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Abstract
Optimal nutrition during pregnancy is vital for both maternal and child health. Our objective was to explore if prenatal diet is associated
with children’s height and body fat. Nutrient intake was assessed through a FFQ from 808 pregnant women and summarised to a nutrition index,
‘My Nutrition Index’ (MNI). The association with children’s height and body fat (bioimpedance) was assessed with linear regression models.
Secondary analysis was performed with BMI, trunk fat and skinfolds. Overall, higher MNI score was associated with greater height (β= 0·47;
(95 % CI 0·00, 0·94), among both sexes. Among boys, higher MNIwas associatedwith 0·15 higher BMI z-scores, 0·12 body fat z-scores, 0·11 trunk
fat z-scores, and larger triceps, and triceps + subscapular skinfolds (β= 0·05 and β= 0·06; on the log2 scale) (P-value< 0·05). Among girls, the
opposite associations were found with 0·12 lower trunk fat z-scores, and smaller subscapular and suprailiac skinfolds (β=−0·07 and β=−0·10;
on the log2 scale) (P-value< 0·05). For skinfold measures, this would represent a ± 1·0 millimetres difference. Unexpectedly, a prenatal diet in
line with recommended nutrient intake was associated with higher measures of body fat for boys and opposite to girls at a pre-pubertal stage of
development.
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The hypothesis of Developmental Origins of Health and
Disease (DOHaD) states that environmental exposures during
pregnancy, including nutrition, may influence growth and
development(1). Initial work of David Barker showed that
prenatal malnutrition has a long-lasting effect on fetal growth
and may result in higher risk for CVD in adulthood(2,3). Famine
studies have shown that adults exposed to famine in utero
have higher odds of glucose intolerance, higher blood pressure
and hyperglycaemia later in life(4–6). In addition, animal models
with maternal nutrition restriction have smaller offspring,
long-standing effects in organ development and epigenetics
changes(7–9). The long-term health effects of exposure to famine
while in utero may also be different for males and females
with females portraying more body fat in adulthood than
males(10,11). Similarly, pregnant mice fed with high-sugar and -fat
diet also showed sex-specific differences in offspring’s gene
expression(12). Consequently, sex-specific differences would be

important to evaluate in the association between prenatal
nutrition and children’s body composition.

The first 1000 d from the time of conception until 2 years of
age is a critical time of growth and development, especially as
many chronic diseases can be programmed by the nutritional
status during this period(13,14). Micronutrients play different roles
in the fetal development and therefore, the demand for certain
micronutrients such as Fe and folic acid changes during
pregnancy(15). Deficiencies of macro- and micronutrients have
been associated with unfavourable pregnancy outcomes
(e.g. pre-eclampsia) and fetal development (e.g. brain and
thyroid)(16,17). In general, women in Europe are able to meet the
micronutrient requirements (e.g. vitamins andminerals) through
a balanced diet, although there is evidence of vitamin D and Fe
deficiencies among pregnant women(18,19). Also in high-income
countries such as Sweden, there is need for improvement to
meet the recommended intake of fruit and vegetables, dairy
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products and fish(20), as well as folate, vitamin D and Fe intake
from foods during pregnancy(21).

Better adherence to recommended nutritional guidelines
during pregnancy has been associated with beneficial effect on
birth size(22–26). However, the association with children’s body
composition after birth is still unclear. Better maternal nutrition
has been associated with less body fat at 6 months of age, but
also with no association with body fat at 6 and 12 months of
age(24,27). Lower vitamin B12 status during pregnancy has also
been associated with greater body fat and insulin resistance at
6 years of age(28,29), but with no association with children’s body
fat at 9 years of age(30). Specifically, dietary supplements of
vitamin A, Fe, Zn and folic acid during pregnancy have been
associated with greater height and less skinfolds thickness at the
age of 6 to 8 years(31). Certain diets during pregnancy, as pro-
inflammatory diet, have been associated with higher BMIz
among boys(32), and intake of certain fatty acids has been
associated with lower odds of obesity for boys but higher for
girls(33).

Subsequently, there is not a clear consensus if optimal
prenatal nutrition has an effect on children’s body composition
later in childhood. The objective of this study was to explore if
prenatal nutrition is associated with children’s height and body
fat at 7 years of age among 808 mother–child pairs participating
in the Swedish Environmental Longitudinal, Mother and child,
Asthma and allergy (SELMA) cohort study. Of specific interest
was to evaluate potential sex differences between prenatal
nutrition and children’s height and body fat.

