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Abstract
While there is consistent evidence of increased risk of postmenopausal breast cancer associated with higher body mass index
(BMI), higher adult weight gain and higher waist circumference in North American and European populations, there is little
evidence for Hispanic women. Among Hispanic women in Puerto Rico (PR), breast cancer is the leading type of cancer, and
leading cause of cancer related deaths. However, compared with the United States, breast cancer rates are lower but
increasing more rapidly. Purpose: To determine associations between anthropometric characteristics and breast cancer risk in
Hispanic women in PR. Methods: Data from a population-based case control study in the San Juan metropolitan region was
used to examine associations between anthropometric measures and breast cancer risk, also considering menopausal status
and hormone therapy (HT). Results: Among premenopausal women, BMI equal or higher than 25 kg/m2 and waist to height
ratio (WHtR) of 0.53 or higher were associated with lower odds of breast cancer. For postmenopausal breast cancer, waist
circumference of 86.4 cm or higher, WHtR of 0.57 or higher, waist to hip ratio of 0.84 or greater, and height of 150 cm or taller
were associated with lower odds of breast cancer. Conclusion: Our study provides evidence that associations of risk with
anthropometry may differ for Hispanic women. Future studies should include measures of fat and lean mass distribution to
further understand anthropometric measures and breast cancer risk among Hispanic women.

Introduction
Human body size and proportions are practical and feasible measures historically associated with health and disease. For
example, height and weight are basic anthropometric measures used to identify people in different body mass index (BMI =
weight in kg divided by height in m2) categories associated with increased risk of health complications and premature
mortality [1]. Adults with a BMI between 18.5 to 24.9 kg/m2 are typically classi�ed as “normal” or “healthy”, those within 25.0
to 29.9 kg/m2 as “overweight”, and those at or above 30 kg/m2 as “obese”; with the latter particularly associated with a higher
mortality risk from all causes1.

Although variation in body weight is likely to be in�uenced by excessive adiposity or fat accumulation, other factors such as
body water and lean mass (muscle, tendons, and bone) also in�uence body weight and BMI. Therefore, the use of BMI as a
screening tool for “adiposity-based chronic disease” or ABCD as recently presented by the American Association of Clinical
Endocrinologists and the American College of Endocrinology [2], is intrinsically problematic because it does not account for
differences in proportions of adipose tissue and lean body mass. There is consistent evidence of excess central adiposity with
in�ammation, insulin resistance, and risk of many chronic diseases; but excess adiposity in the gluteo-femoral area appears to
be protective for cardiometabolic risk [3].

Another problem with BMI as a screening tool is potential inaccuracies of the established cut points among people of different
ethnicities. It has also been suggested that BMI cut points should not be universally applied, and that population speci�c
criteria must be identi�ed [4]. For example, Deurenberg-Yap et al. [5] reported cases of low BMI but high body fat among
people living in Singapore and recommended a different BMI cut point for obesity classi�cation (≥ 27 kg/m2). Later, the World
Health Organization [6] suggested that BMI cut points for Asian populations should be different from standard values
(overweight = 25 to 27.7 kg/m2). Rush et al. [7] also observed ethnic differences among women from South Africa, Europe,
and New Zealand in the relationship between BMI and body fat that were explained by differences in central adiposity and
muscle mass. Analyses of BMI and health outcomes are based on meta-analyses and population-based studies mostly from
North America, Western Europe, Australia, Japan, and China, with infrequent inclusion of Hispanic groups. Herrera et al. [8]
used data from the Latin-American Consortium of Studies in Obesity to determine cut points for BMI, waist circumference, and
waist to hip ratio (WHR) in screening for coronary heart disease risk. Although the authors did not recommend changes in BMI
cut points for obesity classi�cation, they deemed BMI as almost uninformative in that population and the ratio between waist
and hip circumference as the most accurate anthropometric indicator of coronary heart disease risk.

Excess weight gain and body fat accumulation during adulthood have been consistently associated with increased risk and
mortality from breast cancer in postmenopausal women [9-13]. Among premenopausal women, adiposity has been
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equivocally associated with decreased risk of breast cancer [13-14]. There may be differences by body fat distribution. For
example, a case-control study by Godinho-Mota et al. [15] showed that high abdominal adiposity measured by dual-energy X-
ray absorptiometry (DEXA) increased the risk of developing breast cancer in premenopausal women.

