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The goals of this part of the project were to provide a descriptive natural history of the
menopausal/midlife transition 1n Japan from: (1) an endocrinological/ physiological perspective
(using hormone measures), (2) an ecological perspective (using food frequency questionnaires
(FFQ), dietary records (DR) and measuring soy isoflavone concentrations), and (3) an
experiential perspective (using symptom checklists, surveys, and interviews). Our main
objective was to assess the influence of phytoestrogens on the endocrinology and
symptomatology of the menopausal/midlife transition,

Briefly, in year 3, fieldwork in Fukushima was completed, with a total of 1538 matched
blood samples and dietary records collected from a total of 77 midlife women (age 45-55 years).
Method development for measurement of soy isoflavones (genistein, daidzein, and equol) in
blood spot samples was begun, and preliminary analyses on the relationship between diet and
health history were carmried out for a subset of the data (Kyoto participants).

I. Fieldwork in Fukushiina .

Research began at the second field site, in Fukushima, Japan in October 2002 and ended in
August 2002, The Fukushima research field team consisted of Melissa Melby (researcher), one
research assistant for interviews, data and material preparation and organization, and one
research asststant in Kyoto for data entry. ,

1. Screening and Enrollment

All women completed a screening interview (in person, by phone or by fax) to assess
whether the potential participant met the exclusion/inclusion critieria and to assign menopausal
status (based on menstrual period pattemns). Women were excluded if they had taken hormones,
had undergone hysterectomy, had both ovaries removed, had tubal ligation with subsequent
menstrual changes, had taken hormones for menopause or birth control pill (in the last 5 years),
had recent major illness, or were taking medication that could affect endogenous hormones.

The menopausal status on entrance to the study of participants by region is shown in Table 1.
Premenopausal was defined as having reported a period in the previous | month with no changes
In menstruation patterns in the past 12 months. Women reporting a period more than 3 months
previous but less than 12 months prior to the screening interview, OR any changes in menstrual
patterns in the past 12 months were classified as peri-menopausal. This group has been further
divided into Perimenopausal I, defined as women who have experienced a period within the last
3 months, but some change in menstrual pattern in the last 12 months; and Perimenopausal II,
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defined as women whose last period was between 3 and 12 months prior to the screening date.
Postmenopausal was defined as absence of menstrual periods for more than 12 months.

Table 1. Menopausal status at study entrance of women by region.

Kyoto Fukushima Total

n % n Yo n %

Pre 19 279 21 273 40 276
Peri 38 559 37 48.1 75 51.7
Peri | 27 397 29 377 56 386
Peri Il 11 16.2 8 104 19 131
Post 11 16.2 19 247 30 20.7
Total 68 100.0 77 100.0 145 100.0

Compared to Kyoto, a higher percentage of the Fukushima participants were post-menopausal,
and fewer were perimenopausal (I). Premenopausal women constitute similar proportions of
each regional population. ’

III, Measures

A Single measures and questionnaires

* Screening Interview {prior to entry)

» Anthropometric measurements (weight, height, triceps skinfold, elbow breadth, and upper
arm circumference)

» Imitial Questionnaire (40 pages, 5 parts: Demographics, Health History, Reproductive History,

Food Frequency Questionnaire, and Well-Being and Life Events)

» Headache Questionnaire (more detailed questionnaire on migraine headaches given to
women who noted having headaches in past 2 weeks on initial questionnaire, or reported
headaches on daily checklist)

¢ Daily Life semi-structured interview (tape-recorded) and usually done after 1 month of data
had been received _

¢ Final Questionnaire and Interview (Life history; checkliist of konenki (menopause) symptoms,
causes, and counter-measures; views on konenki, gender roles, and aging in general)

B. Measures taken for up to 6 months

e Daily symptom checklists

Weekly 24-hour dietary records (on 24 hour period prior to blood spot sampling)
Weekly blood spot samples (2 cards of S blood spots, taken 20 minutes apart)

IV. Data collected

Blood spot samples, weekly 24-hour dietary records, and daily symptom checklists were
collected for 6 months by 60 women in Fukushima. Questionnaire data and 1 month of sample
collection were obtained from 65 or more women (see Table 2).

