
                          Vitt, N., Vecchi, M., James, J., & Belot, M. (2022). Maternal Stress
during Pregnancy and Children’s Diet: Evidence from a population of
low socioeconomic status. Nutrition, 93, [111423].
https://doi.org/10.1016/j.nut.2021.111423

Publisher's PDF, also known as Version of record
License (if available):
CC BY-NC-ND
Link to published version (if available):
10.1016/j.nut.2021.111423

Link to publication record in Explore Bristol Research
PDF-document

This is the final published version of the article (version of record). It first appeared online via Elsevier at
https://doi.org/10.1016/j.nut.2021.111423 . Please refer to any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1016/j.nut.2021.111423
https://doi.org/10.1016/j.nut.2021.111423
https://research-information.bris.ac.uk/en/publications/c5660fee-7102-4414-b301-1cfa1b6f7e69
https://research-information.bris.ac.uk/en/publications/c5660fee-7102-4414-b301-1cfa1b6f7e69


Nutrition 93 (2022) 111423

Contents lists available at ScienceDirect

Nutrition

journal homepage: www.nutr i t ionjrnl .com
Applied nutritional investigation
Maternal stress during pregnancy and children’s diet: Evidence from a
population of low socioeconomic status
Nicolai Vitt Ph.D. a, Martina Vecchi Ph.D. b, Jonathan James Ph.D. c,*, Mich�ele Belot Ph.D. d

a University of Bristol, Bristol, United Kingdom
b Pennsylvania State University, State College, Pennsylvania
c University of Bath, Bath, United Kingdom
d Cornell University, Ithaca, New York
A R T I C L E I N F O

Article History:
Received 7 December 2020
Received in revised form 28 June 2021
Accepted 15 July 2021
*Corresponding author. Tel.: +44 (0) 1225 38555
E-mail address: j.james@bath.ac.uk (J. James).

https://doi.org/10.1016/j.nut.2021.111423
0899-9007/© 2021 The Author(s). Published by Els
(http://creativecommons.org/licenses/by-nc-nd/4.
A B S T R A C T

Objectives: This study examined the relationship between maternal exposure to stress during pregnancy and
children’s food preferences and diet in a population of low socioeconomic status.
Methods: Indices of exposure to stress were constructed based on retrospective self-reported experience of
stressful events during pregnancy (e.g., death of close family member, relationship difficulties, legal issues,
health issues, financial issues, or other potentially stressful event[s]). Data were collected for >200 mothers
of a low socioeconomic status with a child age 2 to 12 y. Data on mothers’ body mass index, current exposure
to stress, current diet, and diet during pregnancy were collected at the same time, as well as data on child-
ren’s food preferences and current diet as reported by the mothers. Indices of the healthiness of food prefer-
ences and diet were constructed and used as outcome variables.
Results: Maternal exposure to stress during pregnancy significantly predicts children’s food and taste prefer-
ences, as well as their diet, in regression models controlling for maternal diet, current maternal stress, and
demographic characteristics of both the child and mother. Higher average stress during pregnancy is linked
with significantly less healthy food preferences and diet, as well as with weaker preferences for sour and bit-
ter foods. This relationship is observed across different age groups.
Conclusions: Maternal exposure to stress during pregnancy could have long-term detrimental effects on die-
tary outcomes and thereby on health conditions related to diet. Prenatal care and preconception counseling
could be critical to develop preventive strategies to improve public health.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

The spread of obesity in developed nations over the past deca-
des has disproportionally affected lower socioeconomic groups
because they face a larger risk of being overweight and obesity
[1�3]. Eating patterns and tastes particularly appear to be largely
formed early on in life (ie, during pregnancy and early childhood)
[4], and previous evidence has suggested that parental socioeco-
nomic status (SES) has a direct impact on the probability of chil-
dren being obese [5].

This study explores a specific pathway possibly linking parental
SES to a child’s diet: Maternal stress during pregnancy. Research in
medicine and epidemiology has highlighted the role of maternal
stress during pregnancy and the resulting hormonal processes in
determining children’s obesity risk in later life via so-called fetal
programming [6�9]. Fetal programming of the metabolic system
emphasizes the importance of the intrauterine environment in
determining health outcomes during childhood and even adulthood.
Evidence based on animal and human studies [6] has shown that in
utero stress increases the risk of obesity and related conditions.
Stress-induced hormonal and immune processes have been sug-
gested as channels for these effects on the fetus. The evidence sug-
gests that experience of severe stress during pregnancy may, for
example, lead to dysregulated glycemic control or energy homeo-
static balance. Whether these processes increase the risk of obesity
only by affecting the development of the child’s metabolic system or
whether they also change the child’s food preferences is unclear.

