, 2.19] 0.795 [0.251, 2.52]

Caring for someone at home

No (162) 1.00 Reference 1.00 Reference 1.00 Reference 0.344 1.00 Reference 1.00 Reference 0.011

Yes (28) 1.29 [0.516, 3.25] .910 [0.288, 2.87] 2.31 [0.500, 10.7] 3.70 [1.01, 13.5] 0.348 [0.093, 1.30]

Working from home

No (112) 1.00 Reference 1.00 Reference 1.00 Reference 0.074 1.00 Reference 1.00 Reference 0.050

Yes (78) 1.01 [0.515, 1.94] 1.39 [0.650, 2.98] 0.293 [0.064, 1.33] 1.52 [0.692, 3.34] 0.387 [0.121, 1.24]

Lost job due to COVID-19

No (172) 1.00 Reference 1.00 Reference 1.00 Reference 0.624 1.00 Reference 1.00 Reference 0.488

Yes (18) 0.991 [0.335, 2.93] 1.26 [0.286, 5.61] 0.724 [0.136, 3.85] 0.784 [0.219, 2.80] 1.99 [0.193, 20.5]

Change in healthcare services

No (135) 1.00 Reference 1.00 Reference 1.00 Reference 0.021 1.00 Reference 1.00 Reference 0.022

Yes (55) 0.798 [0.393, 1.61] 1.38 [0.579, 3.29] 0.209 [0.053, .823] 0.436 [0.179, 1.05] 3.12 [0.743, 13.1]

Stigma or discrimination

No (172) 1.00 Reference 1.00 Reference 1.00 Reference 0.593 1.00 Reference 1.00 Reference 0.199

Yes (18) 4.90 [1.22, 19.7] 3.70 [0.707, 19.3] 8.48 [0.685, 105.0] 7.71 [1.44, 41.0] 1.18 [0.117, 11.9]

Personal financial loss

No (129) 1.00 Reference 1.00 Reference 1.00 Reference 0.454 1.00 Reference 1.00 Reference 0.990

Yes (61) 0.902 [0.452, 1.79] 1.06 [0.469, 2.40] 0.593 [0.161, 2.17] 0.899 [0.397, 2.03] 0.908 [0.255, 3.23]

Frustration/Boredom

No (99) 1.00 Reference 1.00 Reference 1.00 Reference 0.515 1.00 Reference 1.00 Reference 0.904

Yes (91) 1.13 [0.591, 2.17] 1.26 [0.609, 2.61] 0.774 [0.206, 2.90] 1.10 [0.513, 2.38] 1.20 [0.377, 3.82]

Not having basic supplies

No (171) 1.00 Reference 1.00 Reference 1.00 Reference 0.206 1.00 Reference 1.00 Reference Invariable

Yes (19) 3.68 [1.06, 12.7] 9.15 [1.07, 78.2] 1.46 [0.238, 9.01] 2.58 [0.655, 10.0] – –

More depression

No (123) 1.00 Reference 1.00 Reference 1.00 Reference 0.144 1.00 Reference 1.00 Reference 0.446

Yes (67) 5.02 [2.33, 10.8] 7.06 [2.78, 17.9] 1.99 [0.472, 8.39] 4.15 [1.69, 10.1] 7.94 [1.88, 33.5]

Sleep issues

No (101) 1.00 Reference 1.00 Reference 1.00 Reference 0.139 1.00 Reference 1.00 Reference 0.803

Yes (89) 2.77 [1.39, 5.54] 3.65 [1.64, 8.11] 1.12 [0.288, 4.42] 2.63 [1.18, 5.88] 3.16 [0.924, 10.8]

Increased substance use

No (164) 1.00 Reference 1.00 Reference 1.00 Reference 0.291 1.00 Reference 1.00 Reference 0.809

Yes (26) 3.01 [1.07, 8.45] 4.41 [1.16, 16.6] 1.31 [0.209, 8.24] 2.79 [0.854, 9.15] 3.78 [0.434, 33.0]

Change in sexual activity

No (158) 1.00 Reference 1.00 Reference 1.00 Reference 0.450 1.00 Reference 1.00 Reference 0.295

Yes (32) 2.56 [0.990, 6.64] 3.10 [1.03, 9.32] 1.28 [0.174, 9.49] 1.80 [0.589, 5.49] 6.57 [0.762, 56.6]

Continued
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women who did not report these instances. Although it is well-known that BRCA1/2-positive women report 
on average, higher levels of anxiety and depression than the general population, these increases have not been 
directly connected to the COVID-19 pandemic, but within past literature have focused on the stress of ongoing 
surveillance and prophylactic risk-reducing surgeries18,42,43 and cancer patients generally44. Among women of the 
general population, previous literature has found that both anxiety and depression symptomologies were height-
ened during the pandemic, highlighting the impact on the impact of mental health in various communities45. 
Specifically, risk factors for worsened mental health distress included female gender, being below the age of 40, 
having additional chronic or psychiatric illnesses, unemployment, student status, and/or frequent exposure to 
COVID-19-related social media or news coverage46. Additionally, one study posited that those in fair/poor health, 
of below-average income, and those who knew someone infected with COVID-19 experienced higher levels of 
mental health distress. However, NHW individuals, those of above-average income, and those who spent less 
than 8 h on electronic screeners per day were likely to experience lower levels of distress47. While some of these 
risk factors may overlap with women of the current sample, future research should focus on discerning these 
factors from the US general female population.

