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THESIS ABSTRACT 

Proper nutrition during pregnancy provides fundamental building blocks to support both the health of 

the mother and the fetus. However, careful evaluation of diet quality during pregnancy based on high 

quality dietary data is scarce in Canada. The associations between diet quality and perinatal and 

offspring outcomes have not been established. Thus, this thesis has the following objectives: 1) to 

assess overall diet quality during pregnancy using high-quality nutrition data collected in a large birth 

cohort in Canada, including validating the tool for assessment of diet quality in pregnancy; 2) to 

identify the social factors that are associated with overall diet quality during pregnancy in this 

Canadian sample; 3) to synthesize the evidence on the association between overall diet quality and 

adverse perinatal outcomes; 4) to assess the relationships between maternal nutrition during 

pregnancy and offspring neurodevelopment. This thesis integrates three research manuscripts 

published or submitted for publication in scientific peer-reviewed journals. The first manuscript 

describes the distribution of diet quality during pregnancy with the finding that the diet of women in 

Canada still is suboptimal, especially regarding whole grains and ‘greens and beans’, where the 

majority of the women did not meet recommendations. Inequalities in diet quality were observed: 

pregnant women who were less educated, younger, overweight or obese before pregnancy, or parous 

have lower diet quality. The second manuscript, a systematic review and meta-analysis of 33 cohort 

studies demonstrated that good diet quality during pregnancy was associated with lower risks of 

adverse maternal and neonatal outcomes including gestational diabetes, hypertensive disorders of 

pregnancy, preterm birth, small for gestational age and low birth weight. The third manuscript 
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examined the associations between nutrition during pregnancy and indicators of offspring 

neurodevelopment. Statistically significant interactions between diet quality and multivitamin intake 

were found on the associations with cognitive and language development outcomes in the offspring 

at two years of age. The results indicated that adequate nutrition intake, through high quality diet or 

multivitamin use, is beneficial for children’s neurodevelopment. This thesis helps fill gaps in 

knowledge in diet quality during pregnancy in Canada. The findings of this thesis are relevant to 

clinical and public health practice since diet quality can be used as a target for dietary interventions 

in pregnancy. 
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episodes of discussion across the beginning one and a half years of my Ph.D. study. Before 

starting and during the first year of my Ph.D. study, I was actively involved in the Sino-Canada 

Healthy Life Trajectories Initiative (SHeLTI) project, which is a clustered randomized controlled 

trial (RCT) developed in partnership with the World Health Organization (WHO). It is one of 

four separate, but harmonized studies focused on developing and evaluating the effectiveness of 
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period. Dr. Dubois and Dr. Fraser were very considerate and suggested that we change the 

strategy - to leverage already esiçxisting data from the 3D birth cohort for the thesis, while I 

continue to learn from collaboration in the SHeLTI project. In the end, the topic of the thesis 

focused on diet quality during pregnancy in the field of prenatal nutritional epidemiology, using 

data from the 3D birth cohort. 

Dr. Dubois suggested professors to be assembled into the Thesis Advisory Committee (TAC):  

Dr. Beth Potter, Dr. Julian Little, and Dr. Tim Ramsay. The TAC members have been extremely 

helpful in the directions and the completeness of the thesis and provided strong methodological 



Diet Quality during Pregnancy  Yamei Yu 

X 
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contributed extensively whenever I need support for statistical expertise. 
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neurodevelopment. He provided strong support in the area of childhood neurodevelopment. 
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from University of Sherbrooke was the co-first author for the second paper. She paired up with 
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CHAPTER 1: THESIS INTRODUCTION 

This thesis is written to fulfill the requirements for the Doctorate in Philosophy degree in 

Epidemiology. Epidemiology is the field of science that is defined by John M. Last in his book A 

Dictionary of Epidemiology, 4th ed as “the study of the distribution and determinants of health-

related states or events in specified populations, and the application of this study to the control of 

health problems”2. In alignment with the definition, this thesis studied the distribution and 

determinants of diet quality during pregnancy, and the association between diet quality and 

perinatal and childhood neurodevelopment outcomes, for the purpose of applying the study 

results to support the improvement of diet quality during pregnancy and subsequently, the 

improvement of perinatal and childhood outcomes. The thesis is manuscript-based and is situated 

in the field of nutritional epidemiology in pregnancy. It includes a systematic review on the 

associations between diet quality during preconception or pregnancy and perinatal outcomes, and 

secondary data analysis of the 3D Cohort Study, a relatively large Canadian birth cohort which 

recruited 2366 pregnant women from 2010 to 2012 in Quebec. This pregnancy and birth cohort 

collected high quality nutrition and health status data during pregnancy and in childhood of the 

offspring and performed detailed neurodevelopmental assessments at two years of age. The goal 

of the thesis is to assess overall diet quality in pregnant women, to identify the social 

determinants of diet quality, and to estimate the relationships between diet quality, adverse 

perinatal outcomes and neurodevelopment in the offspring. This thesis includes ten sections: 



Diet Quality during Pregnancy  Yamei Yu 

2 

 

thesis introduction, background, methods, three individual manuscripts, integrated discussion 

with conclusions, appendices and references. 

 

1.1 Objectives of the Studies 

This thesis focuses on the determinants and impacts of diet quality during pregnancy. 

Specifically, four objectives were identified: 

1) To assess overall diet quality during pregnancy, including developing and validating the tool 

for assessment of diet quality. 

2) To identify the social determinants that are associated with overall diet quality during 

pregnancy in a large birth cohort. 

3) To synthesize the knowledge on the association between overall diet quality and adverse 

perinatal outcomes through a systematic review and meta-analysis. 

4) To assess the relationships between maternal nutrition during pregnancy and offspring 

neurodevelopment. 

 

1.2 Thesis Outline 

This thesis is manuscript-based. The thesis includes three manuscripts that present the results 

which address the main study objectives. These three manuscripts were written and formatted 

following the requirements of the scientific journals that were selected for submission for 
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publication. Chapter 2 (Background) lays the foundation of the thesis and includes an 

introduction to the concepts, the rationale, the statement of problems, conceptual framework 

guiding the thesis, and a review of scientific knowledge related to the thesis. In Chapter 3 and 

Chapter 4, I present the details of the methodology for the 3D Cohort Study, and for generating 

and validating the diet quality index to the extent that I am not able to elaborate in detail in 

individual manuscripts, and for the purpose of providing the readers with a coherent flow of 

information. The subsequent three chapters present the three manuscripts which comprise the 

results sections of the thesis. Chapter 5 describes the distribution of diet quality during 

pregnancy and identifies the social factors associated with diet quality in Canada. Before doing 

the analysis, I selected the tool for assessing diet quality and validated it in the current cohort of 

pregnant women. Chapter 6 demonstrates that good diet quality during pregnancy was associated 

with lower risks of adverse maternal and neonatal outcomes including gestational diabetes, 

hypertensive disorders of pregnancy, preterm birth, small for gestational age and low birth weight, 

after synthesizing the evidence from prospective cohort studies using systematic review and 

meta-analysis. Chapter 7 examines the association between nutrition during pregnancy and 

offspring neurodevelopment. Statistically significant interactions between diet quality and 

multivitamin intake were found in association with cognitive and language development 

outcomes in the offspring at two years of age. In Chapter 8, I summarize the key findings of the 

thesis, discuss the implications of these findings, the strengths and limitations of the studies, and 
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finally, future research directions. Finally, Chapter 9 is the appendices and Chapter 10 is the 

references for the thesis except for those in the three individual manuscripts.   
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CHAPTER 2: BACKGROUND 

This background section includes an introduction to the rationale, the statement of problems, 

conceptual framework guiding the thesis, concepts, and a review of scientific knowledge related 

to the thesis. I first discuss the importance of maternal diet during pregnancy. Then I introduce 

the concept of diet quality, i.e., adherence to evidence-based nutrition guidelines for maternal 

diet during pregnancy, and the use of diet quality indices to measure diet as a whole. Next, I 

present studies on the determinants of diet quality during pregnancy for women living in high-

income economies. The remainder of the section outlines the evidence concerning the 

associations between diet quality during pregnancy, perinatal outcomes and indicators of 

childhood neurodevelopment. These elements contribute to the identification of knowledge gaps 

which underpin the research objectives in the three sections for individual manuscripts. 

