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Abstract

Objective: To examine the adequacy and inadequacy of dietary patterns in
pregnant women for which information is absolutely lacking.

Design: Diet was assessed by a validated, self-administered diet history questionnaire
(DHQ). Dietary patterns were extracted from the intake of thirty-three food groups
(g/4184KJ (1000 kcal)), which were summarized from 147 foods assessed with the
DHQ, by cluster analysis. Nutritional inadequacy for selected twenty nutrients in each
dietary pattern was examined using the reference values given in the Dietary
Reference Intakes (DRD for Japanese as the temporal gold standard.

Setting: Japan.

Subjects: Nine hundred and ninety-seven pregnant Japanese women aged 18-43 years.
Results: The three dietary patterns identified were labelled as ‘meat and eggs’ (72 423),
‘wheat products’ (12 371) and ‘rice, fish and vegetables’ (7 203). The ‘rice, fish and
vegetables’ pattern characterized by high intake of rice, vegetables, potatoes, pulses,
fruits, seaweed, fish and miso soup showed significantly the lowest prevalence of
inadequate intake for fifteen nutrients and significantly the highest prevalence of
inadequate sodium intake. In contrast, the ‘wheat products’ pattern characterized by
high intake of bread, noodles, confectioneries and soft drinks showed the highest
prevalence of inadequate intake for fourteen nutrients. The median number of nutri-
ents not meeting the DRI as a marker of overall nutritional inadequacy was eight in the
‘rice, fish and vegetables’ pattern. It was significantly lower at ten in the ‘meat and eggs’
and eleven in the ‘wheat products’ patterns (P<<0-00D).

Conclusions: In pregnant Japanese women, the dietary pattern high in rice, fish,
vegetables, fruit and some others showed a better profile of nutritional adequacy
except for sodium.
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Pregnancy is a critical period during which the diet of
pregnant women reflects not only on her own health
but also on the health of the fetus. There is evidence to
suggest that inadequate nutrition during pregnancy might
have unfavourable long-term effects on the developing
fetus™”. It may be associated with increased risk of CVD,
type 2 diabetes and hypertension in the later life of the
child®. It is therefore important to identify particular
groups with poor nutritional status among pregnant women
in order to give nutrition education for improving their
dietary quality.

Nutritional assessment has traditionally been focused
on a detailed examination of energy and nutrient intakes.
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Many previous studies examined the nutritional quality
(i.e. adequacy or inadequacy) of each nutrient intake
during pregnancy by comparison with country-specific
nutrient recommendations®®. If nutrient intake is inade-
quate or excessive, however, it is necessary to know which
foods are mediating the nutrient supply so that food
supply and nutrition education programmes can be
directed effectively towards changing the dietary pattern”.
Recently, the dietary pattern approach, namely the mea-
surement of overall diet assessed a posteriori using data-
driven techniques such as factor analysis and cluster analysis,
has become an important alternative to the traditional
single-nutrient approach®. The use of the dietary pattern
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approach may help to capture some of the complexity of
the diet that is often lost in nutrient-based analyses. It
is probably able to provide additional information on
formulating evidence-based dietary recommendations"”.
Cluster analysis, which is as popular as factor analysis, is
useful in nutritional studies to identify groups with good
or poor nutritional status because it can create groups of
people with relatively homogeneous dietary patterns. To
our knowledge, however, no study has examined the
nutritional adequacy of the dietary patterns identified by
cluster analysis among pregnant women.

Here, using the baseline data from the Osaka Maternal
and Child Health Study (OMCHS), we evaluated the
nutritional adequacy of the dietary patterns identified by
cluster analysis in a group of pregnant Japanese women
by comparison with the Dietary Reference Intakes (DRI)
for Japanese(w).

Subjects and methods

Subjects and study procedure

The participants were pregnant women who took part in
the baseline survey of the OMCHS, a prospective cohort
study investigating preventive and risk factors for maternal
and child health problems. Details of the baseline survey of
the OMCHS have been published elsewhere'"'*. Briefly,
all pregnant women in Neyagawa City, one of the forty-
three municipalities in Osaka Prefecture, were recruited
between November 2001 and March 2003. Of the 3639
eligible women in Neyagawa City, 627 (17-2 %) participated
in the present survey. In order to increase the sample size,
an additional 375 pregnant women living in other munici-
palities were also enrolled between December 2001 and
November 2003. Baseline assessment of the OMCHS was
primarily conducted using a set of two self-administered
questionnaires. The participants mailed the answered ques-
tionnaire to the data management centre. Research tech-
nicians completed missing or illogical data by telephone
interview. A total of 1002 pregnant women completed the
baseline survey.

For the present analysis, the participants aged <18 years
were excluded (7 5) because indicators of DRI used for
assessments of adequacy were different from those for
participants aged =18 years. Thus, data from 997 pregnant
women aged 18-43 years (gestational age: 5-39 weeks)
were included in the analysis.

The OMCHS was approved by the Ethics Committee of
the Osaka City University School of Medicine. Written
informed consent was obtained from each participant.

Dietary assessment

Dietary habits during the previous month were assessed
using a self-administered diet history questionnaire
(DHQ)"*™'®. This is a 16-page structured questionnaire
that consists of the following seven sections: (i) general
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dietary behaviours; (i) major cooking methods; (iii) consump-
tion frequency and amount of six alcoholic beverages;
(iv) consumption frequency and semi-quantitative portion
size of 118 selected food and non-alcoholic beverage items;
(v) dietary supplements; (vi) consumption frequency and
semi-quantitative portion size of eight staple foods (rice,
bread, noodles and other wheat foods) and miso soup
(fermented soyabean paste soup), with questions on the size
of cups (bowls) usually used for rice and miso soup; and
(viD) open-ended items for local foods consumed regularly
(one or more times per week) but not appearing in the
DHQ. The food and beverage items selected were those
commonly consumed in Japan, mainly from a food list
used in the National Nutrition Survey of Japan, and
standard portion sizes of cups (bowls) for rice and miso
soup were derived mainly from several recipe books for
Japanese dishes™™.