Inconsistent associations between excess fat accumulation, obesity, and breast cancer risk have been reported for different
racial/ethnic groups, particularly among Hispanic women. For example, Wenten et al. [16] conducted a population-based case-
control study in New Mexico and reported that adult weight gain and obesity were risk factors for breast cancer in both
Hispanic and non-Hispanic women; different from non-Hispanic white women, the risk was not in�uenced by menopausal
status in the Hispanic group. In another case-control study by Slattery et al. [17], adult weight gain and obesity were
associated with increased breast cancer risk among non-Hispanic white women, but with reduced risk among Hispanic
women, suggesting that the consequences of obesity on breast cancer risk may differ by race/ethnicity. Most of these studies
used BMI to classify participants as overweight or obese [4-5, 7].

Other anthropometric measures that have been related to obesity and breast cancer risk in pre- and postmenopausal women
include waist circumference and WHR. Waist circumference is used as an index of body fat accumulation in the abdominal
and visceral area associated with elevated insulin resistance, in�ammation, and breast cancer risk [18]. Waist circumference
at or above 88 cm in women is considered an indicator of risk equivalent to 30 kg/m2 of BMI10. A WHR at or above 0.85 is
another index of abdominal fat accumulation associated with breast cancer risk among both pre- and postmenopausal
women [19-20]. However, it has been suggested that the association between waist circumference, WHR, and breast cancer
risk may result from their correlation with BMI [21]. There is also evidence suggesting that, like BMI, the relationship between
waist circumference and disease risk varies among different populations [22-24]. To our knowledge, there is no consensus
regarding anthropometric indicators of obesity as predictors of breast cancer among different race/ethnicity groups.

There are few studies regarding anthropometric characteristics and their association with breast cancer risk among Hispanic
women outside the United States (USA) mainland living in their country of origin. In Puerto Rico (PR), cancer is the leading
cause of death, and breast cancer is the leading type of cancer and leading cause of cancer deaths among women [25].
Although the rate of breast cancer is lower in PR than in the USA, it is increasing more rapidly [26]. Understanding if breast
cancer risk is associated with body size and proportions among Hispanic women in PR is highly relevant. In this study we
used data from a population-based case control study of breast cancer in PR to examine associations between
anthropometric measures and breast cancer risk.

Materials And Methods
Recruited were women between 30 and 79 years of age who were residents of the metropolitan area of San Juan to
participate in a population-based case control-study (ATABEY Study). The design and implementation have been described in
detail elsewhere [27]. The study was approved by the University of Puerto Rico Medical Sciences Campus Institutional Review
Board and by the IRB of all participating institutions.

Anthropometric measures were obtained by trained study personnel, and interview data were collected with structured
interviews by trained study personnel. Standing and sitting height were measured in cm with a SECA stadiometer (model 217;
SECA North America, California, USA). Standing height was measured without shoes and socks and with light clothing, back
and buttocks touching the scale and eyes directed to a perpendicular point in front. Sitting height was measured similar to
standing height but with participants sitting in a stool of known height. Sitting height to height ratio was later calculated. Body
weight was measured to the nearest 0.1 kg using a TANITA balance (model BF-522W; TANITA Corporation, Illinois, USA).
Participants were asked to remove shoes and socks, clean both feet with an alcohol swab, and stand on the balance with feet
touching the metal surface and the scale display showed a zero. BMI was later determined from standing height and weight
measures (weigh in kg/height in m2).

Waist circumference was measured in the horizontal plane midway between the lowest rib and the iliac crest after a normal
exhalation. Hip circumference was measured in the horizontal plane at the widest part of the buttocks close to the inguinal
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area. Both circumferences were measured to the nearest 0.1 cm with a Gulick-II anthropometric tape (Performance Health,
Chicago, ILL). WHR (waist circumference divided by hip circumference in cm) and waist to height ratio (WHtR, waist
circumference divided by height in cm) were later calculated.

Measures of skinfold thickness in mm, an estimate of subcutaneous adipose tissue and body fat, were obtained at the triceps
(vertical fold midpoint between the acromion and olecranon processes), suprailiac (diagonal fold just above the iliac crest and
aligned with mid-axillary line), and thigh (vertical fold midpoint between the upper top of the patella and the inguinal crease)
using a Lange caliper (Beta Technology, Houston, TX). The sum of these skinfolds was used to estimate body density and
percent fat using available equations speci�cally for Hispanic groups [28].