Table 2. Types of data collected and number of women (n) from whom data have been received

Data Fukushima (n)
Number of participants screcned 114
Number of participants enrolled (signed consent forms) 77
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Anthropometric measures 70
Initial questionnaire . . 73
Headache questionnaire 40
Daily life semi-structured interview 65
Final questionnaire and interview 62
1 month of BS samples, weekly 24 hour dietary records, and 65
daily symptom checklists ,
3 months of BS samples; weekly 24 hour dictary records, and . 64
daily symptom checklists '
6 months completed - 60
Daily symptom checklists (in weeks) : 1528
. Dietary records (DR) (1 per week) 1553
Blood spot samples {1 per week) . 1584
Matched BS and DR {weeks) . 1538

V. Development of method for measurement of soy isoflavones.

Originally we proposed to use time resolved fluorescence immunoassay (TR-FIA) to measure the
soy 1soflavones genistein and daidzein. However, we have instead chosen to develop a method
using high performance liquid chromatography (HPLC) with multichannel coulometric
electrochemical detection (ECD) because the latter will enable us to measure 3 isoflavones
(genistein, daidzein and equol} in the same sample. The health benefits of soy appear to differ in -
people who are able to metabolize daidzein to equol (equol producers) and those who cannot
(equol non-producers), and thus it is imperative that we be able to measure equol in our samples.
We are currently modifying published literature protocols [1, 2] for use with dried finger-prick
blood spots and plan to analyze the collected blood spots by this method during the next year.

VL P;'eliminary report on ‘Seasonal phytochemical intake by Kyoto women and
relationship to health history’ (an abridged version of this report is currently in press)

INTRODUCTION _

Recently researchers have been looking beyond macro- and micronutrients to the role of
functional food factors (FFFs) in health and disease [3-5]. Reports of the health benefits of soy
isoflavones such as reducing menopausal symptoms and lowering cholesterol are increasing in
the popular press, and other foods and drinks such as green tea have been touted for their health
benefits. We examined the effects of phytochemicals on the health of Japanese women in midlife
and identified factors that may influence health status in later years.

SUBJECTS AND METHODS -

. One-day dietary records including the name of dish, constituent foods and their amounts
were self described weekly by each participant for 6 months. Dietary records were coded and
data entered by 5 nutritionists using the Standard Tables of Food Composition in Japan [6].
These tables contain 1882 foods in 18 food groups, with average macro- and micronutrient
values, which were used to estimate individual daily average intake. Daily average
phytochemical or functional food factors (FFF) were estimated using a recently developed FFF
database containing 57 phytochemicals in 278 foods, which can be found at http://www life-
science jp/FFF/seibunfft jsp.
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Individual seasonal average nutrient and FFF values (umol/day/person) were calculated
and analyzed for seasonal differences using the Kruskal-Wallis non-parametric test (FFF values
were not normally distributéd). Monthly FFF intake averages were calculated and used for
graphs of phytochemicals with significant seasonality. Principal component analysis was
performed on a subset of 47 phytochemicals using Varimax rotation with Kaiser Normalization
to identify phytochemical factors in the daily diet records. Phytochemicals with a 90" percentile
of zero over the entire study period were eliminated from the factor analysis. Individual average
phytochemical factor values were calculated for the entire study period, and used in logistic
regression to identify the relationships between phytochemical factors and health conditions.
Models were built using backward stepwise selection (probability for stepwise removal = 0.10).
Odds ratios (OR) are reported as Exp(B) along with 95% C.1. and p-values for all vanables
included in the final model. Dependent binary varnables examined were: hot flash and vasomotor
symptoms (including sweats) during previous 2 weeks; and history of hypertension, diabetes,
allergy, menopausal syndrome, and migraine. Covariates included in each model were 17
phytochemical factors, BMI, age (yrs), and menopausal category (MPcat). Women were
assigned to pre-, peri-, or post-menopausal groups according to their menstrual patterns on
entrance to the study (pre: no change in previous 12 months; peri: change in timing, duration
and/or flow during past 12 months; post: no menstrual bleeding in past 12 months). SPSS
{version 11.5) was used for all statistical analyses. A p-value of less than 0.05 was considered
significant (p < 0.1 was considered a trend).

