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Abstract

Purpose Few studies have described adherence to dietary patterns over time in women of childbearing age. This study aims
to describe, examine the stability and changes in dietary patterns between pregnancy and 6 years post-pregnancy and the
sociodemographic and lifestyle factors influencing the adherence over time.

Methods During pregnancy and at 6 years post-pregnancy, 24-h recalls and food frequency questionnaires were collected,
respectively, from 709 women. Data on sociodemographic and lifestyle factors were collected via questionnaires. Dietary
patterns were identified using principal component analysis and stability assessed using Pearson’s correlation coefficients
(r) and Cohen’s weighted kappa (k). Associations with sociodemographic characteristics were assessed by multiple logistic
regression.

Results The ‘Fruits, Vegetables and Legumes’ (FVL) and ‘Seafood, Noodle, Soup’ (SNS) patterns were identified at both
time points, with low correlation for the dietary pattern z scores (r 0.2 and 0.3, respectively) and modest agreement in tertile
assignment, suggesting poor stability. An ‘unhealthy’ pattern was only observed at 6 years post-pregnancy. Women who
showed increased adherence to FVL pattern had higher educational attainment and exhibited healthy lifestyle behaviours.
Women who had gestational diabetes during pregnancy were less likely to decrease adherence to FVL pattern over time.
Women who adhered more closely to the ‘unhealthy’ pattern at 6 years post-pregnancy tended to be younger, of Malay eth-
nicity, had lower socioeconomic status, were less physically active and had additional pregnancies.

Conclusions Dietary habits of women became less healthy during the transition from pregnancy to 6 years post-pregnancy.
However, results should be interpreted with caution due to the different dietary assessment tools used at the two time points.
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GWG Gestational weight gain Increasing evidence suggests that maternal diet during

PPWR  Postpartum weight retention pregnancy has substantial impact on pregnancy outcomes,
OGTT  Oral glucose tolerance test as well as on long-term health consequences for both the
mother and the child. Poor nutrition in utero has been
implicated in increasing offspring susceptibility to chronic
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obesity and type 2 diabetes (T2D) later in life [1-5]. Main-
taining a balanced diet post-pregnancy is also crucial to
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ensure optimal maternal short-term and long-term health [6,
7]. A woman’s diet after delivery can influence postpartum
weight retention, a significant contributor to obesity, which
has been associated with an increased risk in morbidity and
mortality [7, 8]. Furthermore, parents are role models for
shaping children’s early experiences with food and for the
establishment of healthy dietary behaviours [9—11]. Hence,
it is important for mothers to maintain healthy eating behav-
iours both during and after pregnancy.

In epidemiology, tracking is defined as the stability of a
given variable over a period of time [12]. Dietary tracking
represents the maintenance of eating habits, nutrient intake
or food intake throughout time [12]. There is an increas-
ing interest in assessing dietary patterns when examining
food intake, rather than single nutrient or food as food and
nutrients are not eaten in isolation [13]. Examining dietary
patterns has become a valuable approach in nutritional epi-
demiology studies as it evaluates the overall dietary habits
of a specific population and takes into account the complex
nutrient interactions.

Numerous studies have examined stability of dietary pat-
terns over time in various population groups [14—19]. How-
ever, there remains a dearth of data on the stability of wom-
en’s dietary patterns in the continuum from pregnancy to the
post-pregnancy period, especially among Asian populations.
From our recent systematic review of observational studies
[20], it appeared that mothers adhered less to a healthier
dietary pattern post-pregnancy compared to during preg-
nancy. Of the 17 studies found to have examined changes in
women's diet from pregnancy to the post-pregnancy period
[20], only 3 have tracked maternal dietary patterns [21-23].
Of these three studies, only one examined the associations
of sociodemographic and lifestyle factors to these patterns
from preconception to 6 months postpartum [22]. In this
study, smoking was positively associated with the ‘sweet-
ened beverages and sugars’ pattern during preconception and
in weeks 6 and 10 of pregnancy [22]. In weeks 10 and 38 of
pregnancy, age was positively associated with the ‘vegeta-
bles and meat’ pattern [22]. None of the sociodemographic
and lifestyle factors were associated with these dietary pat-
terns at 6 months postpartum [22].

The aims of this longitudinal study were to (1) identify
and describe women’s dietary patterns at pregnancy and at
6 years post-pregnancy in a multiethnic Asian cohort resid-
ing in Singapore, (2) investigate the stability and changes
of these dietary patterns between pregnancy and 6 years
post-pregnancy, and (3) identify the sociodemographic and
lifestyle factors influencing the adherence to these identified
dietary patterns over time. We hypothesised that there would
be low stability of healthy dietary patterns from pregnancy
to 6 years post-pregnancy. Additionally, we hypothesised
that women’s socioeconomic status (SES) would influence
adherence to healthy dietary patterns over time. Knowledge
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of all these can facilitate the design and implementation of
more effective policies and interventions.

Methods
Study population

Data for this study were obtained from the Growing Up
in Singapore Toward healthy Outcomes (GUSTO) Study,
an on-going prospective birth cohort study to examine the
early pregnancy influences on maternal and offspring health.
Further details of the study population have been described
previously [24, 25]. In brief, from June 2009 to October
2010, pregnant women were recruited at < 14 weeks of
gestation from 2 major public maternity units of Kandang
Kerbau Women's and Children's Hospital (KKH) and the
National University Hospital (NUH) in Singapore. Eligi-
bility criteria for the GUSTO study included: Singaporean
citizens or permanent residents, of Chinese, Malay or Indian
ethnicity with parents of homogeneous ethnic background,
aged 18-50 years, intend to deliver in NUH or KKH and
plan to reside in Singapore for the next 5 years, willing to
donate cord, cord blood and placenta. Mothers receiving
chemotherapy, psychotropic drugs or who had type 1 dia-
betes were excluded. This trial was registered at clinicaltri-
als.gov as NCTO01174875. Ethical approval was granted by
the Institutional Review Board of NUH and KKH. Written
informed consent was obtained from all of the participants
at recruitment.