Estimates of dietary intake for foods (150 items in total),
energy and nutrients were calculated using an ad hoc
computer algorithm for the DHQ, which was based on
the Standard Tables of Food Composition in ]ozpcm(m) .
Information on dietary supplements and data from the
open-ended questionnaire items were not used in the
calculation of dietary intake because of the lack of a reliable
composition table for such items in Japan. A more detailed
description of the methods used to calculate dietary intake
and the validity of the DHQ have been published else-
where™™. Nutrient and food intake values were energy-
adjusted using the energy-density model, i.e. the percentage
of energy intake for macronutrients except for protein, and
amount per 4184KJ for protein, micronutrients and foods,
both to reduce the measurement error common with dietary
assessment questionnaires””'® and to avoid biased group-

ing due to variation in body size and energy requirement”,

Determination of nutritional adequacy

To assess the adequacy of nutrient intake, we compared
the nutrient intake estimated by the DHQ to the corre-
sponding dietary reference value according to the DRI,
We show a brief comparison of the DRI for the USA and
Canada"® and Japan"'?, for reference, in Appendix 1. Of
the total thirty-four nutrients presented in the DRI, five
nutrients (biotin, chromium, molybdenum, selenium and
iodine) were excluded from the present study because of
lack of food composition tables for such items in Japan.
In the DRI for pregnant women, nutrient recommenda-
tions are set for some nutrients as increments of the non-
pregnant period because of the many unique changes in
physiology and nutrition needs that occur during preg-
nancy and lactation’”. The detailed reference values for
pregnant women are shown in Appendix 2.

As the DRI for most nutrients are expressed as
amounts per day"'”’, each reference value was energy-
adjusted using the density model (i.e. percentage of
energy intake for macronutrients except for protein and
amount per 4184k]J for protein and micronutrients) in
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accordance with the units of nutrient intake estimated
by the DHQ. The energy-adjusted reference values for
protein and micronutrients were calculated as follows:
energy-adjusted reference value (amount per 4184KkJ) =
reference value (amount/d)/estimated energy requirement
(EER, kJ/d) X 4184 (k]).

For nutrients with an Estimated Average Requirement
(EAR), namely protein, vitamin A expressed as retinol
equivalent (RE), vitamins B; and B,, niacin expressed as
niacin equivalent (computed as niacin (mg) + protein
(mg)/6000), vitamins Bg and By, folate, vitamin C, calcium,
magnesium, iron, zinc and copper’”; observed energy-
adjusted intake levels below the energy-adjusted EAR, used
as a cut-off value, were considered as inadequate. For iron,
the EAR cut-point method cannot be used because of the
seriously skewed distribution of the requirement for men-
struating women'*?”. However, as pregnant women are
not menstruating, the distribution of their iron requirements
approaches symmetry according to previous reports***",
In accordance with previous studies?"*?, we also used the
EAR cut-point method for iron.

In the Japanese DRI the Tentative Dietary Goal
for Preventing Lifestyle-related Disease (DG) is defined
as the average daily nutrient intake level (or ranges) that
Japanese should currently aim to consume primarily
to prevent chronic diseases (e.g. CVD (hypertension,
hyperlipidaemia, stroke and myocardial infarction) and
cancer (especially, stomach cancer)), which basically
corresponds to the Acceptable Macronutrient Distribu-
tion Ranges (AMDR) of the US and Canadian DRI“?
(Appendix 1). The DG is given for total fat, SFA, choles-
terol, carbohydrate, dietary fibre and sodium expressed
as salt equivalent (salt (g/d) =sodium (g/d) X 58-5/23)
(Appendix 2). For these nutrients, energy-adjusted intake
levels outside the range of the corresponding DG were
considered inadequate'®

For nutrients with Adequate Intake (AD such as 7-6
PUFA, n-3 PUFA, vitamin D, vitamin E expressed as
a-tocopherol, vitamin K, pantothenic acid, potassium,
phosphate and manganese, inadequacy of intake cannot
be determined even if their intake levels are less than
the AI'' Therefore, for these nutrients only, the energy-
adjusted intake levels at or above Al were exceptionally
considered as adequate™?.

Assessment of lifestyle variables

Lifestyle variables such as age, gestation, parity, cigarette
smoking, dietary change in the past 1 month, current
occupation, education and household income were
obtained from another questionnaire designed for the
present survey. Age was classified into two categories
(<30 and =30 years); gestation into three categories
(<16, 16-27 and =28 weeks) following the DRI
Parity (0 and =1), cigarette smoking (never, former and
current), dietary change in the previous 1 month com-
pared with non-pregnancy (none or seldom, slight and
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substantial), occupation (housewife and outside work),
participant’s and partner’s education (<13, 13-14 and
=15 years) and household income (<4 000 000, 4 000 000—
5999999 and =6000000 Japanese yen/year) were
assessed.

Physical activity level was obtained from the DHQ,
which queried participants about their occupation and
leisure-time activity. One answer was chosen from four
categories (low, relatively low, moderate and heavy
physical activity leveD), which reference to the Recom-
mended Dietary Allowance for Japanesé*>. This classifi-
cation was revised from four to three categorizations
by combining the heavy and moderate levels according
to the DRI®?. In accordance with the revision, the cate-
gories were considered to be level T (low), level II
(moderate) or level III (high), and were then used to
obtain the EER for the individual'®** . Current supple-
ment use was also obtained from the DHQ.

Statistical analysis
Before analysis, food items were grouped together to
reduce complexity. The grouping scheme was generally
based on the principles of similarity of nutrient profiles
and culinary usage of the foods, mainly according to the
food composition tables of Japanese foods'®, and clas-
sification of food groups used in the National Nutrition
Survey in Japan®”. Of the total 150 food items included
in the DHQ, three items (nutritional supplement bars,
soup of the noodle and drinking water) were difficult to
group or rarely eaten. They were therefore omitted from
the study. Finally, 147 food items included in the DHQ
were classified into thirty-three food groups (Table 1).
To remove the extraneous effect of variables with large
variances, we standardized intake of energy-adjusted food
group to a mean of zero and standard deviation of one.
Cluster analysis was performed using the FASTCLUS
procedure in the SAS statistical software package version
9-1 (SAS Institute Inc., Cary, NC, USA)®®. This procedure
applies the K-means method to classify participants into a
predetermined number of mutually exclusive groups by
comparing Euclidean distances between each participant
and each cluster centre in an interactive process until no
further changes occur. To identify the optimal number
of clusters, several runs were conducted varying the
number of clusters from two to six. The final cluster
solution was selected by comparing the ratio of between-
cluster variance to within-cluster variance divided by the
number of clusters. Based on these determinations and on
the nutritional meaningfulness of clusters, we selected the
three-cluster solution as the most appropriate number.
The median differences in the intake of energy-adjusted
food groups and nutrients across clusters were examined
by the Kruskal-Wallis test. To examine the nutritional
inadequacy of nutrient intake of each dietary pattern, we
estimated the percentage of participants whose intake was
below the EAR or outside the DG. The nutrients with a set
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Table 1 The thirty-three food groups used in the present study for dietary pattern analysis

