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Abstract

Purpose—The incidence of triple-negative breast cancer (TNBC) is higher in Black women
compared to White women which is not explained by racial differences in body mass index (BMI).
As BMI has limitations as an anthropometric measure, we used different anthropometric measures
to examine associations with TNBC by race.

Method—Of 161,808 postmenopausal participants in Women’s Health Initiative, eligible were

a subsample of 121,744 White and Black postmenopausal women enrolled from 1993-1998,
50-79 years of age with anthropometric measures who were followed for breast cancer incidence
until March 2019. At entry, BMI, waist circumference (WC) and waist-hip ratio (WHR) were
measured using standardized methods. Breast cancers were verified by central medical record
review. Associations between anthropometric measures and triple-negative breast cancer risk were
examined using Cox proportional hazards regression models.

Results—After 17.6 years (median) follow-up, there were 87 Black women and 529 White
women with incident triple-negative breast cancer. Overall, there was no significant associations
between anthropometric measures and risk of triple-negative breast cancer. However, compared to
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White women with normal BMI, White women with obesity (BMI=30) (HR=0.76, 95% ClI: 0.60,
0.96) were significantly associated with a lower risk of triple-negative breast cancer. And larger
waist circumference (HR=0.99, 95% CI: 0.99, 1.00) were significantly associated with a lower risk
of triple-negative breast cancer among White women.

Conclusion—Overall, among postmenopausal women, anthropometric measures were not
associated with risk of TNBC. The association among White women with larger waist
circumference and women with obesity with a lower risk of triple-negative breast cancer needs
further confirmation.
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Introduction

Triple-negative breast cancer (TNBC) is a subtype of breast cancer defined by negative
status of the estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2), which has a poor prognosis and accounts for 15% of
US breast cancers [1]. These cancers are more common in younger women with genetic
mutations (such as BRCA1, BRCA2 and others) and in Black women [1, 2].

While genetic factors play a role in the higher incidence of triple-negative breast cancer in
Black women compared to White women, the contribution of other factors are unclear [3,
4]. While the prevalence of obesity in Black women is high compared to other racial groups,
studies of obesity and triple-negative breast cancer in postmenopausal women are mixed.

In some studies, obesity is associated with higher risk [5, 6], while in other studies, no
association with obesity is seen [6, 7] and others have found obesity associated with lower
triple-negative breast cancer risk [8, 9].

Although BMI is correlated with body fat measures (like skinfold measures and x-ray
absorptiometry), BMI could disproportionately correlate to body fat in Black women, as
compared to White women. Specifically, Black women have less visceral fat compared

to White women with similar BMI. [10] Although there is no clear explanation for

TNBC, studies demonstrated that anthropometric differences between Black women and
White women can lead to differences in insulin sensitivity, glucose intolerance, hormone
concentration, and inflammation, which are potential risks factors that can trigger breast
cancer development. [11-13] While there is ongoing interest in the potential association of
obesity, metabolic syndrome components [14-17] and triple negative breast cancer, clinical
evidence has been limited [14, 18, 19]. Therefore, as different anthropometric measures
reflect different aspects of body fat, we examined associations between three anthropometric
measurements and risk of triple-negative breast cancer to assess whether the associations
between different anthropometric measurements and risk of triple-negative breast cancer
differed in White and Black women. For example, waist circumference is reported as a
better measure of abdominal fat compared to other anthropometric measures, which is a
key factor of metabolic syndrome that associated with insulin resistance and inflammation
[16]. We hypothesized that associations between anthropometric measurements and risk
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of triple-negative breast cancer were different in White and Black women, and that waist
circumference would have a stronger association with the risk of triple-negative breast
cancer compared to other anthropometric measurements.

Details of the Women’s Health Initiative have been previously described [17]. Briefly, in
the study, 161,808 postmenopausal women, aged 50 to 79 years, enrolled at 40 clinical
centers throughout the United States from 1993 through 1998. Women were included in an
observational cohort (n = 93,676) or one of four randomized clinical trials (n = 68,132).