Data collection
Maternal characteristics

Data on maternal sociodemographic and lifestyle character-
istics (e.g., age, ethnicity, education and monthly household
income) and obstetric and medical history were collected
from participants at recruitment (< 14 weeks of gestation).
Pre-pregnancy body mass index (BMI) (kg/m?) was derived
using self-reported pre-pregnancy weight and measured
height at the 2628 weeks’ gestation follow-up visit. Stand-
ing heights were measured with a stadiometer (SECA model
213).

At the 26-28 weeks’ gestation follow-up visit, informa-
tion on cigarette smoking and alcohol consumption during
pregnancy was obtained and oral glucose tolerance test was
conducted to identify women with gestational diabetes mel-
litus (GDM) according to WHO diagnostic criteria [26].
Hypertensive disorders of pregnancy, were obtained from
hospital case notes.

Participants were classified into groups of inadequate,
adequate and excessive gestational weight gain (GWG)
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based on the Institute of Medicine (IOM) recommended rate
of weight gain (kg/week) in the second and third trimesters
according to the pre-pregnancy BMI category [27]. To com-
pute rate of weight gain during second and third trimesters,
linear mixed-effects model with the best linear unbiased
predictor was used to estimate linear trajectory of GWG per
week [28]. Inadequate GWG was defined as a weight gain
rate less than the IOM recommended lower limit, whereas
excessive weight gain was defined a weight gain rate greater
than the recommended upper limit. Those with weight gain
rate within the recommended range were classified as having
adequate GWG.

Postpartum weight retention (PPWR) was calculated by
subtracting the self-reported pre-pregnancy weight from
measured weight at 18 months follow-up visit. Maternal
weights were measured using calibrated electronic weigh-
ing scales (SECA, Hamburg, Germany) to the nearest
0.1 kg. Women were categorised into non-substantial PPWR
(<5 kg) and substantial PPWR (> 5 kg) [29, 30].

Information on women’s sociodemographic and life-
style characteristics, working status, BMI, parity, T2D and
hypertension status post-pregnancy was collected at 4, 5 or
6-year follow-up visits. Mothers were asked to attend all 4,
5 and 6-year follow-up visits and different information were
collected at each visit. Information regarding child feeding
practices such as reading the Healthy Choice Symbol (HCS)
when purchasing food for their child was obtained at year
5. The HCS is a front-of-pack nutrition labelling, which
identifies food items within a specific category of foods as
healthier choices [31]. The duration and frequency of physi-
cal activity were used to derive metabolic equivalent (MET-
min/week) scores [32] and this information was obtained at
year 6. Women completed the oral glucose tolerance test
(OGTT) at either year 4 or year 5-6. Mothers were classi-
fied as having T2D if fasting glucose was equal to or more
than 7 mmol/L or 2-h post challenge glucose was equal to
or more than 11.1 mmol/L at either of these two time points
[33]. Hypertension status was self-reported at year 4 visit.

Maternal dietary assessment and identification of dietary
patterns

Maternal dietary intake at 26-28 weeks’ gestation was
assessed using a single 24-h recall. The 24-h recall was
administered by a trained clinical research staff on either a
weekday or weekend using a five-step, multiple-pass inter-
viewing method with standardised household measuring
utensils and food pictures of various portion sizes to aid
women in quantifying their dietary intake during the previ-
ous day. Details of the assessment of maternal dietary intake
during pregnancy have been published elsewhere [34, 35].
At 6-year follow-up visit, women’s dietary intake for
the previous month was assessed using a 133-food item

semi-quantitative Food Frequency Questionnaire (FFQ),
which was developed based on locally validated FFQ pre-
viously used in nationally representative samples of adults
[36, 37] and it was administered by trained clinical research
staff. Mothers had to indicate the frequency of consumption
over the past month as ‘never’, ‘number of times per month’,
‘number of times per week’ or ‘number of times per day’.
The average servings of food items consumed were also
ascertained using photographs of standardised household
measuring utensils and food pictures presented during the
interview. Dietary intakes of food were standardised to daily
frequencies, and multiplied by average amount per serving
in grams (g), to obtain total intake in grams per day (g/day).

All food and drinks recorded were initially allocated into
68 food groups for the 24-h recalls at pregnancy and 57 food
groups for the FFQ at 6 years post-pregnancy based on simi-
larities in nutrient composition and culinary use. To avoid
skewed distributions, foods that were rarely consumed (con-
sumed by less than 10% of participants) and had little to no
variance were either excluded or merged with food groups
with food sharing a similar nutritional profile and culinary
use [38]. A final standardised list of 30 non-overlapping food
groups for both time points are reported in Supplementary
Table 1.

Standardised intake (g/day) of food groups was used as
the input value in the analysis. Principal component analysis
(PCA) with varimax rotation was performed independently
at each time point to empirically derive dietary patterns. The
number of components best representing the data was chosen
based on the break point of the scree plot, eigenvalues > 1
and the interpretability of the components [39]. Food groups
with a loading coefficient> 0.25 or < —0.25 were considered
important for interpretability of the components (i.e. dietary
patterns) [40, 41]. The components or dietary patterns were
named according to the foods that loaded highly on the pat-
terns [42].

The dietary pattern score for the derived patterns identi-
fied at both time points was calculated for each participant
by summing the standardised intake of food groups (grams
per day) weighted by their PCA loadings. Each participant
also received a standardised z score (mean=0; SD 1) indi-
cating how closely their intake resembled the dietary pattern
relative to the rest of the cohort.

Statistical analyses

Baseline maternal sociodemographic and lifestyle character-
istics of respondents who provided complete dietary data at
both time points were compared with those of non-respond-
ents using Mantel-Haenszel chi-square test for categorical
variables.

Tucker’s congruence coefficient quantifies the simi-
larity of the PCA loadings across the two time points in
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each dietary pattern [43, 44], with absolute values rang-
ing between 0 and 1. The coefficient may be interpreted as
follows: > 0.8 “excellent”, 0.65 to 0.8 “good”, 0.5 to 0.65
“acceptable” and < 0.5 “poor” congruence [45]. Only dietary
patterns that have quantitatively similar PCA loadings across
the two time points can be tracked.

To evaluate the stability of dietary patterns, the dietary
pattern z scores were used in the subsequent analyses as
continuous variables or ranked into categorical variables
(tertiles). Pearson’s correlation coefficients (r) between
dietary pattern z scores (as continuous variables) at the two
time points were calculated. An absolute coefficient value
of less than 0.3 was indicative of ‘low’ correlation, 0.3-0.5
as ‘moderate’ correlation and more than 0.5 as ‘strong’ cor-
relation [46].

