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Abstract: The aim of our study was to evaluate associations between maternal dietary factors and
fetal growth and adiposity in overweight and obese women. Women randomised to the ‘Standard
Care’ group of the LIMIT trial were included. Maternal dietary factors including Healthy Eating
Index, total energy, fat, carbohydrates, protein, glycaemic load and index were measured using the
Harvard semi-quantitative Food Frequency questionnaire at time of study entry, 28 and 36 weeks’
gestation. Fetal ultrasound measurements of biometry and adiposity were obtained at 28 and
36 weeks’ gestation. Linear regression models were used to associate between dietary factors and
fetal growth and adiposity measurements. There were 721 women included in this exploratory
analysis. A 10 unit increase in the log total energy was associated with a reduction in mid-thigh
lean mass by 4.94 mm at 28 weeks (95% CI −9.57 mm, −0.32 mm; p = 0.036) and 7.02 mm at
36 weeks (95% CI −13.69 mm, −0.35 mm; p = 0.039). A 10 unit increase in Healthy Eating Index
score was associated with a reduced mean subscapular skin fold measure at 28 weeks by 0.17 mm
(95% CI −0.32 mm, −0.03 mm; p = 0.021). We did not identify consistent associations between
maternal diet and measures of fetal growth and adiposity in overweight and obese women.

Keywords: obesity; pregnancy; fetal biometry; adiposity; healthy eating index; total energy;
glycaemic index; protein intake; carbohydrate intake; fat intake

1. Introduction

Over the past 40 years, rates of obesity have tripled worldwide [1], to the extent that it is
considered a public health crisis [2]. In many developed countries, including the United Kingdom and
United States of America, 1 in 2 women now enter pregnancy overweight or obese [3–5]. There are
well-recognised independent associations between obesity in pregnancy and maternal, fetal and
neonatal health outcomes [6,7], and in the longer-term maternal obesity has been linked with childhood
obesity [8].

Women who are overweight or obese during pregnancy have been demonstrated to have poorer
diet quality when compared with women with BMI in the normal range [9–12], which persists into
the postpartum period [10]. In turn, poor diet quality is associated with increased risk of glucose
intolerance and pre-eclampsia [11], increased neonatal adiposity [13] and changes in child body
composition [14].
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There is growing interest in the programming of fetal growth, the critical time points and the
influence of maternal diet as a potentially modifiable factor. The current literature is inconsistent,
largely due to the heterogeneity and variability relating to the timing and types of dietary assessments,
reporting and methodology along with body composition outcome measurements [15]. In relation
to maternal carbohydrate intake for example, some studies have shown a positive effective of high
carbohydrates on childhood BMI [16] and others have shown a low carbohydrate diet was associated
with increased fetal abdominal fat [17]. The majority have shown a negative effect [18–20] and one
study has shown no effect [15]. Protein and carbohydrate ratios or combination diets have also
been reported, where high protein associated with low carbohydrate and fat diet was associated
with a reduction in neonatal abdominal adiposity [21], whereas another study showed low protein:
carbohydrate ratio was associated with increased abdominal fat in the fetus.

Several studies have explored the association between maternal dietary intake and outcomes
in the perinatal period, focussing predominantly on birthweight [22–25], preterm birth [26], infants
born small for gestational age [27], and newborn anthropometry [13,17,18,22,28,29]. Poor diet quality
(defined as Healthy Eating Index score less than or equal to 57) has been associated with a higher
percentage of neonatal fat mass as measured on air displacement plethysmography, independent of
maternal BMI [13]. Observational data from the Danish National Birth Cohort identified an association
between maternal dietary glycaemic load and both an increased risk of large for gestational age infants
(14%) and higher birthweight (36 grams) [29].

There has been more limited evaluation of the contribution of maternal dietary intake to fetal
growth and adiposity. Maternal protein, fatty acid and carbohydrate intake during pregnancy have all
been associated with increased measures of fetal adiposity, although this has been evaluated in women
of normal BMI [17]. The contribution of specific maternal dietary components to fetal growth and
adiposity among women who are overweight or obese is unclear, and warrants further investigation.

The aim of our study was to evaluate associations between maternal dietary factors and fetal
growth and adiposity measured by ultrasound at 28 and 36 weeks gestation in overweight and
obese women.

2. Materials and Methods

The study cohort involves 721 overweight or obese pregnant women who participated in the
Standard Care Group of the LIMIT trial. The methodology and findings of the LIMIT Trial have
been reported in detail previously [30,31]. Briefly, women were recruited from maternity hospitals in
South Australia, after ethics approval and informed written consent to participate. Eligible women
were those with a singleton pregnancy and BMI ≥ 25 kg/m2 at booking antenatal appointment,
and who were between 10+0 and 20+0 weeks’ gestation. The exclusion criteria included women with
Type 1 or 2 Diabetes diagnosed prior to pregnancy or multiple pregnancy. At the booking antenatal
appointment, all women had their height and weight measured, and BMI calculated by clinical staff.
Women in the Standard Care group continued pregnancy care according to the guidelines of their
local hospital and did not include specific information relating to weight gain, or diet and physical
activity during pregnancy. The ethics approval study number for LIMIT randomised controlled
trial was 1839/6 (approved July 2006) and for the fetal growth ancillary study the number was
2051/4 (approved April 2008).

2.1. Dietary Assessment

Women completed the Harvard Semi-quantitative Food Frequency (Willett) questionnaire [32] to
measure the daily dietary intake of nutrients from 126 food items, including portion size and
incorporation of the 7 food groups, which has been validated in pregnancy [33] and among Australian
pregnant women [34]. The questionnaire was completed at the time of study entry, 28 and 36 weeks’
gestation. At study entry, women were asked on average, how often was the food consumed during
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the last 12 months, while assessment at 28 and 36 weeks’ gestation asked women to indicate on average,
how often the amount of food was consumed since the previous questionnaire time point.

Daily nutrient intake was estimated using the nutrient compositions from the Australian food
composition tables according to pre-specified portion size. Adherence to dietary recommendations
was performed by allocating all food and drink consumption into the food groups as described by the
Australian Guide to Healthy Eating [35]. Foods were classified as ‘non-core foods’ if the food did not
meet the criteria of the five core food groups, provided minimal nutrient content, and were high in fat,
sugar or salt [35,36].

Micronutrient values were obtained from the Harvard Semi-quantitative Food Frequency (Willett)
questionnaire [32] and analysed as mean intake, utilising the Food Works Nutrient Analysis Software
Package (FoodWorks, version 7, Professional; Xyris Software 2012; Australia), and using Australian
Food composition tables.

Diet quality was assessed using the Healthy Eating Index (HEI), which has 12 components to yield
a maximum score of 100 [37]. These 12 components include total fruit, total vegetables, dark green and
orange vegetables and legumes, total grains and whole grains, all of which receive a score out of 5.
Milk, meat and beans, oils, saturated fat and sodium-based foods were scored out of 10. Calories from
solid fats, alcohol related beverages and added sugars were scored out of 20. A HEI score of 80 is
considered good, a score between 50 and 80 is one that needs improvement, and scores of less than
50 are considered poor. The HEI has been validated for use in pregnant women [38].

Dietary glycaemic index (GI) values were obtained from the Harvard Semi-quantitative Food
Frequency (Willett) questionnaire [32] and analysed using the Food Works Nutrient Analysis Software
Package (FoodWorks, version 7, Professional; Xyris Software 2012; Brisbane, Australia), and published
dietary glycaemic index values.

2.2. Ultrasound Assessment

A research ultrasound scan was offered to all women participating in the study at approximately
28 and 36 weeks’ gestation. Fetal biometry and body composition measurements were obtained
as previously described [39]. Research ultrasounds were performed by medical practitioners with
specialist or subspecialist training in obstetric ultrasound, while blinded to the participant’s treatment
allocation, and all measurements were obtained prospectively. The estimated date of confinement and
gestational age were calculated on the early pregnancy clinical ultrasound and menstrual period dating.

Ultrasound measurements of biometry and fetal adiposity were obtained as described in detail
previously [39]. In brief, fetal biometry was measured at 28 and 36 weeks’ gestation. This included
head circumference (HC), biparietal diameter (BPD), abdominal circumference (AC) and femur length
(FL), measured in accordance with national and international standards of practice [40]. Estimated
fetal weight (EFW) was calculated using the Hadlock C formula [41].

Fetal body composition measures included mid-thigh lean mass (MTLM), mid-thigh fat mass
(MTFM), abdominal fat mass (AFM), and subscapular fat mass (SSFM) using techniques reported
previously [39]. The techniques for acquisition of these measurements have been published in
detail [39]. MTLM was calculated by tracing the circumference of the mid-thigh total mass (MTTM)
followed by the MTLM incorporating muscle and bone. A subtraction was performed between the
MTTM and the MTLM to calculate the mid-thigh fat mass (MTFM). Abdominal fat mass was measured
in millimetres between the mid-axillary lines and anterior to the margins of the ribs, at the level of the
abdominal circumference. Two measurements of the subcutaneous skin width were obtained from
a longitudinal section of the scapula at the interface with the super-spinous and infra-spinous muscles.

2.3. Statistical Analysis

Baseline characteristics of women contributing data were assessed descriptively. Continuous
variables were reported as mean and standard deviation or median and interquartile range as
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appropriate, and categorical variables as a number and percentage. For each fetal biometry
measurement, z scores were calculated using ultrasound growth charts in clinical use [41,42].

