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Abstract

Objective: Consumers may choose soya foods as healthful alternatives to animal
products, but concern has arisen that eating large amounts of soya may adversely
affect thyroid function. The present study aimed to examine the association
between soya food consumption and serum thyroid-stimulating hormone (TSH)
concentrations in North American churchgoers belonging to the Seventh-day
Adventist denomination that encourages vegetarianism.

Design: Participants completed six repeated 24 h dietary recalls within a 6-month
period. Soya protein and soya isoflavone intakes were estimated, and their
relationships to TSH concentrations measured at the end of 6 months were
calculated using logistic regression analyses.

Setting: Calibration sub-study of the Adventist Health Study-2.

Subjects: Women (n 548) and men (1 295) who were not taking thyroid medications.
Results: In men, age and urinary iodine concentrations were associated with high
serum TSH concentrations (>5 mIU/D, while among women White ethnicity was
associated with high TSH. In multivariate models adjusted for age, ethnicity and
urinary iodine, soya isoflavone and protein intakes were not associated with high
TSH in men. In women higher soya isoflavone consumption was associated with
higher TSH, with an adjusted odds ratio (highest v. lowest quintile) of 4-17 (95 % CI

1-73, 10-00). Likewise, women with high consumption of soya protein (midpoint Keywoll)';l:'
of highest quintile, 11 g/d) v. low consumption (midpoint of lowest quintile, 0 g/d) Isoflavones
carried increased odds of high TSH (OR = 2-69; 95 % CI 1-34, 5-30). Protein

Conclusions: In women high consumption of soya was associated with elevated Seventh-day Adventist
TSH concentrations. No associations between soya intake and TSH were found Soya
in men. Thyroid-stimulating hormone

Foods made from soyabeans have been consumed in
various forms by Asian populations for centuries. Among
older adults in Japan mean soya protein intake is 8 to
10 g/d, whereas soya intake in the USA is <2 g/d". Over
the past 20 years, the popularity of soya foods has
increased in non-Asian countries owing to several factors,
most prominently because of consumer awareness of the
potential health benefits of these foods. Another factor
may be recognition of the environmental burden of eating
meat and other animal products. Soya foods have been
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proposed to alleviate menopausal symptoms, promote
bone health, reduce cardiovascular risk and protect
against cancer'®. From 1996 to 2011, soya food sales in the
USA increased from $US 1 billion to $US 5-2 billion®.
One of the benefits of soya foods is lowering of serum
LDL cholesterol levels. Two separate mechanisms appear
to be involved. Jenkins et al. estimated that when 25 g
soya protein replaces 25 g protein from traditional Western
sources of protein, LDL cholesterol is reduced by
approximately 4 % as a result of the change in the fatty
acid content of the diet'”. In addition, meta-analyses
indicate that soya protein directly lowers LDL cholesterol
by a similar degree™”, which is on par with the effects
of soluble fibre®. In 1999 the US Food and Drug
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Administration allowed a heart-health claim on soya foods
that provide at least 6-25g soya protein per serving'®.
Claims have been approved in ten other countries since
that time and in 2014, Health Canada announced its
intention to approve a health claim for soya foods based
on the cholesterol-lowering effects of soya protein'”.
Recently published meta-analyses suggest soya protein
may also modestly lower blood pressure®?.

In addition to providing high-quality protein, soyabeans
contain numerous biologically active components, such as
isoflavones, that may contribute to the physiological
effects of soya foods. Isoflavones have a very limited
distribution in nature; among commonly consumed foods,
they are found in uniquely rich amounts in soyabeans.
Isoflavones are diphenolic molecules structurally similar to
oestradiol and are classified as phyto-oestrogens because
of their ability to exert oestrogen-like effects under certain
experimental conditions. They are also classified as
selective oestrogen receptor modulators which, depending
upon the tissue, can function as oestrogen agonists or
antagonists or even have no effects in tissues that are
affected by oestrogen”'?. Genistein, daidzein and glycitein
and their respective glycosides account for approximately
50, 40 and 10 %, respectively, of total soyabean isoflavone
content. Isoflavones may influence disease risk through
both hormonal and non-hormonal effects.

