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Summary Endogenous oestradiol is strongly associated with breast cancer risk but its determinants are poorly understood. To test the
hypothesis that vegetarians have lower plasma oestradiol and higher sex hormone-binding globulin (SHBG) than meat-eaters we assayed
samples from 640 premenopausal women (153 meat-eaters, 382 vegetarians, 105 vegans) and 457 post-menopausal women (223 meat-
eaters, 196 vegetarians, 38 vegans). Vegetarians and vegans had lower mean body mass indices (BMI) and lower plasma cholesterol
concentrations than meat-eaters, but there were no statistically significant differences between meat-eaters, vegetarians and vegans in pre-
or post-menopausal plasma concentrations of oestradiol or SHBG. Before adjusting for BMI there were small differences in the direction
expected, with the vegetarians and vegans having higher SHBG and lower oestradiol (more noticeable amongst post-menopausal women)
than the meat-eaters. These small differences were essentially eliminated by adjusting for BMI. Thus this study implies that the relatively low
BMI of vegetarians and vegans does cause small changes in SHBG and in post-menopausal oestradiol, but that the composition of
vegetarian diets may not have any additional effects on these hormones.
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Epidemiological and biological data suggest that oestradiol may
be an important determinant of breast cancer risk (Pike et al,
1993), and there is now substantial evidence from several prospec-
tive studies of a strong association between plasma oestradiol and
breast cancer risk in post-menopausal women (Thomas et al,
1997a; Hankinson et al, 1998). It is the oestradiol that is not bound
to sex hormone-binding globulin (SHBG) that is thought to be
bioavailable (Siiteri et al, 1981), so that relatively high concentra-
tions of SHBG may reduce breast cancer risk. Obesity causes an
increase in oestradiol concentration in post-menopausal women
and a decrease in SHBG concentration in both pre- and post-
menopausal women (Potischman et al, 1996; Thomas et al,
1997b), but the possible effects of dietary composition on oestra-
diol and SHBG are not well understood. Women in countries with
low breast cancer rates and low serum oestradiol concentrations
typically have a plant-based diet, low in animal products (e.g. Key
et al, 1990), and it has been suggested that a vegetarian diet may
decrease endogenous concentrations of oestradiol and increase
concentrations of SHBG (Armstrong et al, 1981; Goldin et al,
1982; Gray et al, 1982; Shultz and Leklem, 1983; Shultz et al,
1987; Fentiman et al, 1988; Adlercreutz et al, 1989; Barbosa et al,
1990; Persky et al, 1992). However, the results of these studies
were not consistent and none of them included more than 50 vege-
tarian women.

We report a study to test the hypotheses that a vegetarian or
vegan diet is associated with a relatively low plasma concentration
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of oestradiol and a relatively high concentration of SHBG in both
pre- and post-menopausal women. The study involved 640
premenopausal and 457 post-menopausal British women and is by
far the largest to date to investigate differences in endogenous
concentrations of oestradiol and SHBG between meat-eaters and
vegetarians. It is also the first study to report on oestradiol and
SHBG concentrations in a large sample of vegan women.



Study subjects and data collection

During 1994 and 1995, 16 790 women aged 20 years and above
and living in the UK were recruited into a prospective study, part
of the European Prospective Investigation into Nutrition and
Cancer (Riboli and Kaaks, 1997). Participants were recruited
through vegetarian and health food magazines, the Vegetarian
Society and the Vegan Society, and from the friends and relatives
of participants; the subjects recruited by this last method included
many meat-eaters as well as vegetarians and vegans.

All participants completed a questionnaire which included
details of age, height, weight, reproductive history, menopausal
status, use of oral contraceptives and other hormonal therapy, and
consumption of meat, fish, dairy products and eggs. Participants
were classified as meat-eaters if they recorded that they ate any
meat (including poultry), as vegetarians if they recorded that they
did not eat meat or fish but did eat dairy products and/or eggs, and
as vegans if they recorded that they did not eat meat, fish, dairy
products or eggs. A 30 ml blood sample was obtained from each
volunteer and sent through the post to the laboratory. Plasma was
prepared, divided into 2-ml aliquots and stored at 2 508C.
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The present analyses include 640 premenopausal women who
were aged 20–44, reported having ten or more menstrual periods
in the last 12 months and had a most recent menstrual cycle less
than 40 days long. Of these 640 women, 153 were meat-eaters,
382 were vegetarians and 105 were vegans. The analyses also
include 457 post-menopausal women who were aged 55–85 and
reported having no menstrual periods in the last 12 months. Of
these 457 women, 223 were meat-eaters, 196 were vegetarians and
38 were vegans.