 

2.1 The Importance of Maternal Diet during Pregnancy  

A child’s experience in the first 1000 days, including the prenatal period, is a unique period to 

develop his or her ability to grow and prosper in society3,4. Malnutrition during pregnancy 

represents a major public health issue that affects not only the health of the women, but also the 

health of offspring, and contributes substantially to the global burden of disease and disability5,6. 

The Lancet defined malnutrition as “the coexistence of overnutrition (overweight and obesity) 

alongside undernutrition (stunting and wasting), at all levels of the population—country, city, 
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community, household, and individual”7. In line with this definition, the double burden of 

malnutrition during pregnancy could result from inadequate intake of healthy foods leading to 

energy and protein malnutrition, with related consequences including lower birth weight (LBW), 

stunting in childhood and non-communicable diseases (NCDs) in future life8. It may also result 

from over-consumption of nonnutritive energy and underconsumption of nutrient-dense foods 

leading to micronutrient malnutrition, obesity and NCDs for pregnant women and offspring8. 

While previous efforts have mainly focused on evaluating and solving the problem of either 

undernutrition or overnutrition separately, now it is advocated that malnutrition in all its forms 

should be addressed together leveraging the common drivers and resources9,10. However, 

research on the association between nutrition during pregnancy and related outcomes has been 

limited and has generated conflicting results due to the lack of high-quality diet information in 

pregnancy and due to the limited duration of follow-up and assessment of the children. Research 

in this area is of great public health relevance, in order to develop and provide evidence-based 

interventions during this critical period of life, for prevention of future NCDs and long-term 

development of the children at the individual level, and for the overall development and 

economic growth for the human at the population level11. 
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2.2 Adherence to Prenatal Dietary Guidelines 

Individuals may be considered as having good overall diet quality when they follow the 

recommendations from evidence-based dietary guidelines12. The Canadian government 

developed dietary guidelines to help pregnant women to understand the amount and type of food 

they need to support a healthy pregnancy13. Briefly, pregnant women are encouraged to follow 

Eating Well with Canada’s Food Guide (CFG), developed by Health Canada, which describes 

the variety and amount of food to be consumed, in addition to daily supplementation of a multi-

vitamin containing 0.4 mg of folic acid and 16 to 20 mg of iron14. As for the amount of food, the 

2007 version of CFG15 recommended women aged 19 to 50 to eat seven to eight servings of 

vegetables and fruit, six to seven servings of grain products, two servings of milk and 

alternatives, and two servings of meat and alternatives per day. Pregnant women were advised to 

include an additional two to three servings per day from any of the four food groups16. Women 

can choose foods from any food group based on personal preferences. The amount of food 

generally recommended during pregnancy is the equivalent of an extra snack or a small meal. It 

was not stated which food groups should be the source of the additional two to three servings 

recommended during pregnancy. However, the examples given by Health Canada are from three 

groups: milk and alternatives, vegetables and fruit, and grain products. In the 2019 version of 

CFG17, no specific amounts for each of the food groups were specified. Only the relative amount 
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of food in a plate for daily consumption is presented with examples on recommended and non- 

recommended food. 

Adherence to dietary guidelines remains low in high-income countries. For example, only 35% 

of pregnant women in a Canadian cohort met the recommendations for vegetables and fruits in 

2002-2005, only 10% of pregnant women in Australia in 2013, and 25% in New Zealand in 2010 

met the recommendations for vegetables18-23. Adherence to Canadian dietary guidelines has not 

been well assessed in Canada using rigorous dietary assessment methods. In a survey of 2313 

pregnant women conducted in London, Ontario, pregnant women were found to have poor eating 

patterns compared to the CFG 2007, with only 3.5% of them consuming the recommended 

number of servings for all four food groups and 15.3% not consuming the minimum number of 

servings for any of the four food groups18. The limitation of this study is that it used a food 

frequency questionnaire (FFQ) to quantify the absolute dietary intakes, even though FFQ is best 

adapted to ranking people in a population, rather than quantifying absolute intakes. Also, the 

actual size of the portion consumed was not measured, not all available foods were included, and 

often a single question covered several foods. Furthermore, the conclusion that pregnant women 

were having inadequate dietary intakes might not provide a complete picture, because it 

contradicts the fact that more than 50% of the pregnant women are still gaining weight in excess 

of current recommendations24. One possible assumption to explain this could be that women 

were under-eating “healthy foods” identified in the four main good groups, but at the same time 
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eating excessive amounts of “unhealthy food” not included in the four main food groups, 

resulting in excessive weight gain. It was also possible that the FFQ used in the study did not 

cover some important items not included in the four main food groups. Finally, the study did not 

distinguish between ‘recommended foods’ and ‘non-recommended foods’ in the four food 

groups. Using a more rigorous nutritional assessment tool, such as a 3-day food record, will aid 

in quantifying the adherence to the recommendations and evaluate the overall diet quality for 

Canadian pregnant women. 

 

2.3 Measuring Overall Diet Quality using Diet Quality Indices 

Proper total energy intakes and not overeating in daily life are strong determinants of good 

health25,26. However, a good diet is not only related to total energy intake, but also to overall diet 

quality, more specifically, the combination of food consumption (what people habitually eat and 

avoid eating)5. Diet of good quality includes a variety of vegetables, fruits, whole grains, protein, 

low fat dairy, healthy oils, and limited intake of saturated and trans fats, added sugars, and 

sodium12. It was reported from the U.S. Nurses' Health Study (NHS), NHS II and Health 

Professionals Follow-up Study (HPFS) that poor diet quality, including consumption of potato 

chips, potatoes (including boiled or mashed potatoes and French fries), sugar-sweetened 

beverages, and both processed and unprocessed red meats, was positively associated with long 
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term weight gain, whereas good diet quality, including higher consumption of vegetables, whole 

grains, fruits, nuts, and yogurt, was negatively associated with long term weight gain27.  

Consuming a good-quality diet and decreasing consumption of poor-quality foods could be an 

effective strategy in helping individuals consume less total energy with minimal hunger 

experience, compared to only suggesting a reduction in energy intake. Decreased total energy 

intake, and biomarkers of the brain-adipose axis which are involved in appetite control could 

have mediating roles in the relationship between good diet quality and good health27,28. 

Moreover, focusing solely on total energy intake is not very informative for the public, since the 

general population does not have enough knowledge of efficient dietary choices to achieve a 

certain amount of total energy, and people’s meal planning is generally based on varieties of 

food rather than energy content. Studies focusing on diet quality, which emphasise food 

combinations in the overall diet could have more practical applications in terms of conveying the 

dietary changes required to improve health status. 

Diet quality is a relatively new concept in nutritional epidemiology compared to single nutrient 

study. Diet quality is mostly measured by diet quality indices, where the diet score is based on 

adherence to dietary guidelines or a specific pattern defined a priori29. Compared to single 

nutrient or single food group measures, diet quality indices enable research on overall diet using 

broader components of food groups, based on the best available knowledge concerning 

associations between diet and health. There are two main groups of diet quality indices based on 

the source of items used to score the overall diet. Firstly, some diet quality indices are based on 
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national dietary guidelines. For example, the Healthy Eating Index (HEI)30,31 in the U.S. was 

developed in 2008 to assess the alignment of diet to Dietary Guidelines for Americans (DGA). 

