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Abstract

Excessive gestational weight gain (GWG) is a risk factor for several adverse pregnancy

outcomes, including macrosomia. Diet is one of the few modifiable risk factors identi-

fied. However, most dietary assessment methods are impractical for use in maternal

care. This study evaluated whether a short dietary screening questionnaire could be

used as a predictor of excessive GWG in a cohort of Icelandic women. The dietary data

were collected in gestational weeks 11–14, using a 40‐item food frequency screening

questionnaire. The dietary data were transformed into 13 predefined dietary risk fac-

tors for an inadequate diet. Stepwise backward elimination was used to identify a

reduced set of factors that best predicted excessive GWG. This set of variables was

then used to calculate a combined dietary risk score (range 0–5). Information regarding

outcomes, GWG (n = 1,326) and birth weight (n = 1,651), was extracted from maternal

hospital records. In total, 36% had excessive GWG (Icelandic criteria), and 5% of infants

were macrosomic (≥4,500 g). A high dietary risk score (characterized by a nonvaried

diet, nonadequate frequency of consumption of fruits/vegetables, dairy, and whole

grain intake, and excessive intake of sugar/artificially sweetened beverages and dairy)

was associated with a higher risk of excessive GWG. Women with a high (≥4) versus

low (≤2) risk score had higher risk of excessive GWG (relative risk = 1.23, 95% confi-

dence interval, CI [1.002, 1.50]) and higher odds of delivering a macrosomic offspring

(odds ratio = 2.20, 95% CI [1.14, 4.25]). The results indicate that asking simple

questions about women's dietary intake early in pregnancy could identify women

who should be prioritized for further dietary counselling and support.
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1 | INTRODUCTION

Gestational weight gain (GWG), that is, the amount of weight

gained between conception until the time of birth, is an essential
- - - - - - - - - - - - - - - - - - - - - - - - - - -
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aspect of pregnancy (Institute of Medicine and National Research

Council, 2009). However, excessive GWG is associated with preg-

nancy and birth complications as well as macrosomia (Goldstein

et al., 2017; Tian et al., 2016). Excessive GWG is also the primary
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Key messages

• There is a lack of practical methods to assess dietary

intake in the clinical setting.

• This study used a short dietary screening questionnaire,

answered by pregnant women early in pregnancy.

Women with poor dietary habits (with a high dietary

risk score) had higher risk of excessive GWG and

higher odds of delivering a newborn with an excessive

birth weight (≥4,500 g) compared with women with

the lowest scores.

• By asking simple questions about dietary habits early in

pregnancy, it might be possible to identify women who

should be prioritized for further dietary counselling.

This procedure could translate to more cost‐effective

strategies.
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factor contributing to increased postpartum weight retention (Rong

et al., 2015), and high weight gain from first to second pregnancy is

related to increased risk of stillbirth and infant mortality

(Cnattingius & Villamor, 2016). Excessive GWG has also been asso-

ciated with long‐term implications for both maternal and offspring

health, that is, later adiposity and cardio‐metabolic risk (Fraser

et al., 2011; Mamun, Mannan, & Doi, 2014; Perez‐Morales,

Bacardi‐Gascon, & Jimenez‐Cruz, 2015; Tie et al., 2014; Walter

et al., 2015).

Results from observational studies have repeatedly shown that

dietary habits characterized by high consumption of fruits and vegeta-

bles, wholegrain, fish, healthy fat, and low consumption of food with

little nutritional value are associated with lower risk of excessive

GWG and pregnancy complications (Brantsaeter et al., 2009; Chen

et al., 2016; Englund‐Ogge et al., 2014; Hillesund, Bere, Haugen, &

Overby, 2014; Knudsen, Orozova‐Bekkevold, Mikkelsen, Wolff, &

Olsen, 2008; Martin, Sotres‐Alvarez, & Siega‐Riz, 2015; Renault

et al., 2015; Shin, Lee, & Song, 2016; Tielemans et al., 2015;

Tryggvadottir, Medek, Birgisdottir, Geirsson, & Gunnarsdottir, 2016;

Uusitalo et al., 2009). Results from intervention studies, aiming at

improving diet, physical activity, or both, have shown that reduction

in GWG can be achieved. However, the effect size reported in these

studies has been modest or around 0.70 kg (95% confidence interval,

CI [0.48, 0.92 kg]) on average according to a recent meta‐analysis

(Rogozinska et al., 2017). The clinical relevance of such a modest

reduction on other maternal and birth outcomes is unclear

(Rogozinska et al., 2017). The mean reduction in GWG reported in

various intervention studies has been considerably smaller than

associations from previous observational studies have indicated

(Knudsen, Heitmann, Halldorsson, Sorensen, & Olsen, 2013; Maslova,

Halldorsson, Astrup, & Olsen, 2015; Renault et al., 2015). Apart from

problems with compliance, one reason for this difference and the

modest effect size seen in intervention studies might be that many

interventions recruit their subjects based on weight and do not take

into consideration the actual dietary habits of those recruited (Dodd

et al., 2014; Guelinckx, Devlieger, Mullie, & Vansant, 2010; Poston

et al., 2015). Using this inclusion criteria has its limitations, as far from

all overweight or obese women have suboptimal diets (Tryggvadottir

et al., 2016).

