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Abstract
Purpose To assess knowledge of obesity-associated cancer risk, self-awareness of BMI status, and willingness to engage 
in weight loss intervention in breast cancer survivors with overweight and obesity as a companion study for a novel weight 
loss program using a telehealth platform (NCT04855552).
Methods Breast cancer survivors with BMI ≥ 25 kg/m2 were surveyed to assess self-perception of BMI, knowledge of 
obesity-related cancer risk, and willingness to participate in weight loss programs. Multivariable logistic regression was 
used to assess factors associated with willingness to participate.
Results Of the 122 participants, 73 (59.8%) had BMI 25.0–29.9 kg/m2 (overweight) and 49 (40.2%) had BMI ≥ 30 (obesity). 
Patients with obesity were more likely to underestimate their BMI than those with overweight, 40.8% vs. 23.3% (p = 0.03). 
The majority (82.0%) indicated awareness that obesity increases breast cancer risk and 57.4% expressed interest in a weight 
loss program. Patients with knowledge of obesity-related breast cancer risk (91.4% willing vs. 69.2% not willing, p < 0.01) 
were more willing to participate in a weight loss program on univariable and multivariable analyses (p < 0.01).
Conclusion Our results underscore the importance of raising patients’ awareness of obesity-related health risks and individual 
BMI category. Future work in the development of better education and communication tools to improve awareness will likely 
improve the adoption rate of healthy lifestyles in at-risk patients.
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Introduction

Obesity and the metabolic consequences related to obesity 
have been linked to increased incidence of cancer and worse 
cancer outcomes [1–6]. The relationship between obesity 
and development of postmenopausal breast cancer is well 
established [7–10], with an increased relative risk (RR) 
of 1.13 and 1.25 for women with overweight and obesity, 
respectively, compared to women of normal weight [11]. 
Furthermore, multiple studies have shown that obesity is 
associated with worse overall and cancer-specific survival in 
breast cancer patients [9, 10]. One meta-analysis of 213,075 
women with 41,477 deaths across 82 studies found that obe-
sity increased the risk of total mortality and breast cancer-
specific mortality in breast cancer survivors by 41% and 
35%, respectively [10]. Breast cancer survivors with obesity 
also have a significantly greater risk of developing a second 
primary breast cancer (RR 1.40) or a contralateral breast 
cancer (RR 1.37) [12]. Conversely, intentional weight loss 
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has been shown to be associated with a decreased breast can-
cer risk among pre- and postmenopausal women [13–17]. In 
the Iowa Women’s Health Study, women who intentionally 
lost 20 or more pounds through lifestyle modification had a 
21% lower incidence of breast cancer [13]. Such evidence 
affirms that obesity is a modifiable risk factor for breast 
cancer, and more generally, weight losses as low as 5% of 
initial weight produce more general health benefits, such as 
improvements in cardiovascular disease and diabetes mark-
ers [18].

Despite abundant evidence on the negative impact of 
obesity on breast cancer risk and outcomes, studies exam-
ining knowledge of the association between obesity and 
breast cancer in the general population have found many 
women to be uninformed of this link [19–21]. Two studies 
surveying women in urban centers found that up to 54% 
were aware that obesity increases the risk for breast cancer 
[19, 20], while a study of 410 women with overweight and 
obesity found that 53% were aware of this association [21]. 
To our knowledge, no studies have evaluated awareness of 
this association in a population of breast cancer survivors. 
As for participation in weight loss trials in the breast can-
cer population, a recent study has shown that 546 of 667 
eligible patients (81%) who were approached gave consent 
to participate in a weight loss trial, and of those, 62% were 
randomized, but it is unknown if the knowledge of this link 
influenced those who consented [22]. We recently completed 
a survey study as a companion to a pilot weight loss program 
(NCT04855552) to be conducted using a virtual telehealth 
platform for breast cancer survivors at our institution. The 
purpose of the survey study was to evaluate knowledge of 
the link between obesity and breast cancer in a population of 
breast cancer survivors with overweight or obesity, to gauge 
interest in weight loss intervention, and to understand the 
clinical characteristics associated with willingness to par-
ticipate in an institutional weight loss intervention to address 
this modifiable risk factor.