Methods

Study population

The study population for this analysis include women and their
children participating in the SELMA study. Pregnant women
were recruited during their first prenatal visit (median of
10 week’s gestation) during the years 2007–2010. A total of
twenty-five antenatal care centres in the county of Värmland,
Sweden, were part of the recruitment process. Women were
informed about the study, and a total of 2582 agreed to
participate (39 % recruitment rate)(34). The participants were in
general slightly older (32 v. 31 years), had a greater prevalence of
college or university education (50 % v. 36 %) and less likely to
smoke (14 % v. 19 %) as compared with non-participants(34).
A total of 1006 of children were followed up at approximately 7
years of age. For this analysis, we selected mother–child pairs for
which there was data available on both prenatal diet at mid-
pregnancy and body composition measurements at 7 years of
age (n 829). There was missing data for the following covariates:
smoking, maternal education and maternal height (n 21). The
final study sample of participants with complete data resulted in
808 mother–child pairs. This study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and all
procedures involving human subjects/patients were approved
by the Regional Ethical Review Board in Uppsala, Sweden (Dnr:
2007/062 and Dnr: 2015/177). All participating women signed
written informed consent. Written informed parental consent

was obtained, and children received age-adapted information
about the study procedure.

Prenatal diet

Maternal prenatal diet was collected during mid-pregnancy
through self-reported FFQ. The data collection protocol for the
FFQ has been reported elsewhere and described here briefly(26).
Self-administered questionnaires were provided to the partic-
ipants during the prenatal care visit at week 25 of gestation and
sent back to the research team by mail. Women were asked to
report their overall food intake during the current pregnancy by
selecting the food items they consumed and how often. The
questionnaire included a total of ninety-eight food items of
different categories of food including meat, fish, poultry, eggs,
legumes, potatoes, vegetables, grain products and cereals, fruit
and berries, cakes and sweets, and other food items (e.g. salad
dressing, coffee cream and extra salt). For each item, there were
predefined frequency categories: never/rarely, 1–2 times a
month, 1–2, 3–4, 5–6 times a week or 1, 2, 3 or more times a day.
Therewere also open questions on daily orweekly consumption
of types of milk, yogurt, bread and bread spread (e.g. butter,
margarin). For these open questions, the number of glasses or
cups (e.g. milk and coffee), the number of slices of bread and
tablespoons for bread spread (e.g. soft cheese) were reported.
For each item, the frequency of consumption reported per d or
per week was then transformed to daily consumption. The
quantity for each food item (i.e. grams per d) was calculated by
multiplying the frequency of consumption by an age-specific
portion size. The portion size was estimated based on the mean
value of the 4 × 7-d weighed food records kept by 213 randomly
selected women (total of 5922 d) in a previous study(35). The
nutrient intake and total energy were calculated based on food
composition values from the Swedish National Food Agency
database. The current FFQ is an extended version (with
additional food items) of a validated FFQ with good reproduc-
ibility after 1 year (intraclass correlations 0·54–0·85) and validity
(Spearman’s correlations 0·25–0·77) of nutrient estimates(36).

The nutrient intake was then summarised into an index, ‘My
Nutrition Index’ (MNI)(26). This index is calculated to estimate
adherence to recommended nutrient intake by the Dietary
Guidelines for Americans (2015–2020)(37). Even though diet
patterns can vary across countries, the American dietary
guidelines are in overall very similar to the guidelines used in
Sweden, the Nordic Nutrition Recommendations (NNR
2012)(26,37,38). MNI is an indicator of how close each nutrient
intake is to the recommended value based on a subject’s
characteristics. It assigns a higher score if the nutrient intake is
within the range of the recommended intake and a lower score if
it is higher or lower than this optimal range. The following
macro- and micronutrients considered were total fat, saturated
fat, monounsaturated and polyunsaturated fat, protein, carbo-
hydrates, sugar, dietary fibre, vitamin E as α-tocopherol, vitamin
C, cholesterol, K, Na, Ca, Mg, Fe, P, Zn, thiamin, riboflavin,
niacin, vitamin B6, vitamin B12, vitamin A, vitamin D, folate and
Se. The MNI takes into account individual characteristics,
including pregnancy status, age, height, weight, overall physical
activity level and smoking which changes the recommended
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nutrient intake. TheMNI ranges from 0 to 100with a higher score
reflecting better adherence to the recommended guidelines and
a more adequate intake of nutrients for an individual. A perfect
score would be if all the nutrient intakes fall within the
recommended range of values(26). Consequently, MNI is a
measure of diet quality representing how adequate the nutrient
intake was for the participating women during pregnancy.

