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fatty acid intake with the subsequent risk of
postpartum depression. The study failed to
substantiate a clear inverse relationship between
these factors but found several suggestive
relationships. Consumption of n-3 polyunsatu-
rated fatty acids, especially docosahexaenoic
acid, in the third quartile was marginally inde-
pendently associated with a decreased risk of
postpartum depression, although the linear
trends were not statistically significant.

The present findings are at variance with
previous epidemiological studies showing an
inverse relationship between fish intake and
postpartum depression or major depressive
symptoms (Hibbeln, 1998,2002; Tanskanen ez al.
2001 a,b; Peet, 2004). The Alpha-Tocopherol
Beta-Carotene Cancer Prevention study found
no measurable association of consumption of
fish or n-3 polyunsaturated fatty acids with
self-reported depressed mood and hospital
treatment for major depression, although a
significant positive dose-response relationship
between fish intake and self-reported depressed
mood was identified (Hakkarainen es al. 2004).
Peet and Horrobin (2002) demonstrated that
a dosage of 1 g/day, but not 2 or 4 g/day, of
eicopentaenoic acid for 12 weeks was effective
in significantly improving depressive symptoms.
The current observations are partially consistent
with these results.

A significant inverse association between
adipose tissue docosahexaenoic acid levels and
depressive symptoms was found in a cross-
sectional study among 139 healthy adults from
the island of Crete (Mamalakis er al. 2002). The
current results for docosahexaenoic acid, which
showed borderline significance regarding the
risk of postpartum depression in comparing
two quartiles, are in partial agreement with this
finding. An inverse association between doco-
sahexaenoic acid intake and postpartum de-
pression may be attributable to the regulation of
serotonergic nervous system function. Plasma
docosahexaenoic acid concentrations were Sig-
nificantly correlated with cerebrospinal fluid
concentrations of 5-hydroxyindoleacetic acid, a
metabolite of serotonin, among healthy subjects
(Hibbeln er al. 1998). Docosahexaenoic acid
may inhibit signal transduction mechanisms
in the human central nervous system (Stoll
et al. 1999). A laboratory study demonstrated
that dietary docosahexaenoic acid altered T-cell
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membrane microdomain composition and sup-
pressed the protein kinase C6 signalling axis in
mice (Fan ez al. 2004).

The present results are incompatible with
the hypothesis that a balance between n-3 and
n-6 polyunsaturated fatty acid metabolism is
important in the manifestation of depression
(Hibbeln & Salem, 1995). The differences
between Japanese and Western diets should
be taken into account when interpreting our
results. A clear protective association of doco-
sahexaenoic acid and fish intake with post-
partum depression may exist in populations
with low fish intake. For example, in 20
Canadian pregnant women, mean intake of
eicosapentaenoic and docosahexaenoic acids
was estimated to be 35 and 82 mg/day respect-
ively (Denomme er al. 2005). The corresponding
figures for our population were 204 and 329 mg
respectively. Unknown active agents in fish
might have interfered with a beneficial effect of
fish or docosahexaenoic acid in the development
of postpartum depression in our population.
For example, methylmercury and dioxins are
accumulated in fish and shellfish through the
marine food web.

A case-control study in China showed no re-
lationship between saturated, monounsaturated
or n-6 polyunsaturated fatty acid levels in red
bloods cells and suicide attempts, although
eicosapentaenoic and docosahexaenoic acid
levels were significantly inversely associated
with suicide attempt risk (Huan et al. 2004).
Mental illnesses such as depression may be an
important cause of suicide. In this context, the
current observations were partially consistent
with these results.

The present study had several methodological
strengths. The prospective design and relatively
high rate of follow-up (86:3%) in this study
minimized the possibility of recall bias or bias
caused by loss of follow-up. Although 135 sub-
jects did not participate in the follow-up survey,
there were no material differences in the dis-
tributions of age, gestation, changes in diet
in the previous month, season when data at
baseline were collected and intake of total fat,
monounsaturated, n-3 polyunsaturated and n-6
polyunsaturated fatty acids, fish, meat and
dairy products as compared to the 867 partici-
pants (data not shown). Compared with non-
participants in the follow-up, participants were
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more likely to report no history of smoking,
high family income, high educational level and
high intake of saturated fatty acids, cholesterol
and eggs and were less likely to be thin, although
these differences would not be so large as
to cause a serious bias. Study subjects were
homogeneous in terms of having the same resi-
dential background. We incorporated extensive
information on potential confounding factors
and adjustments were made for these in data
analysis. However, we were not able to under-
take a comprehensive assessment by controlling
for personal and family psychiatric history,
sociocultural factors and personal and family
relations.

There are several limitations in the present
study that deserve recognition. The diagnosis of
postpartum depression was established with the
EPDS, a self-report rating scale, rather than a
clinician-administered structured diagnostic
interview. The EPDS was originally designed as
a screening test of depressive symptoms within
the previous 7 days. Moreover, the second sur-
vey was conducted at 2-9 months postpartum
even though 89-2% of the subjects took part in
the second survey at 3-4 months postpartum.
Thus, it is difficult to estimate the incidence and
prevalence of postpartum depression accurately.
The disadvantage could bias the magnitude
of the observed effects towards the null due to
non-differential outcome misclassification.