Not surprisingly, there were differences in income status, where women with average/high income were less 
likely to report depressive symptoms if they quarantined due to COVID-19. As we know, individuals who have 
both the resources and time to seek mental healthcare are more likely to utilize such care48,49, but does not account 
for COVID-19-related barriers. Interestingly, for those caring for someone at home during the pandemic, there 
were differences by race/ethnicity, where NHW were less likely to experience depression, but minority women 
were almost three times more likely. Past literature has found that among caregivers, depression and anxiety 
were higher in Black or African Americans than NHW women50, but other literature has reported that mental 
health symptoms increased with level of care51. It is also possible that COVID-19 experiences vary based upon 
geographic location within the US (urban, suburban, rural), and although not the case within the current study 
perhaps due to invariability, has been highlighted in past literature among the general population45,52 and repro-
ductive cancer patients53,54, noting that those living in rural areas were more likely to experience greater anxiety 
than those living in urban areas. Due to the recency of the COVID-19 pandemic in conjunction with its effect 
on both cancer patients, survivors, and those at increased risk for cancer like the women in this study, this topic 
remains relatively new and suggests the importance of researching this further.

To our knowledge, no studies have been conducted focusing on BRCA1/2-positive women’s mental health 
and their relation to the COVID-19 pandemic. In current literature, healthcare utilization in relation to genetic 
testing55 and cancer-related diagnostic delays56 has been introduced in recent years, but not many have high-
lighted how the pandemic has impacted cancer patients or survivors’ mental health. In one such study, Wang and 
colleagues20 published that among 6213 cancer patients, 23.4% experienced depression and 17.7% had anxiety. In 
relation to COVID-19, individuals showing a history of mental health adversities, alcohol consumption, and con-
tinuous cancer worry were predominant factors for mental health symptomology among this population20. The 

Table 2.   Adjusted odds ratios (aOR) and 95% confidence intervals (CI) for the association between COVID-
19 experiences and odds of high anxiety among BRCA1/2-positive women from disadvantaged health 
populations, overall and by income status and race/ethnicity. Missing values: anxiety (15), change in life due to 
COVID-19 (15), age (3), and cancer status (3). Bold font indicates statistically significant with corresponding 
p < 0.02. p interaction terms are between income status, racial/ethnic minority status, and predictor(s). 
Covariates/stratifications: age (continuous), number of comorbid conditions (continuous), years since genetic 
testing (continuous), education (some college or less, college graduate or above), marital status (married/
living as married, other), cancer status (no cancer history, cancer history), income status (average/high income, 
low income), geographic location (urban/suburban, rural), and race/ethnicity (non-Hispanic white [NHW], 
Hispanic or racial minority).

All women and 
covariates (N = 190) Low income (N = 44)

Average/high income 
(N = 146)

p int

Racial/ethnic minority 
(N = 64) NHW (N = 126)

p intaOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Loneliness

No (108) 1.00 Reference 1.00 Reference 1.00 Reference 0.870 1.00 Reference 1.00 Reference 0.602

Yes (82) 0.945 [0.497, 1.79] .973 [0.468, 2.02] 0.861 [0.238, 3.10] 1.05 [0.489, 2.28] 0.735 [0.235, 2.30]

Confusion about COVID-19

No (175) 1.00 Reference 1.00 Reference 1.00 Reference 0.289 1.00 Reference 1.00 Reference 0.817

Yes (15) 1.89 [0.524, 6.82] 2.98 [0.581, 15.3] 0.528 [0.034, 8.13] 2.08 [0.451, 9.59] 1.50 [0.148, 15.1]

Giving to greater good by following mandates

No (124) 1.00 Reference 1.00 Reference 1.00 Reference 0.510 1.00 Reference 1.00 Reference 0.791

Yes (66) 0.798 [0.407, 1.56] .912 [0.416, 2.00] 0.551 [0.151, 2.01] 0.760 [0.353, 1.63] 0.943 [0.229, 3.88]

Getting emotional support from loved ones

No (138) 1.00 Reference 1.00 Reference 1.00 Reference 0.199 1.00 Reference 1.00 Reference 0.560

Yes (52) 1.29 [0.631, 2.63] 1.72 [0.732, 4.05] 0.606 [0.155, 2.37] 1.46 [0.636, 3.36] 0.928 [0.251, 3.43]

Getting financial support from loved ones

No (169) 1.00 Reference 1.00 Reference 1.00 Reference 0.127 1.00 Reference 1.00 Reference 0.213

Yes (21) 0.632 [0.212, 1.88] 1.92 [0.304, 12.1] 0.315 [0.075, 1.32] 0.896 [0.268, 2.98] 0.217 [0.029, 1.62]
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All women (N = 194) Low income (N = 45)
Average/high income 
(N = 149)

p int

Racial/ethnic minority 
(N = 65) NHW (N = 129)

p intaOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Changes in life due to COVID-19

No (34) 1.00 Reference 1.00 Reference 1.00 Reference 0.296 1.00 Reference 1.00 Reference 0.784

Yes (160) 0.877 [0.373, 2.05] 1.11 [0.423, 2.95] 0.403 [0.074, 2.17] 0.811 [0.292, 2.24] 1.03 [0.243, 4.39]

Diagnosed with COVID-19

No (173) 1.00 Reference 1.00 Reference 1.00 Reference 0.131 1.00 Reference 1.00 Reference 0.705

Yes (21) 1.31 [0.487, 3.56] 0.884 [0.289, 2.70] 8.28 [0.580, 118.3] 1.58 [0.403, 6.22] 1.07 [0.256, 4.52]

Fear of getting COVID-19

No (69) 1.00 Reference 1.00 Reference 1.00 Reference 0.844 1.00 Reference 1.00 Reference 0.045

Yes (125) 0.806 [0.412, 1.57] 0.834 [0.392, 1.77] 0.711 [0.172, 2.93] 0.468 [0.199, 1.09] 1.90 [0.651, 5.55]

Fear of spreading COVID-19

No (105) 1.00 Reference 1.00 Reference 1.00 Reference 0.893 1.00 Reference 1.00 Reference 0.549

Yes (89) 0.659 [0.342, 1.26] 0.673 [0.326, 1.38] 0.604 [0.143, 2.54] 0.569 [0.252, 1.28] 0.866 [0.286, 2.62]