Body Density = 1.0994921 – (0.0009929 x sum of triceps, thigh, and suprailiac skinfolds) – (0.0001392 x age in years)

Body Fat Percentage = (4.87 / body density) – 4.41

Height, weight, and waist circumference were then used to determine a body shape index (ABSI), a measure developed by
Krakauer and Krakauer [29] strongly linked to mortality risk in women [30], and strongly associated with cardiovascular and
cancer mortality [31]. Lifetime weight gain was determined from current measured weight minus reported weight at 20 years
of age.

All anthropometric measures were taken three times and means reported and compared between cases and controls using the
student t-test for continuous and Chi-square tests for categorical variables. Women with missing values were excluded from
the speci�c anthropometric variable related analysis only. For covariates, missing values for age at menarche and age at
menopause were replaced with the median by menopausal and case-control status. Spearman correlation coe�cients were
obtained between all anthropometric variables. Tertiles of each anthropometric variable were created for pre-and
postmenopausal women based on the distribution of controls to three groups. Odds ratios and 95% con�dence intervals were
computed with unconditional logistic regressions. Odds ratios were adjusted for age, education, age at menarche, parity, age
at menopause, previous benign breast disease, and family history of breast cancer. All analyses were examined strati�ed by
menopausal status. Because use of postmenopausal hormone therapy (HT) has been linked to breast cancer risk [32], we also
analyzed the risk of postmenopausal breast cancer in our cases and controls strati�ed by HT. Differences in strata were
examined with a multiplicative test of interaction. All statistical tests conducted with the IBM SPSS Statistics for Windows,
Version 27.0. (Armonk, NY: IBM Corp), were two-sided and considered statistically signi�cant at an alpha less than 0.05.

Results
Characteristics of study participants by case and control status and by menopausal status are shown in Table 1. Compared
with controls, cases were somewhat older, among both pre and postmenopausal participants. Regardless of menopausal
status, cases had more years of education, fewer births, and more previous benign breast disease than controls. Age at
menarche and use of hormonal therapy were not different between post-menopausal cases and controls.
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Table 1
Descriptive Characteristics of Study Participants by Case-Control and Menopausal Status

Characteristic All

Cases

(n=315)

All

Controls

(n=348)

Pre-menopausal Post-Menopausal

Cases

(n=84,
26.7%)

Controls

(n=134,
38.5%)

Cases

(n=231,
73.3%)

Controls

(n=214,
61.5%)

Age (years) 58.7
(11.0)

54.0
(13.4)*

45.4 (5.3) 40.2 (6.4) 63.5 (8.2) 62.7 (8.5)

Education (n, %)

<12 years schooling

12 years

Technical/vocational/associate

Bachelor

Graduate

48, 15.2

54, 17.1

84, 26.7

82, 26.0

47, 14.9

*

84, 24.1

69, 19.8

96, 27.6

77, 22.1

22, 6.3

10, 11.9

7, 8.3

24, 28.6

26, 31.0

17, 20.2

*

30, 22.4

25, 18.7

39, 29.1

28, 20.9

12, 9.0

38, 16.5

47, 20.3

60, 26.0

56, 24.2

30, 13.0

*

54, 25.2

44, 20.6

57, 26.6

49, 22.9

10, 4.7

Age at menarche (years) 12.2
(1.6)

12.5 (1.8) 12.0 (1.6) 12.5 (1.9) 12.3 (1.7) 12.5 (1.8)

Number of births 2.1 (1.5) 2.5 (1.7)* 1.7 (1.3) 2.3 (1.5)* 2.3 (1.6) 2.6 (1.7)*

Age at menopause (years) / / / / 47.4 (6.9) 46.8 (6.4)

Family history of breast cancer (n,
%yes)

66, 21.0 30, 8.6* 11 (13.1) 7, 5.2* 55, 23.8 23, 10.7*

Previous benign breast disease (n,
%yes)

147,
46.7

89, 25.6* 37, 44.0 25, 18.7* 110, 47.6 64, 29.9*

Hormone therapy (n, % ever) / / / / 86, 38.2

(n=225)

61, 29.6

(n=206)

Values for continuous variables are mean (SD); for categorical variables, values are n (percentage). Two-sided
comparisons of means between the cases and controls were computed by T-test for continuous and by Chi-square test for
categorical variables; *p<0.05