The combined evidence from observational, experimental, and

intervention studies strongly suggests that a healthy diet is impor-

tant for the short‐ and long‐term health of the mother and child

(World Health Organization, 2016). Still, transfer of existing knowl-

edge into clinical practice has been relatively slow. One reason for

this is the lack of methods to assess dietary intake, as the use of

detailed questionnaires or dietary interviews designed to cover the

whole diet is time‐consuming and impractical for use in clinical prac-

tice (Shim, Oh, & Kim, 2014). There is a need for a simple dietary

screening tool in the clinical setting. It might be more purposeful

and cost‐effective to target dietary counselling at more vulnerable

groups, based on the background diet. This study aimed to examine

whether a short dietary screening questionnaire, answered by

pregnant Icelandic women in their first trimester of pregnancy, can

give reliable indications of the risk of excessive GWG and

macrosomia.
2 | PARTICIPANTS AND METHODS

2.1 | PREgnant Women of ICEland (The PREWICE
cohort)

Between October 1, 2015, and September 30, 2016, pregnant women

in gestational weeks 11–14 who came for an ultrasound at the prena-

tal diagnostic unit at Landspitali University Hospital were offered to

take part in the study. At that timepoint, a dietary screening question-

naire was administered. About 75% of all pregnant women living in the

metropolitan area use the clinic's services. Women who did not under-

stand Icelandic and could therefore not answer the questionnaire

were not invited to take part in the study. A total of 2,113 (77%)

out of 2,734 eligible women participated in the study. The ethics com-

mittee of Landspitali University Hospital approved the study protocol

(21/2015), and written consent was obtained from all participants.

2.2 | Subjects included in the analyses

Out of the 2,113 women answering the dietary screening question-

naire, maternal care records were missing for 417 (~20%); the majority

probably due to births outside Landspitali University Hospital. Our

ethical approval was gathered from the local ethical committee at

Landspitali National University Hospital, only allowing us to record

information from the maternal care records for women giving birth

at Landspitali. Additional 26 women who had multiple pregnancies

and another 19 who had missing dietary data were excluded, resulting

in 1,651 women being eligible for the analyses. Of these, 313 (19%)

had missing data on total GWG, and 12 had missing data on

prepregnancy body mass index (BMI) status. The final dataset, there-

fore, consisted of 1,326 women with data on GWG and 1,651 with

data on offspring birth weight. There were no significant differences

in general baseline characteristics, that is, marital status, parity,

smoking status, or dietary measures (i.e., the dietary risk factors for

inadequate diet) among those who were included in the analyses

and those who were excluded because of missing data. However,
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small differences were found for prepregnancy BMI status and educa-

tion level. Women with missing data had a higher prepregnancy BMI

status (24.6 vs. 24.1 kg m−2, P = 0.01) and were less likely to have a

university education (52% vs. 59%, P = 0.01) compared with women

included in the analyses.
2.3 | The dietary assessment

The dietary screening questionnaire (Data S1) was designed to give

a snapshot of the participant's general diet in comparison with food‐

based dietary guidelines, but at the same time to predict low con-

sumption of key nutrients for fetal development (such as omega‐3

fatty acid, vitamin D, and iodine) based on Icelandic diet. Women

could answer the dietary screening questionnaire in 5–10 min. It

consisted of a 40‐item list of common foods for which frequency of

consumption was recorded (i.e., times per day, daily, times per week,

weekly, times per month, monthly, or less than monthly). Women

were asked about their diet in the previous 4 weeks, corresponding

to the first trimester of pregnancy (enrolled in 11–14 week of

pregnancy).

Prior to use in this study, the questionnaire was pilot tested in a

group of 25 pregnant women and compared with a 4‐day weighed

food record, with acceptable correlation (Spearman's correlation > +0.3)

for most food groups/items.
2.4 | Covariates and outcomes

Information on maternal lifestyle and socioeconomic factors,

prepregnancy weight, and height were recorded at recruitment.

