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Abstract: Recent evidence suggests that voluntary rhythmic movements such as chewing may increase blood serotonin and subsequently brain serotonin, 
which in turn acts to alleviate premenstrual symptoms. In this observational cross-sectional study, we tested the hypothesis that hardness (difficulty of 
chewing) of the habitual diet (i.e. dietary hardness) is associated with decreased premenstrual symptoms. Subjects were 640 female Japanese dietetic 
students aged 18–22 years. Dietary hardness was assessed as an estimate of masticatory muscle activity for the habitual diet (i.e. the difficulty of chewing 
the food). The consumption of a total of 107 foods was estimated by means of a self-administered, comprehensive diet history questionnaire, and 
masticatory muscle activity during the ingestion of these foods was estimated according to published equations. Menstrual cycle symptoms were assessed 
using the retrospective version of the Moos Menstrual Distress Questionnaire, from which total score and subscale scores (i.e. pain, concentration, 
behavioral change, autonomic reactions, water retention, and negative affect) in the premenstrual phase were calculated and expressed as percentages 
relative to those in the intermenstrual phase. Dietary hardness was not associated with total score in the premenstrual phase (P for trend = 0.48). Further, 
no association was seen for any subscale score in the premenstrual phase (P for trend = 0.18–0.91). In conclusion, this preliminary study failed to 
substantiate a hypothesized inverse relationship between hardness of the habitual diet and premenstrual symptoms. Considering the plausibility of the 
putative mechanism, however, further investigation using more relevant measures of chewing and premenstrual symptoms is warranted.
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Introduction
Premenstrual symptoms are characterized by a set 
of behavioral, somatic, and affective symptoms of 
varying severity which occur during the 7–10 days 
prior to the onset of menstruation and subside after the 
beginning of the menstrual flow. Although the etiology 
of premenstrual symptoms is largely unknown, current 
evidence suggests that serotonin may be important in 
the pathogenesis of premenstrual symptoms; reduction 
in brain serotonin neurotransmission is thought to lead 
to mood and behavioral symptoms associated with 
premenstrual symptoms, such as poor impulse control, 
depressed mood, and irritability.1–3 Another line of 
evidence suggests that voluntary rhythmic movements 
such as chewing may increase blood serotonin, and 
subsequently brain serotonin; Mohri and colleagues 
found that blood (platelet poor plasma and whole blood) 
serotonin levels increased in response to chewing.4 
On this basis, chewing might be expected to alleviate 
premenstrual symptoms by increasing brain serotonin, 
although it is unknown whether chewing would affect 
all premenstrual symptoms similarly or affect specifically 
some symptoms. To our knowledge, however, the 
relation between chewing and premenstrual symptoms 
has not been investigated. In this observational 
cross-sectional study, we investigated the associations 
between hardness (difficulty of chewing) of the habitual 
diet (i.e. dietary hardness; an approximate measure 
of habitual chewing) and premenstrual symptoms. 
We hypothesized that dietary hardness is associated 
with decreased premenstrual symptoms.

Methods
subjects
The present study was based on a cross-sectional 
multi-center survey conducted from January to 
March 2007 among female dietetic students from 
11 institutions in Japan. All measurements at each 
institution were conducted according to the survey 
protocol. Staff at each institution explained an outline 
of the survey to potential subjects. Those who agreed 
to participate were then provided detailed written 
and oral explanations of the survey’s general purpose 
and procedure. The protocol of the study was approved 
by the Ethics Committee of the National Institute of 
Health and Nutrition, and written informed consent 
was obtained from each subject, and also from a 
parent for subjects aged  20 years.

A total of 702 Japanese women took part. For the 
present analysis, women aged 18–22 years were selected 
(n = 687). We then excluded women not completing 
the survey questionnaires (n = 1), those not completing 
anthropometric measurements (n = 2), those who had 
been pregnant at any time in the preceding year (n = 3), 
those with diagnosed endometabolic diseases such as 
diabetes and thyroid diseases (n = 4), those currently 
taking oral contraceptives (n = 7) or steroid hormones 
(n = 16), those who had few or no menstruations during 
the preceding year (n = 9), those currently receiving 
dietary counseling from a doctor or dietitian (n = 7), 
and those with extremely low or high reported energy 
intakes (500 or 4000 kcal/day; n = 2). As some 
women fell into more than one exclusion category, the 
final sample comprised 640 women.5

Dietary hardness
Dietary habits during the preceding month were 
assessed using a self-administered, semi-quantitative, 
comprehensive diet history questionnaire (DHQ).6–9 
Responses to the DHQ, as well as those to an 
accompanying lifestyle questionnaire, were checked 
at least twice for completeness by trained survey staff 
(mostly registered dietitians) and, when necessary 
forms were reviewed, with the subject to ensure the 
clarity of answers.