A second possible channel linking in utero exposure to stress
and children’s diet is through the neurologic development or pro-
gramming of neurologic functions in utero. One hypothesis is that
in utero exposure to stress could result in the persistent
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programming of the hypothalamic�pituitary�adrenal (HPA) axis
hyperresponsiveness, which in turn affects preferences for comfort
foods later in life [10]. Chronic stress is well known to be related to
the chronic stimulation of the HPA axis and the glucocorticoid
secretion from the adrenal gland [11,12]. Intake of high energy
foods (ie, comfort eating) suppresses the hyperactivity of the HPA
axis. Also, there is a body of evidence showing that if a mother is
stressed while pregnant, her child is substantially more likely to
have emotional or cognitive problems, including an increased risk
of attention deficit/hyperactivity, anxiety, and language delay [13].
Plausibly, emotional and cognitive problems could increase the
risk of emotional eating and thereby contribute to unhealthy eat-
ing patterns in the child [14].

In addition to these neurologic, hormonal, and immune pro-
cesses described, stress may affect a mother’s dietary choices dur-
ing pregnancy and early childhood, which in turn are primary
influences on the formation of children’s food preferences [15].
Empirical evidence supports a link between stress and nutrition
during pregnancy. In animals, stress and nutrition during preg-
nancy have also been linked with adverse metabolic outcomes of
offspring [16]. In humans, gustatory and olfactory systems emerge
in utero and are functionally mature before birth [17], providing
opportunities for early sensory learning and shaping early prefer-
ences, as supported by animal studies [18,19].

A recent review by Lamichhane et al. [20] has found that sub-
jective prenatal stress caused by exposure to natural disasters is
linked to offspring obesity, but studies with biomarkers of stress
showed mixed results. Based on the existing evidence, in utero
exposure to stress is a plausible pathway to obesogenic food pref-
erences. However, to our knowledge, there have been no human
studies linking in utero stress exposure to food preferences and
diet during childhood.

The literature has also proposed that higher levels of stress
among populations from lower socioeconomic backgrounds could
be a factor behind the socioeconomic gradient in obesity [21,22].
Evidence based on observational data has shown that some indi-
viduals exposed to chronic stressors have a less balanced diet and
increased calorie intake [14]. Laboratory experiments have shown
that acute stress shifts individuals’ food choices toward a less
healthy diet with higher consumption of sugars and fat and a
higher total calorie intake [23,24]. Evans et al. [25] showed that
exposure to stress during childhood is associated with lower self-
regulation and a higher body mass index (BMI).

In this study, we examined the relationship between maternal
stress during pregnancy and children’s food preferences and their
diet. Indices were constructed to measure the healthiness of each.
Stress during pregnancy was assessed using retrospective self-
reported information on stressors experienced during pregnancy
and their perceived stressfulness. Additional data on possible con-
founding factors, such as the mothers’ current stress and diet and
the mother’s diet during pregnancy, were collected at the same
time. These confounding factors were controlled for in our analysis.
Methods

Participants

Participants were 213 mothers of low SES living in the area of Colchester,
United Kingdom, who were taking part in a larger study on the link between stress
and diet. The mothers were recruited using multiple channels (eg, letters sent to
homes in low-income neighborhoods, leaflets provided to participants attending
another study).

To participate, mothers had to fulfil the following eligibility criteria: Age
between 18 and 45 y, fluent in English, youngest child age 2 to 12 y, net annual
household income <£35,000, not holding a university degree, not currently
enrolled at university, not having allergies or intolerances to the foods provided
during the study, and no medical conditions that can affect diet (eg, diabetes).
Those interested in participation were invited to complete an online screening
questionnaire or contact the experiment team by telephone. The screening aimed
to assess their eligibility for the study according to the criteria described above.
The age range of the children considered was relatively large (2�12 y), allowing
us to study the effects across different age groups.

Subsequently, eligible mothers were invited to one of the experimental ses-
sions, and they were provided with an informational leaflet and consent form by
mail. The participants were not made aware of the topic and research question of
the study. Participants in the experiment received a monetary compensation
between £60 and £75, and 1 in every 15 participants additionally received a food
basket they selected during the study (worth up to £30).

The questionnaires used in the study allowed for us to check again that the
participants fulfilled the eligibility criteria. Fourteen of the 227 registered partici-
pants did not fulfil all eligibility criteria and were excluded from the analysis, leav-
ing a sample of 213 mothers of low SES for our analysis.

Procedures and measures

Data were collected on the mother and one child (youngest child age >2 y,
henceforth referred to as “child”). The questionnaires used in the study can be
found in Supplementary Appendix B.