Dietary data were obtained using a self-
administered semi-quantitative dietary assess-
ment questionnaire. As we did not undertake
the assessment of the dietary habits of the sub-
jects, the possibility of misclassification should
be considered. According to validation tests,
the correlation coefficients for nutrient intake
between those estimated from the diet history
questionnaire and those observed by a 3-day
dietary record were 0-75, 0-50, 0-37 and 0-49 for
saturated fatty acids, monounsaturated fatty
acids, polyunsaturated fatty acids and choles-
terol respectively, in women (Sasaki e al. 1998).
A highly positive correlation was also observed
between marine-origin n-3 polyunsaturated
fatty acid intake estimated by the diet history
questionnaire and the corresponding concen-
tration in the serum phospholipid fraction
(r=0-51 and 0-69 in men and women respect-
vely) (Sasaki er al. 2000). Subjects with post-
partum depression might not be aware of the
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ill effects of diet. Such a hypothesis would lead
to bias towards the null. Our diet history ques-
tionnaire was designed to assess recent dietary
intake, that is for 1 month prior to completing
the questionnaire. However, this disadvantage is
likely to be alleviated after adjustment for the
season when data at baseline were collected.
Changes in diet in the past month were con-
trolled for because pregnant females are likely to
change their diet for reasons such as nausea
gravidarum. In this study, there was no signifi-
cant interaction between changes in diet in the
past month and exposures under investigation
in relation to postpartum depression (data not
shown). Potential misclassification associated
with variability across subjects with regard to
the stability of diet during pregnancy is likely to
be negligible. Therefore, negative findings of our
study were unlikely to be ascribed to dietary
assessment during pregnancy.

In the baseline survey, the participation rate
was low in Neyagawa City (17-2%). We were
not able to evaluate the difference between
participants and non-participants in Neyagawa
City because data on personal characteristics
among the non-participants were not available.
In addition, we were not able to calculate the
participation rate of subjects from other areas,
nor were data available on the non-participants
in those areas. The present study subjects were
an unrepresentative sample of Japanese females
in the general population and the present find-
ings may not be generalized. In fact, educational
levels were higher in the present study popu-
lation than in the general population. According
to the 2000 population census of Japan, the
proportions of females aged 30 to 34 years
in Osaka Prefecture with <13, 13-14, 15+ and
unknown years of education were 49-2, 323,
13:6 and 49 % respectively. The corresponding
figures for the current study were 29-7, 424,
27-9 and 0-0% respectively. The absence of a
relationship between intake of fish and n-3
polyunsaturated fatty acids in our data may be
related to the fact that the current study did not
have substantial statistical power.

In conclusion, the current prospective study
failed to verify an inverse relationship between
fish intake and the subsequent risk of post-
partum depression. Larger investigations with
more precise and detailed exposure and out-
come measurements are needed to draw a
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conclusion on whether consumption of fish and
n-3 polyunsaturated fatty acids is preventive
against postpartum depression.
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Abstract

Buackground: Previous studies showed an inverse association hetween folate intake and depression. However, epidemiological
evidence for folate intake and postpartum depression is unavailable. This prospective study examined the relationship of dietary
consumption of folate and B vitamins during pregnancy with the risk of postpartum depression.

Methods: Study subjects were 865 Japanese women. Dietary data were obtained during pregnancy from a validated self-
administered diet history questionnaire. Postpartum depression was defined as present when subjects had an Edinburgh Postnatal
Depression Scale score of 9 or higher between 2 and 9 months postpartum. Adjustment was made for age, gestation, parity,
cigarette smoking, alcohol intake, family structure, family income. education, changes in diet in the previous | month, scason when
data at baseline were collected, body mass index, time of delivery hefore the second survey, medical problems in pregnancy, baby's
sex, and baby's birth weight.

Results: Postpartum depression developed in 121 subjects (14.0%;) 2 to 9 months postpartiun. There was no measurable association
berween intake of folate, cobalamin, or pyridoxine and the risk of postpartum depression. Compared with riboflavin intake in the
first quartile. only riboflavin consumption in the third quartile was independently related to a decreased risk of postpartum
depression (multivariate odds ratio: 0.53, 95% CI: 0.29-0.95. P for trend - 0.55).

Limitations: Personal and family psychiatric history, sociocultural factors, and personal and family relations were not controlled for, The
possibility of misclassification of dietary information during pregnancy should be considered.
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Conclusions: Our results suggest that moderate consumption of riboflavin may be protective against postpartum depression.

€ 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Investigations on a possible role of nutritional factors in
depressive symptoms are becoming morc numerous.
Components of 1-carbon metabolism such as folate and
vitamin B, ; are involved in important processes related to
central nervous system functions (Bjelland et al., 2003a).
A prospective cohort study among Finnish middle-aged
men demonstrated that a lower dictary intake of folate was
significantly associated with an increased risk of a
discharge diagnosis of a depressive disorder (Tolmunen
etal., 2004). In a cross-sectional study using baseline data
from a previously cited cohort study, a significant positive
relationship was observed between lower intake of folate
and depressive symptoms (Tolmunen et al., 2003).
However, no associations were shown between intake of
cobalamin (vitamin By,). pyridoxine (vitamin Bg), or
riboflavin (vitamin B,) and depression (Tolmunen et al.,
2003, 2004). Bjclland et al. (2003b) reported that
hyperhomocysteinemia and the T/T methylenetetrahydro-
folate reductase genotype, but not low plasma folate or
vitamin B> levels, were significantly associated with the
prevalence of depression in approximately 6000 middle-
aged and clderly Norwegians: only in the subgroup of
middle-aged women were plasma folate levels inversely
related to depression. Some studics found low serum or
red blood cell folate concentrations in patients with major
depression (Abou-Saleh and Coppen, 1989; Bottiglieri
ct al., 2000; Camey ct al., 1990; Ghadirian et al., 1980;
Morris et al., 2003). On the other hand, a null (Hvas etal.,
2004) or positive (Lee et al. 1998) relationship of
erythrocyte folate levels with depression was found.
Results regarding an association between scrum vitamin
By, levels and depression are equivocal (Bottighieri et al..
2000; Lindeman et al., 2000; Penninx ct al., 2000; Ramos
et al.. 2004; Tiemeier ct al., 2002). One report suggested
an inverse association between plasma vitamin B, levels
and depressive symptoms (Hvas et al., 2004).

