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Abstract

Obijective: The study aim was to examine the relationships between longitudinal die-
tary trajectories from early pregnancy to 3 years post delivery and adiposity mea-
sures in women with obesity.

Methods: The diets of 1208 women with obesity in the UPBEAT (UK Pregnancy
Better Eating and Activity Trial) study were assessed using a food frequency
questionnaire (FFQ) at 15%° to 18"° weeks’ gestation (baseline), 27+° to 28+
weeks’ gestation, and 34%° to 36%° weeks'’ gestation, as well as 6 months and
3 years post delivery. Using factor analysis of the baseline FFQ data, four dietary
patterns were identified: fruit & vegetable, African/Caribbean, processed, and
snacking. The baseline scoring system was applied to the FFQ data at the four
subsequent time points. Group-based trajectory modeling was used to extract
longitudinal dietary pattern trajectories. Using adjusted regression, associations
between dietary trajectories and log-transformed/standardized adiposity mea-
sures (BMI and waist and mid-upper arm circumferences) at 3 years post delivery
were examined.

Results: Two trajectories were found to best describe the data for the four individual
dietary patterns; these were characterized as high and low adherence. A high adher-
ence to the processed pattern was associated with a higher BMI (8 = 0.38 [95% Cl:
0.06-0.69]) and higher waist (B = 0.35 [0.03-0.67]) and mid-upper arm circumfer-
ences (p = 0.36 [0.04-0.67]) at 3 years post delivery.

Conclusions: In women with obesity, a processed dietary pattern across pregnancy

and 3 years post delivery is associated with higher adiposity.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2023 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society.
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INTRODUCTION

The global obesity epidemic is a major public health challenge
across all stages of the life course [1]. Excess weight gain is associ-
ated with comorbidities including hypertension, insulin resistance,
and physical problems, which impact quality of life and health out-
comes. In the UK, obesity is the most common medical condition
among pregnant women [2]. Nearly a quarter of women start preg-
nancy with body mass index (BMI) 230 kg/m?, and prevalence is
higher in those living in deprived areas [3]. A concerning implica-
tion of obesity in pregnancy lies in the health consequences for
both the mother and the child. Acutely, the mother is at risk of
gestational diabetes mellitus (GDM), excessive gestational weight,
and adverse outcomes in labor, associated with fetal macrosomia
[4]. In the longer term, maternal obesity is associated with the
development of cardiovascular disease and type 2 diabetes [5], and
the children are themselves at greater risk of developing obe-
sity [6].

Obesity is a complex health issue with no single determinant.
In England, the prevalence is higher in more socioeconomically dis-
advantaged communities and among population groups of Black
and Asian ethnicities [7], as well as among those who are physi-
cally inactive [8]. Unhealthy environmental exposures, which are
more common in disadvantaged areas [9], also are associated with
obesity development. These include limited infrastructure to sup-
port active travel, such as foot or cycle paths, and abundant access
to takeout and processed foods. Consumption of energy-dense
and ultraprocessed foods is one of the most prominent factors
associated with the development of obesity [10]. There is also
strong evidence describing the relationships of maternal diet and
lifestyle in pregnancy [4] and postnatally [11] with offspring obe-
sity. Less well understood is the evidence demonstrating that diet
during and after pregnancy is a contributor to increased weight
gain during the reproductive years, acting in part through excessive
gestational weight gain and subsequent postpartum weight reten-
tion [12]. Several studies have modeled longitudinal dietary trajec-
tories across the antenatal and postnatal period [13, 14]. These
investigations have assessed the stability of diet over time by con-
verting the continuous dietary indicator into an ordered categorical
variable at each assessment point [14] or applied latent class tran-
sition analysis [13]. However, none has explored relationships
between longitudinal dietary intake and adiposity in the mother. A
strength of latent class analysis is that it classifies individuals
within a given data set into subgroups that follow similar longitudi-
nal trajectories over time [15]. Such modeling of dietary data can
then be used to identify relationships between trajectories of diet
and sociodemographic characteristics and adiposity measures. Of
practical use in health care settings, this approach can identify pat-
terns of diet that persist over time and that are suitable targets for
intervention.