Children’s body composition

Children were followed up at 7 years of age at health care
centres, and body composition measurements were collected
according to standard protocols(39). Height was measured with a
stadiometer. Weight and percent body fat were measured with
an eight-electrode method bioelectrical impedance analysis
(BIA) (TANITA BC-418MA). The BIA estimates the percent body
fat using a constant current source with a high-frequency current
(50 kHz, 500 μA) which passes through the body. As body fat is
less conducive of electric current than water, it is possible to
estimate the percent body fat in overall and in different sections
of the body. The body type selected on the instrument was
‘standard male’ or ‘standard female’ according to the instruction
manual for the in-built manufacturer’s estimation algorithm of
body fat. The BIA TANITA BC-418 has shown good agreement
with body fat measures from dual-energy X-ray absorptiometry
among 7-year-old children and is, therefore, a valid instrument
for epidemiological studies(40). All children were measured
before breakfast and after emptying the bladder. Children’s BMI
z-score was calculated according to the WHO child growth
standards for 5–19 years of age(41,42), and the proportion of
overweight children was calculated according to the ISO-BMI
cut-off levels(43).

Skinfolds were measured using a caliper instrument with
0·1-mm precision to assess subcutaneous fat at the following
sites of the body: triceps, subscapular and suprailiac. For this
analysis, we also calculated sum of triceps and subscapular sites
which have shown good correlations with body fat measured
using dual-energy X-ray absorptiometry among school age
children(44). All skinfold sites were measured twice on the right
side of the body, and the average was calculated and used for
analysis. The study visit also included a modified Tanner staging
to assess physical signs of puberty. It included parents self-report
of children’s pubic hair and visual assessment by a trained nurse
of breast development among the girls. However, it did not
include assessment of the testicles for the boys. Based on this
assessment, none of the children showed any physical signs of
puberty.

Covariates

Maternal age, weight and parity, and child’s sex were retrieved
from the Swedish national birth medical registry. Maternal
weight was measured during enrolment at the first prenatal care
visit (median of 10 week’s gestation). Other characteristics
including maternal education level and smoking status were
collected through self-administered questionnaires at the time of
enrolment. Maternal height, paternal height and weight were
also collected through self-administered questionnaires during
mid-pregnancy at 25 weeks of gestation. Maternal and paternal

height and weight were used to calculate BMI (kg/m2). Level of
education was collected in the following categories: primary
school (9 years), high school (3–4 years) and college/university
(3–5 years) or more. These categories were categorised into two
groups: less than college/university v. college/university or
more. Smoking status during pregnancy (median of 10 week’s
gestation) was primarily identified through serum cotinine.
Women with levels equal or higher than 0·2 ng/ml were
considered passive or active smokers, and those with cotinine
levels below 0·2 ng/ml were considered non-smokers. For those
women who did not have measured cotinine levels (n 111), self-
reported smoking status was used. Women who answered ‘Yes’
to current smoking were considered passive/active smokers,
and those who answered ‘No’ were considered non-smokers.
If anyone in the household currently smoked, then the women
were considered passive smokers. Parity was dichotomised as
primiparous and multiparous.

Maternal and paternal BMI were considered as cofounders
in the main and sensitivity analyses as it has been associated
with children’s body composition(45,46). Maternal education and
smoking are considered cofounders as they are related to
behavioural lifestyles and health outcomes(47,48). Smoking
during pregnancy is a risk factor for lower birth weight and,
therefore, also a possible cofounder for children’s body
composition(49,50). Parity has been associated with birth weight,
as nulliparity has been associated with higher risk for lower birth
weight(51). Children’s birth weight is not a cofounder as it is
considered to be on the biological pathway between prenatal
diet and body composition in childhood as it is a proxy for
fetal growth(52). To take into account extraneous variation in
estimates of energy intake resulting from differences in body
size, physical activity and metabolic efficiency, we adjusted for
this potential dietary cofounding by including energy intake as a
covariate in the regression model(53,54).

Statistical analysis

We used descriptive statistics to assess central tendency
measures for all the variables. Skinfold measures were positively
skewed and therefore log2-transformed to approximate normal
distribution. To assess the relationship between MNI and
children’s height and body fat, we performed simple and
multiple linear regressionmodels.We also conducted secondary
analysis with BMI, trunk fat and skinfolds. In order to assess
meaningful differences, we divided the MNI by its interquartile
range (IQR= 15·8) to change the unit to an interquartile range
instead of one unit on the original scale (0–100). Children’s body
fat measures (e.g. overall and trunk) were centred and scaled for
easier interpretation. A separate linear regression model was
constructed for each of the body composition measures as the
outcome and MNI as the predictor. This analysis approach
resulted in ten regressionmodels with the outcomes of children’s
height, weight, BMI, BMI z-scores, overall percent body fat,
percent trunk fat, and skinfold measures of the triceps,
subscapular, and suprailiac sites and the sum of triceps and
subscapular sites.

The simple linear regression models were adjusted for total
energy intake, and the multiple linear models were additionally
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adjusted for maternal BMI, education, smoking, and parity.
Continuous covariates including maternal energy intake and
BMI were centred at the mean. In each model, we tested for
interaction between MNI and children’s sex by adding an
interaction term MNI * sex. The interaction term was significant
in all models except for the model with children’s height as
outcome (data not shown). Thereafter, we performed stratified
regression models in order to identify sex-specific differences in
the association between MNI and children’s height and body fat
measures.