The mother is the only nutrient source for the fetus.
Depletion of crucial nutrients during pregnancy can
adversely affect both mother and infant. In view of the
lack of epidemiological evidence of a relationship of
dictary intake of folate and vitamins B,,. B, and B; with
the risk of postpartum depression, we investigated this
issue using data from the Osaka Maternal and Child Health
Study (OMCHS).
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2. Methods
2.1 Studv population

The OMCHS is an ongoing prospective cohort study
that investigates preventive and risk factors for maternal
and child health problems. The principal objective of the
OMCHS s to clarify risk factors for childhood allergic
disorders. We conducted a baseline survey to obtain
information on prenatal environmental factors from
pregnant women between November 2001 and March
2003. Details of the baseline survey of the OMCHS have
been described elsewhere (Miyake et al., 2005). In brief,
cligible females were those who became pregnant in
Neyagawa City, which is 1 of the 44 municipalities in
Osaka Prefecture, a metropolis in Japan with a total
population of approximately 8.8 million. Of the 3639
cligible females in Neyagawa City, 627 (17.2%) partic-
ipated in this study between November 2001 and March
2003. Eight pregnant females who did not live in
Neyagawa City but who had become aware of the present
study at an obstetric clinic before August 2002 decided by
themselves to participate in this study. Also, there were 77
participants who received explanations regarding the
OMCHS from public health nurses in 6 other municipal-
itics between August 2002 and March 2003, From
October 2002 to March 2003, 290 participants were
recruited from a university hospital and three obstetric
hospitals in three other municipalities; these women were
recommended for participation in the OMCHS by an
obstetrician. A total of 1002 pregnant women gave their
fully informed consent in writing and completed the
bascline survey. Of the 1002 females, 867 mothers
participated in the second survey at 2-9 months postpar-
tum. Two mothers were excluded because of missing data
on the baby’s birth weight. The final analysis comprised
865 subjects. The cthics committee of the Osaka City
University School of Medicine approved the OMCHS.

2.2, Measurements

At baseline, each participant filled out a set of 2 self-
administered questionnaires. Also, a self-administered
questionnaire was used in the second survey. Partici-
pants mailed these completed questionnaires to the data
management center at the time of each survey. Research
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technicians completed missing or illogical data by
telephone interview,

In the bascline survey, we collected mformation on
dietary habits during the previous 1 month by using a
validated self-administered diet history questionnaire.
The structure and validity of the questionnaire were
described in detail elsewhere (Sasaki et al., 1998, 2000).
In this instrument, intake of 147 food items was calculated
using an ad-hoc computer algorithm developed to analyze
the questionnaire. Energy-adjusted intake by the residual
approach was used for the analyses (Willett and Stampfer,
1986). Because only a small number of participants used
calcium (5.3%), vitamin C (5.4%). vitamin B complex
(4.3%), and multivitamin (3.9%) supplements at least
once a week, use of these dictary supplements was not
incorporated into the analysis in this study.

Another self-administered questionnaire at baseline
inquired about age, gestation, parity, smoking habits,
family structure, occupation, family income, education,
weight, height, and changes in diet in the previous
1 month, Body mass index was calculated by dividing
self-reported body weight (kg) by the square of self-
reported height (m).

A self-administered questionnaire in the second survey
included the lapanese version of the Edinburgh Postnatal
Depression Scale (EPDS). The EPDS is a 10-item sclf-
reported scale especially designed to screen for postpar-
tum depression in community samples (Cox et al.. 1987).
" Lach item is scored on a 4-point scale (from 0 to 3) and the
total score ranged from a minimum of 0 to a maximum of
30. The scale rates the intensity of depressive symptoms
present within the previous 7 days. Although Cox and
colleagues (Cox ctal.. 1987) proposcd a cutoff fevel of 10
if the test is to be used for screening purposes in the
postpartum period. a threshold score of 8/9 was found to
detect depression among Japanese women with a
specificity of 93% and sensitivity of 75% (Okano ct al.,
1996). Thercfore, in the present study postpartum
depression was defined as present when subjects had an
EPDS score of 9 or higher. The questionnaire also elicited
information on medical problems in pregnancy and sex,
birth weight, and date of birth of the infant bormn after the
baseline survey.

2.3. Statisticul analvsis

Intake of selected nutrients was categorized at quartile
points based on the distribution among 865 pregnant
women. Age was classified into 3 categories (<29,29-31,
and 32+ years); gestation into 3 (<15, 15-20, and 21+
weeks): parity into 2 (0 and 1-): cigarette smoking into 3
{never, former, and current); family structure into 2
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(nuclear and expanded): occupation into 2 {(outside work
and housewife); family income into 3 (<4,000,000,
4.000,000-5,999,999, and 6,000,000+ yen/yvear); educa-
tion into 3 (<13, 13—14, and 15+ years); changes in diet in
the previous | month into 3 (none or sefdom. slight, and
substantial); scason when data at baseline were collected
into 4 (spring, summer, fall, and winter); time of delivery
before the second survey into 2 (<4 and 4— months);
medical problems in pregnancy into 2 (yes and no);
baby’s sex into 2 (male and female); and baby’s birth
weight into 2 (<2500 and 2500~ g). Body mass index and
energy-adjusted alcohol intake were used as continuous
variables.

Logistic regression analysis was used to estimate crude
odds ratios (ORs) and 953% confidence intervals {Cls) of
postpartum depression in relation to consumption of
selected dietary factors under study. Multiple logistic
regression analysis was used to control for the potential
confounding factors. Trend of association was assessed by
a logistic regression model assigning consecutive integers
(1 to 4) to the levels of the independent variable. Two-
sided P-values less than 0.05 were regarded as statistically
significant. All computations were performed using the
SAS software, version 9.1 (SAS Institute, Inc., Cary, NC).

3. Results

About 30% of subjects were from 29 to 31 years of
age at baschine. Approximately 70% of the women took
part in the baseline survey by the 20th week of gestation
and around half had a parity of 1 or more at bascline.
Infants of 6% of mothers had a birth weight less than
2500 g. There were 24 premature deliveries (24 to
36 weeks of gestation) and 816 babies were born at 37 to
41 weeks of gestation. Mean daily total energy and
energy-adjusted consumption of folate, cobalamin,
pyridoxine, and riboflavin were 7752 kJ, 286.1 pg,
5.7 ug, 1.0 mg, and 1.4 mg, respectively.