Women were excluded if they could not be classified into one of
the three dietary groups, if they were using any exogenous sex
hormones or were pregnant at the time of blood collection, if their
number of menstrual periods in the last 12 months was unknown,
if the day of their menstrual cycle on which their blood sample was
collected was unknown, if they had undergone a hysterectomy and
were aged less than 60 or had undergone an oophorectomy, or if
they reported ever being diagnosed with cancer of any type.

Measurement of plasma concentrations of oestradiol,
SHBG and lipids

Plasma samples were randomly assorted into assay batches
ensuring that the proportions of meat-eaters, vegetarians and
vegans in each batch were identical to the proportions of each diet
group in the total number of women available for analysis. The
samples were then randomly ordered within each batch. Assays
were performed without knowledge of the dietary classification
of the subjects involved. All measurements of lipids and of
premenopausal concentrations of oestradiol and SHBG were
carried out using singleton samples; post-menopausal concentra-
tions of oestradiol and SHBG were measured in duplicate. The
plasma samples were thawed and refrozen on three occasions: for
© 1999 Cancer Research Campaign 

Table 1 Characteristics of the three dietary groups

Meat-eaters
Variable Mean (95% C

Premenopausal
n 153
Age at recruitment (years) 37.6 (36.7–3
Age at menarche (years)a 12.8 (12.6–1
Length of menstrual cycle (days) 28.1 (27.4–2
Weight (kg)b 64.4 (62.6–6
BMI (kg m22)b 23.5 (22.9–2
Plasma cholesterol (mmol l21) 4.18 (4.06–
LDL cholesterol (mmol l21)c 2.62 (2.52–
HDL cholesterol (mmol l21)d 1.30 (1.26–

Postmenopausal
n 223
Age at recruitment (years) 64.0 (63.3–6
Age at menarche (years)e 12.9 (12.7–1
Age at menopause (years)f 49.9 (49.3–5
Years past menopausef 13.7 (12.7–1
Weight (kg)g 65.4 (63.7–6
Body mass index (kg m22)h 24.5 (23.9–2
Plasma cholesterol (mmol l21)i 5.36 (5.25–
LDL cholesterol (mmol l21)i 3.58 (3.48–
HDL cholesterol (mmol l21)i 1.27 (1.22–

aData for 381 vegetarians, 104 vegans. bData for 149 meat-eaters, 374 vegetarian
eData for 219 meat-eaters, 193 vegetarians, 37 vegans. fData for 174 meat-eaters
vegans. hData for 211 meat-eaters, 190 vegetarians, 37 vegans. iData for 221 mea
comparison group, P , 0.05.
the oestradiol assay, the SHBG assay and for the lipid measure-
ments in that order.

Premenopausal plasma oestradiol concentrations were
measured by a heterogeneous competitive magnetic separation
assay (Bayer plc, Berkshire, UK) at the Biochemical
Endocrinology laboratory at the Radcliffe Infirmary, Oxford. The
percentage coefficent of variation (% CV), which incorporates
both intra-assay and inter-assay variation, was 4.8% at an expected
concentration range of 325–444 pmol l21. The lowest detectable
concentration was 37 pmol l21.

Post-menopausal oestradiol concentrations were measured at
the Biochemical Endocrinology laboratory at the Royal Marsden
Hospital, London by radioimmunoassay after ether extraction
(Dowsett et al, 1987). Intra- and inter-assay % CVs were 16.3%
and 21.8% at an expected concentration range of 15–30 pmol l21.
The lowest detectable concentration was 3.0 pmol l21.

Pre- and post-menopausal plasma concentrations of SHBG were
measured using a non-competitive liquid-phase IRMA kit
(Farmos Diagnostica, Oulansalo, Finland) at the Biochemical
Endocrinology laboratories at the Radcliffe Infirmary and at the
Royal Marsden Hospital respectively. The % CVs were 6.2% and
4.1%, respectively, at an expected concentration range of 74–
112 nmol l21. The lowest detectable concentration was 6.25 nmol l21.