Worrying about loved ones

No (43) 1.00 Reference 1.00 Reference 1.00 Reference 0.799 1.00 Reference 1.00 Reference 0.106

Yes (151) 1.00 [0.453, 2.20] 0.964 [0.417, 2.22] 1.34 [0.120, 14.9] 0.521 [0.174, 1.56] 1.91 [0.628, 5.81]

Quarantining/Isolation

No (69) 1.00 Reference 1.00 Reference 1.00 Reference 0.019 1.00 Reference 1.00 Reference 0.734

Yes (125) 0.491 [0.253, .954] 0.730 [0.350, 1.52] 0.084 [0.016, .437] 0.448 [0.192, 1.04] 0.570 [0.192, 1.68]

Caring for someone at home

No (164) 1.00 Reference 1.00 Reference 1.00 Reference 0.233 1.00 Reference 1.00 Reference 0.003

Yes (30) 1.11 [0.453, 2.72] 1.67 [0.544, 5.12] 0.497 [0.097, 2.52] 3.52 [1.11, 11.0] 0.245 [0.061, .977]

Working from home

No (115) 1.00 Reference 1.00 Reference 1.00 Reference 0.185 1.00 Reference 1.00 Reference 0.117

Yes (79) 0.924 [0.470, 1.81] 1.16 [0.546, 2.48] 0.309 [0.051, 1.86] 1.35 [0.593, 3.10] 0.467 [0.156, 1.39]

Lost job due to COVID-19

No (176) 1.00 Reference 1.00 Reference 1.00 Reference 0.155 1.00 Reference 1.00 Reference 0.178

Yes (18) 1.28 [0.423, 3.87] 2.53 [0.575, 11.1] 0.354 [0.036, 3.44] 0.723 [0.171, 3.06] 4.68 [0.456, 48.2]

Change in healthcare services

No (139) 1.00 Reference 1.00 Reference 1.00 Reference 0.251 1.00 Reference 1.00 Reference 0.070

Yes (55) 0.709 [0.337, 1.48] 0.912 [0.389, 2.13] 0.340 [0.078, 1.48] 0.389 [0.140, 1.08] 1.65 [0.504, 5.44]

Stigma or discrimination

No (176) 1.00 Reference 1.00 Reference 1.00 Reference 0.815 1.00 Reference 1.00 Reference 0.535

Yes (18) 5.14 [1.55, 17.0] 5.69 [1.29, 25.1] 4.15 [0.482, 35.5] 6.20 [1.60, 24.0] 2.66 [0.266, 26.6]

Personal financial loss

No (133) 1.00 Reference 1.00 Reference 1.00 Reference 0.122 1.00 Reference 1.00 Reference 0.654

yes (61) 1.02 [0.505, 2.06] 1.41 [0.627, 3.17] 0.391 [0.094, 1.61] 1.14 [0.483, 2.72] 0.821 [0.250, 2.69]

Frustration/Boredom

No (100) 1.00 Reference 1.00 Reference 1.00 Reference 0.100 1.00 Reference 1.00 Reference 0.922

Yes (94) 1.58 [0.813, 3.07] 2.04 [0.979, 4.27] 0.546 [0.129, 2.30] 1.54 [0.682, 3.48] 1.64 [0.558, 4.87]

Not having basic supplies

No (175) 1.00 Reference 1.00 Reference 1.00 Reference 0.872 1.00 Reference 1.00 Reference 0.514

Yes (19) 2.80 [0.950, 8.26] 2.61 [0.670, 10.2] 3.16 [0.504, 19.8] 2.19 [0.590, 8.14] 5.19 [0.552, 48.8]

More anxiety

No (89) 1.00 Reference 1.00 Reference 1.00 Reference 0.303 1.00 Reference 1.00 Reference 0.289

Yes (105) 1.90 [0.965, 3.74] 2.25 [1.05, 4.81] 0.980 [0.235, 4.08] 1.45 [0.635, 3.34] 3.02 [1.00, 9.10]

Sleep issues

No (89) 1.00 Reference 1.00 Reference 1.00 Reference 0.155 1.00 Reference 1.00 Reference 0.019

Yes (105) 2.52 [1.24, 5.13] 3.16 [1.44, 6.94] 0.961 [0.217, 4.25] 1.40 [0.598, 3.29] 7.77 [2.31, 26.1]

Increased substance use

No (103) 1.00 Reference 1.00 Reference 1.00 Reference 0.118 1.00 Reference 1.00 Reference 0.096

Yes (91) 2.19 [0.866, 5.54] 3.32 [1.12, 9.78] 0.406 [0.036, 4.56] 1.15 [0.374, 3.85] 9.43 [1.07, 82.8]

Change in sexual activity

No (168) 1.00 Reference 1.00 Reference 1.00 Reference 0.448 1.00 Reference 1.00 Reference 0.689

Yes (26) 1.76 [0.758, 4.12] 1.52 [0.604, 3.84] 3.63 [0.468, 28.1] 1.52 [0.505, 4.63] 2.18 [0.567, 8.39]

Continued
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recent pandemic’s impact on the mental health of the general population has been published more often, noting 
that both the direct and indirect psychological impact of COVID-19 on the general public and vulnerable groups 
(e.g., elderly, people with pre-existing mental health issues, etc.)57 should be studied in more detail. Similarly, 
symptoms of mental health during COVID-19 have been exacerbated by lower quality of life and focusing on the 
negative aspects of the pandemic58. The recency of the COVID-19 pandemic in the US has focused research on 
the general population and its mental health, while very little, to our knowledge, has been implemented among 
cancer patients or survivors, and none regarding BRCA1/2-positive women.