Methods

Participant recruitment

This study was reviewed and approved by the Institutional 
Review Board (IRB). Participants were recruited from a 
breast surgery clinic at our breast center. Patients routinely 
follow up in the breast surgery clinic every 6 months for two 
years and then yearly after their breast cancer surgery. In 
this clinic, among patients who have completed their breast 
cancer treatment, around 28% have normal weight, 39% have 
overweight, and 22% have obesity. The clinical character-
istics of this study cohort were similar to a larger cohort 
described in a prior study [23]. Prior to scheduled outpatient 

appointments, we prescreened the electronic medical record 
for female breast cancer survivors with most recent body 
mass index (BMI) ≥ 25 kg/m2. Patients were eligible for this 
study if they had an ECOG performance status of 0 (defined 
as those who are fully active, able to carry on all pre-disease 
performance without restriction) or 1 (restricted in physi-
cally strenuous activity but ambulatory and able to carry 
out work of a light or sedentary nature, e.g., light house 
work, office work), had a history of biopsy-proven ductal 
carcinoma in situ or invasive breast cancer, had undergone 
surgery, had completed any indicated adjuvant cytotoxic 
chemotherapy and/or radiation therapy at least 6 months 
prior to enrollment, were currently cancer free, and had 
overweight (BMI 25.0–29.9 kg/m2) or obesity (BMI ≥ 30 kg/
m2) by World Health Organization (WHO) BMI classifica-
tion. Patients were excluded from the study if younger than 
18 years of age, currently pregnant, or unable to provide 
informed consent. Eligible patients were approached follow-
ing clinic appointments.

Materials

After obtaining written informed consent from each par-
ticipant, surveys were administered. Five surveys (Patient 
Health Questionnaire, MBSRQ-AS, SF12, International 
Physical Activity Questionnaire, and Breast Cancer Ques-
tionnaire (BCQ) (supplementary materials)) were admin-
istered to participants who provided informed consent [24, 
25]. The BCQ queries demographic and clinical character-
istics, such as age, weight, height, and income, as well as 
assessing patients’ self-perception of their BMI classifica-
tion, knowledge of the effect of obesity on cancer risk, and 
willingness to participate in an institutional weight loss 
intervention. Patients were defined as being willing to par-
ticipate if they were interested and would like to be con-
tacted in the future to participate in our institutional weight 
loss program once it was formally organized. Patients were 
asked to self-assess their BMI classification using categori-
cal descriptors of World Health Organization (WHO) clas-
sifications without the corresponding numerical values (i.e., 
“underweight, average weight, overweight, slightly obese, 
moderately obese, or very obese,” representing BMI ranges 
of < 18.5, 18.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9, 
and ≥ 40 kg/m2). Knowledge of the effect of obesity on can-
cer risk was assessed for breast, lung, and ovarian cancers, 
with responses rated on five-level Likert scale from “1—
decreases the risk a lot” to “5—increases the risk a lot.” 
Questions on the association between obesity and lung and 
ovarian cancers served as distractor questions as described 
[25]. Participants who indicated interest in an institutional 
weight loss intervention were queried about preferred mode 
of delivery for an intervention, including in-person meet-
ings, virtual modes (telephone, web based, or cell phone 
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application based), or weight loss surgery. The BCQ was 
modeled on a similar form used for a study of endometrial 
cancer survivors at our institution [25], and questions were 
selected from a bank of previously validated questions avail-
able from the Centers for Disease Control and Prevention 
(CDC) Behavioral Risk Factor Surveillance System and the 
Harvard Forms of Health Survey [20, 26, 27].

Patient height was obtained by self-report, and weight 
was measured in office on the day of survey completion, per 
clinic protocol. BMI was calculated for each patient using 
the formula (weight [kg])/(height [m])2 and was catego-
rized according to WHO classifications. Clinical informa-
tion including tumor stage and histology, surgery, adjuvant 
therapy, and comorbidities was obtained through the elec-
tronic medical record.

Statistical methods

Descriptive statistics were used to characterize the demo-
graphic and clinical characteristics of our cohort, stratified 
by participants with overweight vs. obesity. Demographic 
and clinical characteristics of those willing and unwilling 
to participate in weight loss intervention were compared 
using χ2 or ANOVA, as appropriate. Multivariable logistic 
regression was carried out to determine which factors predict 
willingness to engage in weight loss intervention. Variables 
with a p value < 0.4 on bivariate analysis were included in 
our multivariable model (i.e., age, household income, mari-
tal status, lymphedema, depression score, tumor stage, nodal 
stage, axilla management, accuracy of BMI self-assessment, 
and knowledge of obesity-related breast cancer). All p values 
were two tailed with p < 0.05 considered statistically sig-
nificant. Statistical analyses were performed using STATA 
version 16/SE (StataCorp LLC, College Station, TX).