The DHQ is a structured 16-page questionnaire 
that consists of the following seven sections: general 
dietary behavior; usual cooking methods; frequency of 
consumption and amount of selected alcoholic beverages; 
frequency of consumption and semi-quantitative portion 
size of selected food and non-alcoholic beverage items; 
dietary supplements; frequency of consumption and 
semi-quantitative portion size of selected staple foods 
(e.g. rice, bread, and noodles), soup consumed with 
noodles, and miso (i.e. fermented soybean paste) soup; 
and open-ended items for foods consumed regularly 
(at least once/week) but not appearing in the DHQ.6 
The food and beverage items were selected as foods 
commonly consumed in Japan, mainly from a food 
list used in the National Nutrition Survey of Japan, 
and standard portion sizes were derived mainly from 
several recipe books for Japanese dishes.6 Estimates 
of daily intake for foods and beverages (150 items 
in total) and energy were calculated using an ad hoc 
computer algorithm for the DHQ,6,7 based on the 
Standard Tables of Food Composition in Japan.10 
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Information on dietary supplements and data from the 
open-ended questionnaire items were not used in the 
calculation of dietary intake.6

Satisfactory validity of the DHQ with respect to 
commonly studied nutritional factors (e.g. energy-
adjusted nutrient intake) has been shown in several 
previous studies.6–9 Briefly, Pearson correlation 
coefficients were 0.48 for energy, 0.37–0.75 for energy-
providing nutrients, and 0.38–0.68 for other nutrients 
between the DHQ and 3-day estimated dietary records 
in 47 women;6 0.23 for sodium and 0.40 for potassium 
between the DHQ and 24-hour urinary excretion 
in 69 women;8 0.66 between the DHQ and serum 
phospholipid concentrations for marine-origin n-3 
polyunsaturated fatty acids (sum of eicosapentenoic, 
docosapentaenoic, and docosahexaenoic acids) in 
44 women;9 and 0.56 between the DHQ and serum 
concentrations for carotene in 42 women.9

In the present study, dietary hardness was assessed 
as estimated masticatory muscle activity needed for the 
habitual diet (i.e. the difficulty of chewing the food in 
the diet).11 Whereas the habitual diet was assessed by 
DHQ6–9 as described above, estimates of masticatory 
muscle activity for each food in the DHQ were 
obtained from equations published by Yanagisawa and 
colleagues.12 Those authors measured the activities 
of 6 muscle regions (mV⋅s) involved in mastication 
(right and left masseters and anterior and posterior 
temporalis) by using electromyography during the 
ingestion of the same volume (1.3 × 1.3 × 1.3 cm) of 
16 selected foods with various physical properties by 
20 healthy Japanese adults (10 men and 10 women) 
with a mean age of 21 years. They found that 
masticatory muscle activities (mV⋅s/2.197 cm3) were 
highly correlated with the physical properties of foods 
(i.e. firmness, cohesiveness, and strain) as measured 
with a texturometer (GTX-2; ZenkenKKInc, Chiba, 
Japan) and developed the following equations:12

 Masticatory muscle activity = 0.6586 × ln (firmness  
× cohesiveness × strain × 10) - 0.0307
where R2 = 0.89;
 Masticatory muscle activity = 0.2718 × firmness 
+ 0.0335 × strain - 0.0030
where R2 = 0.89; or
 Masticatory muscle activity = 0.3081 × firmness  
+ 0.3300
where R2 = 0.81.

Using the information on the physical properties of 
foods they had measured earlier with a texturometer,13 
Yanagisawa and colleagues12 then estimated 
masticatory muscle activities for a total of 144 
foods according to one of their equations, by using 
the available variables (i.e. firmness, cohesiveness, 
and strain).

They did not, however, cross-validate the 
equations to show their applicability.12 We therefore 
conducted a cross-evaluation11 by using data 
reported by Shiono and colleagues.14 Those authors 
measured the activities of 4 muscle regions (mV⋅s) 
involved in mastication (right and left masseters and 
anterior temporalis, but not posterior temporalis) 
by using electromyography during the ingestion 
of standard-sized bites (2.4–44.5 g) of 46 selected 
foods with various physical properties by 6 healthy 
Japanese adults (3 men and 3 women) aged 
23–27 years. By careful direct matching, information 
on masticatory muscle activities for a total of 18 
foods was available from Shiono and colleagues14 and 
information on physical properties was available from 
Yanagisawa and colleacues.13 Pearson correlation 
coefficient between masticatory muscle activities 
measured by Shiono and colleagues (mV⋅s/g food)14 
and those estimated by using physical property values 
as described by Yanagisawa and colleagues (mV⋅s/g 
food (= mV⋅s/2.197 cm3 divided by 2.197, assuming 
that the density of all foods = 1))12 was 0.88 among 
these 18 foods.11 This high correlation suggests 
the applicability of the equations developed by 
Yanagisawa and colleagues,12 despite the differences 
in masticatory muscles measured and in the amounts 
of foods consumed in the studies of Yanagisawa and 
colleagues12 and Shiono and colleagues.14

During the calculation of dietary hardness, we 
included solid foods only (107 items on the DHQ), 
and excluded liquid foods, including beverages, 
and seasonings, including fats and oils (43 items).11 
We directly matched each of 107 solid food item 
on the DHQ6–9 with foods for which information on 
masticatory muscle activities was available (n = 144 
items) from Yanagisawa and colleagues.12 Foods 
for which masticatory muscle activities had not 
been determined (21 items) were assigned a value 
according to that of a comparable food.11