In addition, we ran sensitivity analyses excluding the highest
and lowest fifth percentile of the data resulting in 726 children
with BMI between 14 and 20 (kg/m2) to remove any potential
influence points on the observed associations. Several of the
body composition measures are age-adjusted either at the
moment of data collection (i.e. BIA) or at the moment of
calculation (i.e. BMI z-scores). However, other measures are not
age-adjusted including height, weight, BMI and skinfolds. In our
study sample, children’s age ranged between 7·0 and 9·4 years
(mean and SD: 7·5 ± 0·3). To take children’s age into account,
we adjusted the models of non-age-adjusted measures with
children’s age as covariate. Even though children’s age is not
considered a cofounder, it may be a precision variable for the
outcomes due to children’s continued growth throughout
childhood(55). We also explored if paternal BMI had an influence
on the observed associations besides maternal BMI. A final

sensitivity analysis was performed excluding women who were
obese (BMI≥ 30) as maternal BMI is closely related to the child’s
body composition(56) and fat tissue also has endocrine activity
which may result in more fat deposits in the fetus(57). In addition,
we evaluated influential points on total energy intake and MNI.
The total energy intake had a median of 1843 kcal and ranged
from 686 to 4576 kcal. Five values were above ± 3SD from the
mean on the logscale. For MNI, there were eight values below a
score of 20.We ran a sensitivity analysis with total energy capped
to ± 3 SD, and using ± 3SD as the minimum and maximum value,
and MNI capped to a minimum of 20 as an arbitrary criterion
for a low score. We also ran a sensitivity analysis excluding the
participants with these values (n 9).

Results

Descriptive results

The study population was comprised by 808 women and their
children. The mean and SD of the MNI score was 61·3 ± 13·1
(Table 1).Womenwith the highest MNI tertile were slightly older
(31·3 v. 30·9 years), more likely to have a college education level
(74 % v. 58 %) and more likely to be non-smokers (94 % v. 86 %)
as compared with women in the lowest tertile (P-value< 0·05)
(data not shown). Women were in average 30·8 ± 4·6 years old,
and about two-thirds (64·2 %) had a college education or more.

Table 1. Sociodemographic characteristics of the study population, n 808

Overall (n 808) Boys (n 410) Girls (n 398)

P*Maternal characteristics Mean SD Mean SD Mean SD

My Nutrition Index (MNI) 61·3 13·1 61·5 13·4 61·1 12·8 0·604
Maternal age (years) 30·8 4·6 30·8 4·4 30·9 4·9 0·835
Maternal BMI (kg/m2) 24·5 4·3 24·4 4·0 24·7 4·5 0·452
Maternal education n % n % n %

Less than college/university 289 35·8 145 35·4 144 36·2
College/university or more 519 64·2 265 64·6 254 63·8 0·866

Smoking
Non-smoker 731 90·5 369 90·0 362 91·0
Passive or active smoker 77 9·5 41 10·0 36 9·0 0·732

Parity
Primiparous 372 46·0 190 46·3 182 45·7
Multiparous 436 54·0 220 53·7 216 54·3 0·917

Children’s characteristics Mean SD Mean SD Mean SD

Age at 7 years visit 7·5 0·3 7·5 0·3 7·5 0·3 0·427
Height (cm) 128·5 5·6 129·4 5·6 127·7 5·5 <0·001
Weight (kg) 26·6 4·6 26·9 4·6 26·3 4·6 0·078
BMI (kg/m2) 16·0 2·0 16·0 1·9 16·1 2·1 0·546
Body fat (%) 22·2 3·9 21·0 3·7 23·3 3·7 <0·001
Trunk fat (%) 16·1 3·9 15·1 3·7 17·1 3·9 <0·001
Overweight n % n % n %
Yes (ISO-BMI ≥ 25) 127 15·7 52 12·7 75 18·8
No (ISO-BMI < 25) 681 84·3 358 87·3 323 81·2 0·021

Skinfolds (mm) Median IQR Median IQR Median IQR

Triceps 8·8 4·3 8·2 3·8 9·9 4·5 <0·001
Subscapular 5·6 2·7 5·1 2·0 6·2 3·2 <0·001
Suprailiac 5·0 3·2 4·3 2·3 5·6 3·9 <0·001
Triceps + Subscapular 14·5 6·7 13·2 5·1 16·2 7·4 <0·001