Of the 865 mothers, 121 subjects (14.0%) developed
postpartum  depression at 2-9 months postpartum. No
measurable association was observed between intake of
folate. cobalamin, or pyridoxine and the risk of postpartum
depression (Table 1). Adjustment for age. gestation, parity,
cigarette smoking, alcohol intake, family structure, family
income, education, changes in diet in the previous | month,
season when data at baseline were collected, body mass
index, time of delivery before the second survey, medical
problems in pregnancy, baby's sex, and baby’s birth weight
did not appreciably change these findings. Compared with
riboflavin intake in the first quartile, riboflavin consump-
tion in the sccond and third quartiles, but not the fourth
quartile, was significantly related to a decreased risk of
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Table 1
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QOdds ratios and 95% Cls for postpartum depression according to quartile of intake of selected vitamins in 865 women, the Osaka Maternal Child

Health Study. Japan®

Variable® Quartile P for
| B 3 4 trend

Folate

Intake (ug/day) 2048 2554 294.5 377.3

No. of cases 31 25 29 36

Crude odds ratio (95% CI} 1.00 0.78 (0.44- 1.37) 0.93 {0.53-1.60}) 1.19(0.71- 2.01) 0.42

Multivariate odds ratio (95% CI) 1.00 0.81 (0.45--1.45) 0.99 (0.56-1.77) 1.20 (0.68-2.13) 0.40
Cobalamin (vitamin B )

Intake (ug/day) 33 4.6 5.9 8.3

No. of cases 37 29 27 28

Crude odds rato {95% C) 1.00 0.75 (0.44-1.27) 0.09 (0.40--1.18) 0.72(0.42-1.22) 0.20

Muluvariate odds ratio (95% CI) 1.00 0.75 (0.43-1.28) 0.73 (0.41- 1.28) 0.73 (0.42- 1.29) 0.29
Pyridoxine (vitumin Be)

Intake (mg/day) 0.7 0.9 1.0 1.2

No. of cases 32 23 28 38

Crude odds ratio (95% Cl) 1.00 0.69(0.38-1.211 0.86 {0.49- 1.48) 1.22(0.73 - 2.05) 0.32

Multivariate odds ratio {95% C1) 1.00 0.75 (0L.41-1.35) 0.95 (0.53-1.69) 1.30 (0.75--2.28) 0.2
Riboflavin (vitamin B}

Intake (mg/day) 1.0 1.2 1.4 1.7

No. of cases 40 25 22 34

Crude odds ratio (95% CI) 1.00 0.58 (0.33.-0.98) 0.50 (0.28--0.87) 0.82 (0.49--1.35) 0.35

Multivariate odds ratie (95%; Ch 1.00 0.61 (0.34-1.06) 0.53 (0.29--0.95) 0.88 (0.51- 1.50) 0.55

* Values for intake are medians for adjusted energy imake by using the residual method for each quartile.

® The multivariate models included the tfollowing: age (<29, 29--31, and 32+ years), gestation (<15, 15-20, and 21+ weeks), parity (0 and 1+),
cigaretie smoking (never. former. and current). energy-adjusted aleohol intake (continuous). family structure (nuclear and expanded). family income
(<4.000.000. 4,000,000 5.999.999, and 6,000,000+ yen/year). education (< 13, 13~ 14, and 15+ years), changes in diet in the previous | month (none
or seldom. slight, and substantial). season when data at baseline were collected (spring, summer, fall, and winter). body mass index {continuous). time
of delivery before the second survey (<4 and 4= months). medical problems in pregnancy (yes and 10}, baby’s sex (male and female). and baby's

birth weight (<2500 and 2500+ g).

postpartum depression. The inverse relationship was
slightly attenuated after multivariate adjustment: only
riboflavin consumption in the third quartile was indepen-
dently inversely associated with the risk of postpartum
depression (multivariate OR: 0.53, 95% CL: 0.29-~0.95, P
for trend=0.35).

4, Discussion

Folate and cobalamin are involved in the I-carbon
cycle (methylation) that furnishes S-adenosyl-methionine,
the sole methy! donor for a broad range of reactions
nccessary for the synthesis of neuroactive substances, the
formation of membrane phospholipids, and the metabo-
lism of nucleic acids (Alpert et al.. 2000: Bjelland et al.,
2003a). Folate also appears to influence the biosynthesis
of biopterin-dependent neurotransmitters (Alpert et al.,
-2000; Bjelland et al., 2003a). Methyltetrahydrofolate may
have a neuromodulatory role at presynaptic sites by
binding to glutamate receptors (Alpert et al.. 2000;
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Bjelland et al., 2003a). Elevated levels of homocysteine,
resulting from folate deficiency, may play a role in
mediating some of the neuropsychiatric complications
due to folate deficiency (Alpert etal., 2000; Bjelland ctal..
2003a). The synthesis of serotonin and the catechola-
mines is dependent on the metabolite of pyridoxine (Hvas
ct al.. 2004). Riboflavin coenzymes are needed for both
the remethylation and transsulfuration of homocysteine
(Ganji and Kafai, 2004).

In the present study, an inverse relationship between
the mtake of folate, cobalamin, or pyridoxine and the risk
of postpartum depression was not observed. The findings
arc at variance with previous studics that showed an
mverse association between folate intake and depressive
symptoms (Tolmunen et al.. 2003, 2004). We also found
an inverted J-shaped association between riboflavin
intake and postpartum depression. Dictary intake of
riboflavin and folate, but not cobalamin and pyridoxine,
was independently related to decreased concentrations of
scrum homocysteine in the third National Health and
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Examination Survey (Ganji and Kafai, 2004). Hyperho-
mocysteinemia may play a critical role in mediating the
relationship between a lower intake of riboflavin and the
risk of postpartum depression. In this context, our findings
may be in partial agreement with this observation
regarding riboflavin.

The present study had several methodological
strengths. The prospective design and relatively high
rate of follow-up (86.3%) in this study minimized the
possibility of recall bias or bias caused by loss of follow-
up. Study subjects were homogencous in terms of having
the same residential background. Extensive information
on potential confounding factors was adjusted for.
However, we were not able to control for personal and
family psychiatric history, sociocultural factors, and
personal and family relations.