Study Population

Exposure

Outcomes

Covariates

The original dataset had 161,808 participants. After exclusions, our analysis included
121,774 postmenopausal women (11,832 Black and 109,942 White), with 616 participants
with incident triple-negative breast cancer during follow-up (median, 17.6 years) including
87 Black women and 529 White women. Excluded were 13,649 participants who were not
White or Black, 3,042 with BMI <18.5, 11,474 with history of cancer at baseline, and
11,434 with missing covariates including education, smoking, history of hormone use, age at
menarche, diet, physical activity, alcohol servings, breastfeeding duration, and parity (Figure
1).

Anthropometric measurements were performed during the baseline clinic visit following
standard protocols. Weight was measured and recorded in kilograms and height was
measured and recorded as centimeters. BMI was computed from weight and height as

body weight divided by the square of body height, recorded as kg/m2. Waist circumference
was measured at the smallest circumference of the natural waist to the nearest 0.5 cm, hip
circumference was measured at the widest part of the hips to the nearest 0.5 cm, at baseline.
The Waist to Hip Ratio (WHR) was calculated as waist circumference(cm) divided by hip
circumference(cm).

The primary outcome was triple-negative breast cancer incidence during follow-up through
April 1, 2019. Breast cancers were confirmed after medical record review by clinical

center physician adjudicators with final adjudication at the Clinical Coordinating Center.
Receptor assays were based on review of local laboratory reports recorded as positive,
negative, borderline, not available or unknown. Triple-negative breast cancers were defined
as negative estrogen receptor (ER), negative progesterone receptor (PR), and negative human
epidermal growth factor receptor 2 (HER?2) breast cancers.

Potential covariates included age, region, education, income, smoking, alcohol consumption,
family history of breast cancer, diet, physical activity, different sub-cohorts (participating in
OS/CTs and different arms), hormone therapy use, parity, age at menarche, breastfeeding
duration [1, 17, 20]. Family history was defined as whether mother, full-blooded sisters,
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daughters, or grandmothers ever had breast cancer (Y/N). Diet quality was calculated

using healthy eating index (HEI)-2015 score at baseline. Physical activity was defined as
metabolic equivalent task (MET-hours/week) from recreational physical activity. Parity was
collected in medical history questionnaire as “how many live births?” Age at menarche
was self-reported in years. Breastfeeding duration was self-reported as total months
breastfeeding (detailed information in Table 1).

Statistical analyses

Descriptive analyses were conducted to describe participants’ characteristics at baseline for
White and Black women in Table 1. All demographic and potential confounding variables
are presented as the mean * standard deviation for continuous variables, and frequencies
and percentages for categorical variables. Chi-square tests were conducted for categorical
covariates and ANOVA tests for continuous covariates. The survival time was defined from
the date of enrollment until the date of diagnosis of breast cancer, the date of death, date of
withdrawal from the study, or the end of follow-up (March 1st, 2019), whichever came first.

To examine the association between different anthropometric measurements and risk of
triple-negative breast cancer, we constructed the crude and adjusted Cox proportional
hazards regression models using competing risk developed by Fine and Gray [21],

treating all other types of breast cancer cases as competing events. Before performing

Cox proportional hazard models, the proportional hazards assumptions were evaluated
based on the Schoenfeld Residuals. For covariates that did not meet the assumption,

their interactions with time were included in the models. Because participating in clinical
trials might disproportionally affect the association, different sub-cohorts (participating in
OS/CTs and different arms) were treated as strata in the model to consider possible different
baseline hazards. We performed Cox proportional hazard models used both continuous and
categorical anthropometric measurements. BMI was categorized into three groups according
to established cut points (normal: 18.5 to <25 kg/m2; overweight: 25.0 to <30 kg/m2; obese:
30.0 or higher kg/m2) [22]. Waist circumference was categorized as <88cm or >88cm based
on established cut points [22]. Waist to hip ratio later was categorized as <0.85 and =0.85
[23]. Both continuous and categorical variables of different anthropometric measurements
were assessed as main exposures, respectively. Covariables were selected a priori based on
prior literature and all were retained in the final adjusted model. Potential interactions of
race-anthropometric measurements were evaluated in Cox proportional hazard models at

a significance level of 0.1. As weight change might have significant effect on the risk of
triple-negative breast cancer, a sensitivity analysis was conducted with further adjusting for
weight changes from baseline to year 3 [20, 24].