To support obesity prevention, it is important to identify pop-
ulation groups affected by multiple exposures and focus research

efforts on those most at risk of obesity-related poor-health

Study Importance
What is already known?

e Rates of maternal obesity are increasing worldwide; this
has significant health implications for both the mother
and her child.

e So that effective public health interventions can be
implemented, it is important to identify and understand
the relationship between modifiable determinants and
the development of obesity.

e There is a paucity of research exploring the relationship
between diet during and post pregnancy and longer-term

obesity outcomes in women.

What does this study add?

e We have modeled longitudinal dietary pattern trajecto-
ries across the antenatal and postnatal period in a cohort
of women with obesity. We found that trajectories of
dietary intake tracked from early pregnancy to 3 years
post delivery.

e Women who continually followed a diet high in pro-
cessed foods had higher adiposity outcomes at 3 years
post delivery. These women were also more likely to have
lower educational attainment, to have higher neighbor-

hood deprivation, and to smoke during pregnancy.

How might these results change the direction of
research or the focus of clinical practice?

e These findings support the development of policies that
aim to improve unhealthy food environments, particularly
in more deprived or socioeconomically disadvantaged
areas, as well as public health strategies focused on
improving nutrition behaviors before and between

pregnancies.

outcomes. Therefore, we have modeled dietary pattern trajecto-
ries from early pregnancy to 3 years post delivery using data from
the UK Pregnancy Better Eating and Activity Trial (UPBEAT), an
ethnically diverse cohort of women with prepregnancy obesity
predominantly living in socially deprived areas [16]. The aim of
this analysis was to describe longitudinal dietary pattern trajecto-
ries using group-based trajectory modeling (GBTM) and to
(1) explore associations between trajectories and sociodemo-
graphic characteristics and (2) describe the associations between
trajectories and maternal adiposity measures 3 years after giving
birth among a predominantly socioeconomically disadvantaged

cohort of women.
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METHODS
Study setting

This study is a longitudinal secondary analysis from the UPBEAT
study, a multicenter randomized controlled trial that aimed to investi-
gate the effect of an 8-week lifestyle (diet and physical activity) inter-
vention in 1555 pregnant women with obesity [16]. Participants were
from multiethnic, socioeconomically disadvantaged backgrounds and
they were recruited between March 2009 and June 2014 from eight
UK inner-city settings. Full details of the study, including inclusion and
exclusion criteria, have been published [16]. Women were randomized
to either standard antenatal care or the intervention arm between
15%° and 187 weeks’ gestation (baseline), and all participants pro-
vided written informed consent. Women were followed up between
27%° and 287° weeks’ gestation (end point of the intervention),
between 347° and 367° weeks’ gestation (late pregnancy), and
6 months and 3 years post delivery. At delivery, neonatal characteris-
tics and birth outcomes were recorded. The intervention had no effect
on the primary outcomes: prevalence of GDM or large for gestational
age infants. However, there were several effects on secondary out-
comes at the end of the 8-week intervention, including reductions in
gestational weight gain, in sum of skinfold thicknesses, in dietary gly-
cemic load, and in saturated fat intake and an increase in self-reported
physical activity [16].

Maternal data

At baseline, details on maternal age, ethnicity, socioeconomic status
(SES; assessed by Index of Multiple Deprivation [IMD]) [17], smoking
status (any vs. none in pregnancy), parity, and measures of body com-
position were recorded. Weight was measured without shoes and
heavy clothing to the nearest 0.1 kg using Class Il scales. Height was
measured to the nearest centimeter using routinely collected data,
and BMI was then calculated. Circumferences of the hip, mid-upper
arm (MUA), thigh, and waist were measured in triplicate, and the mean
was calculated. Weight and circumference measurements were
repeated at the end point of the intervention, in late pregnancy, and

at 6 months and 3 years post delivery.