Despite the beneficial attributes of soya protein and
isoflavones, eating large amounts of soya is not without
some controversy?. There is concern, based primarily on
animal studies, that isoflavones may adversely affect
thyroid function, especially in susceptible individuals such
as those whose thyroid function is compromised™".
Extensive clinical work shows that in euthyroid individuals,
thyroid function is not affected by isoflavone intake'*!?
and is unlikely to be so even when iodine intake is
inadequate"?. However, there has been little epidemiolo-
gical investigation of the association of soya intake with
thyroid function. This line of inquiry may provide insight
beyond the clinical data by capturing effects stemming from
chronic or even lifelong isoflavone intake.

Therefore, we examined the relationships between
soya consumption and thyroid function in the Adventist
Health Study-2 (AHS-2) cohort. The Seventh-day Adventist
denomination encourages members to abstain from
tobacco, drug or alcohol use, and to eat a plant-based diet
when feasible. The AHS-2 cohort includes church attendees
from North America, approximately half of whom are
vegetarian. Consequently, intake of soya in this cohort is
much greater than in the general North American population
and the range of intakes observed is wider.

Methods

AHS-2 comprised more than 96 000 church members aged
30 years and over, living in the USA and Canada, who
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completed a questionnaire about their lifestyle, medical
history and demographic information. Recruitment, selection
and characteristics of the cohort, which was established
between 2002 and 2007, have been described previously>.
A subset of the cohort (72 1011) took part in a calibration and
validation study 1-2 years following the baseline survey®.
These participants were randomly selected from the
main cohort by church and then within the church by
sex and age, with the aim of over-sampling Blacks to
achieve approximately equal numbers of each ethnicity.
The duration of the calibration study was 9-12 months.
The study was approved by the institutional review board
of Loma Linda University and all participants provided
written informed consent.

Demographic characteristics of participants in the
calibration study were representative of the entire cohort
with regard to sex, age and education’®. In the current
analyses, valid data from 965 participants in the calibration
study were available. Those taking thyroid medications
were excluded (n 61), as were those with missing data
(n 61). Users of thyroid medications did not differ from
non-users with regard to dietary intake of soya protein or
isoflavones (data not shown).

Participants provided three variably timed 24 h dietary
recalls (representing one Saturday, one Sunday and one
weekday intake) during the first two months of the cali-
bration study(lé) . The recalls were repeated approximately
6 months later, giving a total of six 24 h recalls for each
participant. In the 6-month interval participants completed
a self-administered FFQ covering their dietary intake
within the past year. The FFQ is a quantitative instrument
consisting of 204 foods, fifty-four questions about food
preparation and forty-six fields for open-ended questions.
The FFQ was designed to comprehensively cover
foods commonly eaten by North American Seventh-day
Adventists, including soya-based foods and drinks, and
later modified to also comprise foods specific to Black
Adventists'®. The FFQ specifically queried thirty-four
commercially prepared vegetarian meat analogues, fifteen
soya beverages and one tofu/soyabean product. Nutrient
composition of foods, including amounts of soya protein
and isoflavones reported in the recalls and FFQ, were
based on the Nutrition Data System for Research (NDSR)
5-0_35 database provided by the Nutrition Coordinating
Center, University of Minnesota (Minneapolis, MN, USA).
For foods not in the database, recipes were created and
nutrition information relating to these foods was obtained
from the US Department of Agriculture, manufacturers
and other published data. The detailed procedures for
the 24h dietary recalls and FFQ have been described
previously'®. Analysis of correlation coefficients between
the FFQ and the 24h recall nutrient and food intakes
has been previously published?”. For soya protein the
de-attenuated correlations were 0-63 (95 % CI 0-58, 0-68)
for Whites and 0-40 (95% CI 0-32, 0-48) for Blacks"”.
Further study showed that soya protein estimates from the
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FFQ were also correlated with urinary excretion of daidzein,
genistein and total isoflavonoids™®. In tables, the soya
isoflavone values are expressed in aglycone equivalents.