*P-value from Student’s t test for continuous variables (Mann–Whitney for skewed variables) and χ2 test for categorical variables.
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Mostwomenwere non-smokers (90·5 %), and themeanBMIwas
24·5 ± 4·3 kg/m2. About half of the women had their first child
participating in this study (46·0 %). The maternal characteristics
did not vary if the child was a boy or a girl. At the follow-up visit,
the mean age of the children was 7·5 ± 0·3 years and the mean
weight was 26·6 ± 4·6 kg. Boys were taller than the girls,
although the mean BMI of 16·0 ± 2·0 kg/m2 did not vary by sex.
A total of 15·7 % of the children were overweight or obese
according to the ISO-BMI classification(43) with a larger percent
of the girls being overweight or obese (18·8 %) as comparedwith
the boys (12·7 %). In terms of body fat, the mean body fat was
22·2 % of which 16·1 % was trunk fat. The skinfold measures
had a median (IQR) of 8·8 (4·3) mm for triceps, 5·6 (2·7) mm
for subscapular and 5·0 (3·2) for suprailiac sites. There were
significant differences in body fat between boys and girls, where
girls had more percent body fat (23·3 % v. 21·0 %) and larger
skinfolds as compared with the boys (P< 0·001).

Simple and multiple linear regression models

In simple linear regression models adjusting only for energy
intake, higher MNI was associated with greater height (β= 0·48
cm; 95 % CI 0·02, 0·94) for all children. After adjusting for energy
intake,maternal BMI, education, smoking and parity, higherMNI
remained significantly associated with greater height (β= 0·47
cm; 95 % CI 0·00, 0·94) for all children (online Supplementary
Table S1).

When stratifying by sex, the associations between MNI and
children’s body composition were in opposite direction for boys

and girls. Among girls, higher MNI score was associatedwith less
trunk fat (β=−0·12; 95 %CI−0·25,−0·003) and smaller skinfolds
at subscapular (β=−0·07; 95 % CI −0·14, −0·002) and suprailiac
site (β=−0·10; 95 % CI −0·18, −0·02) (estimates on the log2
scale). For boys, the opposite associations were found with
higher MNI score associated with greater body fat measures,
although these were non-significant. The adjusted estimates
remained in the opposite directions for boys and girls even
though not all were significant (Fig. 1(a); online Supplementary
Table S1). A higher MNI was associated with more trunk fat
among boys (β= 0·11; 95 % CI 0·002, 0·21) and less among girls
(β= 0·12; 95 % CI −0·24, −0·01) (standardised score). For boys,
there were also significant associations with greater weight
(β= 0·65; 95 % CI 0·14, 1·16), BMI (β= 0·26; 95 % CI 0·05, 0·46),
BMI z-scores (β= 0·15; 95 % CI 0·03, 0·27), percent body fat
(β= 0·12; 95 % CI 0·01, 0·22), and triceps skinfolds (β= 0·06;
95 % CI 0·004, 0·11) and the sum of triceps and subscapular
(β= 0·05; 95 % CI 0·004, 0·10). For girls, there were significant
associations with smaller subscapular skinfolds (β=−0·07; 95 %
CI −0·13, −0·003) and suprailiac (β=−0·10; 95 % CI −0·18,
−0·02). As the skinfolds were log2-transformed to approximate a
normal distribution, the estimates represent either an increase for
boys or decrease for girls of 1·04–1·05 mm.

Sensitivity analyses

These linear regression models were also run in a restricted
sample removing the childrenwith BMI in the highest and lowest
fifth percentile (Fig. 1(b); online Supplementary Table S1).

Fig. 1. Adjusted associations from linear regression models between prenatal ‘My Nutrition Index’ and children’s body composition stratified for boys and girls, n 808.
The figure shows adjusted estimates from linear regression models modelling ‘MyNutrition Index’ (MNI) as main predictor and children’s body composition measures as
outcome. Results are from stratified models for boys and girls. All models were adjusted for total energy (kcal), maternal BMI, education, smoking and parity. MNI is
analysed in units of an interquartile range (IQR = 15·8). Percent body fat (overall and trunk) measures were centred and scaled for easier interpretation. Skinfolds were
log2-transformed to approximate normal distribution. (a) All children, n 808. (b) Study sample restricted to children with BMI 14–20 (kg/m2) by excluding the highest and
lowest fifth percentile, n 726. The complete results from themodels before and after stratifying by sex and including all the selected outcomes (i.e. height) are presented in
Supplementary Table S1.
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The results were similar as in the models including all children,
except MNI was no longer associated with greater height. For
boys, the associations remained the same with higher MNI being
associated with larger body fat measures. For girls, the previous
associations remained significant, and in addition a higher MNI
was associated with lower BMI (β=−0·24; 95 % CI −0·45,
−0·03), BMI z-scores (β=−0·13; 95 % CI −0·24, −0·01) and
percent body fat (β=−0·12; 95 % CI −0·22, −0·02). The
complete results from the models before and after stratifying
by sex and including all the selected outcomes (i.e. height) are
included in Supplementary Table S1.