Food frequency questionnaire

At each visit, diet was assessed in all participants using a 50-item food
frequency questionnaire (FFQ) adapted from the UK arm of the
European Prospective Investigation into Cancer Study [18]. Question-
naires were administered by research midwives. Response options for
each food item included the following: less than once per month,
1 to 3 times per month, once a week, 2 to 4 times per week, 5 to 6
times per week, once a day, 2 to 3 times per day, 4 to 5 times per day,
and 6+ times per day. Using the average daily frequency of the
50 food items in the questionnaire, factor analysis with orthogonal

Obesity [o E VY 15 AVa B

varimax rotation was performed on the baseline data. After comple-
tion of principal component analysis to identify dietary patterns that
capture independent variability in diet, the number of components
retained was chosen using scree plots. Orthogonal rotation was used
to improve interpretation. Dietary pattern labels were chosen based
on foods with the highest factor loadings (20.25). Full details of this
analysis have been published [19]; four distinct baseline dietary pat-
terns were defined, namely “Fruit & vegetable,” “African/Caribbean,”
“Processed,” and “Snacking.” The scoring system derived at baseline
was applied to the FFQ data at the subsequent four assessment time
points [20].

Trajectory modeling

Time point assessments were converted to mean gestational age from
baseline (e.g., baseline [15-18 weeks' gestation] was coded as
0 weeks, and late pregnancy [34-36 weeks’ gestation] was coded as
20 weeks; Supporting Information Table S1). GBTM was used to iden-
tify latent classes of the dietary trajectories (traj command in Stata
version 15.0, StataCorp LLC). GBTM is a semiparametric mixture
model, with the error variance assumed to be the same for all classes
and all time points [21]. This method is able to handle missing data
under the missing at random assumption by fitting models using maxi-
mum likelihood estimation [22]. As the dietary variables were continu-
ous and normally distributed, a censored normal model was used. For
each model applied to the data, it cannot be assumed that all classes
follow a similar longitudinal change over time. Therefore, when fitting
GBTM it is advised to model trajectories as either intercept, linear,
quadratic, or cubic functions. Nonsignificant cubic and quadratic terms
are removed from the model, although linear parameters for a trajec-
tory/class can be retained irrespective of significance as long as the
model Bayesian information criterion (BIC; a measure of model fit) is
lower than when an intercept parameter is used [23]. This process is
then repeated until there is no evidence of an improvement in model
fit assessed by BIC. This study adheres to the Guidelines for Reporting
on Latent Trajectory Studies checklist [24] (Supporting Information
Table S1); following the guidelines in the checklist, as the number of
latent classes is unknown, we used a forward modeling approach from
one to three classes. After fitting the one-class model, we incremen-
tally added an extra class and investigated the model fit criteria dis-
cussed subsequently. To identify the appropriate number of classes,
each model was assessed using likelihood-based statistics and statis-

tics on classifying individuals.

Likelihood-based and classification statistics

As mentioned earlier, BIC is a test statistic for model selection, and a
value closer to zero indicates a better model fit. Relative entropy
should be close to one and is a measure of model classification uncer-
tainty [15]. The ratio of the odds of correct classification (OCC) and
the average posterior probability assignment (APPA) are class specific.
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1555 pregnant women randomised to UPBEAT

1 excluded after trial
enrolment

A4

v
1208 women included in the trajectory modelling
analysis

343 missing all dietary data

3 outlier dietary data

l

514 women took part in the 3-year follow-up

l

413 of women included in the 3-year postpartum
analysis
34 women pregnant at the 3-year visit
15 no outcome data
12 women had given birth to a
subsequent child within the past four
months
40 missing confounder data

FIGURE 1 Study flow diagram. UPBEAT, UK Pregnancy Better
Eating and Activity Trial