Primary explanatory variable: In-utero stress exposure
The primary explanatory variable is the level of stress experienced by a

mother during her latest pregnancy. The measures of stress during pregnancy
used in this study were based on the self-reported exposure to a number of poten-
tial stressors and their perceived stressfulness. Specifically, we asked whether
mothers experienced one or several of the following life events during the preg-
nancy with their child: Death of close family member or close friend, changes or
difficulties in their relationship, legal issues, changes or difficulties in their family
life, health issues, changes or difficulties in their or their spouse’s employment,
financial issues, changes in their habits, other potentially stressful event(s). For
each event experienced, the mothers were asked how stressful they had perceived
the event to be on a Likert scale from 1 (not stressful at all) to 10 (extremely stress-
ful). We address the issue of measurement error due to inaccurate recall in the
analysis.

Based on these individual stressfulness perceptions, two aggregate measures
were constructed: Average and maximum perceived stressfulness. The average
perceived stressfulness is a cumulative measure, and was computed across all
nine potential stressors:

StressAvg; i ¼
1
9

X9

j ¼ 1

PercStress½event j�i

where the stressfulness of events that were not experienced was set to the
minimum value of 1: PercStress½event j�i ¼ 1 if participant i did not experience
event j. The maximum perceived stressfulness was computed as the highest per-
ceived stressfulness score among all events experienced, and was set to 1 if a
mother was not exposed to any of the potential stressors:

StressMax; i ¼ f MaxðPercStress½event1�i; PercStress½event2�i; . . .Þ
1 if no exposure to any stressor

Both the average and maximum perceived stress measures ranged from 1 to
10.

These measures were validated by examining their relationship with a variety
of coping measures (App. D). To assess the coping style of the mothers, they were
asked how they usually react to stressful situations: Problem-oriented, emotion-
oriented, or avoidance. The distinction between these three different coping styles
was based on Endler and Parker [26]. The use of each coping style was scored on a
five-point Likert scale from 1 (never) to 5 (very often).

Outcome variables

Child’s diet. One of the primary outcomes examined in this study was the healthi-
ness of the child’s current diet. We constructed an adjusted index to measure the
diet quality of the child. The index was adjusted from the KIDMED index devel-
oped by Serra-Majem et al. [27], measuring the adherence to a Mediterranean-like
diet (ie, diet rich in fruit and vegetables, fish, legumes, and grains, and low in proc-
essed foods). This index was adjusted to the U.K. context by including other vege-
table oils in the oil item section and excluding the index item “commercially
baked goods or pastries for breakfast”. This index was chosen because the KIDMED
questionnaire has been widely used and captures the national dietary recommen-
dations in the United Kingdom [28]. Of note, various studies have shown an associ-
ation between Mediterranean diet adherence and diet quality [29] and between
adherence to the Mediterranean diet and better health [30].

Scoring was based on questions asked to the mother about the usual food hab-
its of her youngest child. The index items and their respective weights were at
least one daily fruit or fruit juice serving (+1; all results were robust to excluding
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fruit juice from the indices of diet and food preferences), a second daily fruit serv-
ing (+1), at least one daily vegetable serving (+1), a second daily vegetable serving
(+1), at least 2 weekly fish portions (+1), at least 1 to 2 weekly fast-food meals (-1),
at least 2 pulse/legume servings per week (+1), at least 5 weekly pasta/rice meals
(+1), cereals or grains for breakfast (+1), at least 2 weekly nut servings (+1), olive
or other vegetable oil used as main culinary fat at home (+1), skipping breakfast
(-1), dairy products for breakfast (+1), at least 2 yoghurts/40 g cheese per day (+1)
and, eating sweets/candy more than once per day (-1). The adapted KIDMED index
ranged from �3 to +12.

Child’s food preferences. The second primary outcome of the study was the healthi-
ness of the child’s food preferences. We constructed a novel index, Food Prefer-
ence Index for Children (FPI-C), based on the children’s liking of food groups listed
in the Diet Quality Index described above. The index was constructed using ques-
tions asked to the mother about their child’s liking of a variety of food and drink
items, scored on a five-point Likert scale from 0 (dislike extremely) to 4 (like
extremely). Alternatively, mothers had the option to respond “never tried” or
“don’t know” for each item. Of note, Pliner and Pelchat [31] validated mother-
reported food preferences of children in a pretest of their questionnaires, and
found strong agreement between child- and mother-reported food preferences.
When comparing reports on two separate occasions, they also observed strong
agreement of the reported food preferences over time.