Participants were then assigned into tertiles of dietary
pattern z scores during pregnancy and at 6 years post-preg-
nancy, with low scores belonging to 1st tertile and high
scores belonging to 3rd tertile for each dietary pattern (1st
tertile (T1) =1ow adherence, 2nd tertile (T2)=moderate
adherence, and 3rd tertile (T3) =high adherence). The pro-
portion of participants (%) who remained in the same tertile
for a dietary pattern from pregnancy to 6 years post-preg-
nancy was determined (cross-tabulations) and the level of
agreement was estimated using Cohen’s weighted kappa (k)
[47]. Cohen’s weighted k of one indicates perfect agreement
and zero indicates agreement due to chance. In accordance
to the scale of Landis and Koch [48], values of 0.01-0.20 are
indicative of “slight” agreement; 0.21-0.40 as “fair”’; 0.41 to
0.60 as “moderate’; 0.61 to 0.80 as “substantial”’ and 0.81 to
1.00 as “almost perfect” agreement between time points. The
higher the agreement, the more stable is the dietary pattern
across the two time points.

Participants who shifted from T1 at pregnancy to T2/
T3 at post-pregnancy and T2 at pregnancy to T3 at post-
pregnancy represent those with increased adherence to this
particular dietary pattern. They were compared to partici-
pants in the consistently low adherence group (i.e. those who
remained in T1 of a particular dietary pattern from preg-
nancy to 6 years post-pregnancy). Conversely, participants
who shifted from T3 at pregnancy to T2/T1 at post-preg-
nancy and T2 at pregnancy to T1 at post-pregnancy repre-
sent those with decreased adherence to this particular dietary
pattern. They were compared to those in the consistently
high adherence group (participants who remained in T3 of
a particular dietary pattern throughout the two time points).

Logistic regression models were used to assess the asso-
ciations between sociodemographic and lifestyle character-
istics and mother’s adherence to dietary patterns over time.
In these models, we examined mother’s age at recruitment,
ethnicity, maternal education, household income at recruit-
ment and at 5 years post-pregnancy, pre-pregnancy BMI and
BMI at 6 years post-pregnancy, parity at recruitment and
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at 4 years post-pregnancy, GDM, hypertensive disorders of
pregnancy, hypertension at 4 years post-pregnancy, GWG,
PPWR, mother’s working status at 5 years post-pregnancy,
mother’s physical activity post-pregnancy, mother’s T2D
status post-pregnancy and mother’s child feeding practices
such as reading HCS when purchasing food for their child.
The model was adjusted for sociodemographic and lifestyle
variables that were significant at p <0.05 in the univariate
model. Only results from multiple adjusted models were
reported.

To reduce potential bias associated with missing data in
our study, missing data were imputed 20 times using multi-
ple imputation technique with chained equations [49] for the
following sociodemographic and lifestyle variables: n=57
pre-pregnancy BMI, n =6 maternal education, n=48 house-
hold income at recruitment, n=21 GDM, n=81 GWG,
n=194 PPWR, n =68 parity at 4 years post-pregnancy,
n =134 household income at 5 years post-pregnancy, n=90
mother’s working status at 5 years post-pregnancy, n =239
reading HCS label, n=69 physical activity, n=60 BMI at
6 years post-pregnancy, n="72 hypertension at 4 years post-
pregnancy and n =120 mother’s T2D status post-pregnancy.
The results of the 20 analyses were pooled using Rubin’s
rule [50]. Complete-case analysis was performed as a sen-
sitivity analysis. As similar effect estimates were found in
analyses with imputed and unimputed data, pooled results
after the multiple imputation were presented. All statisti-
cal analyses were conducted using STATA 14.2 (StataCorp,
College Station, TX). Two-sided p <0.05 was considered to
be statistically significant.

Results
Study sample characteristics

Study sample selection is shown in Fig. 1. A total of
1450 pregnant women provided written consent and were
recruited into the study. Pregnant women who were bear-
ing twins were excluded (n=10). Of the remaining 1440
pregnancies, 414 women were excluded from the analysis
due to lost to follow-up. A final sample of 709 mothers
had complete dietary data at both 2628 weeks’ gestation
and at 6 years post-pregnancy, and were thus included in
the current analysis. A majority of the participants were
non-smokers (87.5%) and did not consume alcohol during
pregnancy (97.5%). Differences in baseline characteristics
between women who had complete dietary data at both time
points and those who did not are shown in Table 1. Mater-
nal characteristics at baseline such as age, pre-pregnancy
body mass index (BMI), ethnicity, educational attainment,
household income, parity, hypertensive disorders and GDM
status did not differ significantly between mothers who were
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n=1450 eligible women recruited at 7-11
weeks of pregnancy

Lost to follow-up: n=201
Excluded twin pregnancies: n=10

—)

n=1208 had completed 24-hr recalls
at 26-28 weeks’ gestation

26-28 weeks’ gestation follow-up ’
n=1239

—) | Lost to follow-up: n=58 | |
Birth 1
n=1181 1
— | Lost to follow-up: n=155 | ;
Year 6 follow-up mmmm) | N=745 had completed FFQ at Year 6 |
n=1026

|
A 4
n=709 mothers available for analysis
with complete dietary data at 26-28
weeks’ gestation and at Year 6

Fig. 1 Flowchart of study participant selection

included (n=709) and those who were excluded from this
analysis (n=731).

Description of dietary patterns

Dietary patterns identified in pregnancy and at 6 years post-
pregnancy are presented in Table 2. At 2628 weeks’ gesta-
tion, two dietary patterns were identified. The first dietary
pattern, labelled ‘Fruits, Vegetables and Legumes’ (FVL),
was characterised by higher intakes (high positive PCA
loadings) of vegetables, fruits, legumes, nuts, seeds, eth-
nic bread, whole milk, and non-refined grains. The second
dietary pattern, labelled ‘Seafood, Noodle, Soup’ (SNS),
was characterised by higher intakes of soup, noodles, sea-
food, healthy meat, and eggs and lower intakes of legumes,
nuts and seeds and ethnic bread. These two dietary patterns
were also identified at 6 years post-pregnancy. In addition,
a third different dietary pattern, which was not observed in
pregnancy, emerged only at 6 years post-pregnancy. This
third dietary pattern, labelled ‘unhealthy’ dietary pattern,
was characterised by higher intakes of processed meat, fast
food, unhealthy local savoury snacks, flavoured rice, soft
drinks, unhealthy meat and fried potatoes.