The OCC should ideally be >5 [15], and it is the ratio of the odds of
correctly classifying into each group on the basis of estimated class
membership proportions and the maximum probability classification
rule. The APPA is calculated as the average posterior probability of
belonging to a class over all the individuals assigned to that class; the
APPA should be >70% [15]. The minimum percentage of participants
assigned to each class should be 5% [22]. The optimal number of clas-
ses selected was based on the lowest BIC and satisfactory values for
the remaining criteria. Using the same criteria, we also confirmed the
latent class trajectories using growth mixture modeling (GMM; gllamm
command, Stata 15.0). Unlike GBTM, GMM is a form of latent class
growth analysis that allows for random effects [25]. GMM estimates a
mean growth curve for each class and uses random effects to summa-

rize individual differences within a class.

Statistical analysis

For descriptive statistics, binary and categorical variables are pre-
sented using counts and percentages. The distributions of continuous
variables were assessed using coefficients of skewness and then
summarized by means and standard deviations (SD) for normally dis-

tributed variables or medians and interquartile ranges (IQR) for non-

normally distributed variables. As there was no effect of the UPBEAT
intervention on the dietary trajectories or on the outcomes of interest
(Supporting Information Table S2) [26], the data have been analyzed
as one single cohort, with adjustment for randomization arm. Once
the optimal number of trajectories that best described the data was
identified, adjusted regression, using direct acyclic graph-derived con-
founders (IMD score, parity, ethnicity, physical activity, maternal age,
and intervention arm; Supporting Information Figure S1), was used to
examine the relationships between the dietary trajectories and adi-
posity outcomes. Outcomes were all continuous (BMI and waist, hip,
thigh, and MUA circumferences) and were log transformed before
analyses. For ease of interpretation, these values were standardized
to a mean of O and an SD of 1 to allow comparison between

measures.

RESULTS

Of 1555 women randomized to UPBEAT, 1211 provided dietary data
at a minimum of one time point. Three women were removed from
the dietary analysis because of outlying dietary pattern data (+ 24 SD
from the mean); 1208 were included in the longitudinal trajectory
modeling. A total of 514 women took part in the 3-year post-delivery
visit, of whom 413 were included in the final analysis (n = 55 had
missing outcome/confounder data, n = 34 were excluded because
they were pregnant at the 3-year visit, and n = 12 women had given
birth to a child within the last 4 months; study flowchart in Figure 1).
For the 1208 included in the longitudinal dietary analysis, the average
age at recruitment was 30.6 (SD 5.4) years, and the median BMI was
34.9 kg/m? (IQR 32.7-38.4). Almost two thirds (64%) of the cohort
described themselves as White, 24% as Black, 7% as Asian, and 5% as
another ethnicity. The majority (77%) lived in disadvantaged neighbor-
hoods with IMD quintile scores of 4 or 5 (most deprived). Almost half
(44%) were nulliparous, and 16% smoked during their pregnancy
(including those who gave up in the first trimester). A quarter (24%) of
women developed GDM in their pregnancy (Table 1). In comparison
with those not included, women included in the final analysis
(n = 413) were more likely to have a lower BMI at baseline and to
have spent longer in full-time education, and they were less likely to
smoke in pregnancy, to be older, and to be nulliparous
(Supporting Information Table S3). Baseline dietary pattern scores
were similar for those included and not included in this analysis
(Supporting Information Table S3).

Four distinct dietary patterns were identified by factor analysis at
baseline, “fruit & vegetable,” “African/Caribbean,” “processed,” and
“snacking.” The full list of factor loadings for each pattern has been
published previously [19]. Briefly, the fruit & vegetable pattern com-
prised a high intake of fruit (fresh, citrus, tropical, and dried), vegeta-
bles (green, root, and salad), and yogurt. The African/Caribbean
pattern contained high intakes of meat (red and white), cassava, fish,
rice (including pilau, fried, or jollof rice), and plantain. The “processed”
pattern had high intakes of chocolate, crisps (potato chips), green veg-

etables, potatoes (including chips/fries), processed meat and meat
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FIGURE 2 Dietary pattern trajectories, using group-based trajectory modeling, from early pregnancy to 3 years post delivery. Each graph
illustrates the dietary pattern score on the y-axis with high (dash line) and low adherence (solid line) for the individual dietary patterns.

