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Abstract  50 

Objectives: The aim of this study was to identify dietary patterns in a Czech pregnancy cohort 51 

established in the early post-communist era and investigate associations between dietary 52 

patterns, maternal characteristics, and birth outcomes. 53 

Methods: Pregnant women were recruited for the Czech part of the European Longitudinal 54 

Study of Pregnancy and Childhood (ELSPAC-CZ). A self-reported questionnaire answered in 55 

late pregnancy was used to assess information about the weekly intake of 43 food items. 56 

Information about birth outcomes (birth weight, height, ponderal index, head circumference, 57 

cephalisation index, gestational length, and Apgar score) was obtained from the National 58 

Registry of Newborns. Complete details on diet and birth outcomes were available for 4,320 59 

mother-infant pairs. 60 

Results and Conclusion: The food items were aggregated into 28 variables and used for 61 

extraction of two dietary patterns by principal component factor analysis. The patterns were 62 

denoted “unhealthy” and “healthy/traditional” based on the food items with the highest factor 63 

loadings on each pattern. The “unhealthy” pattern had high positive loadings on meat, processed 64 

food, and confectionaries. In contrast, the “healthy/traditional” pattern had high positive 65 

loadings on vegetables, dairy, fruits, and wholemeal bread. Following adjustment for 66 

covariates, we found that high adherence to the unhealthy pattern (expressed as beta for 1 unit 67 

increase in pattern score), that is, the higher consumption of less healthy foods, was associated 68 

with lower birth weight: -23.8 g (95% CI: -44.4 to -3.2 g) and length: -0.10 cm (95% CI: -0.19 69 

to -0.01 cm) and increased cephalization index: 0.91 μm/g (95% CI: 0.23 to 1.60 μm/g). The 70 

“healthy/traditional” pattern was not associated with any birth outcomes. This study supports 71 

the recommendation to eat a healthy and balanced diet during pregnancy. 72 

  73 
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What is already known on this subject 74 

• Maternal diet in pregnancy may affect fetal growth and thus increase the risk of several 75 
chronic diseases.  76 

• Dietary pattern analysis is more suitable for describing the overall diet than single 77 
nutrient approaches.  78 

 79 

What this study adds 80 

• This study is one of few studies of maternal dietary patterns and birth outcomes 81 
conducted in a Central European population.  82 

• The study indicated that a dietary pattern reflecting frequent intake of unhealthy foods 83 
was associated with reduced birth weight and length.  84 

• To the best of our knowledge, this is the first study to report an association between an 85 
unhealthy dietary pattern and higher cephalisation index – a marker of possible negative 86 
neurodevelopment.   87 
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Introduction 88 

Maternal nutrition is vital for the health, growth, and development of the fetus and the new-89 

born.1 The regulation of normal human fetal growth involves multiple multidirectional 90 

interactions between the mother, fetus and placenta. It should be noted that fetal growth largely 91 

depends on endocrine factors, and nutritional deficiency or excess may constitute a basis for 92 

significant variations. Among the various hormones involved (thyroid hormones, insulin, 93 

multiple variants of growth hormone, leptin, cortisol) a key role is played by Insulin-like growth 94 

factor (IGF)-1 and IGF-2, that exert multiple effects in the prenatal as well as postnatal period 95 

of growth. For example, placenta secretes IGF-1 throughout gestation and IGF-1 then 96 

stimulates the placental transfer of essential nutrients from the mother to the fetus. The 97 

importance of IGF-1 is further highlighted by the fact that the fetal circulating IGF-1 increases 98 

and cord serum IGF-1 concentrations at term are positively associated with a fetal size and fat 99 

mass of the newborn.2–4 Size at birth is a predictor of children’s survival and health later in life.5 100 

