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High-risk mammographic parenchymal patterns and
anthropometric measures: a caseÐcontrol study

E Sala1, R Warren 2, J McCann 1, S Duffy 3, R Luben 4 and N Day 5

Departments of 1Community Medicine and 4Clinical Gerontology, Strangeways Research Laboratory, Worts Causeway, Cambridge, CB1 8RN, UK; 2Cambridge
and Huntingdon Breast Screening Service, Rosie Hospital, Cambridge, UK; 3MRC-Biostatistics Unit and 5Department of Community Medicine, Institute of Public
Health, Cambridge, UK

Summary Mammographic parenchymal patterns are related to breast cancer risk and are also affected by anthropometric measure. We
carried out a case–control study comprising 200 cases with high-risk (P2 and DY) mammographic parenchymal pattern and 200 controls with
low-risk (N1 and P1) patterns in order to investigate the effect of body size and shape and breast size on mammographic patterns. Women in
the highest quartile of body mass index (BMI) distribution were significantly less likely to have a high-risk pattern (odds ratio (OR) = 0.21, 95%
confidence interval (CI) 0.08–0.52, P-value for trend = 0.001) compared to those in the lowest quartile. Relative to women with a waist to hip
ratio (WHR) of less than 0.75, the OR of having a high-risk pattern in women with a WHR greater than 0.80 was 0.30 (95% CI 0.14–0.63).
Breast size as measured by cup size was significantly and negatively related to high-risk pattern. Our study indicates that both BMI and WHR
are negatively associated with high-risk patterns. However, both phenomena are associated with increased risk of breast cancer in post-
menopausal women. This negative confounding of two positive risk factors means that the effect of parenchymal patterns on risk will tend to
be underestimated when not adjusted for BMI and WHR and vice versa. Thus we may have underestimated the importance of BMI and
mammographic parenchymal patterns in the past. Further studies are needed to determine a measure of parenchymal density that is
independent of anthropometric measures and breast size. © 1999 Cancer Research Campaign

Keywords: mammographic parenchymal patterns; anthropometry; breast size
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Variations in morphologic features of the breast, such as
relative amounts of fat, connective tissue and epithelial tissu
visible on a mammogram and are referred to as the parenc
pattern of the breast. These patterns were classified by Wolf
four categories: N1, P1, P2 and DY (Wolfe, 1976b). The high-risk
patterns P2 and DY are characterized by greater mammog
density. Certain mammographic parenchymal patterns have
positively associated with breast cancer risk (Wolfe, 19a,
1976b; Saftlas and Szklo, 1987; Oza and Boyd, 1993; Sala 
1998).

There are conflicting data regarding the association of anth
metric measures with breast cancer on one hand and ma
graphic parenchymal patterns on the other. Several studies
shown that increased body weight and body mass index (BM
associated with a significant reduction in the percentage of w
having a P2 or DY (P2/DY) pattern (Brisson et al, 1984; de W
et al, 1984; Grove et al, 1985; De Stavola et al, 1990; Boyd 
1995, 1998; Salminen et al, 1998). However, overweight wo
have an elevated risk of developing post-menopausal breast 
(Tornberg et al, 1988; van den Brandt et al, 1997). This ha
been observed for premenopausal disease. The evidence 
consistent regarding the association between height and ma
graphic parenchymal pattern, although some studies foun
their
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increased frequency of P2 and DY patterns in the breasts of
women (Brisson et al, 1984; Grove et al, 1985). Abdomina
predominance (as measured by waist to hip ratio (WHR)) has
associated with a reduction in the proportion of women w
P2/DY pattern (Beijerinck et al, 1991). Breasts of smaller size 
to have a high-risk mammographic parenchymal pattern (Bri
et al, 1984; Kato et al, 1995; Thurfjell et al, 1996; Salminen e
1998).

To obtain further information on these issues we examined
association between body size (as measured by weight, heig
BMI), body shape (as measured by WHR) and breast siz
measured by cup size) in a case-control study nested withi
European Prospective Investigation of Cancer-Norfolk (EP
Norfolk cohort) (Day et al, 1999).

MATERIALS AND METHODS

Study population

Study participants were members of a cohort of women enroll
the EPIC-Norfolk cohort (Day et al, 1999), who attended 
prevalence screening round at the Norwich Breast Scree
Programme between November 1989 and December 1997
who did not have breast cancer diagnosed at the time of 
prevalent screen. A case–control study was designed within
cohort.