Self‐reported prepregnancy weight and height were also available

from maternal records, and those measures were used if the informa-

tion at recruitment was missing. Information about maternal age,
FIGURE 1 Risk factors for inadequate diet.
The frequency of consumption was recorded
in the list. This information was converted to
frequency per week for all food groups, which
was then transformed into 13 predefined
dietary risk factors for inadequate diet. The risk
factors were mainly based on the Icelandic
Food‐Based Dietary Recommendations
(Embætti landlæknis, 2016), which are based
on the Nordic Nutrition Recommendations
(2014). If the women excluded/avoided any of
the main food groups (cereal, vegetables/
fruits, fish, meat, eggs, high‐fat foods, or dairy),
they were categorized to the group not eating
a varied diet. Cut‐offs for sugar/artificially
sweetened beverages and high dairy intake
were set in line with Nordic studies. They show
that high intake of these products is associated
with high GWG (Hrolfsdottir et al., 2016;
Olafsdottir et al., 2006; Renault et al., 2015)
and adverse birth outcomes (Englund‐Ogge
et al., 2012; Olsen et al., 2007; Zhu et al., 2017)
gestational length, and GWG was retrieved from the maternal hospital

records as women were weighed in antenatal visits. Total GWG was

calculated as the difference between the highest recorded weight

(≥week 36 in pregnancy) and prepregnancy weight; this information

was used to define GWG. Icelandic recommendations on weight

gain in pregnancy determined the definition of excessive GWG in this

study. Optimal weight gain was 12.1–18.0 kg for prepregnant normal‐

weight women and 7.1–12.0 kg for overweigth or obese women

(Thorsdottir & Birgisdottir, 1998; Thorsdottir, Torfadottir, Birgisdottir,

& Geirsson, 2002). Offspring birth weight was measured at birth by

medical staff and collected from the medical records. Macrosomia

was defined as a birth weight of 4,500 g or higher (Chatfield, 2001).
2.5 | The dietary risk score

The data gathered with the frequency questions were transformed

into predefined 13 dietary risk factors for inadequate diet (see

Figure 1). These factors are based on the Nordic (Nordic Nutrition

Recommendations, 2014) and Icelandic dietary recommendations

(Embætti landlæknis, 2016), as well as evidence on the association

between diet, nutrient intake, and the health of the mother and child

(Englund‐Ogge et al., 2012; Gunnarsdottir et al., 2016; Hrolfsdottir

et al., 2016; Olafsdottir, Skuladottir, Thorsdottir, Hauksson, &

Steingrimsdottir, 2006; Olsen et al., 2007; Renault et al., 2015; Zhu

et al., 2017). Stepwise backward elimination (logistic regression) was

used to identify the best combination of these factors for predicting

excessive GWG. Model performance was assessed by Nagelkerke's

R2. The following six dietary risk factors (predictors) were included in

the final model: not eating a varied diet, fruits/vegetables <5 times

per day, dairy <2 times per day, whole grain products <2 times per

day, sugar/artificially sweetened beverages ≥5 times per week, and

dairy ≥5 times per day. To construct a total dietary risk score, each
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participant got 1 for fulfilling the risk criteria and 0 for not fulfilling the

risk criteria. The scores of the six dietary risk factors were then

summed up, ranging from scores of 0 to 5 as it was not possible to

be in both milk risk groups (too low/too high).
2.6 | Statistical analyses

Assumptions of normality of continuous variables were checked, using

histograms and quantile‐quantile (Q‐Q) plots. Normally distributed

variables were described by their mean and standard deviation (SD),

non‐normally distributed continuous variables by their median and

75–25th percentile, and categorical variables using frequencies (per-

centages). Students t tests were used to compare normally distributed

continuous variables, whereas for skewed and categorical variables,

Mann–Whitney U test and Chi‐square tests were used, respectively.

As excessive GWG is a relatively prevalent outcome (~36% in our

sample), associations with excessive GWG in terms of relative risk

(RR) were assessed using multivariable Poisson log‐linear regression

(Zou, 2004). However, for macrosomia, which is relatively rare (~5%

in our samples), associations were quantified in terms of odds ratios

using logistic regression, as odds ratios and RR would be comparable

for this outcome and a logistic regression was more robust in terms

of convergence when adjusting for covariates. Associations were

stratified by prepregnancy BMI status, as high prepregnancy weight

is a well‐known risk factor of excessive GWG and stratifications by

prepregnancy weight is commonly reported in studies reporting on

predictors of GWG (Hillesund et al., 2014; Maslova et al., 2015;

Olafsdottir et al., 2006). Moreover, stratification by nausea and/or

vomiting in pregnancy (NVP) was also done as NVP may influence die-

tary habits and weight gain during pregnancy (Crozier, Inskip, Godfrey,

Cooper, & Robinson, 2017; Temming et al., 2014).

We selected covariates in our multivariable models a priori, on the

basis of their potential influence on dietary habits and GWG (Gaillard

et al., 2012; Olafsdottir et al., 2006; Restall et al., 2014; Rogozinska

et al., 2017; Stuebe, Oken, & Gillman, 2009). When examining the

association between the dietary risk score and GWG, we included:

maternal prepregnancy BMI (continuous), maternal age (quartiles), par-

ity (nulliparous vs. multiparous), education (elementary schooling, high

sch. and technical sch., university education, and higher academic),

maternal smoking during pregnancy (yes/no), gestational length when

the highest weight was recorded (quartiles), and experience of nausea

(no nausea, mild [nauseous but not throwing up], moderate [nauseous

and throwing up infrequently], and severe nausea [throwing up daily]).