The analyses were exploratory, with no pre-specification of a primary outcome. Instead,
the associations between diet and fetal growth and adiposity were investigated using a range of
dietary variables (HEI, Total Energy, Glycaemic Index, Glycaemic Load, Fat, Carbohydrate and
Protein as Percent of Total Energy) and a range of fetal growth and adiposity measures (BPD and
BPD z-score, EFW and EFW z-score, HC and HC z-score, AC and AC z-score, FL and FL z-score,
MTLM, MTFM, AFM, SSFM). Both dietary and fetal growth variables were measured at 28 weeks’ and
36 weeks’ gestation.

Linear regression was used to model the association between dietary factors and fetal growth
and adiposity, with diet variables considered as ‘predictors’ (independent variables) and fetal growth
and adiposity variables as ‘outcomes’ (dependent variables). A time-by-diet-variable interaction
term was included to allow for estimation of the association at each time point separately, and to
test whether the association differed between time points. Generalised Estimating Equations with
exchangeable working correlation were used to account for repeated measures. Both unadjusted
and adjusted analyses were performed. Adjusted analyses included maternal BMI category
(25.0–29.9 kg/m2 vs. ≥30.0 kg/m2 as measured at study entry), smoking, parity (0 vs. ≥1), age and
Socio-Economic Indexes for Areas Index of Relative Socio-Economic Disadvantage (SEIFA IRSD)
quintile, which is a rank of areas within Australia according to socio-economic disadvantage, obtained
from the Census that occurs every 5 years. All analyses were additionally adjusted for baseline diet
variables, as a potential confounder.

Statistical significance was assessed at the two-sided p < 0.05 and no adjustment was made for
multiple comparisons. All analyses were performed using SAS 9.4 (Cary, NC, USA).

3. Results

3.1. Demographic Characteristics

There were 721 women included in this secondary analysis and the baseline characteristics
are shown in Table 1. The mean age of women participating was 29.9 years (SD 5.3), with median
gestation at study entry 14.3 weeks (Interquartile range between 12.1 to 17.0 weeks). Forty-three
percent (n = 310) of women were overweight, while 46.5% (n = 335) were obese (BMI 30.0–39.9 kg/m2),
and 10.5% (n = 76) morbidly obese (BMI ≥ 40.0 kg/m2). Most women (91%; n = 659) were of Caucasian
origin, 41.3% (n = 298) in their first ongoing pregnancy, and 52% (n = 373) from the highest two quintiles
of social disadvantage. The baseline characteristics of the women contributing dietary and ultrasound
data were comparable to all women in the Standard Care group, and all women included in the LIMIT
randomised trial [30].

Table 1. Baseline characteristics of the Standard Care group within the LIMIT Trial.

Characteristic Number (%), Mean (SD) or Median (IQR)

Overall Number 721
- Both 28 and 36 Weeks 453
- 28 Weeks Only 158
- 36 Weeks Only 110

Age at Trial Entry: Mean (SD) 29.88 (5.33)

Parity: N (%)
- 0 298 (41.33)
- ≥1 423 (58.67)

BMI: Median (IQR) 31.00 (27.70, 35.20)
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Table 1. Cont.

Characteristic Number (%), Mean (SD) or Median (IQR)

BMI Category: N (%)
- BMI 25.0–29.9 310 (43.00)
- BMI 30.0–34.9 219 (30.37)
- BMI 35.0–39.9 116 (16.09)
- BMI ≥ 40.0 76 (10.54)

Smoker: N (%)
- Yes 67 (9.29)
- No 639 (88.63)
- Unknown 15 (2.08)

GA at Trial Entry: Median (IQR) 14.29 (12.14, 17.00)

Public Patient: N (%)
- Yes 707 (98.06)
- No 14 (1.94)

Ethnicity: N (%)
- Caucasian 659 (91.40)
- Asian 22 (3.05)
- Aboriginal or TSI 8 (1.11)
- Indian, Pakistani, Sri-Lankan 22 (3.05)
- African 5 (0.69)
- Other 5 (0.69)

SEIFA IRSD Quintile: N (%)
- Quintile 1 199 (27.60)
- Quintile 2 174 (24.13)
- Quintile 3 117 (16.23)
- Quintile 4 116 (16.09)
- Quintile 5 115 (15.95)

3.2. Healthy Eating Index (HEI)

There were no consistent associations between HEI and fetal biometry, MTFM, MTLM and AFM
(Table 2). There was a negative association between HEI and SSFM at 28 weeks, whereby a 10-unit
increase in HEI reduced SSFM by 0.17 mm (95% CI −0.32 to −0.03; p = 0.021).

Table 2. Healthy Eating Index and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.992 † 0.968 †

- 28 Weeks −0.03 (−0.08, 0.02) 0.239 −0.03 (−0.08, 0.02) 0.221
- 36 Weeks −0.03 (−0.08, 0.02) 0.235 −0.03 (−0.08, 0.02) 0.234

BPD z-score 0.728 † 0.645 †

- 28 Weeks −0.13 (−0.29, 0.04) 0.128 −0.13 (−0.30, 0.03) 0.117
- 36 Weeks −0.10 (−0.24, 0.04) 0.166 −0.09 (−0.24, 0.05) 0.194

HC 0.060 † 0.064 †

- 28 Weeks −0.06 (−0.22, 0.09) 0.425 −0.08 (−0.24, 0.08) 0.305
- 36 Weeks 0.10 (−0.05, 0.09) 0.194 0.08 (−0.08, 0.24) 0.313

HC z-score 0.026 † 0.025 †

- 28 Weeks −0.06 (−0.17, 0.05) 0.317 −0.07 (−0.18, 0.04) 0.210
- 36 Weeks 0.08 (−0.03, 0.05) 0.161 0.07 (−0.05, 0.18) 0.247

FL 0.168 † 0.211 †

- 28 Weeks −0.02 (−0.06, 0.02) 0.283 −0.02 (−0.06, 0.02) 0.232
- 36 Weeks 0.01 (−0.03, 0.02) 0.646 0.00 (−0.03, 0.04) 0.855
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Table 2. Cont.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

FL z-score 0.097 † 0.116 †

- 28 Weeks −0.09 (−0.20, 0.03) 0.154 −0.09 (−0.21, 0.03) 0.131
- 36 Weeks 0.02 (−0.09, 0.03) 0.678 0.01 (−0.10, 0.13) 0.817

AC 0.927 † 0.976 †

- 28 Weeks −0.07 (−0.28, 0.13) 0.484 −0.13 (−0.33, 0.07) 0.210
- 36 Weeks −0.06 (−0.32, 0.13) 0.637 −0.13 (−0.38, 0.13) 0.338

AC z-score 0.712 † 0.691 †

- 28 Weeks −0.03 (−0.14, 0.09) 0.660 −0.06 (−0.18, 0.05) 0.264
- 36 Weeks −0.05 (−0.18, 0.09) 0.471 −0.09 (−0.22, 0.04) 0.193

EFW 0.512 † 0.562 †

- 28 Weeks −22.42 (−52.33, 7.48) 0.142 −30.24 (−60.55, 0.07) 0.051
- 36 Weeks −6.80 (−58.91, 7.48) 0.798 −16.24 (−68.74, 36.27) 0.544

EFW
z-score 0.344 † 0.366 †

- 28 Weeks −0.08 (−0.18, 0.03) 0.170 −0.10 (−0.21, 0.01) 0.063
- 36 Weeks −0.02 (−0.14, 0.03) 0.723 −0.05 (−0.17, 0.07) 0.415

MTLM 0.742 † 0.891 †

- 28 Weeks −0.07 (−0.25, 0.10) 0.417 −0.08 (−0.26, 0.09) 0.361
- 36 Weeks −0.12 (−0.36, 0.10) 0.341 −0.10 (−0.35, 0.15) 0.425

MTFM 0.239 † 0.263 †

- 28 Weeks −0.10 (−0.33, 0.12) 0.370 −0.09 (−0.32, 0.14) 0.444
- 36 Weeks −0.39 (−0.90, 0.12) 0.141 −0.37 (−0.90, 0.17) 0.177

AFM 0.377 † 0.431 †

- 28 Weeks −0.07 (−0.23, 0.08) 0.357 −0.12 (−0.29, 0.04) 0.141
- 36 Weeks −0.17 (−0.41, 0.08) 0.152 −0.21 (−0.44, 0.02) 0.075

SSFM 0.824 † 0.930 †

- 28 Weeks −0.14 (−0.28, 0.00) 0.053 −0.17 (−0.32, −0.03) 0.021
- 36 Weeks −0.17 (−0.39, 0.00) 0.141 −0.18 (−0.41, 0.04) 0.115

† Denotes p value for test of interaction between HEI and time. That is, for a test of whether the association between
HEI and fetal growth/adiposity at 28 weeks differs from the association at 36 weeks.

3.3. Log Total Energy

Total Energy was log-transformed for analysis due to substantial right skew. There were no
associations between log total energy and AC, EFW, all fetal biometry z-scores, MTFM, AFM and
SSFM (Table 3). There was a negative association with log total energy and biometry measurements of
BPD and HC at 36 weeks, such that a 10 unit increase in log total energy reduced BPD by 1.48 mm
(95% CI −2.55 mm to −0.40 mm; p = 0.007); and HC by 4.07 mm (95% CI −7.6 mm to −0.54 mm;
p = 0.024).