RESULTS
Subject characteristics

Data from 67 women were analyzed, providing a total of 1528 dietary records spanning
11 months from December 2001 — Qctober 2002. Participants included 18 premenopausal
(26.9%), 38 perimenopausal (56.7%), and 11 postmenopausal (16.4%) women with age ranging
from 45-55 yrs {49.3 + 2.8 yrs). The population averages (mean & SD) were: height 156.5 £
4. 8cm, weight 57.0 + 8 9kg, and BMI 23.3 + 3.7. Fifty-eight women (86.6%) completed 24
weeks of 24-hour dietary records, 62 women {92.5%) completed 9 weeks or more, and 5 women
(7.5%) completed 5 weeks or less. The average energy and nutrient intakes for all 1528 dietary
records are summarized in Table 3.
Phytochemical seasonality

In addition to calculating macro- and micronutrient intake, we calculated the intake of 56
phytochemicals (including 6 carotenoids, 7 sulfur-containing compounds, 21 flavonoids, 3
isoflavones, 4 catechins, 7 anthocyanins, 8 organic acids) and total polyphenols. No significant
seasonality was observed in any nutrient {Kruskal-Wallis non parametric test P = 0.03) with the
exception of folic acid, which ranged from an autumn low of 254.72 £ 59.65 to a winter high of
316.86 £ 107.69 (mean = SD, pmol/day/person). '

" - Significant seasonality was observed in 26 of 57 {45.6%) phytochemicals calculated.
Table 4 shows seasonal means, SD, medians, 90% percentile, and results of the Kruskal-Wallis
nonparametric test. Figure 1 shows monthly means (arranged by chemical class) for the 26
phytochemicals that displayed significant seasonal variation. Phytochemicals displaying a winter
maximum include: isothiocyanate, S-allyl-L-cysteine sulfoxide, S-propyl-L-cysteine sulfoxide,
hesperitin, diosmin, nobiletin, neoponcirin, rutin, (+)-catechin, and caffeic acid. Phytochemicals
exhibiting a spring maximum include: cryptoxanthin, S-methyl-L-cysteine sulfoxide, chrysoeryol,
eriocitrin, rhoifolin, nechespendin, pelargonin, cyanidin, and pelargonidin. Phytochemicals
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reaching their peak intake levels duning summer are the following: lycopene, naringenin, luteolin,
anthocyanidin, benzoic acid analogs, and ferulic acid. Only S-1-propenyl-L-cysteine sulfoxide
displayed an autumn maximum (with secondary maximum in spring) in this study.
Phytochemical factor analysis and relationships to health history

Seventeen phytochemical factors (F1- F17) were extracted from 47 phytochemicals in 16
iterations, and these factors explained 77% of the variance. Factors and their component
phytochemicals are shown in Table §, along with the chemical class and primary foods for each
phytochemical.

Logistic regression models for hypertension, diabetes, allergy, migraine, menopausal
syndrome, and vasomotor symptoms identified relationships between 16 of the 17 phytochemical
factors, age, BMI and MPcat (Table 6). To the extent that current diet reflects past diet in this
population, a negative correlation or an Exp(B) < 1 (or OR < 1) indicates a possible preventive
factor, and a positive correlation between a factor and health outcome, or Exp(B) > 1 (or OR > 1),
1s suggestive of an exacerbating or risk factor.

In the model for hypertension, age and phytochemical F8 and F13 showed OR < 1, while
F6, MPcat, and BMI showed an OR > 1. In the final model for diabetes, F8 and F11 showed an
OR < 1, and F12 showed an OR > 1. Many potentially protective phytochemical factors were
identified for allergy (F1, F8, F10, F17) and migraine (F6, F7, F8,  F14, and F17), while few
factors were positively correlated (F12 for allergy, and F1 and F16 for migraine). Factors
included in the model for menopausal syndrome which had Exp(B) < 1 were F1, F2, and F11,
while F3, F5, F9, and F16 showed Exp(B) > 1 for menopausal syndrome, hot flash, and/or
vasomotor symptoms. Factor 4 and F15 were not included in any of the final models.