It is apparent that the COVID-19 pandemic had variable effects on certain groups such as BRCA1/2-positive 
racial/ethnic minority women and those with low income. While research is continuing to emerge in response 
to the COVID-19 pandemic in relation to cancer and cancer risk, future studies should focus on stratifying by 
groups who are at higher risk for cancer and those who have survived it. Larger, more inclusive nationwide stud-
ies may provide the framework necessary to distinctly analyze subgroups such as these so resources following 
this pandemic may be of benefit to all in the US. Longitudinal studies could be implemented to discover the 
impact of COVID-19 on the cancer care continuum, from screening to survivorship. Resources should be made 
available to individuals experiencing compounded disparities, like those mentioned in the current study, to 
help alleviate the adverse mental health symptoms that may arise due to COVID-19, surveillance, and surgery. 
The National Cancer Institute (NCI)59 and American Cancer Society (ACS)16,60, and even several large hospital 
systems such as Johns Hopkins Medicine in collaboration with the National Comprehensive Cancer Network 
(NCCN)61 have published websites to assist cancer patients and survivors navigate the COVID-19 pandemic. 
Clinically, mental health screening at routine healthcare appointments may be beneficial to this population in 
combination with available mental health resources and recommendations. However, because this is a new realm 
of research, additional research is needed to accurately describe the relationship between COVID-19, anxiety, 
and depression among at-risk cancer groups such as women with BRCA1/2 mutations.

Study strengths.  The current study has several strengths. Our study attempted to recruit from a combina-
tion of hard-to-reach populations and those with rare cancer hereditary genetic mutations not easily recruited 
in-person. The online nature of this study acted as a pilot to test if these populations could be recruited success-
fully and from areas across the US. We were able to recruit a female sample from diverse backgrounds, allowing 
for limited generalizability to subpopulations such as racial/ethnic minorities, those with low income, and those 
with cancer. Future studies can use these approaches to recruit other hard-to-reach populations for rare or stig-
matized health conditions.

Limitations.  The current study’s findings should be interpreted with consideration of its limitations. Over-
all, while the current study provided a moderately large sample, the data is cross-sectional and self-reported, 

Table 3.   Adjusted odds ratios (OR, aOR) and 95% confidence intervals (CI) for the association between 
COVID-19 experiences and odds of more depressive symptoms among BRCA1/2-positive women from 
disadvantaged health populations, overall and by income status and race/ethnicity. Missing values: change 
in life due to COVID-19 (15), age (3), and cancer status (3). Bold font indicates statistically significant 
with corresponding p < 0.02. p interaction terms are between income status and predictor(s). Covariates/
stratifications: age (continuous), number of comorbid conditions (continuous), years since genetic testing 
(continuous), education (some college or less, college graduate or above), marital status (married/living as 
married, other), cancer status (no cancer history, cancer history), income status (average/high income, low 
income), geographic location (urban/suburban, rural), and race/ethnicity (non-Hispanic white [NHW], 
Hispanic or racial minority).

All women (N = 194) Low income (N = 45)
Average/high income 
(N = 149)

p int

Racial/ethnic minority 
(N = 65) NHW (N = 129)

p intaOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI

Loneliness

No (161) 1.00 Reference 1.00 Reference 1.00 Reference 0.312 1.00 Reference 1.00 Reference 0.562

Yes (33) 1.99 [1.03, 3.85] 2.36 [1.12, 4.97] 1.06 [0.265, 4.23] 1.72 [0.755, 3.92] 2.56 [0.871, 7.56]

Confusion about COVID-19

No (111) 1.00 Reference 1.00 Reference 1.00 Reference 0.832 1.00 Reference 1.00 Reference 0.453

Yes (83) 1.02 [0.311, 3.38] 0.963 [0.254, 3.64] 1.34 [0.086, 20.8] 1.46 [0.332, 6.45] 0.574 [0.082, 4.01]

Giving to greater good by following mandates

No (179) 1.00 Reference 1.00 Reference 1.00 Reference 0.378 1.00 Reference 1.00 Reference 0.851

Yes (15) 0.566 [0.278, 1.15] 0.675 [0.302, 1.50] 0.311 [0.067, 1.43] 0.591 [0.255, 1.36] 0.508 [0.133, 1.93]

Getting emotional support from loved ones

No (128) 1.00 Reference 1.00 Reference 1.00 Reference 0.895 1.00 Reference 1.00 Reference 0.836

Yes (66) 0.783 [0.380, 1.61] 0.803 [0.355, 1.81] 0.718 [0.162, 3.16] 0.741 [0.303, 1.80] 0.868 [0.258, 2.91]

Getting financial support from loved ones

No (140) 1.00 Reference 1.00 Reference 1.00 Reference 0.100 1.00 Reference 1.00 Reference 0.268

Yes (54) 1.21 [0.387, 3.78] 4.05 [0.625, 26.3] 0.536 [0.117, 2.45] 1.67 [0.480, 5.82] 0.467 [0.060, 3.59]
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which may introduce misclassification or recall bias. While we did collect information on the presence of physi-
cal disability, we did not gauge severity, subtype, or impact on activities of daily living (ADLs) based upon 
reported physical disability. We also did not collect information on COVID-19 severity or recency to include 
in these analyses. This study recruited BRCA1/2-positive women during various stages of the COVID-19 pan-
demic, where hospitalization, deaths, and vaccination rates varied both nationally and at community levels. We 
were unable to account for these variables in the current analysis, but future studies should capture these data 
to account for these distinctions. Stratified results should be interpreted with caution due to limited sample 
sizes among the subgroups of interest. Our findings should be replicated in a larger study with a similar study 
population to confirm similarities. It is also possible that by using predictors that were originally dichotomous 
may limit the implication of detailed information, as future studies may ask about the severity of COVID-19 
experiences in addition to incidence. These participants were recruited from online support groups, which may 
introduce bias by being more open and willing to share experiences than others not in support groups62. There-
fore, generalization of these findings is limited to the populations analyzed in the current sample.

