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Table 2. Sociodemographic and other characteristics associated with daily supplement use during pregnancy

Supplement use during pregnancy p-

Characteristics

Odds ratio  (95% CI) ¢ P

Daily users (%) Others (%) value! value
Total 1,076 37.2 62.8
Agel 329+4.1 31.7+45  <0.01 1.06 (1.02-1.09)"  <0.01
Gestational age, weeks <0.01
>28 426 352 451 0.58 (0.32-1.05) 0.07
16-28 523 56.8 47.1 0.95 (0.53-1.70) 0.87
<16 81 8.0 7.8 1.00
Geographical area <0.01
Tohoku 27 2.5 2.5 1.04 (0.36-3.05) 0.94
Kanto 808 81.3 714 1.34 (0.79-2.28) 0.27
Chubu 66 4.8 7.0 1.03 (0.39-2.72) 0.95
Kansai, Chugoku, Shikoku 92 5.0 10.7 0.57 (0.27-1.20) 0.14
Kyushu 83 6.5 8.4 1.00
Education level 0.57
Junior high school, high school 182 15.6 17.8 1.45 (0.93-2.26) 0.10
Junior College, technical school 409 39.8 372 1.18 (0.86-1.61) 0.31
University, graduate college 480 44.6 45.0 1.00
Smoking 0.70
Current, past 231 20.9 22.0 1.05 (0.73-1.51) 0.79
Never 841 79.1 78.0 1.00
Opinion of supplement use during <0.01
pregnancy .
Allowable 504 65.6 36.6 21.0 (4.93-89.8)°  <0.01
Only if absolutely necessary 509 33.9 56.1 6.77 (1.58-28.9)" 0.01
Should not be used at all 51 0.5 7.3 1.00
NTDTrisk <0.01
Understand 624 70.2 51.0 2.81 (1.79-4.40)"  <0.01
Have heard about it 251 19.5 25.6 1.70 (1.04-2.79) 0.03
Do not know 199 10.3 23.4 1.00
Dietary reference intake <0.01
Understand 232 26.6 18.7
Have heard about it 586 52.1 56.0
Do not know 256 21.3 25.3
Dietary balance guide 0.11
Understand 444 45.7 39.1 0.92 (0.60-1.42) 0.71
Have heard about it 445 38.9 433 0.88 (0.58-1.35) 0.56
Do not know 179 154 17.6 1.00
Diet anxiety during pregnancy 0.31
Always 62 5.6 5.9 0.53 (0.25-1.09) 0.09
Often 185 16.7 17.7 0.51 (0.29-0.90)° 0.02
Sometimes 457 42.8 42.8 0.57 (0.35-0.94) 0.03
Occasionally 263 23.0 25.6 0.50 (0.29-0.86)° 0.01
None 101 11.9 8.0 1.00
Number of advisers regarding diet® 1.7+1.0 1.7+£0.9 0.50 1.18 (1.01-1.38)° 0.04
Number of items cared for diet® 4.0+2.1 3.8+2.0 0.20 1.02 (0.95-1.10) 0.54

f Categorical variables: p-values were calculated using the chi-square test. Continuous variables: p-values were calculated using t-tests.

Missing values were excluded.
*Logistic regression analysis.
p-values were calculated using logistic regression analysis.
?Mean + SD.
"' NTD: Neural tube defect.

* Indicates a significant difference at p < 0.05, compared to the reference group

Details of supplement use during pregnancy

Before pregnancy, respondents (n = 806) used supple-
ments such as those containing vitamin C (42.4%), folic
acid (34.7%) and other B vitamins (26.8%), iron (24.7%),
collagen (22.8%), calcium (15.8%), and vitamin E
(13.4%). During pregnancy, on the other hand, of all re-
spondents (n = 810), most used folic acid supplements
(93.8%). The reported non-folic acid-containing supple-
ments contained iron (48.3%), calcium (26.0%), B vita-
mins other than folic acid (22.2%), vitamin C (13.1%),
and others (such as herbal ingredients, protein, fibers, L-
cysteine, green vegetable juice (aojiru), chlorella, brew-

er’s yeast, maca, royal jelly, oyster extract, vegetable
powder, aloe, and plum). The main purposes of dietary
supplement use were “nutritional supplementation”
(44.0%), “beauty” (42.7%) and ‘“health ‘promotion”
(28.0%) before pregnancy, and “health of the fetus”
(80.9%) and “nutritional supplementation” (48.6%) dur-
ing pregnancy.

