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Abstract
Objective: To examine dietary patterns changes from preconception to during
pregnancy and their associations with socio-demographic and lifestyle factors.
Design: This study used data from the Australian Longitudinal Study on Women’s
Health (ALSWH), a population-based prospective cohort study. Women’s dietary
patterns were assessed using Healthy Eating Index-2015 (HEI-2015) score and the
four patterns were obtained from the factor analysis (Western diets, vegetable and
grains, traditional vegetable and fruit patterns). Multi-variable linear regression and
repeated measures mixed-effect models were used.
Setting: A national representative survey which covers all Australian citizens and
permanent residents in Australia.
Participants: 621 women were included from the ALSWH.
Results: Women’s scores increased on the ‘HEI-2015’, ‘traditional vegetable’ and
‘fruit’ patterns while the ‘vegetable and grains’ decreased from preconception to
during pregnancy. Women with higher education were more likely to increase
their HEI-2015 score and fruit consumption from preconception to during preg-
nancy, respectively (β= 2·31, (95 % CI 0·02, 4·60)) and (β= 23·78, (95 % CI 4·58,
42·97)), than those with lower educational status. Single women were more likely
to increase the consumption of vegetables and grains compared tomarriedwomen
(β= 76·08, (95 % CI 20·83, 131·32)). Women with higher income had a greater
increase in the HEI-2015 score than those with lower income (β= 3·02, (95 % CI
0·21, 5·83)).
Conclusion: The findings indicate that there have been marked dietary changes
from preconception to during pregnancy. Changes in healthy dietary patterns were
influenced by education, marital status and income.
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Establishing healthy dietary patterns is crucial during
preconception and pregnancy periods, which have a sig-
nificant role in maternal and child health(1–4). The fetal
development process requires the correct quality and
quantity of nutrients. Altered maternal nutrition during
key developmental stages might have a permanent effect
on developing fetal tissues, termed as ‘programming’,
and represents a pertinent risk factor for chronic and
metabolic diseases in adulthood, including diabetes and
cardiovascular diseases(5,6). The transition in diets from
preconception to during pregnancy might be affected
by maternal socio-demographic and lifestyle factors(7).
Examining women’s dietary patterns during the transition
into pregnancy is important to provide information on

which type of diets change over time and why, how
and when the dietary changes occur.

Recently, researchers have shown an increased interest
in using the dietary patterns approach to assess women’s
dietary consumption since a single nutrient or food
approach has several conceptual and methodological lim-
itations(8,9). Three approaches have been widely used to
explore dietary patterns: a posteriori (factor and cluster
analysis), priori (dietary indices) and hybrid methods
(reduced rank regression)(10). A number of studies used
data-driven methods, such as factor analysis to identify
dietary patterns at several time points and examined the
stability and reproducibility over time(11–13), however, this
has some limitations(14). Dietary indices are constructed
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based on predefined dietary recommendations or previous
knowledge of ‘healthy diets’, including Healthy Eating
Index-2015 (HEI-2015) and Mediterranean diet score(10).
TheHEI assesses dietary quality rather than quantity, which
aligns with the Dietary Guidelines for Americans(15).

The methods for characterising changes in dietary pat-
terns over time are relatively new and are still in develop-
ment. Over the last decade, two methods have been
commonly used to describe changes in dietary patterns
over time: applied score and natural score. Many research-
ers chose applied score, calculated by multiplying each
individual’s consumption at a follow-up time point, which
was standardised to the mean and SD of a baseline time
point, by the coefficients from the principal component
analysis or factor analysis at the initial phase(11–13,16,17).
The natural score has also been used in several prospective
studies, which is calculated using coefficients obtained
from the data at the follow-up phase(18–20). Crozier et al.
have compared applied and natural scores, concluding that
applied scores are more appropriate to characterise
changes in dietary patterns over time since the scale of
measurement remains constant(17). Northstone et al. rec-
ommended the use of a natural score in their study due
to the difference in FFQ between the two-time points(20).

Several longitudinal studies have examined changes in
dietary patterns overtime at a population level by con-
ducting separate factor analyses at each time point(11,12).
Recently, there has been a growing interest in examining
the association between the changes in dietary patterns
over time and disease risk(21,22). However, there is little
published data on changes in dietary patterns from precon-
ception to during pregnancy. No studies to date have
explored predictors of dietary pattern changes from pre-
conception to during pregnancy. Crozier et al. reported that
there was little change of dietary patterns from preconcep-
tion to during pregnancy(17). Cuco et al. also found no sig-
nificant change in dietary patterns from preconception to
during pregnancy and showed that this lack of change per-
sisted at 6 months of postpartum(7).

This study set out to examine changes in dietary patterns
from before to during pregnancy and association with
socio-demographic and lifestyle factors using data from a
nationally representative longitudinal study of Australian
women. We further examined whether the changes in
dietary patterns differed between the women who were
pregnant at the follow-up phase and the women who were
not, by testing for an interaction.

Methods

Study participants and design
This study utilised data from the Australian Longitudinal
Study on Women’s Health (ALSWH), an ongoing large
longitudinal population-based prospective cohort study
investigating factors affecting women’s health and

well-being. The ALSWH started in 1996, and over
14 000 women born in 1973–1978 (aged 18–23 years) were
recruited for this study. A large number of women did
not respond between the baseline survey and Survey 3
(n 4606). Any potential biases introduced by attrition or
loss of participants were shown not to influence meaning-
ful longitudinal study(23) through the attrition was high
between Surveys 1 and 3 (n 5166). The study subjects were
randomly selected from the National Universal Health
Insurance database (Medicare) and the data were collected
every 3 years interval from 1996 to 2015. Further details of
the ALSWH have been published previously(24).