Cases and controls were defined on the basis of mammogr
parenchymal patterns. We examined the screening records o
woman. Mammograms of both breasts were collected. Both v
1257
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Table 1 Odds ratio estimates for high-risk mammographic patterns according to anthropometric factors

Anthropometric Cases Controls OR 95% CI Trend OR a 95% CIa Trend
factors (P2+DY) (N1+P1) test test a

Weight (kg)
<55 22 10 1.00 – <0.0001 1.00 – <0.0001
55–64 87 68 0.58 0.24–1.40 0.66 0.23–1.84
65–74 63 52 0.54 0.22–1.31 0.52 0.17–1.49
75+ 31 72 0.21 0.08–0.52 0.23 0.08–0.64

Height (cm)
<155 31 28 1.00 – 0.72 1.00 – 0.46
155–159 52 60 0.76 0.39–1.48 0.66 0.29–1.46
160–164 65 61 0.94 0.50–1.76 0.98 0.47–2.01
165+ 55 53 0.90 0.48–1.69 1.14 0.52–2.45

BMI
<23 51 31 1.00 – <0.0001 1.00 – 0.001
23–24 58 41 0.83 0.44–1.53 0.70 0.31–1.56
25–29 75 84 0.48 0.26–0.89 0.41 0.19–0.89
30+ 19 46 0.25 0.11–0.51 0.21 0.08–0.52

Waist/hip ratio
<0.75 60 34 1.00 – <0.0001 1.00 – 0.002
0.75–0.79 68 57 0.63 0.34–1.15 0.44 0.20–0.93
0.80+ 75 110 0.36 0.20–0.62 0.30 0.14–0.63

Cup size
A 31 9 1.00 – 0.001 1.00 – 0.002
B 73 82 0.20 0.07–0.54 0.14 0.04–0.47
C 61 61 0.20 0.07–0.55 0.14 0.04–0.49
D+ 26 42 0.11 0.03–0.32 0.06 0.01–0.25

aAdjusted for menopausal status, number of children, history of benign breast diseases, HRT, smoking and hysterectomy
(medio-lateral and cranio-caudal) were identified. All films w
independently reviewed by two of the authors (ES and RW
determine the mammographic parenchymal pattern as clas
by Wolfe.

A total of 9484 women were identified by linking databa
from EPIC-Norfolk cohort and the NHS Regional Bre
Screening Programme for Norwich. Of these women, 445
food diaries that had been entered into the EPIC-Norfolk d
base. We excluded 45 women because they were either 
nosed with a histologically verified breast cancer prior to o
the prevalent screen, or they did not respond to the scre
invitations, or after an extensive search the screening mam
gram or screening records were not located, or they had b
implants. Eligible cases were defined as women from the co
with a P2/DY Wolfe’s mammographic parenchymal pattern
the prevalence screen mammogram. In order for a case 
eligible, a mammogram had to be classified as P2/DY for 
breasts and both views by the two readers. There was inter-r
disagreement for 17 women so these were excluded as pot
cases. This left 383 women who satisfied the study criteri
total of 203 women with P2/DY mammographic patterns w
identified as cases.

For each case, we selected one control with a N1/P1 Wo
mammographic parenchymal pattern at the prevalence sc
matched to the case by date of birth (within 1 year) and da
prevalence screen (within 3 months). In order for a subject t
eligible as a control, a mammogram had to be classified as N
for both breasts and both views by the two readers. The re
disagreed for 13 women who were excluded as potential con
A total of 167 women with N1/P1 Wolfe’s mammograp
patterns were identified as potential controls. Of these, only
could be individually matched for birth and prevalent scree
date with the cases. The remaining 62 controls were iden
British Journal of Cancer (1999) 81(7), 1257–1261
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among women with completed food diaries not yet entered o
database. Their diaries were entered afterwards. A total of
controls were identified.

Risk factor data

The EPIC-Norfolk Health and Lifestyle Questionnaire provid
information on the risk factors of interest. These included
personal and family history for benign breast diseases and ca
menstrual factors and menstrual history, reproductive history,
contraception and hormone replacement therapy, physical ac
smoking, and anthropometric measures such as weight, h
WHR and cup size. Menstrual status was defined as having h
menstrual periods for at least 6 months.