DISCUSSION
Phytochemical seasonality

In contrast to a previous study in Japan [7], no significant seasonality was observed in
nutrient intake (with the exception of folic acid), but significant seasonality was found for 26
phytochemicals, suggesting that measures of diet at one or few time points may be misleading if
consumption of biologically active food factors is seasonal — even in industrialized countries
such as Japan. Researchers in nutritional epidemiology are often concemed that within-person
variation in dietary intake (or random fluctuation around a person’s true long-term average) may
distort correlation coefficients, regression coefficients, and relative risks, thereby reducing the
strength of associations [8], but much of this variation may be seasonal and thus non-random.

Sulfur compounds derive from foods such as onion, broccoli, cabbage and daikon that are
generally eaten in the winter in Japan. Many flavonoids such as hesperetin showed a large
increase in winter, and cryptoxanthin showed a large increase in winter and spring, probably due
to consumption of Satsuma mandarin oranges and other citrus fruits such as grapefruit. Lycopene,
which derives mostly from tomatoes, showed a significant increase in summer. Intake of ferulic
acid and anthocyamidin were higher in summer and autumn, probably due to consumption of late
summer vegetables such as eggplant.

Despite literature reports of autumn peaks for dietary and/or plasma phytochemicals such
as beta-carotene [9, 10}, we found an autumn maximum only for S-1-propenyl-L-cysteine
sulfoxide (nor did we find seasonal patterns for beta-carotene). As autumn dietary records were
only collected from 21% of our population, sample size limitations may have prevented the
detection of significant autumnal peaks. When data were reanalyzed without dietary data from
autumn to assess whether there were differences in seasonal means of winter, spring and summer,
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no differences were found (1.e., the same phytochemicals were 1dentified as having significant
seasonality) (data not shown),
Relationships between phytochemical intake and health

Participants with greater intake of sulfur compounds (F8 and F14) were less lhkely to
suffer from hypertension, diabetes, allergy and migraine. These compounds are found primarily
in foods such as onions, broccoli, daikon and cabbage, and showed winter maxima (often more
than double the summer intake). These results suggest that studies carried out during the summer
may underestimate intake of sulfur compounds that may have significant protective effects on
many health conditions. Participants consuming greater amounts of flavonoids (F2, F7, F11,
F13) were less likely to have experienced menopausal syndrome, migraine, diabetes, hot flash
and hypertension (respectively). Flavonoids, many of which exhibit peak intakes in winter and
spring, should be investigated further in terms of their protective benefits. Factors containing
organic acids {deriving from eggplant, komatsuna, sweet corn) and carotenes (from seaweed,’
mandarin orange and red pepper) (F10, F17) also showed negative relationships with allergy and
migrame.

Protective effects of fruits and vegetable intake are well known, but several
phytochemical factors exhibited increased OR for menopausal symptoms and other health
conditions. Catechins (F3), which are found in tea, may exacerbate hot flashes and vasomotor
symptoms and also exhibited a higher OR for diabetes (F12). In Kyoto, where many middle-aged
women practice the traditional Japanese art of ‘tea ceremony’, or drink tea in social groups, tea
intake usually occurs simultaneously with consumption of sweets with very high sugar content.
Thus the apparent connection between diabetes and tea intake, may actually be an indirect
correlation, with the salient food being the sweets consumed at the same time as the tea.
However, BMI was not included in the final logistic regression model for BMI. Myricetin (found
n bananas and black tea) and total polyphenols {F16) showed an increased OR for menopausal
syndrome and history of migraine. Intake of caffeine, which is found in tea and thus correlated
with catechin intake, has been observed to trigger, as well as alleviate and prevent headaches
[11-13]. Participants with a history of menopausal syndrome also reported higher intake of
anthocyanins, found in fruits such as strawberries and limes.