The ALSWH collected women’s dietary information in
2003, Survey 3, aged 25–30 years (n 9081) and in 2009,
Survey 5, aged 31–36 years (n 8199). This study included
women who were non-pregnant and nulliparous at the ini-
tial phase, Survey 3 (2003) and pregnant at the follow-up
phase, Survey 5 (2009), n 626. Women who had implau-
sible energy intake (> 16 800 kJ/d or< 2100 kJ/d,n 5)were
excluded(25). We included a total of 621 women in the final
sample for the analyses of changes in dietary patterns from
preconception to during pregnancy and associated risk fac-
tors (Fig. 1).

Dietary assessment
Women’s dietary intake was assessed using the Dietary
Questionnaire Epidemiologic Study version 2. Women
were asked to report their habitual dietary intake of the pre-
vious year using a validated and semi-quantitative 101-item
FFQ. The dietary information was first collected at Survey 3
(2003) and the follow-up phase, Survey 5 (2009). The
evaluation and development of FFQ have been described
elsewhere(26). The FFQ was validated for sixty-three
women of child-bearing age against 7-d weighed food
records who participated in an iron deficiency study(27).

Women’s dietary patterns based on 101 food items (g/d)
were identified using factor analysis with the use of
orthogonal (varimax) rotation. The HEI-2015 score was
also used to assess women’s diet quality, which is the latest
diet quality index and was designed to align with the
dietary guidelines for Americans. The HEI-2015 score com-
prises thirteen food components that sum to a total maxi-
mum score of 100 points. The food components are
calculated on a density basis out of 1000 calories except
for fatty acids(15,28). Nine food components, including total
fruits, whole fruits, total vegetables, whole grains, greens
and beans, total proteins, dairy, seafood/plant proteins
and fatty acids were to be consumed adequately, in which
women with higher intakes receive higher scores. These
food components are rich in a wide variety of nutritious
foods, women with higher consumptions reduce the risk
of diet-related chronic disease and promote health and
wellbeing. However, four food components, such as satu-
rated fats, added sugars, refined grains and sodium were to
be consumed in moderation, in which women with lower
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consumptions receive higher scores. A maximum score of
HEI-2015 is 100 points showing perfect adherence.

Assessment of socio-demographic and lifestyle
factors
This study assessed a number of socio-demographic and
lifestyle factors and pregnancy complications, including
age,marital status, education, area of residence, self-income,
smoking, alcohol intake, pre-pregnancy BMI (all from
Survey 3), hypertensive disorder in pregnancy and gesta-
tional diabetes mellitus (both from Survey 5). The area of
residence was classified as urban and rural/remote
areas(29). The smoking status was categorised as never
smoker, ex-smoker and current smoker(30). The alcohol
consumption was categorised as a non-drinker, low-risk
drinker (≤14 drinks per week), risky drinker (15–28 drinks
per week) and high-risk drinker (>28 drinks per week)
based on the classifications of the National Health and
Medical Research Council in Australia(31). Only two
women were high-risk drinkers (0·32 %), so this was com-
bined with the risky drinker group. Physical activity was
derived from total metabolic equivalent (MET) values
based on frequency and duration of walking and moder-
ate and vigorous intensity activity and categorised as sed-
entary/low (<600 METmin/week), moderate (600 to 1200
MET min/week) or high (≥1200 MET min/week)(32).
Women were asked whether they had been diagnosed

or treated for hypertensive disorder in pregnancy and ges-
tational diabetes mellitus at the follow-up phase
(Survey 5).

Statistical analyses
Statistical analysis was performed using SAS software
version 9.4 (SAS Institute Inc.) and Stata software version
16 (StataCorp.). We used the HEI-2015 score and factor
analyses with orthogonal (varimax) rotation to explore
women’s dietary patterns. The number of dietary patterns
was selected based on eigenvalues> 2, the identification of
a breakpoint in the scree plot and factor interpretability(33).
We used the Kaiser–Meyer–Olkin test (0·65) to measure
sampling adequacy. Food items with factor loadings
> 0·30 on a factor were considered to have a strong associa-
tion with that dietary pattern and be the most explanatory
in describing the factors(14). We ran factor analysis sepa-
rately for preconception (Survey 3) and pregnancy period
(Survey 5), and the factors identifiedwere similar in relation
to the number of dietary patterns and the food items that
loaded highly, so the factor loadings based on the Survey
3 analysis were used. To compare each dietary pattern at
the two-time points, we generated dietary patterns scores
by summing up each food item (g/d) that most heavily con-
tributed to the pattern (factor loading> 0·30). These g/d cal-
culations were calculated at the Surveys 3 and 5 timepoints
to allow comparison of daily consumption over time. This

Pregnant women at Survey 3 (n 694)

Non-pregnant women at Survey 3 (n 8,387)

Final sample (n 621)

Pregnant women at Survey 5 (n 626)

Implausible energy intake (n 5)

Women who completed Survey 1 

(n 14247) (1996, 18-23 years)
Women were   lost to follow up 
between survey 1 and 3 (n 5166) 
due to the following reasons:

- Dead (n 33)

- Withdrawn (n 518)

- Frail (n 9)

- Non-respondents (n 4606)Women who completed Survey 3                  
(n 9081) (2003, 25-30 years)