Table 3. Log Dietary Intake and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.116 † 0.099 †

- 28 Weeks −0.31 (−1.48, 0.86) 0.603 −0.36 (−1.55, 0.82) 0.547
- 36 Weeks −1.36 (−2.43, 0.86) 0.012 −1.48 (−2.55, −0.40) 0.007

BPD z score 0.417 † 0.477 †

- 28 Weeks −0.34 (−4.39, 3.71) 0.869 −0.59 (−4.71, 3.54) 0.780
- 36 Weeks −2.14 (−5.59, 3.71) 0.225 −2.18 (−5.70, 1.35) 0.226
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Table 3. Cont.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

HC 0.260 † 0.169 †

- 28 Weeks −0.90 (−5.01, 3.22) 0.669 −0.72 (−4.84, 3.40) 0.732
- 36 Weeks −3.64 (−7.17, 3.22) 0.043 −4.07 (−7.60, −0.54) 0.024

HC z score 0.390 † 0.347 †

- 28 Weeks 0.52 (−2.27, 3.31) 0.716 0.67 (−2.18, 3.52) 0.647
- 36 Weeks −0.83 (−3.33, 3.31) 0.519 −0.83 (−3.36, 1.71) 0.524

FL 0.657 † 0.570 †

- 28 Weeks −0.20 (−1.17, 0.76) 0.680 −0.22 (−1.20, 0.75) 0.653
- 36 Weeks −0.47 (−1.40, 0.76) 0.327 −0.56 (−1.52, 0.39) 0.248

FL z score 0.785 † 0.762 †

- 28 Weeks 0.02 (−2.92, 2.97) 0.988 −0.06 (−3.07, 2.96) 0.970
- 36 Weeks 0.51 (−2.59, 2.97) 0.746 0.49 (−2.67, 3.65) 0.762

AC 0.246 † 0.181 †

- 28 Weeks −0.21 (−5.45, 5.04) 0.938 0.81 (−4.23, 5.85) 0.753
- 36 Weeks −3.83 (−9.40, 5.04) 0.178 −3.34 (−8.86, 2.19) 0.236

AC z score 0.860 † 0.815 †

- 28 Weeks 0.44 (−2.27, 3.16) 0.748 1.14 (−1.51, 3.78) 0.399
- 36 Weeks 0.18 (−2.73, 3.16) 0.905 0.78 (−2.16, 3.72) 0.603

EFW 0.082 † 0.059 †

- 28 Weeks 130.32 (−598.56, 859.21) 0.726 204.16 (−512.19, 920.51) 0.576
- 36 Weeks −887.76 (−2026.25, 859.21) 0.126 −901.31 (−2028.21, 225.59) 0.117

EFW z score 0.305 † 0.300 †

- 28 Weeks 1.14 (−1.32, 3.59) 0.364 1.47 (−0.96, 3.91) 0.236
- 36 Weeks −0.29 (−2.85, 3.59) 0.825 0.01 (−2.58, 2.61) 0.991

MTLM 0.495 † 0.574 †

- 28 Weeks −4.56 (−9.20, 0.08) 0.054 −4.94 (−9.57, −0.32) 0.036
- 36 Weeks −7.07 (−13.69, 0.08) 0.037 −7.02 (−13.69, −0.35) 0.039

MTFM 0.812 † 0.795 †

- 28 Weeks −0.90 (−6.35, 4.55) 0.746 −1.76 (−7.35, 3.83) 0.538
- 36 Weeks 0.46 (−10.91, 4.55) 0.937 −0.25 (−11.82, 11.31) 0.966

AFM 0.563 † 0.603 †

- 28 Weeks −1.00 (−5.03, 3.03) 0.627 −0.59 (−4.65, 3.48) 0.777
- 36 Weeks 0.88 (−5.59, 3.03) 0.791 1.10 (−5.27, 7.47) 0.734

SSFM 0.779 † 0.760 †

- 28 Weeks 2.72 (−0.73, 6.17) 0.122 3.23 (−0.22, 6.69) 0.067
- 36 Weeks 1.88 (−3.72, 6.17) 0.511 2.32 (−3.26, 7.90) 0.416

† Denotes p value for interaction between time and log Total Energy; that is, for a test of whether the association
between log Total Energy and fetal growth/adiposity at 28 weeks differs from the association at 36 weeks.

At 28 and 36 weeks’ gestation, there were negative associations between log total energy and
MTLM, such that a 10-unit increase in log total energy reduced MTLM by 4.94 mm (95% CI −9.57 mm
to −0.32 mm; p = 0.036) at 28 weeks; and by 7.02 mm (95% CI −13.69 mm to −0.35 mm; p = 0.039)
at 36 weeks.

3.4. Glycaemic Index

There were no associations between dietary Glycaemic Index and fetal biometry including HC,
FL, AC and EFW, related z scores and adiposity measures (Table 4). A negative association was
identified between dietary glycaemic index and fetal BPD and its z-score, such that a 10-unit increase
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in dietary glycaemic index reduced BPD by 0.11 mm (95% CI −0.21 mm to −0.01 mm; p = 0.035),
and BPD z-score by 0.35SD (95% CI −0.69SD to −0.01SD; p = 0.045) at 28 weeks.

Table 4. Glycaemic Index and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.079 † 0.060 †

- 28 Weeks −0.12 (−0.21, −0.02) 0.021 −0.11 (−0.21, −0.01) 0.035
- 36 Weeks −0.01 (−0.11, −0.02) 0.876 0.01 (−0.09, 0.11) 0.885

BPD z-score 0.075 † 0.083 †

- 28 Weeks −0.36 (−0.70, −0.02) 0.037 −0.35 (−0.69, −0.01) 0.045
- 36 Weeks −0.03 (−0.31, −0.02) 0.812 −0.03 (−0.31, 0.25) 0.833

HC 0.601 † 0.620 †

- 28 Weeks −0.19 (−0.54, 0.16) 0.288 −0.14 (−0.50, 0.21) 0.422
- 36 Weeks −0.08 (−0.42, 0.16) 0.642 −0.04 (−0.38, 0.30) 0.816

HC z-score 0.652 † 0.540 †

- 28 Weeks 0.02 (−0.22, 0.26) 0.880 0.04 (−0.20, 0.29) 0.724
- 36 Weeks −0.04 (−0.27, 0.26) 0.709 −0.04 (−0.26, 0.18) 0.723

FL 0.729 † 0.634 †

- 28 Weeks −0.05 (−0.13, 0.03) 0.250 −0.05 (−0.13, 0.03) 0.236
- 36 Weeks −0.03 (−0.12, 0.03) 0.521 −0.02 (−0.11, 0.07) 0.595

FL z-score 0.904 † 0.931 †

- 28 Weeks −0.03 (−0.29, 0.23) 0.820 −0.04 (−0.30, 0.23) 0.790
- 36 Weeks −0.01 (−0.31, 0.23) 0.949 −0.02 (−0.32, 0.27) 0.891

AC 0.185 † 0.158 †

- 28 Weeks −0.24 (−0.66, 0.17) 0.248 −0.23 (−0.63, 0.17) 0.257
- 36 Weeks 0.10 (−0.34, 0.17) 0.649 0.13 (−0.30, 0.57) 0.556

AC z-score 0.151 † 0.182 †

- 28 Weeks −0.09 (−0.31, 0.13) 0.422 −0.09 (−0.31, 0.12) 0.383
- 36 Weeks 0.09 (−0.12, 0.13) 0.396 0.07 (−0.14, 0.28) 0.491

EFW 0.583 † 0.551 †

- 28 Weeks −18.94 (−79.38, 41.50) 0.539 −17.21 (−77.32, 42.90) 0.575
- 36 Weeks 8.76 (−89.14, 41.50) 0.861 12.58 (−84.02, 109.19) 0.799

EFW
z-score 0.212 † 0.247 †

- 28 Weeks −0.11 (−0.33, 0.10) 0.314 −0.11 (−0.32, 0.10) 0.316
- 36 Weeks 0.03 (−0.17, 0.10) 0.749 0.02 (−0.18, 0.22) 0.813

MTLM 0.706 † 0.686 †

- 28 Weeks 0.11 (−0.25, 0.46) 0.548 0.13 (−0.22, 0.49) 0.462
- 36 Weeks −0.02 (−0.63, 0.46) 0.950 −0.00 (−0.61, 0.61) 0.993

MTFM 0.015 † 0.025 †

- 28 Weeks −0.36 (−0.80, 0.07) 0.104 −0.34 (−0.77, 0.10) 0.133
- 36 Weeks 0.79 (−0.12, 0.07) 0.089 0.74 (−0.18, 1.65) 0.116

AFM 0.115 † 0.150 †

- 28 Weeks −0.11 (−0.41, 0.19) 0.475 −0.13 (−0.44, 0.18) 0.415
- 36 Weeks 0.34 (−0.19, 0.19) 0.211 0.28 (−0.24, 0.81) 0.291

SSFM 0.215 † 0.176 †

- 28 Weeks −0.06 (−0.35, 0.22) 0.661 −0.07 (−0.35, 0.22) 0.639
- 36 Weeks 0.25 (−0.21, 0.22) 0.287 0.28 (−0.19, 0.75) 0.248

† Denotes p value for time-by-GI interaction; that is does the association between GI and fetal growth/adiposity at
28 weeks differ from that at 36 weeks.
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3.5. Glycaemic Load

There were no consistent associations between dietary glycaemic load and fetal biometry, z-scores
or adiposity measures at either 28 or 36 weeks (Table 5).