Stability of women’s dietary patterns over time

The congruence coefficient observed between the FVL die-
tary patterns at the two time points was 0.70 and considered
“good”. This was similar for the SNS dietary pattern, at 0.71.
These demonstrated high similarities in the PCA loadings of
each dietary pattern between the two time points, suggesting
that these two patterns were quantitatively similar across the
two periods. The congruence coefficient observed between

the third dietary pattern from the two time points was 0.27
and considered “poor”. This demonstrated low similarity in
the PCA loadings of the third dietary pattern between the
two time points. Thus, only the stability of FVL and SNS
dietary patterns across the two time points was suitable to
be assessed.

Pearson’s correlation coefficient between dietary pattern
z scores at the two time points were 0.20 for the FVL dietary
pattern and 0.30 for the SNS dietary pattern (both p <0.05),
indicative of low correlation. The proportion of participants
who remained in the same tertile across time varied from
37 to 44% for FVL dietary pattern and 39% to 45% for SNS
dietary pattern (Table 3). The weighted k values for being
in the same tertile at the two time points were 0.11 (95% CI
0.065-0.172) and 0.15 (95% CI 0.095-0.199) for FVL and
SNS dietary patterns respectively, which indicates only a
slight level of agreement between the categorised dietary
pattern z scores for both dietary patterns in pregnancy and
at 6 years post-pregnancy according to the identified cut-
off criteria mentioned previously [48]. These results reflect
poor stability of FVL and SNS dietary patterns across the
two time points.

Associations between adherence to dietary patterns
and women'’s sociodemographic and lifestyle factors

‘Fruit, Vegetables and Legumes’ (FVL) dietary pattern

The associations between adherence to FVL dietary pat-
tern over time and women’s sociodemographic and life-
style factors are shown in Table 4. Mothers in the increased
adherence group (n=210; T1 in pregnancy to T2/T3 post-
pregnancy and T2 in pregnancy to T3 post-pregnancy) were
compared to those in the consistently low adherence group
(n=98; T1 in pregnancy and post-pregnancy), while those
in the decreased adherence group (n=209; T3 in preg-
nancy to T2/T1 post-pregnancy and T2 in pregnancy to
T1 post-pregnancy) were compared to those in the consist-
ently high adherence group (n=105; T3 in pregnancy and
post-pregnancy).

Mothers, with increased adherence to the FVL dietary
pattern from pregnancy to 6 years post-pregnancy, tended to
be of Indian ethnicity, higher educational attainment (post-
secondary and beyond), more physically active (> 3000
MET-min/week) at year 6, read HCS when purchasing
food for their child and were less likely to have substantial
PPWR (>5 kg) measured at 18 months post-pregnancy as
compared to mothers with consistently low adherence to the
FVL pattern. Maternal health status during pregnancy and
post-pregnancy, such as GDM, T2D, hypertensive disorders
during pregnancy and hypertension post-pregnancy, were
not found to be associated with increased adherence to FVL
pattern from pregnancy to post-pregnancy.
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Table 1 Differences in baseline characteristics between mothers with and without complete dietary data at 26-28 weeks’ gestation and at 6 years

post-pregnancy

With complete dietary data for the two Without complete dietary data for the two  p value
time points (n="709)* time points (n=731)
n (%) n (%)
Age, year 0.11
18-29 324 (45.7) 347 (47.4)
30-34 222 (31.3) 249 (34.0)
>35 163 (23) 136 (18.6)
Pre-pregnancy BMI, kg/m* 0.34
Underweight/normal 495 (75.9) 332 (72)
Overweight 110 (16.9) 91 (19.7)
Obese 47(7.2) 38 (8.3)
Ethnicity 0.29
Chinese 410 (57.8) 404 (55.2)
Malay 181 (25.5) 183 (25.0)
Indian 118 (16.7) 145 (19.8)
Education status 0.62
Primary/secondary 222 (31.6) 231 (32.6)
Post-secondary 240 (34.1) 253 (35.6)
University 241 (34.3) 226 (31.8)
Monthly household income (SGD) 0.79
<1999 107 (16.2) 101 (15.0)
2000-5999 367 (55.5) 384 (57.2)
> 6000 187 (28.3) 187 (27.8)
Parity 0.56
0 318 (44.8) 217 (46.6)
>1 391 (585.2) 249 (53.4)
Hypertensive disorders® 0.18
No 665 (93.8) 484 (91.8)
Yes 44 (6.2) 43 (8.2)
GDM 0.27
No 563 (81.8) 378 (79.2)
Yes 125 (18.2) 99 (20.8)

BMI body mass index, GDM gestational diabetes mellitus, SGD Singapore dollars

aSample sizes vary due to missing data. Missing data: n=>57 pre-pregnancy BMI, n=6 maternal education, n=48 household income at recruit-

ment, n=21 GDM

"Hypertensive disorders during pregnancy include chronic hypertension, pregnancy-induced hypertension, pre-eclampsia, and eclampsia

Compared to mothers with consistently high adherence
to the FVL pattern, those with decreased adherence to
the FVL dietary pattern from pregnancy to 6 years post-
pregnancy, were less likely to have the following charac-
teristics: of Indian ethnicity, higher educational attainment
(post-secondary and beyond), had GDM during pregnancy
and read HCS when purchasing food for their child. Other
maternal sociodemographic, lifestyle factors and health
status examined were not associated with the adherence
to FVL dietary pattern over time.
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‘Seafood, Noodle and Soup’ (SNS) dietary pattern

The associations between adherence to SNS dietary pat-
tern over time and women’s sociodemographic and lifestyle
factors are shown in Supplementary Table 2. Mothers in
the increased adherence group (n=197) were compared
to those in the consistently low adherence group (n=108),
while those in the decreased adherence group (n=206) were
compared to those in the consistently high adherence group
(n=107).
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Table 2 Factor loadings matrix for the dietary patterns identified at 2628 weeks’ gestation and at 6 years post-pregnancy (n="709)