When anthropometric characteristics were compared between cases and controls (Table 2), cases had lower BMI, waist
circumference, and WHtR. In analyses of anthropometric characteristics by menopausal status (Table 2), there were no
statistically signi�cant differences between premenopausal cases and controls. In the postmenopausal group, cases were
taller, and had lower waist circumference, WHtR, and WHR than controls. Although BMI was not signi�cantly different between
premenopausal cases and controls, on average, both were in the obese category. Postmenopausal controls were in the obese
category, and postmenopausal cases were borderline between overweight and obese. Considering the average percent body
fat estimated from skinfolds, all pre and postmenopausal cases and controls were in the obese category (Table 2). Sitting
height and ABSI (not shown in Table 2) were similar between cases and controls with a mean of 0.80 (SD=0.005) m, and
0.075 (SD=0.006) m11/6kg−2/3, respectively.
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Table 2
Anthropometric Characteristics of Study Participants by Case-control Status, and by Menopausal Status

Characteristic All

Cases

(n=315)

All

Controls

(n=348)

Premenopausal Postmenopausal

Cases

(n=84)

Controls

(n=134)

Cases

(n=231)

Controls

(n=214)

Weight (kg) 71.7 (14.8) 74.1 (17.9) 74.1 (16.9) 77.7 (20.8) 70.9 (13.9) 71.8 (15.5)

Lifetime weight gain (kg) 19.3 (12.9)

(n=306)

19.4 (14.6)

(n=335)

20.0 (14.6)

(n=81)

19.7 (16.3)

(n=130)

19.0 (12.3)

(n=225)

19.3 (13.5)

(n=205)

Height (m) 1.55 (0.07)

(n=311)

1.54 (0.08)

(n=347)

1.57 (0.07) 1.57 (0.08)

(n=133)
1.54 (0.07)d

(n=227)

1.53 (0.07)d

(n=214)

Body mass index (kg/m2) 30.0 (6.0)a

(n=311)

31.2 (7.4)a

(n=347)

30.2 (6.6) 31.7 (8.7)

(n=133)

29.9 (5.7)

(n=227)

30.8 (6.5)

(n=214)

Waist circumference (cm) 89.3 (12.7)b

(n=306)

91.7 (13.7)b

(n=340)

88.2 (14.0) 90.5 (15.3)

(n=132)
89.7 (12.2)e

(n=222)

92.5 (12.5)e

(n=208)

Waist to height ratio 0.58 (0.08)c

(n=306)

0.60 (0.09)c

(n=340)

0.56 (0.09) 0.58 (0.10)

(n=132)
0.58 (0.08)f

(n=222)

0.61 (0.08)f

(n=208)

Waist to hip ratio 0.85 (0.07)

(n=306)

0.86 (0.08)

(n=340)

0.83 (0.08) 0.83 (0.07)

(n=132)
0.86 (0.07)g

(n=222)

0.87 (0.08)g

(n=208)

Body fat (%) 40.8 (8.2)

(n=299)

41.8 (10.7)

(n=331)

41.7 (8.2)

(n=83)

42.3 (10.6)

(n=129)

40.5 (8.1)

(n=216)

41.5 (10.7)

(n=202)

Lean body mass (kg) 41.7 (8.0)

(n=299)

42.0 (8.6)

(n=331)

42.2 (7.2)

(n=83)

43.2 (8.6)

(n=129)

41.6 (8.3)

(n=216)

41.3 (8.6)

(n=202)

Values for continuous variables are mean (SD). Those marked with same letters are signi�cantly different (p<0.05).

Correlation analysis among the anthropometric variables for premenopausal and postmenopausal women are shown in Table
3 (only statistically signi�cant correlations). Most anthropometric variables in pre and postmenopausal cases and controls
were signi�cantly correlated. The strongest correlations (≥0.8) between anthropometric variables not sharing one or more
measures are in bold. In premenopausal cases the strongest correlation was for BMI and lifetime weight gain (0.80). In
postmenopausal cases, the strongest correlation was for BMI and waist circumference (0.80). In premenopausal controls, the
strongest correlations were observed for BMI and waist circumference (0.93), BMI and lifetime weight gain 0.84), and waist
circumference and lifetime weight gain (0.83). For postmenopausal controls, none of the correlations were at or above 0.8.
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Table 3
Signi�cant Spearman Correlations among Anthropometric Variables by Case-control and Menopausal Status

Anthropometric
Variable

LWG
(kg)

BMI
(kg/m2)

Waist-C
(cm)