Table 5. Glycaemic load and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.567 † 0.490 †

- 28 Weeks −0.00 (−0.01, 0.00) 0.251 −0.00 (−0.01, 0.00) 0.276
- 36 Weeks −0.01 (−0.01, 0.00) 0.063 −0.01 (−0.01, 0.00) 0.054

BPD z-score 0.821 † 0.831 †

- 28 Weeks −0.01 (−0.04, 0.01) 0.227 −0.01 (−0.04, 0.01) 0.227
- 36 Weeks −0.01 (−0.03, 0.01) 0.295 −0.01 (−0.03, 0.01) 0.291

HC 0.562 † 0.374 †

- 28 Weeks −0.01 (−0.03, 0.02) 0.530 −0.01 (−0.03, 0.02) 0.683
- 36 Weeks −0.02 (−0.04, 0.02) 0.137 −0.02 (−0.04, 0.00) 0.102

HC z-score 0.606 † 0.479 †

- 28 Weeks 0.00 (−0.02, 0.02) 0.964 0.00 (−0.02, 0.02) 0.808
- 36 Weeks −0.01 (−0.02, 0.02) 0.557 −0.01 (−0.02, 0.01) 0.539

FL 0.827 † 0.737 †

- 28 Weeks −0.00 (−0.01, 0.01) 0.698 −0.00 (−0.01, 0.01) 0.762
- 36 Weeks −0.00 (−0.01, 0.01) 0.471 −0.00 (−0.01, 0.00) 0.437

FL z-score 0.676 † 0.674 †

- 28 Weeks −0.00 (−0.02, 0.02) 0.923 −0.00 (−0.02, 0.02) 0.965
- 36 Weeks 0.00 (−0.02, 0.02) 0.688 0.00 (−0.01, 0.02) 0.653

AC 0.492 † 0.391 †

- 28 Weeks −0.00 (−0.04, 0.03) 0.837 0.00 (−0.03, 0.04) 0.814
- 36 Weeks −0.02 (−0.05, 0.03) 0.340 −0.01 (−0.05, 0.02) 0.465

AC z-score 0.861 † 0.969 †

- 28 Weeks 0.00 (−0.02, 0.02) 0.973 0.00 (−0.01, 0.02) 0.548
- 36 Weeks 0.00 (−0.02, 0.02) 0.835 0.01 (−0.01, 0.02) 0.604

EFW 0.181 † 0.145 †

- 28 Weeks 0.93 (−3.72, 5.59) 0.694 1.66 (−2.95, 6.27) 0.481
- 36 Weeks −4.15 (−11.63, 5.59) 0.276 −3.95 (−11.48, 3.58) 0.304

EFW
z-score 0.636 † 0.567 †

- 28 Weeks 0.00 (−0.01, 0.02) 0.717 0.01 (−0.01, 0.02) 0.459
- 36 Weeks −0.00 (−0.02, 0.02) 0.857 0.00 (−0.02, 0.02) 0.980

MTLM 0.406 † 0.462 †

- 28 Weeks −0.02 (−0.05, 0.00) 0.098 −0.02 (−0.05, 0.00) 0.093
- 36 Weeks −0.04 (−0.08, 0.00) 0.052 −0.04 (−0.08, 0.00) 0.064

MTFM 0.252 † 0.264 †

- 28 Weeks −0.02 (−0.05, 0.01) 0.262 −0.02 (−0.05, 0.01) 0.215
- 36 Weeks 0.02 (−0.05, 0.01) 0.522 0.02 (−0.05, 0.10) 0.578

AFM 0.278 † 0.326 †

- 28 Weeks 0.00 (−0.02, 0.03) 0.891 0.00 (−0.02, 0.03) 0.721
- 36 Weeks 0.02 (−0.02, 0.03) 0.244 0.03 (−0.02, 0.07) 0.223

SSFM 0.737 † 0.757 †

- 28 Weeks 0.01 (−0.01, 0.04) 0.185 0.02 (−0.00, 0.04) 0.106
- 36 Weeks 0.02 (−0.01, 0.04) 0.239 0.02 (−0.01, 0.06) 0.189

† Denotes p value for interaction between time and Glycaemic Load; that is does the association between GL and
fetal growth/adiposity at 28 weeks differ from that at 36 weeks.
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3.6. Fat, Carbohydrate and Protein as a Percent of Total Energy

There were no associations identified between fat as shown in Table 6.

Table 6. Fat as a percentage of total energy and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.593 † 0.646 †

- 28 Weeks 0.04 (−0.05, 0.12) 0.396 0.04 (−0.05, 0.12) 0.418
- 36 Weeks 0.01 (−0.08, 0.12) 0.841 0.01 (−0.08, 0.10) 0.793

BPD z-score 0.387 † 0.507 †

- 28 Weeks 0.21 (−0.08, 0.50) 0.152 0.17 (−0.12, 0.46) 0.238
- 36 Weeks 0.08 (−0.16, 0.50) 0.524 0.07 (−0.17, 0.31) 0.560

HC 0.083 † 0.123 †

- 28 Weeks 0.16 (−0.12, 0.44) 0.255 0.18 (−0.11, 0.46) 0.228
- 36 Weeks −0.13 (−0.39, 0.44) 0.318 −0.09 (−0.35, 0.17) 0.499

HC z-score 0.016 † 0.033 †

- 28 Weeks 0.22 (0.01, 0.43) 0.036 0.21 (−0.00, 0.43) 0.053
- 36 Weeks −0.05 (−0.23, 0.43) 0.570 −0.03 (−0.21, 0.14) 0.714

FL 0.413 † 0.560 †

- 28 Weeks 0.00 (−0.07, 0.07) 0.896 0.00 (−0.07, 0.07) 0.950
- 36 Weeks −0.03 (−0.10, 0.07) 0.381 −0.02 (−0.09, 0.04) 0.514

FL z-score 0.414 † 0.577 †

- 28 Weeks 0.06 (−0.15, 0.28) 0.563 0.03 (−0.19, 0.24) 0.808
- 36 Weeks −0.04 (−0.26, 0.28) 0.683 −0.05 (−0.26, 0.17) 0.664

AC 0.556 † 0.609 †

- 28 Weeks −0.02 (−0.37, 0.33) 0.920 0.03 (−0.32, 0.39) 0.853
- 36 Weeks −0.15 (−0.53, 0.33) 0.428 −0.08 (−0.46, 0.29) 0.660

AC z-score 0.968 † 0.806 †

- 28 Weeks −0.02 (−0.21, 0.16) 0.799 −0.01 (−0.20, 0.18) 0.922
- 36 Weeks −0.02 (−0.21, 0.16) 0.833 0.02 (−0.17, 0.20) 0.851

EFW 0.253 † 0.307 †

- 28 Weeks 14.86 (−35.95, 65.68) 0.566 18.79 (−33.86, 71.44) 0.484
- 36 Weeks −34.32 (−113.89, 65.68) 0.398 −25.56 (−104.88, 53.76) 0.528

EFW
z-score 0.308 † 0.477 †

- 28 Weeks 0.05 (−0.12, 0.22) 0.567 0.05 (−0.13, 0.22) 0.610
- 36 Weeks −0.05 (−0.21, 0.22) 0.551 −0.02 (−0.19, 0.14) 0.771

MTLM 0.446 † 0.372 †

- 28 Weeks 0.07 (−0.26, 0.40) 0.669 0.09 (−0.25, 0.44) 0.602
- 36 Weeks −0.15 (−0.67, 0.40) 0.565 −0.18 (−0.70, 0.35) 0.511

MTFM 0.287 † 0.284 †

- 28 Weeks 0.03 (−0.38, 0.44) 0.882 0.04 (−0.38, 0.47) 0.837
- 36 Weeks −0.40 (−1.12, 0.44) 0.281 −0.39 (−1.12, 0.33) 0.290

AFM 0.049 † 0.060 †

- 28 Weeks 0.01 (−0.26, 0.29) 0.917 0.06 (−0.24, 0.36) 0.709
- 36 Weeks −0.46 (−0.90, 0.29) 0.041 −0.39 (−0.82, 0.04) 0.075

SSFM 0.368 † 0.295 †

- 28 Weeks 0.15 (−0.08, 0.37) 0.200 0.17 (−0.06, 0.40) 0.144
- 36 Weeks −0.03 (−0.39, 0.37) 0.863 −0.04 (−0.40, 0.32) 0.829

† denotes p value for test of interaction between fat % and time. That is, whether the association at 28 weeks differs
from that at 36 weeks.
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There were no consistent associations between carbohydrate (Table 7) and protein intake (Table 8)
and fetal biometry, z-scores or adiposity measures at either 28 or 36 weeks.