Newer versions of the HEI (HEI–201032 and HEI–201512) correspond to evolving versions of the 

DGAs. In Canada, HEI–2005 and HEI–2010 have been adapted to recommendations in CFG 

2007 to create Canadian versions of HEIs33,34. Secondly, other diet quality indices evaluate 

adherence to certain healthy dietary patterns such as Mediterranean–style patterns35, or Dietary 

Approaches to Stop Hypertension (DASH)–style patterns36. Systematic reviews identified a list 

of diet quality indices including the Diet Quality Index (DQI), Dietary Guideline Index (DGI), 

Dietary Diversity Score (DDS), Recommended Food Score (RFS)29,37. The diet quality indices 

usually have several groups of items each reflecting a distinct category of quality including 

adequacy, moderation, variety and balance in food intake. Adequacy is a measure of the 

sufficiency of intake of nutrients and foods; moderation is a measure of whether certain nutrients 

or foods are consumed in excess; variety is a measure of the diversity of food choices; and 

balance is a measure of the equilibrium of food intake33. Some researchers also calculate diet 

quality using nutrients only (instead of the conventional way of using food groups) by adding the 

points evaluating the adequacy of nutrient intakes compared to Dietary Reference Intakes 

(DRIs)38. 

The first version of diet quality indices in Canada was the Canadian adaption of HEI developed 

by Didier Garriguet in 200933. Briefly, it was developed by adapting the American HEI–200530 

to conform to recommendations in CFG 200739. The total score is 100, with higher scores 
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indicating better diet quality. The Canadian adaption of HEI was evaluated using the 2004 

Canadian Community Health Survey (CCHS) – Nutrition for the population aged two year and 

above. The average score was 58.8 points, with children aged 2 to 8 having the highest average 

scores (65 points). Average scores tended to fall in early adolescence, stabilizing at around 55 

points from ages 14 to 30 and turning upwards to 60 points at age 71 or older. At all ages, 

women’s scores exceeded those of men33. With the update of HEI version 2010, the Canadian 

adaption of HEI (HEI-C 2010) was developed in 2017 by Mahsa Jessri et al.34. The adaptions 

were still based on recommendations from the CFG 200739. Compared to the 2009 version of 

Canadian HEI, HEI-C 2010 added “refined grains” in the moderation components of the scoring 

system and deleted “total grain products” from the adequate components. For fatty acids, total 

amount of unsaturated fat in the 2009 version was replaced by a ratio of (PUFA + MUFA)/SFA. 

Finally, HEI-C 2010 contains 8 components for foods that should be consumed in adequacy and 

3 for moderation, with a total score remaining at 100. HEI-C 2010 was validated using data from 

CCHS Cycle 2.2 with 12,805 participants ≥18 years old34. The total mean error-corrected HEI-C 

2010 score was 50.85 points out of 100. Lower adherence to the index recommendations was 

associated with higher likelihood of being obese. The two Canadian HEIs were not validated in 

pregnant women. However, the U.S. version of HEI was validated in pregnant women and was 

found to be inversely associated with body weight before pregnancy and gestational weight 

gain40-42. 
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Although improving trends in healthy food consumption have been observed in recent years, diet 

in high-income countries is still jeopardized by unhealthy foods containing high saturated fat, 

refined grains, free sugars, and low fiber43. Diet quality (what people habitually eat and avoid 

eating) may be difficult to change due to barriers at individual, social-cultural and environmental 

levels44. However, pregnancy offers a window of opportunity for intervention, because pregnant 

women may be more willing to adopt healthier dietary habits during this period of life due to 

perceived benefits to the babies and themselves45,46. It was found in a Canadian study that 

pregnant women had slightly better diet quality than non-pregnant women of childbearing age 

matched on age and body mass index (BMI)47. A longitudinal study in the U.K., however, found 

that dietary patterns change little from the prepregnancy to the pregnancy period48. Across 

trimesters of pregnancy and from late pregnancy to the postpartum period, no variation in total 

HEI scores was observed49,50. Considering that children share dietary patterns with their 

parents51, a good-quality diet during pregnancy is likely to be transmitted to the next generation 

and to have potential long–lasting positive health effects. 

 

2.4 Determinants of Diet Quality during Pregnancy and Conceptual Framework 

Health determinants are defined as ‘any factor, whether event, characteristic, or other definable 

entity, that brings about change in a health condition, or other defined characteristic’52 (p. 37). 

The diet quality gap among nonpregnant individuals is not simply a matter of personal choice. It 
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is thought to be a consequence of many factors, including the access to and price of healthy 

foods, knowledge of a healthful diet, and pressing needs that may take priority over a healthful 

diet53. Empowering individuals and creating supportive environments by addressing the broader 

determinants of healthy eating is required. In a systematic review, Doyle et al. proposed a 

conceptual framework to study the determinants of dietary patterns and diet quality during 

pregnancy54 (see Figure 1 below). Determinants were further divided into 4 categories in the 

framework: 1) sociodemographic factors (education, ethnicity/ birthplace/ nationality, income/ 

financial difficulty/ health insurance, food insecurity, marital status/ partnership/ cohabitation, 

occupation/employment), 2) environmental factors (food environment, social support, place of 

residence), 3) individual behavioral and biological factors (age, pre-pregnancy BMI, smoking, 

physical activity, alcohol and caffeine intake, depression and stress/ anxiety), and 4) pregnancy 

related factors (parity, nausea, pregnancy body image). 

On the basis of a systematic review54 it was concluded that women who were older, more 

educated, with higher income or other markers of affluence were more likely to follow a 

healthier dietary pattern or have a better diet quality. The finding was consistent across different 

populations and settings. However, because not all studies used multivariable models, it was not 

clear how these factors were confounded by each other. Findings regarding ethnicity and parity 

were less consistent and they could be acting as markers of age, education status and other 

sociodemographic factors. Healthy eating also aligned with other health behaviours before and 

during pregnancy including adequate physical activity, no smoking and lower prepregnancy 
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BMI. The authors commented that the relationship between diet quality and prepregnancy BMI 

was difficult to interpret. Instead of interpreting prepregnancy BMI as a determinant of diet 

quality during pregnancy, it could also be that diet tracking back to prepregnancy was a 

determinant of prepregnancy BMI. The finding from another study that dietary patterns changed 

little48 from prepregnancy to pregnancy supports this hypothesis. Other determinants in the 

framework that were not well researched include food insecurity and pregnancy related factors. 

More research of sound methodology was called for by the authors in order to conclusively 

disentangle the interplay of the different determinants of diet quality during pregnancy. 

 

Figure1: Conceptual multiple determinants life course framework of diet in pregnancy (DP, dietary 

pattern; DQ, dietary quality)54 
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In high-income countries such as the U.S. and Canada some population subgroups still have 

inadequate access to food to provide adequate nutrition. A food-insecure household, as defined 

by the U.S. Department of Agriculture (USDA), is one in which “access to adequate food is 

limited by a lack of money and other resources.” Healthy food choices such as fresh fruit and 

vegetables are often more expensive than energy-dense, processed foods. Starting from before 

pregnancy, social inequalities exert their influences on different aspects of the maternity 

experience. Women of childbearing age living in food insecure households have been found to 

have nutrient inadequacies, including key nutrients for a healthy pregnancy55. Food insecurity 

has been found to be associated with poor maternal experiences, including prepregnancy obesity, 

higher gestational weight gain, non-normal birth weight, and GDM55. Socioeconomic disparities 

in birth weight have also been documented in Canada, Sweden, Denmark, the U.S., and these 

disparities are a persistent factor in the etiology of adverse birth outcomes56 such as intrauterine 

growth retardation (IUGR)57.  