Plasma lipid concentrations were measured at the Clinical
Biochemistry laboratory, Addenbrooke’s Hospital, Cambridge.
Concentrations of total cholesterol and triglycerides were
measured by automated enzymatic procedures using reagents
supplied by Bayer, concentrations of high-density lipoprotein
(HDL) cholesterol were measured by a similar method after
pretreatment with a precipitant supplied by Boehringer
Mannheim. Low-density lipoprotein (LDL) cholesterol was calcu-
lated according to the Friedewald formula as total cholesterol
British Journal of Cancer (1999) 80(9), 1470–1475

Vegetarians Vegans
I) Mean (95% CI) Mean (95% CI)

382 105
8.4) 35.5 *(34.9–36.2) 32.5* (31.3–33.8)
3.0) 12.8 (12.6–12.9) 12.7 (12.5–13.0)
8.7) 27.9 (27.6–28.3) 27.9 (27.2–28.6)
6.2) 60.2* (59.3–61.2) 59.7* (58.0–61.4)
4.2) 22.3* (22.0–22.6) 22.0* (21.4–22.6)
4.29) 3.85* (3.78–3.92) 3.55* (3.43–3.67)
2.73) 2.29* (2.23–2.35) 2.03* (1.94–2.13)
1.35) 1.31 (1.29–1.34) 1.28 (1.23–1.34)

196 38
4.7) 63.8 (63.0–64.5) 63.1 (61.6–64.6)
3.1) 13.1 (12.9–13.4) 13.2 (12.6–13.8)
0.6) 49.9 (49.2–50.5) 48.8 (47.2–50.5)
4.7) 13.4 (12.2–14.5) 14.3 (11.9–16.6)
7.1) 60.7* (59.3–62.1) 60.9 (57.3–64.5)
5.1) 22.7* (22.2–23.2) 23.0 (21.7–24.3)
5.48) 5.01* (4.90–5.13) 4.55* (4.28–4.81)
3.69) 3.21* (3.11–3.32) 2.79* (2.57–3.02)
1.31) 1.30 (1.26–1.34) 1.32 (1.22–1.42)

s. cLow-density lipoprotein cholesterol. dHigh-density lipoprotein cholesterol.
, 142 vegetarians, 32 vegans. gData for 213 meat-eaters, 190 vegetarians, 37
t-eaters, 195 vegetarians. *Difference between mean with meat-eaters as
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Table 2 Plasma concentrations of oestradiol and SHBG in the three dietary groups

Meat-eaters Vegetarians Vegans
Hormone (units) n Mean (95%CI) n Mean (95%CI) n Mean (95%CI) P- value

Premenopausal
Oestradiol (pmol l21)
Whole cycle 153 357 (330–386) 382 351 (334–369) 105 351 (320–386) 0.95
Adjusted for BMI 360 (332–389) 350 (333–367) 349 (318–384) 0.83

Follicular phasea 59 239 (210–272) 139 241 (222–263) 35 228 (193–270) 0.85
Midcycleb 22 592 (467–749) 59 639 (553–738) 19 731 (566–942) 0.51
Luteal phasec 72 412 (371–457) 184 384 (359–410) 51 382 (337–432) 0.52

SHBG (nmol l21) 153 45.0 (42.0–48.1) 382 46.2 (44.3–48.2) 105 48.3 (44.5–52.3) 0.45
Adjusted for BMI 46.8 (43.9–49.9) 45.5 (43.7–47.4) 47.3 (43.8–51.0) 0.61

Postmenopausal
Oestradiol (pmol l21) 223 18.7 (17.3–20.2) 196 18.0 (16.8–19.3) 38 17.5 (14.9–20.4) 0.69
Adjusted for BMI 17.7 (17.1–18.3) 19.1 (17.8–20.4) 18.3 (16.9–19.9) 0.32

SHBG (nmol l21) 223 43.3 (40.7–46.0) 196 46.0 (42.9–49.4) 38 48.4 (42.7–54.8) 0.25
Adjusted for BMI 45.4 (44.1–46.8) 43.7 (41.2–46.4) 47.4 (44.3–50.8) 0.46