The characteristics and the details of supplement use
during pregnancy of the “Only folic acid” and “Not only
folic acid” groups were compared. The “Not only folic
acid” group had a higher age (31.7 + 4.4, p<0.01) and a
greater incidence of smoking (26.0%, p = 0.03), whereas
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Table 3. Status of supplement use by pregnant women

n Only folic acid (%) Not only folic acid (%) p-value’
Total 810 34.0 66.0
Frequency of use <0.01
Daily 400 36.7 55.9
Occasional 245 25.8 32.5
Past ) 165 37.5 11.6
Label about pregnancy use*
For pregnancy 406 45.0 53.8 0.02
Available for pregnant woman 225 31.0 26.7 0.20
No label 249 25.8 33.9 0.02
Information source?
Newspapers, magazines, flyers 270 33.5 333 0.96
television, radio 18 2.2 2.3 0.96
Stores 343 38.5 44.8 0.08
Websites 132 18.3 15.4 0.30
Family, friends 213 28.6 254 0.34
Supplier!
Pharmacies 556 72.4 67.4 0.14
Supermarket, convenience store 59 9.1 6.4 0.16
Department store 24 1.5 3.8 0.07
Via mail order 80 4.8 12.6 <0.01
Internet shop 93 7.7 13.5 0.02
Specialty health food store 24 0.7 4.1 0.01
Observed/Noted at purchase’
Mark (as a quality certificate) 107 12.9 13.9 0.70
Extensively marketed 44 6.1 53 0.67
Well-known manufacturer 433 54.4 55.2 0.82
Natural materials 171 21.3 21.9 0.84
Inexpensive 145 20.2 17.5 0.37
Nutritional labels 311 30.0 44.3 <0.01
Without additives 182 25.1 22.1 0.35
Non-allergenic 21 1.5 3.2 0.16
Topical substance 28 3.8 34 0.79
Foods for nutrient function claims 93 11.0 12.2 0.63
Important points when purchasing <0.01
Efficacy 102 8.8 14.8
Safety 665 83.8 83.1
Neither 31 7.4 2.1
Consulted with: ¥
Pharmacist 45 2.6 7.2 0.01
Nutritionist 41 3.3 6.0 0.10
Physician 174 20.1 22.6 0.41
Nurse, midwife 83 10.0 10.6 0.82
Store clerk 30 22 4.5 0.11
Family, friends 251 30.9 31.0 0.97
None 317 43.1 37.9 0.16
Precautions for use?
Observe specified quantity 713 90.8 87.6 0.17
Do not take more than 2 types of supplements 87 11.8 10.3 0.54
Eat regular meals 381 38.6 51.9 <0.01
Nothing in particular 30 2.9 4.1 0.40

+

p-values were calculated using the chi-square test. Missing values were excluded.

¥Multiple answers allowed within the category (% of those who selected).

gestational age, geographical area and education level
were not significantly different from the “Only folic acid”
group (data not shown). The ratio of daily users in the
“Not only folic acid” group was greater than that in the
“Only folic acid” group (Table 3). Many pregnant women
used products labeled as “for pregnancy” or “available for
pregnant women”. However, some used products with no
such label, and the ratio of woman using these products
with no such label was greater in the “Not only folic acid”
group than in the “Only folic acid” group. There were no
significant differences between the two groups with re-
spect to the source(s) of obtained information; the major

LRI

sources were “newspapers, magazines, flyers”,
and “family and friends”.