When examining the association between the dietary risk score

and macrosomia, the following covariates were included: offspring

sex, maternal prepregnancy BMI, maternal age, parity, education,

maternal smoking during pregnancy, total gestational length, and

experience of nausea.

Missing values for covariates (maternal prepregnancy BMI [0.5%],

parity [1.2%], educational level [0.9%], maternal smoking during

pregnancy [1.5%], and total gestational length [0.8%]) were assumed

to be “missing at random” and were imputed using multiple imputation

(m = 10) as implemented in SPSS (MCMC algorithm). Statistical

significance was accepted at P < 0.05.
3 | RESULTS

Anthropometric and demographic characteristics of the study popula-

tion are presented in Table 1. For prepregnancy BMI, the mean (SD)

was 24.1 (6.5) kg m−2 with 4% of subjects being underweight

(BMI < 18.5 kg m−2), 55% normal weight (BMI 18.5–24.9 kg m−2),

24% overweight (BMI ≥ 25.0–30.0 kg m−2), and 18% obese

(BMI ≥ 30.0 kg m−2). The mean (SD) total GWG was 14.0 (6.3) kg. In

total, 36% of the mothers were defined with excessive GWG, and

5% gave birth to a macrosomic infant. The mean (SD) and range of

weeks for the last measured weight was 38.5 (1.4) and 36–42 weeks,

respectively. Mothers who experienced excessive GWG had a slightly

longer pregnancy duration (39.8 vs. 39.6 weeks), and their offspring

had a higher mean birth weight (3,844 g vs. 3,689 g) compared with

women with optimal weight gain. The percentage of women gaining

optimal, suboptimal, and excessive weight gain during pregnancy, by

prepregnancy BMI status, is presented in Table 2. Overweight and

obese women had a lower mean GWG when compared with those

of normal weight or underweight. However, overweight and obese

women were more likely to have excessive GWG.

Stepwise backward elimination was used to identify a reduced set

of the 13 predefined dietary risk factors for inadequate diet (Figure 1)

that best predicted excessive GWG. After elimination, the remaining

factors were a nonvaried diet, a nonadequate intake of fruits/vegeta-

bles, dairy, and whole grain intake, as well as an excessive intake of

sugar/artificially sweetened beverages and dairy. Table 3 shows the

percent of women who fulfilled the risk criteria for each of these die-

tary risk factors. In total, 20% reported that they avoided or excluded

some food groups (a nonvaried diet), with dairy being most commonly

excluded (9%). Moreover, most women did not meet public recom-

mendations for fruits and vegetables (87%), whole grain (92%), and

dairy intake (77%). In total, 28% reported that they drank sugar and/

or artificially sweetened beverages more than five times per week,

and 2% drank milk products five times or more per day. A higher

proportion of women gaining excessive GWG fulfilled the risk criteria

for sugar and artificially sweetened beverages (≥5 times per week),

compared with women with optimal GWG (P = 0.02). The other die-

tary risk factors did not differ significantly between women gaining

excessive versus optimal GWG (Table 3). The frequency of intake of

main food groups by adherence to the recommendation of gestational

weight can be seen in Table S1.

In Table 4, the results for the multivariable association between

the dietary risk score, GWG, and offspring macrosomia are presented.

When dichotomizing the exposure, women with the highest risk score

(≥4 scores) had 23% higher risk of excessive GWG (95% CI [1.002,

1.50]) and 120% higher odds of offspring being born macrosomic

(≥4,500 g; 95% CI [1.14, 4.25]), compared with women with the low-

est scores (≤2 scores; Table 4). In stratified analyses (Table 5), the

association between the dietary risk score and excessive GWG

tended to be stronger among obese women. With macrosomia as

the outcome, the association was significant only for normal‐ and

underweight women. For obese women, a nonsignificant inverse asso-

ciation was, however, observed. However, exclusion of women with

gestational diabetes (GDM; n = 264) resulted in a similar trend among

all the BMI groups (Table S2). Moreover, when we stratified for NVP



TABLE 1 Birth outcomes and characteristics of mothers at baseline in relation to maternal gestational weight gain

Alla Optimal GWGb Suboptimal GWGc P
valuee

Exc. GWGd P
valuef(n = 1,326) (n = 517; 39%) (n = 333; 25%) (n = 476; 36%)