Values are geometric means. All premenopausal concentrations are adjusted for age in categories of 20–29, 30–34, 35–39 and 40–44 years old.
Premenopausal concentrations of oestradiol are adjusted for day of menstrual cycle in categories of 0–2, 3–5, 6–7, 8–10, 11–13, 14–17, 18–21, 22–24 and 251

days before next menstrual period; premenopausal concentrations of SHBG are adjusted in categories of 0–2, 3–13, 14–17, 18–21 and 221 days before next
menstrual period. All P-values are for differences between means. a181 days before next menstrual period. b14–17 days before next menstrual period. c0–13
days before next menstrual period.
minus (triglycerides 4 2.19) minus HDL cholesterol (Friedewald
et al, 1972). The inter-assay % CVs were calculated from several
months of inter-batch analysis. The % CV at a cholesterol concen-
tration of 2.6 mmol l21 was 1.4%, at a triglyceride concentration of
2.7 mmol l21 was 1.1%, and at an HDL cholesterol concentration
of 1.3 mmol l21 was 1.3%. Lipid measurements were not made for
three women (all post-menopausal) due to insufficient plasma.

Statistical analyses

Plasma concentrations of oestradiol and SHBG were logarithmi-
cally transformed to produce approximately normal distributions
and the mean hormone concentrations presented are geometric
means. Associations with hormone concentrations and with diet
were investigated for the following variables: age at recruitment,
age at menarche, length of menstrual cycle during which the blood
sample was donated, age at menopause, number of years past
menopause, previous hysterectomy (yes/no), parity (parous/nulli-
parous), weight, body mass index (BMI), total plasma cholesterol
concentration, LDL cholesterol concentration, HDL cholesterol
concentration and the hour of the day of blood sample collection.
The associations between continuous variables and the three
dietary groups were examined using one-way analysis of variance;
the significance of the difference between means of any two of the
dietary groups was assessed by the Bonferroni test. The frequency
distributions of categorical variables among the three dietary
groups were investigated using the χ2 test; statistically significant
differences in these frequency distributions were detected using
either the likelihood ratio test or the Mantel–Haenszel test for
linear association. The associations between the plasma hormone
concentrations and other variables were explored using Pearson
and partial correlation coefficients and analysis of variance and
covariance.

For all analyses involving the premenopausal subjects, oestra-
diol concentration was adjusted for day of menstrual cycle split
into nine categories (0–2, 3–5, 6–7, 8–10, 11–13, 14–17, 18–21,
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22–24 and 251 days before next menstrual period) and SHBG was
adjusted for day of menstrual cycle split into five categories (0–2,
3–13, 14–17, 18–21 and 221 days before next menstrual period).
Further adjustments were made separately for each of the
following: age, BMI, parity and hour of day of blood sample
collection. For analyses involving the post-menopausal subjects,
adjustments were made separately for each of the following: age,
number of years past menopause, BMI, parity and hour of day of
blood sample collection. Instead of adjusting for previous
hysterectomy, the comparison of mean hormone concentrations
between the three dietary groups was repeated excluding women
who had either previously undergone a hysterectomy (n 5 34) or
for whom this information was missing (n 5 2).

All statistical tests were considered significant at P , 0.05.
Two-sided P-values are quoted. All statistical analyses were
performed using SPSS (SPSS Inc., Chicago, USA).



Characteristics of the three dietary groups

Table 1 displays the descriptive characteristics of the three dietary
groups among the 640 premenopausal women and the 457 post-
menopausal women in this study. Amongst the premenopausal
women, the meat-eaters were, on average, approximately 2 years
older than the vegetarians, who in turn were 3 years older than the
vegans. The meat-eaters were significantly heavier than the vege-
tarians and vegans and had a 5% higher BMI than the vegetarians
and a 7% higher BMI than the vegans. Total cholesterol concentra-
tion was 8% higher in the meat-eaters than in the vegetarians and
17% higher than in the vegans, LDL cholesterol concentration was
13% higher in the meat-eaters than in the vegetarians and 30%
higher than in the vegans, whilst the mean HDL cholesterol
concentration was almost identical in the three dietary groups. The
three dietary groups were almost identical in age at menarche and
length of menstrual cycle.
© 1999 Cancer Research Campaign 
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Table 3 Studies of oestradiol and SHBG in vegetarians and non-vegetarians