The sensitivity analyses adjusting for children’s age resulted
in similar results. Higher MNI was associated with greater
height among all children, although it was no longer significant
(P-value= 0·063). Distinct opposite associations remained in the
estimates among boys and girls for the other body composition
measurements (online Supplementary Table S2). Only those
models with body measurements which were not age-adjusted
during collection or calculation were included in this analysis.
The sensitivity analysis adjusting for paternal BMI resulted in the
following results. The association between MNI and greater
height among all children remained significant. For boys, all
estimates were significant with higher MNI being associatedwith
greater weight, BMI, percent body fat and skinfold measure-
ments. However, the associations were no longer significant for
girls, although a trend suggested less trunk fat and suprailiac
skinfold (P-value< 0·08) (online Supplementary Table S3). After
excluding mothers with obesity (BMI≥ 30), the associations
(except for weight) remained in opposite directions for boys and
girls but were somewhat attenuated. Among boys, higher MNI
remained significantly associated with higher BMI (β= 0·25;
95 % CI 0·02, 0·48) and BMIz (β= 0·15; 95 % CI 0·01, 0·28)
and only a trend for higher body fat, subscapular and the sum
of triceps and subscapular skinfolds (P-value< 0·08). Among
girls, the associations were no longer significant (online
Supplementary Table S4). The sensitivity analysis with values
of total energy capped at ± 3 SD as minimum and maximum
value, and MNI capped at 20 as lowest value, did not change our
result. Further sensitivity analysis excluding these participants
resulted in less significance in the associations, with no
significance among girls and a trend for higher body fat among
boys (P-value= 0·073). However, when restricting to children
with BMI 14–20, the results remained the same as in the main
analysis.

Discussion and conclusions

Maternal nutrition and children’s height

We found that a more nutritious diet during mid-pregnancy,
as assessed by the nutrition index MNI, was associated with
greater height among 7-year-old children. This is in line with
previous studies, including the SELMA study, reporting that
better prenatal diet quality has been associated with increased
birth size(22–26). Moreover, intake of certain nutrients during
pregnancy, specifically Fe and Mg from food sources, has been
reported to be associated with increased height at 7·5 years
of age(58). Furthermore, malnutrition in pregnancy, as seen in

famine studies, is associated with decreased adult height(59).
Consequently, enhanced prenatal nutritionmay be beneficial for
both birth size as well as long-term effect on height.

Maternal nutrition and children’s body fat

We also found significant sex differences, suggesting that a more
nutritious diet is associated with more body fat for boys, but less
body fat for girls. A previous study evaluating prenatal diet
quality, using the Healthy Eating Index, found an association
with lower weight-for-length from birth to 6 months of age,
as well as lower body fat at 6 months(27). In contrast, prenatal
diet quality assessed by the recommended intake of ten food
categories (e.g. fruits and vegetables) found no association with
child’s adiposity at birth, 6 and 12 months(24). Studies evaluating
specific diet patterns (e.g. Mediterranean diet) or macronutrient
(e.g. protein, fat and carbohydrate) intake during pregnancy
have found mixed results(60). For example, adhering to a
Mediterranean diet during pregnancy has been associated with
less body fat in children aged 4 and 7 years as indicated by lower
BMIz, waist circumference and skinfolds(61,62). On the other
hand, a more ‘unhealthy’ prenatal diet pattern characterised by
processed food has been associated with two times the odds of
children being overweight at 5 years of age(63). However, there
are also studies which have found no association between a
‘healthy’ (e.g. Mediterranean diet) or ‘unhealthy’ (e.g. processed
food) diet pattern with the odds of overweight and obesity in
children at 6 months, 3 and 5 years of age(62,64). Differences in
results may be due to several possibilities. Studies evaluating the
association between prenatal diet and children’s body fat have
evaluated both specific diet patterns and different indices.
To study diet patterns has its advantage from the perspective of
health promotion and public health intervention. On the other
hand, the advantage of using indices, such as MNI, is using a
metric that evaluates the nutritional value of an individual’s
diet, irrespective of diet pattern, and how optimal it is compared
with the individual’s nutritional need. This may provide a
more accurate measure of the nutritional value from foods than
specific diet patterns and may be more advantageous from
a research perspective. Another aspect that may explain
differences across studies is the timing of children’s body fat
measures which in previous studies ranges from birth to
early- and mid-childhood and also different measures of body
fat (e.g. BMI, BIA and skinfolds). These aspects present a
challenge when comparing studies. An additional aspect is the
importance to evaluate the associations by sex, as there is an
indication that the associations may be sex-specific.