Average liking of the following food groups was calculated and then summed
using the index weights indicated in parentheses: Fruit (+2), vegetables (+2),
legumes/pulses (+1), fish/shellfish (+1), pasta/rice (+1), cereal/grains (+1), dairy
products (+1), commercially baked goods/pastries (-1), sweets/candies (-1), fast
food (-1). Of note, we had planned to also include the food groups “nuts” and
“sugar-sweetened drinks”, but dropped these from the index due to large numbers
(>25% of the sample) of “don’t know” and “never tried” responses for all items in
these two food groups.

The preference index was calculated based on the average liking of the food
groups:

FPIC ¼
X

j

weightj � AverageLikingj;c

where j is a food group and c is an individual child. To simplify interpretation,
the index was rescaled to run from 0 (least healthy preferences) to 10 (most healthy
preferences). If information on the liking of a food item was missing due to “never
tried” or “don’t know” responses, the average food group liking for this child was
calculated without the missing food item(s). If information on the liking of all items
in a food group wasmissing, the observation was excluded from the analysis.

Child’s tastes. Secondary outcomes in this study were the preferences of the child
for the five basic tastes. We computed the average liking of sour, salty, umami, bit-
ter, and sweet foods in a similar fashion to the average liking of food groups for the
FPI-C. The resulting measures ranged from 0 (dislike extremely) to 4 (like
extremely). Foods used to calculate liking of each taste were grapes, oranges, lem-
ons, and vinegar for sour; chips/French fries and crisps for salty; mushrooms, par-
mesan, meat, and fish foods for umami; asparagus, Brussels sprouts, black olives for
bitter; and pastries, cake, biscuits, chocolate, ice cream, cola, and Fanta for sweet.

Child’s body mass index percentile. Although intended as a primary outcome, little
focus was placed on the BMI percentile of the child due to data issues. Sex- and
age-specific BMI percentiles were calculated based on mother-reported height
and weight of the child. Seventeen percent of the sample obtained BMI percentile
scores <0.05, and >45% of the sample obtained percentiles scores >0.95, indicat-
ing a potential reporting bias. Hence, little faith was put into this measure, and we
do not present any analysis for this outcome variable.

Control variables

Controlling for potentially confounding factors was important in our analysis,
because stress during pregnancy was not a randomly assigned explanatory vari-
able. To mitigate the influence of confounding factors in the analysis of the rela-
tionship between stress during pregnancy and the child’s current diet and
preferences, a number of variables capturing maternal diet (current and during
pregnancy), as well as current stress levels, were included in the econometric
models as control variables.

For the maternal diet, an Index of Diet Quality similar to the child’s index was
constructed. The index was adapted from the Index of Mediterranean Diet Adher-
ence [32] to capture the healthiness of the mother’s diet and adjusted to the U.K.
context. Again, the index reflected the main U.K. dietary recommendations [28].
We used the same scores and thresholds as reported in Martínez-Gonz�alez et al.
[32], except for the exclusion of the sofrito item and inclusion of other vegetable
oils in the olive oil items to adapt to the U.K. setting. We computed this index both
for the current diet and the pregnancy period. In the pregnancy context, we
removed the positively weighted index item for wine consumption. Details of the
index items and weights are reported in Supplementary Appendix C.
To capture maternal food preferences, a Food Preference Index was con-
structed based on the average liking of food groups in the Index of Diet Quality
described above. The index was calculated in the same way as the FPI-C described
above (Suppl. App. C). Furthermore, we used taste preference indices for children
as outlined above to capture maternal liking of the five basic tastes. To capture cur-
rent exposure to stress, two variables similar to the ones used for stress exposure
during pregnancy were constructed (maximum and average stress), but relating to
the 3-mo period before the study.

Finally, variables capturing demographic characteristics that were found to
vary significantly with stress during pregnancy were also included in the analysis:
Age and sex of the child, age of the mother, mother’s marital status, single parent-
hood, net household income bracket, household benefit bracket, age at which the
mother left full-time education, mother’s highest level of qualification, and
depression status. Of note, number of children, employment status, and dietary
requirements were not found to vary significantly with stress during pregnancy,
and were not included as control variables.

Statistical analysis

We analyzed the relationship between maternal stress during pregnancy and
the child’s food preferences and diet by estimating linear regression models using
the outcomes and explanatory variables described in the previous section. First,
bivariate models of the following form were estimated:

Yi ¼ b0 þ b1Ti þ ei
where Yi denotes a measure of the child’s food preferences or diet, and Ti is a

measure of maternal stress during pregnancy. b1 is the coefficient of interest, and
ei is an idiosyncratic error term.

More augmented specifications included a vector of control variables Xi:

Yi ¼ b0 þ b1Ti þ X ’
ig þ ei

To account for potential error correlation among individuals in the same
experimental session, standard errors were clustered at the session level. Further-
more, due to the relatively small number of clusters, the wild cluster bootstrap
approach proposed by Cameron et al. [33] was used to estimate clustered P values.