Because the physical properties (and hence the 
hardness, or difficulty of chewing) of vegetables are 
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greatly influenced by cooking with heat,12 we took 
those influences into account as much as possible.11 
For tomatoes and cucumbers, we used values for raw 
tomatoes and raw cucumbers, respectively, because 
these vegetables are usually consumed without 
heating in Japan. For cabbage, we used a weighted 
mean of a value for raw cabbage and that for boiled 
leafy vegetables (because of a lack of information on 
boiled cabbage), based on the ratio of the observed 
consumption (g/day) of raw cabbage to that of 
cabbage cooked with heat (i.e. 4:6) in 16-day weighed 
dietary records conducted by 92 women (S. Sasaki, 
unpublished observations, 2006). For carrots, we used 
a weighted mean of a value for raw carrots and that 
for boiled carrots, based on the ratio of the observed 
consumption (g/day) of raw carrots to 5 that of carrots 
cooked with heat (i.e. 3:7) in 92 women (S. Sasaki, 
unpublished observations, 2006). For other vegetables, 
we used values adjusted for cooking with heat, given 
that these foods are usually consumed after cooking 
with heat in Japan.

Dietary hardness was calculated as the sum of 
the products of estimated masticatory activities 
(mV⋅s/2.197 cm3) and the volume of food consumed 
(cm3/day) divided by 2.197.11 For the estimation of 
food volume, we simply converted weight in grams 
to weight in cubic centimeters for all of the foods, 
on the assumption that the density of all foods = 1. 
Because the crude value of dietary hardness was 
strongly correlated with energy intake (Pearson 
correlation coefficient: 0.75), the energy-adjusted 
value (mV⋅s/4184 kJ) was used in the present study.11 
Estimates of masticatory muscle activity for the 107 
food items used to calculate dietary hardness have 
been presented previously.11

We could not investigate the relative validity of 
the DHQ in assessing dietary hardness against 16-day 
dietary records, because an insufficient number of 
foods (n = 144 items) with information on hardness 
(i.e. masticatory muscle activity)12 prevented the 
calculation of dietary hardness by 16-day dietary 
records.11

Premenstrual symptoms
Menstrual cycle symptoms during the preceding 
year were assessed using the Japanese version15 
of Magos and colleagues’ modification16 of the 
retrospective version of the Moos Menstrual Distress 

Questionnaire (MDQ).17 The MDQ, incorporated 
into the lifestyle questionnaire, consists of a total of 
45 symptom items,16 which are grouped into eight 
subscales:17 pain, concentration, behavioral change, 
autonomic reactions, water retention, negative 
affect, arousal, and non-specific adverse symptoms 
designed to detect those experiencing symptoms 
(control). Each symptom item was rated by each 
subject on a 5-point scale from 1 (no experience 
of the symptom) to 5 (disabling or incapacitating 
experience of the symptom),15 separately for the three 
menstrual cycle phases [menstrual (during menstrual 
flow), premenstrual (the week before the beginning 
of menstrual flow), and intermenstrual (remainder of 
cycle) phases].17 The MDQ scores were calculated for 
each subscale and the total score (excluding arousal 
and control) for each cycle phase.15,18 The total and 
subscale MDQ scores in the premenstrual phase 
expressed as percentages relative to those in the 
intermenstrual phase were used in the present study.5

other variables
Body height was measured to the nearest 0.1 cm with 
the subject standing without shoes. Body weight 
in light indoor clothes was measured to the nearest 
0.1 kg. Body mass index was calculated as body 
weight (kg) divided by the square of body height (m). 
In the lifestyle questionnaire, the subject reported her 
residential area, which was grouped into one of three 
regions [residential block: north (Kanto, Hokkaido, 
and Tohoku), central (Kinki, Tokai, and Hokuriku), or 
south (Kyushu and Chugoku)]. The residential areas 
were also grouped into three categories according 
to population size (size of residential area: city with 
population 1 million, city with population 1 
million, or town and village). Current smoking 
(yes or no), age at menarche, whether currently 
experiencing menstrual flow, date of the start of 
the last (or current) menstrual flow, usual length 
of the menstrual cycle, and usual number of days 
of bleeding were also self-reported in the lifestyle 
questionnaire. For women who reported irregular 
menstrual cycles, we asked the range of the length of 
cycles and allotted the median as the cycle length.19 
According to information on whether the subject was 
currently menstruating, the date of the start of the last 
menstruation, and the usual length of the menstrual 
cycle, as well as the date the lifestyle questionnaire 
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was completed, the subjects were divided into three 
categories of menstrual cycle phase as at the time of 
the study (menstrual, premenstrual, or intermenstrual 
phases). Physical activity was calculated as the average 
metabolic equivalent-hours per day20 on the basis of 
the frequency and duration of five different activities 
(sleeping, high- and moderate-intensity activities, 
walking, and sedentary activities) over the preceding 
month, as reported in the lifestyle questionnaire.21 
Dietary glycemic index (a measure of carbohydrate 
quality) was calculated by multiplying the contribution 
of each individual food to the daily intake of available 
carbohydrate by the food’s glycemic index value and 
then summing the product, based on a total of 72 
major carbohydrate-containing foods.5

statistical analysis
All statistical analyses were performed using SAS 
statistical software version 9.1 (SAS Institute Inc, 
Cary, NC, USA). Data were presented as mean 
and SD for continuous variables including dietary 
hardness and as percentage for categorical variables. 
Dietary hardness was also described as median and 
range according to quintile of dietary hardness. Using 
the PROC GLM procedure, linear regression models 
were constructed to examine the association of dietary 
hardness (in quintiles) with premenstrual symptom 
scores, and mean (and SE) total and subscale MDQ 
scores in the premenstrual phase were calculated 
by quintiles of dietary hardness after multivariate 
adjustment for potential confounding factors, 
including age, body mass index, residential block, size 
of residential area, current smoking, age at menarche, 
usual length of the menstrual cycle, usual number of 
days of bleeding, menstrual cycle phase at the time 
of the study, physical activity, and dietary glycemic 
index.5 Linear trends with increasing levels of dietary 
hardness were tested by assigning each participant 
a median value for the category and modeling this 
value as a continuous variable. All reported P values 
are two-tailed, and aP value of 0.05 was considered 
statistically significant.