Maternal age (years) 30.2 ± 5.2 30.0 ± 5.1 30.1 ± 5.4 0.60g 30.0 ± 5.3 0.20g

Height (cm) 167.4 ± 6.0 167.3 ± 5.9 167.0 ± 6.0 0.55g 167.8 ± 6.1 0.20g

Birth weight (g) 3,721 ± 491 3,689 ± 477 3,596 ± 471 0.01g 3,844 ± 494 <0.01g

Gestational age (weeks) 39.6 ± 1.2 39.6 ± 1.1 39.4 ± 1.3 0.02g 39.8 ± 1.2 <0.01g

Prepregnancy weight (kg) 68.0 (19.0) 64.0 (16.0) 68.0 (27.0) <0.01h 72.0 (16.0) <0.01h

Prepregnancy BMI (kg/m2) 24.1 (6.5) 22.7 (5.1) 24.2 (9.9) <0.01h 25.6 (5.2) <0.01h

Prepregnancy BMI (groups) <0.01i <0.01i

Underweight (%)j 4 4 4 3

Normal weight (%)k 55 68 55 40

Overweight (%)l 24 15 11 43

Obese (%)m 18 13 30 14

Nulliparous (%) 39 37 35 0.52i 42 0.10i

Single (%) 6 4 6 0.15i 7 0.02i

Smoked before pregnancy (%) 16 12 11 0.76i 23 <0.01i

Smoking during pregnancy (%) 7 5 6 0.29i 9 <0.01i

Education (%) <0.01i <0.01i

Elementary schooling 13 10 14 15

High sch. and technical sch. 29 28 27 31

University education 35 31 39 36

Higher academic 24 30 20 19

NVP experience (%) 0.12i 0.58i

No nausea 10 10 11 9

Mild (not throwing up) 48 48 42 51

Moderate (throwing up infrequently) 33 33 33 33

Severe (throwing up daily) 10 9 14 7

Note. BMI: body mass index; Exc: excessive; GWG: gestational weight gain, NVP: nausea and/or vomiting in pregnancy.
aValues are mean ± standard deviation or median (interquartile range) for continuous variables and percentages for categorical variables. bOptimal GWG
was determined in accordance with the Icelandic recommendations, that is, underweight and normal‐weight women 12–18 kg total GWG and overweight
and obese women 7–12 kg total GWG. cSuboptimal GWG was determined in accordance with the Icelandic recommendations, that is, underweight and
normal‐weight women <12 kg total GWG and overweight and obese women <7 kg total GWG. dExcessive GWG was determined in accordance with
the Icelandic recommendations, that is, underweight and normal‐weight women >18 kg total GWG and overweight and obese women >12 kg total
GWG. eDifferences between optimal and suboptimal GWG groups. fDifferences between optimal and excessive GWG groups. g F test (Type III) of differ-
ences among groups. hMann–Whitney U test of differences among groups. iChi‐square test of differences among group. jUnderweight, BMI <18.5 kg m−2.
kNormal weight, BMI 18.5–24.99 kg m−2. lOverweight, BMI ≥25 kg m−2. mObesity, BMI ≥30 kg m−2.

TABLE 2 The percentage of women gaining suboptimal, optimal,and excessive weight during pregnancy by prepregnancy weight status

Suboptimal Optimal Excessive

All (n = 1,326) 25% 39% 36%

GWG mean ± std. (kg) 14.0 ± 6.3 6.8 ± 4.3 13.6 ± 2.8 19.4 ± 4.6

Suboptimal (≤12.0 kg) Optimal (12.1–18.0 kg) Excessive (>18.0 kg)

Prepregnancy BMI <25 (n = 772) 25% 48% 26%

GWG mean ± std. (kg) 15.4 ± 5.1 9.4 ± 2.1 15.0 ± 1.7 21.9 ± 3.7

Suboptimal (≤7.0 kg) Optimal (7.1–12.0 kg) Excessive (>12.0 kg)

Prepregnancy BMI ≥25 (n = 554) 25% 26% 49%

GWG mean ± std. (kg) 12.0 ± 7.1 3.0 ± 3.6 9.8 ± 1.4 17.6 ± 4.4

Note. BMI: body mass index; GWG: gestational weight gain; std.: standard deviation.
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experience, similar results were found between the dietary risk score

and excessive GWG among all groups. We, however, noted a more

prominent association between the dietary risk score and macrosomia

among women with mild NVP experience (nauseous but not throwing

up; Table 5). We formally tested effect modification by prepregnancy
BMI by including the dietary risk score (continuous variable), BMI

(continuous variable), and an interaction term between the two in

the regression model, along with the remaining covariates. The same

was done for NVP experience (binary variable). Statistically significant

interactions (P = 0.03) were observed for macrosomia when including



TABLE 3 Percent of women fulfilling the predefined risk criteria by gestational weight gain (GWG)

Risk factors
All
(n = 1,326)