Results

Demographics and clinical characteristics of survey 
participants

Between January 2019 and March 2020, 264 patients 
met eligibility criteria on prescreen, 187 patients were 
approached, and 124 (66.3%) consented to enroll. Of 
187 eligible patients approached, a total of 124 (66.3%) 
consented to participate in this study. Two participants 
were later excluded from analysis due to incomplete ques-
tionnaires (< 25% complete), resulting in a final cohort 
of 122 patients (Fig. 1). Clinical characteristics of our 
study cohort are summarized in Table 1. The median age 
of participants was 62 (range 34–84), and median BMI 
was 29.3 kg/m2 (range 25.0–50.5 kg/m2). Seventy-three 
(59.8%) participants had an overweight BMI, while 49 

(40.2%) had an obese BMI. The clinical characteristics 
of this study cohort were similar to those of our general 
breast cancer patients cohort described in a prior study 
[23].

The majority of participants were white (79.5%) and 
had a household income greater than $75,000 (59.0%). All 
participants had an ECOG performance status of 0 or 1. 
The cohorts with overweight and obesity did not differ in 
demographic characteristics, comorbidities, or distance to 
the hospital. They also did not differ in surgical management 
of the breast or time since completion of adjuvant therapy. 
However, participants with obesity were more likely than 
participants with overweight to present with larger T2 or 
T3/4 tumors (24.5% vs. 15.1%; 10.2% vs. 1.4%, p = 0.05), 
have 1–3 involved lymph nodes (N1 nodal stage) (24.5% 
vs. 8.2%, p = 0.04), and to undergo axillary node dissection 
(AND) (22.4% vs 6.8%, p = 0.02).

To determine if participants were able to accurately clas-
sify their weight, calculated BMI was compared to self-
assessed BMI category by survey response. Sixty-eight 
(55.7%) patients accurately categorized their BMI (Table 1). 
Among patients who incorrectly estimated their true BMI 
category (n = 54), more than twice as many underestimated 
(68.5%) as overestimated (31.5%) their BMI. Patients with 
overweight BMI were significantly more likely to catego-
rize their BMI appropriately than patients with obese BMI 
(p = 0.03), of whom 40.8% underestimated their true BMI 
(Table 1).

Fig. 1  Consort diagram



544 Breast Cancer Research and Treatment (2022) 194:541–550

1 3

Table 1  Demographic and clinical characteristics of survey respondents by BMI category