Categorizing dietary pattern was based on the FFQ.
Vegans were participants who reported consuming animal
products (red meat, poultry, fish, eggs, milk and dairy
products) <1 time/month; lacto-ovo vegetarians were
those who consumed dairy products and/or eggs but no
fish or meat (red meat, poultry and fish <1 time/month);
pesco vegetarians were those who consumed fish
>1 time/month and dairy products and/or eggs, but red
meat or poultry <1 time/month; semi-vegetarians were
those who consumed dairy products and/or eggs and
meat >1 time/month but <1 time/week; and omnivores
were those who consumed animal products (red meat,
poultry, fish, eggs, milk and dairy products) >1 time/
week. Demographics, current health and medical history
data were obtained by questionnaire at baseline. Data on
medication use were obtained either from the baseline
questionnaire or the dietary recalls.

During the 6-month interval between the dietary recalls,
participants attended a local study clinic. At the visit they
completed questionnaires regarding diet and physical
activity and provided fasting samples of blood and over-
night urine. Body height and weight were measured, and
BMI was calculated. Serum thyroid-stimulating hormone
(TSH) concentrations were measured using immunoassay
methodology at the Loma Linda University Medical Center
clinical laboratory. Twelve-hour overnight urine collections
were completed for analysis of urinary iodine using
the ammonium persulfate method"” with an intra-assay
CV of 507 %.

Statistics

Variables not normally distributed were log-transformed,
including soya isoflavones and soya protein and serum
TSH concentrations. Demographic characteristics, BMI,
dietary variables and biological analytes according to sex
are presented as means and standard deviations or as
percentages, and were compared across groups using
ANOVA or the y* test. The descriptive statistics showed
possible sex differences. Thus, further analyses first
included women and men combined with tests for
interaction. These analyses indicated interactions between
sex and effect (< 0-05). We then conducted sex-divided
analyses. Logistic regression analyses that predicted the
odds of TSH > 5-0 mIU/1 separately as a function of each of
soya isoflavone intake and soya protein intake, as measured
by the repeated 24h dietary recalls, were performed
adjusting for age, ethnicity and urinary iodine. These treated
the isoflavones as a continuous variable, and based on the
P coefficient, median values of upper and lower quintiles of
intake are compared as odds ratios. Ninety-five per cent
confidence intervals for odds ratios were computed. We
additionally performed analyses where we adjusted for
dietary variables including carotenoids, saturated fat, fibre
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and energy from dairy — these adjustments did not change
the magnitudes of the odds ratios (data not shown).
Deviance statistics were tested on all models and there
was no evidence of poor fit. In a sensitivity analysis
we redid all of the analyses using data from the FFQ.
These results showed similar associations between soya
isoflavones and TSH concentrations and soya protein and
TSH concentrations as results using the repeated 24 h
recalls (data not shown). The results using the repeated
24 h recalls are presented as in general repeated dietary
recalls are assumed to be more valid than FFQ data®*?Y.
We conducted a sensitivity analysis excluding thirteen
women and two men with previously reported hypo-
thyroidism and the main effects were not changed
(data not shown). The analyses were performed using the
statistical software package SAS version 94 and code
written in the R language.

Results

The population included in our study had a very low
prevalence of current smoking (<2 %) and only 4 % currently
used alcohol (data not shown). Mean TSH levels for the
entire sample were 2-6 mIU/l (range 0-005-37-2 mIU/D);
for participants with high TSH (>5mIU/D the mean
was 7:99 mIU/1 (range 5-05-37-2mlIU/D. Table 1 shows
demographic and dietary characteristics of participants
according to sex and TSH concentration. Participants with
high TSH tended to be older, were more likely of non-
Black ethnicity, had lower BMI (men) and were more
likely to be vegan (women) or lacto-ovo vegetarians than
those with normal TSH concentrations. Energy intakes
were statistically significantly higher in men than in
women, while soya protein and isoflavone intakes were
higher in women with high TSH compared with men with
high TSH. Intake of supplemental isoflavones did not
differ between groups and was generally low. Urinary
iodine excretion did not differ between women with
normal or high TSH, while men with high TSH had higher
urinary iodine excretion than men with normal TSH. Of
forty-three women with high TSH, thirteen had reported
diagnosed hypothyroidism in an earlier questionnaire
within 3 years of the study. Of twenty-three men with high
TSH, only two had reported diagnosed hypothyroidism in
the earlier questionnaire. Table 2 shows medians and
upper boundaries for quintiles of soya isoflavone and
protein intakes according to sex, illustrating the wide
range of intakes exhibited.