Phytochemicals have evolved to fulfill many functions of plants ranging from
maintenance, reproduction, and defense against herbivores and disease. Given their range of
activity and ecological context, both positive and negative effects on human physiology should
be expected [14]. In this study, several phytochemical factors showed both positive and negative
relationships with different health conditions, suggesting that FFFs exhibit complex interactions
with the human body, and that an individual’s health history should be considered when
recommending intake of various phytochemicals (particularly in supplement form). Factor 1,
containing mostly carotenes deriving from carrot, pumpkin, and moroheiya (Corchorus olitorius),
exhibited a protective relationship against allergy, menopausal syndrome, and hot flashes, but
consumption of such FFFs may increase migraine. Consumption of the 2 sulfur compounds and
1 flavonoid commonly found in onions (F6), appears to be protective against migraine but
contra-indicated for hypertension. Participants with higher intake of 2 organic acids and an
anthocyanin commonly found in eggplant, grapes, burdock, peach, and moroheiya (F9) were
more likely to report previous history of menopausal syndrome, but less likely to have
experienced vasomotor symptoms in the previous 2 weeks. Different results for menopausal
syndrome and vasomotor symptoms support the observation that vasomotor symptoms may not
be a hallmark of Japanese menopausal syndrome as they are in the West [15].
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Soy 1soflavones (F4) were not included in any of the final logistic regression models. The
effects of soy on menopausal symptoms have been widely studied [16-18] and are often used to
promote soy products in the West. Our study, however, did not find any correlation (good or
bad) between soy and menopausal symptoms, but found instead that flavonoids from citrus and
carotenes from carrot and pumpkin were correlated with lower incidence of menopausal
syndrome, and anthocyanins were correlated with higher incidence. While positive correlations
between age and BMI and vasomotor symptoms were expected [19], positive relationships
between consumption of phytochemicals found in tea were not. Tea (particularly green tea
consumed widely in Japan) s often touted for its health effects, but these results suggest that it
may be contraindicated for some health conditions such as vasomotor symptoms at menopause
and possibly diabetes.

In summary, significant seasonality was observed for 26 phytochemicals. Measures of
dietary intake at one time point or in one season may lead to inaccurate estimations of the intake
of important FFF, many of which display significant seasonality and appear to have both positive
and negative relationships with various health outcomes.
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Table 3. Macro- and micronutrient intake
{n = 1528 24-hour dietary records from 67 women)

Mean + SD Median
Intake (g) 167404 + 528.16 1615.44
Energy (kcal) 1712.47 + 41650 1716.50
Energy (kJ) 716159 + 174206 7180.00
Water (g} 1303.09 + 47289 1239.70
Protein (g) 67.26 + 20.81 65.30
Lipid {(g) 5427 + 2189 51.40
Carbohydrate (g} 23011 = 61.04 22710
Ash (g) 1562 + 5.2 1490
Sodium (mg) IN268 £ 134539 302550
Potassium {mg} 242632 + 89411 2301.50
Caleium {mg) 519.30 + 25393 480.00
Magnesium (mg) 25578 + 9406 24150
Phosphorus (mg) 101474 + 333.52 977.00
Iron (mg) 741+ 3 6.90
Zinc {mg) 758 + 273 720
Copper (mg) 107 + 0.4 1.01
Retinol (ug) 24564 + 64464 152.00
Carotene {ug) 319523 + 209984 242400
Vitamin A (ug) ' 78538 + 87436  602.00
Vitamin D {(pg) 730 + 872 400
Vitamin E (mg) 811 + 359 755
Vitamin K (LQ) 21808 + 186.43 155.00
Vitamin Bt (mg) 0.87 + 0.40 Q.78
Vitamin B2 (mg) 1.10 = 0.43 1.06
Niacin {(mg) 16.44 + 7.18 1550
Vitamin B6 (mg) 1.14 + 0.48 1.08
Vitamin B12 (ug) 651 £ 667 420
Folic Acid {ng) 303.08 + 159.80 273.00
Pantothenic Acid {mg) 538 = 1.9 517
Vitamin C {mg)} 9557 + 6526 £0.00
Saturated Fat (g) 1561 + 7869 14.47
Monounsaturated Fat (g} 1837 + 853 17.14
Polyunsaturated Fat {g) 11.82 = 568 10.81
Cholesterol (mg) 31694 + 18665 29150
Water Soluble Fiber (g) 305 £ 1.43 280
Insoluble Fiber (g) 989 + 429 905
Total Fiber (g) 1370 + 583 1260
Soedium Chioride {g) 814 £ 343 7.60
Manganese (mg) 267 = 114 249
Nitrogen (9) 931 £ 3.1 8.98