All statistical tests were two-tailed with a significance level of 0.05 (except interaction terms
with a significance alpha=0.1). All analyses were performed in SAS 9.4.
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Participants’ characteristics at baseline between Black women and White women

Compared to White women, Black women were younger, had less education and lower
household income, be current smokers, consume less alcohol, have lower diet quality, be
less physically active, be less likely to have a breast cancer family history, be less likely
to use hormone therapy, have lower parity, have shorter breastfeeding duration, be older at
menarche, and have higher BMI, larger waist circumference, and larger waist-to-hip ratio
(Table 1).

Associations between different anthropometric measurements and risk of triple-negative
breast cancer between Black women and White women

There was no significant association between anthropometric measures (including BMI,
waist circumference, or WHR when defined as categorical or continuous) and risk of
triple-negative breast cancer among Black women, after adjusting for age, region, education,
income, smoking status, alcohol consumption, family history, diet, exercise, hormone uses,
age at menarche, parity and study arms (Table 2). However, obesity (HR=0.76, 95%Cl:
0.60, 0.96) and waist circumference (HR=0.99, 95%CI: 0.99, 1.00) were significantly
associated with lower triple-negative breast cancer risk among White women after adjusting
for covariates. In White women, the association between waist circumference>88cm and
lower triple-negative breast cancer risk had borderline significance (HR=0.83, 95%Cl: 0.68,
1.00). Overall, there was no significant interaction between anthropometric measurements
and race. The interaction between waist category (WC>88 cm) and race had borderline
significance (p=0.1).

Sensitivity analysis of intentional weight changes

After additionally adjusting for weight changes in year 3, obesity and high waist
circumference were significantly and associated with lower risk of triple-negative breast
cancer in the total sample (Obesity: HR=0.73, 95%CI: 0.57, 0.95; waist circumference:
HR=0.99, 95%CI: 0.98, 1.00) and in White women (Obesity: HR=0.73, 95%Cl: 0.56, 0.94;
waist circumference: HR=0.99, 95%CI: 0.98, 1.00).

Discussion

In this large, prospective cohort of postmenopausal women, there was no significant
association between anthropometric measures and risk of triple-negative breast cancer
overall. However, White women with larger waist circumference and those who were obese
had significantly lower risk of triple-negative breast cancer. In Black women, there were

no significant associations between any anthropometric measures and triple-negative breast
cancer risk. Further studies are needed to confirm these associations.

The finding of significantly lower triple-negative breast cancer risk in White women who
were obese or had larger waist circumference was surprising and did not support our study
hypothesis, especially given the adverse metabolic effects associated with obesity [25]. This
paradoxical finding highlights the complexity of the breast cancer and obesity relationship,

Cancer Causes Control. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 6

further illustrated by findings in premenopausal versus postmenopausal women. In cohort
studies, obesity has consistently been associated with significantly higher breast cancer risk,
while in premenopausal women, obesity is associated with significantly lower breast cancer
risk [26]. However, in the randomized Breast Cancer Prevention Trial, obese premenopausal
women (BMI < 30.0 kg/m2) were found to be at increased breast cancer risk (HR 1.70 95%
Cl 1.10-2.63) compared with normal weight premenopausal women (BMI < 25.0 kg/m2)
[27]. More recently, The Premenopausal Breast Cancer Collaborative Group investigators,
with 758, 592 premenopausal women and 13,082 incident breast cancers, reported increased
BMI associated with significantly lower breast cancer risk, with the reduction greater than
in prior reports. However, for triple-negative cancer, there was no association of BMI for
women 25 years or older [28].

There is difference in body fat composition between White and Black women. Black women
have less visceral fat and more skeletal muscle compared to White women with similar BMI,
while White women have significantly lower subcutaneous adipose tissue [10, 13, 29, 30]
which is positively associated with breast cancer risk [31, 32]. However, these differences

in anthropometrics by race do not explain our current study findings. Considering the

small number of Black women with triple-negative breast cancer, our findings should be
considered exploratory.