Sex differences in the associations between maternal
nutrition and children’s body fat

The association between MNI and body composition was
different for boys and girls. In general, there is evidence of
metabolic, cardiovascular and anthropometric sex differences in
pre-pubertal children(65–67). Also in our study, girls had more
body fat as compared with boys which is consistent with
previous studies among pre-pubertal children(66). Girls have
more peripheral fat (e.g. hip fat) whereas boys have more fat
around the waist, and these differences become more distinct
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during puberty and adulthood(68). However, when it comes to
the association between maternal diet and children’s body
composition, associations with more body fat were observed
among boys and less body fat among girls. There are two
previous epidemiological studies showing stratified results by
sex. A pro-inflammatory diet, associated with inflammatory
markers (e.g. C-reactive protein)(69,70), was associated with
higher waist circumference for all children and higher BMIz
among boys at 3–5 years of age(32). Also, dietary fatty acid intake
during pregnancy had a U-shaped association with odds of
obesity. There were differences for boys and girls at 2–7 years
of age with certain fatty acids being associated with lower odds
of obesity for boys and higher for girls(33). It is difficult to
compare our results with these previous two studies as they
have evaluated specific prenatal diet patterns. In general,
a higher MNI score is an indication of better adherence to the
recommended dietary guidelines and reflects a more optimal
diet according to the individual dietary needs(26). In that aspect,
higher MNI score would most likely promote a healthy
environment for fetal growth. In our results, this was associated
with more body fat for boys and less for girls at 7 years of age.
The effect size of the associations is somewhat small and,
therefore, may not be of clinical relevance on an individual basis.
However, from an epidemiological perspective, our results add
further insight that prenatal nutrition may influence children’s
body fat even after birth with sex-specific effects. Consequently,
future studies evaluating sex-specific associations are needed in
order to replicate and further elucidate these findings.

Maternal nutrition reflects socio-economic status
and lifestyle

Prenatal diet quality also reflects a certain lifestyle or nutritional
household environment which may be adopted by the child(71).
Prenatal nutrition interacts with socio-economic status (SES) and
lifestyle, and healthier dietary pattern has been described among
pregnant women who have higher income and education
and less likely to be smokers(24,27,72). Adherence to the
Nordic recommended dietary guidelines during pregnancy also
increaseswith age, SES and exercise(73). In this regard, higher SES
may promote healthier choices as well as provide more
possibilities to access healthier options. In Sweden, child
overweight and obesity are related to SES and urbanisation
level. The odds of overweight is higher in low-educational
and rural areas among children of 7–9 years of age(74).
This interaction between prenatal nutrition, SES and child’s
body composition would be important to evaluate in future
studies. Correlation between parental and child’s dietary habits is
influenced by family meals and parental practices(75). There is
also a correlation between maternal prenatal and postnatal
nutrition(76), and this suggests there is a dietary household
environment that remains after pregnancy and is inherited by the
child(75). In addition, sensitivity analysis involving maternal and
paternal BMI resulted in attenuated associations for both boys
and girls. This is in line with previous studies showing that
parental BMI is associated with children’s body composition and
is an indicator of both genetics and lifestyle(45,56). Prenatal diet
may therefore be associated with children’s body composition

through SES and dietary lifestyle inherited from the parents.
However, SES and lifestyle may not explain the observed sex
differences in the association between maternal nutrition and
children’s body composition.

Epigenetic changes may explain the sex-specific response

Maternal nutrition has the potential to indirectly impact the
metabolism of offspring through epigenetic changes(77).
In animal models, protein-restricted diet as well as diet high in
carbohydrates have an effect on several cardiometabolic
markers in offspring such as insulin sensitivity, lipid metabolism,
lean and fat mass and blood pressure(78–80). There is evidence
that males and females may respond differently when it comes to
epigenetic mechanisms influenced by prenatal diet. In mice,
a high-sugar and -fat diet during pregnancy resulted in
lower insulin signalling in skeletal muscle tissue in female
offspring, whereas males had a lower mitochondrial complex
expression(12). Previous research also suggests that prenatal
nutrition may influence the placenta in a sex-specific manner(81).
This is of importance as the placenta regulates the transport of
nutrients and gas to the growing fetus(82). In a famine study,
maternal undernutrition was associated with lower placental
area, and in greater extent for boys(83). In animal models, it was
observed that baboons fed with a restricted diet during
pregnancy resulted in upregulated gene expression in the
female placentas, whereas the male placenta did not show the
same adaptive response(84). Also, a high-fat diet in rabbits was
associated with greater lipid storage in the female placenta than
the male placenta, and the expression of genes related to lipid
pathways was reduced in the male placenta(85). These findings
propose there is a sex-specific response in both placental and
fetal growth in relation to prenatal diet.

The impact of maternal nutrition on fetal growth and
epigenetic programming may be greater in the first trimester.
Animal studies show that nutrition restriction in early gestation
had an effect on mRNA abundance and adiposity at term,
as compared with no effect on nutrition restriction in late
gestation(86). Results from the Dutch famine show that exposure
to famine in early gestation had a greater effect on the placental
size for boys(83), as well as greater risk for CHD in adulthood(87).
Women in the SELMA study were asked to provide an average of
their diet during the current pregnancy which would represent a
proxy for early- and mid-pregnancy. It could be possible that a
greater effect would be seen with nutrition limited to only early
gestation.