TABLE 2 Adiposity outcomes at 3 years post partum from UPBEAT women by dietary pattern trajectory obtained using group-based

trajectory modeling

Waist
BMI (kg/m?) circumference (cm)
Total (N=453) 35.2(32.4-39.9) 103 (96.0-112.1)
cohort

Fruit & vegetable

Low (h=376) 35.3(32.5-40.0) 103 (96.0-112.0)

High (n=77) 34.8(31.5-38.9) 103 (95.0-114.0)
African/Caribbean

Low (h=412) 35.1(32.4-40.0) 103(95.5-112.2)

High (n=41) 35.3(32.9-38.4) 103(97.1-112.0)
Processed

Low (h=402) 34.8(32.4-39.1) 102 (95.3-111.0)

High (n=51) 37.0(34.4-43.3) 112(98.8-121.0)
Snacking

Low (h=385) 35.3(32.4-39.9) 103 (96.0-112.0)

High (n = 68) 34.7 (32.0-39.4)  102(95.5-113.5)

MUA

circumference (cm)

36 (33.0-39.0)

35 (33.0-39.0)
35 (33.0-40.0)

35(32.5-39.0)
37 (35.5-39.3)

35 (33.0-38.9)
37 (32.0-42.0)

36 (33.0-39.0)
35(32.7-38.5)

Hip Thigh
circumference (cm) circumference (cm)

119 (112.0-127.0) 66 (62.0-71.0)

119 (112.0-127.0)
119 (112.9-130.0)

66 (62.0-71.0)
65 (61.0-70.0)

118 (112.0-127.0)
120 (114.0-127.6)

66 (61.5-71.0)
67 (63.4-72.0)

118 (112.0-126.6)
122 (114.0-134.0)

66 (62.0-71.0)
66 (62.0-72.0)

118 (112.0-127.0)
120 (113.0-126.0)

66 (62.0-71.0)
66 (62.0-72.0)

Note: Women were excluded if currently pregnant or had given birth in the previous 4 months (n = 46). Data are presented as median (IQR). Low and high

trajectories for the four individual dietary patterns.

Abbreviations: MUA, mid-upper arm; UPBEAT, UK Pregnancy Better Eating and Activity Trial.
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given as adjusted standardized B-coefficients (95% ClI)

BMI

Waist circumference
MUA circumference
Hip circumference

Thigh circumference

Fruit & vegetable
—0.05 (—0.31 to 0.20)
0.05 (—0.21 to 0.31)

0.06 (—0.19 t0 0.32)
0.10 (—0.15 to 0.36)
—0.12(-0.37 t0 0.12)

African/Caribbean
0.00 (—0.39 to0 0.39)
0.00 (—0.40 to 0.39)
0.08 (—0.31 to 0.47)

—0.03 (—0.42 to 0.36)

—0.21(-0.59 t0 0.17)

H THE
Obesity (ot

TABLE 3 Adjusted association between the dietary trajectory and adiposity outcomes at 3 years post partum in UPBEAT women (n = 413)

Processed
0.38 (0.06 to 0.69)
0.35 (0.03 to 0.67)

(
(
(
(
(

WILEYL

Snacking
—0.06 (—0.33 to 0.22)
—0.03 (—0.31 to 0.24)

0.36 (0.04 to 0.67) 0.04 (—0.23 t0 0.32)
0.30 (—0.01 to 0.62) 0.01 (—0.26 to 0.28)
0.20 (-0.10 to 0.52) 0.13 (—0.13 to 0.40)

Note: Adjusted for Index of Multiple Deprivation score, parity, ethnicity, physical activity at 3 years post partum, maternal age, and intervention arm. All
adiposity outcomes were log transformed before analyses. For ease of interpretation, these values were standardized (mean + SD: O + 1) to allow
comparison between measures. All regression coefficients represent the relative change in the SD of the outcome with the low trajectory for the dietary

patterns assigned as the reference group.