Intrauterine growth restriction is one of the leading risk indicators of childhood neurocognitive 101 

development and future cardiovascular disease.5–7 102 

 103 

The maternal diet can be examined at different levels, e.g. single substances (various nutrients), 104 

food items, or dietary patterns. Dietary pattern analysis considers all food consumed and 105 

provides insight into dietary behaviour and dietary quality in a population. Contrary to single 106 

substances or food item estimates, dietary pattern analysis is less sensitive to inaccuracy and 107 

dietary assessment bias and is a more holistic approach for capturing the complex interactions 108 

among nutrients and foods.8–10 Dietary patterns have been identified and examined in relation 109 

to fetal growth in many populations.10–16 Recent reviews of dietary patterns indicate 110 

associations of maternal dietary patterns with a variety of birth outcomes16–18. However, it has 111 

also been  suggested that some pregnancy outcomes remain to be investigated17,18 112 
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Few studies have studied dietary patterns in pregnancy and birth outcomes in a Central 113 

European population. The aims of this study were to characterize dietary patterns during 114 

pregnancy and examine the associations between these patterns, maternal characteristics, and 115 

birth outcomes using data from the Czech Republic ELSPAC birth cohort study in the early 116 

post-communist era.  117 

 118 

Methods 119 

The ELSPAC-CZ is one of six prospective birth cohort studies initiated by the World Health 120 

Organization (WHO) in European countries. In former Czechoslovakia (present-day Czech 121 

Republic), all eligible mothers originating from the South Moravian region expected to deliver 122 

between 1 March 1991 and 30 June 1992 were selected as the target study population. Mothers 123 

were enrolled between the ultrasound examination at the 20 week of pregnancy and the birth. 124 

Obstetricians informed eligible mothers about the study and forwarded contact details of 125 

women who were interested in the study to the study team. In total, 7,589 mothers were 126 

registered. More details and description of the ELSPAC-CZ recruitment and follow-up are 127 

summarized in the cohort profile article.19 Women who consented to participate were asked to 128 

answer two questionnaires during pregnancy, one about themselves and one about their 129 

pregnancy, including food frequency questions, both answered around gestational week 32.  130 

 131 

Ethical approval for the study was obtained from the ELSPAC Law and Ethics committee (Ref. 132 

No. ELSPAC/EK/1/2014) and local research ethics committees. Written informed consent was 133 

obtained from all study participants.  134 

 135 

Mother and child pairs were excluded from this study if they failed to return the questionnaires 136 

or if they failed to answer more than five questions (n=2,682). Additional exclusion criteria 137 
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were still-birth (n=14), multiple birth (n=87), missing birth outcome data (n=239), infant birth 138 

weight (n=14), gestational age (n=1) and maternal characteristics (n=74). Participants in the 139 

upper and lower percentiles (1st and 99th) of the calculated total energy intake were subsequently 140 

excluded to avoid outliers (n=158). The exclusion strategy is shown in Figure 1. Of the 7,589 141 

eligible mothers invited, 4,478 (59.0%) consented to participate and 4,320 (56.9%) mother and 142 

child pairs were included in the final study population. 143 

 144 

145 

Figure 1 Flow chart illustrating the exclusion criteria of participants in the study. 146 

 147 

Information about covariates, including potential confounding variables was obtained from the 148 

pregnancy questionnaires. Maternal age was treated as a continuous variable in the analyses 149 

except for the descriptive part of the cohort, where five-year age categories were used. Maternal 150 

education was divided into three categories according to the highest achieved degree: 151 

elementary school, secondary school, and university. Smoking status was categorized as 152 

smoker during pregnancy, former smoker (quit smoking before pregnancy), and non-smoker. 153 
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Alcohol intake was dichotomized into two groups based on any or no reported consumption of 154 

alcohol during pregnancy20. Body Mass Index was calculated from self-reported height and 155 

weight before pregnancy and categorized as normal for BMI 18.5–24.9 kg/m2, underweight for 156 

BMI <18.5 kg/m2, overweight for BMI 25–29.9 kg/m2, and obese for BMI ≥30.0 kg/m2.21 157 