As shown in Table 3, soya isoflavone intakes were
associated with higher odds of high TSH concentrations
in women but not in men. Thus, for women there is an
odds ratio of 4-17 comparing the highest quintile with
the lowest. Table 4 shows similar results regarding soya
protein intakes. Other analyses that placed all isoflavone
components in the same model as separate variables
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Table 1 Demographic characteristics, soya protein and soya isoflavone intakes (dietary and supplemental), and urinary iodine concentration
according to sex and TSH concentration (normal, <5 mlU/l; high, >5 mlU/l) among participants (548 women and 295 men) of the Adventist
Health Study-2

Women Men
Normal TSH High TSH Normal TSH High TSH
norMean spor% norMean sbor% norMean sbor% norMean spor% P value*
n 505 - 43 - 274 - 21 - -
Age (years), mean and sp 56-6 132 60-9 15.2 58-1 131 70-3 115 <0-001
Ethnicity, n and % <0-001
Black 248 491 11 256 120 43-8 3 14.3
White 257 50-9 32 744 154 56-2 18 85.7
BMI (kg/m?), mean and sp 28-5 6-9 281 94 275 53 254 38 0-07
Dietary pattern, n and % 0-01
Vegan 48 9-5 10 233 20 73 1 4.8
Lacto-ovo vegetarian 124 246 16 372 86 314 9 429
Pesco vegetarian 61 121 5 11-6 30 109 1 4.8
Semi-vegetarian 22 4.4 2 4.7 16 58 0 0-0
Omnivore 250 49.5 10 233 122 44.5 10 47-6
Energy and soya intakes (mean of six 24 h recalls), mean and sp
Total energy (kJ/d) 5874 1803 6456 1661 7489 2318 7293 1854 <0-001
Total energy (kcal/d) 1404 431 1543 397 1790 554 1743 443 <0-001
Soya protein (g/d) 2.3 31 4.7 4.5 28 37 2.7 36  <0-001
Soya isoflavones (mg/d) 8.3 134 154 160 101 17.2 76 8:0 0-015
Dietary 74 10-8 154 16-1 91 12.9 7-6 80  <0-001
Supplemental 09 75 0-0 0-0 1.0 109 0-04 03 09
Supplements taken, n and % 24 4.8 1 23 3 11 0 0-0
Urinary iodide (ug/ml), mean and sp 013 013 013 0-16 0-14 012 0-22 0-20 0-008

TSH, thyroid-stimulating hormone.
*P values are for comparisons across the groups using ANOVA or the y? test.

Table 2 Quintile distribution of soya isoflavone and soya protein
intakes according to six repeated 24 h recalls among participants
(295 men and 548 women) of the Adventist Health Study-2

concentrations. When soya protein was used as an index
of soya consumption, the odds ratio was somewhat lower
than when the soya isoflavone index was used but the

Median, upper boundary of quintile confidence intervals overlapped. We found no relation-

ship between soya consumption and TSH concentrations

Soya isoflavones (mg/d) in men

Soya protein (g/d)

Dietary  Dietary + supplemental Dietary One of the notable features of the present study was the
Men wide range of dietary characteristics of the population,
1 0-006, 0-13 0-006, 0-13 0-008, 0-08 consistent with their eating patterns ranging from strict
2 0-57, 166 0-57, 168 0-29, 0-67 avoiders of animal foods to non-vegetarians. The con-
3 4.61, 6-98 4.69, 7-09 1.51, 2.29 . . L
4 9-86. 15.07 10-18. 15.51 3.30 4.54 sumption of soya foods also exhibited extreme variation,
5 23-58, 69-85 25.46, 180-35 6-91, 2238 ranging from practically no soya food consumption in the
Women lowest quintile to over 100-fold greater intake in the
1 0-001, 0-03 0-002, 0-04 0-004, 0-03 . . . L . .
2 035, 1-14 041, 125 015, 050 highest quintile. This variation made it possible to study
3 2.76, 5-35 310, 5-85 0-91, 1.72 associations with thyroid function across a wide range of
4 8-54,14.52 9-37, 1548 2-81, 4-45 soya intakes. Most Western populations exhibit isoflavone
5 21.93, 8368 25.50, 260-54 6-92, 24.02

showed that no one isoflavone stood out as a predictor of
TSH. In univariate analyses, each isoflavone largely stood
for the whole, given that they were closely interrelated
(data not shown).