Main sources of social inequalities—income, education, ethnicity— have an established impact 

on diet quality in general populations in Canada58-60. Only two previous studies in Canada are 

available on a limited number of determinants, and the dietary assessment methods used were 

suboptimal, with one using 1-day food recall61 and another using a FFQ18. The relationship 

between social inequality and diet quality during pregnancy, and the subsequent adverse 

pregnancy and infant growth outcomes in Canada, require more study. 
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2.5 Association between Diet Quality and Perinatal Outcomes  

Although there are dietary guidelines for women in preconception and pregnancy to achieve a 

good quality of diet62, little evidence was available on the benefits until the last few decades. The 

publication of findings from pregnancy and birth cohorts with high quality dietary data has 

improved the knowledge base regarding the health impacts of diet quality on perinatal adverse 

outcomes63,64, including excessive/inadequate gestational weight gain, gestational diabetes (GDM), 

hypertensive disorders of pregnancy (HDP), cesarean delivery, preterm birth, and extremes of 

birthweight.65-70 

Several systematic reviews reported the associations between maternal dietary patterns and rates 

of GDM, HDP, preterm birth and fetal growth.71-75 However, the validity of these studies has been 

limited by the inclusion of a single publication database73, lack of a meta-analysis71-73, and 

reporting of only a few of the relevant perinatal outcomes74. These reviews are also limited by the 

absence of registered or published protocols, which hinders the evaluation of a potential reporting 

bias.76 Most importantly, the inclusion of studies using a posteriori dietary patterns71-75 limits the 

relevance of these results to guide dietary interventions as they are data-driven and vary greatly 

between studies. To date, no systematic review has evaluated the association between diet quality 

and adverse perinatal outcomes. 

 

Gestational Weight Gain 
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In 200977, the Institute of Medicine (IOM; now known as the National Academy of Medicine) 

updated the gestational weight gain (GWG) guidelines78 to provide specific recommendations 

regarding GWG. The new GWG guidelines incorporated World Health Organization (WHO) 

categories of maternal BMI and recommended less GWG women with overweight or obesity 

than for women who are normal and underweight. Briefly, the IOM recommended 12.5–18 kg of 

total GWG for singleton pregnancies with a prepregnancy BMI categorized as underweight (BMI 

<18.5), 11.5–16 kg for normal weight (BMI 18.5–24.9), 7–11.5 kg for overweight (BMI 25–

29.9) and 5–9 kg for obese (BMI ≥30) women. Total GWG within the IOM recommendations 

was considered as “appropriate”, above the recommendations was considered as “excessive” and 

below the recommendations was considered as “inadequate”78. 

Inappropriate, i.e. either excessive or inadequate GWG may be detrimental to perinatal health, 

independently from maternal prepregnancy BMI. A systematic review79 found that excessive 

GWG is associated with an increased risk of large for gestational age (LGA) (odds ratio 1.85, 

95% confidence interval 1.76 to 1.95), macrosomia (1.95, 1.79 to 2.11), and caesarean delivery 

(1.30, 1.25 to1.35). High maternal GWG is also associated with higher risks of gestational 

hypertensive disorders, pre–eclampsia, preterm birth and gestational diabetes (GDM)80. Low 

GWG is associated with increased risk of small for gestational age (SGA) (1.53, 1.44 to1.64) and 

preterm birth (1.70, 1.32 to 2.20).  

Inappropriate GWG has become a global epidemic, with prevalence of excessive and inadequate 

GWG respectively reaching 50% and 20% across continents and ethnicities81. In 2010, Health 
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Canada adopted the 2009 IOM guidelines for gestational weight gain. Data from the 3D Cohort 

Study in Quebec indicated that excessive total gestational weight gain occurred in all pre-

pregnancy BMI categories (27%, 44%, 75% and 68% of underweight, normal, overweight and 

obese women, respectively)24. Similar results were found in a birth cohort in Alberta (30%, 46%, 

80% and 80% of underweight, normal, overweight and obese women, respectively)82.  

Existing studies on the association between diet quality and GWG demonstrated inconsistent 

results. Diet quality was found to be associated with lower rates of gestational weight gain in 

Norwegian Mother and Child Cohort Study (MoBa) 83 conducted in Norway and Infancia y 

Medio Ambiente (INMA) study84 in Spain. In the Viva study85 conducted in the U.S., however, 

the Dietary Approaches to Stop Hypertension (DASH) diet score measured at around 11 weeks 

of pregnancy was found to be positively associated with subsequent GWG among women who 

were obese before pregnancy, which was unexpected for the authors. On the other hand, the 

generation R study86 conducted in the Netherlands, the Prospective New Hampshire Birth Cohort 

Study (NHBCS)87 in the U.S. and the Growing Up in Singapore Towards healthy Outcomes 

(GUSTO) Study88 in Singapore did not find statistically significant relationship between diet 

quality and gestational weight gain. Up to the time of initiating our systematic review, there had 

been no previous systematic reviews that evaluated the quality of the studies and synthesized the 

literature on the relationship between overall diet quality and gestational weight gain.  
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Adverse Maternal Outcomes 

GDM is diabetes diagnosed in the second or third trimester of pregnancy that was not clearly 

overt diabetes prior to gestation89. Accumulating evidence indicates that there is an association 

between diet quality and GDM. 

Preeclampsia together with gestational hypertension without proteinuria comprise hypertensive 

disorders of pregnancy. They significantly increase maternal and infant morbidity and are among 

the major contributors to maternal deaths, accounting for 10-15% worldwide90. Preeclampsia is a 

complication in pregnancy characterized by new-onset increased blood pressure with proteinuria 

or with significant end-organ dysfunction that usually occurs after 20 weeks of gestation91. It has 

been hypothesized that nutrition might play a role in the development of preeclampsia for many 

years92. However, evidence is insufficient to demonstrate the effectiveness of specific nutrients 

in prevention of hypertension. It is possible that the effect of individual nutrients is small or have 

been confounded by the overall diet quality. Some studies have explored the relationship 

between diet quality and hypertensive disorders of pregnancy93-96. However, no systematic 

review has been done to evaluate the study quality and to synthesize the results. 

 

Birth Outcomes 
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Being born too large or too small are associated with neonatal mortality, morbidity, impaired 

development, and chronic diseases later in life97. Macrosomia is generally defined as a birth 

weight greater than 4000g or 4500g, irrespective of gestational age, while large for gestational 

age (LGA) is defined as a birth weight >90th percentile as per gestational age. Macrosomia and 

LGA increase the risk of labor abnormalities, shoulder dystocia, birth trauma, and permanent 

injury to the newborn98. Mothers giving birth to LGA babies are also at higher risk for 

postpartum hemorrhage. This problem has gained more attention in recent years as the 

proportion of high birth weight babies is increasing in parallel to the obesity epidemic. The 

increase is mainly related to a higher proportion of overweight/obese women becoming pregnant, 

women gaining more gestational weight—9 to 10 kg in the 1950s and 1960s vs 15 kg in 2000—

and a reduction in smoking prevalence57. On the other hand, SGA, which is a measure used as a 

proxy indicator of IUGR, is also associated with higher perinatal mortality, morbidity, and long-

term adverse consequences97. SGA refers to newborns with a low birth weight for gestational age 

(<10th percentile), according to the reference curve for normal fetal growth or birth weight for 

gestational age99. In a Swedish study, SGA was associated with an increased risk of death 

throughout the neonatal and childhood period, with the highest risk estimates for death from 

infection and neurologic disease100. Macrosomia affected 10% of pregnancies in a Canadian birth 

cohort101, while 6.1% of Canadian newborns had low birth weight (birth weight <2500g) in 2009 

to 2013102,103. LGA and SGA influenced 10.3%, and 8.9%, respectively, of Canadian newborns 

from 2009 to 2013103. Preterm birth is another relatively frequent pregnancy complication 
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defined as birth before 37 weeks of gestation. In 2017, it represented approximately 8.2% of the 

births in Canada104. It is one of the leading causes of neonatal mortality, and is associate with an 

increased risk of cognitive abnormalities, as well as metabolic and cardiovascular disease in the 

offspring 105-107.  