 158 

The Food frequency questionnaire (FFQ) part of the questionnaire was sent to participants in 159 

the 3rd trimester and included questions about a total of 43 food and drink items. With only 160 

minor regional adaptations, the questionnaire was equal to the British Avon Longitudinal Study 161 

of Parents and Children (ALSPAC) pregnancy FFQ.22 The respondents were asked to mark one 162 

of five alternative frequency options to describe their habitual intake of each item during 163 

pregnancy: never or rarely (calculated as 0.1 times a week), once in 2 weeks (calculated as 0.25 164 

times a week), 1–4 times a week (calculated as 2.5 times a week), 4–7 times a week (calculated 165 

as 5.5 times a week), and more than once a day (calculated as ten times a week). This is similar 166 

to the calculation done for the ALSPAC FFQ.23 167 

 168 

At the time of its administration, the FFQ had not been validated in its present form in the 169 

population of Czech pregnant women. However, an almost identical FFQ was validated and 170 

used in the parallel ALSPAC study.22 Intake estimates based on the ALSPAC FFQ have been 171 

used in a number of studies.24–27 172 

 173 

We aggregated the 43 food questions into 33 non-overlapping food groups by adding the 174 

frequencies for similar food items (eg, three questions about breakfast cereals). For overlapping 175 

food items, the highest reported value when merging the responses was used (eg, consumption 176 

of eggs and specific question about breakfast egg consumption).  177 



9 

We used principal component factor analysis (PCA) to extract dietary patterns and varimax 178 

rotation for interpretation purposes. The reported weekly consumption frequencies of the 33 179 

non-overlapping food groups were used as input variables, and 28 were used in the final 180 

analysis, and two dietary patterns extracted. Factor analysis with PCA as the extraction 181 

methods reduces the data and constructs new variables as the linear sum of the original 182 

variables (called here PCA components or dietary patterns) reflecting the combinations of 183 

foods consumed by individual participants. The coefficients defining the PCA components are 184 

called factor loadings and represent the correlations between each food variable with the PCA 185 

components.9,10 The factors explains as much of the variation in the original variables as 186 

possible. We considered food items with factor loadings with absolute values over 0.3 187 

meaningful for interpreting each dietary pattern. 188 

The number of PCA components retained was based on a scree plot, eigenvalues, and 189 

meaningful interpretation of the patterns. The new linear components (dietary patterns) were 190 

named according to the nature of the input variables with the highest factor loadings. In this 191 

study, the two extracted patterns were those with eigenvalues larger than 2.10 We used the 192 

Bartlett test of sphericity and the Kaiser-Mayer-Olkin (KMO) test to examine the 193 

appropriateness of using factor analysis on our data. 194 

 195 

Individuals are given factor scores for each of the patterns. Factors scores are standardized and 196 

have a mean score of zero and a one unit increase equals one standard deviation (SD). Higher 197 

factor scores indicate higher consumption of food items defining that pattern.  198 

 199 

Birth outcomes in the study were obtained from the National Registry of Newborns.28 They 200 

included markers of fetal growth (birth weight, birth length, head circumference, ponderal 201 

index, cephalization index), gestational length, and Apgar score at 5 min. The mean birth 202 
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outcomes in the study population were in agreement with those in the general Czech 203 

population.19 The ponderal index was calculated as birth weight (kg) divided by the cubed birth 204 

length (m3). The cephalization index was expressed as head circumference ratio at birth (cm × 205 

104) to birth weight (g) and subsequently expressed as µm/g.29 Birth weight, birth length, head 206 

circumference, ponderal, and cephalization indices were used as continuous variables in all 207 

analyses except for descriptive statistics, for which they were categorized into quartiles. 208 

 209 

Gestational age was calculated using the date of the first day of the last menstrual period since 210 

this variable suffered from a minor missing information issue. In case of missing data (n=371), 211 

information from the ultrasound examination was used. Gestational age in the current study 212 

population ranged from 36 to 44 weeks. It was categorized into five categories of delivery: 213 

preterm (before 37 weeks), early term (37–38 weeks), full-term (39–40 weeks), late-term (41–214 

42 weeks), and post-term delivery (over 42 weeks). Small for gestational age (SGA) was 215 

calculated below the 10th percentile for each gestational week for both genders. Data for the 216 

Apgar score in the 5th minute were divided into five groups as follows; physiological birth (9–217 

10), light asphyxia (7–8), medium asphyxia (4–6), and severe asphyxia (0–3). 218 

 219 

All statistical tests were two-sided, and p<0.05 was considered statistically significant. The 220 

Kolmogorov-Smirnov test and Q-Q plots showed that the dietary patterns scores were not 221 

normally distributed. We therefore examined differences between groups for descriptive 222 

statistics using the non-parametric Kruskal-Wallis test for continuous variables and the Mann-223 