Conclusion
The current study provides a unique view in beginning to understand the impact of the COVID-19 pandemic 
on anxiety and depression among women with BRCA1/2 mutations. This perspective allowed the identification 
of several COVID-19-related experiences in relation to mental health outcomes, stratified by income status 
and race/ethnicity, showing that there are distinct disparities among both groups. Future research can target 
the development of anxiety and depressive symptom relief during and after the COVID-19 pandemic utilizing 
prospective longitudinal study designs, while interventions can focus on recurrent training for medical profes-
sionals working with this population. Clinically, medical professionals should offer referrals to mental health 
counselling for all patients, not only those who are visibly struggling during this pandemic. With genetic testing 
becoming more widely available, especially with the utilization of telemedicine, it is possible that women may 
require ongoing mental healthcare that are not currently widely available for those of low income and racial/
ethnic minority groups to reduce the inequities among those with BRCA1/2 mutations.

Data availability
The datasets generated during and/or analyzed the current study are available at the Principal Investigator (PI)’s 
discretion upon reasonable request.

Code availability
Syntax coding is available upon reasonable request from the corresponding author.

Received: 29 July 2021; Accepted: 21 December 2021

References
	 1.	 American Cancer Society (ACS). Family Cancer Syndromes. https://​www.​cancer.​org/​cancer/​cancer-​causes/​genet​ics/​family-​cancer-​

syndr​omes.​html (2020).
	 2.	 Godet, I. & Gilkes, D. M. BRCA1 and BRCA2 mutations and treatment strategies for breast cancer. Integrat. Cancer Sci. Technol. 

4, 10 (2017).
	 3.	 Mersch, J. et al. Cancers associated with BRCA1 and BRCA2 mutations other than breast and ovarian. Cancer 121, 269–275. https://​

doi.​org/​10.​1002/​cncr.​29357 (2015).
	 4.	 Kuchenbaecker, K. B. et al. Risks of breast, ovarian, and contralateral breast cancer for BRCA1 and BRCA2 mutation carriers. 

JAMA https://​doi.​org/​10.​1001/​jama.​2017.​7112 (2017).
	 5.	 Haque, R. et al. Survival outcomes in BRCA1 or BRCA2 mutation carriers and the influence of triple-negative breast cancer subtype. 

Permanente J. 22, 170–197. https://​doi.​org/​10.​7812/​TPP/​17-​197 (2018).
	 6.	 Song, Y. et al. Patterns of recurrence and metasasis in BRCA1/BRCA2-associated breast cancers. Cancer 126, 271–280. https://​

doi.​org/​10.​1002/​cncr.​32540 (2020).
	 7.	 Mau, C. & Untch, M. Prophylactic surgery: For whom, when and how. Breast Care 12, 379–384. https://​doi.​org/​10.​1159/​00048​

5830 (2017).
	 8.	 Ludwig, K. K., Neuner, J., Butler, A., Geurts, J. L. & Kong, A. L. Risk reduction and survival benefit of prophylactic surgery in 

BRCA mutation carriers, a systematic review. Am. J. Surg. 212, 660–669. https://​doi.​org/​10.​1016/j.​amjsu​rg.​2016.​06.​010 (2016).
	 9.	 van Zelst, J. C. M. et al. Surveillance of women with the BRCA1 or BRCA2 mutation by using biannual automated breast US, MR 

imaging, and mammography. Radiology 285, 376–388. https://​doi.​org/​10.​1148/​radiol.​20171​61218 (2017).
	10.	 Bakouny, Z. et al. Cancer screening tests and cancer diagnoses during the COVID-19 pandemic. JAMA Oncol. 7, 458–460. https://​

doi.​org/​10.​1001/​jamao​ncol.​2020.​7600 (2021).
	11.	 Calvo, R. A., Deterding, S. & Ryan, R. M. Health surveillance during COVID-19 pandemic. BMJ 369, m1373. https://​doi.​org/​10.​

1136/​bmj.​m1373 (2020).
	12.	 Kaufman, H. W., Chen, Z., Niles, J. & Fesko, Y. Changes in the number of US patients with newly identified cancer before and 

during the Coronavirus Disease 2019 (COVID-19) pandemic. JAMA Netw. Open 3, e2017267. https://​doi.​org/​10.​1001/​jaman​etwor​
kopen.​2020.​17267 (2020).

	13.	 Jee, J. et al. Chemotherapy and COVID-19 outcomes in patients with cancer. J. Clin. Oncol. 38, 3538–3546. https://​doi.​org/​10.​
1200/​jco.​20.​01307 (2020).

	14.	 Robilotti, E. V. et al. Determinants of COVID-19 disease severity in patients with cancer. Nat. Med. 26, 1218–1223. https://​doi.​
org/​10.​1038/​s41591-​020-​0979-0 (2020).

	15.	 Williamson, E. J. et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 584, 430–436. https://​doi.​
org/​10.​1038/​s41586-​020-​2521-4 (2020).

	16.	 American Cancer Society (ACS). Special section: COVID-19 and cancer. https://​www.​cancer.​org/​conte​nt/​dam/​cancer-​org/​resea​
rch/​cancer-​facts-​and-​stati​stics/​annual-​cancer-​facts-​and-​figur​es/​2021/​speci​al-​secti​on-​covid​19-​and-​cancer-​2021.​pdf (2021).