Cycle Oestradiol SHBG BMI
Reference Diet n phase (pmol l21) (nmol l21) (kg m22)

Premenopausal
Goldin et al 1982 Vegetarian 10 Follicular 260 22.6

Non-vegetarian 10 320 22.7

Gray et al 1982 Vegetarian 23 Follicular 220 20.9
Non-vegetarian 26 231 21.6
Vegetarian 23 Luteal 485
Non-vegetarian 26 430

Shultz and Leklem 1983 Vegetarian 14 Luteal 477 22.0
Non-vegetarian 9 684 23.3

Shultz et al 1987 Vegetarian 10 Luteal 559 21.1
Non-vegetarian 10 622 22.3

Fentiman et al 1988a Vegetarian 25 Whole 59.9 21.6
Non-vegetarian 21 cycle 62.0 23.1

Persky et al 1992 Vegetarian 34 Follicular 367 22.8
Non-vegetarian 39 260 22.2
Vegetarian 33 Luteal 412
Non-vegetarian 31 519

Present studyb Vegan 105 Whole 351 48.3 22.0
Vegetarian 382 cycle 351 46.2 22.3
Non-vegetarian 153 357 45.0 23.5

Postmenopausal
Armstrong et al 1981 Vegetarian 43 66.4 23.1

Non-vegetarian 44 57.4 24.0

Adlercreutz et al 1989 Vegetarian 9 37.7 27.2
Non-vegetarian 10 45.6 22.8

Barbosa et al 1990 Vegetarian 12 13.1 51.3 22.5
Non-vegetarian 12 23.8 58.1 24.7

Present studyb Vegan 38 17.5 48.4 23.0
Vegetarian 196 18.0 46.0 22.7
Non-vegetarian 223 18.7 43.3 24.5

Values of oestradiol, SHBG and BMI are mean values. aApproximation of mean BMI derived from the reported mean weight and mean height for the two dietary
groups. bMean values unadjusted for BMI
Amongst the post-menopausal women, the three dietary groups
were similar in age at recruitment and age at menarche. The
vegans were, on average, approximately 1 year younger at
menopause than the vegetarians and meat-eaters and, accordingly,
were approximately 1 year further past the menopause. The meat-
eaters were approximately 8% heavier than the vegetarians and
vegans, and had a statistically significant higher BMI than the
vegetarians. Total cholesterol concentration was 8% higher in
the meat-eaters than in the vegetarians and 20% higher than in the
vegans, LDL cholesterol concentration was 13% higher in
the meat-eaters than in the vegetarians and 29% higher than in the
vegans, whilst the mean HDL cholesterol concentration was
almost identical in the three dietary groups.

There was a highly significant trend in parity across the three
dietary groups in both the premenopausal and post-menopausal
women. Amongst the premenopausal women, 58.8% of meat-
eaters, 45.8% of vegetarians and 21.0% of vegans were parous
(P , 0.001), whilst among the post-menopausal women these
figures were 83.0%, 75.0% and 65.8% respectively (P 5 0.006).
Amongst the post-menopausal women, the proportion of meat-
eaters who had previously undergone a hysterectomy was approx-
imately double the proportion of vegetarians who had had a
hysterectomy (10.4% vs 5.1%, P 5 0.05). When stratified by
parity, there was no significant difference in the proportion of
© 1999 Cancer Research Campaign 
nulliparous meat-eaters and vegetarians who had undergone a
hysterectomy (both 2%), but the proportion of parous meat-eaters
who had previously undergone a hysterectomy remained double
the proportion of parous vegetarians (12% vs 6%, P 5 0.02).

Associations between concentrations of oestradiol and
SHBG and other descriptive variables

Amongst the premenopausal women, the strongest association was
the significant decrease in SHBG concentration with both
increasing weight and BMI (correlation coefficients 2 0.32 and
2 0.33 respectively; P , 0.001 for both). Among the post-
menopausal women, the strongest associations were the signifi-
cant increase in oestradiol concentration with both increasing
weight and BMI (correlation coefficients 0.38 and 0.42; P , 0.001
for both), and the significant decrease in SHBG concentration with
both increasing weight and BMI (correlation coefficients 2 0.42
and 2 0.49 respectively; P , 0.001 for both).