WHtR WHR   LWG
(kg)

BMI
(kg/m2)

Waist-C
(cm)

WHtR WHR

  Premenopausal Cases   Postmenopausal Cases

Lifetime WG (kg) /           /        

BMI (kg/m2) 0.80* /       0.79* /      

Waist C (cm) 0.70* 0.78* /     0.68* 0.80* /    

WHtR 0.67* 0.84* 0.94* /   0.61* 0.84* 0.94* /  

WHR 0.30* 0.28* 0.68* 0.66* / 0.23* 0.30* 0.59* 0.61* /

Body fat (%) 0.57* 0.64* 0.50* 0.49*   0.30* 0.36* 0.27* 0.29*  

Lean body mass
(kg)

0.53* 0.59* 0.60* 0.50* 0.25*   0.60* 0.61* 0.60* 0.48* 0.22*

  Premenopausal Controls   Postmenopausal Controls

Lifetime WG (kg) /           /        

BMI (kg/m2) 0.84* /       0.74* /      

Waist C (cm) 0.83* 0.93* /     0.64* 0.72* /    

WHtR 0.78* 0.91* 0.96* /   0.56* 0.78* 0.93* /  

WHR 0.38* 0.39* 0.59* 0.65* /     0.55* 0.56* /

Body fat (%) 0.74* 0.75* 0.70* 0.67* 0.29* 0.53* 0.50* 0.36* 0.32*  

Lean body mass
(kg)

0.39* 0.54* 0.54* 0.41*   0.37* 0.49* 0.55* 0.47* 0.25*

*p<0.05, LWG= lifetime weight gain, BMI=body mass index, Waist C=waist circumference, WHtR=waist to height ratio,

WHR=waist to hip ratio. In bold values ≥0.08 excluding variables calculated with one or more similar measures.

The odds of breast cancer associated with each anthropometric variable by menopausal status with signi�cant trend are
shown in Table 4. There was a signi�cant trend toward lower odds of premenopausal breast cancer for those in the highest
compared to the lowest tertile of BMI (P for trend= 0.03) and WHtR (P for trend= 0.05). The odds of postmenopausal breast
cancer were signi�cantly lower among those in the highest tertile of waist circumference (P for trend= 0.05), WHtR (P for
trend= 0.01), and WHR (P for trend= 0.05); and signi�cantly higher among those in the highest tertile of height (P for trend =
0.05). The risk of premenopausal or postmenopausal breast cancer was not signi�cantly associated with lifetime weight gain,
sitting height, sitting height to height ratio, ABSI, sum of skinfolds or percent body fat and lean body mass estimated from
skinfold thicknesses.
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Table 4
Anthropometric Characteristics and Risk of Breast Cancer by Menopausal Status

Characteristics* Cases Controls Crude OR (CI) Adjusted OR** (CI) P for trend**

Body mass index (BMI = kg/m2)

Premenopausal

<25

25-29.9

≥30

21

28

35

31

37

65

1.00

1.12 (0.53-2.34)

0.80 (0.40-1.58)

1.00

1.01 (0.41-2.49)

0.45 (0.19-1.07)

0.03

Postmenopausal

<25

25-29.9

≥30

45

81

101

36

60

118

1.00

1.08 (0.62-1.87)

0.69 (0.41-1.14)

1.00

1.08 (0.60-1.94)

0.67 (0.39-1.16)

0.14

Waist circumference (cm)

Premenopausal

<83.8

83.8-95.3

>95.3

32

29

23

43

46

43

1.00

0.85 (0.44-1.63)

0.72 (0.36-1.42)

1.00

0.75 (0.34-1.68)

0.48 (0.20-1.14)

0.07

Postmenopausal

<86.4

86.4-97.2

>97.2

94

75

53

70

70

68

1.00

0.80 (0.51-1.25)

0.58 (0.36-0.93)

1.00

0.84 (0.52-1.35)

0.61 (0.37-1.02)

0.05

Waist to height ratio (WHtR)

Premenopausal

<0.53

0.53-0.62

>0.62

30

35

19

44

44

44

1.00

1.17 (0.61-2.22)

0.63 (0.31-1.29)

1.00

0.81 (0.36-1.82)

0.36 (0.15-0.89)

0.05

Postmenopausal

<0.57

0.57-0.64

>0.64

100

65

57

69

71

68

1.00

0.63 (0.40-0.99)

0.58 (0.36-0.92)