Food groups

Food items*

Rice

Bread
Noodles
Potatoes
Nuts
Pulses

Sugar
Confectioneries

Butter
Vegetable oil
Fruits

Green and yellow vegetables
White vegetables

Pickled vegetables
Mushrooms

Seaweeds

Alcoholic beverages
Fruit and vegetable juice
Soft drinks

Japanese and Chinese tea
Tea

Coffee and cocoa

Dairy products

Fish

Shellfish
Sea products

Chicken

Beef and pork

Processed meat

Eggs

Miso soup

Other soup

Salt-containing seasonings

Well-milled rice, rice with barley (70 % rice and 30 % barley), rice with germ, half-milled rice, 70 % milled
rice, brown rice

White bread, butter-roll, croissant, pizza, cornflakes, Japanese-style pancakes

Japanese noodle (buckwheat/Japanese wheat noodle), instant noodles, Chinese noodles, pasta, spaghetti

White potatoes, French fries, sweet potatoes, taro, konnyaku

Peanuts, other types of nuts

Tofu (soyabean curd), tofu products such as atsuage (deep-fried tofu cutlet), ganmodoki (deep-fried tofu
burger), aburaage (deep-fried tofu pouch), natto (fermented soyabeans), cooked beans, miso as seasoning

Sugar for coffee and tea, sugar for cooking, jam, marmalade

Japanese sweetened bun, hot-cake, potato chips, senbei and arare (rice snacks), crackers, salted
snacks, Japanese sweets with or without azuki-beans, cakes, hard cookies, soft cookies, chocolates,
candies, caramels, chewing gums, jellies, doughnut, ice cream

Butter

Margarine, vegetable oils, salad dressings with oil, mayonnaise

Oranges, grapefruits, bananas, apples, strawberries, grapes, peaches, pears, kiwifruits, persimmons,
melons, water melon, raisons, canned fruits

Carrots, pumpkins, tomatoes, green pepper, broccoli, lettuce, green leafy vegetables such as spinach

Cabbage, cucumber, Chinese cabbage, bean sprouts, Japanese radish, onion, cauliflower, aubergine,
burdock, lotus root

Salted pickles, umeboshi (pickled and dried plum), kimchi (Korean pickles)

Shiitake mushroom, shimeji mushroom, enoki mushroom

Wakame seaweed, purple laver, brown algae

Beer, sake (rice wine), shochu (distilled spirits), chuhai (shochu highball), whisky, wine

Vegetable juice, tomato juice, 100 % fruit juice, sweetened fruit drinks (50 % fruit)

Cola, non-fruit juices, soft drinks without sugar such as sports beverages, lactic acid bacteria beverages

Green tea, oolong tea, barley tea

Black tea

Coffee, cocoa

Whole milk, low-fat milk, skim milk, yoghurt, cheese, cottage cheese, coffee cream

Eel, fish with white meat (sea bream, flatfish, cod and others), fish with a blue back (mackerel, sardine,
herring and others), fish with red meat (tuna, salmon, skipjack)

Shrimp, squid, octopus, oysters, other shellfish

Dried fish, small fish with bones, canned tuna, fish eggs, boiled fish in soya sauce, salted guts, surimi
(ground fish meat) products

Chicken, liver

Beef, pork, ground beef/pork

Ham, sausage, bacon, salami

Eggs

Miso (fermented soyabean paste) soup

Corn soup, Chinese soup

Table salt, salt and salt-rich seasonings used during cooking, soya sauce, non-oil dressings, curry or
stew roux

*Foods listed were from a self-administered diet history questionnaire.

Al were excluded from the calculation of the prevalence of
inadequacy because no firm conclusion could be drawn
on inadequacy if usual intake was less than A% The
X° test was used to examine differences between variables
expressed as a proportion, such as lifestyle variables and
the prevalence of inadequacy.

To assess the overall nutritional inadequacy of each
participant, we counted the number of nutrients that did
not meet the DRI among fourteen and six nutrients with an
EAR and a DG, respectively, in accordance with previous
studies””*®. The nutrients with an AI were excluded
from this analysis because of the reason mentioned above.
Therefore, this number ranged from 0 (meeting all twenty
DRI recommendations) to 20 (meeting none of the twenty
DRI recommendations).

All statistical analyses were performed using SAS
statistical software version 9-1 (SAS Institute Inc.). A two-
sided P value of 0-05 was considered significant.
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Results

Three clusters of dietary pattern were identified (Table 2).
We descriptively labelled them () ‘meat and eggs’ (n 423;
42-4%); (i) ‘wheat products’ (12 371; 37-2%); and (ii) ‘rice,
fish and vegetables' (7 203; 20-4%) patterns, based on
the food groups predominant in each cluster. The ‘meat
and eggs’ pattern was characterized by significantly higher
median intakes of beef and pork, processed meat, eggs,
coffee and cocoa and dairy products. The ‘wheat products’
pattern was characterized by significantly higher median
intakes of bread, noodles, confectioneries, fruit and vegetable
juice and soft drinks. The ‘rice, fish and vegetables’ pattern
was characterized by significantly higher median intakes of
rice, potatoes, pulses, fruit, green and yellow vegetables,
white vegetables, pickled vegetables, mushrooms, seaweeds,
Japanese and Chinese tea, fish, shellfish, sea products,
chicken, miso soup and salt-containing seasonings.
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Table 2 Daily energy-adjusted intakes of thirty-three food groups (g/4184 kJ) assessed with a self-administered diet history questionnaire
across the three dietary patterns identified among 997 pregnant Japanese women aged 18-43 years