	17.	 Epic Health Research Network. Preventive cancer screenings during COVID-19 pandemic. https://​ehrn.​org/​artic​les/​delays-​in-​preve​
ntive-​cancer-​scree​nings-​during-​covid-​19-​pande​mic/ (2020).

https://www.cancer.org/cancer/cancer-causes/genetics/family-cancer-syndromes.html
https://www.cancer.org/cancer/cancer-causes/genetics/family-cancer-syndromes.html
https://doi.org/10.1002/cncr.29357
https://doi.org/10.1002/cncr.29357
https://doi.org/10.1001/jama.2017.7112
https://doi.org/10.7812/TPP/17-197
https://doi.org/10.1002/cncr.32540
https://doi.org/10.1002/cncr.32540
https://doi.org/10.1159/000485830
https://doi.org/10.1159/000485830
https://doi.org/10.1016/j.amjsurg.2016.06.010
https://doi.org/10.1148/radiol.2017161218
https://doi.org/10.1001/jamaoncol.2020.7600
https://doi.org/10.1001/jamaoncol.2020.7600
https://doi.org/10.1136/bmj.m1373
https://doi.org/10.1136/bmj.m1373
https://doi.org/10.1001/jamanetworkopen.2020.17267
https://doi.org/10.1001/jamanetworkopen.2020.17267
https://doi.org/10.1200/jco.20.01307
https://doi.org/10.1200/jco.20.01307
https://doi.org/10.1038/s41591-020-0979-0
https://doi.org/10.1038/s41591-020-0979-0
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1038/s41586-020-2521-4
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2021/special-section-covid19-and-cancer-2021.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2021/special-section-covid19-and-cancer-2021.pdf
https://ehrn.org/articles/delays-in-preventive-cancer-screenings-during-covid-19-pandemic/
https://ehrn.org/articles/delays-in-preventive-cancer-screenings-during-covid-19-pandemic/


13

Vol.:(0123456789)

Scientific Reports |        (2021) 11:24501  | https://doi.org/10.1038/s41598-021-04353-x

www.nature.com/scientificreports/

	18.	 Ringwald, J. et al. Psychological distress, anxiety, and depression of cancer-affected BRCA1/2 mutation carriers: A systematic 
review. J. Genet. Couns. 25, 880–891. https://​doi.​org/​10.​1007/​s10897-​016-​9949-6 (2016).

	19.	 Mella, S., Muzzatti, B., Dolcetti, R. & Annunziata, M. A. Emotional impact on the results of BRCA1 and BRCA2 genetic test: An 
observational retrospective study. Hered. Cancer Clin. Pract. 15, 16. https://​doi.​org/​10.​1186/​s13053-​017-​0077-6 (2017).

	20.	 Wang, Y. et al. Epidemiology of mental health problems among patients with cancer during COVID-19 pandemic. Transl. Psychiatry 
10, 263. https://​doi.​org/​10.​1038/​s41398-​020-​00950-y (2020).

	21.	 Nelson, H. D., Pappas, M., Cantor, A., Haney, E. & Holmes, R. Risk assessment, genetic counseling, and genetic testing for BRCA-
related cancer in women: Updated evidence report and systematic review for the US Preventive Services Task Force. JAMA 322, 
666–685. https://​doi.​org/​10.​1001/​jama.​2019.​8430 (2019).

	22.	 Segerer, R. et al. Factors impacting on decision-making towards prophylactic surgeries in BRCA mutation carriers and women 
with familial predisposition. Breast Care 15, 253–259. https://​doi.​org/​10.​1159/​00050​3370 (2020).

	23.	 Gopie, J. P., Vasen, H. F. A. & Tibben, A. Surveillance for hereditary cancer: Does the benefit outweigh the psychological burden? 
A systematic review. Crit. Rev. Oncol. Hematol. 83, 329–340. https://​doi.​org/​10.​1016/j.​critr​evonc.​2012.​01.​004 (2012).

	24.	 Borreani, C. et al. The psychological impact of breast and ovarian cancer preventive options in BRCA1 and BRCA2 mutation 
carriers. Clin. Genet. 85, 7–15. https://​doi.​org/​10.​1111/​cge.​12298 (2013).

	25.	 Harmsen, M. G., Hermens, R. P. M. G., Prins, J. B., Hoogerbrugge, N. & de Hullu, J. A. How medical choices influence quality of 
life of women carrying a BRCA mutation. Crit. Rev. Oncol. Hematol. 96, 555–568 (2015).

	26.	 Razdan, S. N., Patel, V., Jewell, S. & McCarthy, C. M. Quality of life among patients after bilateral prophylactic mastectomy: A 
systematic review of patient-reported outcomes. Qual. Life Res. 25, 1409–1421 (2016).

	27.	 Portnoy, D. B., Loud, J. T., Han, P. K. J., Mai, P. L. & Greene, M. H. Effects of false-positive cancer screenings and cancer worry on 
risk-reducing surgery among BRCA1/2 carriers. Health Psychol. 34, 709–717. https://​doi.​org/​10.​1037/​hea00​00156 (2015).

	28.	 Rush, S. K. et al. Cancer worry and decision making about risk reduction in women with BRCA1 and BRCA2 mutations. Gynecol. 
Oncol. 156, E29. https://​doi.​org/​10.​1016/j.​ygyno.​2019.​11.​090 (2020).

	29.	 Hoberg-Vetti, H. et al. BRCA1/2 testing in newly diagnosed breast and ovarian cancer patients without prior genetic counseling: 
The DNA-BONus study. Eur. J. Hum. Genet. 24, 881–888. https://​doi.​org/​10.​1038/​ejhg.​2015.​196 (2016).

	30.	 den Heijer, M. et al. Long-term psychological distress in women at risk for hereditary breast cancer adhering to regular surveil-
lance: A risk profile. Psychooncology 22, 598–604. https://​doi.​org/​10.​1002/​pon.​3039 (2012).

	31.	 Harris, P. A. et al. Research electronic data capture (REDCap)—a metadata-driven methodology and workflow process for provid-
ing translational research informatics support. J. Biomed. Inform. 42, 377–381. https://​doi.​org/​10.​1016/j.​jbi.​2008.​08.​010 (2009).

	32.	 Harris, P. A. et al. The REDCap consortium: Building an international community of software platform partners. J. Biomed. Inform. 
95, 103208. https://​doi.​org/​10.​1016/j.​jbi.​2019.​103208 (2019).