Premenopausal plasma concentrations of SHBG were signifi-
cantly positively correlated with concentrations of oestradiol
(correlation coefficient 0.27; P , 0.001). Post-menopausal plasma
concentrations of oestradiol and SHBG were significantly nega-
tively correlated, but after adjusting for BMI this association was
no longer present (correlation coefficient 5 2 0.03; P 5 0.52).
British Journal of Cancer (1999) 80(9), 1470–1475
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Both pre- and post-menopausal concentrations of SHBG were
significantly positively correlated with HDL cholesterol (correla-
tion coefficients 0.22 and 0.19; P , 0.001 for both), post-
menopausal concentrations were also significantly positively
associated with age at recruitment (correlation coefficient 0.12;
P 5 0.01). Neither oestradiol nor SHBG concentration was
strongly associated with age at menarche, length of menstrual
cycle (premenopausal women only), years past menopause,
previous hysterectomy (post-menopausal women only), parity,
hour of day of blood donation, or total and LDL cholesterol
concentration.

Hormone concentrations in the three dietary groups

Since concentrations of oestradiol (post-menopausal only) and
SHBG were significantly associated with BMI, and since BMI
varied significantly between dietary groups (Table 1), all subse-
quent analyses are presented with and without adjustment for BMI.

Amongst the premenopausal women, the mean oestradiol
concentration was 2% lower in the vegetarians and vegans than in
the meat-eaters, whilst the mean SHBG concentration was 3%
higher in the vegetarians and 7% higher in the vegans than in the
meat-eaters (Table 2). These results were adjusted for age and day
of menstrual cycle; further separate adjustments for parity and
hour of the day of blood sample collection had little effect on the
results. Further adjustment for BMI had little effect on oestradiol,
but reduced the difference in SHBG among the dietary groups.
There was also no suggestion that there were differences in oestra-
diol concentration among dietary groups at different stages of the
menstrual cycle. None of the differences in means was statistically
significant.

Amongst the post-menopausal women, the mean oestradiol
concentration was 4% lower in the vegetarians and 6% lower in
the vegans than in the meat-eaters, whilst the mean SHBG concen-
tration was 6% higher in the vegetarians and 12% higher in the
vegans than in the meat-eaters. Adjusting for age, number of years
past menopause, parity and hour of the day of blood sample collec-
tion had little effect on the results. After adjusting for BMI, the
weak linear trends in oestradiol and SHBG concentrations across
the three dietary groups were no longer present. The mean concen-
trations of oestradiol and SHBG (both unadjusted and adjusted for
BMI) were also compared between dietary groups after excluding
34 post-menopausal women who had undergone a hysterectomy
and two women for whom this information was missing. The mean
concentrations in the three dietary groups were almost identical to
those reported in Table 2.



This study showed no statistically significant differences between
meat-eaters, vegetarians and vegans in plasma concentrations of
oestradiol or SHBG. Before adjusting for BMI there were small
differences in the direction expected, with the vegetarians and vegans
having higher SHBG and lower post-menopausal oestradiol than the
meat-eaters. These small differences were essentially eliminated by
adjusting for BMI. Thus this study implies that the relatively low
BMI of vegetarians and vegans does cause small changes in SHBG
and in post-menopausal oestradiol, but that the composition of vege-
tarian diets may not have any additional effects on these hormones.

In this study, women who ate meat had a greater mean BMI than
women who followed a vegetarian or vegan diet, as reported in
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previous studies of vegetarians (Key and Davey, 1996; Appleby
et al, 1998). The well-established (Potischman et al, 1996; Thomas
et al, 1997b) negative associations between both pre- and post-
menopausal SHBG concentration and BMI, and the strong positive
association between post-menopausal oestradiol concentration and
BMI were clearly demonstrated in these data. Insulin might
mediate the obesity-related suppression of SHBG concentration
since a negative correlation between SHBG and insulin levels has
been reported (Franks et al, 1991). Obesity increases post-
menopausal concentrations of oestradiol by increasing the aroma-
tization of androstenedione to oestrone (which in turn is
hydroxylated to oestradiol) in the peripheral adipose tissue (Siiteri
and MacDonald, 1973; Judd et al, 1982).