1.00

0.68 (0.42-1.11)

0.59 (0.36-0.97)

0.01

*Tertiles among controls by menopausal status were used as cutoffs to de�ne the categories for all anthropometric
variables, except BMI. ** Odds ratios and 95% con�dence intervals adjusted for age, education, age at menarche, parity,
age at menopause (post- only), previous benign breast disease, and family history of breast cancer.
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Characteristics* Cases Controls Crude OR (CI) Adjusted OR** (CI) P for trend**

Waist to hip ratio (WHR)

Premenopausal

<0.80

0.80-0.87

>0.87

27

31

26

44

44

44

1.00

1.15 (0.59-2.23)

0.96 (0.49-1.90)

1.00

1.11 (0.50-2.46)

0.76 (0.34-1.74)

0.50

Postmenopausal

<0.84

0.84-0.90

>0.90

86

80

56

69

70

69

1.00

0.92 (0.58-1.44)

0.65 (0.41-1.05)

1.00

1.03 (0.64-1.68)

0.71 (0.43-1.19)

0.04

Height (m)

Premenopausal

<1.55

1.55-1.60

>1.60

36

26

22

53

44

36

1.00

0.87 (0.46-1.66)

0.90 (0.46-1.77)

1.00

1.17 (0.55-2.45)

0.95 (0.43-2.12)

0.81

Postmenopausal

<1.50

1.50-1.56

>1.56

64

83

80

73

76

65

1.00

1.25 (0.79-1.97)

1.40 (0.88-2.24)

1.00

1.18 (0.72-1.92)

1.42 (0.85-2.37)

0.04

*Tertiles among controls by menopausal status were used as cutoffs to de�ne the categories for all anthropometric
variables, except BMI. ** Odds ratios and 95% con�dence intervals adjusted for age, education, age at menarche, parity,
age at menopause (post- only), previous benign breast disease, and family history of breast cancer.

Signi�cant association of anthropometric measures with breast cancer in strata of HT are presented in Table 5. Lower odds of
breast cancer were observed for postmenopausal participants taking HR who were in the highest tertile for waist
circumference (P for trend= 0.01), WHtR (P for trend= 0.01), WHR (P for trend= 0.03), and ABSI (P for trend= 0.02). For
postmenopausal participants not taking HT, a higher risk of breast cancer was observed for those in the highest tertile of
height (P for trend= 0.04).
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Table 5
Anthropometric Characteristics and Risk of Breast Cancer among Post-menopausal Women, Strati�ed by Hormone Therapy

(HT)
Characteristics* Cases Controls Crude

OR
Adjusted
OR**
(CI)

P for
trend**

Cases Controls Crude
OR
(CI)

Adjusted
OR**
(CI)

P for
trend**

Yes HT No HT

Waist circumference (cm)  

<86.4

86.4-97.2

>97.2

39

30

14

16

22

21

1.00

0.56
(0.25-
1.25)

0.27
(0.11-
0.67)

1.00

0.65
(0.27-
1.54)

0.32
(0.12-
0.84)

0.01 51

44

38

53

45

43

1.00

1.02
(0.58-
1.79)

0.92
(0.51-
1.64)

1.00

1.06
(0.58-
1.96)

0.90
(0.48-
1.72)

0.95

Waist to height ratio (WHtR)

<0.57

0.57-0.64

>0.64

46

21

16

14

26

19

1.00

0.25
(0.11-
0.56)

0.26
(0.11-
0.63)

1.00

0.25
(0.10-
0.62)

0.27
(0.10-
0.70)

0.01 50

43

40

54

44

43

1.00

1.06
(0.60-
1.87)

1.01
(0.56-
1.79)

1.00

1.15
(0.62-
2.12)

0.98
(0.52-
1.86)

0.44

Waist to hip ratio (WHR)

<0.84

0.84-0.90

>0.90

39

29

15

16

17

26

1.00

0.70
(0.30-
1.61)

0.24
(0.10-
0.56)

1.00

0.68
(0.28-
1.67)

0.25
(0.10-
0.65)

0.03 43

50

40

53

49

39

1.00

1.26
(0.72-
2.21)

1.26
(0.70-
2.30)

1.00

1.41
(0.77-
2.60)

1.35
(0.71-
2.59)

0.59

A Body Shape Index (ABSI) (m11/6kg-2/3)

<0.074

0.074-0.079

>0.079

33

27

23

14

18

27

1.00

0.64
(0.27-
1.51)