	33.	 Harkness, A. The pandemic stress index. https://​elcen​tro.​sonhs.​miami.​edu/​resea​rch/​measu​res-​libra​ry/​psi/​psi-​engli​sh/​index.​html 
(2020).

	34.	 Spitzer, R. L., Kroenke, K. & Williams, J. B. W. A brief measure for assessing generalized anxiety disorder. Arch. Intern. Med. 166, 
1092–1097. https://​doi.​org/​10.​1001/​archi​nte.​166.​10.​1092 (2006).

	35.	 Lowe, B. et al. Validation and standardization of the Generalized Anxiety Disorder screener (GAD-7) in the general population. 
Med. Care 46, 266–274. https://​doi.​org/​10.​1097/​mlr.​0b013​e3181​60d093 (2008).

	36.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. W. The PHQ-9: Validity of a brief depression severity measure. J. Gener. Internal Med. 
16, 606–613. https://​doi.​org/​10.​1046/j.​1525-​1497.​2001.​01600​9606.x (2001).

	37.	 United States Census Bureau. How the Census Bureau measures poverty. https://​www.​census.​gov/​topics/​income-​pover​ty/​pover​
ty/​guida​nce/​pover​ty-​measu​res.​html (2020).

	38.	 Stata Statistical Software: Release 16 v. 16 (College Station, TX, 2019).
	39.	 Trottier, M. et al. Strategies for recruitment of relatives of BRCA mutation carriers to a genetic testing program in the Bahamas. 

Clin. Genet. 88, 182–186. https://​doi.​org/​10.​1111/​cge.​12468 (2014).
	40.	 Guo, F., Scholl, M., Fuchs, E. L., Berenson, A. B. & Kuo, Y. F. BRCA testing in unaffected young women in the United States, 

2006–2017. Cancer 126, 337–343. https://​doi.​org/​10.​1002/​cncr.​32536 (2019).
	41.	 Brunstrom, K., Murray, A. & McAllister, M. Experiences of women who underwent predictive BRCA ½ mutation testing before 

the age of 30. J. Genet. Couns. 25, 90–100 (2016).
	42.	 Spiegel, T. N. et al. Psychological impact of recall on women with BRCA mutations undergoing MRI surveillance. Breast 20, 

424–430. https://​doi.​org/​10.​1016/j.​breast.​2011.​04.​004 (2011).
	43.	 Lombardi, L. et al. Psychological aspects, risk and protective factors relating to BRCA genetic testing: A review of the literature. 

Support. Care Cancer 27, 3647–3656. https://​doi.​org/​10.​1007/​s00520-​019-​04918-7 (2019).
	44.	 Niedzwiedz, C. L., Knifton, L., Robb, K. A., Katikireddi, S. V. & Smith, D. J. Depression and anxiety among people living with and 

beyond cancer: A growing clinical and research priority. BMC Cancer 19, 943. https://​doi.​org/​10.​1186/​s12885-​019-​6181-4 (2019).
	45.	 Wang, Y., Palanichamy Kala, M. & Jafar, T. H. Factors associated with psychological distress during the coronavirus 2019 (COVID-

19) pandemic on the predominantly general population: A systematic review and meta-analysis. PLoS One 15, e0244630. https://​
doi.​org/​10.​1371/​journ​al.​pone.​02446​30 (2020).

	46.	 Xiong, J. et al. Impact of COVID-19 pandemic on mental health in the general population: A systematic review. J. Affect. Disord. 
277, 55–64. https://​doi.​org/​10.​1016/j.​jad.​2020.​08.​001 (2020).

	47.	 Browning, M. H. E. M. et al. Psychological impacts from COVID-19 among university students: Risk factors across seven states 
in the United States. PLoS One 16, e0245327. https://​doi.​org/​10.​1371/​journ​al.​pone.​02453​27 (2021).

	48.	 Crumb, L., Mingo, T. M. & Crowe, A. “Get over it and move on”: The impact of mental illness stigma in rural, low-income United 
States populations. Mental Health Prevent. 13, 143–148. https://​doi.​org/​10.​1016/j.​mhp.​2019.​01.​010 (2019).

	49.	 Liu, J., Jiang, N., Fan, A. Z. & Weissman, R. Alternatives in assessing mental healthcare disparities using the Behavioral Risk Factor 
Surveillance System. Health Equity 2, 199–206. https://​doi.​org/​10.​1089/​heq.​2017.​0056 (2018).

	50.	 Ejem, D., Bauldry, S., Bakitas, M. & Drentea, P. Caregiver burden, caregiver recipient depressive symptomology, and social exchange: 
Does race matter?. J. Palliat. Care 33, 100–108. https://​doi.​org/​10.​1177/​08258​59718​758120 (2018).

	51.	 Cohen, S. A., Sabik, N. J., Cook, S. K., Azzoli, A. B. & Mendez-Luck, C. A. Differences within differences: Gender inequalities in 
caregiving intensity vary by race and ethnicity in informal caregivers. J. Cross Cult. Gerontol. 34, 245–263. https://​doi.​org/​10.​1177/​
08258​59718​758120 (2019).

	52.	 Whaibeh, E., Mahmoud, H. & Naal, H. Telemental health in the context of a pandemic: The COVID-19 experience. Curr. Treat. 
Options Psychiatry 7, 198–202. https://​doi.​org/​10.​1007/​s40501-​020-​00210-2 (2020).

	53.	 Hill, A. M., Frost, A. & Martin, J. D. Experiences of women with ovarian cancer during the COVID-19 pandemic: Examining 
intolerance of uncertainty and fear of COVID-19 in relation to psychological distress. J. Psychosoc. Oncol. 39, 399–415. https://​
doi.​org/​10.​1080/​07347​332.​2021.​18805​24 (2021).

	54.	 Acea-Nebril, B. et al. Impact of COVID-19 pandemic on a breast cancer surgery program: Observational case-control study in a 
COVID-free hospital. Breast J. 26, 2428–2430. https://​doi.​org/​10.​1111/​tbj.​14037 (2020).