Fig. 1 Flow diagram of the final sample for the analysis of changes in dietary patterns from preconception to during pregnancy and its
association with socio-demographic and lifestyle factors between Surveys 3 and 5
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produced amorepractical and interpretablemeasureof con-
sumption. Our main outcome variables were changes in
each dietary pattern in grams per day from preconception
to during pregnancy, where the score for totals for each pat-
tern at the initial phase (Survey 3) was subtracted from the
totals at the follow-up phase (Survey 5). Spearman’s corre-
lation coefficient was used to measure the stability of
dietary pattern scores from preconception to during preg-
nancy. A paired t-test was used to assess the change in the
mean dietary pattern scores at the two-time points. We
checked data normality and skewness using histogram
and Kolmogorov–Smirnov test. We also checked the nor-
mality of the distribution of the residuals and their vari-
ance. The distributional assumptions of the outcomes
and the residuals for linear regression were met.
Pearson’s correlation, t-test and ANOVA were used to
describe the association between women’s dietary pat-
terns score and socio-demographic and lifestyle factors.
A multi-variable linear regression model was computed
to examine the influence on changes in dietary pattern
score of a variety of initial phase factors, including age,
marital status and education, area of residence, self-
income, smoking, alcohol intake, BMI, hypertensive dis-
order in pregnancy and gestational diabetes mellitus.
We retained the socio-demographic and lifestyle factors
in the adjusted model if the P-value was
< 0·2 in the bivariate model. Analyses were also conducted
to assess the stability and changes in dietary patterns from
Surveys 3 to 5 in non-pregnant women (n 6142). A
repeated measure mixed model was used to observe
whether the changes in dietary patterns differed between
the women who were pregnant at Survey 5, and the
women who were not, by testing for an interaction.
Multi-collinearity was assessed using the variance inflation
factor/tolerance. We further ran a paired t-test and
Spearman’s correlation test to observe the stability and
mean changes in each food component identified by factor
analyses as well as the HEI-2015 score at the two-time
points. The model adequacy was checked by using the
likelihood ratio test and R2 test. The strength of association
was assessed in terms of statistical significance, effect size
and percentage of variance. P-value≤ 0·05 was considered
statistically significant.

Results

The primary analysis was conducted using 621 women
from the ALSWH as shown in Fig. 1. The mean age of
women before and during pregnancy was 27 (SD 1·4)
and 33 (SD 1·4) years, respectively. Of the pregnantwomen,

117)18·8%(,250)40·3 %) and 254 (40·9 %) were reported
as first, second and third trimesters, respectively. Over 85 %
of women were nulliparous at the initial survey, ∼8 % were
primiparous and 3 % were multiparous. ∼22 % of women
had sometimes symptoms with difficulty of sleeping. The

majority of women (42 %) were professional, including
doctor, nurse, teacher, artist, etc.).

As can be seen from Table 1, four dietary patterns were
identified from factor analyses in Surveys 3 and 5 with
eigenvalues > 2 from scree plot and factor loadings. They
explained 40 % of the total variation in food intake at both
surveys. The first pattern was labelled ‘Western diets’ and
had high positive factor loadings for beef, chicken, sausage,
cakes, potato chips, pork, bacon, lamb, meat pies, salami,
pizza, fried potatoes, fried fish, pasta, chocolate, ham-
burger, ice-cream and sweet biscuits. The second pattern,
‘vegetable and grains’ had high positive factor loadings for
mushrooms, onions, other beans, garlic, zucchini, tofu,
capsicum, tomatoes, rice, pasta and spinach. The third,
‘traditional vegetable’ had positive factor loadings for
pumpkins, peas, cauliflower, carrots, broccoli, green
beans, cabbage, spinach, potatoes and zucchini. The
fourth, ‘fruit’ had high positive factor loadings for melon,
peaches, apricots, pineapple, strawberries, pears and
mango. The food items of each dietary pattern and the
factor loading coefficients were similar at preconception
and during pregnancy.

All maternal dietary patterns had a strong correla-
tion between preconception and during pregnancy period.
However, there were significant mean changes in all
dietary patterns from preconception to during pregnancy
except the Western pattern diets (Table 2). The mean
dietary scores substantially increased by 21·8 g/d and 9·2
g/d for the fruit and traditional vegetable patterns, respec-
tively, while they decreased by 17·4 g/d for the vegetable
and grains pattern (P< 0·0001). There was also a slight
mean increase (0·1 points) in the HEI-2015 score between
preconception and during pregnancy (P= 0·057). The
mean increment in HEI-2015 score was highest at the first
trimester of pregnancy (2·1 points). However, there was a
higher mean increase observed in traditional vegetable and
fruits pattern at the second and third trimesters of preg-
nancy, respectively. Further analyses conducted in non-
pregnant women (n 6142), the women’s dietary scores also
increased by 3·8 g/d and 7·0 g/d for the traditional vegeta-
ble and fruit patterns between Surveys 3 and 5, respec-
tively, however, the scores decreased by 11·2 g/d for the
vegetables and grain pattern (P< 0·0001). In repeatedmea-
sures mixed model, women who were pregnant had
improved their intake of traditional vegetables by 9·2 g/d
compared to the preconception level. This increment
was higher than that observed in non-pregnant women
(3·8 g/d) over the same 6 years period (P-value for inter-
action = 0·03). Women’s scores also increased on the
fruit pattern from preconception to during pregnancy
by 21·8 g/d. This increase was greater than that observed
in non-pregnant women (7·0 g/d) over the same 6 years
period (P-value for interaction < 0·0001). On the other
hand, women decreased their consumption of vegeta-
bles and grains between preconception and during preg-
nancy by 17·4 g/d. This decrement was larger than that
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observed in non-pregnant women over the same period
(-11·2 g/d), although the test for the interaction between
these two groups did not achieve statistical significance
(P= 0·06).