Total Overweight (25.0–29.9) Obese (≥ 30.0) p

 N 122 100.0% 73 59.8% 49 40.2%

Age, median (range) 62 (34–84) 60 (34–83) 63 (40–84) 0.59
Race
White 97 79.5% 59 80.8% 38 77.6% 0.27
Black 16 13.1% 7 9.6% 9 18.4%
Asian/PI* 6 4.9% 4 5.5% 2 4.1%
Other/NA 3 2.5% 3 4.1% 0 0.0%
Household income
 < $25,000 9 7.4% 5 6.8% 4 8.2% 0.58
$25,000–$50,000 11 9.0% 5 6.8% 6 12.2%
$50,000–$75,000 15 12.3% 10 13.7% 5 10.2%
 > $75,000 72 59.0% 43 58.9% 29 59.2%
Did not disclose 13 10.7% 10 13.7% 3 6.1%
Marital status
Married 76 62.3% 43 58.9% 33 67.3% 0.38
Not married 44 36.1% 28 38.4% 16 32.7%
NA 2 1.6% 2 2.7% 0 0.0%
Parity
0 29 23.8% 20 27.4% 9 18.4% 0.48
1–2 57 46.7% 32 43.8% 25 51.0%
 ≥ 3 31 25.4% 17 23.3% 14 28.6%
NA 5 4.1% 4 5.5% 1 2.0%
Employment status
Employed 75 61.5% 46 63.0% 29 59.2% 0.37
Not employed 6 4.9% 5 6.8% 1 2.0%
Retired 33 27.0% 19 26.0% 14 28.6%
NA 8 6.6% 3 4.1% 5 10.2%
Comorbidities
Cardiovascular disease 37 30.3% 19 26.0% 18 36.7% 0.18
Lung disease 10 8.2% 4 5.5% 6 12.2% 0.19
Diabetes 16 13.1% 6 8.2% 10 20.4% 0.05
Joint disease 22 18.0% 9 12.3% 13 26.5% 0.05
Lymphedema 14 11.5% 8 11.0% 6 12.2% 0.84
Depression score
Minimal or None (0–4) 81 66.4% 49 67.1% 32 65.3% 0.13
Mild (5–9) 16 13.1% 12 16.4% 4 8.2%
Moderate (10–14) 11 9.0% 3 4.1% 8 16.3%
Moderately Severe (15–19) 5 4.1% 3 4.1% 2 4.1%
Severe (20–27) 1 0.8% 1 1.4% 0 0.0%
Tumor stage
T0 42 34.4% 29 39.7% 13 26.5% 0.05
T1 51 41.8% 32 43.8% 19 38.8%
T2 23 18.9% 11 15.1% 12 24.5%
T3/4 6 4.9% 1 1.4% 5 10.2%
Nodal stage
N0 102 83.6% 66 90.4% 36 73.5% 0.04
N1 18 14.8% 6 8.2% 12 24.5%
N2/3 2 1.6% 1 1.4% 1 2.0%
Surgery type



545Breast Cancer Research and Treatment (2022) 194:541–550 

1 3

Participants were also asked whether obesity increases 
the risk of breast, lung, and ovarian cancers (Supplementary 
Table 1). Of all patients surveyed, 82.0% indicated that obesity 
increases the risk of breast cancer. Responses were considered 
affirmative if the participant selected “increases the risk a lit-
tle” or “increases the risk a lot.” By contrast, more than half 
of participants selected “I don’t know” to the distractor ques-
tions regarding the effect of obesity on lung cancer and ovarian 
cancer risk (55.7% and 51.6%, respectively). Knowledge of 
obesity-related breast cancer risk did not vary significantly 
by participant BMI group (p = 0.69; Table 1) but did differ 
between those willing vs. unwilling to participate in weight 
loss intervention (91.4% vs. 69.2%, p < 0.01; Table 2).

Demographics and clinical characteristics associated 
with willingness to participate in institutional 
weight loss program

One of the questions in the Breast Cancer Questionnaire was 
to assess if participants would be interested in participating 

in a formal weight loss program (question 19, supplemen-
tary materials). Among the 122 participants who completed 
the surveys, 70 (57.4%) indicated willingness to partici-
pate. Interest did not differ significantly between those with 
overweight (54.8%) vs. obesity (61.2%, p = 0.48). Of those 
willing to participate, 68.9% preferred a virtual platform 
for intervention (telephone, internet, or cell phone applica-
tion), rather than in-person meetings (21.3%) or weight loss 
surgery (9.8%).

Demographic and clinical characteristics were also 
compared between groups based on willingness to partic-
ipate in a weight loss trial (Table 2). There were no sig-
nificant differences between groups in patient age, race, 
income, or BMI. Employment status and distance from 
home to hospital defined categorically as < 25 miles or ≥ 25 
miles were not different between the two groups. In addi-
tion, clinical characteristics, including tumor and nodal 
stage, surgery, chemotherapy, radiation, and comorbidities 
(including lymphedema), also did not differ in univariable 
analysis (Table 2). Patient self-assessment of BMI did differ 

Table 1  (continued)