Statistical methods

Data were analysed by conditional logistic regression, which t
into account the matching of controls to cases and produces
ratio (OR) estimates of relative risk and their 95% confide
intervals (CI) (Breslow and Day, 1980). Odds ratios were adju
for those factors which were previously found (details availa
from the authors) to be associated with high-risk mammogra
parenchymal patterns (menopausal status, number of chil
history of benign breast disease, hormone replacement th
use, smoking and hysterectomy in the study as a whole; numb
children, smoking, hysterectomy for post-menopausal wo
only).

RESULTS

The age range of cases was 46–73 years old; for controls i
identical. Twenty-three per cent of the cases and 13% o
controls were pre- or peri-menopausal.
© 1999 Cancer Research Campaign
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Table 2 Odds ratio estimates for high-risk mammographic patterns according to anthropometric factors in post-menopausal women

Anthropometric Cases Controls OR 95% CI Trend OR a 95% CIa Trend
factors (P2+DY) (N1+P1) test test a

Weight (kg)
<55 15 8 1.00 – 0.002 1.00 – 0.004
55–64 64 54 0.94 0.33–2.59 0.89 0.30–2.65
65–74 46 42 0.78 0.27–2.18 0.66 0.21–2.03
75+ 23 60 0.32 0.11–0.89 0.29 0.09–0.87

Height (cm)
<155 25 25 1.00 – 0.7 1.00 – 0.3
155–159 37 51 0.77 0.34–1.70 0.76 0.31–1.81
160–164 48 45 1.20 0.58–2.50 1.31 0.59–2.89
165+ 38 43 0.94 0.44–2.00 1.28 0.54–2.97

BMI
<23 34 24 1.00 – 0.005 1.00 – 0.004
23–24 40 29 1.20 0.54–2.69 0.88 0.35–2.21
25–29 59 73 0.69 0.33–1.41 0.57 0.25–1.31
30+ 15 38 0.33 0.13–0.78 0.22 0.08–0.58

Waist/hip ratio
<0.75 41 27 1.00 – 0.002 1.00 – 0.003
0.75–0.79 54 45 0.56 0.24–1.27 0.51 0.20–1.30
0.80+ 53 91 0.29 0.13–0.65 0.26 0.10–0.63

Cup size
A 20 8 1.00 – 0.066 1.00 – 0.03
B 55 68 0.25 0.08–0.79 0.13 0.02–0.54
C 44 50 0.31 0.09–0.98 0.16 0.03–0.64
D+ 21 33 0.16 0.04–0.62 0.08 0.01–0.42

aAdjusted for number of children, smoking, hysterectomy.

Table 3 Wolfe mammographic patterns distribution according to BMI

Wolfe’s parenchymal pattern BMI categories (kg m –2)

<25 25–30 >30
n (%) n (%) n (%) N

N1 30 (17) 38 (24) 24 (37) 92
P1 42 (23) 46 (29) 22 (34) 110
P2 69 (38) 59 (37) 18 (28) 146
DY 40 (22) 16 (10) 1 (1) 57
N 181 159 65 405
Table 1 shows the unadjusted and adjusted OR estimate
Wolfe’s high-risk mammographic parenchymal patterns 
different anthropometric factors in the total study population. 
odds of having a high-risk pattern in women who weig
more than 75 kg was approximately one-fifth that in wom
who weighed less than 55 kg (OR = 0.23; 95% CI 0.07–0.
A significant trend with increasing weight was observ
(P < 0.0001). The above findings persisted when the ana
was limited to post-menopausal women (OR = 0.29; 95%
0.09–0.87) (Table 2).

Height was not related to mammographic parenchymal pat
in the total study population (Table 1). Post-menopausal wo
who were 160 cm or taller were at greater risk of having a h
risk mammographic pattern compared to post-menopausal wo
shorter than 160 cm, but statistical significance was not rea
(Table 2).

BMI was strongly and inversely associated with high-r
patterns. Relative to the lowest quartile, women in the hig
quartile of the BMI distribution were significantly less like
to have a high-risk pattern (OR = 0.21, 95% CI 0.08–0.
There was a significant trend across the quartiles of B
(P-value = 0.001). Similar results were obtained when the ana
was confined to post-menopausal women (Table 2).