There arc several weaknesses. The diagnosis of
postpartum depression was established with the EPDS.
Moreover, although the sccond survey was conducted at
2-9 months postpartum, a large majority of subjects,
89.2%. participated in the second survey at 3—4 months
postpartum. Thus, it is difficult to cstimate the incidence
of postpartum depression accurately. The conscquence
would introduce a bias toward the null because of
nondifferential outcome misclassification. Dictary data
were obtained using a self-administered semiquantitative
dictary assessment questionnaire, Since we did not assess
the actual dictary habits of the subjects over a long period
of time, the possibility of misclassification should be
considered. Our diet history questionnaire was designed
to assess recent dietary intake, i.c. for 1 month prior to
completing the questionnaire. This disadvantage is likely
to be alleviated after adjustment for the scason when
bascline data were collected, however, Changes in diet in
the past I month were controlled for because pregnant
females are likely to change their diet for reasons such as
nausea gravidarum. We found no significant interaction
hetween changes in diet in the past 1 month or timing of
the baseline assessment and exposures under investiga-
tion inrelation to postpartum depression (data not shown).
Potential misclassification associated with variability
across subjects in terms of the stability of dict during
pregnancy and the timing of the dictary assessment is
likely to be negligible. Thus, negative findings of our
study could not simply mean that diet was assessed at the
wrong time. The study subjects were an unrepresentative
sample of Japanese females in the general population, and
the present findings may not be generalized. In fact.
cducational levels were higher in the present study
population than in the general population. According to
the 2000 population census of Japan, the proportions of
females aged 30 to 34 years in Osaka Prefecture with

years of education of <13, 13~14, 15+, and unknown
were 49.2, 32.3, 13.6, and 4.9%, respectively (Statistic
Bureau, Ministry of Public Management, Home A ffairs.
Posts and Telecommunications, Japan, 2002). The
corresponding figures for the current study were 29.7,
42.4,27.9, and 0.0%, respectively.

This is the first prospective study on intake of folate
and B vitamins and the risk of postpartum depression, Qur
results suggest that moderate riboflavin consumption may
be protective against postpartum depression. However,
these results are preliminary. Further studies with more
precise exposure and outcome measurements are war-
ranted to determine whether moderate consumption of
riboflavin is protective against postpartum depression,
taking into consideration additional factors such as
psychiatric history and sociocultural status.
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Abstract. There have only been a few studies on the role of mineral intake in tooth
loss. We investigated the association between mineral intake and the prevalence of
tooth loss in Japan. We used the baseline data on 1002 pregnant women who were
enrolled in the Osaka Maternal and Child Health Study between November 2001 and
March 2003. Tooth loss was defined as the previous extraction of one ot more teeth.
Nutrient intake was assessed by a validated diet history questionnaire. Prevalence
odds ratios and confidence intervals were estimated by applying a multiple logistic
regression model. The adjusted odds ralio upon comparison of the highest quartile
with the lowest quartile of magnesium intake was 0.64 (95% confidence interval,
0.42-0.99), showing a tendency for an inverse dose-response relationship (p for
linear trend = 0.05). There were no associations between the level of consumption
of calcium, phosphate, iron, zinc, or copper and tooth loss. The present findings
suggest that intake of magnesium is related to reduced prevalence of tooth loss

among young Japanese women.

Key words: cross-sectional study, Japanese women, magnesium, tooth loss

There is a two-way relationship between diet and
oral health: a balanced diet with adequate energy
and nutrients is essential for oral health, and the
condition of the oral cavity may impact an indi-
vidual’s diet and nutritional status [1]. Many previ-
ous studies on the association between tooth loss
and nutrient intake have focused on nutritional defi-
ciency such as decreased consumption of veg-
etables, fruits, dietary fiber and antioxidant nutrients

among the middle-aged and elderly who retain
a few teeth or are edentulous {2-11}. There have been
a few studies on the relationship between tooth loss
and low mineral intake among elderly individuals
[4, 6, 11]. A U.S. cross-sectional study of elderly
people demonstrated that edentulism was associ-
ated with lower consumption of calcium and magne-
sium compared with the respective levels in the den-
tate [6].
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A paucity of information exists on the possible role
that mineral intake plays in oral diseases. In a longi-
tudinal study of black South African children, low
magnesium intake was significantly associated with
caries in deciduous teeth, although no associations
were found for consumption of calcium, iron, phos-
phorus, zinc, or copper [12]. A cross-sectional study
among Swedish adolescents found that iron intake
was inversely associated with the prevalence of den-
tal caries [13]. The Third National Health and Nutri-
tion Examination Survey in the U.S. showed that low
dietary intake of calcium was significantly associ-
ated with severe periodontitis [14]. Freeland and col-
leagues [15] reported that dietary calcium intake was
significantly and inversely associated with the sever-
ity of periodontitis, although no association with
serum concentrations of magnesium was observed
among 80 dental patients. One interventional study
indicated that taking calcium and vitamin D supple-
ments was significantly associated with a lower risk
of tooth loss among the elderly [16]. There has been
no epidemiologic study on the association between
mineral intake and tooth loss in Japan. Therefore, we
examined the relationship between the level of min-
eral intake and tooth loss among pregnant Japanese
women using the baseline data from the Osaka
Maternal and Child Health Study (OMCHS).