Total Overweight (25.0–29.9) Obese (≥ 30.0) p

 N 122 100.0% 73 59.8% 49 40.2%

Lumpectomy 62 50.8% 39 53.4% 23 46.9% 0.48
Mastectomy 60 49.2% 34 46.6% 26 53.1%
Reconstruction type
Free flap reconstruction 36 29.5% 19 26.0% 17 34.7% 0.13
Implant reconstruction 14 11.5% 11 15.1% 3 6.1%
No reconstruction 10 8.2% 4 5.5% 6 12.2%
Axilla management
SLNB only 87 71.3% 53 72.6% 34 69.4% 0.02
AND 16 13.1% 5 6.8% 11 22.4%
None 19 15.6% 15 20.5% 4 8.2%
Duration since adjuvant therapy (mean, SD)
 < 1 year 41 33.6% 27 37.0% 14 28.6% 0.34
 ≥ 1 year 81 66.4% 46 63.0% 35 71.4%
Accuracy of BMI Self-assessment
Underestimate 37 30.3% 17 23.3% 20 40.8% 0.03
Accurate assessment 68 55.7% 48 65.8% 20 40.8%
Overestimate 17 13.9% 8 11.0% 9 18.4%
Knowledge of obesity-related breast cancer risk
Yes 100 82.0% 59 80.8% 41 83.7% 0.69
No 22 18.0% 14 19.2% 8 16.3%
Willingness to participate in weight loss intervention
Yes 70 57.4% 40 54.8% 30 61.2% 0.48
No 52 42.6% 33 45.2% 19 38.8%
Distance to hospital
 < 25 miles 72 59.0% 43 58.9% 29 59.2% 0.975
 ≥ 25 miles 50 41.0% 30 41.1% 20 40.8%

* PI pacific islander, T tumor stage, N nodal stage, SLNB sentinel lymph node biopsy, AND axilla node dissection, SD standard deviation
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Table 2  Demographic and clinical characteristics of survey respondents by willingness to participate in an institutional weight loss intervention

Total Not willing to 
participate

Willing to participate p

N 122 100.0% 52 42.6% 70 57.4%
Age, median (range) 62 (34–84) 63 (34–84) 60 (38–82) 0.38
Race
White 97 79.5% 40 76.9% 57 81.4% 0.66
Black 16 13.1% 9 17.3% 7 10.0%
Asian/PI 6 4.9% 2 3.8% 4 5.7%
Other/NA 3 2.5% 1 1.9% 2 2.9%
Household income
 < $25,000 9 7.4% 4 7.7% 5 7.1% 0.15
$25,000–$50,000 11 9.0% 8 15.4% 3 4.3%
$50,000–$75,000 15 12.3% 7 13.5% 8 11.4%
 > $75,000 72 59.0% 25 48.1% 47 67.1% 0.15
Did not disclose 13 10.7% 7 13.5% 6 8.6%
Marital status
Married 76 62.3% 30 57.7% 46 65.7% 0.25
Not married 44 36.1% 22 42.3% 22 31.4%
NA 2 1.6% 0 0.0% 2 2.9%
Parity
0 29 23.8% 16 30.8% 13 18.6% 0.45
1–2 57 46.7% 23 44.2% 34 48.6%
 ≥ 3 31 25.4% 11 21.2% 20 28.6%
NA 5 4.1% 2 3.8% 3 4.3%
Employment status
Employed 75 61.5% 32 61.5% 43 61.4% 0.94
Not employed 6 4.9% 2 3.8% 4 5.7%
Retired 33 27.0% 15 28.8% 18 25.7%
NA 8 6.6% 3 5.8% 5 7.1%
Comorbidities
Cardiovascular Disease 37 30.3% 15 28.8% 22 31.4% 0.72
Lung disease 10 8.2% 4 7.7% 6 8.6% 0.84
Diabetes 16 13.1% 7 13.5% 9 12.9% 0.92
Joint disease 22 18.0% 10 19.2% 12 17.1% 0.77
Lymphedema 14 11.5% 8 15.4% 6 8.6% 0.28
Depression score
Minimal or None (0–4) 81 66.4% 36 69.2% 45 64.3% 0.39
Mild (5–9) 16 13.1% 9 17.3% 7 10.0% 0.39
Moderate (10–14) 11 9.0% 3 5.8% 8 11.4%
Moderately Severe (15–19) 5 4.1% 1 1.9% 4 5.7%
Severe (20–27) 1 0.8% 0 0.0% 1 1.4%
Tumor stage
T0 42 34.4% 24 46.2% 18 25.7% 0.09
T1 51 41.8% 16 30.8% 35 50.0%
T2 23 18.9% 10 19.2% 13 18.6%
T3/4 6 4.9% 2 3.8% 4 5.7%
Nodal stage
N0 102 83.6% 46 88.5% 56 80.0% 0.31
N1 18 14.8% 6 11.5% 12 17.1%
N2/3 2 1.6% 0 0.0% 2 2.9%
Surgery type
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significantly (p < 0.01); those who underestimated their 
true BMI were less willing to participate in a weight loss 
intervention (15 of 37 patients [40.5%] willing vs. 22 of 37 
patients [59.5%] unwilling), while nearly all patients (15 
of 17 patients [88.2%]) who overestimated their true BMI 
agreed to participate (p < 0.01). Patients endorsing knowl-
edge of obesity-related breast cancer risk were significantly 
more willing to engage in weight loss intervention than those 
without such knowledge (p < 0.01). Knowledge of obesity-
related breast cancer risk (OR 8.37, p = 0.01) remained a 
significant predictor of willingness to participate in weight 
loss intervention on multivariable logistic regression analy-
sis (Table 3).