Whitney test for dichotomous variables, that is, SGA and parity. Crude and adjusted 224 

associations between the dietary patterns and the outcomes were estimated using multiple linear 225 

regression (betas (β) and 95% confidence intervals (95% CI)) for all birth outcomes except 226 

SGA, for which multiple logistic regression was used (odds ratios (OR) and 95% CI). We 227 
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selected the adjustment variables based on previous knowledge, availability in our study, and 228 

bivariate associations. Variables were entered one by one and retained in the final models if 229 

their inclusion influenced the associations or if there was a strong theoretical reason for keeping 230 

them in the model. Those included in the final models were maternal pre-pregnancy BMI, age, 231 

education, smoking status, alcohol consumption, sex of the child, and gestational age. Missing 232 

values were excluded pairwise. All independent variables in the regression models were tested 233 

for possible multi-collinearity by tolerance, assuming that values >0.60 indicate no collinearity 234 

for continuous variables, and >0.35 were acceptable for categorical (dummy) variables. The 235 

Durbin-Watson statistic was used to estimate the independence of the data points. For all 236 

models, we tested the assumptions of linearity and homoscedasticity by graphically plotting 237 

predicted values against standardised residuals. We also applied Cook’s distance and delta–beta 238 

plots to check the influence of outliers on the models. No outliers were removed. All analyses 239 

were carried out using IBM SPSS Statistics for Windows software, Version 27.0.  240 

 241 

Results  242 

The mean (SD) age of mothers was 25 (5) years, and the mean pre-pregnancy BMI was 22.0 243 

(3.3) kg/m2. Most of the mothers were multiparous (61%). 7.5% of mothers had completed 244 

elementary school, 75% had completed secondary education, and 17.5% had obtained a 245 

university degree. Smoking during pregnancy was reported by 8.5% of the mothers, 33.3% 246 

were former smokers, while 56.8% had never smoked. Alcohol consumption during pregnancy 247 

was reported by 14.2% of the mothers. The mean infant birth weight was 3,311 (474) g, the 248 

mean birth length was 50.3 (2.2) cm, and the mean head circumference was 34.6 (1.4) cm. The 249 

prevalence of preterm delivery was 4.1%. Maternal attributes did not differ between participants 250 

who provided dietary information and those who did not (p>0.05) while the child characteristics 251 

differed between these two groups. Children born to mothers who did not provide dietary 252 
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information had lower birth weight (mean difference 60 g; 95% CI: 37, 83 g), lower birth length 253 

(mean difference 0.27 cm; 95% CI: 0.15, 0.37 cm), and smaller head circumference (mean 254 

difference 0.13 cm; 95% CI: 0.06, 0.20 cm) than children born to mothers who provided dietary 255 

information. 256 

 257 

Two dietary patterns were extracted from the dietary data using principal component factor 258 

analysis. The first principal component explained 13.0% (eigenvalue 4.5) and the second one 259 

12.3% (eigenvalue 2.6) of total food intake variation. The frequency of fried food consumption 260 

was included in the PCA but was not used in the energy intake calculation, because it reflected 261 

the frequency of this culinary treatment but not the consumption of specific food items. 262 

Frequencies of alcoholic beverages, coffee, and tea were excluded from the analysis as they had 263 

low factor loadings on both of the extracted dietary patterns.30 Pulses and eggs had similar 264 

cross-loadings on both patterns (0.317 and 0.378; 0.308 and 0.377 respectively) and were 265 

therefore excluded from the PCA; the final number of variables thus considered in the PCA was 266 

28. Bartlett’s test of sphericity was significant (p<0.001), and the KMO test returned a value of 267 

0.834. We labelled the two different extracted dietary patterns as “unhealthy” and 268 

“healthy/traditional” to reflect the quality of food items with the highest loadings on the 269 

respective pattern. The unhealthy pattern had high positive loadings on offal (liver, kidney, 270 

heart), fried foods (meat, fish, bacon, ham, eggs), processed foods (eg, pizza, fish products), 271 

processed meat (sausages, smoked meat, hamburgers), all meat and confectionary foods (eg, 272 

sugary drinks, cakes, chocolate, and sweets). In contrast, the healthy/traditional pattern had the 273 

highest positive loadings on for example, vegetables, dairy, fruits, and wholemeal bread (Table 274 