Optimal GWGa

(n = 517; 39%)
Suboptimal GWGb

(n = 333; 25%) Pd
Excessive GWGc

(n = 476; 36%) Pe

Not eating a varied diet 20% 18% 22% 0.16 21% 0.20

Vegetables and fruits <5 times per day 87% 87% 85% 0.26 89% 0.55

Dairy intake <2 times per day 77% 78% 75% 0.42 78% 0.82

Wholegrain products <2 times per day 92% 90% 91% 0.64 93% 0.15

Sugar and artificially sweetened beverages
≥5 times per week

28% 24% 29% 0.07 31% 0.02

Dairy intake ≥5 times per day 1% 1% 2% 0.09 2% 0.06

aOptimal GWG was determined in accordance with the Icelandic recommendations, that is, for underweight and normal‐weight women 12–18 kg total
GWG and overweight and obese women 7–12 kg total GWG. bSuboptimal GWG was determined in accordance with the Icelandic recommendations;
that is, underweight and normal‐weight women <12 kg total GWG and overweight and obese women <7 kg total GWG. cExcessive GWG was determined
in accordance with the Icelandic recommendations; that is, underweight and normal‐weight women >18 kg total GWG and overweight and obese
women >12 kg total GWG. dChi‐square test of differences among groups (optimal vs. suboptimal GWG groups). eChi‐square test of differences among
groups (optimal vs. excessive GWG groups).

TABLE 4 The association between low, medium, and high dietary risk scores, excessive GWG, and macrosomia

Excessive GWG Macrosomia

RR [95% CI]a OR [95% CI]b

Cases (%)/n Crude Adjustedc Cases (%)/n Crude Adjustedd

Low scores (≤2) 99 (32%)/305 Ref Ref 14 (4%)/377 Ref Ref

Medium scores (3) 217 (34%)/632 1.06 [0.87, 1.28] 1.04 [0.86, 1.26] 40 (5%)/766 1.43 [0.77, 2.66] 1.39 [0.73, 2.62]

High scores (≥4) 160 (41%)/389 1.27 [1.04, 1.55]e 1.23 [1.002, 1.50]e 37 (7%)/508 2.04 [1.09, 3.83]e 2.20 [1.14, 4.25]e

Note. CI: confidence interval; GWG: gestational weight gain. OR: odds ratio; RR: relative risk. aPoisson log‐linear regression model, reflecting the risk of
excessive GWG. Excess GWG was determined in accordance with the Icelandic recommendations,i.e., for underweight and normal‐weight women
>18 kg and overweight and obese women >12 kg total GWG. bLogistic regression model, reflecting the odds of giving birth to a macrosomic infant
(birthweight ≥4500 g). cAdjusted for maternal prepregnancy BMI, age, parity, smoking during pregnancy, educational level, gestational length when the
highest weight was recorded and NVP experience. dAdjusted for maternal prepregnancy BMI, age, parity, smoking during pregnancy, educational level, total
gestational length and offspring sex. eindicates significant associations.

TABLE 5 The association between the dietary risk score, excessive GWG, and macrosomia (stratified analyses)

Excessive GWG Macrosomia

RR [95% CI]a OR [95% CI]b

Cases (%)/n Crude Adjustedc Cases (%)/n Crude Adjustedd

Continuous risk scoree 476 (36%)/1,326 1.12 [1.03, 1.22]h 1.10 [1.01, 1.19]h 91 (6%)/1,651 1.36 [1.06, 1.73]h 1.41 [1.09, 1.83]h

BMI < 25f 202 (26%)/772 1.13 [0.99, 1.29] 1.08 [0.95, 1.23] 38 (4%)/950 1.56 [1.07, 2.28]h 1.62 [1.10, 2.40]h

BMI 25–30f 206 (64%)/320 1.05 [0.96, 1.16] 1.05 [0.95, 1.15] 33 (8%)/395 1.45 [0.96, 2.19] 1.53 [0.95, 2.48]

BMI ≥ 30f 68 (29%)/234 1.21 [0.93, 1.57] 1.25 [0.96, 1.64] 20 (7%)/306 0.78 [0.45, 1.36] 0.82 [0.43, 1.56]

NVP experience (no nausea)f,g 42 (24%)/127 1.01 [0.73, 1.43] 0.94 [0.65, 1.35] 4 (2%)/173 1.11 [0.30, 4.07] 1.00 [0.21, 4.68]

NVP experience (mild)f,g 244 (32%)/633 1.13 [1.002, 1.27] 1.11 [0.99, 1.25] 48 (6%)/772 1.70 [1.19, 2.44]h 1.81 [1.23, 2.66]h

NVP experience (moderate)f,g 156 (36%)/438 1.14 [0.99, 1.31] 1.09 [0.95, 1.25] 29 (5%)/557 1.01 [0.67, 1.51] 1.04 [0.67, 1.61]