Discussion

We completed this companion survey study to determine 
the willingness of breast cancer survivors with overweight 
and obesity treated at our institution to participate in a 
pilot weight loss program using a virtual telehealth plat-
form (NCT04855552). The goals of this study were to 
assess knowledge of the association between obesity and 

breast cancer risk, self-perception of BMI, and willing-
ness to engage in a weight loss intervention offered at our 
institution. Our patient population demonstrated a higher-
than-expected knowledge of obesity-related breast cancer 
risk, with over 80% of participants indicating knowledge 
of this association. However, even in our population with 
high awareness, there was a significant proportion who 
underestimated their own BMI, which was associated with 
lower willingness to participate in weight loss intervention. 
Finally, multivariable analysis showed that knowledge of 
obesity-related breast cancer risk significantly increases 
willingness to participate in weight loss intervention, even 
when controlling for true and self-perceived BMI.

While well known within the medical community, 
there is limited public knowledge that obesity is linked to 
increased risk of breast cancer. A survey of 1545 women 
in Houston, TX found that 54% were aware that obesity 
increases the risk of breast cancer [20], while a study of 
207 women at an urban health fair reported that only 28% 
of participants were aware of this risk, despite a high 
degree of awareness (> 70%) of the cardiometabolic risks 
associated with obesity [19]. Knowledge of obesity-related 
cancer risk is similarly limited in populations of women 

Table 2  (continued)

Total Not willing to 
participate

Willing to participate p

Lumpectomy 62 50.8% 28 53.8% 34 48.6% 0.56
Mastectomy 60 49.2% 24 46.2% 36 51.4%
Reconstruction type
Free flap reconstruction 36 29.5% 16 30.8% 20 28.6% 0.26
Implant reconstruction 14 11.5% 3 5.8% 11 15.7%
No reconstruction 10 8.2% 5 9.6% 5 7.1%
Axilla management
SLNB only 87 71.3% 34 65.4% 53 75.7% 0.14
AND 16 13.1% 6 11.5% 10 14.3%
None 19 15.6% 12 23.1% 7 10.0%
Duration since adjuvant therapy
 < 1 year 41 33.6% 18 34.6% 23 32.9% 0.84
 ≥ 1 year 81 66.4% 34 65.4% 47 67.1%
Accuracy of BMI Self-assessment
Underestimate 37 30.3% 22 42.3% 15 21.4%  < 0.01
Accurate assessment 68 55.7% 28 53.8% 40 57.1%
Overestimate 17 13.9% 2 3.8% 15 21.4%
Knowledge of obesity-related breast 

cancer risk
Yes 100 82.0% 36 69.2% 64 91.4%  < 0.01
No 22 18.0% 16 30.8% 6 8.6%
Distance to hospital
 < 25 miles 72 59.0% 32 61.5% 40 57.1% 0.625
 ≥ 25 miles 50 41.0% 20 38.5% 30 42.9%

*PI pacific islander, T tumor stage, N nodal stage, SLNB sentinel lymph node biopsy, AND axilla node dissection, SD standard deviation
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with overweight and obesity [21]. In contrast to these pre-
vious studies, 82% of our study participants were aware 
of the association between obesity and breast cancer risk.

Despite the high proportion of patients in our study 
cohort indicating awareness of the association between 
obesity and breast cancer risk, only 57.4% reported willing-
ness to participate in weight loss intervention. We believe 
our findings also shed light on the need to develop better 
communication tools for healthcare providers to have frank 
discussions with cancer patients regarding their BMI cate-
gory, associated cancer risks, and mitigation strategies. This 
discussion could also include the broader range of health 
improvements, such as cardiovascular and diabetic compli-
cations, which are associated with weight loss [18].