Methods

Study population

The subjects of the present study were pregnant
Japanese women who were enrolled in the OMCHS
between November 2001 and March 2003. Details of
the OMCHS were described previously [17, 18].
Briefly, the OMCHS is an ongoing prospective cohort
study that examines preventive factors and risk fac-
tors for maternal and child health problems, such as
allergic disorders. In Japan, when women become
pregnant, they notify the municipality of the domicile
of the conception, and the municipality provides
them with a maternal and child health handbook.
Women who were eligible for the OMCHS were those
who lived in Neyagawa City, a municipality in Osaka
Prefecture, Japan. The Neyagawa City Government
provided all pregnant wcmen with a set of leaflets
explaining our study, an application form, and a self-
addressed and stamped return envelope together
with the maternal and child health handbook. Among
the 3639 women, 627 pregnant women (17.2%) con-
sented to participate in the OMCHS. Eight pregnant
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women who did not live in Neyagawa City but who
became aware of the OMCHS at an obstetric clinic
before August 2002, decided by themselves to par-
ticipate in the OMCHS. Seventy-seven women
received explanations of the OMCHS from public
health nurses in 6 other municipalities from
August 2002 to March 2003, and were enrolled in the
OMCHS. From October 2002 to March 2003, 290
women were recruited from a university hospital and
three obstetric hospitals in 3 other municipalities; it
had been recommended that these women partici-
pate in the OMCHS by an obstetrician. Therefore, a
total of 1002 pregnant women gave written informed
consent to participate in the OMCHS between
November 2001 and March 2003, and completed the
two baseline questionnaires. The ethics committees
of the Osaka City University School of Medicine and
the Osaka Prefectural Institute of Public Health
approved the OMCHS.

Questionnaire

At the time of enrollment in the OMCHS, each partici-
pant filled out two self-administered questionnaires.
The participants mailed the questionnaires to the
data management center. Research technicians con-
pleted missing and illogical data in the question-
naires by telephone inferview.

The first questionnaire was a validated self-
administered diet history questionnaire that was
used to assess dietary habits over the previous one
month. The structure and validity of this question-
naire were described previously [19, 20]. In this
instrument, the intake of 147 food items is calculated
using an ad-hoc computer algorithm that had been
developed to analyze the questionnaire. Energy-
adjusted intake was calculated by the residual
method [21] and used in the analyses.

The second self-administered questionnaire elic-
ited information on age, gestation, parity, smoking
habit, passive smoking at home and at work, family
inconie, education, height, weight, changes in diet in
the previous one month, experience of extraction of
one or more permanent teeth excluding third molars,
and the number of remaining teeth. Tooth loss was
defined as the extraction of one or more teeth. Body
mass index was calculated by dividing body weight
(kg) by the square of the height of the individual (m).

Statistical methods

The study population was divided into quartiles with
regard to the intake of each selected nutrient. The
logistic regression model was used to estimate crude
odds ratios (ORs) and their 95% confidence intervals
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(Cls) for tooth loss relative to intake of selected
minerals. Multiple logistic regression analysis was
used to control for potential confounders. Adjust-
ment was made for age, gestation, parity, cigarette
smoking, passive smoking at home and at work, fam-
ily income, education, changes in diet in the previous
one month, season when data were collected, and
body mass index. Active and passive smoking expo-
sure was controlled for because our previous study
showed a significant positive association between
active and passive smoking status and the preva-
lence of tooth loss [18]. Trend of association was
assessed by a logistic model assigning scores to the
levels of the independent variable. Analyses were
conducted using SAS software (version 9.1, SAS
Institute Inc., Cary, NC, USA). All p-values are
2-tailed. p < 0.05 was considered to be statistically
significant.

Results

The 1002 pregnant women in this study ranged in age
from 15 to 44 years (mean age, 29.8 years; median
age, 30 years) at the time of enrollment in the
OMCHS. Approximately 30% of the subjects were
between 29 and 31 years old (table 1). Approxi-
mately 70% were enrolled by the 20th week of gesta-
tion, and about 50% had a parity of one or more.
Seven hundred two pregnant women (70.1%) had
experienced slight or substantial changes in diet in
the previous one month due to nausea gravidarum
(685 women), maternal and fetal health (107
women), or other reason (10 women). The mean
daily intake of total energy was 6815 kJ. Among the
1002 pregnant women, 256 women (25.5%) had previ-
ously had one or more teeth extracted (table 2).
Table 3 shows the ORs and their 95% Cls for tooth
loss according to the level of consumption of various
minerals. Compared with magnesium intake in the
lowest quartile, its consumption in the highest quar-
tile was significantly associated with a decreased
prevalence of tooth loss, showing a clear inverse
dose-response relationship. After adjustment for the
confounders under investigation, the inverse asso-
ciation remained significant although the linear
trend fell just short of significance (adjusted OR in
the highest quartile: 0.64, 95% CIL 0.42-0.99, p for
linear trend = 0.05). There were no appreciable rela-
tionships between the level of intake of calcium,
phosphate, iron, zinc, or copper and tooth loss.

Discussion

The current cross-sectional study found that intake
of magnesium, but not calcium, phosphate, iron, zinc
or copper, was significantly associated with a
reduced prevalence of tooth loss. The present results
are in partial agreement with a previous study that
found an association between low magnesium intake
and dental caries in children [12], but are not consis-
tent with studies that found that calcium intake was
inversely associated with periodontitis [14, 15]. The
potential underlying mechanism for the observed
inverse relationship between magnesium intake and
the prevalence of tooth loss is not known. Magne-
sium per se may prevent tooth loss. A cross-sectional
study among middle-aged and older U.S. women
showed that magnesium intake was inversely associ-
ated with systemic inflammation [22]. Our previous
study showed a tendency for an inverse relationship
between magnesium intake and the prevalence of
allergic rhinitis in the present subjects [23]. Magne-
sium intake might influence oral health thorough
improving immunocompetence and reducing sys-
temic inflammation. Magnesium deficiency caused
loss of structure of periodontal tissues in adult rats
[24]. On the other hand, the observed inverse asso-
ciation between magnesium intake and tooth loss
may be ascribed to unknown nutritional factors
related to bone metabolism. Magnesium is involved
in bone and mineral homeostasis and is important in
bone crystal growth and stabilization [25]. In a cross-
sectional study of 62 healthy women aged 45-565
years in the U.S., intake of magnesium, potassium,
and alcohol was significantly associated with
increased bone mineral density [26]. There were sig-
nificant linear relationships between the bone min-
eral density at the spine or radius and the total num-
ber of teeth among 329 healthy postmenopausal
women aged 41-71 years [27]. Another possible
explanation is that unknown factors related to mag-
nesium intake produce a spurious inverse associa-
tion between magnesium intake and tooth loss. Min-
eral intake in Japanese people may be associated
with part of a larger pattern of traditional Japanese
dietary customs or behaviors. Legumes and sea-
weed, which are the richest dietary sources of mag-
nesium, are part of the traditional Japanese diet.