Table 7. Carbohydrate as a percentage of total energy and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.339 † 0.381 †

- 28 Weeks −0.03 (−0.10, 0.05) 0.482 −0.02 (−0.09, 0.06) 0.634
- 36 Weeks 0.02 (−0.05, 0.05) 0.653 0.02 (−0.05, 0.09) 0.554

BPD z-score 0.156 † 0.241 †

- 28 Weeks −0.16 (−0.38, 0.05) 0.143 −0.13 (−0.35, 0.09) 0.262
- 36 Weeks 0.01 (−0.17, 0.05) 0.883 0.02 (−0.16, 0.21) 0.819

HC 0.199 † 0.306 †

- 28 Weeks −0.08 (−0.31, 0.15) 0.499 −0.05 (−0.28, 0.19) 0.685
- 36 Weeks 0.10 (−0.11, 0.15) 0.354 0.09 (−0.11, 0.29) 0.374

HC z-score 0.099 † 0.188 †

- 28 Weeks −0.10 (−0.26, 0.05) 0.200 −0.08 (−0.24, 0.08) 0.331
- 36 Weeks 0.05 (−0.09, 0.05) 0.503 0.04 (−0.10, 0.18) 0.562

FL 0.849 † 0.816 †

- 28 Weeks 0.02 (−0.04, 0.08) 0.480 0.03 (−0.03, 0.08) 0.336
- 36 Weeks 0.01 (−0.03, 0.08) 0.579 0.02 (−0.03, 0.07) 0.415

FL z-score 0.996 † 0.943 †

− 28 Weeks 0.04 (−0.13, 0.20) 0.652 0.07 (−0.10, 0.23) 0.432
- 36 Weeks 0.04 (−0.12, 0.20) 0.651 0.06 (−0.10, 0.22) 0.470

AC 0.913 † 0.782 †

- 28 Weeks 0.05 (−0.26, 0.35) 0.771 0.10 (−0.21, 0.41) 0.532
- 36 Weeks 0.03 (−0.25, 0.35) 0.853 0.05 (−0.23, 0.33) 0.729

AC z-score 0.751 † 0.482 †

- 28 Weeks 0.03 (−0.12, 0.18) 0.732 0.06 (−0.09, 0.21) 0.420
- 36 Weeks −0.00 (−0.14, 0.18) 0.983 −0.00 (−0.14, 0.14) 0.994

EFW 0.962 † 0.976 †

- 28 Weeks 7.29 (−36.60, 51.19) 0.745 16.48 (−28.72, 61.67) 0.475
- 36 Weeks 8.87 (−50.10, 51.19) 0.768 15.46 (−43.22, 74.14) 0.606

EFW
z-score

0.777 † 0.953 †

- 28 Weeks 0.00 (−0.13, 0.14) 0.979 0.04 (−0.10, 0.17) 0.611
- 36 Weeks 0.03 (−0.10, 0.14) 0.699 0.03 (−0.10, 0.16) 0.643

MTLM 0.867 † 0.838 †

- 28 Weeks −0.06 (−0.33, 0.20) 0.639 −0.04 (−0.31, 0.23) 0.783
- 36 Weeks −0.02 (−0.40, 0.20) 0.901 0.01 (−0.37, 0.39) 0.961

MTFM 0.406 † 0.406 †

- 28 Weeks −0.10 (−0.44, 0.24) 0.558 −0.07 (−0.41, 0.27) 0.683
- 36 Weeks 0.17 (−0.41, 0.24) 0.563 0.20 (−0.38, 0.79) 0.495

AFM 0.118 † 0.173 †

- 28 Weeks 0.04 (−0.18, 0.26) 0.732 0.06 (−0.17, 0.28) 0.614
- 36 Weeks 0.32 (−0.00, 0.26) 0.051 0.30 (−0.02, 0.62) 0.062

SSFM 0.800 † 0.836 †

- 28 Weeks 0.00 (−0.18, 0.18) 0.966 0.01 (−0.17, 0.19) 0.879
- 36 Weeks 0.04 (−0.23, 0.18) 0.755 0.05 (−0.23, 0.32) 0.738

† Denotes p value for test of interaction between Carbohydrate % and fetal growth/adiposity; that is, whether the
association at 28 weeks differs from that at 36 weeks.
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Table 8. Protein as a percentage of total energy and fetal ultrasound measurements.

Outcome Unadjusted
Estimate (95% CI)

Unadjusted
p Value

Adjusted
Estimate (95% CI)

Adjusted
p Value

BPD 0.507 † 0.546 †

- 28 Weeks 0.01 (−0.10, 0.11) 0.921 −0.01 (−0.11, 0.10) 0.914
- 36 Weeks −0.03 (−0.12, 0.11) 0.466 −0.04 (−0.13, 0.05) 0.361

BPD z-score 0.153 † 0.210 †

- 28 Weeks 0.13 (−0.18, 0.44) 0.414 0.10 (−0.21, 0.42) 0.522
- 36 Weeks −0.10 (−0.35, 0.44) 0.400 −0.11 (−0.35, 0.14) 0.399

HC 0.991 † 0.802 †

- 28 Weeks −0.05 (−0.38, 0.27) 0.755 −0.12 (−0.45, 0.22) 0.489
- 36 Weeks −0.05 (−0.33, 0.27) 0.723 −0.07 (−0.34, 0.20) 0.618

HC z-score 0.983 † 0.806 †

- 28 Weeks −0.05 (−0.26, 0.16) 0.621 −0.08 (−0.30, 0.13) 0.440
- 36 Weeks −0.05 (−0.23, 0.16) 0.588 −0.05 (−0.24, 0.13) 0.567

FL 0.212 † 0.269 †

- 28 Weeks −0.06 (−0.14, 0.02) 0.143 −0.06 (−0.14, 0.01) 0.110
- 36 Weeks 0.00 (−0.07, 0.02) 0.994 −0.01 (−0.08, 0.05) 0.692

FL z-score 0.499 † 0.633 †

- 28 Weeks −0.14 (−0.37, 0.09) 0.224 −0.14 (−0.36, 0.09) 0.235
- 36 Weeks −0.04 (−0.26, 0.09) 0.719 −0.07 (−0.29, 0.15) 0.547

AC 0.264 † 0.187 †

- 28 Weeks −0.16 (−0.60, 0.29) 0.490 −0.29 (−0.74, 0.16) 0.208
- 36 Weeks 0.13 (−0.28, 0.29) 0.531 0.06 (−0.35, 0.47) 0.785

AC z-score 0.501 † 0.281 †

- 28 Weeks −0.06 (−0.27, 0.15) 0.584 −0.13 (−0.34, 0.08) 0.211
- 36 Weeks 0.02 (−0.18, 0.15) 0.839 −0.00 (−0.21, 0.21) 0.992

EFW 0.175 † 0.173 †

- 28 Weeks −40.93 (−105.51, 23.64) 0.214 −56.34 (−123.01, 10.33) 0.098
- 36 Weeks 22.54 (−62.18, 23.64) 0.602 7.75 (−76.06, 91.57) 0.856

EFW
z-score 0.478 † 0.351 †

- 28 Weeks −0.09 (−0.28, 0.10) 0.350 −0.14 (−0.33, 0.05) 0.155
- 36 Weeks −0.01 (−0.20, 0.10) 0.915 −0.03 (−0.22, 0.16) 0.753

MTLM 0.433 † 0.395 †

- 28 Weeks 0.09 (−0.26, 0.44) 0.617 0.05 (−0.31, 0.41) 0.800
- 36 Weeks 0.33 (−0.18, 0.44) 0.201 0.31 (−0.19, 0.81) 0.227

MTFM 0.833 † 0.823 †

- 28 Weeks 0.08 (−0.35, 0.51) 0.711 0.07 (−0.37, 0.51) 0.765
- 36 Weeks −0.02 (−0.91, 0.51) 0.968 −0.04 (−0.93, 0.85) 0.932

AFM 0.467 † 0.661 †

- 28 Weeks −0.10 (−0.41, 0.22) 0.548 −0.17 (−0.49, 0.14) 0.288
- 36 Weeks −0.26 (−0.68, 0.22) 0.216 −0.27 (−0.68, 0.14) 0.194

SSFM 0.872 † 0.736 †

- 28 Weeks −0.18 (−0.44, 0.09) 0.189 −0.21 (−0.48, 0.05) 0.119
- 36 Weeks −0.14 (−0.57, 0.09) 0.524 −0.13 (−0.55, 0.29) 0.550

† Denotes p value for test of interaction between time and Protein %; that is, whether the association at 28 weeks
differs from that at 36 weeks.
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4. Discussion

The objective of this secondary exploratory analysis [30], was to determine if maternal dietary
factors were associated with fetal body composition in women entering pregnancy overweight or
obese. Our analysis found an increase in total energy of the maternal diet was associated with
a reduction in mid-thigh lean mass of the fetus. Secondly, an increase in the Healthy Eating Index
was associated with a reduction in the subscapular fat mass. While these individual associations were
statistically significant, the actual differences were of small magnitude and were unlikely to be of
clinical significance. Overall, we did not identify consistent associations between maternal diet and
fetal growth or adiposity.

To our knowledge, this is the first study to describe the relationship between maternal dietary
factors and fetal body composition in women entering pregnancy overweight and obese. There has
been one study to describe the maternal dietary factors and fetal adiposity measurements in 179 women
with a normal BMI [17]. This study measured different dietary variables including a derived ratio
comparing protein and carbohydrate, and poly-unsaturated fatty acids as a percentage of energy
intake. The authors also described a variation in ultrasound techniques for the measurement of
fetal adiposity [17]. Women with lower dietary protein intake demonstrated higher abdominal
wall adiposity, while fetal thigh adiposity was greatest among women whose diet consisted of low
carbohydrate, intermediate protein and high fat intake [17].

The majority of the literature relates to neonatal and infant body composition [15,21,24],
birthweight [18–20] with variable methodology and inconsistent findings [21,43]. An explanation for
the lack of association seen in our study and inconsistent findings within the literature may relate
to the timing of the dietary assessment. Early 2nd trimester maternal dietary analysis has been
assessed in the literature [15,44] with no consistent findings [15,20,24,44]. One study assessed dietary
intake between 8 and 12 weeks and found carbohydrate consumption was associated with increase in
birthweight, whereas fat intake was associated with lower birthweight [19]. It is also likely that the
fetal programming of infant growth patterns is much more complex, with the impact of epigenetics,
paternal factors, postnatal environment [45].