Any association between a vegetarian diet and relatively low
endogenous concentrations of oestradiol and relatively high
concentrations of SHBG could simply be due to a relatively low
BMI amongst vegetarians or might be due to the composition of the
diet. A vegetarian or vegan diet is generally relatively low in
saturated fat and high in dietary fibre in comparison to a diet that
includes meat, and vegetarians have lower plasma total cholesterol
concentrations than meat-eaters (Thorogood et al, 1987). Similarly,
we observed that women who followed a vegetarian or vegan diet
had significantly lower plasma concentrations of cholesterol, on
average, than women who ate meat. Dietary fat intake might
influence endogenous concentrations of oestradiol and SHBG via
changes in BMI, whilst dietary fibre may interfere with the entero-
hepatic cycling of oestrogens (Rose, 1990). In premenopausal
women the absence of a strong dietary effect may be due to tight
control of levels of oestradiol by feedback mechanisms.

Five studies have previously compared premenopausal plasma
concentrations of oestradiol between women who have followed
either a vegetarian or non-vegetarian diet for a relatively long
period of time, but all were small, with the number of vegetarians
in each study ranging from ten to 34 (Table 3). Three studies
reported a non-significant difference in oestradiol concentration,
ranging from a 19% lower to 13% higher plasma concentration
of oestradiol in vegetarian women than in omnivorous women
(Goldin et al, 1982; Gray et al, 1982; Shultz et al, 1987). Shultz
and Leklem (1983) reported a significantly lower (by 30%) oestra-
diol concentration during the luteal phase in vegetarians than in
meat-eaters, whilst Persky et al (1992) reported a non-significant,
26% lower luteal phase oestradiol concentration and a signifi-
cantly 16% higher oestradiol concentration during the follicular
phase in teenage vegetarians compared to omnivores. None of
these studies found a statistically significant difference in BMI
between the vegetarians and non-vegetarians, and none adjusted
the results for BMI.

Only one study has compared post-menopausal plasma concen-
trations of oestradiol between long-term vegetarian and non-vege-
tarian women. Barbosa et al (1990) reported a 45% lower plasma
oestradiol concentration in 12 vegetarians when compared to 12
non-vegetarian women. This difference in mean concentrations
was statistically significant, but the results were not adjusted for
the non-significant 9% lower BMI in the vegetarian women.

To our knowledge, only one study has compared plasma
concentrations of SHBG between long-term vegetarian and non-
vegetarian premenopausal women (Table 3). Fentiman et al (1988)
reported a 3% lower mean concentration in 25 vegetarians than in
21 non-vegetarians. Three studies have previously investigated the
differences in plasma SHBG concentration between long-
term vegetarian and non-vegetarian post-menopausal women.
© 1999 Cancer Research Campaign 



Vegetarian diet and endogenous oestradiol and SHBG 1475
Armstrong et al (1981) reported a 16% higher concentration of
SHBG (and a 4% lower mean BMI) in 43 vegetarians than in 44
non-vegetarians, whilst Barbosa et al (1990) reported a 12% lower
mean SHBG concentration (and 9% lower mean BMI) in 12 vege-
tarians than in 12 non-vegetarians. Adlercreutz et al (1989)
reported a 17% lower SHBG concentration in nine vegetarians
than in ten non-vegetarians, which was consistent with the
surprising 19% higher BMI in the vegetarians. None of the differ-
ences in mean concentration of SHBG was statistically significant
and none of these studies adjusted their results for BMI.

A vegetarian diet is probably closer to the COMA recommenda-
tions for dietary intake (Department of Health, 1991) than any
other easily defined dietary pattern (Resnicow et al, 1991), and if
shown to have health benefits, it could be a Western diet with
which a large proportion of the population could comply. A vege-
tarian or vegan diet does provide health advantages by lowering
BMI, plasma cholesterol levels and mortality from ischaemic heart
disease (Key et al, 1998). The most important modifiable determi-
nant of oestradiol so far identified is BMI in post-menopausal
women. Our results suggest that a vegetarian diet should cause a
slight reduction in breast cancer risk in post-menopausal women
by lowering BMI and therefore oestradiol; Key et al (1998)
observed a non-significant 5% reduction in breast cancer mortality
amongst vegetarians compared to non-vegetarians in five prospec-
tive studies. Further work is needed to establish whether specific
dietary components are important determinants of oestradiol and,
therefore, breast cancer risk.
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