Results
Basic characteristics of subjects are shown in Table 1. 
Mean dietary hardness was 175 (SD: 31) mV⋅s/4184 
kJ. Mean total MDQ score in the premenstrual phase 
relative to that in the intermenstrual phase was 125.6% 

(SD: 34.2%). Selected characteristics according to 
quintile of dietary hardness are shown in Table 2. 
There was a positive association between dietary 
hardness and usual number of days of bleeding. 
Dietary hardness was positively associated with 
dietary glycemic index.

MDQ scores in the premenstrual phase according 
to quintile of dietary hardness are shown in Table 3. 
Because results for the crude and multivariate analyses 
were similar for all variables analyzed, we present hear 
only those derived from the multivariate models. Dietary 
hardness was not associated with total MDQ score in 
the premenstrual phase. Further, no association was seen 
for any of the subscale MDQ scores in the premenstrual 
phase, including pain, concentration, behavioral 

Table 1. Basic characteristics of 640 Japanese women 
aged 18–22 years.

Variable Value
Age (years) 19.7 ± 1.1
Body height (cm) 158.5 ± 5.4
Body weight (kg) 53.7 ± 7.4
Body mass index (kg/m2) 21.4 ± 2.5
Age at menarche (years) 12.3 ± 1.4
Usual length of menstrual cycle 
(days)

31.8 ± 11.1

Usual number of days  
of bleeding

6.1 ± 1.2

Physical activity (total metabolic 
quivalents-hours/day)

33.8 ± 2.8

Dietary glycemic index 65.4 ± 4.0
Dietary hardness (mV⋅s/4184 kJ) 175 ± 31
MDQ total score in premenstrual 
phase (%)b

125.7 ± 34.2

MDQ subscale scores in premenstrual  
phase (%)b

 Pain 132.7 ± 41.6
 Concentration 114.1 ± 33.7
 Behavioral change 129.4 ± 52.1
 Autonomic reactions 106.9 ± 25.8
 Water retention 143.6 ± 58.5
 negative affect 130.4 ± 54.6
aValues are means ± sDs.
bMDQ scores in premenstrual phase were expressed as percentages 
relative to those in the intermenstrual phase.
Abbreviations: MDQ, Menstrual Distress Questionnaire.

Downloaded From: https://complete.bioone.org/journals/Environmental-Health-Insights on 10 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://www.la-press.com


Murakami et al

58 Environmental Health Insights 2009:3

Ta
bl

e 
2.

 s
el

ec
te

d 
ch

ar
ac

te
ris

tic
s 

ac
co

rd
in

g 
to

 q
ui

nt
ile

 o
f d

ie
ta

ry
 h

ar
dn

es
s 

in
 6

40
 J

ap
an

es
e 

w
om

en
 a

ge
d 

18
–2

2 
ye

ar
s.

a

Va
ria

bl
e 

Q
ui

nt
ile

 1
 

(n
 =

 1
28

)
Q

ui
nt

ile
 2

 
(n

 =
 1

28
)

Q
ui

nt
ile

 3
  

(n
 =

 1
28

)
Q

ui
nt

ile
 4

 
(n

 =
 1

28
)

Q
ui

nt
ile

 5
 

(n
 =

 1
28

)
Pb

D
ie

ta
ry

 h
ar

dn
es

s 
(m

V
⋅s

/4
18

4 
kJ

)
13

3 
± 

16
15

9 
± 

6
17

7 
± 

4
19

2 
± 

4
21

7 
± 

19
—

A
ge

 (y
ea

rs
)

19
.6

 ±
 1

.0
19

.7
 ±

 1
.1

19
.8

 ±
 1

.1
19

.6
 ±

 1
.1

19
.7

 ±
 1

.1
0.

22
B

od
y 

m
as

s 
in

de
x 

(k
g/

m
2 )

21
.5

 ±
 2

.5
21

.5
 ±

 2
.4

21
.5

 ±
 2

.6
21

.3
 ±

 2
.5

21
.0

 ±
 2

.7
0.

09
r

es
id

en
tia

l b
lo

ck
0.

63
 

n
or

th
 (K

an
to

, H
ak

ka
id

o,
 a

nd
 T

oh
ok

u)
72

 (5
6.

3)
71

 (5
5.

5)
66

 (5
1.

6)
75

 (5
8.

6)
65

 (5
0.

8)
 

C
en

tra
l (

K
in

ki
, T

ok
ai

, a
nd

 H
ok

ur
ik

u)
36

 (2
8.

1)
34

 (2
6.

6)
37

 (2
8.

9)
31

 (2
4.

2)
41

 (3
2.