Results

Descriptive statistics

The demographic characteristics of the sample can be found in
Table 1. The age of themothers ranged from 21 to 45 y, with a mean of
almost 36 y. In line with the eligibility criteria, the age of the child
ranged from 2 to 12 y, with a mean age of approximately 6.5 y. The
descriptive statistics of stress and dietarymeasures used in our analysis
are displayed in Table 2. The distribution of the stress measures and a
discussion of its reliability can be found in Supplementary Appendix D.

Regression analysis

We focused on the results for one of two measures of stress
(average perceived stress during pregnancy), because the results
were very similar for both variables capturing stress (average and
maximum). The results for maximum perceived stress during preg-
nancy are briefly discussed herein and can be found in Supplemen-
tary Appendix D.

Table 3 presents the estimation results of bivariate and aug-
mented regression models for the primary outcomes. Columns 1
and 2 report the bivariate and augmented estimations of the link
between maternal stress during pregnancy and children’s food
preferences. Higher average perceived stress during pregnancy
was linked with significantly less healthy food preferences of the
child. Controlling for a number of potentially confounding factors
in column 2 (current maternal diet and food preferences, maternal
diet during pregnancy, current stress, as well as demographic char-
acteristics of child, mother, and household) gave a stronger and
more statistically significant link between stress during pregnancy
and the child’s food preferences. The observed changes in coeffi-
cient size and significance between bivariate and augmented mod-
els in Tables 3 and 4 were not driven by the small differences in



Table 1
Demographic characteristics

Mean Standard
deviation

Minimum Maximum

Age mother, y 35.72 5.91 21.00 45.00
Age youngest child, y 6.44 2.93 2.00 12.75
Children, n 2.06 1.00 1.00 7.00
Single parent 0.29 0.45 0.00 1.00
Marital status:
Single 0.23 0.42 0.00 1.00
Married 0.41 0.49 0.00 1.00
Cohabiting 0.20 0.40 0.00 1.00
Other 0.16 0.37 0.00 1.00
Monthly household net income:
<1000 GBP 0.11 0.31 0.00 1.00
1000�2000 GBP 0.48 0.50 0.00 1.00
>2000 GBP 0.41 0.49 0.00 1.00
Monthly benefits:
None 0.14 0.35 0.00 1.00
1�650 GBP 0.60 0.49 0.00 1.00
>650 GBP 0.26 0.44 0.00 1.00
Highest qualification:
None 0.08 0.28 0.00 1.00
Low GCSE 0.15 0.36 0.00 1.00
High GCSE 0.30 0.46 0.00 1.00
A levels 0.37 0.48 0.00 1.00
Professional 0.10 0.30 0.00 1.00
Employment status:
Full-time 0.12 0.32 0.00 1.00
Part-time 0.57 0.50 0.00 1.00
Self-employed 0.07 0.25 0.00 1.00
Not employed 0.24 0.43 0.00 1.00
N 213

GBP, British pound sterling; GCSE, General Certificate of Secondary Education

Table 3
Relationship between maternal stress during pregnancy and children’s food prefer-
ences and diet

Food preferences Diet

(1) (2) (3) (4)

Average stress�pregnancy �0.078* �0.135y �0.123 �0.161y

(0.033) (0.004) (0.119) (0.038)
[0.066] [0.010] [0.134] [0.029]

Mother’s diet�current 0.015 0.328z

(0.737) (0.001)
Mother’s diet�pregnancy 0.046 0.193*

(0.208) (0.054)
Average stress�last 3 months 0.062 0.049

(0.338) (0.746)
Maximum stress�last 3 months �0.003 �0.016

(0.912) (0.756)
Mother’s food preferences 0.158*

(0.075)
Constant 6.041z 6.379z 7.363z 5.746z

(0.000) (0.000) (0.000) (0.000)
Controls for:
Child demographics No Yes No Yes
Mother/household demographics No Yes No Yes
N 210 202 213 210

The dependent variable in (1) and (2) is the Food Preference Index for Children, run-
ning from 0 (least healthy) to 10 (most healthy). The dependent variable in (3) and
(4) is the adapted KIDMED index, running from �3 (least healthy) to +12 (most
healthy). Controls for child demographics are age and sex of the child. Controls for
mother and household demographics are age she left full-time education, level of
highest qualification, household net income bracket, household benefit bracket,
age, marital status, single parenthood, and depression. P-values based on standard
errors clustered at the session level are shown in parentheses. P-values based on a
wild bootstrap clustered at the session level are shown in brackets. Significance lev-
els correspond to the largest P-value obtained from both methods.
*P < 0.1.
yP< 0.05.
zP< 0.01.
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sample size. The results for the bivariate models were robust to
limit the samples to those of the augmented models. Furthermore,
the results are robust to control for maternal BMI (Suppl. App. D;
Tables D.12 and D.13). The coefficients in columns 1 and 2 corre-
sponded to a drop in healthiness of a child’s food preferences by
Table 2
Descriptive statistics