In this investigation, we used self-reported tooth
loss as a measure of dental health status. We did not
assess the validity of self-reported tooth loss in our
subjects. However, in several validation studies of
self-reported oral health, there was substantial
agreement between the self-reported and observed
number of remaining teeth regardless of age or sex
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Table 1. Distribution of the baseline characteristics of the 1002 pregnant women,
OMCHS®, Japan".

Factor Number (%) or mean (SD)
Age (years)

<29 380 (37.9)
29-31 299 (29.8)
32+ 323 (32.4)
Gestation (weeks)

<15 3567 (35.0)
15-20 329 (32.8)
21+ 316 (31.5)
Parity of one or more 513 (51.2)
Cigarette smoking

Never 697 (69.6)
Former 121 (12.1)
Cuwrrent ‘ 184 (18.4)
Passive smoking at home

Never 284 (28.3)
Former 224(22.4)
Current 494 (49.3)
Passive smoking at work

Never 344 (34.3)
Former 538 (53.7)
Current 120 (12.0)
Family income (JPYYyear)

< 4,000,000 301 (30.0)
4,000,000-5,999,994 403 (40.2)
6,000,000+ 208 (24.7)
Education (years)

<13 323 (32.2)
13-14 413 (41.2)
15+ 266 (26.6)
Change in diet in the previous one

month

None or seldom 300 (29.9)
Slight 435 (43.4)
Substantial 267 (26.7)
Season when data were collected

Spring 318 (31.7)
Summer 162 (16.2)
Fall 223(22.3)
Winter 299 (20.8)
Body mass index (kg/m?) 21.4(2.8)
Daily nutrient intake"

Total energy (kJ) (3815.3 (1793.8)
Calcium (mg) 556.0 (182.9)
Phosphate (mg) 890.0 (183.8)
Magnesium (mg) 194.4 (49.9)
Iron (mg) 7.5(1.7)
Zinc (ug) 7222.8 (1320.7)
Copper (j1g) 1094.9 (316.9)

* OMCHS, Osaka Ma'ernal and Child Health Study.

Y Characteristics of the women at the time of entry into the OMCHS are shown.
¢ 8D, Standard deviation.

4 JPY, Japanese Yen, US §1 = ¥118.

¢ Nutrient intake was adjusted for total energy intake by the residual method.
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Table 2. Distribution of tooth loss among the 1002 pregnant women, OMCHS®, Japan.

Number of teeth lost

Number of subjects (%)

=W N o O

5+

716 (74.5)
85 (8.5)
57 (5.7)
29 (2.9)
43 (4.3)
12 (4.2)

* OMCHS, Osaka Maternal and Child Health Study.

{28-30]. These results indicated that self-reported
oral status can provide reasonably valid data on the
remaining teeth. Hence, the use of self-reported
tooth loss as a key indicator in epidemiological stud-
ies on dental health can be considered satisfactory.

The strengths of the current study include the
homogeneity of the study subjects in that they con-
sisted of pregnant Japanese women, and the compre-
hensive assessment of potential confounders. All
dietary data were self-reported. However, since we
did not actually observe the dietary habits of the
subjects, there is a possibility of misclassification.
According to the validation study of Sasaki and col-
leagues [19], the correlation coefficients of nutrient
intake between those estimated from the diet history
questionnaire and those observed in a 3-day dietary
record in women were 0.49, 0.59, and 0.40 for cal-
cium, phosphorus, and iron, respectively. The sub-
jects with tooth loss in our study might not be aware
of the possible ill effects of diet. The consequence
would have been underestimation of values in our
results due to nondifferential exposure misclassifi-
cation. Japanese people, as well as European people,
generally like seasonal ingredients in cooking. The
diet history questionnaire used in the OMCHS was
designed to assess recent dietary intake, i.e., the
subject’s diet during the one-month period prior to
filling out this questionnaire. Allowance for the sea-
son when data were collected likely eased this weak-
ness, however. We controlled for changes in the diet
in the past one month because pregnant women are
likely to change their diet for reasons such as nausea
grav-idarum. There are other limitations that may be
of concern. Only 627 (17.2%) of the 3639 eligible
pregnant women in Neyagawa City participated in
the OMCHS. Regarding the remaining 375 subjects in
the OMCHS who live in municipalities other than
Neyagawa City, we can not calculate the participa-
tion rate because data on the exact number of eli-
gible subjects were not available. Qur sample cannot
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be considered representative of Japanese women. In
fact, the educational level of our subjects was higher
than that of the general population according to the
2000 population census of Japan {31]. However, the
prevalence of tooth loss among our subjects (25.5%)
was similar to that among Japanese women aged
25-30 years in a survey of dental diseases conducted
in 1999 (27.3%) [32]. A study on the reasons for
extraction of permanent teeth found that among
Japanese individuals aged 9-35 years the proportion
of extractions resulting from caries, periodontitis,
eruption problems, orthodontic indications, trauma,
and other causes were 51.5%, 6.2%, 21.9%, 5.1%, 0.1%,
and 15.2%, respectively, and that more than 90% of
extractions for eruption problems were third molars
[33]. Among the 256 women with tooth loss, the tooth
loss in more than 50% of the cases likely resulted
from dental diseases although we do not have infor-
mation on the reasons for tooth extraction because
tooth loss was not a principal study outcome of the
OMCHS. However, any outcome misclassification
would likely to have been evenly distributed across
the four categories of the exposures under study.
Consequently, this would have given rise to an under-
estimation of our findings. Information regarding the
point in time at which tooth loss occurred was not
available. Therefore, the time sequence between
mineral intake and tooth loss could not be deter-
mined. Although we adjusted our estimate for a wide
range of potential confounders, we can not rule out
the possibility that our findings were biased by
unmeasured confounders such as the level of oral
hygiene, caries, periodontitis, and oral health behav-
ior including the frequency of toothbrushing and the
pattern of dental visits. Because the outcome vari-
able in our study was tooth loss, which is the ultimate
endpoint of caries and periodontitis, early symptoms
and subclinical symptoms of dental disease could
not be taken into consideration in our estimate. The
consequence would be underestimation of our
results.
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Table 3. Odds ratios for tooth loss by quartiles of intake of minerals, OMCHS?, Japan.