0)
 

s
ou

th
 (K

yu
sh

u 
an

d 
C

hu
go

ku
)

20
 (1

5.
6)

23
 (1

8.
0)

25
 (1

9.
5)

22
 (1

7.
2)

22
 (1

7.
2)

s
iz

e 
of

 re
si

de
nt

ia
l a

re
a

0.
33

 
C

ity
 w

ith
 p

op
ul

at
io

n 


1 
m

ill
io

n
15

 (1
1.

7)
17

 (1
3.

3)
16

 (1
2.

5)
25

 (1
9.

5)
25

 (1
9.

5)
 

C
ity

 w
ith

 p
op

ul
at

io
n 


1 

m
ill

io
n

10
9 

(8
5.

2)
10

7 
(8

3.
6)

11
0 

(8
5.

9)
92

 (7
1.

9)
96

 (7
5.

0)
 

To
w

n 
an

d 
vi

lla
ge

4 
(3

.1
)

4 
(3

.1
)

2 
(1

.6
)

11
 (8

.6
)

7 
(5

.5
)

C
ur

re
nt

 s
m

ok
er

s
2 

(1
.6

)
3 

(2
.3

)
6 

(4
.7

)
2 

(1
.6

)
1 

(0
.8

)
0.

57
A

ge
 a

t m
en

ar
ch

e 
(y

ea
rs

)
12

.4
 ±

 1
.5

12
.4

 ±
 1

.5
12

.2
 ±

 1
.3

12
.2

 ±
 1

.2
12

.4
 ±

 1
.6

0.
53

U
su

al
 le

ng
th

 o
f m

en
st

ru
al

 c
yc

le
 (d

ay
s)

33
.4

 ±
 1

5.
2

31
.3

 ±
 1

0.
5

30
.3

 ±
8.

5
31

.8
 ±

 9
.1

32
.3

 ±
 1

0.
8

0.
50

U
su

al
 n

um
be

r o
f d

ay
s 

of
 b

le
ed

in
g

5.
9 

± 
1.

1
6.

1 
± 

1.
1

6.
1 

± 
1.

1
6.

5 
± 

1.
5

6.
3 

± 
1.

1
0.

00
03

M
en

st
ru

al
 c

yc
le

 p
ha

se
 a

t t
im

e 
 

of
 th

e 
st

ud
y

0.
06

 
M

en
st

ru
al

 p
ha

se
20

 (1
5.

6)
24

 (1
8.

8)
24

 (1
8.

8)
27

 (2
1.

1)
27

 (2
1.

1)
 

P
re

m
en

st
ru

al
 p

ha
se

30
 (2

3.
4)

34
 (2

6.
6)

41
 (3

2.
0)

35
 (2

7.
3)

39
 (3

0.
5)

 
In

te
rm

en
st

ru
al

 p
ha

se
78

 (6
0.

9)
70

 (5
4.

7)
63

 (4
9.

2)
66

 (5
1.

6)
62

 (4
8.

4)
P

hy
si

ca
l a

ct
iv

ity
 (t

ot
al

 m
et

ab
ol

ic
 

qu
iv

al
en

ts
-h

ou
rs

/d
ay

)
34

.3
 ±

 3
.9

33
.6

 ±
 2

.1
33

.3
 ±

 1
.5

33
.9

 ±
 3

.0
34

.1
 ±

 2
.8

0.
89

D
ie

ta
ry

 g
ly

ce
m

ic
 in

de
x

63
.6

 ±
 4

.1
65

.0
 ±

 3
.7

65
.9

 ±
 4

.0
66

.3
 ±

 3
.9

66
.4

 ±
 3

.6


0.
00

01
a V

al
ue

s 
ar

e 
m

ea
ns

 ±
 s

D
s 

or
 n

um
be

r o
f s

ub
je

ct
s 

(p
er

ce
nt

ag
es

).
b F

or
 c

on
tin

uo
us

 v
ar

ia
bl

es
, a

 li
ne

ar
 tr

en
d 

te
st

 w
as

 u
se

d 
w

ith
 th

e 
m

ed
ia

n 
va

lu
e 

in
 e

ac
h 

qu
in

til
e 

as
 a

 c
on

tin
uo

us
 v

ar
ia

bl
e 

in
 li

ne
ar

 r
eg

re
ss

io
n;

 fo
r 

ca
te

go
ric

al
 v

ar
ia

bl
es

, a
 M

an
te

l-H
ae

ns
ze

l 
ch

i-s
qu

ar
e 

te
st

 w
as

 u
se

d.

Downloaded From: https://complete.bioone.org/journals/Environmental-Health-Insights on 10 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://www.la-press.com


Dietary hardness and premenstrual symptoms

Environmental Health Insights 2009:3 59

Ta
bl

e 
3.