Food item
umes’

‘Fruits, Vegetables and Leg-

‘Seafood, Noodle and Soup’ ‘Unhealthy’

Pregnancy

6 years post-
pregnancy

Pregnancy 6 years post- 6 years post-pregnancy

pregnancy

Vegetables 0.42 0.35
Fruit 0.33 0.33
Legumes, nuts and seeds 0.32 0.31
Bread (ethic) 0.31 0.22
High-fat milk - 0.32
Yoghurt and dairy products - 0.30
Non-refined grains - 0.27
Breakfast cereals, cereal bars, grains (others) - 0.26

Local savoury snacks (healthy) - -
Porridge - -
Soup - -
Noodles - -
Fish and seafood - -
Meat (healthy) - -
Dessert - -
Refined grains - -
Low-fat milk - -
Soybean products - -
Eggs - -
Fruit juice - -
Coftee/tea - -
Processed meat - -
Fast food - -
Local savoury snacks (unhealthy) - -
Spreads - -
Milk-based drinks (malt beverage) - -
Flavoured rice - -
Soft drinks - -
Meat (unhealthy) - -
Potato (fried) - -

~0.28 - -
~0.34 - -

-0.27 - -
- 0.38 -
- 0.26 -
0.42 0.37 -
0.40 0.31 -
0.32 0.36 -
0.32 0.32 -

- - 0.37
- - 0.27
- - 0.25

- - 0.31
- - 0.26
- - 0.32
- - 0.36

Absolute values < 0.25 were not listed for simplicity

Mothers, with increased adherence to the SNS dietary
pattern from pregnancy to 6 years post-pregnancy, tended to
have post-secondary education and less likely to be of Malay
and Indian ethnicity as compared to mothers with consist-
ently low adherence to the SNS dietary pattern.

Mothers, with decreased adherence to the SNS dietary
pattern from pregnancy to 6 years post-pregnancy, tended to
be of Malay and Indian ethnicity and less likely to be older
(>30 years old) and less likely to have had a university level
education as compared to mothers with consistently high
adherence to the SNS pattern. Other maternal sociodemo-
graphic, lifestyle factors and health status examined were
not associated with the adherence to SNS dietary pattern
over time.

‘Unhealthy’ dietary pattern

Adherence to the ‘unhealthy’ dietary pattern was exam-
ined at 6 years post-pregnancy only and its association
with women’s sociodemographic and lifestyle factors was
assessed using multiple ordinal logistic regression analyses
as shown in Table 5. The fit of model and proportional odds
assumption were checked and met.

Maternal age > 30 years, university qualification, higher
household income (> $2000/month) at 5 years post-
pregnancy and more physically active (=600 MET-min/
week) at post-pregnancy were associated with a signifi-
cantly decreased odds of moderate and high adherence to
the ‘unhealthy’ dietary pattern at 6 years post-pregnancy.

@ Springer



992

European Journal of Nutrition (2022) 61:985-1001

Table 3 Proportion [n (%)] of women remaining in the same tertile
for dietary pattern z scores from 26 to 28 weeks’ gestation to 6 years
post-pregnancy

Pregnancy dietary com-
ponent score tertiles

6 years post-pregnancy dietary component
score tertiles [n (%)]

Tertile 1 Tertile 2 Tertile 3

‘Fruits, Vegetables and Legumes’

Tertile 1 98 (41.4) 79 (33.5) 60 (25.4)
Tertile 2 78 (32.9) 87 (36.9) 71 (30.1)
Tertile 3 61 (25.7) 70 (29.6) 105 (44.5)
‘Seafood, Noodle and Soup’

Tertile 1 108 (45.6) 68 (28.8) 61 (25.8)
Tertile 2 77 (32.5) 91 (38.6) 68 (28.9)
Tertile 3 52 (21.9) 77 (32.6) 107 (45.3)

Women of Malay ethnicity and women with additional preg-
nancies between birth of child in the study and at 4 years
post-pregnancy were more likely to have moderate and
high adherence to the ‘unhealthy’ dietary pattern at 6 years
post-pregnancy. Other maternal sociodemographic, life-
style factors and health status examined were not associated
with the adherence to ‘unhealthy’ dietary pattern at 6 years
post-pregnancy.

Discussion

To the best of our knowledge, this is the first longitudinal
study that assessed the stability and changes in women’s die-
tary patterns between pregnancy and 6 years post-pregnancy
in a multiethnic Asian population. We identified two dis-
tinct dietary patterns, the ‘Fruits, Vegetables and Legumes’
(FVL) and ‘Seafood, Noodle, Soup’ (SNS) patterns, which
tracked poorly. Furthermore, an ‘unhealthy’ dietary pattern,
which was not observed during pregnancy, was identified at
6 years post-pregnancy. We also found that the most signifi-
cant sociodemographic circumstances and lifestyle habits
associated with adherence to dietary patterns over time in
our cohort were age, ethnicity, educational attainment, post-
pregnancy household income, parity, physical activity level
and reading of food labels.

Two different dietary assessment methods were used
at the two time points—24 h recall during pregnancy and
FFQ at 6 years post-pregnancy, which is one of the limi-
tations of our study. This may have affected the ability to
track dietary patterns over time. However, we ran Tucker’s
congruence coefficient tests which showed that the identi-
fied patterns were quantitatively similar over time and thus
indicated that these patterns can be tracked longitudinally.
Similarly, previous studies found few differences in the
factor loadings based on a long-term dietary assessment
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method, such as the FFQ, when compared to the factor
loadings based on a short-term dietary assessment method,
such as a 7-day weighted diet record [51, 52] and the die-
tary patterns generated were similar [53]. Nevertheless,
future longitudinal studies should ideally ensure similar
dietary assessment tools are used throughout the study so
that the dietary data collected over time are comparable.