0.36
(0.16-
0.83)

1.00

0.52
(0.20-
1.36)

0.32
(0.12-
0.82)

0.02 41

52

40

55

51

35

1.00

1.37
(0.78-
2.39)

1.53
(0.84-
2.82)

1.00

1.25
(0.68-
2.30)

1.61
(0.84-
3.08)

0.44

Height (m)

*Tertiles among controls by menopausal status were used as cutoffs to de�ne the categories for all anthropometric
variables, except BMI. ** Odds ratios and 95% con�dence intervals adjusted for age, education, age at menarche, parity,
age at menopause, previous benign breast disease, and family history of breast cancer.
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Characteristics* Cases Controls Crude
OR

Adjusted
OR**
(CI)

P for
trend**

Cases Controls Crude
OR
(CI)

Adjusted
OR**
(CI)

P for
trend**

<1.50

1.50-1.56

>1.56

27

31

28

18

23

20

1.00

0.90
(0.40-
2.01)

0.93
(0.41-
2.14)

1.00

0.99
(0.41-
2.37)

0.92
(0.38-
2.25)

0.83 36

48

51

52

52

41

1.00

1.33
(0.75-
2.38)

1.80
(0.99-
3.25)

1.00

1.17
(0.63-
2.18)

1.79
(0.92-
3.50)

0.04

*Tertiles among controls by menopausal status were used as cutoffs to de�ne the categories for all anthropometric
variables, except BMI. ** Odds ratios and 95% con�dence intervals adjusted for age, education, age at menarche, parity,
age at menopause, previous benign breast disease, and family history of breast cancer.

Discussion
To our knowledge, this case-control study is the �rst population-based study regarding breast cancer risk in relation to
anthropometric characteristics among women in PR. Women in the study, both pre-and postmenopausal and both cases and
controls, were, on average, close to obese, with an average BMI similar to but slightly lower body weight, height, and waist
circumference of Hispanic women in the continental USA [33]. When compared with white and black women, our participants
had on average higher BMI, and slightly lower waist circumference, height, and weight. No signi�cant differences between
cases and controls were observed for mean lifetime weight gain and estimated percent body fat; 19 to 20 kg of lifetime weight
gain, and 40% of estimated body fat are indicative of excess weight gain and body fat. We observed WHtR above 0.50 and
waist circumference above 88 cm among pre- and postmenopausal cases and controls; both strongly associated with central
and general body fat accumulation [34-36]. WHR higher than 0.85 place postmenopausal participants at risk of cardiovascular
and metabolic disease [34].

The anthropometric measures correlated strongly and directly with each other; those with high BMI also tended to have high
waist circumference and/or WHtR. The combination of high BMI, high waist circumference, and high WHtR has been proposed
to improve risk detection for cardiovascular and metabolic disease. For example, Luz, Barbosa and d’Orsi [37] reported that the
combination of high BMI and waist circumference or BMI and WHtR provide a strong indication of risk for hypertension. Also,
Zhang et al. [38] reported that the combination of high BMI and waist circumference added value in explaining risk of
hypertension among Chinese women. In a meta-analysis, Seo et al. [39], reported that BMI equal or higher than 30 kg/m2

combined with a waist circumference equal or higher than 88 cm places women at a very high risk of obesity and type 2
diabetes, hypertension, and cardiovascular disease compared with women within normal BMI and waist circumference at or
less than 88 cm. The authors also showed differences by race/ethnicity in that only among Hispanic WC equal or higher than
88 cm, not BMI equal or higher than 30, predicted development of hypertension among Hispanic/Latinos. Although
race/ethnicity could also play a role in how anthropometric characteristics relate to breast cancer risk, published studies
including women from Hispanic background could not be found.