The products were purchased mainly at pharmacies in
both groups. The “Not only folic acid” group purchased
more via mail order, at internet shops and specialty health
food stores, and was more concerned with the presence of
nutritional labels compared to the “Only folic acid” group.
At the time of purchase, both groups prioritized the im-
portance of safety above all (approximately 83%). How-
ever, the “Not only folic acid” group placed more value
on efficacy compared to the “Only folic acid” group. In
taking supplements, many pregnant women did not seek

stores”,
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consultation from others. Any consultation, if sought, was
with family members and/or friends, and physicians. The
precautions taken for use were “Observe the specified
quantity” in almost 90% of respondents. The ‘“Not only
folic acid” group was more likely to “Eat regular meals”
than the “Only folic acid” group.

DISCUSSION

The present study revealed three problems underlying
supplement use by Japanese pregnant women: the in-
crease in habitual use during pregnancy; a lack of exact
knowledge about appropriate intake timing; and una-
wareness of product safety.

Pregnancy is a state of increased macro- and micronu-
trient requirements. Therefore, the use of dietary supple-
ments is beneficial when sufficient nutrients cannot be
consumed. However, apart from circumstances of malnu-
trition, insufficient evidence is available to support a rec-
ommendation for dietary supplement use in pregnant
women. In this study, we observed that 75% of pregnant
women in Japan took dietary supplements, which was
comparable with that during pre-pregnancy. The utiliza-
tion rate of supplements during pregnancy in this study
was slightly lower than the rate of >80% observed in oth-
er countries,'” but was similar to that among coeval Japa-
nese non-pregnant women.'' We also observed that daily
use of dietary supplements increased approximately two-
fold due to pregnancy, with increases of 34.8% and
24.3% in the frequency and numbers, respectively, and
only 4.8% of women showed a negative opinion on sup-
plement use. These results suggested that pregnant wom-
en are amenable to taking dietary supplements, resulting
in increased dietary supplement use by these women.
Previous studies have shown that dietary supplement us-
ers tend to derive more micronutrients from their diet than
non-users in Japan.'” Habitual supplement use may in-
crease the risk of excessive intake of certain substances
and their adverse effects.

In the present study, five characteristics were signifi-
cantly related to daily supplement use during pregnancy.
These included higher age, higher awareness of NTD risk,
approval of supplement use during pregnancy, lack of diet
anxiety, and greater number of advisers. Other character-
istics, such as gestational age, were not significantly re-
lated. Some studies have shown that higher age and more
knowledge regarding diet were associated with dietary
supplement use during pregnancy,”® and a similar ten-
dency was found in the present study. However, educa-
tion level and awareness of the dietary balance guide
were not associated, and no constant tendency was shown
between daily supplement use and knowledge about diet
(Table 2). These results suggest that, among Japanese
pregnant women, information derived from social interac-
tions may be more influential on habitual supplement use
than knowledge about diet. These results also showed that
those who were daily supplement users during pregnancy
were confident about supplement use, but misunderstood
the appropriate intake timing of folic acid. Because neural
tube closure is complete by 28 days post-conception in
humans,® the Japanese government recommends the in-
take of 400 pg/day of synthetic folic acid from fortified
foods or dietary supplements for all women who plan to

become pregnant starting approximately one month be-
fore pregnancy until the first trimester of pregnancy.’
However, we found that most women began folic acid
supplementation for the “health of the fetus” only after
becoming aware of their pregnancy, and they continued
the supplementation until the mid- or late stages of preg-
nancy. Folic acid intake is useful in preventing NTD in
babies, but may also induce adverse effects. In recent
years, adverse reactions such as increased risk of child-
hood asthma and decreased birth height have been shown
in children whose mothers took folic acid supplements
during pregnancy.'*"* Adverse reactions such as Stevens-
Johnson syndrome and anaphylaxis have also been shown
to occur in pregnant women.'® 7 Therefore, it is neces-
sary to increase the awareness of proper folic acid intake
and NTD risk.