There was a small percentage increase in the HEI-2015
score from preconception to during pregnancy (58% v. 59 %)
(Fig. 2). The percentage of HEI-2015 components
increased from preconception to pregnancy for the total
fruits, whole fruits, total vegetables, greens and beans,
whole grains, total protein, seafood and plant protein,
refined grains, sodium and added sugars. However, the
percentage of HEI-2015 components decreased for dairy,
fatty acids and saturated fats. In both time points, women
had good adherence to total fruits, whole fruits, total pro-
tein, added sugar, and greens and beans. However, they
had poor adherence to sodium intake, fatty acids, saturated
fats and seafood and plant protein.

Supplemental Table 1 provides mean changes in each
food component from preconception to during pregnancy.
Interestingly, there were significant mean differences in all
HEI-2015 components except dairy and added sugar. The
mean HEI-2015 components increased from preconcep-
tion to during pregnancy for the total fruits, whole fruits,
total vegetables, greens and beans, whole grains, total pro-
tein, seafood and plant protein, refined grains and sodium.
However, the mean HEI-2015 components decreased for
fatty acids and saturated fats. For meat, high fats and sugar
pattern, consumption of beef, sausage, cakes, pork, bacon,

lamb, pasta, chocolate, ice-cream and sweet biscuits signifi-
cantly increased from preconception to during pregnancy.
Within the vegetables and grain components, consumption
increased slightly for only zucchini and spinach, however,
the mean decreased substantially for rice, pasta, capsicum
and mushrooms.

A negative correlation was found between maternal age
and changes in the HEI-2015 score (the score increased
from preconception to during pregnancy) (r= -0·08,
P = 0·05). Younger women were more likely to improve
their HEI-2015 score between preconception and preg-
nancy (see online Supplemental Table 2). A one-way
ANOVA revealed that significant differences were
observed between the category of physical activity and
the consumption of HEI-2015 and fruit patterns. Women
with higher physical activity (≥ 1200 MET min/week) were
more likely to improve their HEI-2015 score (P= 0·04) and
fruit consumption (P = 0·02) between the preconception
and during pregnancy period than those with lower physi-
cal activity.

A simple linear regression model was used to assess the
changes in dietary patterns from preconception to during
pregnancy. This model was adjusted for the initial phase
factor (dietary patterns before pregnancy) to select the
candidates (P < 0·2) for the final model (see online
Supplemental Table 3). In the multi-variable linear regres-
sion model, educational status and self-income were sig-
nificantly associated with changes in the HEI-2015 score

Table 1 Factor loadings of food items for the four dietary patterns extracted with the use of 101 food items at preconception (Survey 3) and
during pregnancy (Survey 5), n 621*

Western diets
Factor loading

S3‡, S5§
Vegetables
and grains

Factor loading
S3‡, S5§

Traditional
vegetables

Factor loading
S3‡, S5§ Fruits

Factor loading
S3‡, S5§

Beef 0·60, 0·51 Mushrooms 0·62, 0·51 Pumpkins 0·55, 0·48 Melon 0·49, 0·38
Chicken 0·54, 0·45 Onions 0·59, 0·47 Peas 0·55, 0·53 Peaches 0·44, 0·56
Sausage 0·49, 0·53 Other

beans†
0·53, 0·55 Cauliflower 0·54, 0·46 Apricots 0·43, 0·43

Cakes 0·49, 0·39 Garlic 0·51, 0·42 Carrots 0·51, 0·53 Pineapple 0·43, 0·38
Potato chips 0·48, 0·37 Zucchini 0·50, 0·43 Broccoli 0·49, 0·41 Strawberries 0·40, 0·40
Pork 0·43, 0·33 Tofu 0·44, 0·37 Green

beans†
0·48, 0·10 Pears 0·36, 0·29

Bacon 0·42, 0·27 Capsicum 0·41, 0·39 Cabbage 0·45, 0·37 Mango 0·35, 0·41
Lamb 0·42, 0·43 Tomatoes 0·37, 0·27 Spinach 0·41, 0·28 Yoghurt 0·35, 0·25
Meat pies 0·41, 0·31 Rice 0·37, 0·31 Potatoes 0·40, 0·47
Salami 0·41, 0·32 Pasta 0·35, 0·20 Zucchini 0·39, 0·36
Pizza 0·38, 0·44 Spinach 0·34, 0·41
Fried potatoes 0·37, 0·43
Fried fish 0·35, 0·41
Pasta 0·34, 0·48
Chocolate 0·32, 0·40
Hamburger 0·32, 0·30
Ice cream 0·32, 0·34
Sweet biscuits 0·32, 0·34

*Values are correlation coefficients between each food item and the dietary pattern derived from factor analysis. Absolute values <0.30 and –0.30 were not listed. Western
diets, total vegetables and grains, traditional vegetables and fruits and dairy.
†Other beans: chickpeas, lentils, etc.
‡Survey 3.
§Survey 5.
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Table 2 Changes in dietary patterns from preconception (Survey 3) to during pregnancy (Survey 5) in Australian young women*