As several studies reported differential associations of BMI with triple-negative breast
cancer based on time from menopause (=10 years) [8, 33], we did a sensitivity analysis
adjusting for this variable with no change in results. This study considered BMI at baseline.
In the WHI Observational Study cohort, women with weight loss in a 3-year period had
significantly lower breast cancer risk [20]. In a sensitivity analysis adjusting for weight
change at year 3, the results were unchanged. Our findings of no significant association in
Black women were similar to a prospective Black Women’s Health Study that found no
significant association between obesity (measured with BMI) and receptor-negative breast
cancers [34]. While obesity is a well-established risk factor for hormone receptor positive
breast cancer, the association with triple-negative breast cancer remains unsettled [19].

Strength and limitations

Study strengths include use of a large cohort with ethnic diversity, breast cancers verified by
central medical record review, and long-term follow-up. In addition, several anthropometric
measurements were used that reflect different aspect of body fat with analyses which
incorporated potential confounders and used competing risk models including other breast
cancer subtypes as competing events. Study limitations include the lower number of Black
women with triple-negative breast cancer compared to the number in White women, reliance
on self-report for most covariates, and findings limited to postmenopausal women.

Conclusion

In this large prospective cohort study of postmenopausal women, anthropometric
measurements were not associated with triple-negative breast cancer risk in Black women.
However, in White women, larger waist circumference and obesity were associated with
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lower triple-negative breast cancer risk. Further studies are needed to examine these
associations.
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Table 1:

Participant Baseline Characteristics between Black Women and Non-Hispanic White Women

Black (N=11,832) White (N=109,942)  P-value

Age at baseline (year) o 61.40 (7.09) 63.51 (7.14) <0.0001
Education * <0.0001
High school diploma or GED 2988 (25.25) 23197 (21.17)
I\ZTQQTagteSSQS?Je Some college or 5642 (47.68) 54057 (49.17)
College degree or higher 3202 (27.06) 32688 (29.73)
Income™ <0.0001
Less than $35,000 5862 (53.44) 39304 (38.14)
$35,000 to $74,999 3913 (35.67) 42874 (41.61)
>$75,000 1194 (10.89) 20868 (20.25)
Region * <0.0001
Northeast 2077 (17.55) 27455 (24.97)
South 5537 (46.80) 25233 (22.95)
Midwest 2857 (24.15) 25843 (23.51)
West 1361 (11.50) 31411 (28.57)
Smoking™ <0.0001
Never smoked 5870 (49.61) 55053 (50.07)
Past smoker 4641 (39.22) 47871 (43.54)
Current smoker 1321 (11.16) 7018 (6.38)
s;cox;?‘f”g (Number of serving 1.08 (3.93) 2.62 (5.02) <0.0001
Diet 62.71 (10.84) 65.57 (10.31) <0.0001
Physical activity ™ 9.65 (12.87) 12.81 (13.72) <0.0001
Family history of breast cancer * <0.0001
Yes 1637 (13.84) 19990 (18.18)
No 10195 (86.16) 89952 (81.82)
Use of female hormones™ <0.0001
Yes 4850 (40.99) 64838 (58.97)
No 6982 (59.01) 45104 (41.03)
Parity * <0.0001
Never full-term pregnancy 1580 (13.35) 12568 (11.43)
1-2 4522 (38.22) 36825 (33.49)
3-4 3643 (30.79) 44974 (40.91)
5 or more 2087 (17.64) 15575 (14.17)
Breastfeeding duration ™ <0.0001
Never breastfeeding 6184 (52.27) 53658 (48.81)
1-6 months 3162 (26.72) 28052 (25.52)
7-12 months 1273 (10.76) 12206 (11.10)
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Black (N=11,832) White (N=109,942) P-value

13-23 months 665 (5.62) 9949 (9.05)

24+ months 548 (4.63) 6077 (5.53)
Ageto reach menarche (year) ™ 12.62 (1.64) 12.59 (1.45) 0.0230
BMI (kg/m2) ™ 31.27 (6.64) 27.71 (5.70) <0.0001
Waist circumference (cm)™* 91.97(13.90) 86.16 (13.55) <0.0001
Waist to hip ratio™ 0.82 (0.08) 0.81 (0.08) <0.0001

*
Tested by chi-square test

Ak
Tested by one-way ANOVA
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