Dietary pattern*

All Meat and eggs Wheat products Rice, fish and vegetables
(n 997) (n 423) (n 371) (n 203)
Food group Median IQR Median Median IQR Median IQR P valuet
Rice 130-0 98,165 124-0 95,150 1350 93, 171 146-0 109, 185 <0-001
Bread 34-3 225,467 344 252,449 395 278,555 237 12-3, 339 <0-001
Noodles 36:0 184,574 348 188,524 399 184,662 32-8 17-3, 55-1 0-020
Potatoes 11-8 8-0, 17-8 121 8:7,17-2 9-4 6-6, 13-0 19-5 11-8, 28-6 <0-001
Nuts 0-0 00,04 0-0 00,04 0-0 00,04 0-0 0-0, 07 0-006
Pulses 194 111,293 22:3 145,315 11-4 66,184 28-9 20-6, 44-4 <0-001
Sugar 6:0 4582 6:3 48,91 53 38,75 67 51,79 <0-001
Confectioneries 37-6 25-5, 521 338 235,458 503 359,711 275 18-7, 39-1 <0-001
Butter 0-1 0-0, 0-6 02 00,07 0-0 00,05 0-2 0-0, 0-6 0-016
Vegetable oil 120 90,155 13-4 105,168 10-8 7-8,13:8 11-4 84, 15-2 <0-001
Fruits 48-2 26-8,80-7 44-8 275,708 45-1 227,799 65-7 35-4, 920 <0-001
Green and yellow vegetables ~ 32-3 20-9,48-7 36-3 25-9,51-0 222 14.7,31-8 517 34-9, 775 <0-001
White vegetables 40-2 27-9,55-8 440 350,572 281 19:9,639-2 60-6 420, 80-2 <0-001
Pickled vegetables 2-5 11,60 2-8 1-0, 6-2 2.2 0950 3-3 1-2,7-9 0-003
Mushrooms 3-6 20,79 4-4 2:4,7-8 2-3 1-4, 3-8 9-:0 4-5,14-7 <0-001
Seaweeds 39 2:3,9-3 4-3 27,88 2:6 14,44 12-:0 6-2, 17-9 <0-001
Alcoholic beverages 0-0 00,00 0-0 00,00 0-0 00,00 0-0 0-0, 0-0 0-140
Fruit and vegetable juice 26-2 00,626 188 00,520 338 53,785 22-0 0-0, 54-4 <0-001
Japanese and Chinese tea 310-0 196,475 304-0 199,431 295-0 186, 470 365-0 224, 545 0-002
Tea 111 0-0, 36 111 0-0,384 126 00,375 9-3 0-0, 32-8 0-256
Coffee and cocoa 29-1 0-0, 83 478 57,948 19-2 0-0,734 19-2 0-0, 64-1 <0-001
Soft drinks 14-0 00, 42-3 10-4 00,306 242 21,744 6-0 0-0, 28-2 <0-001
Dairy products 89-2 46-0,127 103-:0 69-2, 145 68-9 31-0, 111 77-4 35-0, 116 <0-001
Fish 11-7 7-3, 16:0 11-9 8:1, 157 89 5-0, 12-5 17-9 13-3, 24-5 <0-001
Shellfish 4-8 24,76 49 27,76 39 1-6, 6-6 61 31, 10-2 <0-001
Sea products 65 3-7,10-4 7-2 4-0, 10-5 4-6 2:4,7-6 10-3 6-1, 15-2 <0-001
Chicken 67 45,124 80 54,144 52 36,81 8-1 51, 14-5 <0-001
Beef and pork 17-5 12-1, 251 21-2  15:0,29:0 144  9-8,20-4 17-3 12-0, 23-2 <0-001
Processed meat 29 17,51 35 22,66 26 15,42 2:2 1-4,4-2 <0-001
Eggs 15-2 8-0, 26-5 209 12.1,29-8 11-8 5-0, 21-1 14-8 7-3, 259 <0-001
Miso soup 37-3 14-2,64-3 358 138,577 27-3 68,525 63-1 36-3, 941 <0-001
Other soup 0-0 00,42 0-0 00,41 0-0 00,34 0-0 0-0, 5:0 0-005
Salt-containing seasonings 6-1 4-5,7-9 6-7 52,84 4.7 36, 6-:0 72 5.7, 89 <0-001

IQR, interquartile range.
*Cluster names were basically based on the food groups with high intakes.

tKruskal-Wallis test was used to test the median differences across clusters. The highest median values are underlined.

Table 3 shows participant characteristics for non-dietary
variables across the three dietary patterns. Participants
with the ‘rice, fish and vegetables’ pattern were more
likely to be current non-smokers, supplement users and
had an older gestational age, higher own education and a
partner with higher education than those with other dietary
patterns. In contrast, participants with the ‘wheat products’
pattern were more likely to be current smokers, few supple-
ment users and had younger gestational age, lower own
education and a partner with lower education. Participants
with the ‘meat and eggs’ pattern had intermediate char-
acteristics between those with the ‘rice, fish and vegetables’
and ‘wheat products’ patterns. Age, parity, dietary change,
physical activity level, occupation and household income
did not differ across the three dietary patterns.

Table 4 shows the median energy-adjusted nutrient
intakes and the prevalences of participants who did not meet
the DRI recommendations across the three dietary patterns
(Table 4). The ‘meat and eggs’ pattern had significantly
higher median intakes of energy, total fat, SFA, cholesterol
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and 73 PUFA, but significantly the lowest median intake
of carbohydrates. However, the ‘meat and eggs pattern
showed significantly higher prevalence of inadequacy in
these nutrients except for 7-3 PUFA among the three dietary
patterns. The ‘wheat products’ pattern had significantly
higher median intake of carbohydrates, but had significantly
lower median intakes of energy and all the nutrients exam-
ined. The ‘wheat products’ pattern showed the highest
prevalence of inadequacy in dietary fibre and all nutrients
with an EAR. In contrast, the ‘rice, fish and vegetables’ pat-
tern had significantly higher intakes of dietary fibre, sodium
and all nutrients with an EAR and AI except for 7-3 PUFA.
The ‘rice, fish and vegetables’ pattern showed significantly
lower prevalence of inadequacy in total fat, SFA, dietary
fibre and nutrients with an EAR except for vitamin B, and
calcium, but the highest prevalence of inadequacy in
sodium. For nutrients with an Al, the median intakes of
eight nutrients except vitamin D in the ‘meat and eggs’
pattern, five nutrients (72-6 and 7-3 PUFA, vitamin E, vitamin
K and manganese) in the ‘wheat products’ pattern and all
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Table 3 Subject characteristics for non-dietary variables across the three dietary patterns identified among 997 pregnant Japanese women
aged 18-43 years