Relative to women with a WHR of less than 0.75, the OR
having a high-risk mammographic pattern in women with a W
of greater than 0.80 was 0.30 (95% CI 0.14–0.63). The prote
effect of WHR persisted when the analysis was limited to p
menopausal women (OR = 0.26; 95% CI 0.10–0.63) (Table 2)

Breast size, as measured by cup size, was significantly
negatively related to high-risk pattern in the total study popula
(OR = 0.06; 95% CI 0.01–0.25) (Table 1). Among po
menopausal women the unadjusted association between 
size and high-risk patterns was not statistically significant. A
© 1999 Cancer Research Campaign
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adjustment, however, the association achieved signific
(OR = 0.08; 95% CI 0.01–0.42) (Table 2).

DISCUSSION

In this study, we found strong inverse associations between w
and BMI and mammographic parenchymal patterns of br
tissue as classified by Wolfe. Other studies have reported a
tionship between body weight and mammographic parench
pattern similar to our own (Brisson et al, 1984; de Waard e
1984; Grove et al, 1985; De Stavola et al, 1990; Boyd et al, 1
1998; Salminen et al, 1998). Boyd et al (1998) found tha
premenopausal women, weight and BMI were negatively co
lated with the area of dense tissue.

With respect to height, we found a weak positive associa
with high-risk parenchymal patterns when the analysis 
confined to post-menopausal women only. Other studies 
found an increased frequency of P2 and DY patterns in the br
of taller women (Brisson et al, 1984; Grove et al, 1985), but
British Journal of Cancer (1999) 81(7), 1257–1261
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relation was not as strong as that between body weight
parenchymal pattern.

We found a strong inverse relationship between WHR 
parenchymal patterns. Beijerinck et al (1990) also found that 
WHR is associated with the incidence of favourable (N1, 
mammographic parenchymal patterns. In our study breast si
measured by cup size, was significantly and inversely assoc
with mammographic parenchymal patterns. Our finding
supported by other studies although different modalities were
to measure the size of the breast (Brisson et al, 1984; Kato
1995; Thurfjell et al, 1996; Salminen et al, 1998).

Our study design minimized the opportunity for bias to in
ence our findings. Systematic error in the assessment of ma
grams was avoided since reading was done without knowled
risk factor data. Weight, height, waist and hip were meas
by a nurse involved in the EPIC-Norfolk cohort following 
agreed protocol (Day et al, 1999) thus eliminating recall b
Furthermore, the associations observed are unlikely to
explained by the confounding effect of other possible br
cancer risk factors since we adjusted for these in the analysis

It seems that the direct association of weight, WHR and b
size to breast cancer risk is not due to associations of these f
with high-risk mammographic parenchymal patterns. Br
cancer risk increases with increasing weight (Tornberg et al, 1
van den Brandt et al, 1997), WHR (Schapiro et al, 1990; Se
et al, 1992) and, possibly, breast size (Kato et al, 1995; Scutt
1997). However, excess body weight, high WHR and large br
are all associated with low-risk parenchymal patterns which
turn, relate to a decreased risk for breast cancer. Brisson
(1984) suggested that adjusting for weight and height is impo
when evaluating the relationship between mammogra
parenchymal pattern and breast cancer risk since these m
important confounding factors. Our findings indicate that W
and breast size are also confounders. Our study indicate
obesity, as represented by high BMI or WHR, is negativ
associated with high-risk mammographic parenchymal patt
However, both phenomena are associated with increased r
breast cancer in post-menopausal women. This neg
confounding of two positive risk factors means that the effec
parenchymal patterns on risk will tend to be underestimated w
not adjusted for some measure of obesity and vice versa. T
turn suggests that in the past, we may have underestimate
importance of BMI and of mammographic parenchymal patt
in assessing the breast cancer risk. For example, previ
reported studies that did not adjust for body size and shape (W
1976a; Saftlas and Szklo, 1987; Oza and Boyd, 1993) might h
underestimated the true association between mammogr
parenchymal patterns and breast cancer.

An interesting point is whether it is possible to determin
measure of parenchymal density that is independent of 
habitus and breast size. The fact that Wolfe classification sy
depends on percentages of the breast with dense paren
implies that, in this system, an association with breast siz
inevitable. It may also be inevitable that a higher BMI means m
adipose tissue generally and more fatty replacement in the b
Table 3 shows the four individual Wolfe patterns according
BMI. Clearly lower proportions of both high-risk groups P2 a
DY are associated with high BMI, but the effect is less pronou
for P2. Thus it may be that some aspects of the P2 pattern
nodular densities) are not related to breast size or obesity.
British Journal of Cancer (1999) 81(7), 1257–1261
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