Abbreviations: MUA, mid-upper arm; UBEAT, UK Pregnancy Better Eating and Activity Trial.

products, root vegetables, squash, and fizzy (carbonated) drinks
(including sugar-free alternatives). The “snacking” pattern comprised
high intakes of biscuits, cookies, cakes, pastries, chocolate, full-fat
cheese, and sweets.

Each participant was assigned a score for each dietary pattern at
the five time points. Participants with a higher score for a pattern fol-
lowed that pattern more closely, whereas those with a low score did
not. The class 1 trajectories for each of the dietary patterns are shown
in Supporting Information Figure S2. These trajectories show that
adherence to the specific pattern decreased during pregnancy and
increased again by 6 months/3 years post delivery (Supporting Infor-
mation Table S4). GBTM was performed on each of the four dietary
patterns, and a two-trajectory group was found to best describe the
data for the four individual dietary patterns (Supporting Information
Tables S5-S8). These findings were confirmed using GMM (Support-
ing Information Tables S9-S12). There was also a strong agreement
between the two methods and individual class assignment (Spearman
correlations = 0.97-0.99; Supporting Information Table S13). There
was also crossover between the trajectory groups (Supporting Infor-
mation Table S14); for example, 16% of those in the high fruit & vege-
table group were also in the high African/Caribbean group, and 23%
of those in the high snacking group were also in the high fruit & vege-
table group.

For the African/Caribbean pattern, although the three-class model
had a lower BIC and satisfactory group membership, the entropy and
OCC were lower than the two-class model. Also, outcome data were
available for only 20 women in the third group, which was considered
too few for the final part of the analysis. A total of 17%, 12%, 13%, and
16% of women had high adherence longitudinally to the four patterns,
respectively (Table 1 and Figure 2). For the high trajectory groups for
each of the dietary patterns, adherence decreased during pregnancy
and remained lower than the baseline scores up to 3 years post delivery,
except for the African/Caribbean pattern (Figure 2). The individual tra-
jectories are shown in Supporting Information Figure S3.

Comparisons were made between women with high adherence to
each of the dietary pattern trajectories and those with low adherence.
For the fruit & vegetable pattern, women with a higher longitudinal

adherence score were more likely to be older and to have spent

longer in full-time education, and they were less likely to have smoked
in pregnancy (Table 1). For the African/Caribbean pattern, women
with high adherence were more likely to be older, to be of Black eth-
nicity, to have a higher IMD (more deprived), and to have been diag-
nosed with GDM, and they were less likely to be nulliparous and to
have smoked in pregnancy. For the processed pattern, women with
high adherence were more likely to be younger, to have a higher
early-pregnancy BMI, to be of White ethnicity, to have a higher IMD,
to have spent less time in high education, and to have smoked in preg-
nancy. For the snacking pattern, women with high adherence were
more likely to be of White ethnicity.

Table 2 shows a summary of adiposity outcomes by trajectory
group at 3 years post delivery. For the fruit & vegetable pattern, those
with high scores had a lower BMI. For the African/Caribbean pattern,
those with high scores had a higher BMI and MUA, hip, and thigh cir-
cumferences. For the processed pattern, women with a high score
had a higher BMI and waist, MUA, and hip circumferences. For the
snacking pattern, women with a high score had a lower BMI and waist
and MUA circumferences and a higher hip circumference. Table 3
shows the adjusted regression coefficients for adiposity outcomes for
high versus low adherence to a dietary trajectory. Women with high
longitudinal adherence to the processed pattern from early pregnancy
to 3 years post delivery were more likely to have a higher BMI
(B = 0.38 SD [95% CI: 0.06-0.69]) and higher waist (B = 0.35 SD
[0.03-0.67]) and MUA (B = 0.36 SD [0.04-0.67]) circumferences at
3 years post delivery. No differences were observed for the other
three patterns.