Dietary patterns

Changes in women who were pregnant at survey 5 Changes in women who were not pregnant survey 5

Pregnancy-by-time
interactionTime points (n 621)‡ Mean SD

Spearman’s
correlation

coefficient (r)
Time points
(n 6142)§ Mean SD

Spearman’s
correlation

coefficient (r)

Healthy Eating
Index-2015 score

Preconception 58·40 12·50 0·41 Survey 3 56·49 12·87 0·43
During pregnancy 59·36 10·98 Survey 5 58·19 11·05
First trimester 60·48 10·88
Second trimester 57·86 11·67
Third trimester 60·32 10·17
Mean difference 0·96 12·67 Mean difference 1·69 12·71
P-value† 0·058 < 0·0001 P-value† < 0·0001 < 0·0001 0·13

Western diets Preconception 254·20 140·14 0·50 Survey 3 269·12 1·77 0·47
During pregnancy 260·59 123·26 Survey 5 266·41 1·67
First trimester 239·89 115·17
Second trimester 276·39 130·77
Third trimester 254·57 117·65
Mean difference 6·39 136·67 Mean difference −2·71 149·48
P-value† 0·24 < 0·0001 P-value† 0·14 < 0·0001 0·11

Vegetable and grains Preconception 136·83 89·30 0·50 Survey 3 133·05 91·10 0·48
During pregnancy 119·44 64·57 Survey 5 121·87 74·96
First trimester 116·02 64·52
Second trimester 121·03 59·96
Third trimester 119·45 68·99
Mean difference −17·38 80·59 Mean difference −11·17 84·86
P-value† < 0·0001 < 0·0001 P-value† < 0·0001 < 0·0001 0·06

Traditional vegetable Preconception 92·84 60·58 0·46 Survey 3 101·36 67·48 0·51
During pregnancy 102·04 56·58 Survey 5 105·19 62·24
First trimester 91·89 48·30
Second trimester 106·47 61·93
Third trimester 102·35 54·15
Mean difference 9·20 59·54 Mean difference 3·84 63·36
P-value† < 0·0001 < 0·0001 P-value† < 0·0001 < 0·0001 0·03

Fruit Preconception 116·65 95·31 0·52 Survey 3 109·72 91·75 0 44
During pregnancy 138·42 94·91 Survey 5 116·74 86·56
First trimester 131·12 90·36
Second trimester 126·22 97·79
Third trimester 153·79 92·25
Mean difference 21·76 98·63 Mean difference 7·02 96·81
P-value† < 0·0001 < 0·0001 P-value† < 0·0001 < 0·0001 < 0·0001

*Values are mean (SD) or correlation coefficients (r).
†P-values from the paired t-test, Spearman’s correlation and repeated measures mixed model to observe whether the changes in dietary patterns differed between the women who were pregnant at Survey 5, and the non-pregnant women, by
testing for an interaction.
‡Women who were pregnant at Survey 5 (n 621).
§Women who were non-pregnant at Survey 5 (n 6142).
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(the score increased from preconception to during preg-
nancy) (Table 3). Women with university/higher education
had greater improvement on the HEI-2015 score than those
with lower educational status (up to year 12 or equivalent)
(β= 2·31, (95 %CI 0·02, 4·60),P= 0·05).Womenwith higher
income (> 1500 $) also had a greater increase in the HEI-
2015 score than those with lower income (< 999 $)
(β= 3·02, (95% CI 0·21, 5·83), P= 0·03).

From dietary patterns identified by factor analyses, edu-
cational status was significantly associated with changes in
Western diets (the score increased from preconception to
during pregnancy) (Table 3). Women with university/
higher education had a 29 g/d lower change in the
Western diets than those with lower educational status
(up to year 12 or equivalent) (β=−29·34, (95 % CI
−54·67, −4·01), P= 0·02). In contrast, educational status
was positively associated with changes in fruit pattern
(the score increased from preconception to during preg-
nancy) (P = 0·01). Women with university/higher educa-
tion increased their fruit consumption by 24 g/d more
than those with lower educational status (up to year 12
or equivalent) (β= 23·78, (95 % CI 4·58, 42·97)). There
was also a significant association between marital status
and changes in vegetables and grains pattern (the score
decreased from preconception to during pregnancy)
(P = 0·007). Single women increased their consumption
of vegetables and grains by 76 g/d more than married
women (β= 76·08, (95 % CI 20·83, 131·32)) between pre-
conception and pregnancy. Women living in rural/remote
areas increased their consumption of vegetables by 11 g/d
more than those living in urban areas (β= 11·45, (95 % CI
3·14, 19·76)) at P= 0·007.

We further examined changes of weight and energy
intake from preconception to during pregnancy (see online
Supplemental Table 5). Women had a significant weight
gain during pregnancy by 2·7 kg (SD 7·0), P< 0·0001.
The mean weight of women before and during pregnancy
was 65·8 (SD 13·3) and 68·5 (SD 14·1) kg, respectively. There
was also a significant mean difference in energy intake
from preconception to during pregnancy. The women’s

energy intake increased from preconception to during
pregnancy by 648 kJ/d, P< 0·0001.

Discussion

This study set out with the aim of examining changes in
dietary patterns from preconception to during pregnancy
and association with socio-demographic and lifestyle fac-
tors. In this population-based longitudinal study, we found
marked mean changes in dietary patterns from preconcep-
tion to during pregnancy. The women’s dietary scores
increased on the HEI-2015, traditional vegetable and fruit
patterns while the vegetable and grains decreased from
preconception to during pregnancy.