Our findings suggest that the stability of the FVL pat-
tern—a healthy eating pattern high in vegetables, fruits,
legumes, nuts, seeds, and non-refined grains—from preg-
nancy to 6 years post-pregnancy is poor. Furthermore, an
‘unhealthy’ dietary pattern, which was not observed during
pregnancy, was identified at 6 years post-pregnancy. Evi-
dence from our recent systematic review of observational
studies also suggests that the transition from pregnancy
to motherhood is generally associated with a progressive
increase in intake of energy-dense, nutrient-poor food
and a decline in the consumption of healthy food [20].
These results reflected a shift towards unhealthy dietary
habits in women during the transition from pregnancy to
post-pregnancy. Similarly, Northstone et al. [21] reported
a decrease in adherence to the ‘health conscious’ dietary
pattern and greater adherence to the ‘processed’ and ‘veg-
etarian’ dietary pattern over the four years postpartum fol-
low-up period. Sotre-Alvarez et al. [23] found that women
were most likely to stay in “prudent” and “western” than
“health conscious western” dietary pattern from the sec-
ond trimester to 1 year postpartum. Women adopt healthier
dietary patterns such as increasing their fruits and vegeta-
bles intake during pregnancy [54]; however, these changes
in dietary habits may not be sustained after delivery and
their dietary habits often become less healthy [55].

Our study found that health-promoting lifestyle behav-
iours post-pregnancy, such as being more physically active
and reading food labels, were associated with increased
adherence to the healthier FVL dietary pattern over time
and lower adherence to the ‘unhealthy’ dietary pattern
post-pregnancy. Women who read food labels when pur-
chasing food were less likely to decrease adherence to the
FVL dietary pattern over time. This is expected as previous
studies have reported a co-occurrence of health-promoting
lifestyle behaviours and consumption of healthy diet and
their potential synergistic effect on the risk of chronic con-
ditions and health outcomes [56, 57]. Our findings help to
deepen the understanding of the clustering of these healthy
lifestyle factors and form the basis for intervention devel-
opment and prevention strategies to further target lifestyle
behaviours simultaneously and to improve mother’s diet
post-pregnancy. Additional support and strategies which
account for barriers to behaviour changes faced by women
in the post-pregnancy period, such as time and financial
constraints, returning to work and lack of partner support
[58], are required.
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Table 4 Associations between maternal sociodemographic, lifestyle characteristics and health status and mother’s adherence to ‘Fruits, Vegeta-
bles and Legumes’ (FVL) dietary pattern from 26 to 28 weeks’ gestation to 6 years post-pregnancy

Adjusted OR [95% CI]

Increased adherence over time® Decreased adher-

ence over time®

Characteristics during pregnancy
Age at recruitment (years)
18-29
30-34
35+
Ethnicity
Chinese
Malay
Indian
Maternal education
Primary/secondary
Post-secondary
University
Monthly household income (SGD)
<1999
2000-5999
> 6000
Pre-pregnancy BMI
Underweight/normal
Overweight
Obese
Parity
0
>1
GDM
No
Yes
Hypertensive disorders®
No
Yes
Gestational weight gain
Excessive
Inadequate
Adequate

Characteristics during post-pregnancy

Postpartum weight retention
Non-substantial (<5 kg)
Substantial (>5 kg)

Farity (between GUSTO birth and Year 4 visit)

0
>1

Monthly household income (SGD) (Year 5)

<1999
2000-5999
> 6000
Mother's working status (Year 5)
Does not work

1.00
1.53 [0.80-2.92]
2.01 [0.96-4.21]

1.00
0.97 [0.56-1.68]
3.03 [1.16-7.92]*

1.00
1.82 [1.00-3.30]*
2.39 [1.12-5.09]*

1.00
1.39 [0.72-2.73]
1.85[0.79-4.35]

1.00
1.3 [0.63-2.68]
1.52 [0.52-4.43]

1.00
1.17 [0.70-1.95]

1.00
1.05 [0.5-2.23]

1.00
0.69 [0.25-1.87]

1.33[0.72-2.48]
1.21 [0.54-2.70]
1.00

1.00

0.35[0.17-0.69] *

1.00
0.82[0.48-1.43]

1.00
1.43 [0.66-3.14]
1.84 [0.78—4.23]

1.00

1.00
1.16 [0.62-2.18]
1.38 [0.68-2.78]

1.00
0.86 [0.35-2.08]
0.12 [0.06-0.25]**

1.00
0.34 [0.15-0.75]*
0.24 [0.11-0.50]**

1.00
0.62 [0.23-1.69]
0.86 [0.28-2.69]

1.00
1.39[0.62-3.12]
2.23 [0.52-9.55]

1.00
0.71 [0.41-1.22]

1.00
0.50 [0.26-0.98]*

1.00
2.5[0.64-9.76]

0.95[0.53-1.73]
2.04 [0.75-5.58]
1.00

1.00

0.84 [0.40-1.76]

1.00
1.44 [0.78-2.65]

1.00
1.07 [0.31-3.62]
1.24 [0.34-4.47]

1.00
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Table 4 (continued)

Adjusted OR [95% CI]

Increased adherence over time® Decreased adher-

ence over time?®

Works part-time
Works full time
Mother read HCS when purchasing food for child (Year 5)
No
Yes
Mother physical activity (Year 6)
<600 MET-min/week
600 to <3000 MET-min/week
>3000 MET-min/week
Maternal BMI (Year 6)
Underweight/normal
Overweight
Obese
Hypertension (Year 4)
No
Yes
T2D (Year 4-6)
No
Yes

1.11 [0.4-3.1]
0.74 [0.38-1.46]

1.00

2.44 [1.38-4.33]**

1.00
1.22 [0.58-2.57]
2.4 [1.04-5.52]*

1.00
0.84 [0.42-1.69]
1.09 [0.52-2.28]

1.00
0.68 [0.13-3.57]

1.00
0.19 [0.04-0.9]

1.31 [0.49-3.55]
1.35[0.68-2.71]

1.00
0.53 [0.27-1.01]*

1.00
1.17 [0.56-2.47]
0.83[0.36-1.87]

1.00
1.28 [0.64-2.55]
2.07 [0.74-5.80]

1.00
1.43 [0.22-9.17]

1.00
0.84 [0.10-7.06]