 M
D

Q
 s

co
re

s 
in

 th
e 

pr
em

en
st

ru
al

 p
ha

se
 a

cc
or

di
ng

 to
 q

ui
nt

ile
 o

f d
ie

ta
ry

 h
ar

dn
es

s 
in

 6
40

 J
ap

an
es

e 
w

om
en

 a
ge

d 
18

–2
2 

ye
ar

s.
a

Va
ria

bl
e 

Q
ui

nt
ile

 1
 

(n
 =

 1
28

)
Q

ui
nt

ile
 2

 
(n

 =
 1

28
)

Q
ui

nt
ile

 3
 

(n
 =

 1
28

)
Q

ui
nt

ile
 4

 
(n

 =
 1

28
)

Q
ui

nt
ile

 5
 

(n
 =

 1
28

)
P 

fo
r 

tr
en

db

D
ie

ta
ry

 h
ar

dn
es

s 
 

(m
V

⋅s
/4

18
4 

kJ
)

13
8 

(6
8–

14
8)

16
0 

(1
49

–1
68

)
17

7 
(1

69
–1

83
)

19
1 

(1
84

–1
98

)
21

1 
(1

99
–3

03
)

M
D

Q
 to

ta
l s

co
re

 (%
)c

12
7.

3 
± 

3.
1

12
4.

0 
± 

3.
0

12
0.

6 
± 

3.
0

12
6.

5 
± 

3.
0

12
9.

9 
± 

3.
0

0.
48

M
D

Q
 s

ub
sc

al
e 

sc
or

es
 (%

)c

 
P

ai
n

13
2.

9 
± 

3.
8

13
1.

4 
± 

3.
6

12
9.

1 
± 

3.
7

13
2.

6 
± 

3.
7

13
7.

5 
± 

3.
7

0.
40

 
C

on
ce

nt
ra

tio
n

11
6.

1 
± 

3.
1

11
4.

2 
± 

3.
0

10
9.

1 
± 

3.
0

11
4.

5 
± 

3.
0

11
6.

8 
± 

3.
0

0.
91

 
B

eh
av

io
ra

l c
ha

ng
e

13
4.

3 
± 

4.
8

12
5.

6 
± 

4.
6

12
2.

2 
± 

4.
7

13
0.

8 
± 

4.
7

13
4.

1 
± 

4.
7

0.
83

 
A

ut
on

om
ic

 re
ac

tio
ns

10
7.

1 
± 

2.
4

10
4.

4 
± 

2.
3

10
3.

5 
± 

2.
3

10
9.

2 
± 

2.
3

11
0.

2 
± 

2.
3

0.
18

 
W

at
er

 re
te

nt
io

n
14

6.
5 

± 
5.

3
14

5.
7 

± 
5.

1
13

6.
5 

± 
5.

1
14

4.
7 

± 
5.

2
14

4.
6 

± 
5.

1
0.

74
 

n
eg

at
iv

e 
af

fe
ct

13
0.

4 
± 

5.
0

12
8.

8 
± 

4.
8

12
4.

2 
± 

4.
9

13
1.

9±
4.

9
13

6.
8 

± 
4.

9
0.

34
a V

al
ue

s 
ar

e 
m

ed
ia

ns
 (

ra
ng

es
) 

fo
r 

di
et

ar
y 

ha
rd

ne
ss

 a
nd

 m
ea

ns
 ±

 s
E

s 
fo

r 
M

D
Q

 s
co

re
s.

 M
D

Q
 s

co
re

s 
in

 t
he

 p
re

m
en

st
ru

al
 p

ha
se

 w
er

e 
ex

pr
es

se
d 

as
 p

er
ce

nt
ag

es
 r

el
at

iv
e 

to
 t

ho
se

 in
 t

he
 

in
te

rm
en

st
ru

al
 p

ha
se

.
b A

 li
ne

ar
 tr

en
d 

te
st

 w
as

 u
se

d 
w

ith
 th

e 
m

ed
ia

n 
va

lu
e 

in
 e

ac
h 

qu
in

til
e 

as
 a

 c
on

tin
uo

us
 v

ar
ia

bl
e 

in
 li

ne
ar

 re
gr

es
si

on
.

c A
dj

us
te

d 
fo

r 
ag

e 
(y

ea
rs

, c
on

tin
uo

us
), 

bo
dy

 m
as

s 
in

de
x 

(k
g/

m
2 , 

co
nt

in
uo

us
), 

re
si

de
nt

ia
l b

lo
ck

 (
no

rth
: K

an
to

, H
ok

ka
id

o,
 a

nd
 T

oh
ok

u;
 c

en
tra

l: 
K

in
ki

, T
ok

ai
, a

nd
 H

ok
ur

ik
u;

 o
r 

so
ut

h:
 K

yu
sh

u 
an

d 
C

hu
go

ku
), 

si
ze

 o
f 

re
si

de
nt

ia
l a

re
a 

(c
ity

 w
ith

 a
 p

op
ul

at
io

n 


1 
m

ill
io

n,
 c

ity
 w

ith
 a

 p
op

ul
at

io
n 


1 

m
ill

io
n,

 o
r 

to
w

n 
an

d 
vi

lla
ge

), 
cu

rr
en

t 
sm

ok
in

g 
(y

es
 o

r 
no

), 
ag

e 
at

 m
en

ar
ch

e 
(y

ea
rs

, 
co

nt
in

uo
us

), 
us

ua
l l

en
gt

h 
of

 th
e 

m
en

st
ru

al
 c

yc
le

 (d
ay

s,
 c

on
tin

uo
us

), 
us

ua
l n

um
be

r o
f d

ay
s 

of
 b

le
ed

in
g 

(c
on

tin
uo

us
), 

m
en

st
ru

al
 c

yc
le

 p
ha

se
 a

t t
he

 ti
m

e 
of

 th
e 

st
ud

y 
(m

en
st

ru
al

, p
re

m
en

st
ru

al
, 

or
 in

te
rm

en
st

ru
al

), 
ph

ys
ic

al
 a

ct
iv

ity
 (t

ot
al

 m
et

ab
ol

ic
 e

qu
iv

al
en

ts
-h

ou
rs

/d
, c

on
tin

uo
us

), 
an

d 
di

et
ar

y 
gl

yc
em

ic
 in

de
x 

(c
on

tin
uo

us
).