Dietary pattern*

All Meat and eggs Wheat products  Rice, fish and vegetables
Characteristics (n997) (n 423) (n371) (n 203) P valuet
Age (years)t
<30 46-9 45-4 50-9 42-9 0-125
=30 53-1 54-6 49-1 571
Gestation (weeks)t
<16 38-8 34-8 46-4 33:5 0-005
16-27 53-7 57-7 46-4 58-6
=28 7-5 7-6 7-3 7-9
Parity of one or more (%) 51-3 54-6 47-2 51-7 0-111
Cigarette smoking (%)
Never 69-8 74-0 62-0 75-4 <0-001
Former 12-0 10-4 12-9 13-8
Current 18-2 15-6 251 10-8
Dietary change in the previous 1 month compared
with non-pregnancy (%)
None or seldom 29-9 324 29-4 256 0-236
Slight 43-5 43-7 41-2 47-3
Substantial 26-6 23-9 29-4 271
Supplement user (%) 20-2 19-6 16-3 28-6 0-006
Physical activity level (%)
Level | (low) 60-1 58-4 64-7 55-2 0-134
Level Il (moderate) 39-1 40-4 34-8 44-3
Level I (high) 0-8 1-2 0-5 0-5
Occupation (%)
Housewife 711 731 67-9 72-9 0-232
Outside work 28- 27-0 321 271
Education (years; %)
<13 319 32:2 36-4 232 0-001
13-14 41-4 40-4 42-6 41-4
=15 26-7 27-4 21-0 35-5
Partner’s education (years; %)
<13 39-7 37-8 431 37-4 0-007
13-14 17-2 16-1 20-8 12-8
=15 431 46-1 36-1 49-8
Household income (Japanese yen§/year; %)
<4000000 29-8 30-5 30-2 27-6 0-358
4.000000-5999 999 40-3 37-8 43-4 39-9
=6000000 29-9 317 26-4 32:5

*Cluster names were basically based on the food groups with high intakes.

tx? test was used to test differences between categorical variables.

tCategorizations were according to the Dietary Reference Intakes for Japanese, 201019
§Japanese yen = 0-0074 Euros = 0-0067 UK pound = 0-0110 US dollars in November 2009.

nine nutrients in the ‘rice, fish and vegetables’ patterns
exceeded the recommended levels.

To examine the overall nutritional inadequacy of each
dietary pattern, we counted the number of nutrients that
did not meet the EAR or DG. A significant difference in
overall inadequacy was observed among the three dietary
patterns: the median numbers (interquartile ranges) of
nutrients not meeting EAR or DG were 10-0 (8:0, 11-0) in
the ‘meat and eggs’ pattern, 11-0 (10-0, 12-0) in the ‘wheat
products’ pattern and 8-0 (6-0, 9-0) in the ‘rice, fish and
vegetables’ pattern (P<<0-00D).

Discussion

Nearly all the studies on the identification of dietary patterns
of pregnant women have been conducted primarily by

https://doi.org/10.1017/51368980010002521 Published online by Cambridge University Press

using factor analysis®=?. To the best our knowledge, the
present study is the first one to identify the dietary patterns
of pregnant women using cluster analysis. We identified
three dietary patterns, labelled as the ‘meat and eggs’,
‘wheat products’ and ‘rice, fish and vegetables’ patterns,
from a validated dietary assessment questionnaire among
997 pregnant Japanese women aged 18-43 years. We
evaluated the nutritional adequacy of each derived diet-
ary pattern by comparison with the DRI. Our main finding
was that participants with the ‘rice, fish and vegetables’
pattern had a better nutritional profile with lower pre-
valence of inadequacy for many essential micronutrients
than participants with the other two dietary patterns.
Cluster analysis explores the categorization of partici-
pants into groups on the basis of similarity in food intake.
It is a useful method for focusing attention on groups with
good or poor nutritional status. The participants with the
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Table 4 Daily energy-adjusted nutrient intakes (unit/4184 kJ) assessed with a self-administered DHQ and prevalence of participants with inadequate nutrient intakes compared with the DRI for
Japanese, 2010, using the cut-point method across three dietary patterns identified among 997 pregnant Japanese women aged 18-43 years