OR odds ratio, CI confidence interval, SGD Singapore dollars, BMI body mass index, GDM gestational diabetes mellitus, GUSTO Growing Up
Towards Healthy Outcomes, HCS healthy choice symbol, MET metabolic equivalents of task, 72D Type 2 diabetes. Values are adjusted odds
ratios (95% Cls). Dietary patterns were classified in tertiles of adherence, 1st tertile (T1) =low adherence, 2nd tertile (T2) =moderate adherence,

and 3rd tertile (T3)=high adherence
*p<0.05, **p <0.001

*Increased adherence from pregnancy to 6 years post-pregnancy: T1 to T1 (reference) versus T1 to T2 or T1 to T3 or T2 to T3. Decreased adher-
ence from pregnancy to 6 years post-pregnancy: T3 to T3 (reference) versus T3 to T2 or T3 to T1 or T2 to T1. These models were adjusted for
mother’s ethnicity, education, household income, GDM status, mother’s physical activity level and HCS label reading

"Hypertensive disorders during pregnancy include chronic hypertension, pregnancy-induced hypertension, pre-eclampsia, and eclampsia

We found that those women who decreased adherence to
the FVL pattern over time were less likely to be those diag-
nosed with GDM during pregnancy. In other words, women,
who were diagnosed with GDM during pregnancy, tended
to adhere closely to the FVL pattern over time. Women who
are diagnosed with GDM are at high risk of developing T2D
after pregnancy [30, 59]. Similarly, there are a few qualita-
tive studies that suggest that women diagnosed with GDM
have slightly changed their postpartum lifestyle behaviours
that are consistent with guidelines for the prevention of T2D,
such as increasing intake of fruits and vegetables and avoid-
ing high-fat foods [60-63]. However, other mothers’ health
conditions such as hypertensive disorders during pregnancy,
post-pregnancy T2D and hypertension did not appear to
influence changes in the women’s diet over time. One rea-
son for this could be that there is a greater emphasis placed
on GDM and how to manage it in public health messages
in Singapore as compared to other health conditions such as
hypertensive disorders during pregnancy. It is also important
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to note that our study was potentially underpowered for the
case groups and that the small sample size in each tertile
may have contributed to the failure in detecting any associa-
tion between mothers’ health conditions and adherence to
dietary patterns over time. Further studies with comparable
groups are warranted to confirm this association.

We found that mothers of Malay decent, who were
younger (< 30 years old), had below degree-level educa-
tion and lower household income tended to have greater
adherence to an ‘unhealthy’ dietary pattern post-pregnancy.
Similarly, we found that mothers with below post-secondary
education tended to decrease adherence to the FVL pattern
over time. Our results are in line with numerous studies
which have shown that consumption of unhealthy food is
strongly patterned by SES and that socio-economically dis-
advantaged individuals have less healthy dietary habits as
compared to people with high SES [64-68]. It is well under-
stood that higher educational attainment is often associated
with lower consumption of energy-dense food [69-77].
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Table 5 Maternal

sociodemographic, lifestyle
characteristics and health
status associated with mother’s
adherence to ‘Unhealthy’
dietary pattern at 6 years post-
pregnancy assessed by ordinal
logistic regression analyses

Ordinal OR [95% CI]*

Characteristics during pregnancy
Age at recruitment (years)
18-29
30-34
35+
Ethnicity
Chinese
Malay
Indian
Maternal education
Primary/secondary
Post-secondary
University
Monthly household income (SGD)
<1999
2000-5999
> 6000
Pre-pregnancy BMI
Underweight/normal
Overweight
Obese
Parity
0
>1
GDM
No
Yes
Hypertensive disorders®
No
Yes
Gestational weight gain
Excessive
Inadequate
Adequate
Characteristics during post-pregnancy
Postpartum weight retention
Non-substantial (<5 kg)
Substantial (>5 kg)
Parity (between GUSTO birth and Year 4 visit)
0
>1
Monthly household income (SGD) (Year 5)
<1999
2000-5999
> 6000
Mother’s working status (Year 5)
Does not work
Works part-time
Works full time
Mother read HCS when purchasing food for child (Year 5)
No

1.00
0.58 [0.41-0.82]*
0.45 [0.3-0.66]**

1.00
4.19 [2.76-6.37]**
0.82[0.53-1.25]

1.00
0.88 [0.61-1.29]
0.53 [0.34-0.84]*

1.00
0.65[0.41-1.03]
0.86 [0.47-1.58]

1.00
0.95 [0.58-1.58]
0.63 [0.28-1.43]

1.00
0.92 [0.66-1.27]

1.00
0.92 [0.62-1.36]

1.00
1.36 [0.74-2.51]

0.74 [0.52-1.06]
0.92 [0.58-1.46]
1.00

1.00
0.81[0.54-1.22]

1.00
1.29 [0.93-1.8]*

1.00
0.66 [0.39-1.12]**
0.69 [0.38-1.26]**

1.00
0.99 [0.59-1.68]
1.35[0.91-1.99]

1.00
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Table 5 (continued)

Ordinal OR [95% CI]*

Yes 1.27 [0.91-1.78]
Mother physical activity (Year 6)
<600 MET-min/week 1.00

600 to <3000 MET-min/week
>3000 MET-min/week

0.6 [0.39-0.93]*
0.59 [0.37-0.95]*

Maternal BMI (Year 6)

Underweight/normal 1.00

Overweight 1.11 [0.73-1.68]

Obese 1.56 [0.82-2.97]
Hypertension (Year 4)

No 1.00

Yes 1.0 [0.39-2.57]
T2D (Year 4-6)

No 1.00

Yes 0.99 [0.39-2.53]

OR odds ratio, CI confidence interval, SGD Singapore dollars, BMI body mass index, GDM gestational
diabetes mellitus, GUSTO Growing Up Towards Healthy Outcomes, HCS Healthy Choice Symbol, MET
metabolic equivalents of task, 72D Type 2 diabetes

*p<0.05, *#p <0.001

#Adherence to dietary pattern was classified in ordinal tertiles, 1st tertile (T1)=1ow adherence, 2nd tertile
(T2) =moderate adherence, and 3rd tertile (T3)=high adherence. Proportional odds ratios with T1 as the
base level, for T3 versus T1/T2, and T2/T3 versus T1. This model was adjusted for mother’s age at recruit-
ment, ethnicity, education, pre-pregnancy BMI, gestational diabetes mellitus, parity at year 4, household
income at year 5 and BMI at year 6

"Hypertensive disorders during pregnancy include chronic hypertension, pregnancy-induced hypertension,

pre-eclampsia, and eclampsia

Higher education may indicate better nutritional knowledge
and ability to understand the information communicated by
healthcare professionals or on food labels to facilitate a per-
son’s food choices [65, 78].