1). The “traditional” label was added to indicate the high loadings of milk and dairy products 275 

and moderate loadings of juices and white bread in this pattern perceived by citizens as healthy 276 

in the time they have received the questionnaire.  277 
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Table 1 Structure of the two dietary patterns extracted by principal components factor analysis 278 
in 4,320 pregnant women defined by factor loadings for food items with factor loading higher 279 
than 0.3 280 

  
Component 

Unhealthy Healthy/Traditional 
Fried potatoes 0.68   
Offal 0.65   
Fish and products 0.61   
Pizza 0.59   
Donuts and 
omelettes 0.55   

Fried food 0.47   
Poultry 0.47   
Cake and pies 0.42   
Processed meat 0.41   
Pasta 0.40   
Cola drinks 0.38   
Wafers 0.37   
Chocolate and 
sweets 0.36   

Red meat 0.32   
Sweet drinks 0.30   
Root vegetables   0.62 
Cheese   0.57 
Milk   0.57 
Dairy products   0.57 
Fresh fruits   0.56 
Leafy vegetables   0.56 
Salads   0.47 
Wholemeal bread   0.43 
Boiled potatoes   0.42 
Juice   0.41 
Herbal tea   0.37 
Honey   0.36 
White bread   0.35 

All factor food items load on both patterns, but for only loadings higher than 0.30 are shown. The two patterns 281 
explained 25% of the total variance in the reported food frequency intakes. 282 
 283 

Adherence to the unhealthy and healthy/traditional patterns differed with maternal 284 

characteristics. Underweight mothers scored highest on the unhealthy pattern while obese 285 

mothers had the lowest healthy/traditional pattern scores. Women in the older age groups and 286 

mothers who were multiparous had higher scores on the healthy/traditional and lower scores on 287 
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the unhealthy pattern than young women and first-time mothers. Higher education was 288 

associated with higher scores on the healthy/traditional and lower scores on the unhealthy 289 

pattern. Similar trends were observed for smoking and alcohol consumption, with smokers and 290 

alcohol consumers having higher scores on the unhealthy pattern and vice versa (Table 2). 291 

 292 

Table 2 Dietary pattern scores* by participant characteristics (n=4,320) 293 
 All 

N (%) 

Unhealthy 

pattern score 

Median (IQR) 

Healthy/Tradition

al pattern score 

Median (IQR) 

Maternal BMI 

 <18.5 kg/m2 

 18.5–24.9 kg/m2 

 25–29.9 kg/m2 

 ≥30 kg/m2 

 Missing information 

p-trend 

 

334 (7.7) 

3,213 (74.4) 

442 (10.2) 

129 (3.0) 

202 (4.7) 

 

-0.10 (0.87) 

-0.17 (0.75) 

-0.24 (0.70) 

-0.22 (0.75) 

0.05 (0.82) 

<0.001 

 

0.02 (1.22) 

0.05 (1.22) 

-0.14 (1.20) 

-0.17 (1.16) 

-0.19 (1.35) 

<0.001 

Maternal age 

 <20 years 

 20-24.9 years 

 25-29.9 years  

 30-34.9 years 

 ≥35 years 

p-trend 

 

779 (18.0) 

1,462 (33.8) 

1,345 (31.1) 

503 (11.6) 

231 (5.3) 

 

-0.03 (0.87) 

-0.13 (0.77) 

-0.25 (0.68) 

-0.26 (0.77) 

-0.18 (0.71) 

<0.001 

 

-0.21 (1.29) 

-0.07 (1.23) 

0.13 (1.19) 

0.19 (1.16) 

0.10 (1.20) 

<0.001 

Parity 

 Primiparous 

 Multiparous 

p-trend 

 

1,675 (38.8) 

2,645 (61.2) 

 

-0.13 (0.79) 

-0.18 (0.74) 

0.003 

 

-0.08 (1.22) 

0.06 (1.25) 

<0.001 

Maternal education 

 Elementary 

 Secondary school  

 University  

 Missing information 

p-trend 

 