Dietary pattern

All Meat and eggs Wheat products Rice, fish and vegetables
(n997) (n 423) (n371) (n 203)
Prevalence of
Nutrient* Median IQR inadequacy (%)t Median IQR (%)t Median IQR (%)t Median IQR (%)t P valuet
Energy intake (kJ/d) 7473-0 6467, 8628 - 7579-:0 6659, 8694 - 7151-0 6055, 8610 - 7528-0 6528, 8548 - -
Nutrient with DG
Total fat (% energy) 29-9 26-3, 334 71-3 321 29-4,35-1 844 274 24-4,30-6 617 28-8 26-0,32:3 616 <0-001
SFA (% energy) 8-3 71,97 78-5 9:0 8-0,10-:2 91-0 7-9 6-5, 9-4 70-1 7-6 66, 8-8 68-:0 <0-001
Cholesterol (mg/4184 kJ) 159-0 121, 204 2:0 182-0 145, 218 3:3 1320 101, 167 0-3 165-0 127, 209 25 0-008
Carbohydrate (% energy) 55-4 51-5, 59-8 18:7 52-7 49-5,55-7 284 594 55-6, 62-9 7-6 55-4 51-9,59-2 182 <0-001
Dietary fibre (g/4184 kJ) 6-1 5-2,7-3 87-3 6-2 5-4, 71 91-3 5-3 47,62 96-2 77 6-9, 9-1 62:6 <0-001
Na (salt-equivalent) (/4184 kJ)§ 51 4-5,5-8 90-7 5-3 47,59 96-7 4-6 4-0, 52 80-3 56 51, 6-4 97-0 <0-001
Nutrient with EAR
Protein (g/4184 kJ) 336 30-2, 36-4 1-3 34-9 331, 37:4 0-0 298 275, 32:0 3:5 36-3 336, 39-3 0-0 <0-001
Vitamin A (ngRE/4184 kJ)lI 263-0 195, 371 417 280-0 219,363 34-3 2020 150, 281 63-9  383-0 275, 568 16-:8  <0-001
Vitamin By (mg/4184 kJ) 0-41 0-36, 0-47 76-3 0-44 0-39,048 72:3 0-36 0-32, 041 90-8 0-46 0-4,0-51 581 <0-001
Vitamin B, (mg/4184 kJ) 0-73 0-62,0-83 11-9 0-76 0-68, 0-86 4-0 065 0-54,0-75 248 0-79 068, 0-90 4-9  <0-001
Niacin (mgNE/4184 kJ)Y| 12-3 10-9, 13-8 0-0 12-9 11-8, 14-1 0-0 107 9-6, 11-7 0-0 14-2 12-8, 155 0-0 <O0-001
Vitamin Bg (mg/4184 kJ) 0-51 0-43, 0-59 971 0-52 0-47,0-59 99-1 0-42 0-37,049 997 0-62 055,072 882 <0-001
Vitamin B> (.g/4184 kJ) 2-8 21,37 3-8 29 23, 37 0-2 2:2 1-6,2:7 10-0 3-8 31,48 0-0 <0-001
Folate (.g/4184 kJ) 149- 126, 178 84-9 151-0 132, 171 887 1300 110, 152 95-7 187-0 161, 220 57-1  <0-001
Vitamin C (mg/4184 kJ) 53-0 41,70 386 51-3 40-2, 646 409 478 36-0, 67-8 50-4 67-6 53-9,84-6 12:3 <0-001
Ca (mg/4184 kJ) 287-0 231, 348 42-9 305-0 259,365 291 250-0 190, 303  64-2 306-0 253, 378 33-0 <0-001
Mg (mg/4184 kJ) 118-0 104, 134 70-8 120-0 112,134 68-3 1030 93,115 914 138:0 124, 152 38:4  <0-001
Fe (mg/4184 kJ) 3:5 31, 41 88-1 37 3-3, 41 85-8 31 27,34 96-2 4-2 37,48 77-8  <0-001
Zn (mg/4184 kJ) 4-0 36, 44 63-1 4-2 39,45 49-7 36 33, 39 89-5 4-3 4.0, 46 42-9  <0-001
Cu (mg/4184 kJ) 0-54 0-49, 0-60 15 0-54 0-50, 0-59 0-0 0-50 0-46, 0-55 4-0 0-62 0-59, 0-69 0-0 <0-001
Nutrient with Al -
n-6 PUFA (g/4184 kJ) 1-3 1-1,1-5 - 1-4 1-2,1-5 - 1-0 09,12 - 15 1-3,17 - <0-001
n-3 PUFA (g/4184 kJ) 6-2 5-4, 71 - 6-7 5-9,74 - 55 4-8, 6-2 - 6-4 5-5,7-3 - <0-001
Vitamin D (.g/4184 kJ) 3:0 2:2,4-0 - 3:2 2:5,4-0 - 2-3 17,29 - 4-3 35,55 - <0-001
Vitamin E (mg/4184 kJ)** 4-2 3-6, 4-8 - 4-4 39, 49 - 37 3-2, 41 - 4-8 41,54 - <0-001
Vitamin K (.g/4184 kJ) 106-0 77, 146 - 120-0 92, 149 - 752 56-3, 97-8 - 160-0 121, 215 - <0-001
Pantothenic acid (mg/4184 kJ) 31 27, 34 - 32 2:9,35 - 27 2:4, 3-0 - 3-3 31,37 - <0-001
K (mg/4184 kJ) 1125- 989, 1289 - 1174-0 1062, 1289 - 983- 860, 1109 - 1319-0 1170, 1482 - <0-001
P (mg/4184 kJ) 513-0 452, 573 - 535-0 497, 586 - 445-0 400, 496 - 558-0 514, 625 - <0-001
Mn (mg/4184 kJ) 2:0 1.7,2:6 - 2:0 1.7, 2:4 - 1-9 1-6, 2'5 - 2:4 2:0, 29 - <0-001

DHQ, diet history questionnaire; DRI, Dietary Reference Intakes; IQR, interquartile range; DG, Tentative Dietary Goal for Preventing Lifestyle-related Disease; EAR, Estimated Average Requirement; Al, Adequate
Intake; RE, retinol equivalents; NE, niacin equivalents.

*Intakes of energy and all nutrients were significantly different between clusters (P = 0-014 for energy and P<0-001 for all nutrients; Kruskal-Wallis test). The highest median values are underlined.

tPercentage of participants with values outside the DG or below the EAR. Each energy-adjusted nutrient intake (unit/4184 kJ) estimated by the DHQ was compared with each corresponding energy-adjusted DRI value
(unit/4184 kJ), using the cut-point method according to the Japanese DRI, 20101, Nutrients with an Al were not examined.

tx? test was used to examine the difference of prevalence of inadequacy across the three dietary patterns.

§Considering the convenience of the use, the DG of Na is expressed as salt-equivalent [salt (g) = 58-5/23 x Na (g)]"?.

111 wgRE = retinol (ug) + p-carotene (ng) X 1/12 + a-carotene (pg) X 1/24 + B-cryptoxanthin (ug) X 1/24 + other provitamin A carotenoids (g) x 1/24(9).

YNiacin equivalents were computed as niacin (mg) + protein (mg)/6000“°).

**Computation was made on a-tocopherol. Vitamin E other than a-tocopherol was not included.
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‘rice, fish and vegetables’ pattern had the lowest pre-
valence of inadequacy for the intake of many nutrients
compared with participants with the other dietary pat-
terns but, owing to higher intake of pickled vegetables,
salty fish and salt-containing seasonings, they had a sig-
nificantly higher prevalence of inadequacy for sodium
(97:0%; Table 4). The participants with the ‘meat and
eggs’ pattern had the highest prevalence of inadequacy
for total fat and SFA v. the other dietary patterns, whereas
those with the ‘wheat products’ pattern had the highest
prevalence of inadequacy for almost all nutrients except
for carbohydrates. The food items of the ‘rice, fish and
vegetables’, ‘meat and eggs’ and ‘wheat products’ patterns
identified by cluster analysis in the present study were
comparable with those of ‘health-conscious’, ‘processed’
and ‘confectionery’ patterns, respectively, identified by
principal component analysis among pregnant women
from South-West England®”. The nutrients related to
each dietary pattern were also similar between the pat-
terns in the present and the previous study®”. Similarity
was also seen for the above-mentioned three dietary
patterns in the present study with ‘healthy’, ‘traditional
meat’ and ‘fast foods’ patterns, respectively, in pregnant
Finnish women®". These results suggest that the dietary
pattern high in vegetables, fruit, pulses, fish and dairy
products is associated with high intake of protein and
several key vitamins and minerals regardless of the
analytic methods for identifying dietary patterns.