It is well accepted that the quality of the fetal environment is essential for adequate fetal 

development108. Fetal growth in utero is related to maternal nutritional intake and the ability of 

the placenta to transfer nutrients to the fetus. Starvation during acute famine periods has been 

associated with subsequent abnormal birth weight109. Conversely, excessive weight gain in 

pregnancy is associated with LGA and macrosomia in offspring79. Although some studies 

reported the relationships between nutrients and child health3,110, the relationships between 

overall diet quality and pregnancy and birth outcomes are not well established. A systematic 

review74 found that healthy dietary patterns—characterized by high intakes of vegetables, fruits, 

whole grains, low-fat dairy, and lean protein foods—were associated with a weak trend towards 

a lower risk of small-for-gestational-age (OR: 0.86; 95% CI: 0.73, 1.01; I2 = 34%); and 

unhealthy dietary patterns—characterized by high intakes of refined grains, processed meat, and 

foods high in saturated fat or sugar—were associated with lower birthweight (mean 

difference:−40 g; 95% CI:−61,−20 g; I2 =0%). However, no systematic review has been 

conducted on the association between overall diet quality and birth outcomes.   
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2.6 Association between Diet Quality and Offspring Neurodevelopment 

The first 1,000 days of life, which include pregnancy and two years postpartum, is a time when 

the brain forms and develops rapidly and lays the foundation of neurodevelopment. During this 

crucial early stage, proliferation, migration, aggregation, and myelination of the neurons forms 

the architecture of the brain and provide the foundation for cognitive, motor, and language 

functions later in life 111. Particularly, throughout the third trimester, the structure of the brain 

changes from a smooth bilobed shape to a more complex one with gyrations and sulcations that 

resembles the adult brain112,113. The early period of neurodevelopment represents a time of great 

opportunity and vulnerability for future educational attainment and participation in community 

activities of the children at the individual level, and for the overall development and economic 

growth for the human at the population level11. 

Proper nutrition during pregnancy provides fundamental building blocks for the developing 

brain3,114. The brain is vulnerable to damage if the nutrients required to support its growth are 

insufficient115. Research from the great Dutch famine found smaller mean brain volumes and 

perfusion after several decades in those exposed to the famine in utero 116,117. In addition to 

energy and macronutrients deficiency characterized in the famine, micronutrients, including zinc, 

iron, choline, B-vitamins and iodine, were also found to be essential for brain growth118.  

Despite increasing interest in the associations between maternal diet quality during pregnancy 

and childhood neurodevelopment, to date, there have been few studies quantifying this 



Diet Quality during Pregnancy  Yamei Yu 

24 

 

association directly119,120. Most previous studies used components of a good quality diet, such as 

fish, seafood, fruit intake, certain nutrients, or data-driven dietary pattern as an approximate for 

diet quality 119. One recent U.S. cohort study found that higher diet quality scores during 

pregnancy were associated with better cognition in the offspring121. On the other hand, 

interventional studies using multivitamin supplementation did not demonstrate positive effects in 

improving offspring neurodevelopment120. The discrepancy between these results and findings of 

the Dutch famine studies could possibly be explained by a modifying effect of diet quality on the 

association between multivitamin intake and neurodevelopment, since both diet and 

multivitamins provide nutrients during pregnancy. However, no studies have measured the 

potential interaction between the two exposures.   

 

2.7 Knowledge Gaps, Objectives and Hypotheses 

In summary, a good quality diet during pregnancy provides proper nutrition, the fundamental 

building blocks to support both the health of mothers and the fetus. However, through the 

literature review in this chapter, knowledge gaps were identified that limit the formulation of 

evidence-based interventions to improve diet quality in pregnancy. First, careful evaluation of 

diet quality during pregnancy based on high quality dietary data is scarce in Canada. The 

distribution of diet quality during pregnancy in Canada is unclear and the social inequality of diet 

quality is not well investigated. Due to limited evidence, it is difficult to estimate what aspects of 
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diet need to be improved and which sub-populations need to be targeted. In addition, the 

associations between diet quality and perinatal and offspring outcomes have not been 

established. Examining these relationships will strengthen arguments that the improvement of 

diet quality during pregnancy will overall health in both mothers and the offspring. 

Thereby, the thesis is meant to provide evidence that will fill these knowledge gaps. Specifically, 

four objectives were identified: 1) To assess overall diet quality during pregnancy, including 

developing and validate the tool for assessment of diet quality. 2) To identify the social 

determinant factors that are associated with overall diet quality during pregnancy in a large birth 

cohort. 3) To synthesize the knowledge on the association between overall diet quality and 

adverse perinatal outcomes through a systematic review and meta-analysis. 4) To assess the 

relationships between maternal nutrition during pregnancy and offspring neurodevelopment. 

The hypotheses of the thesis were: 1) Pregnant women have low compliance to the guidelines for 

some of the food groups which could jeopardize their diet quality. 2) Social factors are be 

associated with diet quality during pregnancy. 3) Better diet quality is associated with a lower 

probability of maternal and perinatal adverse outcomes, and with better neurodevelopment in the 

offspring. 
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CHAPTER 3. METHODS - THE 3D COHORT STUDY 

A large part of the thesis was based on the comprehensive health measures of the 3D Cohort 

Study. In order to give the readers some background knowledge on the cohort before reading the 

results sections, this chapter presents a general description of this cohort and the details of 

sample recruitment, cohort follow-up and data collection, 

3.1 General Description 

The 3D Cohort Study is a pregnancy and birth cohort that involved recruitment of 2,366 pregnant 

women in Quebec from 2010 to 2012. It was established to improve knowledge about the links 

between various adverse exposures during pregnancy and birth and later health outcomes in 

children. This multi-institutional network and transdisciplinary research programme is 

represented through a network of researchers with various expertise, many of whom are national 

and international leaders. The 3D Cohort Study is based on the premise that pregnancy is the 

‘foundation period’ for future health and development. The network brings together 

complementary expertise in nutrition, obstetrics, neonatology and pediatrics, developmental 

psychology and neurology, sociology, anthropology, ethics and knowledge translation. Through 

this transdisciplinary collaboration, critical knowledge gaps in perinatal health addressed with 

the goal of knowledge synthesis and translation to policy.  
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3.2 Sample and Recruitment 

Pregnant women and their partners were recruited at routine prenatal visits during the first 

trimester of pregnancy (8 to < 14 weeks) from nine obstetric hospitals in Quebec (seven in 

Montreal and one each in Sherbrooke and in Quebec City) from May 25, 2010 to August 30, 

20121. Eligible women who were planning to deliver in the participating centers were invited to 

participate. They were between 18 and 47 years of age at the time of recruitment and able to 

communicate in French or English. Exclusion criteria included current intravenous drug use, 

severe illnesses or life-threatening conditions, and multiple gestation pregnancies. Of the 9864 

women screened, 6348 (64%) met the eligibility criteria, and 2456 women (39%) agreed to 

participate (see Figure 1 below). Later, 47 women were determined to be ineligible and 43 

withdrew completely from the study, asking that all their data and biospecimens be destroyed, 

leaving 2366 women to participate in the study (37% of eligible women). Among women in the 

3D Cohort Study, 1721 of their partners (1704 biological fathers) agreed to participate (73%). 