A
bb

re
vi

at
io

ns
: M

D
Q

, M
en

st
ru

al
 D

is
tre

ss
 Q

ue
st

io
nn

ai
re

.

change, autonomic reactions, water retention, and  
negative affect.

Discussion
Although the etiology of premenstrual symptoms 
is largely unknown, current evidence suggests that 
they might arise from a decrease in brain serotonin 
neurotransmission.1–3 Another line of evidence 
suggests that chewing may increase blood serotonin 
and subsequently brain serotonin.4 On this basis, 
chewing might be expected to alleviate premenstrual 
symptoms by increasing brain serotonin. Despite 
the putative mechanism, however, we saw no 
evident association between hardness (difficulty of 
chewing) of the habitual diet (i.e. dietary hardness; 
an approximate measure of habitual chewing) and 
premenstrual symptoms in this study of young 
Japanese women. To our knowledge, this study is 
the first to examine the relationship of measures of 
chewing with premenstrual symptoms. The null 
findings may be at least partly explained by several 
limitations of the study, including its novel, as yet 
unvalidated method of assessing dietary hardness, 
reliance on self-reports for assessing premenstrual 
symptoms, and cross-sectional design. Alternatively, 
given that premenstrual symptoms are associated with 
a wide range of physiological and behavioral factors, 
the influence of dietary hardness on symptoms may 
not necessarily be detectable.

Several limitations of the study should be 
acknowledged. First, its cross-sectional nature did 
not permit the assessment of causality owing to the 
uncertain temporality of the association. Second, 
our subjects were selected female dietetic students, 
not a random sample of Japanese women, and thus 
our results might not apply to the general Japanese 
population. Third, the validity of estimated dietary 
hardness is unknown as the method used is novel 
and yet to be established, and the procedure we 
used provides only an approximation of the actual 
hardness of habitual diet.11 Additionally, we used 
estimated dietary hardness as an approximate measure 
of habitual chewing; investigation based on more 
relevant measures of chewing is undoubtedly needed. 
Fourth, premenstrual symptoms were assessed using 
a retrospective questionnaire,17 which may provide 
an inflated estimation of symptom severity and be 
heavily reliant on memory of past menstrual-related 
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symptoms. Fifth, dietary hardness and menstrual 
symptoms were evaluated in different periods, 
namely in the preceding month for the former and in 
the preceding year for the latter, albeit that the results 
did not materially change when analysis was limited 
to women reporting a stable diet with the preceding 
year (n = 526; data not shown). Sixth, although 
adjustments were made for a variety of potential 
confounding factors, residual confounding could not 
be ruled out; in particular, no consideration was given 
to stress.5,22 Finally, the calculation of the statistical 
power, which is needed for presenting null findings, 
was impossible because of the lack of information on 
the effect size.

In conclusion, this preliminary study failed to 
substantiate the hypothesized inverse relationship 
between hardness of the habitual diet and premenstrual 
symptoms. Considering the plausibility of the putative 
mechanism, however, further investigation using 
more relevant measures of chewing and premenstrual 
symptoms is warranted.

Acknowledgments
We thank Chisato Nagata (Gifu University School 
of Medicine) for technical advice regarding 
the Japanese version of the Menstrual Distress 
Questionnaire. We also thank Keika Mine, Yoko 
Hosoi, Mami Itabashi, Tomono Yahata, Asako 
Ishiwaki, and Kyoko Saito (National Institute of 
Health and Nutrition); Ayuho Suzuki and Fumiyo 
Kudo (Chiba Prefectural University of Health 
Science); Naoko Kaba (Kinki University); Yuko 
Hisatomi, Junko Soezima, and Kazumi Takedomi 
(Nishikyushu University); Kanako Muramatsu 
(University of Niigata Prefecture); Maiko Suzuki 
(Mie Chukyo University Junior College); Tsutomu 
Fukuwatari and Junko Hirose (The University 
of Shiga Prefecture); Masako Kato (Mimasaka 
University); Yoko Umeki (Fukuoka Women’s 
University); Seigo Shiga, Hidemichi Ebisawa, and 
Masako Fuwa (Showa Women’s University); and 
Yoko Niida, Satomi Morohashi, Chiaki Shimizu, 
and Naomi Takeuchi (Hokkaido Bunkyo University) 
for data collection.

Sources of Support
This study was supported by grants from the Ministry 
of Health, Labor, and Welfare of Japan.

Disclosures
The authors report no conflicts of interest.

References
 1. Rapkin AJ. The role of serotonin in premenstrual syndrome. Clin Obstet 

Gynecol. 1992;35:629–36.
 2. Steiner M. Premenstrual syndrome and premenstrual dysphoric disorder: 

guidelines for management. J Psychiatry Neurosci. 2000;25:459–68.
 3. Meltzer H. Serotonergic dysfunction in depression. Br  J  Psychiatry. 