Several previous studies have reported that the ‘healthy’
or ‘health-conscious’ pattern in pregnant women is posi-
tively associated with higher educational levels, owner-
occupied housing, fewer financial difficulties, older age
and less smoking®*>%_ In contrast, the ‘fast food dietary
pattern shows a positive association with smoking™".
Consistent with the previous studies®*??, the partici-
pants with the ‘rice, fish and vegetables” pattern had higher
own and partner education levels, used more dietary
supplements and smoked less, whereas those with the
‘wheat products’ pattern had the opposite characteristics
(Table 3). These results suggest that participants with
higher sociodemographic status and favourable health-
related characteristics tend to choose healthy foods.

Although the assessment of nutritional adequacy was
focused on the dietary pattern, we should also give
attention to specific fundamental nutrients during preg-
nancy such as folate, B vitamins, iron and zinc. More
than half of all participants were at risk of inadequate
intake of several nutrients such as dietary fibre, vitamin
B,, vitamin By, folate, magnesium, iron, zinc, total fat,
SFA and sodium (Table 4). Similar results have been
observed in other studies focusing on nutrient intake
level conducted in Ponugal(ZZ), South-East Asia®, rural
China® and Japan(s‘54), but not in Greece®. Dietary
education is therefore needed, not only for specified
participants with an unfavourable dietary pattern but for
all pregnant women.
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In the present study, nutritional adequacy was exam-
ined using the DRI for Japanese as a temporal gold
standard. The basic concept of the Japanese DRI is similar
to the US and Canadian DRI''”, especially for the defi-
nition of each DRI such as EAR, RDA, Al, Tolerable Upper
Intake Level and EER (Appendix 1). However, some
nutrients were set for different DRI between the two
(US/Canadian and Japanese) recommendations. In addi-
tion, the DG was defined for the prevention of chronic
disease in the Japanese DRI instead of the AMDR defined
by the US and Canadian DRI, which is the most remark-
able difference between the two DRI. Therefore, data on
nutritional adequacy with different nutrient recommen-
dations should be compared cautiously.

Several limitations of the present study warrant mention.
First, the response rate for the 627 women living in
Neyagawa City was only 17-2%, whereas that for the
remaining 375 living in other municipalities could not
be calculated because of the unavailable exact number
of eligible participants. Moreover, the survey area was
restricted to a single prefecture in Japan. Therefore, the
participants were likely not representative of pregnant
Japanese women. Second, although we used a validated
dietary assessment questionnaire, its ability to estimate
dietary intake remains a serious concern. In addition, we
might not capture the within-person variation of intake
because of only one measurement of diet. Incompleteness
of assessment could not be ruled out. Therefore, the results
should be interpreted with caution. Furthermore, mis-
reporting of self-reported food intake is a source of
measurement error, particularly under-reporting rather than
over-reporting®”. To minimize the influence of under-
reporting'”’, we used energy-adjusted values. Third, we
did not include nutrient intake from dietary supplements
in the analysis because of the lack of a reliable compo-
sition table for such items in Japan. Fourth, because body
weight before pregnancy was not obtained, we could not
evaluate dietary quality from the standpoint of energy
requirement during pregnancy by BMI or body weight
gain. Fifth, the study included participants with various
gestational ages (5-39 weeks). However, some previous
longitudinal studies reported a relative consistency of
dietary habits throughout the pregnancy period®>3®. Sixth,
the number of nutrients that did not meet the DRI was
counted equally to evaluate the overall inadequacy of
nutrient intake of each dietary pattern. Although the con-
tribution to overall nutritional quality might be different
across nutrients, the evidence to determine the weighting
coefficients of each nutrient was insufficient at the present
time. The results should therefore be interpreted very
cautiously. Finally, because the reliability of the DRI for
individual nutrients is dependent on the state of the science
for each nutrient'”, misclassification of participants by
nutrients might therefore have been unavoidable.

In conclusion, we examined the nutritional adequacy
of dietary patterns identified by cluster analysis in pregnant
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Japanese women. A diet high in rice, vegetables, pota-
toes, pulses, fruit, mushrooms, seaweed, fish, shellfish
and miso soup showed a better profile of overall nutrient
intake. Further studies in various populations are required
to confirm these results.
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Appendix 1

Brief comparison of DRI between the USA/Canada and Japan*

DRI definitionst

USA and Canada

Japan

EAR
The average daily nutrient intake level estimated
to meet the requirements of half the healthy
individuals in a particular life stage and gender
group

RDA
The average daily dietary nutrient intake level
sufficient to meet the nutrient requirement of nearly
all (97-98 %) healthy individuals in a particular life
stage and gender group

Al
The recommended average daily nutrient intake
level based on observed or experimentally
determined approximations or estimates of nutrient
intake by a group (or groups) of apparently healthy
people that are assumed to be adequate; used
when an RDA cannot be determined

uL
The highest average daily nutrient intake level
likely to pose no risk of adverse health effects to
almost all individuals in the general population. As
the intake increases above the UL, the potential
risk of adverse effects may increase

AMDR
Range of intake for a particular energy source that
is associated with reduced risk of chronic disease
(e.g. CHD, obesity, diabetes and/or cancer) while
providing adequate intake of essential nutrients

DG
The average daily nutrient intake level (or ranges)
that Japanese should currently aim to consume
primarily to prevent chronic diseases (e.g. CVD
(hypertension, hyperlipidaemia, stroke, and
myocardial infarction) and cancer (especially,
stomach cancer))

EER
The average dietary energy intake that is
predicted to maintain energy balance in a healthy
adult of a defined age, gender, weight, height and
level of physical activity

Carbohydrate, protein,
indispensable amino acids,
vitamin A, vitamin E, thiamin,
riboflavin, niacin, vitamin Bg,
vitamin By, folate, vitamin C,
Mg, Fe, Zn, Cu, iodine, Mo, P, Se