323 (7.5) 

3,223 (74.6) 

752 (17.4) 

22 (0.5) 

 

 

0.07 (1.00) 

-0.15 (0.78) 

-0.30 (0.63) 

-0.23 (0.80) 

<0.001 

 

-0.23 (1.24) 

-0.05 (1.23) 

0.29 (1.18) 

0.23 (0.95) 

<0.001 
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Smoking status 

 Smoker  

 Former smoker 

 Non-smoker 

 Missing information 

p-trend 

Alcohol in pregnancy 

 No  

 Yes 

 Missing information 

p-trend 

 

369 (8.5) 

1,439 (33.3) 

2,452 (56.8) 

60 (1.4) 

 

 

3,468 (80.3) 

612 (14.2) 

240 (5.5) 

 

0.06 (0.87) 

-0.11 (0.78) 

-0.22 (0.73) 

-0.14 (0.92) 

<0.001 

 

-0.18 (0.76) 

-0.11 (0.72) 

-0.13 (0.92) 

0.029 

 

-0.34 (1.17) 

-0.06 (1.25) 

0.10 (1.21) 

0.01 (1.37) 

<0.001 

 

0.03 (1.25) 

-0.02 (1.14) 

-0.15 (1.15) 

0.280 

p-trend by non-parametric tests Kruskal-Wallis (Mann-Whitney for parity and alcohol consumption). 294 
*  Overall mean factor score for each pattern is zero. Positive factor scores indicate higher adherence to a pattern 295 
and negative scores indicate lower adherence. 296 
 297 

In the unadjusted analyses of dietary patterns and birth outcomes (Table 3) the unhealthy dietary 298 

pattern was significantly associated with birth weight, length, cephalization index, and SGA. In 299 

the adjusted analysis, associations with the unhealthy pattern remained significant for birth 300 

weight, birth length, and cephalisation index. For infant birth weight, a one-unit increase in the 301 

unhealthy pattern score resulted in a mean birth weight reduction of -23.8 g (95% CI: -44.4 to 302 

-3.3 g, p=0.023). For birth length, a one-unit increase in the unhealthy pattern score was 303 

associated with a mean reduction of -0.10 cm (95% CI: -0.19 to -0.01 cm, p=0.040). For the 304 

cephalisation index, a one-unit increase in the unhealthy pattern score resulted in a mean 305 

increase of 0.91 μm/g (95% CI: 0.23 to 1.60 μm/g, p=0.009). The healthy/traditional pattern 306 

was not associated with birth outcomes. 307 

 308 
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Table 3 Crude and adjusted associations between dietary pattern scores and birth outcomes Beta (95% 309 
confidence intervals) is the change in birth outcome by 1 SD increase in the pattern score*  310 

 Unhealthy pattern  Healthy Traditional pattern  
 β (95% CI) p-value β (95% CI) p-value 
Birth weight (g)    
Crude -40 (-60, -20) <0.001 64 (-92, 22) 0.423 
Adjusted -24 (-44, -33) 0.023 0.68 (-15, 17) 0.934 
Birth length (cm)    
Crude -0.17 (-0.26, -0.08) <0.001 0.02 (-0.06, 0.09) 0.654 
Adjusted -0.10 (-0.19, -0.01) 0.040 -0.01 (-0.09, 0.06) 0.734 
Ponderal index (g/cm3)    
Crude -0.06 (-0.16, 0.04) 0.225 0.03 (-0.04, 0.11) 0.378 
Adjusted -0.04 (-0.14, 0.07) 0.486 0.03 (-0.05, 0.11) 0.458 
Head circumference (cm)    
Crude -0.02 (-0.08, 0.05) 0.620 -0.02 (-0.07, 0.03) 0.396 
Adjusted 0.01 (-0.05, 0.08) 0.693 -0.02 (-0.07, 0.03) 0.334 
Cephalization index (µm/g)    
Crude 1.40 (0.79, 2.10) <0.001 -0.36 (-0.87, 0.15) 0.167 
Adjusted 0.91 (0.23, 1.60) 0.009 -0.14 (-0.67, 0.39) 0.604 
Gestational age (weeks)    
Crude -0.004 (-0.074, 0.066) 0.913 -0.006 (-0.060, 0.049) 0.836 
Adjusted -0.102 (-0.275, 0.071) 0.247 0.338 (-0.189, 0.422) 0.453 
Apgar score    
Crude 0.008 (-0.056, 0.073) 0.799 0.021 (-0.029, 0.071) 0.414 
Adjusted 0.016 (-0.052, 0.084) 0.650 0.014 (-0.039, 0.066) 0.611 
Small for gestational age           OR (95% CI)  OR (95% CI)  
Crude 1.14 (1.01, 1.28) 0.030 0.97 (0.88, 1.07) 0.576 
Adjusted 1.04 (0.91, 1.19) 0.590 1.01 (0.90, 1.13) 0.850 