Variable® Prevalence Crude odds ratio Adjusted odds ratio®
(95% CI°) (95% CI)

Calcium

Q1 (368.0) 69/250 (27.6%) 1.00 1.00

Q2 (491.7) T1/251 (28.3%) 1.04 0.70-1.53 1.12 0.74-1.69

Q3 (690.3) 59/250 (23.6%) 0.81 0.54-1.21 0.85 0.55~1.30

Q4 (739.4) 57/251 (22.7%) 0.77 0.51-1.16 0.81 0.563-1.25

p for linear trend 0.12 0.20

Phosphate

Q1(713.1) 74250 (29.6%) 1.00 1.00

Q2 (828.7) 65/251 (25.9%) 0.83 0.56-1.23 0.83 0.55-1.26

Q3 (928.1) 55/250 (22.0%) 0.67 0.45-1.00 0.73 0.47-1.12

Q4 (1085.0) 62/251 (24.7%) 0.78 0.53-1.16 0.78 0.561-1.20

p for linear trend 0.13 0.21

Magnesium

Q1 (150.8) 76/250 (30.4%) 1.00 1.00

Q2 (175.4) 64/251 (25.5%) 0.78 0.53-1.16 0.85 0.57-1.29

Q3 (199.4) 62/250 (24.8%) 0.76 0.51-1.12 0.83 0.55-1.26

Q4 (245.8) 54/251 (21.5%) 0.63 0.42-0.94 0.64 0.42-0.99

p for linear trend 0.03 0.05

Iron i

Q1 (59 73/250 (29.2%) 1.00 1.00

Q2 (7.0) 63/251 (25.1%) 0.81 0.556~1.21 0.80 0.53~1.21

Q3(7.9) 62/250 (24.8% 0.80 0.54-1.19 0.83 0.55-1.26

Q4(9.3) 58/251 (23.1%) 0.73 (0.49-1.09 0.70 0.45-1.07

p for linear trend 0.13 0.14

Zince

Q1 (5936.5) 77/250 (30.8%) 1.00 1.00

Q2 (6816.2) 54/251 (21.5%) 0.62 0.41-0.92 0.68 0.44-1.03

Q3 (7493.8) 64/250 (25.6%) 0.77 0.52-1.14 0.84 0.56-1.28

Q4 (8608.4) 61/251 (24.3%) 0.72 0.49-1.07 0.78 0.561-1.19

p for linear trend 0.21 0.42

Copper

Q1 (819.2) 72/250 (28.8%) 1.00 1.00

Q2 (977.7) 66/251 (26.3%) 0.88 0.60-1.31 0.88 0.59-1.33

Q3 (1104.0) 57/250 (22.8%) 0.73 0.49-1.09 0.72 0.47-1.10

Q4 (1415.8) 61/251 (24.3%) 0.79 0.63-1.18 0.78 0.50--1.20

p for linear trend 0.17 0.17

* OMCHS, Osaka Maternal and Child Health Study.
® Median in each quartile in mg/d (except for zine and cupper; pg/d) that had been adjusted for
energy intake by the residual method, are given in parentheses.
© I, Confidence interval.

¢ Odds ratios were calculated separately for each dietary variable and were adjusted for age (< 29,
29-31, and 32+ yr), gestation (< 15, 15-20, and 21+ weeks), parity (0 and 1+), cigarette smoking
(never, former, and current), passive smoking at home (never, former and current), passive
smoking at work (never, former, and current), family income (< 4,000,000, 4,000,000-5,999,999, and
6,000,000+ JPY/year), education (< 13, 13-14, and 15+ years), changes in diet in the previous one
month (none or seldom, slight, and substantial), season when data were collected (spring, summer,
fall, and winter), and body mass index as a continuous variable.
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Appendix

Space limitations preclude the inclusion as authors of the following members of the Osaka Maternal and Child Health
Study Group:

Hideharu Kanzaki, Mitsuyoshi Kitada, Departiment of Obstetrics and Gynecology, Kansai Medical University; Yorihiko
Horikoshi, Department of Obstetrics and Gynecology. Kansai Medical University Kori; Osamu Ishiko, Yuichiro Nakai,
Junko Nishio, Seiichi Yamamasu. Departiwent of Obstetrics and Gynecology, Osaka City University Graduate School of
Medicine; Jinsuke Yasuda, Departinent of Obstetrics and Gynecology, Matsushita Memorial Hospital; Seigo Kawali,
Department of Obstetrics and Gynecology, Hoshigaoka Koseinenkin Hospital; Kazumi Yanagihara, Yanagihara Clinic;
Koji Wakuda, Department of Obstetrics and Gynecology, Fujimoto Hospital: Tokio Kawashima, Kyohritsu Women's
Clinic; Katsuhiko Narimoto, Ishida Hospital Obstetrics, Gynecology; Yoshihiko Iwasa, Iwasa Women’s Clinic; Katsuhiko
Orino, Orino Lady's Clinie; Itsuo Tsunetoh, Tsunetoh Obstetrics and Gynecology: Junichi Yoshida, Yoshida Clinic;
Junichi Iito, lito Obstetrics and Gynecology Clinic; Takuzi Kaneko, Kaneko Sanfujinka; Takao Kamiya, Kamiya Ladies
Clinic; Hiroyuki Kuribayashi, Kuribayashi Clinic: Takeshi Taniguchi, Taniguchi Hospital; Hideo Takemura, Kosaka
Women's Hospital; Yasuhiko Morimoto, Aizenbashi Hospital.
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