NVP experience (severe)f,g 34 (23%)/128 1.15 [0.88, 1.49] 1.28 [0.91, 1.80] 10 (7%)/149 1.26 [0.65, 2.43] 1.30 [0.63, 2.54]

Note. BMI: body mass index; CI: confidence interval; GWG: gestational weight gain; NVP: nausea and/or vomiting in pregnancy; OR: odds ratio; RR: relative
risk.
aPoisson log‐linear regression model, reflecting the risk of excessive GWG. Excess GWG was determined in accordance with the Icelandic recommenda-
tions, that is, for underweight and normal‐weight women >18 kg and overweight and obese women >12 kg total GWG. bLogistic regression model,
reflecting the odds of giving birth to a macrosomic infant (birthweight ≥ 4,500 g). cAdjusted for maternal prepregnancy BMI, age, parity, smoking during
pregnancy, educational level, gestational length when the highest weight was recorded, and NVP experience. dAdjusted for maternal prepregnancy BMI,
age, parity, smoking during pregnancy, educational level, total gestational length, and offspring sex. eReflecting the risk of excessive GWG or odds
macrosomia per one unit increase in risk score. fWhen stratified by prepregnancy BMI or NVP experience these variables were not included in the models
as covariates. gNVP experience: no nausea, mild (nauseous but not throwing up), moderate (nauseous and throwing up infrequently), and severe nausea
(throwing up daily). hindicates significant associations.
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the interaction term between the dietary risk score and BMI, but this

was not observed for the other interactions terms.

As use of backward elimination for selecting factors that

predict GWG involves some arbitrary decisions in terms of where

to stop the elimination process, we examined the stability of our

findings by creating standardized risk scores based on fewer and

more dietary factors being retained in the model (Table S3). The

combination of the six dietary risk factors resulted in the most sig-

nificant association.
4 | DISCUSSION

This study aimed to evaluate whether a short dietary screening ques-

tionnaire, answered by pregnant women in their first trimester of

pregnancy, could give reliable indications of risk for excessive GWG

and macrosomia. We found that a risk score, including a nonvaried

diet, a nonadequate intake of fruits/vegetables, dairy, and whole grain,

as well as an excessive intake of sugar/artificially sweetened bever-

ages and dairy, was associated with a higher risk of excessive GWG

and macrosomia. Our results suggest that by asking simple questions

about women's dietary intake early in pregnancy, we might be able

to identify women who should be prioritized for further dietary

counselling and support.

Results from numerous observational studies have shown that a

healthy dietary pattern during pregnancy is associated with a decrease

in the odds of excessive GWG and various pregnancy complications

(Brantsaeter et al., 2009; Chen et al., 2016; Englund‐Ogge et al.,

2014; Hillesund et al., 2014; Knudsen et al., 2008; Martin et al.,

2015; Renault et al., 2015; Shin et al., 2016; Tielemans et al., 2015;

Tryggvadottir et al., 2016; Uusitalo et al., 2009). However, these

results have not been mirrored in nutritional intervention studies

(Rogozinska et al., 2017). One reason might be the “one size fits all”

approach most commonly used, where researchers recruit and test a

specific dietary intervention, independent of the participant's back-

ground diet. To change this approach, a practical method to assess

dietary intake is needed.

Associations between dietary intake in pregnancy and pregnancy

outcomes have commonly been evaluated using detailed food

frequency questionnaires or face‐to‐face interviews which might

take up to an hour to answer if it is designed to cover the whole diet

(Shim et al., 2014). The short dietary screening questionnaire used in

this study was, however, designed to give a snapshot of a participant's

general diet in comparison with food‐based dietary guidelines. From

this, we identified a reduced set of variables that best predicted exces-

sive GWG.

The results of our study are in line with previous studies using

more detailed dietary assessment. Soft drinks and intake of foods high

in sugar have been linked to a higher risk of excessive GWG in several

studies (Hrolfsdottir et al., 2016; Olafsdottir et al., 2006; Renault et al.,

2015; Stuebe et al., 2009). Previous Icelandic (Olafsdottir et al., 2006)

and Danish (Hrolfsdottir et al., 2016) studies have also found high

milk intake in pregnancy to be associated with excessive GWG; which

is potentially related to insulin‐like growth factor‐1 mediated growth‐

promoting effects (Olsen et al., 2007; Qin, He, & Xu, 2009; Sferruzzi‐
Perri, Owens, Pringle, & Roberts, 2011). Dietary pattern analyses

have, however, shown that healthy dietary patterns that include

dairy may be protective for excessive GWG (Hillesund et al., 2014;

Shin et al., 2016). In the Norwegian MoBa cohort (Hillesund et al.,

2014), adherence to a diet including dairy, fruits/vegetables, whole

grains, potatoes, fish, and regular meals was associated with a lower

risk of gaining excessive GWG among women with prepregnancy

BMI < 25 kg m−2. In the National Health and Nutrition Examination

Survey data (Shin et al., 2016), a similar posteriori‐derived dietary

pattern was also inversely associated with GWG. These results harmo-

nize with our findings and indicate that specific food patterns may play

a role in weight management during pregnancy.