This finding is contrary to that of Crozier et al. (2009)
who found that a minimal decrease in the prudent diet
score during early pregnancy, however, a slight mean
increase in high-energy diet score in late pregnancy(17).
Our finding also contradicts a previous study conducted
by Cuco et al. (2006) who reported no significant change
in dietary patterns from preconception to during preg-
nancy, that persisted at 6 months of postpartum(7). Using
data from ALSWH, Hure et al. showed that women did
not appear to improve the quality of their diets when plan-
ning to become pregnant or during pregnancy(34). This
inconsistency may be due to the methods to describe
changes in dietary patterns score over time, for example,
Crozier et al.(17) chose applied score, basing dietary scores
at a follow-up time point on patterns determined by prin-
cipal component analysis at a baseline time point. Cuco
et al.(7) and Hure et al.(34) did not use any methods to
characterise changes in dietary patterns over time. The dis-
crepancy might also be attributed to extraction methods
of dietary patterns and the number of dietary patterns iden-
tified, for example, Hure et al.(34) used the Australian
Recommended Food Score tomeasurewomen’s diet quality.

We also observed similar results in non-pregnant
women (n 6142). The non-pregnant women’s dietary
scores increased from Surveys 3 to 5 for the traditional veg-
etable and fruit patterns, however, their scores decreased
for the vegetable and grain pattern. These mean changes
in each of these dietary patterns were lower than those
observed in the sample who became pregnant over the
same 6 years period.

In this study, women appeared to consume higher-quality
diets in pregnancy than in the preconception period. This
finding indicates thatwomen gavemuch attention to the qual-
ity of diets during pregnancy. However, a preconception diet
has a significant role in fetal and placental tissue develop-
ments,with the baby fully formedby the end of the 12thweek
of gestation(35–37). Themean dietary scores declined frompre-
conception to during pregnancy for the total vegetable and
grains pattern. This reduction might be due to a substantial
decrease in refined grain components in pregnancy, such
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Fig. 2 (colour online) Radar plot showing the percentage of total
points received for each component of theHealthy Eating Index-
2015 score before and during pregnancy (n 621)
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Table 3 Socio-demographic and lifestyle factors associated with changes in dietary patterns from preconception to during pregnancy in the adjusted multi-variable linear regression model (n 621)

Predictors

Healthy
eating

index-2015
score

adjusted β 95% CI*

Western
diets

adjusted
β 95% CI†

Vegetables
and grains
adjusted β 95% CI‡

Traditional
vegetables
adjusted β 95% CI§

Fruits
adjusted

β 95% CI‖

Women age, years −0·58 −1·13, −0·02 5·07 −1·04, 11·18 3·10 −0·01, 6·22 – –
Area of residence
Urban 0·00 0·00 0·00 0·00 –
Rural/remote −0·63 −2·28, 1·03 2·98 −15·01, 20·97 −8·52 −17·67, 0·63 11·45 3·14, 19·76

Marital status
Married 0·00 – 0·00 – 0·00
De facto/separated/divorced −0·25 −2·50, 1·99 −0·87 −13·15, 11·41 4·96 −14·19, 24·11
Single −5·14 −14·82, 4·54 76·08 20·83, 131·32 – 61·94 20·28, 144·17

Educational status
Up to year 12 or equivalent 0·00 0·00 0·00 0·00
Trade/apprenticeship/certificate/diploma 0·69 −1·86, 3·25 −38·21 −65·89, −10·54 −7·52 −20·15, 5·11 18·13 −3·59, 39·85
University/higher degree 2·31 0·02, 4·60 −29·34 −54·67, −4·01 – −7·30 −18·46, 3·86 23·78 4·58, 42·97

Smoking status
Never smoked – 0·00 0·00 0·00
Ex-smoker −4·89 −30·01, 20·22 −11·25 −23·83, 1·32 – −21·43 −40·76, −2·11
Current smoker 10·52 −13·35, 34·40 −4·92 −16·84, 7·01 −6·17 −24·71, 12·36

Alcohol intake
Non-drinker 0·00 0·00
Rarely drinker −3·14 −6·83, 0·54 6·75 −32·99, 46·49 – – –
Low-risk drinker −1·57 −4·95, 1·81 4·14 −32·51, 40·80
Risky drinker −3·60 −8·86, 1·65 26·21 −31·24, 83·66

Physical activity
Sedentary/low,< 600 metabolic equivalent
(MET) min/week

0·00

Moderate, 600–1200 MET min/week – – – – −14·13 −31·63, 3·38
High,≥ 1200 MET min/week 3·75 −11·82, 19·32

Pre-pregnancy BMI – 1·87 0·02, 3·72 – 0·78 −0·05, 1·61 –
Self-income (weekly)
< 999 $ 0·00 0·00 – 0·00 –
1000 $–1499 $ 2·54 0·49, 4·60 −9·59 −31·93, 12·76 −3·88 −14·09, 6·33
>1500 $ 3·02 0·21, 5·83 −17·63 −47·75, 12·50 −9·07 −22·88, 4·74
Do not know/do not want to answer 1·79 −1·78, 5·37 −11·53 −51·29, 28·23 −21·70 −39·90, −3·50

Gestational diabetes mellitus (GDM)
No – 0·00 – 0·00 –
Yes −42·31 −88·94, 4·32 −22·08 −42·78, −1·38