*All birth outcomes modelled by linear regression except SGA (logistic regression) for which the effect estimate 311 
is OR (95% CI). The dietary patterns modelled together in all models. Adjusted models were additionally 312 
adjusted for maternal age, prepregnant BMI, education, gestational age (not for gestational age and SGA), 313 
alcohol consumption, sex of the child and smoking status. Significant results (p<0.05) in the adjusted analyses 314 
are shown in bold. 315 
 316 

Discussion  317 

Two major dietary patterns were extracted, one reflecting the regular consumption of items not 318 

recommended (eg, fried food, confectionaries) by the Dietary Guidelines in the Czech 319 

Republic31 and the other reflecting conscientious and recommended eating behaviour with high 320 

intakes of vegetables, milk, dairy products, fruits, and wholemeal bread. Maternal 321 

characteristics, particularly education and smoking, were significantly associated with pattern 322 

adherence. This observation is in agreement with several studies linking low educational 323 
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attainment and smoking to higher scores on processed, energy-dense dietary patterns and lower 324 

scores on healthy or prudent patterns.10,23,32 It is important to note that FFQ collection took 325 

place in the time of a transition towards better health in Central and Eastern Europe at the 326 

beginning of the 1990s after the end of the communist era. One of the factors influencing this 327 

phenomenon was a change in previous dietary behaviour (high fat and low vegetable and fruit 328 

intake) as a wider variety of fruits and vegetables became available on the market.33 329 

 330 

In our study, fish and fish products had high factor loadings on the unhealthy dietary pattern. 331 

This finding may seem unexpected; however, at the time of dietary assessment, fish and fish 332 

products available on the Czech market were frequently commercially processed items such as 333 

canned, smoked, breaded, and marinated fish, that is, items which are not considered to be 334 

particularly healthy.  335 

Three birth outcomes remained significant in the adjusted analyses (birth weight, birth length, 336 

and cephalisation index), all of which were related to the unhealthy pattern. While this 337 

observational study of the quality of maternal food intake and dietary patterns does not allow 338 

us to establish causality, food is known to affect the maternal metabolism as well as birth 339 

weight.10 For the unhealthy pattern, a multicentre European study found that intakes of similar 340 

foods high in acrylamide during pregnancy was associated with lower birth weight and smaller 341 

head circumference.34 High loading on similar food items (red and white meat, fatty and lean 342 

fish, low-fat dairy, but opposite loading for high-fat cheese) was also identified in a “dioxin-343 

diet” score and associated with low birth weight in a five country population study.35  344 

 345 

A previous dietary pattern study reported that high adherence to a pattern characterized by food 346 

items similar to commodities with high factor loadings on our unhealthy pattern resulted in 347 

reduced birth weight and increased risk of SGA in the Danish National Birth Cohort.13 While 348 
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we found no significant association with SGA in this study, a case-control study of 1,714 349 

mother-infant pairs in New Zealand14 in the late 1990s found that a high traditional diet score 350 

in early pregnancy (though not in late pregnancy) was associated with a lower risk of SGA. The 351 

Generation R Study, focused on the Mediterranean diet (MD), concluded that low adherence to 352 

MD in early pregnancy seems to be associated with lower birth weight.36 A recent meta-analysis 353 

of dietary patterns and birth outcomes concluded that unhealthy dietary patterns, characterized 354 

very similarly to our study (processed meat, refined grains, foods with high saturated fat or 355 

sugar) were also associated with lower birth weight.16  356 

In the current study, we found a significant association between the unhealthy pattern and 357 

reduced birth length, which is in agreement with the results from a retrospective, cross-sectional 358 

study of preconceptional dietary patterns and birth outcomes in 309 mother-infant pairs in 359 