Discussion

The findings show that in women the highest quintile of
soya food consumption was associated with elevated TSH
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intakes of <3 mg/d*® which was typical of the two lowest
quintiles observed in the present study. The isoflavone
intake of the high soya consumers was approximately
double the mean intake among older Japanese, typically
about 40 mg/d®%. A further strength of the study was that
the population made it possible to avoid the possible
confounding effects of smoking®® and excess alcohol*"
on dietary choices and thyroid function, both of which
have been shown to affect thyroid function.

The idea that soya may influence thyroid function
originated over eight decades ago when marked thyroid
enlargement was seen in rats fed raw soyabeans®>. Much
more recently, soya isoflavones were shown to inhibit
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Table 3 Odds ratios and 95% confidence intervals for the association between soya isoflavones and TSH
concentrations >5mlU/l v. <5mlU/l, controlling for demographic characteristics and urinary iodine concentration,

among participants (295 men and 548 women) of the Adventist Health Study-2

OR 95 % Cl P value

Men

Age (10-year intervals) 2.05 1.38, 3-03 <0-001

Ethnicity (Black v.White) 0-38 0-10, 1-43 02

Urinary iodine (0-1 pg/ml intervals) 1.47 1.10, 1.97 0-009

Soya isoflavones (total)* 1.05 0-27, 407 09
Women

Age (10-year intervals) 1-14 0-89, 1-44 0-3

Ethnicity (Black v. White) 044 0-21, 0-92 0-03

Urinary iodine (0-1 ug/ml intervals) 1-09 0-86, 1-37 0-5

Soya isoflavones (total)* 417 1.73, 10-06 0-001

TSH, thyroid-stimulating hormone.
*For soya isoflavones, the highest and lowest quintiles are compared. Midpoints of the lowest and highest quintiles of soya isoflavones
were respectively 0-006 and 25-46 mg/d for men and 0-002 and 25-05 mg/d for women.

Table 4 Odds ratios and 95 % confidence intervals for the association between soya protein and TSH concentrations
>5mlU/I v. <5 mlU/l, controlling for demographic characteristics and urinary iodine concentration, among participants

(295 men and 548 women) of the Adventist Health Study-2

OR 95 % Cl P value

Men

Age (10-year intervals) 2.04 1.38, 3-03 <0-001

Ethnicity (Black v. White) 0-39 0-10, 1-43 0-2

Urinary iodine (0-1 pg/ml intervals) 1.47 1.10, 1.97 0-009

Soya protein*® 1.06 0-31, 3-69 09
Women

Age (10-year intervals) 1-16 0-91, 1-48 0-2

Ethnicity (Black v. White) 0-44 021, 0-92 0-03

Urinary iodine (0-1 pg/ml intervals) 1.06 0-84, 1-34 0-6

Soya protein* 269 1.34, 5-:30 0-005

TSH, thyroid-stimulating hormone.

*For soya protein, the highest and lowest quintiles were compared. Midpoints of the lowest and highest quintiles of soya protein were
respectively 0-008 and 6-91 g/d for men and 0-004 and 6-92 g/d for women.

thyroid peroxidase in vitro and in vivo in rats although rat
thyroid function remained normal®®. Others have reported
that in rats while soya isoflavones inhibit synthesis of
thyroglobulin and thyroid hormones, availability of thyroid
hormone in peripheral tissues may increase'*”. The
observation that people living in Asian countries have
consumed soya foods for centuries with no perceptible
thyrotoxic effects suggests their safety in the general
population. However, certain subgroups may be suscep-
tible to the effects of excess soya, in particular individuals
with subclinical hypothyroidism (TSH level >5-0 and
<10-0 mIu/D"#*®.

The current study found an association between soya
food intake and elevated serum TSH only in women.
Women have more prevalent thyroid disease than men,
especially during perimenopause and menopause, and
may be more susceptible to effects of goitrogens or
antithyroid environmental factors®”. A systematic review
and analysis published in 2009 found that isoflavone-rich
soya products had negligible effects on sex hormones in
pre- and postmenopausal women"”. Furthermore, no
effects on thyroid function (TSH and thyroxine) in post-
menopausal women were seen. There were insufficient
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data to assess effects in premenopausal women?