1 = Retinol equivalents
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Table 5. Phytochemical Factors (extracted from 1528 dietary records)

and their chemical subclasses and primary foods!

Component
Factor Subclass Phytochemicals Primary foods

F1 carotene beta-carotene camot, pumpkin, moroheiya (Corchorus ofiforius L)
carotene lutein pumpkin, moroheiya, cucumber
flavoneid kaempferol kale, komatsuna, moroheiya
carotene alpha-carotene carrot, purple laver (seaweed)

F2 flavonoid poncirin grapefruit
flavonoid neohesperdin grapefruit, sudachi fruit
flavonoid naringenin grapefruit, tomato
flavonoid apigenin parsley, grapefruit, Malabar nightshade
carotene lycopene tomato, watemelon

F3 catechin catechin analog
catechin epigallocatechin tea (sen-cha, oclong tea, ban-cha)
catechin epicatechin tea {sen-cha, ban-cha, oolong tea)

F4 flavonoid daidzein soybeans and soy products {natto, tofu, miso)
flavonoid glycitein soybeans and soy products (natto, tofu, miso)
flavonoid genistein soybeans and soy products {natto, tofu, miso)

F5 anthocyanin pelargonin strawberry
anthocyanin pelargonidin strawbenty, chermies
anthocyanin cyanidin lime, pomegranate

F6 sulfur compound S-1-propenyl-L-cysteine sulioxide  onion
flavonoid quercetin onion, tomato, morcheiya
sulfur compound S-methyl-L-cysteine sulfoxide onion

F7 flavonoid diosmin lemon, Satsuma mandarin orange
flavonoid neoponcinn Satsuma mandarin orange, navel orange, grapefruit
flavonoid nutin buckwheat, Satsuma mandarin orange
flavonoid eriocitrin lemon, navel orange, sudachi fruit

F8 sulfur compound S-aliyl-L-cysteine sulfoxide onion
sulfur compound S-propyl-L-cysteine sulfoxide onion

F9 organic acid ferulic acid eggplant, bread, white rice
anthocyanin anthocyanidin eggplant, grapes
organic acid cinnamic acid burdock, peach, moroheiya

F10 organic acid caffeic acid coffee, eggplant, komatsuna
carotene cryptoxanthin purple laver {seaweed), papaya, Satsuma mandarnin orange
organic acid chlorogenic acid coffee, eggplant, peach

F11 flavonoid narirutin grapefruit, Valencia orange, Satsuma mandarnin orange
flavonoid hesperetin Valencia orange, Satsuma mandarin orange, navel orange

F12 catechin catechin peach, apple
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F13 {flavonoid chrysoeryol
flavonoid luteotin

F14 sulfur compound 4-methylsulfinylbutyl isothiocyanate
sulfur compound isothiocyanate

F15 flavoneid rhoifolin
organic acid protocatechuic acid
organic acid gallic acid

F16 flavonoid myricetin
lotal palyphenols

F17 carotene zeaxanthin
organic acid benzoic acid analog

celery
green and red peppers, sweel peppers

broceaoli
daikon (Japanese radish}, cabbage, wasabi

Satsuma mandarin orange, pummelo, sour oranges
grapes
grapes, pineapple

banana, black tea
fruits and vegetables

purple laver (seaweed), red pepper
sweet com

1 Factor analysis was performed only with phytochemicals with total 50 percentile>0 using 1528 1-day dietary records.

Extraction Methed: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 16 iterations. 17 factors explained 77% of the variance.
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