Australia. That study showed that high adherence to a pattern denoted as “high 360 

fat/sugar/takeaway” was associated with reduced birth length.37 Rodríguez-Bernal et al. also 361 

reported a positive association between diet quality and birth length with diet quality assessed 362 

using the Alternate Healthy Eating Index. Children born to mothers in the highest quintile were 363 

0.47 cm longer than those in the lowest quintile.38 However, several studies did not find any 364 

associations between maternal diet and birth length.39,40 365 

 366 

In the current study, we observed that the cephalization index, a possible negative 367 

neurodevelopment marker, was positively associated with the unhealthy dietary pattern. Few 368 

studies have reported associations between maternal diet and the cephalization index. We are 369 

aware of only two studies, which both specifically focused on exposure to polyaromatic 370 

hydrocarbons, which are chemicals that originate from grilled or fried food 29,41; to the best of 371 

our knowledge, this is the first study to link the cephalization index with maternal dietary 372 

patterns. 373 
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The two dietary patterns identified in this study reflect opposing dietary qualities and aspects, 374 

typically found in most populations and labelled as ‘prudent’ and ‘western’ patterns.8,42–44 375 

Patterns with similar overall food composition also likely apply to present-day Czech society, 376 

although, to the best of our knowledge, no dietary pattern analysis for the contemporary Czech 377 

population has been carried.  378 

 379 

The strengths of this study include the prospective cohort study design and a large number of 380 

participants. Participants were unaware of the pregnancy outcomes when they completed the 381 

questionnaires, and their reporting was not affected by the outcome. The cohort represents a 382 

highly homogenous urban population with low genetic diversity, which may be beneficial in 383 

terms of “unmasking” possible effects. Furthermore, we were able to adjust for important 384 

confounders such as BMI, gestational age, smoking, education, and alcohol consumption.  385 

 386 

Limitations of this study are mainly associated with the use of an FFQ and include the 387 

possibility of misreporting of food intake and inaccurate assessment of some food frequencies, 388 

mainly with respect to seasonally consumed food items. Furthermore, it may be particularly 389 

challenging to recall and report the average frequency of intake during pregnancy as most 390 

women experience nausea and other pregnancy-related changes affecting food preferences. We 391 

could not adjust for some potentially important confounders such as maternal dietary 392 

supplement use and pre-pregnancy dietary habits. The FFQ has not been validated in the Czech 393 

Republic, but the nearly identical questionnaire was validated in the UK; notwithstanding, some 394 

limitations may remain due to regional differences. The participation rate in the current study 395 

was close to 60%, but bias due to self-selection is a concern in all observational studies. 396 

Likewise, self-reported data and missing information may introduce bias. Several variables 397 

related to maternal sociodemographic and lifestyle variables had some missing data, but the 398 
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highest proportion of missing was 5.5% in alcohol consumption variable. Children born to 399 

mothers who did not provide dietary data had slightly lower mean birth weight, length, and 400 

head circumference than those included in the current study. This study examined several birth 401 

outcomes, and most of the associations would not remain significant if adjusted for multiple 402 

comparisons. Therefore, the results should be interpreted with caution. Finally, although we 403 

adjusted for available confounders, residual confounding may still exist. This study is 404 

observational, and no causal implications can be inferred. 405 

 406 

In conclusion, this study indicates that the dietary qualities of the maternal diet may affect birth 407 

outcomes. High adherence to a dietary pattern characterized by energy dense, unhealthy food 408 

items, which are not in agreement with current dietary recommendations, was associated with 409 

reduced birth weight and length and increased cephalization index. To the best of our 410 

knowledge, this study is the first to report a significant association between an unhealthy dietary 411 

pattern and an increase in the cephalization index. This study supports newer dietary 412 

recommendations which suggest higher intakes of healthy foods and restricting the intakes of 413 

unhealthy foods and shows that maternal diet in pregnancy is an important modifiable risk 414 

factor with respect to several adverse birth outcomes. 415 

 416 
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