Same as the above

Total fibre, linoleic acid, a-linolenic
acid, vitamin D, vitamin K,
pantothenic acid, cholinet,
biotin, Ca, Cr, Ft, Mn, K, Na,

Clt, total watert

Vitamin A, vitamin D, vitamin E,
niacin, vitamin Bg, folate,
cholinet, vitamin C, Bt, Ca,
Cu, Ft, iodine, Fe, Mg, Mn, Mo,

Nit, P, Se, V1, Zn, Na, CI

Carbohydrate, protein, total fat,
n-6 PUFA, n-3 PUFA

Energy

PAL (four levels): sedentary
(1-00-1-39), low active
(1-40-1-59), active (1-60-1-89)
and very active (1-90-2-50)

Protein, indispensable amino acids,
vitamin A, vitamin B4, vitamin B,
niacin, vitamin Bg, vitamin B, folate,
vitamin C, Na, Ca, Mg, Fe, Zn, Cu,
iodine, Mo, Se, Cr

Same as the above except for Na

n-6 PUFA, n-3 PUFA, vitamin D, vitamin

E, vitamin K, pantothenic acid, biotin,
K, P, Mn

Vitamin A, vitamin D, vitamin E, niacin,
vitamin Bg, folatet, Ca, Cu, iodine, Fe,
Mgt, Mn, Mo, P, Se, Zn

Total fat, SFA, n-6 PUFA, n-3 PUFA,
cholesterol, carbohydrate, dietary
fibre, Na§, K

Energy

PAL (three levels): low (1-40—1-60),
moderate (1-60—1-90) and high
(1-90-2-20)

DRI, Dietary Reference Intake; EAR, Estimated Average Requirement; Al, Adequate Intake; UL, Tolerable Upper Intake Level; AMDR, Acceptable Macronutrient
Distribution Range; DG, Tentative Dietary Goal for Preventing Lifestyle-related Disease; EER, estimated energy requirement; PAL, physical activity level.

*Nutrients set for DRI presented in this table are for 21-year-olds<

10;19)

tNutrients set only for the US and Canadian DRI; nutrients set for different DRI between the USA and Canada and Japan are underlined.
tUL for folate and Mg were defined as intake from other than normal foods.
§Considering the convenience of the use, the values are expressed as salt-equivalent [salt (g) = 58-5/23 X Na (g)].

The basic concept is similar between Japanese and the US and Canadian DRI, especially for definition of each dietary reference index such as EAR, RDA, Al,
UL and EER. However, AMDR was not defined in the Japanese DRI. Instead of AMDR, DG was defined for the prevention of chronic disease.
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Appendix 2

DRI for pregnant Japanese women aged 18—49 years

Reference values for pregnant women*

Reference values for non-pregnant women Increment during pregnancyt
Early-stage Mid-stage Late-stage

Nutrient 18-29 years 30-49 years (<16 weeks) (1627 weeks) (=28 weeks)
EER (kJ/d)t

Low (PAL: 1-40—1-60) 7113 (1700) 7322 (1750) +209 (+50) +1046 (+250) +1883 (+450)

Moderate (PAL: 1-60—1-90) 8159 (1950) 8368 (2000) +209 (+50) +1046 (+250) +1883 (+450)

High (PAL: 1-90-2-20) 9414 (2250) 9623 (2300) +209 (+50) +1046 (+250) +1883 (+450)
Nutrient with DG

Total fat (% energy) 20-30 20-25 - - -

SFA (% energy) 4-5-7-0 4-5-7-0 - - -

Cholesterol (mg/d) <600 <600 - - -

Carbohydrate (% energy) 50-70 50-70 - - -

Dietary fibre (g/d) =17 =17 - - -

Na (salt-equivalent; g/d) <7-5 <7-5 - - -
Nutrient with EAR

Protein (g/d) =40 =40 +0 +5 +20

Vitamin A (ngRE/d)§ =450 =500 +0 +0 +60

Vitamin B¢ (mg/d) =0-9 =0-9 +0 +0-1 +0-2

Vitamin B, (mg/d) =1-0 =1-0 +0 +0-1 +0-2

Niacin (mgNE/d)ll =9 =10 +0 +0 +0

Vitamin Bg (mg/d) =1-0 =1-0 +0-7 +0-7 +0-7

Vitamin By (n.g/d) =2-0 =20 +0-3 +0-3 +0-3

Folate (n.g/d) =200 =200 +200 +200 +200

Vitamin C (mg/d) =85 =85 +10 +10 +10

Ca (mg/d) =550 =550 +0 +0 +0

Mg (mg/d) =230 =240 +30 +30 +30

Fe (mg/d) =5-0 =5-5 +2 +12-5 +12-5

Zn (mg/d) =7 =8 +1 +1 +1

Cu (mg/d) =06 =06 +0-1 +0-1 +0-1
Nutrient with Al

n-6 PUFA (g/d) =9 =9 +1 +1 +1

n-3 PUFA (g/d) - - =1-9 =19 =1-9

Vitamin D (p.g/d) =55 =5-5 +1-5 +1-5 +1-5

Vitamin E (mg/d) =65 =6-5 +0 +0 +0

Vitamin K (p.g/d) =60 =65 +0 +0 +0

Pantothenic acid (mg/d) =5 =5 +1 +1 +1

K (mg/d) =2000 =2000 +0 +0 +0

P (mg/d) =900 =900 +0 +0 +0

Mn (mg/d) =35 =3-5 +0 +0 +0

DRI, Dietary Reference Intake; EER, estimated energy requirement; PAL, physical activity level; DG, Tentative Dietary Goal for Preventing Lifestyle-related
Disease; EAR, Estimated Average Requirement; RE, retinol equivalent; NE, niacin equivalent; Al, Adequate Intake.

*The reference values of each nutrient for pregnant women are calculated by adding the increment of each nutrient during pregnancy to the corresponding
reference values for non-pregnant women.

tGestational age was classified into three categories according to the DRI for Japanese!'?.

tThe values in parentheses are given in kcal. 1kcal = 4-184 kJ.

§1 ngRE = retinol (ng) + B-carotene (p.g) X 1/12 + a-carotene (n.g) X 1/24 + [3 cryptoxanthin (g) X 1/24 + other provitamin A carotenoids (ug) X /249,
lINiacin equivalents were computed as niacin (mg)+protein (mg)/6000('°
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