Consistent with other studies [74, 79], older women were
more likely to have a healthier diet compared to younger
women. This may be due to older women being more
informed regarding lifestyle choices and they have been
found to have better nutritional knowledge and better adher-
ence to national dietary guidelines; thus, a healthier dietary
intake [80, 81]. Our findings are important in identifying ‘at
risk’ populations during pregnancy in terms of their demo-
graphic characteristics and SES, in whom future nutritional
promotion initiatives and public health policies might be
prioritised to prevent reduced diet quality during the transi-
tion to motherhood.

In addition, we found that women with one or more
pregnancies between the GUSTO birth and the 4-year
follow-up visit tended to adhere more to the ‘unhealthy’
dietary pattern at 6 years post-pregnancy. This is com-
parable to previous findings showing women who had
more children had lower intentions to eat healthy and
had poorer-quality diets [82—84]. Many women may be
responsible for meal preparation within a household [85].

@ Springer

The increased time and effort needed to prepare healthy
meals for multiple children may lead to subsequent neglect
of their own dietary behaviours. Further research should
examine the effect of multiple children on women’s dietary
habits over time.

Another important finding was that post-pregnancy
household income, not the household income during preg-
nancy, was associated with adherence to the ‘unhealthy’ die-
tary pattern at 6 years post-pregnancy. Women with higher
post-pregnancy household income (> $2000/month) adhered
less to the ‘unhealthy’ dietary pattern at 6 years post-preg-
nancy. Lack of resources and the need to prioritise finances
are frequently cited as barriers to healthy eating behaviours
amongst women in their early years of motherhood [58].
Healthy food is often perceived as more expensive than
unhealthy food and people of lower SES generally exhibit
less healthy eating behaviours [86]. Due to the increased
demand related to time, finances, fatigue, and social support
for mothers, this may impact mothers’ motivation for healthy
eating and their health-related attitudes post-pregnancy
[87-89]. Women’s needs and experiences post-pregnancy
should be considered when designing strategies to support
and promote healthier eating behaviours and lifestyles for
this vulnerable population.
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The SNS pattern, which is unique in our population, is
characterised by intake of noodles, soup and seafood and
is reflective of a traditional Chinese meal pattern. In this
study we found that women of Malay and Indian ethnicity
were less likely to increase adherence to the SNS pattern
over time as compared to Chinese women. This is not unex-
pected as a similar trend was found in a previous study in
Singapore, in which large ethnic differences in dietary habits
were observed during the postpartum period [90]. Cultural
beliefs, traditional dietary practices and social influences
can directly affect the food habits of postpartum mothers,
and these should be taken into account when implementing
dietary guidelines and nutrition interventions.

This study also reflects the importance of adopting a life
course approach to chronic disease [91], such that interven-
tions targeting population’s needs at different life-stages are
necessary to mitigate the development of chronic diseases.

The present study has several strengths. This is the first
study examining the stability of population-specific PCA-
derived dietary patterns from pregnancy to 6 years post-
pregnancy in an Asian population. Additionally, we exam-
ined the associated-sociodemographic and lifestyle factors
from both time points, at 26-28 weeks’ gestation and at
6 years post-pregnancy, instead of just at baseline. Our study
had the longest follow-up period of 6 years post-pregnancy
as compared to the previous three studies [21-23], in which
follow-up periods ranged from 3 months to 4 years post-
pregnancy. We used PCA to derive dietary patterns at each
time point separately. An advantage of deriving dietary pat-
terns at different time points is that new dietary patterns that
may have emerged over time could be identified [17, 21].

We acknowledge some other limitations of our study.
First, one limitation of the 24-h recall is that dietary infor-
mation collected may not be a good representation of an
individual’s usual intake because of the day to day varia-
tion in daily intakes. However, we have shown previously
that the 24-h recalls had good reproducibility [34], which
allowed the generation of dietary patterns. Third, it is impor-
tant to note that in some steps of this analysis, including the
classifications of food into food groups, numbers of food
groups, numbers of factors extracted, and the names of the
factors extracted, decisions made were subjective [92]. Steps
were taken to reduce subjectivity and increase comparability
between studies. For example, the food groups were grouped
based on approaches used in previous literature and dietary
patterns were determined based on established criteria.
Forth, retaining cohort participants can be a challenge in
longitudinal research. Even though our cohort of n =709
may seem small, it is comparable to other cohorts in similar
studies found in our systematic review [20], given that our
present study has the longest follow-up period. Also, we are
limited by the small sample sizes of the case groups at the
follow-up years, precluding robust conclusions regarding

the association between mothers’ health conditions during
pregnancy and post-pregnancy and their adherence to die-
tary patterns over time. Finally, it is important to be aware
of the inherent problems of systematic measurement error
associated with self-reported dietary data. In addition, self-
reported dietary data are prone to social desirability bias
[93], where participants tend to answer questions in a way
that will be viewed favourably by others; thus, leading to
under-reporting of data such as unhealthy dietary habits.
This may be more prevalent amongst women during preg-
nancy [94, 95] and needs to be considered when interpreting
the results. Nevertheless, self-reports of maternal dietary
intake remain the most-used tool, especially in large cohorts.

In conclusion, our study found poor stability in the FVL
and SNS patterns from pregnancy to 6 years post-pregnancy.
An ‘unhealthy’ pattern emerged only at 6 years post-preg-
nancy, indicating a tendency amongst mothers in our cohort
to have poor dietary intake at post-pregnancy. Several soci-
odemographic factors associated with the adherence to these
dietary patterns from pregnancy to post-pregnancy in this
multiethnic cohort of women were identified, with younger
age, lower educational attainment, lower income and less
favourable healthy lifestyle behaviours tending to associate
with unhealthy dietary patterns. Our results highlight par-
ticular groups of women for whom additional support could
help them achieve and maintain healthy dietary behaviours
from pregnancy to the post-pregnancy period to improve
nutrition-related health outcomes for mothers and their chil-
dren. Finally, future longitudinal studies should strive to use
similar dietary assessment tools at baseline and at follow-up
time points to facilitate comparison of dietary intake.
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