Hypertensive disorder in pregnancy
No 0·00 0·00 – – –
Yes −0·57 −3·79, 2·64 30·38 −4·88, 65·65

Pre-pregnancy dietary pattern −0·66 −0·73, −0·59 −0·60 −0·67, −0·54 −0·65 −0·70, −0·60 −0·58 −0·65, −0·52 −0·56 −0·63, −0·49

*Adjusted for maternal age, area of residence, marital status, educational status, alcohol intake, self-income, gestational hypertension and Healthy Eating Index-2015 score before pregnancy.
†Adjusted for maternal age, area of residence, educational status, smoking status, alcohol intake, pre-pregnancy BMI, self-income, GDM, hypertensive disorder in pregnancy, meats, high fats and sugar pattern before pregnancy.
‡Adjusted for maternal age, area of residence, marital status, smoking status and vegetables and grain pattern before pregnancy.
§Adjusted for an area of residence, educational status, self-income, pre-pregnancy BMI, GDM and traditional vegetable pattern before pregnancy.
‖Adjusted for educational status, marital status, smoking status, physical activity and fruits and dairy pattern before pregnancy.
We adjusted different socio-demographic and lifestyle factors for each dietary pattern score. We also adjusted for the consumption of the food types at baseline. The blanks indicate unadjusted independent variables.
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as pasta and rice. However, there was a small mean increase
in the total vegetable components during pregnancy.

Educational status was significantly associated with
changes in HEI-2015 score,Western diets and fruit patterns.
These findings indicate that women with higher education
were more likely to increase the consumption of healthy
diets during pregnancy than those with lower educational
status. Education has a significant role to improve women’s
nutrition knowledge, attitudes toward nutrition, diet qual-
ity, lifestyle and these might influence dietary behavioral
changes(38).

Another important finding was that self-income was
positively associated with changes in the HEI-2015 score.
Women with higher income were more likely to increase
the consumption of healthy diets from preconception to
during pregnancy. This may be explained by women
with higher having improved access to quality foods, that
is, higher consumption of a wide variety of nutritious
foods, such as fruits, vegetables, whole grains and pro-
tein diets(39,40).

Single women were more likely to increase consump-
tion of vegetable and grains pattern from preconception
to during pregnancy as compared to married women.
This suggested that single women were more likely to shift
to more healthy dietary practices compared to married
women. Previous studies showed that marriage and
cohabitation were associated with better adherence to
healthy diets, which might be caused by more regular or
formalised shopping and dietary habits when people start
living together(41,42). However, it is thought that women
might have benefitted from this transition less than men
since women are more likely to take responsibility for
the diets of family members(42,43).

Women living in rural/remote areas were more likely to
increase in traditional vegetable patterns from preconcep-
tion to during pregnancy as compared to those living in
urban areas. This association might be due to the regional
differences in vegetable consumption, which is higher in
rural areas than in urban areas. Keeping vegetable cultiva-
tion in rural areas contributes to the high consumptions of
vegetables of rural residents(44).

We found wide CIs on women’s education, marital sta-
tus and residence in the multi-variable analyses, these
might be due to the small sample size. Further well-
powered longitudinal studies are, therefore, are an essen-
tial next step to confirm the findings.

For pregnant women, the dietary guidelines advise con-
suming high fibre diets, such as vegetables, fruit, whole
grains and legumes. These diets can reduce constipation
which is a common symptom during pregnancy(45,46). In
this study, women improved their consumption of these
high fibre diets from preconceptions to during pregnancy.
However, they had poor adherence to wholegrains at both
time points. The guidelines also recommend avoiding con-
suming foods associated with increased risk of Listeria bac-
teria, including cold seafood, soft cheeses, bean sprouts

and packaged salad(45). These diets were not highly loaded
in the factor analyses. However, the mean of HEI-2015
components increased for the seafood and plant proteins,
while decreased for the dairy from preconception to during
pregnancy in our study.

The main strengths of this study are the population-
based prospective cohort study and comprehensive infor-
mation on women’s socio-demographic and lifestyle fac-
tors. Another advantage is using both posteriori (factor
analyses) and priori (HEI-2015 score) approaches to iden-
tify women’s dietary patterns. The factor analysis is the
most popular approach in the data reduction method.
The HEI-2015 score is a contemporary diet quality index
where each food component is scored on a density basis
out of 1000 cal. We also used a validated FFQ to assess
women’s dietary intake, specifically designed for use in
the Australian population. We conducted a repeated mea-
sure mixed model to examine whether the changes in
dietary patterns differed between the women who were
pregnant at Survey 5 and thewomenwhowere not, by test-
ing for an interaction term. However, this study was limited
by the use of self-report data on women’s diets and their
characteristics, which might have information bias. The
FFQ was constructed based on women’s reports of dietary
consumption over the past 12 months, which could have
introduced recall bias. We might also not have adequately
assessed women’s dietary intake during pregnancy since
the date of Survey 5 returned between March 2009 and
October 2010. Although we know when the pregnancy
period would have occurred in this interval, because con-
sumption was based on the prior 12 months, some
responses may have included some patterns of consump-
tion before pregnancy. Dietary patterns might have
changed to some extent in the general population since
the surveys took place due to temporal trends in dieting
behaviors, for example, low carb/Atkins diet. The Atkins
diet, is a low-carb diet developed by Robert Atkins in the
1970s, gained widespread popularity in 2003 and 2004,
for weight loss(47). To compare each dietary pattern at
the two-time points, we generated dietary patterns score
by summing up each food item (g/d) which was loaded
highly in each factor (factor loading> 0·30). Though this
approach produced a more practical and interpretable
measure of consumption, it may affect the overall diet qual-
ity score and alter the results as a few food items were
unable to be loaded in the factors, such as rye orwholemeal
bread. The findings, therefore, should be interpreted with
caution.