	55.	 Minucci, A. et al. BRCA testing delay during the COVID-19 pandemic: How to act?. Mol. Biol. Rep. 48, 983–987. https://​doi.​org/​
10.​1007/​s11033-​020-​06060-8 (2021).

	56.	 Wang, Q. Q., Berger, N. A. & Xu, R. Analyses of risk, racial disparity, and outcomes among US patients with cancer and COVID-19 
infection. JAMA Oncol. 7, 220–227. https://​doi.​org/​10.​1001/​jamao​ncol.​2020.​6178 (2021).

https://doi.org/10.1007/s10897-016-9949-6
https://doi.org/10.1186/s13053-017-0077-6
https://doi.org/10.1038/s41398-020-00950-y
https://doi.org/10.1001/jama.2019.8430
https://doi.org/10.1159/000503370
https://doi.org/10.1016/j.critrevonc.2012.01.004
https://doi.org/10.1111/cge.12298
https://doi.org/10.1037/hea0000156
https://doi.org/10.1016/j.ygyno.2019.11.090
https://doi.org/10.1038/ejhg.2015.196
https://doi.org/10.1002/pon.3039
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://elcentro.sonhs.miami.edu/research/measures-library/psi/psi-english/index.html
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1097/mlr.0b013e318160d093
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://www.census.gov/topics/income-poverty/poverty/guidance/poverty-measures.html
https://www.census.gov/topics/income-poverty/poverty/guidance/poverty-measures.html
https://doi.org/10.1111/cge.12468
https://doi.org/10.1002/cncr.32536
https://doi.org/10.1016/j.breast.2011.04.004
https://doi.org/10.1007/s00520-019-04918-7
https://doi.org/10.1186/s12885-019-6181-4
https://doi.org/10.1371/journal.pone.0244630
https://doi.org/10.1371/journal.pone.0244630
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1371/journal.pone.0245327
https://doi.org/10.1016/j.mhp.2019.01.010
https://doi.org/10.1089/heq.2017.0056
https://doi.org/10.1177/0825859718758120
https://doi.org/10.1177/0825859718758120
https://doi.org/10.1177/0825859718758120
https://doi.org/10.1007/s40501-020-00210-2
https://doi.org/10.1080/07347332.2021.1880524
https://doi.org/10.1080/07347332.2021.1880524
https://doi.org/10.1111/tbj.14037
https://doi.org/10.1007/s11033-020-06060-8
https://doi.org/10.1007/s11033-020-06060-8
https://doi.org/10.1001/jamaoncol.2020.6178


14

Vol:.(1234567890)

Scientific Reports |        (2021) 11:24501  | https://doi.org/10.1038/s41598-021-04353-x

www.nature.com/scientificreports/

	57.	 Tsamakis, K. et al. COVID-19 and its consequences on mental health. Exp. Ther. Med. 21, 1–7. https://​doi.​org/​10.​3892/​etm.​2021.​
9675 (2021).

	58.	 Shamblaw, A. L., Rumas, R. L. & Best, M. W. Coping during the COVID-19 pandemic: Relations with mental health and quality 
of life. Can. Psychol. 62, 92–100. https://​doi.​org/​10.​1037/​cap00​00263 (2021).

	59.	 National Cancer Institute (NCI). Coronavirus and cancer. https://​www.​cancer.​gov/​about-​cancer/​coron​avirus (2021).
	60.	 American Cancer Society (ACS). Coronavirus, COVID-19, and cancer. https://​www.​cancer.​org/​about-​us/​what-​we-​do/​coron​avirus-​

covid-​19-​and-​cancer.​html (2021).
	61.	 National Comprehensive Cancer Network (NCCN). COVID-19 resources. https://​www.​nccn.​org/​covid-​19 (2021).
	62.	 Houlihan, M. C. & Tariman, J. D. Comparison of outcome measures for traditional and online support groups for breast cancer 

patients: An integrative literature review. J. Adv. Pract. Oncol. 8, 348–359 (2017).

Author contributions
K.E.D. conceptualized and designed the study, was in charge of data acquisition, data analysis, and interpreta-
tion. K.E.D. also wrote the main manuscript text and revised the article, as well as approving the final version. 
A.E.C. assisted with study conceptualization and design, data interpretation, as well as drafting and finalizing 
the manuscript.

Funding
The current study was funded by the Johns Hopkins Ho-Ching Yang Memorial Faculty Award. KD received 
research support from the National Cancer Institute (T32CA009314) through the Johns Hopkins Bloomberg 
School of Public Health Cancer Epidemiology, Prevention, and Control training program.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​021-​04353-x.

Correspondence and requests for materials should be addressed to K.E.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

https://doi.org/10.3892/etm.2021.9675
https://doi.org/10.3892/etm.2021.9675
https://doi.org/10.1037/cap0000263
https://www.cancer.gov/about-cancer/coronavirus
https://www.cancer.org/about-us/what-we-do/coronavirus-covid-19-and-cancer.html
https://www.cancer.org/about-us/what-we-do/coronavirus-covid-19-and-cancer.html
https://www.nccn.org/covid-19
https://doi.org/10.1038/s41598-021-04353-x
https://doi.org/10.1038/s41598-021-04353-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	COVID-19 experiences predicting high anxiety and depression among a sample of BRCA1BRCA2-positive women in the US
	Objectives. 
	Methods
	Study design and sample. 
	Model variables. 
	Predictor variables. 
	Outcome assessments. 
	Covariates and stratifications. 

	Statistical methods. 
	Ethics approval. 
	Consent to participate. 

	Results
	Characteristics of the study sample. 
	Anxiety and COVID-19 experiences by income status and raceethnicity. 
	Depression and COVID-19 experiences by income status and raceethnicity. 

	Discussion
	Study strengths. 
	Limitations. 

	Conclusion
	References