Studies published subsequent to that meta-analysis have
confirmed the notion of general safety. To this point,
administration of 54 mg of genistein aglycone daily for up
to 3 years in osteopenic postmenopausal women did
not affect serum thyroid hormones or autoantibodies
compared with placebo®. Also, a placebo-controlled
double-blind clinical trial found no changes in thyrotropin
or thyroid antibodies after administration of 200 mg of
isoflavone daily for 2 years®®. Another study found that
although 80 mg of isoflavones taken daily by menopausal
women resulted in a slight increase in the ratio of
triiodothyronine to thyroxine, there was change in other
measures of thyroid function?.

In oophorectomized Indian women, no effect of daily
administration of 75 mg of soya isoflavones for 12 weeks
was seen on serum thyroid function parameters or
anti-thyroid peroxidase antibodies, although a modest
decrease in serum triiodothyronine was noted®". Likewise,
in a 3-year study, postmenopausal women given 80 or
120 mg of soya isoflavones daily showed no changes in
thyroid function®®. The authors of these recent publications
have concluded that genistein and probably other
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isoflavones appear to show a good profile of safety in
regard to thyroid function®.

We are aware of a single study of isoflavone
supplementation conducted in patients with subclinical
hypothyroidism. In that cross-over study, sixty middle-
aged mostly female patients were randomly assigned to
low-dose isoflavone supplementation (2mg/d) or high-
dose supplementation (16 mg/d). After 8 weeks there was
a threefold increased risk of overt hypothyroidism in the
high-dose group®*. Our cross-sectional findings may be
in line with that study, suggesting an association between
subclinical hypothyroidism and soya intake in women.

While the high soya food consumers in the current
study reported levels of isoflavones that were very high
compared with Western and even Asian populations,
these levels were not higher than those reported in several
of the randomized studies. These intakes may have been
maintained for several years. However, the dietary methods
may not correctly reflect long-term food intakes, and data
regarding change in diet or duration of current soya food
intakes were not available. Thus, the findings may indicate
that study of longer duration of use of soya foods in
Western populations may be needed.

We found similar results when findings were analysed
according to soya protein intake. Isoflavone contents of
foods differ as each gram of soya protein in traditional
soya foods provides about 3—4 mg isoflavones, whereas
products made using more processed forms of soya such
as isolated soya protein typically provide much lower
amounts of isoflavones per gram of protein‘'?.

Women consuming a vegan diet were more likely than
women consuming the other diets to exhibit high serum
TSH concentrations. This observation is in contrast with
our earlier publication showing no increase in reported
hypothyroidism among vegans in the AHS-2 population®>.
It remains possible that diet is changed after a diagnosis of
hypothyroidism or that persons following a vegan diet are
less likely than those eating usual diets to attend medical
care and be diagnosed with the condition®®. Of the total
cohort, 56% had urinary iodine concentration below
0-1 pg/ml, suggesting that this was a sample with relatively
low iodine intake that was possibly more susceptible to the
effects of soya intake on thyroid function.

Study limitations

Dietary characteristics may be associated with differences
in lifestyle habits or demographic features that influence
thyroid function. We adjusted for the important predictors
of thyroid function, including age and ethnicity as well as
iodine excretion. One possible confounder that was not
measured is family history of thyroid disease, nor did we
measure levels of thyroid antibodies. In addition, there
was no adjustment for other dietary factors that potentially
affect thyroid function such as intakes of vitamin By,, Se
and cruciferous vegetables that may differ according to
dietary patterns. Of course, the cross-sectional nature of
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this design prohibits conclusions about there being a
causal basis for the observed relationship between iso-
flavone intake and TSH in women.

We analysed our results according to the repeated 24 h
recall dietary data. Analyses of the food frequency data
showed similar directions of associations and these asso-
ciations were statistically significant in women, but not in
men (data not shown). Any differences between dietary
intake assessed by repeated dietary recalls or FFQ are
not unexpected as they will have different validity
and systematic errors. When we correlated both
methods of dietary assessment to excretion of isoflavones,
we could not demonstrate strong differences between the
methods'"® .

Conclusion

We found that Western women who were very high
consumers of soya isoflavones or soya protein had an
increased risk of elevated TSH concentration >5mIU/L
This observational finding deserves further investigation.
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