The most common reason for ineligibility was not being within the gestational age window 

(25% of ineligible women). The study sample is on average both older and of lower parity than 

Canadian and Quebec births overall. In comparison with the Canadian population, the 3D 

Cohort Study participants were more likely to be born outside Canada (35% of participants 

compared to 27% for Canadians), to hold a university degree (62% compared to 35%), and to be 

married or living with a partner (94% compare to 60%). The household income level of 
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participants was also relatively high, with nearly half (48%) of the study sample reporting 

annual household income greater than $80,000 (compared to 30% of Canadians). 

3.3 Cohort Follow-up and Data Collection 

Data collection during pregnancy and among children during follow-up was conducted by 

trained research nurses and research assistants. Recruitment was done at the first trimester of 

pregnancy (8–14 weeks); participants were also met at mid (20–24 weeks) and late (32–35 

weeks) pregnancy, and at delivery. In total, 2238 participants had a live singleton birth (94%). 

Postnatal visits were done when the child was aged 3 months, 1 year, and 2 years. The 3D 

Transition Study is continuing to follow the cohort children up to 10 years of age. 

Self reported information about maternal sociodemographic characteristics, collected by 

interviewers, included maternal age, ethnicity, marital status, socio-economic status (education, 

family income, occupation), prepregnancy weight, pregnancy and medical history, family 

medical history, paternal ethnicity and age, maternal tobacco smoke, alcohol consumption and 

family food insecurity.  
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Figure 1: Number of participants to the 3D Cohort Study: recruitment, follow-up and data collection 
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CHAPTER 4. Generating and Validating a Diet Quality Indicator 

To reach the objectives of the thesis, a diet quality indicator was needed to quantify diet quality 

in pregnancy. This chapter presents a detailed description on how I generated and validated HEI-

C as an indicator for diet quality during pregnancy using raw data from the 3D Cohort Study. As 

described in the background part, diet quality is mostly measured by diet quality indices, where 

the diet score is based on adherence to dietary guidelines or a specific pattern defined a priori29. 

In Canada, HEI–2005 and HEI–2010 have been adapted to recommendations in CFG 2007 to 

create Canadian versions of HEIs33,34. I decided to use the Canadian adaption of HEI (HEI-C 

2010) developed in 2017 by Mahsa Jessri et al. 34.  

A large amount of work has been allocated to assigning food to the number of food group 

servings, which were not already available in the nutrition database of the 3D Cohort Study. 

Additionally, ‘mixed dishes’ (e.g., spaghetti with meat sauce) which account for 8% of the total 

energy intake, were broken down into food groups by manually matching to standard recipes in 

the Food Patterns Equivalents Database (FPED) developed by U.S. Department of Agriculture 

(USDA)122. This step further increases the quality of our data because in other studies and in 

CFG classifying system, mixed dishes were classified into a subgroup called ‘recipes’ without 

breaking down into the four main food groups, which leads to underestimation of the number of 

servings of some food groups. 
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Furthermore, HEI-C 2010 was not validated in the pregnant population, so I additionally did 

some validation using data from the 3D Cohort Study. 

4.1 Completing the 3-day Food Records 

A total of 1550 women (66% of the total participants) accepted to complete a 3-day food record 

at the second prenatal visit (20-24 weeks). The 3-day food record was used to record dietary 

intakes on 2 weekdays and 1 weekend day (See Appendix 3 - 3D Cohort Study Questionnaire 

2C). Pregnant women were trained by the research nurses on how to complete the 3-day food 

record. They completed the food record at home and returned the food records by mail. 

4.2 Generating Energy and Nutrients from the 3-day Food Records 

The food items in the food records were coded by trained nutritionists into Food Processor 

software (ESHA Research, Inc., Salem), which was linked to the Canadian Nutrient File, to 

generate a complete database of energy, macronutrients and micronutrients intakes. Since the 

content of added sugars was not readily available in the Canadian Nutrient File, it was calculated 

following a published method123.  

4.3 Assigning food to number of food group servings 

The food items were assigned to four major Canada’s Food Guide (CFG) food groups, 30 sub-

groups, and to Tiers 1-4 using the food Classification system developed by Health Canada124 

CFG encourages people to choose foods lower in fat, sugar and salt. Foods that exceed at least 
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two upper thresholds (total fat: >10 g/reference amount (RA), sugars: >19 g/RA, sodium: >360 

mg/RA, saturated fat: > 2 g/RA) are classified into Tier 4. For ‘milk and alternatives’ and ‘meat 

and alternatives’ group, the upper threshold for saturated fat was not counted due to the fact that 

these food groups contain more inherent saturated fats than other food groups. Foods allocated to 

Tier 4 were excluded when counting the number of CFG servings of food in the four major food 

groups,, because they were classified as ‘not in line with the guidance in CFG124.  

In the CFG classifying system, mixed dishes (e.g., spaghetti with meat sauce) were classified 

into a subgroup called ‘recipes’ without breaking down into the four main food groups. The 

energy intake from foods in the subgroup ‘recipes’ accounted for 8% of the total energy intake of 

this study population. Thus, an omission of the mixed dishes in counting the number of servings 

of the four main groups would lead to an underestimation of number of servings. For a more 

concise estimate, mixed dishes in the food records were decomposed to food groups and 

subgroup servings by linking to standard recipes in the Food Patterns Equivalents Database 

(FPED) developed by U.S. Department of Agriculture (USDA), which converts the foods and 

beverages to USDA Food Patterns components122. The matching was performed manually 

according to name and description, with a secondary aim being to minimize the energy density 

gap. When there were multiple possible matches, the one with the smallest gap in energy density 

per 100 grams was chosen. When an exact match was not found in FPED, the most similar item 

regarding components of the food groups was chosen. This process was performed by a student 

with a background in nutrition and reviewed by a nutritionist that was familiar with the foods 
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consumed locally. USDA Food Patterns components were then converted to the number of 

servings in the CFG. 

4.4 Generating the Canadian adaption of Healthy Eating Index 

Overall diet quality in pregnancy was calculated according to the Canadian adaption of Healthy 

Eating Index (HEI-C) 2010 developed in 2017 by Jessri et al.34. HEI-C contains eight 

components for foods that should be consumed in adequate amounts (total fruits and vegetables, 

whole fruit, greens and beans, whole grains, dairy, total protein foods, seafood and plant 

proteins, fatty acids) and three that should be consumed in moderate amounts (refined grains, 

sodium, empty calories), resulting in a total score of 100 (see supplementary table 1). At the time 

of data collection, people’s diet was guided by age and sex-specific recommendations from CFG 

2007, which were designed scientifically for the food intake pattern to meet the nutrient 

requirements and to avoid nutrient excess. So number of servings for 19 to 50 years old women 

in CFG 2007 were used in this study: i.e. eight servings of vegetables and fruits, six to seven 

servings of grain products, two servings of ‘milk and alternatives’, and two servings of ‘meat and 

alternatives’ per day13-16. Because pregnant women were advised to include an additional two to 

three servings per day from any of the four food groups,16 the cut-offs for ‘total vegetables and 

fruits’, grain products and ‘milk and alternatives’ were set at eight, seven, and three, 

respectively, to align with the examples given by Health Canada18. The cut-offs for whole fruit 

and ‘greens and beans’ component were set at 21% of that for ‘total vegetables and fruits’, which 
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are 1.68 servings33,34. The cut-offs for whole grains were set at 50% of that for total grain 

products, which are 3.5 servings, according to CFG 2007 recommendations. Empty calories were 

defined as calories from saturated fats, alcohol and added sugars34,123. The detailed scoring 

standards for min and max of each of the HEI-C components used in this study is listed in table 

1. Intermediate intakes were scored proportionately between minimum and maximum values. 

Total HEI-C score, adequacy sub-score, and moderation sub-score were sums of specific 

individual components. 