Strengths and limitations

Our results should be interpreted in view of the study’s strengths
and limitations. Strengths of this study include the SELMA study
design of a pregnancy cohort with a comprehensive battery of
measurements from a large study population. This study design
allows to evaluate long-term associations between prenatal diet
and children’s body composition. Using MNI as the nutrition
index is advantageous as it takes into account an individual’s
characteristics when calculating the adherence to the recom-
mended nutritional guidelines. It has also demonstrated to have
good predictive validity in well-established health associations
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with birth weight and cognition(26). Also, on a population level,
MNI has demonstrated to have good predictive validity with
several population health outcomes (e.g. obesity, depression
and CVD)(88). Another strength is that several measures of body
fat (e.g. BMI, body fat and skinfolds) were included which
increases the reliability of the associations found. BMI is themost
widely used indicator for body fat, whereas electrical bioimpe-
dance and skinfolds are considered more reliable measures(39).
Also, the body composition measures were performed at the age
of 7 years which is a stable time in children’s growth, and it is
expected that children are slimmer as compared with early
childhood. None of the children participating in the SELMA study
had reached puberty at this study visit.

There are also limitations to consider. In terms of diet,
a similar FFQ questionnaire to the one applied in the SELMA
study has shown good reproducibility and validity of specific
nutrients(36). Nevertheless, the FFQ used in this study was not
identical with the validated one. The FFQ questionnaire was
applied only once during pregnancy and, therefore, we are
not able to evaluate changes in diet throughout pregnancy.
However, the collected information is an overall representation
of the women’s diet during early- and mid-pregnancy and any
misclassification due to individual variability with respect to
recall bias would only draw the associations towards the null.
Our analysis is limited to the evaluation of adherence to the
dietary guidelines through food intake only. MNI assesses the
nutritional adequacy of an individual’s daily nutrient intake from
foods and does not consider intake of dietary supplements
which may lead to underestimation of vitamins and mineral
intake. However, our goal was not to provide recommendations
of pregnant women’s diet or total nutrient intake but rather
evaluate if their individual food-based nutrient intake was
associated with children’s height and body fat. Additionally, we
cannot see a reason why such underestimation of nutrient intake
would explain the found sex-specific associations with child-
ren’s body fat. The MNI was calculated based on the Dietary
Guidelines for Americans (2015–2020) which are similar to NNR
2012. A few differences are worth highlighting, as the NNR
recommend less saturated fat and higher potassium intake as
compared with the American guidelines(26). However, MNI
summarises the adherence to the dietary guidelines in overall
and differences in those two individual micronutrients may not
be a major effect on the overall scoring. Previous literature
suggests that maternal and child nutrition are correlated.
Unfortunately, diet intake has not been assessed in the children,
and therefore we were not able to include it in our analysis.
Even though none of the children had shown signs of
puberty, we were not able to evaluate any hormonal changes
(e.g. dehydroepiandrosterone sulphate) which may occur
before any physical signs of puberty appear. From previous
studies, difference in dehydroepiandrosterone sulphate con-
centrations between boys and girls may explain greater body fat
among girls(66). Another limitation is that we do not have
information on gestational weight gain (GWG) in the SELMA
study as maternal weight at delivery has not consistently been
entered in the Swedish national birth medical registry and
information is missing for approximately 60 % of the births in the

2010s(89). Although gestational weight gain is a risk factor for
adverse pregnancy outcome, recent studies show that obesity
before pregnancy may be more of a concern(90,91). Our analysis
was adjusted for maternal BMI from early pregnancy (median of
10 week’s gestation), and among the participating women there
were 12·4 % who were obese (BMI≥ 30) and 1·7 % were
underweight (BMI< 18·5). The sensitivity analysis excluding
obesewomen showed attenuation of the associations, especially
for girls. Our sample was not big enough to explore this further,
but future studies may want to look at stratified analyses for
women with and without obesity. This is to evaluate the effect of
adherence to dietary guidelines among pregnant women with
and without obesity and their child’s body composition. Besides
maternal weight, a recommendation for future studies would be
to measure metabolic markers during pregnancy such as insulin,
glucose and lipids for more insight on the metabolic and
nutritional uterine environment(92).

Conclusions

In summary, our study found that enhanced prenatal diet quality
was associated with greater height among children at 7 years of
age. Better diet quality during pregnancy was, however,
unexpectedly associated with more body fat among boys and
the opposite for girls. Future studies are warranted to further
confirm and evaluate the long-term effects of prenatal diet
quality on body fat for boys and girls in childhood, puberty and
adulthood.
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