1989;155:25–31.
 4. Mohri Y, Fumoto M, Sato-Suzuki I, Umino M, Arita H. Prolonged rhythmic 

gum chewing suppresses nociceptive response via serotonergic descending 
inhibitory pathway in humans. Pain. 2005;118:35–42.

 5. Murakami K, Sasaki S, Takahashi Y, Uenishi K, Watanabe T, Kohri T, et al. 
Dietary glycemic index is associated with decreased premenstrual symptoms 
in young Japanese women. Nutrition. 2008;24:554–61.

 6. Sasaki S, Yanagibori R, Amano K. Self-administered diet history 
questionnaire developed for health education: a relative validation of the 
test-version by comparison with 3-day diet record in women. J Epidemiol. 
1998;8:203–15.

 7. Murakami K, Sasaki S, Takahashi Y, Okubo H, Hirota N, Notsu A, et al. 
Reproducibility and relative validity of dietary glycaemic index and load 
assessed with a self-administered diet-history questionnaire in Japanese 
adults. Br J Nutr. 2008;99:639–48.

 8. Sasaki S, Yanagibori R, Amano K. Validity of a self-administered diet 
history questionnaire for assessment of sodium and potassium: comparison 
with single 24-hour urinary excretion. Jpn Circ J. 1998;62:431–5.

 9. Sasaki S, Ushio F, Amano K, Morihara M, Todoriki T, Uehara Y, et al. Serum 
biomarker-based validation of a self-administered diet history questionnaire 
for Japanese subjects. J Nutr Sci Vitaminol. 2000;46:285–96.

10. Science and Technology Agency. Standard Tables of Food Composition in 
Japan, Fifth Revised and Enlarged Edition. Tokyo, Japan: Printing Bureau 
of the Ministry of Finance, 2005 (in Japanese).

11. Murakami K, Sasaki S, Takahashi Y, Uenishi K, Yamasaki M, Hayabuchi H, 
et al. Hardness (difficulty of chewing) of the habitual diet in relation to body 
mass index and waist circumference in free-living Japanese women aged 
18–22 y. Am J Clin Nutr. 2007;86:206–13.

12. Yanagisawa Y, Tamura A, Teramoto Y, Akasaka M. A classification of foods 
by the amount of masticatory action involved. Shoni  Shikagaku  Zasshi. 
1989;27:74–84 (in io Japanse with English abstract).

13. Yanagisawa Y, Tamura A, Akasaka M, Teramoto Y. A study on the physical 
properties of food and ingestion functions. The 1st report: on objective 
method of measurement of physical properties of foods, and classification 
of foods. Shoni Shikagaku Zasshi. 1985;23:962–83 (in Japanse with English 
abstract).

14. Shiono K, Kai S, Maruta Y, Hinotsume S, Ogura T. Study on the standards 
for evaluation of the amount of masticatory function by the kinds of foods. 
Koku  Eisei  Gakkai  Zasshi. 1986;36:179–88 (in Japanese with English 
abstract).

15. Nagata C, Hirokawa K, Shimizu N, Shimizu H. Soy, fat and other dietary 
factors in relation to premenstrual symptoms in Japanese women. BJOG. 
2004; lll:594–9.

16. Magos AL, Brewster E, Singh R, O’Dowd T, Brincat M, Studd JW. 
The effects of norethisterone in postmenopausal women on oestrogen 
replacement therapy: a model for the premenstrual syndrome. Br J Obstet 
Gynaecol. 1986;93:1290–6.

17. Moos RH. The development of a menstrual distress questionnaire. 
Psychosom Med. 1968;30:853–67.

18. Ross C, Coleman Q, Stojanovska C. Factor structure of the modified Moos 
Menstrual Distress Questionnaire: assessment of prospectively reported 
follicular, menstrual and premenstrual symptomatology. J  Psychosom 
Obstet Gynaecol. 2003;24:163–74.

19. Nagata C, Hirokawa K, Shimizu N, Shimizu H. Associations of menstrual 
pain with intakes of soy, fat and dietary fiber in Japanese women. Eur J Clin 
Nutr. 2005;59:88–92.

Downloaded From: https://complete.bioone.org/journals/Environmental-Health-Insights on 10 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://www.la-press.com


Dietary hardness and premenstrual symptoms

Publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• Yours!  You retain copyright

http://www.la-press.com

Environmental Health Insights 2009:3 61

20. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, Sallis JF, 
et al. Compendium of physical activities: classification of energy costs of 
human physical activities. Med Sci Sports Exerc. 1993;25:71–80.

21. Murakami K, Sasaki S, Takahashi Y, Uenishi K, the Japan Dietetic Students’ 
Study for Nutrition and Biomarkers Group. Dietary energy density is 
associated with body mass index and waist circumference, but not with other 
metabolic risk factors, in free-living young Japanese women. Nutrition. 
2007;23:798–806.

22. Hourani LL, Yuan H, Bray RM. Psychosocial and lifestyle correlates 
of premenstrual symptoms among military women. J  Womens  Health 
(Larchmt). 2004;13:812–21.

Downloaded From: https://complete.bioone.org/journals/Environmental-Health-Insights on 10 Jun 2025
Terms of Use: https://complete.bioone.org/terms-of-use

http://www.la-press.com
http://www.la-press.com