In Japan, folic acid is the only nutrient that is recom-
mended to be taken by pregnant women in a synthetic
form, either from fortified foods or as a dietary supple-
ment. Thus, in this study, we divided the participants into
two categories, namely, those who used folic acid only
and those who used folic acid with others ingredients, to
analyze the survey data. We found that 66% of pregnant
supplement users had taken supplements containing non-
folic acid ingredients, some of which contained herbal
ingredients. Little is known regarding the benefits and/or
detriments of these products. Consumption during preg-
nancy may induce adverse reactions and the attention of
users has been drawn to this point.*’

The present study suggested that pregnant supplement
users did not have adequate understanding of dietary sup-
plements and had excessive expectations of their use; this
expectation may stem from their dietary supplement in-
formation source. Most pregnant women who reported
using dietary supplements during pregnancy had not con-
sulted their physician, and instead obtained their infor-
mation from newspapers, magazines, flyers and stores.
Unfortunately, this information can often be unscientific,
biased towards benefits only, and lack safety warnings
because the information is usually intended for product
promotion.'®*° Non-folic acid supplement users, in par-
ticular, are prone to influence by the available infor-
mation. In this study, non-folic acid users were daily us-
ers, purchased products via mail order and internet shops,
used products not specifically labeled as being safe for
prenatal use, and cited the importance of efficacy more
frequently than only folic acid users (Table 3). When pur-
chasing dietary supplements, most pregnant women prior-
itized the selection of safer products. However, some
women tended to select products with ingredients from
natural sources, so as to avoid synthetic additives. Overall,
the findings indicate that much improvement is needed
for the provision of information regarding the safety of
dietary supplements.

The present research had several limitations. The par-
ticipants of this study were not representative of the entire
pregnant population of Japan because the cooperative
geographical area included in this survey was limited and
the effective response rate was low. A high number of
participants were from the Kanto area because it was
where the majority of the participating hospitals and pub-
lic health centers were located, and because of the high
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population density of the area, where approximately one-
third of the Japanese population is found. Furthermore,
the survey was cross-sectional and did not allow for caus-
al inferences. Finally, we were unable to collect infor-
mation about financial status due to constraints related to
respondent burden. However, to the best of our
knowledge, this is the first report to show dietary supple-
ment use, with respect to folic acid, before and during
pregnancy in Japan.

In conclusion, we found that 37% of Japanese pregnant
women took daily dietary supplements, most of which
contained folic acid (94%), and anticipated potential fetal
health benefits (81%) despite the inappropriate timing of
folic acid intake. We also revealed that the pregnant
women were unaware of safety issues regarding dietary
supplements. Therefore, it is necessary for healthcare
professionals to advise pregnant women about when folic
acid intake is recommended and what health risks are
involved with the different kinds of dietary supplements
available on the market.
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Collecting adverse case reports suspected to be due to health foods and evaluation of the cau-
sality are important to secure safety, even if the causal relationship between health foods and re-
ported health problem is uncertain. Case reports are mainly collected at three sites: public health
centers, practical living information online network system (PIO-NET), and individual companies.
The case reports from the three sources are not dealt with consistently. In this study, we investigat-
ed and characterized those case reports from the viewpoint of evaluating causality, using the cau-
sality association rating methods, namely, the dendritic and pointed methods, which we reported
previously. Information in public health centers comprised 20 reports per year; approximately 40%
were from health care providers and contained detailed medical data. PIO-NET information com-
prised 366 reports per year; 80% were self-reports from users, and few medical details were includ-
ed. Company information covered 1,323 cases from 13 companies; more than 90% were from users
and most of them were complaints. Case reports from public health centers and PIO-NET showed
that the largerst number of victims were female aged >60, with allergy and gastrointestinal symp-
toms. When these case reports from the letter two sources were examined using the causality asso-
ciation rating systems, most were rated as ‘possible” and only a few were rated as “probable”. As
specific case reports from different information sources were examined in this study, we were able
to identify several points that should be improved in our two rating methods. However, to ensure
the safety of health foods, it will be necessary to collect a large number of high-quality case reports
for evaluation by a suitable causality rating method, and to integrate those evaluated case reports

into a single site.
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Fig. 2. Age and sex of persons who reported health prob-

lems associated with health foods.