Mean Standard deviation Minimum Maximum N

Average stress�pregnancy 2.22 1.51 1.00 10.00 213
Maximum stress�pregnancy 5.68 3.66 1.00 10.00 213
Average stress�last 3 months 2.63 1.39 1.00 9.00 213
Maximum stress�last 3 months 7.05 3.04 1.00 10.00 213
Child’s diet (adapted KIDMED) 7.09 1.82 2.00 11.00 213
Child food preferences (FPI-C) 5.87 0.76 3.31 7.65 210
Child - taste preferences:
Sour 2.78 0.72 1.00 4.00 212
Salty 3.48 0.62 1.00 4.00 213
Umami 2.67 0.53 1.11 4.00 213
Bitter 1.61 0.95 0.00 4.00 196
Sweet 3.32 0.54 1.71 4.00 213
Child BMI percentile 0.67 0.40 0.00 1.00 210
Mother’s diet�current 6.39 1.78 2.00 11.00 213
Mother’s diet�pregnancy 6.42 1.77 1.00 11.00 213
Mother’s food preferences (FPI) 5.44 0.84 3.03 7.49 207
Mother�taste preferences:
Sour 2.88 0.54 1.50 4.00 213
Salty 3.23 0.73 0.00 4.00 213
Umami 2.76 0.69 0.33 4.00 213
Bitter 2.17 1.05 0.00 4.00 211
Sweet 2.92 0.60 1.14 4.00 213

BMI, body mass index; FPI, Food Preference Index; FPI-C, Food Preference Index for Children
Stress during pregnancy and during the last 3 months was measured using the average/maximum perceived stressfulness of nine potential stressors on a Likert scale from 1 (not
stressful at all) to 10 (extremely stressful). The child’s diet wasmeasured using the adapted KIDMED index running from�3 (least healthy) to +12 (most healthy). Child food pref-
erences were measured using the FPI-C index running from 0 (least healthy) to 10 (most healthy). The child’s and mother’s taste preferences were measured using the average
liking of foods with a sour/salty/umami/bitter/sweet taste running from 0 (dislike extremely) to 4 (like extremely). The child’s BMI percentile is based on self-reported height
and weight, and refers to the sex- and age-specific BMI distribution. The mother’s diet, current and during pregnancy, was measured using an index running from 0 (least
healthy) to 13 and 12, respectively (most healthy). The mother’s food preferences were measured using the FPI index running from 0 (least healthy) to 10 (most healthy).



Table 4
Relationship between maternal stress during pregnancy and children’s taste preferences

Taste preference

Sour Salty Umami

(1) (2) (3) (4) (5) (6)

Average stress�pregnancy �0.027 �0.066y �0.045 �0.008 �0.024 �0.048
(0.401) (0.026) (0.198) (0.816) (0.486) (0.186)
[0.419] [0.019] [0.203] [0.818] [0.499] [0.252]

Mother’s diet�current �0.021 �0.025 0.027
(0.553) (0.526) (0.165)

Mother’s diet�pregnancy 0.016 0.046 0.020
(0.692) (0.133) (0.266)

Average stress�last 3 months 0.024 �0.036 0.027
(0.651) (0.464) (0.441)

Maximum stress�last 3 months �0.015 0.006 0.012
(0.536) (0.649) (0.527)

Mother’s taste�sour 0.451z

(0.000)
Mother’s taste�salty 0.241z

(0.001)
Mother’s taste�umami 0.270z

(0.002)
Constant 2.844z 2.549z 3.577z 2.396z 2.720z 2.038z

(0.000) (0.000) (0.000) (0.001) (0.000) (0.001)
Controls for:
Child demographics No Yes No Yes No Yes
Mother/household demographics No Yes No Yes No Yes
N 212 209 213 210 213 210

Taste preference: bitter Taste preference: sweet
(7) (8) (9) (10)

Average stress�pregnancy �0.128* �0.160* 0.029 0.023
(0.039) (0.029) (0.201) (0.500)
[0.076] [0.085] [0.197] [0.519]

Mother’s diet�current �0.037 0.005
(0.630) (0.813)

Mother’s diet�pregnancy �0.026 0.013
(0.696) (0.651)

Average stress�last 3 months 0.140* 0.030
(0.095) (0.631)

Maximum stress�last 3 months �0.070y �0.002
(0.020) (0.928)