 

Table 1. Scoring criteria for the Healthy Eating Index-Canada 2010 (HEI-C 2010) for pregnant 

women, adapted from Jessri et al. 34 

1Scoring criteria for the Healthy Eating Index-Canada 2010 was adapted to servings based on the age and sex-specific recommendations in 

Canadian Food Guide (CFG) 2007 for women 19 to 50 years old and pregnant women. 2Scores between the maximum and minimum were assigned 

Component Max 

pts 

Standard for max score Standard for min score (0) 

Adequacy Sub-score 60 

 

Total fruits and vegetables3 10 8 servings No servings 

Whole fruit4, 5 5 1.68 servings No servings 

Greens and beans5 5 1.68 servings No servings 

Whole grains6 10 3.5 servings No servings 

Dairy 10 3 servings No servings 

Total protein foods 5 2 servings No servings 

Seafood and plant proteins7 5 0.64 servings No servings 

Fatty acids 10 (PUFA + MUFA)/SFA ≥ 2.5 (PUFA + MUFA)/SFA ≤ 1.2 

Moderation Sub-score 40 

 

Refined grains8 10 <50% of grains refined 0% grains refined 

Sodium9 10 <= 1500 mg ≥ 4600 mg 

Empty calories10 20 ≤ 19% of energy ≥ 50% of energy 

Total HEI-C 2010 Score 100  
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proportionally. 3Includes fruit juice. 4Excludes fruit juice. 5The standard for max scores of the “whole fruit” and “greens and beans” components 

represent 21% of the “vegetables and fruit” recommendation in CFG. 6The standard for max score of the “whole grains” component is 50% of the 

“grain products” recommendation in CFG. 7The standard for max score of the “seafood and plant proteins” component represents 32% of the “meat 

and alternatives” recommendation in CFG. 8The maximum score standard for the refined grains component is <50% of grain products consumed 

as refined grains based on CFG recommendations. 9Respondents scored 10 points if their sodium consumption was at or less than their adequate 

intake, 8 points if their sodium consumption was at their upper intake level and 0 points if their consumption was twice their upper intake level. 

10Includes calories from solid fats, alcohol and added sugars.34  
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4.5 Validation of HEI‐C 2010 in 3D Cohort Study 

HEI‐C 2010 has not been validated for use in pregnant women. We performed validation 

analysis using data from the 3D Cohort Study and the methods used by Guenther et al. when 

validating the American HEI-2010125 and by Jessri et al. when validating HEI-C 2010 in the 

general population34. To test the validity of the HEI-C score in the pregnancy population, 

Spearman correlations between the total HEI-C score and energy intake to test whether it 

measures diet quality independent of diet quantity1. Spearman correlations between the total 

score and component scores were used to estimate the reliability of the HEI-C score1. HEI-C 

scores were also divided into quartiles, to present the mean and SD of selected nutrients in each 

HEI-C quartile2. To compare diet quality among compliers, intermediate compliers, and poor 

compliers of CFG 2007, the scores for each HEI-C component were divided into quartiles. Those 

scoring in the top 25% were considered compliers for that component, those scoring in the 

bottom 25% were deemed poor compliers, and those scoring in the middle 50% were deemed 

intermediate compliers. 

As shown in table 2, HEI-C score had a statistically significant but relatively small in magnitude 

correlation with energy intake during pregnancy (r = 0.08, p = 0.001). As expected, the HEI-C 

score was found to have low to medium correlations with individual component scores, but 

strong correlations with total moderation (r = 0.76, p<0.0001) and adequacy scores (r = 0.91, 

p<0.0001). Higher density of beneficial micronutrients from food including calcium, vitamin A, 
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folate, vitamin C, vitamin D, calcium, magnesium, iron, and zinc were found in higher quartiles 

of HEI-C (Table 3). Density of protein, fiber, polyunsaturated fatty acids, and monounsaturated 

fatty acids increased in higher quartiles of HEI-C, while density of total fat, saturated fat, added 

sugars, and sodium decreased. There was no significant trend for carbohydrate. Figure 2 shows 

the prevalence of compliers, intermediate compliers, and poor compliers for each component of 

HEI-C. Good compliance was observed most frequently for empty calories (87%) whole fruits 

(74%), and protein foods (74%), while poor compliance was observed most frequently whole 

grains (56%), refined grains (50%), fatty acids (49%). 

These results indicate that HEI-C has validation results in the pregnant population that are  

comparable to the validation results obtained in the general population. 
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Table 2. Pearson correlation coefficients between HEI-C and its components.a 

Components 

Total 

score 
Energy 

Total 

adequac

y score 

Total 

moderati

on score 

Total fruits 

and 

vegetables 

Whole 

fruit 

Greens 

and 

beans 

Whole 

grains 

Milk and 

alternati

ves 

Total 

protein 

foods 

Seafood, 

plant 

proteins 

(PUFA+

MUFA)/

SFA 

Refined 

grains 
Sodium 

Empty 

calories 

Total score 1.00 
              

Energy 0.08 1.00 
             

Total adequacy 0.91 0.38 1.00 
            

Total moderation 0.76 -0.41 0.41 1.00 
           

Fruits and vegetables 0.49 0.33 0.59 0.14 1.00 
          

Whole fruit 0.45 0.12 0.49 0.21 0.53 1.00 
         

Greens and beans 0.40 0.15 0.49 0.11 0.37 0.18 1.00 
        

Whole grains 0.67 0.15 0.55 0.58 0.11 0.09 0.12 1.00 
       

Milk and alternatives 0.19 0.41 0.34 -0.12 0.08 0.05 0.08 0.12 1.00 
      

Total protein foods 0.34 0.23 0.42 0.07 0.12 0.11 0.12 0.10 0.04 1.00 
     

Seafood, plant proteins 0.46 0.19 0.56 0.12 0.17 0.19 0.15 0.15 0.08 0.46 1.00 
    

(PUFA+ MUFA)/SFA  0.48 -0.03 0.48 0.28 0.16 0.12 0.12 0.09 -0.26 0.19 0.25 1.00 
   

Refined grains  0.69 0.00 0.52 0.69 0.11 0.11 0.13 0.92 0.10 0.08 0.14 0.09 1.00 
  

Sodium  0.19 -0.63 -0.12 0.60 -0.10 0.09 -0.05 -0.06 -0.29 -0.10 -0.04 0.09 0.05 1.00 
 

Empty calories 0.49 -0.22 0.31 0.58 0.26 0.22 0.12 0.07 -0.09 0.15 0.11 0.40 0.07 0.15 1.00 

a Statistically significant (p < 0.05) correlations were shown in bold font.  
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Table 3. Mean daily intakes of macro- and micronutrients by quartiles of the HEI-C.a 

  

HEI-C 2010 Quartile (mean±SD) 

p-trend d 1 

(Unhealthy) 2 3 4 (Healthiest) 

HEI-C range 28.8-55.2 55.2-62.7 62.7-70.6 70.6-95.6 - 

Energy intake, kcal/day 2135.9±480.8 2198.2±460 2185.3±463.8 2261.7±435.7 <0.001 

Carbohydrate, % energy 51.4±6.2 51.7±6 52.4±5.9 51.9±5.7 0.096 

Total fat, % energy 34.1±5.5 33.6±5.2 32.8±5.4 33.1±5.3 0.002 

Protein, % energy 15.9±2.8 16.5±2.6 16.8±2.6 17.5±2.5 <0.001 

Fiber density, g/1000 kcal 8.6±2.1 10.2±2.7 11.4±2.9 12.9±2.9 <0.001 

Added sugar, % energy  11.2±4.4 9.5±3.8 8.5±3.3 8.1±3.1 <0.001 

Saturated fat, % energy 13.2±2.8 12.2±2.6 11.4±2.5 10.4±2.4 <0.001 

Monounsaturated fatty acids, % energy 11.8±2.5 12±2.6 12.1±2.8 12.7±3.1 <0.001 

Polyunsaturated fatty acids, % energy 5.5±1.7 5.8±1.7 5.8±1.7 6.4±1.8 <0.001 

Alcohol, g 0.3±1.2 0.3±1.3 0.2±0.8 0.2±0.9 0.133 

Cholesterol density, mg/1000 kcal 130.8±49.1 129.9±46.5 125.1±45.5 122.4±44.7 0.005 