Our study has several limitations. One of the limitations 
included sampling and selection bias. While we are encour-
aged by the high degree of awareness of the association 
between obesity and breast cancer risk in our study cohort, 
this finding may not be generalizable to the broader commu-
nity of breast cancer survivors. As participants were drawn 
primarily from a single surgeon’s practice, the high degree of 
knowledge regarding obesity-related breast cancer risk in our 
patient population may be due, at least in part, to clinician-
specific patient education practices, thereby highlighting the 
sampling/selection bias of our study. Our survey study was 
aimed at gauging interest in our breast cancer patients in 
participating in a weight loss program. Our study was not 
designed to address the impact of obesity and weight loss 
on breast cancer outcomes, a limitation of this study. Our 
cohort was also disproportionately composed of white and 
high-income participants, which is not representative of the 
general US population. Strengths of this study include our 
moderate sample size, though plans for further enrollment 
were curtailed by the onset of the COVID-19 pandemic, 
and the original nature of this qualitative research. To our 
knowledge, this is the first study to evaluate knowledge of 
the link between obesity and breast cancer risk in a popula-
tion of breast cancer survivors, as well as the first to assess 
predictors of willingness to engage in a weight loss interven-
tion in this population.

The effect of intentional weight loss on recurrence risk 
for breast cancer survivors with obesity is uncertain and is 
currently under investigation in prospective studies such as 
the ongoing Breast Cancer Weight Loss (BWEL) trial [28]. 
However, obesity is known to increase both disease-specific 
and all-cause mortality in breast cancer survivors [10], high-
lighting the need for effective weight loss strategies in this 
population. Our study identified knowledge of the associa-
tion between obesity and breast cancer risk as a predictor of 
willingness to engage in weight loss intervention, suggest-
ing that effective communication and education tools may 
enhance participation and adherence to lifestyle modification 
strategies. While our findings suggest that improved educa-
tion regarding BMI and cancer risk may increase engage-
ment with weight loss, there has been limited research 
on how to communicate such information to this patient 

Table 3  Multivariable logistic regression of demographic and clini-
cal characteristics influencing willingness to participate in an institu-
tional weight loss intervention

PI pacific islander, T tumor stage, N nodal stage, SLNB sentinel 
lymph node biopsy, AND axilla node dissection
*Reference group for each comorbidity is composed of patients with-
out that comorbidity

OR (95% CI) p

Age 1.00 0.94 to 1.05 0.87
Household income
 < $25,000 1.00 – to – –
$25,000–$50,000 0.29 0.01 to 7.25 0.45
$50,000–$75,000 3.73 0.20 to 70.25 0.38
 > %75,000 1.69 0.12 to 24.06 0.70
Did not disclose 0.62 0.03 to 13.64 0.76
Marital status
Not married 1.00 – to – –
Married 2.52 0.71 to 8.89 0.15
Unknown – – to – –
Comorbidities*
Lymphedema 0.26 0.05 to 1.36 0.11
Depression score
Minimal or none (0–4) 1.00 – to – –
Mild (5–9) 0.35 0.09 to 1.42 0.14
Moderate (10–14) 1.06 0.15 to 7.53 0.95
Moderately severe/severe (15 +) 2.22 0.15 to 32.34 0.56
Tumor stage
T0 1.00 – to – –
T1 2.37 0.64 to 8.74 0.19
T2 1.42 0.23 to 8.61 0.71
T3/4 2.47 0.05 to 111.75 0.64
Nodal stage
N0 1.00 – to – –
N1 2.98 0.30 to 29.93 0.35
N2/3 – – to – –
Axilla management
None 1.00 – to – –
SNB 2.45 0.52 to 11.60 0.26
AND 1.15 0.10 to 13.41 0.91
BMI self-assessment
Accurate 1.00 – to – –
Underestimate 0.58 0.18 to 1.86 0.36
Overestimate 4.83 0.67 to 34.89 0.12
Knowledge of obesity-related breast 

cancer risk
No 1.00 – to – –
Yes 8.37 1.77 to 39.56 0.01
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population. As we initiate our pilot weight loss program for 
our breast cancer survivors, we are mindful that future work 
in the development of better education and communication 
tools/aids to improve awareness will likely improve the 
adoption rate of healthy lifestyles in at-risk patients.
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