The main strength of our secondary analysis relates to the large sample size of women entering
pregnancy overweight or obese. The data was derived from the largest randomised controlled trial
utilising robust methodology [30] and the first to measure the effect of an antenatal intervention
on fetal biometry and adiposity [39]. The main limitation of the current analysis is the reliance on
self-reported measurements of maternal dietary intake. Dietary analysis is subject to multiple biases
including measurement error, recall bias related to the food questionnaire, along with reporting bias.
A comparator group of women entering pregnancy with a normal BMI would have also added valuable
data, including a baseline for assessment of both fetal growth patterns and maternal dietary intake.

Several randomised trials have identified improvements in maternal dietary patterns during
pregnancy following provision of a lifestyle intervention [30,31,46–49]. The LIMIT trial demonstrated
that the provision of the antenatal lifestyle and dietary intervention improved women’s intake of
fibre, saturated fat, fruits and vegetables and micronutrient intake, although did not impact overall
energy intake [31]. Other trials have also shown significant improvements in maternal diet, physical
activity [31,46–48] and insulin resistance [46,50].

While individual trials conducted in overweight and obese pregnant women have described
positive effects on maternal dietary and lifestyle behaviours [51], intervention trials overall have
generated disappointing results in terms of clinical pregnancy and birth outcomes. Whether
relatively modest improvements in maternal diet are sufficient to impact fetal adiposity measures,
which themselves are relatively insensitive indices, remains to be determined [52,53]. Furthermore,
there is evidence to suggest that fetal growth and adiposity may be programmed much earlier in
gestation than current interventions have targeted [54], highlighting the importance of optimal diet
and maternal weight prior to conception [2,55–57].
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There is growing interest in strategies to optimise both maternal and paternal dietary intake
and weight in the peri-conceptual period [3,58,59]. This primary prevention strategy may reduce
the intergenerational transmission of obesity from mother to child and may improve pregnancy
outcomes [2,45,60]. Further studies are required to understand the timing of and factors relating to
programming of fetal growth and body composition.

Author Contributions: Conceptualization, J.M.D., J.L. and C.M.O.B.; Methodology, J.M.D. and A.D.; Formal
Analysis, J.L.; Investigation, C.M.O.B.; Data Curation, A.D.; Writing-Original Draft Preparation, C.M.O.B.;
Writing-Review & Editing, J.M.D. and A.D. and J.L.; Supervision, J.M.D.; Project Administration, A.D.

Funding: J.M.D. is supported through a NHMRC Practitioner Fellowship (ID 627005). C.M.O.B. is supported
through RANZCOG Luke Proposch Scholarship, awarded in 2014.

Acknowledgments: In this section you can acknowledge any support given which is not covered by the author
contribution or funding sections. This may include administrative and technical support, or donations in kind
(e.g., materials used for experiments).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. WHO. Obesity Fact Sheet 2017. Available online: http://www.who.int/mediacentre/factsheets/fs311/en/
(accessed on 10 October 2017).

2. Hanson, M.; Barker, M.; Dodd, J.M.; Kumanyika, S.; Norris, S.; Steegers, E.; Stephenson, J.; Thangaratinam, S.;
Yang, H. Interventions to prevent maternal obesity before conception, during pregnancy, and post partum.
Lancet Diabetes Endoc. 2017, 5, 65–76. [CrossRef]

3. Poston, L.; Caleyachetty, R.; Cnattingius, S.; Corvalan, C.; Uauy, R.; Herring, S.; Gillman, M.W.
Preconceptional and maternal obesity: Epidemiology and health consequences. Lancet Diabetes Endoc.
2016, 4, 1025–1036. [CrossRef]

4. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: A systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2014, 384, 766–781. [CrossRef]

5. McKeating, A.; Maguire, P.J.; Daly, N.; Farren, M.; McMahon, L.; Turner, M.J. Trends in maternal obesity in
a large university hospital 2009-2013. Acta obstet. Gynecol. Scand. 2015, 94, 969–975. [CrossRef] [PubMed]

6. Cedergren, M. Maternal morbid obesity and the risk of adverse pregnancy outcome. Obstet. Gynecol. 2004,
103, 219–224. [CrossRef] [PubMed]

7. Cedergren, M. Effects of gestational weight gain and body mass index on obstetric outcome in Sweden.
Int. J. Gynecol. Obstet. 2006, 93, 269–274. [CrossRef] [PubMed]

8. Whitaker, R.C. Predicting preschooler obesity at birth: The role of maternal obesity in early pregnancy.
Pediatrics 2004, 114, e29–e36. [CrossRef]

9. Tsigga, M.; Filis, V.; Hatzopoulou, K.; Kotzamanidis, C.; Grammatikopoulou, M.G. Healthy Eating Index
during pregnancy according to pre-gravid and gravid weight status. Public Health Nutr. 2011, 14, 290–296.
[CrossRef] [PubMed]

10. Moran, L.J.; Sui, Z.; Cramp, C.S.; Dodd, J.M. A decrease in diet quality occurs during pregnancy in overweight
and obese women which is maintained post-partum. Int. J. Obes. 2013, 37, 704–711. [CrossRef] [PubMed]

11. Rifas-Shiman, S.L.; Rich-Edwards, J.W.; Kleinman, K.P.; Oken, E.; Gillman, M.W. Dietary quality during
pregnancy varies by maternal characteristics in Project Viva: A US cohort. J. Am. Diet Assoc. 2009, 109,
1004–1011. [CrossRef] [PubMed]

12. Laraia, B.A.; Bodnar, L.M.; Siega-Riz, A.M. Pregravid body mass index is negatively associated with diet
quality during pregnancy. Public Health Nutr. 2007, 10, 920–926. [CrossRef] [PubMed]

13. Shapiro, A.L.; Kaar, J.L.; Crume, T.L.; Starling, A.P.; Siega-Riz, A.M.; Ringham, B.M.; Glueck, D.H.;
Norris, J.M.; Barbour, L.A.; Friedman, J.E.; et al. Maternal diet quality in pregnancy and neonatal adiposity:
The Healthy Start Study. Int. J. Obes. 2016, 40, 1056–1062. [CrossRef] [PubMed]

14. Catalano, P.M.; Shankar, K. Obesity and pregnancy: Mechanisms of short term and long term adverse
consequences for mother and child. BMJ 2017, 356. [CrossRef] [PubMed]

http://www.who.int/mediacentre/factsheets/fs311/en/
http://dx.doi.org/10.1016/S2213-8587(16)30108-5
http://dx.doi.org/10.1016/S2213-8587(16)30217-0
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1111/aogs.12685
http://www.ncbi.nlm.nih.gov/pubmed/26038118
http://dx.doi.org/10.1097/01.AOG.0000107291.46159.00
http://www.ncbi.nlm.nih.gov/pubmed/14754687
http://dx.doi.org/10.1016/j.ijgo.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16626716
http://dx.doi.org/10.1542/peds.114.1.e29
http://dx.doi.org/10.1017/S1368980010001989
http://www.ncbi.nlm.nih.gov/pubmed/20642871
http://dx.doi.org/10.1038/ijo.2012.129
http://www.ncbi.nlm.nih.gov/pubmed/22868828
http://dx.doi.org/10.1016/j.jada.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19465182
http://dx.doi.org/10.1017/S1368980007657991
http://www.ncbi.nlm.nih.gov/pubmed/17381955
http://dx.doi.org/10.1038/ijo.2016.79
http://www.ncbi.nlm.nih.gov/pubmed/27133623
http://dx.doi.org/10.1136/bmj.j1
http://www.ncbi.nlm.nih.gov/pubmed/28179267


Nutrients 2018, 10, 870 15 of 17

15. Brei, C.; Stecher, L.; Meyer, D.M.; Young, V.; Much, D.; Brunner, S.; Hauner, H. Impact of dietary
macronutrient intake during early and late gestation on offspring body composition at Birth, 1, 3, and 5 Years
of Age. Nutrition 2018, 10, 579. [CrossRef] [PubMed]

16. Chen, L.W.; Aris, I.M.; Bernard, J.Y.; Tint, M.T.; Colega, M.; Gluckman, P.D.; Tan, K.H.; Shek, L.P.; Chong, Y.S.;
Yap, F.; et al. Associations of maternal macronutrient intake during pregnancy with infant BMI peak
characteristics and childhood BMI. Am. J. Clin. Nutr. 2017, 105, 705–713. [CrossRef] [PubMed]

17. Blumfield, M.L.; Hure, A.J.; MacDonald-Wicks, L.K.; Smith, R.; Simpson, S.J.; Giles, W.B.; Raubenheimer, D.;
Collins, C.E. Dietary balance during pregnancy is associated with fetal adiposity and fat distribution. Am. J.
Clin. Nutr. 2012, 96, 1032–1041. [CrossRef] [PubMed]

18. Crume, T.L.; Brinton, J.T.; Shapiro, A.; Kaar, J.; Glueck, D.H.; Siega-Riz, A.M.; Dabelea, D. Maternal dietary
intake during pregnancy and offspring body composition: The healthy start study. Am. J. Obstet Gynecol.
2016, 215, 609.e1–609.e8. [CrossRef] [PubMed]

19. Sharma, S.S.; Greenwood, D.C.; Simpson, N.A.B.; Cade, J.E. Is dietary macronutrient composition during
pregnancy associated with offspring birth weight? An observational study. Br. J. Nutr. 2018, 119, 330–339.
[CrossRef] [PubMed]

20. Renault, K.M.; Carlsen, E.M.; Norgaard, K.; Nilas, L.; Pryds, O.; Secher, N.J.; Cortes, D.; Jensen, J.E.; Olsen, S.F.;
Halldorsson, T.I. Intake of carbohydrates during pregnancy in obese women is associated with fat mass in
the newborn offspring. Am. J. Clin. Nutr. 2015, 102, 1475–1481. [CrossRef] [PubMed]