DISCUSSION

To our knowledge, this is the first study to apply latent class modeling
to define dietary trajectories across the antenatal and postdelivery
periods and describe associations between these trajectories and
sociodemographic characteristics and adiposity measures in a cohort
of women with obesity. We have shown that dietary patterns defined
as diets high in fruit and vegetable, African/Caribbean, processed, and

snacking foods track from early pregnancy to 3 years post delivery.
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We reported associations between several sociodemographic charac-
teristics and these dietary pattern trajectories, including time spent in
higher education, smoking, parity, maternal age, ethnicity, and level of
neighborhood deprivation. We also found that a processed dietary
pattern across pregnancy and 3 years post delivery is associated with
higher adiposity, including BMI and circumferences.

We examined the changes in dietary patterns from early preg-
nancy to 3 years post delivery and found that dietary habits tended
toward returning to their earlier dietary pattern score. Interestingly,
we found that the average scores for the processed dietary pattern
fell slightly during pregnancy, perhaps because of this group of
women following a healthier diet while pregnant. The same applied to
the women who initially had high snacking diet pattern scores, as the
average scores for this dietary pattern also fell during gestation. How-
ever, we found no evidence of improved diet among women who con-
sistently had a diet high in fruit and vegetables. These findings may
suggest that women with poorer diets become more aware of their
food habits while pregnant and subsequently attempt to improve their
diet, a change less important for those already habitually eating a
healthy diet. A study of a cohort of women with heterogenous BMI
found that intakes of caffeine, alcohol, and meats tended to fall during
pregnancy and those of fruit, milk, and sweet foods tended to increase
[27]. These findings contrast with the data in this study. One explana-
tion may be heightened food insecurity and a potential avoidance of
these food types in women with obesity [28].

A common profile in the unhealthy postnatal trajectories
(i.e., processed and snacking patterns) was a trend toward their early-
pregnancy dietary pattern. In support of these trajectories, other stud-
ies have also shown that diet quality decreases postnatally [29], which
is thought to be a result of mothers adapting to the needs of their
baby rather than prioritizing their own health. A similar rebound was
observed among women who had high adherence to the healthier
patterns (fruit & vegetable and African/Caribbean). The sociodemo-
graphic characteristics associated with these dietary patterns (e.g., less
time spent in education, high neighborhood deprivation) may be a key
underlying driver, which also was observed in another postnatal
cohort [30], and may be compounded by sociocultural drivers of diet
such as social support or family food preferences [31]. These findings
highlight the importance of identifying population groups that would
benefit from public health interventions and strategies that aim to
improve maternal diet postnatally.

The findings of this study show that lower maternal age, less time
spent in education, high neighborhood deprivation, and maternal
smoking were associated with a dietary pattern of processed foods.
Similar findings have been reported in other maternal cohorts [14,
32]. In these studies, the most common characteristics associated
with poorer dietary habits were SES, maternal smoking, lower mater-
nal age, and less time spent in education. These factors have been
shown to cluster in individuals, and SES is thought to be a critical fac-
tor [33]. The relationship between SES and diet quality
has been shown to be exacerbated further by disparities between the
cost of energy-dense and nutrient-dense foods [34] and exposure to