BMI, waist circumference, and WHtR were anthropometric characteristics of concern in our study because of their association
with breast cancer as well as cardiovascular and metabolic disease. However, high BMI and high WHtR in premenopausal
participants, and high waist circumference, high WHtR and high WHR in postmenopausal participants were associated with
lower odds of breast cancer in our study. These results are not consistent with previous reports showing high BMI as a risk
factor for postmenopausal breast cancer but are consistent with the �ndings of others of reduced risk associated with
premenopausal breast cancer [13]. Our results also differ from Gravena et al. [40] who reported a higher risk of breast cancer
only among postmenopausal women in Brazil with a BMI equal or higher than 30 kg/m2, and no association for
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premenopausal women. Chen et al. [41], in their dose-response meta-analysis of 31 cohort studies, reported a direct
association between BMI and postmenopausal breast cancer risk, but no association for premenopausal breast cancer. There
is evidence that the association of BMI with postmenopausal risk differs by HT use [42], suggesting a positive association
with breast cancer risk only among HT users. Although BMI was not signi�cantly associated with breast cancer risk regardless
of HT use in our study, we found an inverse association of waist circumference, WHR, and WHtR with breast cancer risk
among those taking HT. There might be differences in the hormonal metabolism and etiology related to breast cancer for
Puerto Rican women that should be further. To our knowledge, there are no such studies among Hispanic women.

Consistent with previous studies [13, 43-44], we found a signi�cant trend of higher odds of breast cancer associated with
height, but only among postmenopausal participants. Mellemkjar et al. [45] also reported higher risk of postmenopausal
breast cancer in taller women, with both components of height (leg length and sitting height) equally in�uencing the risk. We
also found that sitting height increased the odds of postmenopausal breast cancer. Although height and sitting height have
been related to growth hormone exposure and childhood nutrition [45-46], the speci�c biological mechanisms explaining adult
height or sitting height attainment on breast cancer risk are yet to be determined. Identifying a common regulatory pathway
for cellular growth that potentially affects adult height attainment and cancer development [47] needs to be addressed in
future research.

There is a proposed biological mechanism that links excess body weight, especially abdominal adiposity to metabolic and
hormonal disturbances associated with breast cancer risk, such as insulin resistance, in�ammation, and exposure to estrogen
production via aromatization of androgens [15, 48-49]. However, we found that higher values for both BMI and the indirect
measure of abdominal adiposity were associated with decreased breast cancer risk in both pre- and postmenopausal women
in Puerto Rico. In addition, different from what has been reported elsewhere is our observation of an inverse association of
higher waist circumference with risk among postmenopausal women on HT.

Also different from previous publications [13, 50], excess lifetime weight gain and percent fat were not associated with breast
cancer risk. Keum, et al. [48] found an increased risk in postmenopausal breast cancer for each 5 kg increase in adult weight
gain up to 35 kg, only among women not taking HT. Our results differed in that lifetime weight gain and excess adiposity were
not associated with pre- and postmenopausal breast cancer risk irrespective of HT. There are important sources of error in
body fat and lean body mass estimated from skinfold thicknesses, including the use of equations with unknown validity in
speci�c study populations like ours, and the lack of information regarding body distribution of these tissues. Therefore,
conclusions from our results regarding the association between percent body fat, lean body mass, and risk of breast cancer in
pre and postmenopausal Hispanic women in PR are limited at this point.

This study had some important strengths. This is the �rst population-based case control study of breast cancer risk in PR. The
focus on a Hispanic population is signi�cant. In addition, the extensive measurement of anthropometry is a strength. Because
the prevalence and incidence rates of breast cancer are different in PR than in the USA [26], understanding breast cancer risk
associated with anthropometric measures in women with Hispanic background in PR is clearly needed. The study was limited
by the sample size, affecting the study power and our ability to do analyses of sub-groups, particularly the analyses within
strata of HT. As with any case-control study, there are issues of misclassi�cation and confounding. However, the measures
were made in a standardized fashion, with interviewers blinded to the participants’ case control status. We adjusted for
potential confounders to the extent possible. There may be some residual confounding. Finally, the anthropometric measures
were made for the cases after breast cancer diagnosis. There may be some changes in weight status with disease
development. Most of the study participants had early-stage disease and were less likely to have experienced weight loss as a
result of cancer.

In conclusion, in this population-based case-control study of Hispanic women in Puerto Rico, we found associations of
anthropometric measurements with breast cancer risk. Premenopausal women had lower odds of breast cancer associated
with BMI at 25 kg/m2 or higher, and a WHtR of 0.53 or higher. Postmenopausal women had lower odds of breast cancer
associated with a waist circumference of 86.4 cm or higher, WHtR of 0.57 or higher, WHR of 0.84 or higher, and height of 150
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cm or taller. Understanding potential differences in risk factors for Hispanic women is critical, particularly those related to
metabolic disturbances. Future studies should include direct measures of body fat and lean mass distribution to further
understand the predictive value of anthropometric measures in the assessment of breast cancer risk among Hispanic women.
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