21. Chen, L.W.; Tint, M.T.; Fortier, M.V.; Aris, I.M.; Bernard, J.Y.; Colega, M.; Gluckman, P.D.; Saw, S.M.;
Chong, Y.S.; Yap, F.; et al. Maternal Macronutrient Intake during Pregnancy Is Associated with Neonatal
Abdominal Adiposity: The Growing Up in Singapore Towards healthy Outcomes (GUSTO) Study. J. Nutr.
2016, 146, 1571–1579. [CrossRef] [PubMed]

22. Colon-Ramos, U.; Racette, S.B.; Ganiban, J.; Nguyen, T.G.; Kocak, M.; Carroll, K.N.; Volgyi, E.; Tylavsky, F.A.
Association between dietary patterns during pregnancy and birth size measures in a diverse population in
Southern US. Nutrition 2015, 7, 1318–1332. [CrossRef] [PubMed]

23. Ferland, S.; O’Brien, H.T. Maternal dietary intake and pregnancy outcome. J. Reprod. Med. 2003, 48, 86–94.
[PubMed]

24. Moore, V.M.; Davies, M.J.; Willson, K.J.; Worsley, A.; Robinson, J.S. Dietary composition of pregnant women
is related to size of the baby at birth. J. Nutr. 2004, 134, 1820–1826. [CrossRef] [PubMed]

25. Poon, A.K.; Yeung, E.; Boghossian, N.; Albert, P.S.; Zhang, C. Maternal dietary patterns during third
trimester in association with birthweight characteristics and early infant growth. Scientifica 2013, 2013,
786409. [CrossRef] [PubMed]

26. Grieger, J.A.; Grzeskowiak, L.E.; Clifton, V.L. Preconception dietary patterns in human pregnancies are
associated with preterm delivery. J. Nutr. 2014, 144, 1075–1080. [CrossRef] [PubMed]

27. Lu, M.S.; Chen, Q.Z.; He, J.R.; Wei, X.L.; Lu, J.H.; Li, S.H.; Wen, X.X.; Chan, F.F.; Chen, N.N.; Qiu, L.; et al.
Maternal Dietary Patterns and Fetal Growth: A Large Prospective Cohort Study in China. Nutrition 2016, 8,
257. [CrossRef] [PubMed]

28. Horan, M.K.; McGowan, C.A.; Gibney, E.R.; Donnelly, J.M.; McAuliffe, F.M. The association between
maternal dietary micronutrient intake and neonatal anthropometry—Secondary analysis from the ROLO
study. Nutr. J. 2015, 14, 105. [CrossRef] [PubMed]

29. Knudsen, V.K.; Heitmann, B.L.; Halldorsson, T.I.; Sorensen, T.I.; Olsen, S.F. Maternal dietary glycaemic load
during pregnancy and gestational weight gain, birth weight and postpartum weight retention: A study
within the Danish National Birth Cohort. Br. J. Nutr. 2013, 109, 1471–1478. [CrossRef] [PubMed]

30. Dodd, J.M.; Turnbull, D.; McPhee, A.J.; Deussen, A.R.; Grivell, R.M.; Yelland, L.N.; Crowther, C.A.;
Wittert, G.; Owens, J.A.; Robinson, J.S.; et al. Antenatal lifestyle advice for women who are overweight
or obese: LIMIT randomised trial. BMJ 2014, 348, g1285. [CrossRef] [PubMed]

31. Dodd, J.M.; Cramp, C.; Sui, Z.; Yelland, L.N.; Deussen, A.R.; Grivell, R.M.; Moran, L.J.; Crowther, C.A.;
Turnbull, D.; McPhee, A.J.; et al. The effects of antenatal dietary and lifestyle advice for women who are
overweight or obese on maternal diet and physical activity: The LIMIT randomised trial. BMC Med. 2014,
12, 161. [CrossRef] [PubMed]

32. Willett, W.C. Implications of total energy intake for epidemiologic studies of breast and large-bowel cancer.
Am. J. Clin. Nutr. 1987, 45, 354–360. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/nu10050579
http://www.ncbi.nlm.nih.gov/pubmed/29738502
http://dx.doi.org/10.3945/ajcn.116.148270
http://www.ncbi.nlm.nih.gov/pubmed/28179222
http://dx.doi.org/10.3945/ajcn.111.033241
http://www.ncbi.nlm.nih.gov/pubmed/23034964
http://dx.doi.org/10.1016/j.ajog.2016.06.035
http://www.ncbi.nlm.nih.gov/pubmed/27371352
http://dx.doi.org/10.1017/S0007114517003609
http://www.ncbi.nlm.nih.gov/pubmed/29316991
http://dx.doi.org/10.3945/ajcn.115.110551
http://www.ncbi.nlm.nih.gov/pubmed/26561621
http://dx.doi.org/10.3945/jn.116.230730
http://www.ncbi.nlm.nih.gov/pubmed/27385763
http://dx.doi.org/10.3390/nu7021318
http://www.ncbi.nlm.nih.gov/pubmed/25690420
http://www.ncbi.nlm.nih.gov/pubmed/12621791
http://dx.doi.org/10.1093/jn/134.7.1820
http://www.ncbi.nlm.nih.gov/pubmed/15226475
http://dx.doi.org/10.1155/2013/786409
http://www.ncbi.nlm.nih.gov/pubmed/24490111
http://dx.doi.org/10.3945/jn.114.190686
http://www.ncbi.nlm.nih.gov/pubmed/24790026
http://dx.doi.org/10.3390/nu8050257
http://www.ncbi.nlm.nih.gov/pubmed/27136584
http://dx.doi.org/10.1186/s12937-015-0095-z
http://www.ncbi.nlm.nih.gov/pubmed/26445882
http://dx.doi.org/10.1017/S0007114512003443
http://www.ncbi.nlm.nih.gov/pubmed/22906835
http://dx.doi.org/10.1136/bmj.g1285
http://www.ncbi.nlm.nih.gov/pubmed/24513442
http://dx.doi.org/10.1186/s12916-014-0161-y
http://www.ncbi.nlm.nih.gov/pubmed/25315237
http://dx.doi.org/10.1093/ajcn/45.1.354
http://www.ncbi.nlm.nih.gov/pubmed/3799525


Nutrients 2018, 10, 870 16 of 17

33. Fawzi, W.W.; Rifas-Shiman, S.L.; Rich-Edwards, J.W.; Willett, W.C.; Gillman, M.W. Calibration of
a semi-quantitative food frequency questionnaire in early pregnancy. Ann. Epidemiol. 2004, 14, 754–762.
[CrossRef] [PubMed]

34. Rumbold, A.R.; Crowther, C.A.; Haslam, R.R.; Dekker, G.A.; Robinson, J.S.; Group, A.S. Vitamins C and E
and the risks of preeclampsia and perinatal complications. N. Engl. J. Med. 2006, 354, 1796–1806. [CrossRef]
[PubMed]

35. Council NHaMR. Australian Dietary Guidelines Canberra: National Health and Medical Research
Council. 2013. Available online: https://www.nhmrc.gov.au/guidelines-publications/n55 (accessed on
10 January 2018).

36. Athukorala, C.; Rumbold, A.R.; Willson, K.J.; Crowther, C.A. The risk of adverse pregnancy outcomes in
women who are overweight or obese. BMC Pregn. Childbirth 2010, 10, 56. [CrossRef] [PubMed]

37. Guenther, P.M.; Reedy, J.; Krebs-Smith, S.M. Development of the Healthy Eating Index-2005. J. Am Diet Assoc.
2008, 108, 1896–1901. [CrossRef] [PubMed]

38. Pick, M.E.; Edwards, M.; Moreau, D.; Ryan, E.A. Assessment of diet quality in pregnant women using the
Healthy Eating Index. J. Am Diet Assoc. 2005, 105, 240–246. [CrossRef] [PubMed]

39. Grivell, R.M.; Yelland, L.N.; Deussen, A.; Crowther, C.A.; Dodd, J.M. Antenatal dietary and lifestyle advice
for women who are overweight or obese and the effect on fetal growth and adiposity: The LIMIT randomised
trial. BJOG 2016, 123, 233–243. [CrossRef] [PubMed]

40. ASUM. Promoting Excellence in Ultrasound—Policy D7. In Statement on Normal Ultrasonographic Fetal
Measurements; Australasian Society for Ultrasound Medicine (ASUM): Chatswood, NSW, Australia, 2007.