Mother’s taste�bitter 0.222*
(0.056)

Mother’s taste�sweet 0.370z

(0.000)
Constant 1.890z 2.773z 3.255z 1.780z

(0.000) (0.001) (0.000) (0.001)
Controls for:
Child demographics No Yes No Yes
Mother/household demographics No Yes No Yes
N 196 193 213 210

The dependent variables are the child’s average liking of foods with a sour/salty/umami/bitter/sweet taste running from 0 (dislike extremely) to 4 (like extremely). Controls
for child demographics are age and sex of the child. Controls for mother and household demographics are age she left full-time education, level of highest qualification, house-
hold net income bracket, household benefit bracket, age, marital status, single parenthood, and depression. P-values based on standard errors clustered at the session level are
shown in parentheses. P-values based on a wild bootstrap clustered at the session level are shown in brackets. Significance levels correspond to the largest P-value obtained
from both methods.
*P< 0.1.
yP< 0.05.
zP< 0.01.
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0.15 and 0.27 standard deviations, respectively, for an increase in
average stress during pregnancy by 1 standard deviation.

Columns 3 and 4 report the bivariate and augmented estima-
tions of the link between maternal stress during pregnancy and
children’s diet. Column 3 shows a marginally significant associa-
tion between higher average stress during pregnancy and a less
healthy diet of the child. Controlling for potentially confounding
factors in column 4 resulted in a statistically significant and some-
what stronger negative link. The coefficients in columns 3 and 4
correspond to a decrease in healthiness of a child’s diet by 0.1 and
0.13 standard deviations, respectively, for an increase in average
stress during pregnancy by 1 standard deviation.

These results suggest a sizable negative association between in
utero exposure to stress and the development of food preferences
and dietary patterns of the child. Although our sample was limited
in size to look at heterogeneous effects, the wide age range of chil-
dren allowed us to study whether the effects are similar across var-
ious age cohorts. This appeared to be the case (Suppl. App. D; Table
D.3). Furthermore, the results did not indicate the mother’s diet
during pregnancy to be a relevant channel, and no association
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between the mother’s stress levels and her diet during pregnancy
were detected.

Next, we analyzed the relationship between maternal stress
during pregnancy and the child’s liking of the five basic tastes:
Sour, salty, umami, bitter, and sweet. Table 4 presents the estima-
tion results of bivariate and augmented regression models for
these secondary outcomes. In utero stress was found to be nega-
tively associated with the child’s liking of sour and bitter foods,
where the former was only found to be significant for models con-
trolling for potentially confounding factors. In the bivariate (aug-
mented) model, the liking of sour foods was estimated to be 0.06
(0.14) standard deviations lower and the liking of bitter foods 0.20
(0.25) standard deviations lower if average stress during preg-
nancy increased by 1 standard deviation. No significant relation-
ships were found for the liking of salty, umami, and sweet foods,
which could be due to the high average levels and low variation in
liking of these tastes.

We also estimated the relationship between average perceived
stress during pregnancy and the preference for the food groups in
the FPI-C food preference index (fruit, vegetables, legumes/pulses,
fish/shellfish, pasta/rice, cereal/grains, dairy products, commercially
baked goods/pastries, sweets/candies, and fast food). The results for
the bivariate and augmented regression models can be found in
Supplementary Appendix D, Table D.4. Higher average perceived
stress during pregnancy was linked with a significantly lower pref-
erence for fruit, legumes/pulses, fish/shellfish, and dairy products, as
well as with a significantly higher preference for sweets/candies.

To assess whether our findings are robust to other methods of
measuring and aggregating food preferences, we calculated child-
ren’s average liking of low-fat savory, high-fat savory, low-fat sweet,
and high-fat sweet foods similar to the approach in the Leeds Food
Preference Questionnaire [34]. The corresponding results can be
found in Supplementary Appendix D, Table D.5. Higher average per-
ceived stress during pregnancy was associated with a lower prefer-
ence for sweet low-fat and savory low-fat foods.

Finally, we estimated the relationship between maternal stress
during pregnancy and the measures of consumption that underlie
the Diet Quality Index for the child. The results for the bivariate
and augmented regression models are shown in Supplementary
Appendix D, Table D.6. Most coefficients did not show significant
associations for these individual items, except for a lower probabil-
ity that the child ate at least 1 daily fruit serving and 2 weekly
legume servings when mothers were exposed to higher average
perceived stress during pregnancy.

Due to the likely reporting bias in the mother-reported height and
weight of children, little focus was put on BMI percentiles as a further
outcome. Estimation results can be found in Supplementary Appen-
dix D, Table D.7, which show a negative association between average
stress during pregnancy and the child’s BMI percentile (marginally
significant in the bivariate model). Although this can only be specula-
tive given the quality of the data, low birthweight due to stress during
pregnancy [35] might explain the negative association. However, we
did not collect information on birth weight.