a) Information from public health centers; b) In-
formation from PIO-NET.
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Fig. 4. Comparison of the three information sources for details relevant to causality assessment of health problems associated

with health foods

*: Significance, versus public health centers. *: Significance, versus PIO-NET
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Fig. 5. Causality assessment of health problems associated with health foods by a dendritic method and two point rating

methods

a) Information from public health centers. b) Information from PIO-NET.
The dendritic method and point rating method (original) are described in refs. 11 and 12, respectively. Point rating
(revised) was a revised method, in which the point rating of question number 3 was changed to +2 from +1 in the

original method.
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Coleus forskohlii Extract Attenuates the Hypoglycemic
Effect of Tolbutamide in vivo via a Hepatic
Cytochrome P450-Mediated Mechanism
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1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8636, Japan;
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This in vive study in rats evaluated whether Coleus forskohlii extract (CFE) taken orally inter-
acted with tolbutamide, a hypoglycemic drug metabolized by CYP2C enzymes. Rats were fed 0%,
0.3%, 1% (w/w) CFE diet for 2 wecks, followed by 0% CFE diet for 1 day. They were then given 40
mg/kg tolbutamide by intragastric gavage. Blood glucose level was determined up to 6 h after tolbu-
tamide administration. CFE treatment increased total CYP content and various CYP subtypes in
the liver. In particular, increases in activity and protein expression were noted for the CYP2B, CY-
P2C, and CYP3A subtypes. CFE treatment dose-dependently attenuated both the hypoglycemic ac-
tion of tolbutamide at 6 h and the plasma concentration of tolbutamide. The activity of (S)-warfarin
T-hydroxylase, a CYP2C enzyme was negatively corrclated with plasma tolbutamide level, which
also showed a negative correlation with the reduction of blood glucose level. These results indicate
that CFE induced hepatic CYPs in rats and attenuated the hypoglycemic action of tolbutamide via

a hepatic CYP2C-mediated mechanism.
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mic action

Introduction

As consumers tend to believe that natural remedies
are safe, herbal and dietary supplements are often used
with prescribed drugs without disclosure to health care
providers, even by patients with chronic conditions'.
Herb—drug interactions are well characterized for some
herbs, such as St. John's wort, which induces cyto-
chrome P450 (CYP) and the intestinal transporter p-gly-
coprotein, thereby attenuating the pharmacological ac-
tion of various prescribed drugs?. However, little is
known about other herbs. To ensure the safe use of pre-
scription drugs, it is important to elucidate whether
herbal ingredients interact with the drugs.

Coleus forskohlii is native to India, where it has been
used for centuries in Ayurvedic medicine to treat various
diseases of the cardiovascular, respiratory, gastrointesti-
nal, and central nervous systemsg). It contains a diter-
pene, forskolin, which is well known to increase c-AMP
concentration via activation of adenylate cyclase, result-
ing in various pharmacological actions™”. Therefore,
Coleus forskohlii extract (CFE) standardized to 10%
(w/w) forskolin is generally used as an ingredient in di-
etary supplements. Currently, CFE is used worldwide as

*umegaki@nih.go.jp

a weight loss dietary supplement, because forskolin has
been shown to increase both ¢-AMP accumulation and hi-
polysis in fat cells™ ™, and CFE reduces fat accumulation
in ovariectomized rats® and decreases body fat in over-
weight women and obese men™ ',

In previous studies, we showed that feeding CFE to
mice markedly increased the total content and activities
of hepatic CYPs, and the estimated effective dose of CFE
was comparable to the intake from a commercially avail-
able dietary supplement'”. We also reported that CFE
attenuated the anticoagulant action of warfarin via in-
duction of hepatic CYP2C, an enzyme involved in metab-
olism of active (S)-warfarin, and CFE dose-dependently
inhibited CYP2C activity in human and mouse micro-
somes in vitro'. These findings strongly suggested that
CFE would interact with various prescribed drugs.

Inter-species differences in CYPs have been reported,
even between mice and rats'™. It is unclear whether in-
duction of hepatic CYPs by CFE occurs in rats as well as
in mice, and whether interaction of CFE with prescrip-
tion drugs occurs in vivo. Thus, in the present in vivo
study we examined whether CFE treatment induced he-
patic CYPs in rats, and whether it interacted with tolbu-
tamide, a drug generally used to treat type 2 diabetes.
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