41. Hadlock, F.; Harrist, R.; Martinez-Poyer, J. In utero analysis of fetal growth: A sonographic weight standard.
Radiology 1991, 191, 129–133. [CrossRef] [PubMed]

42. Hui, L. Australian charts for assessing fetal growth: A review. ASUM Ultrasound Bull. 2008, 11, 12–18.
43. Chia, A.R.; de Seymour, J.V.; Colega, M.; Chen, L.W.; Chan, Y.H.; Aris, I.M.; Tint, M.T.; Quah, P.L.;

Godfrey, K.M.; Yap, F.; et al. A vegetable, fruit, and white rice dietary pattern during pregnancy is associated
with a lower risk of preterm birth and larger birth size in a multiethnic Asian cohort: The Growing Up
in Singapore Towards healthy Outcomes (GUSTO) cohort study. Am. J. Clin. Nutr. 2016, 104, 1416–1423.
[CrossRef] [PubMed]

44. Hauner, H.; Vollhardt, C.; Schneider, K.T.; Zimmermann, A.; Schuster, T.; Amann-Gassner, U. The impact
of nutritional fatty acids during pregnancy and lactation on early human adipose tissue development.
Rationale and design of the INFAT study. Ann. Nutr. Metab. 2009, 54, 97–103. [CrossRef] [PubMed]

45. Dodd, J.M.; Du Plessis, L.E.; Deussen, A.R.; Grivell, R.M.; Yelland, L.N.; Louise, J.; McPhee, A.J.;
Robinson, J.S.; Owens, J.A. Paternal obesity modifies the effect of an antenatal lifestyle intervention in
women who are overweight or obese on newborn anthropometry. Sci. Rep. 2017, 7, 1557. [CrossRef]
[PubMed]

46. Geraghty, A.A.; Alberdi, G.; O’Sullivan, E.J.; O’Brien, E.C.; Crosbie, B.; Twomey, P.J.; McAuliffe, F.M. Maternal
Blood Lipid Profile during Pregnancy and Associations with Child Adiposity: Findings from the ROLO
Study. PLoS ONE 2016, 11, e0161206. [CrossRef] [PubMed]

47. Poston, L.; Bell, R.; Croker, H.; Flynn, A.C.; Godfrey, K.M.; Goff, L.; Hayes, L.; Khazaezadeh, N.; Nelson, S.M.;
Oteng-Ntim, E.; et al. Effect of a behavioural intervention in obese pregnant women (the UPBEAT study):
A. multicentre, randomised controlled trial. Lancet Diabetes Endoc. 2015, 3, 767–777. [CrossRef]

48. Luoto, R.; Kinnunen, T.I.; Aittasalo, M.; Kolu, P.; Raitanen, J.; Ojala, K.; Mansikkamaki, K.;
Lamberg, S.; Vasankari, T.; Komulainen, T.; et al. Primary prevention of gestational diabetes mellitus and
large-for-gestational-age newborns by lifestyle counseling: A cluster-randomized controlled trial. PLoS Med.
2011, 8, e1001036. [CrossRef] [PubMed]

49. Renault, K.M.; Norgaard, K.; Nilas, L.; Carlsen, E.M.; Cortes, D.; Pryds, O.; Secher, N.J. The Treatment
of Obese Pregnant Women (TOP) study: A randomized controlled trial of the effect of physical activity
intervention assessed by pedometer with or without dietary intervention in obese pregnant women. Am. J.
Obstet Gynecol. 2014, 210, 134.e1–134.e9. [CrossRef] [PubMed]

50. Vinter, C.A.; Jensen, D.M.; Ovesen, P.; Beck-Nielsen, H.; Jorgensen, J.S. The LiP (Lifestyle in Pregnancy)
study: A randomized controlled trial of lifestyle intervention in 360 obese pregnant women. Diabetes Care
2011, 34, 2502–2507. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.annepidem.2004.03.001
http://www.ncbi.nlm.nih.gov/pubmed/15519898
http://dx.doi.org/10.1056/NEJMoa054186
http://www.ncbi.nlm.nih.gov/pubmed/16641396
https://www.nhmrc.gov.au/guidelines-publications/n55
http://dx.doi.org/10.1186/1471-2393-10-56
http://www.ncbi.nlm.nih.gov/pubmed/20849609
http://dx.doi.org/10.1016/j.jada.2008.08.016
http://www.ncbi.nlm.nih.gov/pubmed/18954580
http://dx.doi.org/10.1016/j.jada.2004.11.028
http://www.ncbi.nlm.nih.gov/pubmed/15668682
http://dx.doi.org/10.1111/1471-0528.13777
http://www.ncbi.nlm.nih.gov/pubmed/26841216
http://dx.doi.org/10.1148/radiology.181.1.1887021
http://www.ncbi.nlm.nih.gov/pubmed/1887021
http://dx.doi.org/10.3945/ajcn.116.133892
http://www.ncbi.nlm.nih.gov/pubmed/27733407
http://dx.doi.org/10.1159/000209267
http://www.ncbi.nlm.nih.gov/pubmed/19295192
http://dx.doi.org/10.1038/s41598-017-01672-w
http://www.ncbi.nlm.nih.gov/pubmed/28484280
http://dx.doi.org/10.1371/journal.pone.0161206
http://www.ncbi.nlm.nih.gov/pubmed/27560495
http://dx.doi.org/10.1016/S2213-8587(15)00227-2
http://dx.doi.org/10.1371/journal.pmed.1001036
http://www.ncbi.nlm.nih.gov/pubmed/21610860
http://dx.doi.org/10.1016/j.ajog.2013.09.029
http://www.ncbi.nlm.nih.gov/pubmed/24060449
http://dx.doi.org/10.2337/dc11-1150
http://www.ncbi.nlm.nih.gov/pubmed/21972411


Nutrients 2018, 10, 870 17 of 17

51. Flynn, A.C.; Dalrymple, K.; Barr, S.; Poston, L.; Goff, L.M.; Rogozinska, E.; van Poppel, M.N.;
Rayanagoudar, G.; Yeo, S.; Barakat Carballo, R.; et al. Dietary interventions in overweight and obese
pregnant women: A systematic review of the content, delivery, and outcomes of randomized controlled
trials. Nutr Rev. 2016, 74, 312–328. [CrossRef] [PubMed]

52. Rogozinska, E.; Marlin, N.; Jackson, L.; Rayanagoudar, G.; Ruifrok, A.E.; Dodds, J.; Molyneaux, E.;
van Poppel, M.N.; Poston, L.; Vinter, C.A.; et al. Effects of antenatal diet and physical activity on
maternal and fetal outcomes: Individual patient data meta-analysis and health economic evaluation.
Health Technol Assess. 2017, 21, 1–158. [CrossRef] [PubMed]

53. Rogozinska, E.; Marlin, N.; Yang, F.; Dodd, J.M.; Guelfi, K.; Teede, H.; Surita, F.; Jensen, D.M.; Geiker, N.R.W.;
Astrup, A.; et al. Variations in reporting of outcomes in randomized trials on diet and physical activity in
pregnancy: A. systematic review. J. Obstet. Gynaecol. Res. 2017, 43, 1101–1110. [CrossRef] [PubMed]

54. Jahan-Mihan, A.; Rodriguez, J.; Christie, C.; Sadeghi, M.; Zerbe, T. The Role of Maternal Dietary Proteins in
Development of Metabolic Syndrome in Offspring. Nutrition 2015, 7, 9185–9217. [CrossRef] [PubMed]

55. Opray, N.; Grivell, R.M.; Deussen, A.R.; Dodd, J.M. Directed preconception health programs
and interventions for improving pregnancy outcomes for women who are overweight or obese.
Cochrane Database Syst. Rev. 2015, 7, CD010932. [CrossRef] [PubMed]

56. Hanson, M.; Gluckman, P.; Bustreo, F. Obesity and the health of future pregnancies. Lancet Diabetes Endoc.
2016, 4, 966–967. [CrossRef]

57. Godfery, K.; Reynolds, R.; Prescott, S.; Nyirenda, M.; Jaddoe, V.; Erikkson, J.; Broekman, B. Influence of
maternal obesity on the long-term health of offspring. Lancet Diabetes Endoc. 2017, 5, 53–64. [CrossRef]

58. Barker, M.; Dombrowski, S.U.; Colbourn, T.; Fall, C.H.D.; Kriznik, N.M.; Lawrence, W.T.; Norris, S.A.;
Ngaiza, G.; Patel, D.; Skordis-Worrall, J.; et al. Intervention strategies to improve nutrition and health
behaviours before conception. Lancet 2018, 391, 1853–1864. [CrossRef]

59. Symonds, M.E.; Pearce, S.; Bispham, J.; Gardner, D.S.; Stephenson, T. Timing of nutrient restriction and
programming of fetal adipose tissue development. Proc. Nutr. Soc. 2004, 63, 397–403. [CrossRef] [PubMed]

60. Drake, A.J.; McPherson, R.C.; Godfrey, K.M.; Cooper, C.; Lillycrop, K.A.; Hanson, M.A.; Meehan, R.R.;
Seckl, J.R.; Reynolds, R.M. An unbalanced maternal diet in pregnancy associates with offspring epigenetic
changes in genes controlling glucocorticoid action and foetal growth. Clin. Endoc. 2012, 77, 808–815.
[CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/nutrit/nuw005
http://www.ncbi.nlm.nih.gov/pubmed/27083868
http://dx.doi.org/10.3310/hta21410
http://www.ncbi.nlm.nih.gov/pubmed/28795682
http://dx.doi.org/10.1111/jog.13338
http://www.ncbi.nlm.nih.gov/pubmed/28613023
http://dx.doi.org/10.3390/nu7115460
http://www.ncbi.nlm.nih.gov/pubmed/26561832
http://dx.doi.org/10.1002/14651858.CD010932.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26171908
http://dx.doi.org/10.1016/S2213-8587(16)30098-5
http://dx.doi.org/10.1016/S2213-8587(16)30107-3
http://dx.doi.org/10.1016/S0140-6736(18)30313-1
http://dx.doi.org/10.1079/PNS2004366
http://www.ncbi.nlm.nih.gov/pubmed/15373949
http://dx.doi.org/10.1111/j.1365-2265.2012.04453.x
http://www.ncbi.nlm.nih.gov/pubmed/22642564
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Dietary Assessment 
	Ultrasound Assessment 
	Statistical Analysis 

	Results 
	Demographic Characteristics 
	Healthy Eating Index (HEI) 
	Log Total Energy 
	Glycaemic Index 
	Glycaemic Load 
	Fat, Carbohydrate and Protein as a Percent of Total Energy 

	Discussion 
	References