We repeated the main estimations above using maximum
maternal stress during pregnancy as the explanatory variable. The
corresponding results are shown in Supplementary Appendix D,
Tables D.8 to D.10. The direction of the estimated coefficients
matched those for average maternal stress during pregnancy.
However, with the exception of the food consumption and BMI
percentile outcomes, the estimates were less precisely estimated.
This might be an indication that extended periods of maternal
stress during pregnancy have a stronger association with the
development of a child’s dietary preferences than short intensive
stressors. An alternative explanation for the lower levels of
significance could be that average stress during pregnancy is a less
noisy measure that uses more information provided by respond-
ents.

Discussion

Child obesity is of significant interest because obesity is very
likely to persist into adulthood. Previous work has documented a
link between in utero stress exposure and the risk of obesity during
childhood. Using data collected from 213 mothers of low SES in the
United Kingdom, we examined the relationship between in utero
exposure to stress and children’s food preferences and diet. We
found that maternal stress during pregnancy predicted children’s
food and taste preferences, as well as their current diet, even after
controlling for maternal diet (current and during pregnancy),
demographic characteristics of the child and mother, and current
maternal stress. Higher average stress during pregnancy was
linked with food preferences and diets that are significantly less
healthy, as well as a weaker preference for sour and bitter foods.
Maternal stress during pregnancy did not predict the mother’s diet
during pregnancy or later, but was found to be associated with the
child’s food preferences. These results are in line with the hypothe-
sis of hormonal processes leading to fetal programming of the met-
abolic system or the neurologic development/programming of
neurologic functions in utero.

To the best of our knowledge, this is the first study to examine
the relationship between in utero stress exposure in humans and
food preferences, as well as diet in childhood. Several animal stud-
ies, where maternal diet and stress can be experimentally manipu-
lated, have examined the link with offspring’s metabolic outcomes
[16]. In humans, studies have been conducted focusing on the
impact of extreme and unusual occurrences that also affect the
nutritional environment, as well as proven stressfulness. Some
studies focused on the effects of the Dutch famine on dietary pref-
erences later on in life [36], or the effects of violent events on out-
comes at birth [37], or the impact of being incarcerated during
pregnancy [38]. In addition, there is a large body of work focusing
on intrauterine growth restriction or low birthweight on food pref-
erences [39,40].

One limitation of the study is the retrospective measurements
of stress, which may introduce measurement error. Although the
stressful events we considered were typically events that would
be unlikely to have been forgotten (eg, death of a family member),
measurement error could happen due to recall bias or discomfort,
and our measure of exposure to stress would not have been fully
reflective of the actual stress experienced. Measurement error of
this type would have led to an underestimation of the relation-
ship between maternal stress during pregnancy and food prefer-
ence or diet of the children. To further explore this issue, we
examined the relationship between the age of the child and the
stress the mother experienced during pregnancy. The idea is that
if there was no relationship between the age of the child (and in
turn the length of time since the pregnancy took place) and stress
experienced during pregnancy, then this would be suggestive evi-
dence that the retrospective nature of the data collection was not
subject to recall bias. To this end, we regressed our measure of
stress during pregnancy on the age of the child. As seen in Supple-
mentary Appendix D, Table D.11, we did not find a relationship
between age of the child (and therefore length of time since preg-
nancy) and the measure of exposure to stress during pregnancy.
Thus, recall bias is unlikely to drive any of the results presented in
this study.

Although we focus on a sample of mothers from a low socioeco-
nomic background, they are not the only group of women who
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suffer from daily or chronic stress. A significant proportion of
women from all SES suffer from chronic stress [41] and face work
related stress [42]. Future research could investigate whether these
results are applicable to women from higher socioeconomic groups
as well.
Conclusions

The results presented herein suggest that stress during preg-
nancy could have long-term detrimental effects on the next gener-
ation in terms of a less healthy diet and subsequent health
implications associated with these effects, such as higher rates of
obesity and obesity-related diseases. As a consequence, we advo-
cate for more research into understanding the sources of maternal
stress and the extent to which these can be altered. Prenatal care
and preconception counseling could be critical to develop preven-
tive strategies to improve public health. A recent randomized clini-
cal trial by Esfandiari et al. [43] shows that supportive counseling
during pregnancy resulted in reduced stress, reinforced health-
promoting behaviors, and reduced health-impairing behaviors.
Future research could focus on developing and evaluating other
interventions that aim to reduce stress or help cope with stressful
events during the pregnancy period and beyond.
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