We found a significant mean difference in dietary pat-
terns from preconception to during pregnancy. The wom-
en’s dietary scores increased from preconception to during
pregnancy for the HEI-2015, traditional vegetable and fruit
patterns, while they decreased for the vegetable and grain
pattern. Overall, women appeared to improve the con-
sumption of healthy diets during the pregnancy period.
Women’s education, marital status, self-income and area
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of residence were significantly associated with changes in
healthy dietary patterns from preconception to during
pregnancy. Early shaping of adequate dietary behaviors
before pregnancy is very important for the mothers and
their children’s health since pre-conception diets have a
critical role in placental and fetal tissue developments.
Further, a well-powered longitudinal study could usefully
explore the stability and changes in dietary patterns at
the two-time points. Strengthening nutritional advice in
the healthcare setting, especially antenatal/postnatal care
could be important to improve women’s awareness and
attitudes towards the role of healthy diets before and during
pregnancy on maternal and child health.
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Diet quality in early pregnancy and its effects on fetal growth
outcomes: the infancia y medio ambiente (childhood and
environment) mother and child cohort study in Spain. Am
J Clin Nutr 91, 1659–1666.

37. American Congress of Obstetricians and Gynecologists (2018)
Prenatal Development: How Your Baby Grows During
Pregnancy: Women’s Health Care Physicians. https://www.
acog.org/Patients/FAQs/How-Your-Fetus-Grows-DuringPreg
nancy?IsMobileSet=false (accessed December 2018).

38. Hamulka J, Wadolowska L, Hoffmann M et al. (2018) Effect
of an education program on nutrition knowledge, attitudes
toward nutrition, diet quality, lifestyle, and body composition
in polish teenagers. The ABC of healthy eating project:
design, protocol, and methodology. Nutrients 10, 1439.

39. French SA, Tangney CC, Crane MM et al. (2019) Nutrition
quality of food purchases varies by household income: the
SHoPPER study. BMC Public Health 19, 231.

40. Wolfson JA, Ramsing R, Richardson CR et al. (2019) Barriers
to healthy food access: associations with household income
and cooking behavior. Prev Med Rep 13, 298–305.

41. Kemmer D, Anderson AS & Marshall DW (1998) Living
together and eating together: changes in food choice and
eating habits during the transition from single to married/
cohabiting. Sociol Rev 46, 48–72.

42. Roos E, Lahelma E, Virtanen M et al. (1998) Gender, socio-
economic status and family status as determinants of food
behaviour. Soc Sci Med 46, 1519–1529.

43. Lee S, Cho E, Grodstein F et al. (2005) Effects of marital tran-
sitions on changes in dietary and other health behaviours in
US women. Int J Epidemiol 34, 69–78.

44. Machida D& Yoshida T (2018) Vegetable intake frequency is
higher among the rural than among the urban or suburban
residents, and is partially related to vegetable cultivation,
receiving, and purchasing at farmers’ markets: a cross-
sectional study in a city within Gunma, Japan. J Rural Med
13, 116–123.

45. Eat for Health (2013) Australian Dietary Guidelines
Providing the Scientific Evidence for Healthier Australian
Diets. Australia: Department of Health and Aging; available
at https://www.eatforhealth.gov.au/sites/default/files/content/
n55_australian_dietary_guidelines.pdf (accessed July 2020).

46. Dietary Guidelines Advisory Committee Members (2015)
Dietary Guidelines for Americans 2015–2020: Government
Printing Office. https://health.gov/sites/default/files/2019-
09/2015-2020_Dietary_Guidelines.pdf (accessed July 2020).

47. Healthline (2018) The Atkins Diet: Everything You Need
to Know. https://www.healthline.com/nutrition/atkins-
diet-101 (accessed January 2021).

2540 DG Gete et al.

https://doi.org/10.1017/S136898002100450X Published online by Cambridge University Press

https://books.google.com.au/books?id=D7-mAAAACAAJ
https://books.google.com.au/books?id=D7-mAAAACAAJ
https://www.acog.org/Patients/FAQs/How-Your-Fetus-Grows-DuringPregnancy?IsMobileSet=false
https://www.acog.org/Patients/FAQs/How-Your-Fetus-Grows-DuringPregnancy?IsMobileSet=false
https://www.acog.org/Patients/FAQs/How-Your-Fetus-Grows-DuringPregnancy?IsMobileSet=false
https://www.acog.org/Patients/FAQs/How-Your-Fetus-Grows-DuringPregnancy?IsMobileSet=false
https://www.eatforhealth.gov.au/sites/default/files/content/n55_australian_dietary_guidelines.pdf
https://www.eatforhealth.gov.au/sites/default/files/content/n55_australian_dietary_guidelines.pdf
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://www.healthline.com/nutrition/atkins-diet-101
https://www.healthline.com/nutrition/atkins-diet-101
https://doi.org/10.1017/S136898002100450X

	Changes in dietary patterns from preconception to during pregnancy and its association with socio-demographic and lifestyle factors
	Methods
	Study participants and design
	Dietary assessment
	Assessment of socio-demographic and lifestyle factors
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Supplementary material
	References