Macrosomia is a known risk factor for offspring obesity and met-

abolic syndrome later in life (Boney, Verma, Tucker, & Vohr, 2005;

Hermann, Dallas, Haskell, & Roghair, 2010; Rasmussen & Johansson,

1998). Interventions focused on women at higher risk may, therefore,

represent a significant strategy to tackle obesity from a population

health perspective. Maternal GWG (Tian et al., 2016) and diet seem

to be important risk factors for macrosomia, with a recent systematic

review and meta‐analysis of nine randomized controlled trials

(n = 7,458) reporting that personalized maternal nutrition guidance

can significantly reduce the rate of offspring macrosomia (RR 0.29;

95% CI [0.18, 0.45]; Ge, Wang, & Fan, 2015). The current study

showed that women with poor dietary habits, that is, with a high

dietary risk score (≥4 scores), had ~2 higher odds of giving birth to a

macrosomic infant compared with women with the lowest scores

(≤2 scores). This association was, however, not observed among obese

women. This may be related to the fact that about half of the obese

women (49%) received treatment for GDM, which may have resulted

in improved dietary habits and lower GWG (Brown et al., 2017).

Importantly, our results indicate that prevention efforts should not

only target heavy women because more than 40% of the macrosomic

cases were among women with a prepregnancy normal BMI. When

stratified by prepregnancy BMI status, the association between the

dietary risk score and macrosomia was the strongest among lean

women (prepregnancy BMI < 25). Today, limited attention is given to

the diet quality of normal weight women receiving maternal health

care in Iceland, and the situation might be similar in other countries.

GWG is a complex biological phenomenon; maternal physiological

and metabolic changes may influence it, along with placental metabo-

lism (Catalano & deMouzon, 2015; Institute of Medicine and National

Research Council, 2009). In addition to dietary behaviour, genetic

vulnerability (Andersson et al., 2015), gut microbiota composition

(Collado, Isolauri, Laitinen, & Salminen, 2008), and the rate of physical

activity (Olson & Strawderman, 2003) may all influence women's

weight gain. Further development of the dietary screening question-

naire and the dietary risk score presented in this study might include

harmonization with other known modifiable risk factors, such as low

level of physical activity (Olson & Strawderman, 2003). However, it

could simply be used in the present form as a first screening tool for

maternal dietary counselling. Standard maternity care could very easily

include this procedure, as it only takes 5–10 min to answer the dietary

screening questionnaire. Focusing more on maternal diet, prioritized

by urgency and expected impact, might translate into more cost‐

effective strategies within the primary care.



8 of 10 HROLFSDOTTIR ET AL.
bs_bs_banner
The high rate of participation, prospective data collection, and infor-

mation from medical records are the main strength of this study. It is a

limitation to our study that the short dietary screening questionnaire

has only been validated against 4‐day weighed food records in a pilot

study among 25 pregnant women. However, the correlation for most

food groups was acceptable (Spearman's correlation >+0.3). Moreover,

prepregnancy weight and height were based on self‐reported data,

possibly leading to bias due to under‐reporting. Former studies have,

however, demonstrated a relatively strong correlation between self‐

reported prepregnancy weight and measured weights before pregnancy

(Phelan et al., 2011). Even though our covariate adjustments had minimal

influence on our effect estimates compared with unadjusted models, we

cannot exclude residual confounding or confounding by unmeasured

covariate(s). We used the Icelandic recommendations for GWG, and

the methodology was based on both predefined (dietary recommenda-

tions) and data‐driven (stepwise backward elimination) methods, tested

in an Icelandic population. The results might therefore not apply to other

populations. Testing this methodology and the dietary risk score in other

datasets, as well as examining other important outcomes, for example,

GDM and risk of deficiency of nutrients important for fetal growth, will

allow for more rigorous conclusions.

In summary, we found that a dietary risk score, including a

nonvaried diet, a nonadequate intake of fruits/vegetables, dairy, and

whole grain, as well as an excessive intake of sugar/artificially sweet-

ened beverages and dairy, was associated with a higher risk of exces-

sive GWG and macrosomia. Our results stress that dietary counselling

to promote healthy GWG and diet during pregnancy should focus not

only on targeting overweight and obese women but also women of

normal weight. Today, the latter get limited attention regarding this

matter in the primary health care setting. By asking simple questions

about women's dietary habits early in pregnancy, we might be able

to identify women in more need of support and counselling to meet

the GWG recommendations and to find women at higher risk of giving

birth to macrosomic infants. This procedure could translate to more

cost‐effective strategies in the clinical setting.
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