unhealthy food environments. Evidence from the UK showed that

associations between exposure to fast food outlets or less healthy
supermarket environments and unhealthy dietary habits were more
pronounced among individuals with lower educational attainment
[35]. These findings indicate that individuals of lower SES are dispro-
portionately at risk of poorer diet quality likely because of the limited
economic and psychosocial resources available to them [36]. They
may also reflect cultural differences in consumption of highly pro-
cessed foods. Viewed in conjunction with our findings, there is strong
evidence for providing support to pregnant and postpartum women
from socially deprived backgrounds and for providing effective inter-
ventions to improve diet quality and unhealthy food environments.
We have also shown that continued maternal consumption of a
diet high in processed foods is associated with a more adipose body
composition 3 years after giving birth. The relationship between con-
sumption of energy-dense/ultraprocessed foods and higher rates of
obesity has been well established in both pediatric and adult popula-
tions [37, 38]. However, very few studies have assessed longitudinal
dietary intake in relationship to adiposity outcomes, and those that
have are limited to a single follow-up visit [39] or to pediatric popula-
tions [40]. Our study builds on these findings as we have shown that
a diet persistently high in processed foods assessed at five time points
across pregnancy and up to 3 years post delivery is associated with
higher maternal BMI and adiposity measures compared with those
women with a consistently low processed dietary pattern score. Our
findings support initiatives that promote the reduction of energy-
dense/ultraprocessed foods from the earliest stages of pregnancy.
Previous research in women from disadvantaged areas has shown that
interventions that aim to promote behavior change by encouraging
1:1 healthy conversations [41] with trained practitioners can improve
self-efficacy and encourage people to make changes to manage their
own health [42]. It is therefore important that public health initiatives
that aim to improve overall diet quality across the antenatal and post-
natal period deliver behavior change interventions focused on the
individual. The postnatal period is also the preconception period for
any subsequent pregnancies, so any improvements in nutrition and
lifestyle preconceptionally could influence maternal weight trajecto-
ries across the reproductive years.
The data presented in this paper are from a prospective cohort of
women with obesity, recruited from ethnically diverse and predomi-
nantly socially deprived backgrounds. The in-depth data collection
throughout pregnancy and postnatally provides a comprehensive data
set, including maternal demographic and social characteristics that
allowed for a detailed analysis of the association between longitudinal
dietary intake and adiposity outcomes. Limitations include attrition of
the study population from the original cohort, although the sample
size was large enough to provide an appropriate comparison at
3 years post delivery; attrition can introduce either selection or col-
lider bias to the results [43]. Another consideration is the observa-
tional study design, in which causal inferences are more difficult; in
order to minimize bias, we used a direct acyclic graph to identify the
confounders that should be included in the models; furthermore, the
assessment of body composition was limited to BMI and circumfer-

ences, which were not validated against gold standard techniques.
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The dietary patterns obtained using factor analysis involved several
arbitrary decisions, including the final number of factors and rotation
methods [44], and FFQ data have previously been associated with
recall bias [45]. Reverse causation is also a consideration because
maternal adiposity may also influence the woman’s diet. Finally,
GBTM also has limitations compared with other latent class modeling
techniques [15]. GBTM assumes that individuals within a class are
homogenous [21], whereas GMM allows for varying interindividual
differences within a class. However, as discussed in Results, we found

a strong agreement between class assignment in the two methods.

CONCLUSION

Maternal prepregnancy obesity and excessive weight gain during the
pregnancy and post-delivery periods can increase rates of obesity in
women and alter their weight gain trajectory across the life course.
We have shown that dietary habits track from early pregnancy to
3 years post delivery, and women who consistently adhered to a diet
high in processed foods (including crisps, chips, processed meat prod-
ucts, and fizzy drinks) had higher measures of adiposity, including BMI
and arm and waist circumferences 3 years after giving birth compared
with those who did not follow a processed dietary trajectory. We also
identified several sociodemographic characteristics associated with
the high intake of processed foods, including being of a younger age,
being of White ethnicity, living in more disadvantaged communities,
and smoking in pregnancy. This study supports the development of
policies that aim to improve unhealthy food environments, particularly
in more deprived or socioeconomically disadvantaged areas, as well as
public health strategies focused on improving nutrition behaviors
before and between pregnancies [46]. These initiatives are likely to
support women with obesity to improve dietary habits during these
critical time points and help reduce the risk of gaining excess weight

during the reproductive years.O
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