Calcium density, mg/1000 kcal 510.9±152.8 548.2±146.3 560.8±134.3 566.1±135.9 <0.001 

Vitamin A density in RAE, µg/1000 kcal 364±175.8 408.1±302.3 430.7±151 453.1±332.8 <0.001 

Vitamin D density, µg/1000 kcal 2.2±1.1 2.4±1.2 2.6±1.2 2.8±1.4 <0.001 

Vitamin C density, mg/1000 kcal 60.4±33.1 75.2±34.8 84.1±37.6 88±33.5 <0.001 

Sodium density, mg/1000 kcal 1436.3±324.6 1311.9±263.9 1261.3±285.4 1187.3±281.9 <0.001 

Naturally-occurring folate density, 

µg/1000 kcal b 218.7±65.7 260.6±79 278±81.4 326.3±96 <0.001 

Folacin density from food sources, 

µg/1000 kcal c 361.8±92.8 384.2±104.4 388.1±108 411.6±112.5 <0.001 

Phosphorus density, mg/1000 kcal 643.8±114.6 684.6±114.1 713.2±116.7 743.4±114 <0.001 

Magnesium density, mg/1000 kcal 142.2±23.6 160.7±28.4 175.6±29 194.3±31.7 <0.001 

Iron density, mg/1000 kcal 6.8±1.2 6.9±1.3 7.1±1.4 7.1±1.3 <0.001 

Zinc density, mg/1000 kcal 5.2±1.1 5.3±1.1 5.4±1.1 5.7±1 <0.001 

Potassium density, mg/1000 kcal 1348.9±235 1504.5±248.7 1618.8±261.3 1714.4±249.8 <0.001 

a Estimates are mean±SD unless otherwise specified. 

b Naturally-occurring folate includes various forms of folate found naturally in foods. 6  

c Sum of quantities of naturally occurring folate in addition to folic acid without considering their differing bioavailability. 
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d p-trend was estimated by entering quartiles of HEI-C as a continuous variable. A p-trend < 0.05 was considered statistically significant. 

HEI-C: Canadian Healthy Eating Index; SD: standard deviation; RAE: retinol activity equivalents. 
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Figure 2. Percentage of compliers (in green), intermediate compliers (in blue), and poor 

compliers (in red) for each component of the Healthy Eating Index-Canada (HEI-C) among 

pregnant women. Each spoke represents an individual HEI-C component. The outermost 

circle represents 100% prevalence, while the center of the circle represents 0% prevalence. 
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CHAPTER 5. MANUSCRIPT 1 - DIET QUALITY DURING PREGNANCY AND 

ITS ASSOCIATION WITH SOCIAL FACTORS: 3D COHORT STUDY (DESIGN, 

DEVELOP, DISCOVER) 

Article Preface  

This manuscript described the distribution of diet quality during pregnancy and studied the 

association between social factors and diet quality during pregnancy based on 1,535 pregnant 

women who provided dietary information in the 3D Cohort Study in Quebec, Canada. 

Therefore, it addressed the first two objectives of this thesis: 1) To assess overall diet quality 

during pregnancy; and 2) To identify the social determinant factors that are associated with 

overall diet quality during pregnancy in a large birth cohort. YY is the guarantor of the 

paper. YY, WF and LD contributed to the conception of the research question. YY and 

CF contributed to the statistical analyses. YY, BB and LD contributed to the dietary data 

coding. YY, CF, BB, LD, and WF contributed to drafting and reviewing of the paper and 

provided approval for the version submitted for publishing. Written informed consents 

were obtained from each participant in the 3D Cohort Study. Ethical approvals of 3D Cohort 

Study were obtained from the research ethics committee at Sainte‐Justine's Hospital in 

Montreal and all other participating study sites. The Health Sciences and Science Research 

Ethics Board of the University of Ottawa granted approval for secondary data analyses, 

including those in this manuscript (file number H-04-21-6908, Approval Date April/05/2021, 

Appendix 1).  

This manuscript was formatted for submission as an original research article to the journal 

Maternal and Child Nutrition. This article has been published and can be found in the 

following link: https://onlinelibrary.wiley.com/doi/10.1111/mcn.13403?af=R. The 

https://onlinelibrary.wiley.com/doi/10.1111/mcn.13403?af=R
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published manuscript could also be found in Appendix 2. 

How to cite this article:  

Yu, Y., Feng, C., Bédard, B., Fraser, W., & Dubois, L. (2022). Diet quality during pregnancy 

and its association with social factors: 3D Cohort Study (Design, Develop, Discover). 

Maternal & Child Nutrition, e13403. https://doi.org/10.1111/mcn.13403 

I additionally provided details of the 3D Cohort Study setting and the validation of the 

healthy eating index in our population in chapter 3 - method.  
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Abstract 

Good diet quality during pregnancy provides adequate nutrition to support both the 

mothers and the fetus. The objective of this study is to describe the distribution of diet 

quality during pregnancy and study the association between social factors and diet quality 

during pregnancy in a Canadian population. This study was based on 1,535 pregnant 

women who provided dietary information in the 3D Cohort Study in Quebec, Canada. A 

3-day food record was used to collect dietary intake in the second trimester of pregnancy. 

A Canadian adaption of the Healthy Eating Index (HEI-C) 2010 was used to quantify diet 

quality. Univariate and multiple linear regression models were used to calculate 

unadjusted and adjusted effect estimates and confidence intervals (CIs) for the 

association between social factors and HEI-C. The mean HEI-C 2010 score in this study 

was 62.9 (SD:11.2). Only 4.5% and 8.3% of the pregnant women consumed the 

recommended amounts of whole grains and ‘greens and beans’, respectively. Diet quality 

was lower in some sub-groups of pregnant women. After multivariable adjustment, lower 

diet quality was observed in participants who were less educated, younger, overweight or 

obese before pregnancy, or parous. There was an interaction between ethnicity and 

immigration status on diet quality in pregnancy. These findings could be useful for health 

practitioners and policy makers in developing strategies to improve the diet quality of 

pregnant women. 
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KEY MESSAGES 

• The diet of the women in Canada still needs improvement, especially regarding 

whole grains and ‘greens and beans’, where the majority of the women did not meet 

the recommendations. 

• Pregnant women who were less educated, younger, overweight or obese before 

pregnancy, or parous should be targeted for improving diet quality in Canada.  

• There was an interaction between ethnicity and immigration status on diet quality 

during pregnancy. 
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Introduction 

The first 1000 days, including the prenatal period, is a unique period for children to 

develop their ability to grow and prosper in society(Koletzko et al., 2017; 

Schwarzenberg, Georgieff, & Committee On Nutrition, 2018). Malnutrition during 

pregnancy represents a major public health issue that affects maternal health and 

offspring development, and contributes substantially to the global burden of disease and 

disability(Hanson et al., 2015; Lim, Vos, & Flaxman, 2013). Good diet quality during 

pregnancy provides adequate nutrition to support both the mothers and the fetus, and is 

an important contributor to the children’s physical and intellectual development(Fleming 

et al., 2018; Hanson et al., 2015; Stephenson et al., 2018). 

A diet of good quality includes a variety of vegetables, fruits, whole grains, protein, low 

fat dairy, healthy oils, and a limited intake of saturated and trans fats, added sugars, and 

sodium(Krebs-Smith et al., 2018). Individuals may be considered as having good overall 

diet quality when they follow the recommendations from dietary guidelines(Krebs-Smith 

et al., 2018). However, the proportion of pregnant women following the 

recommendations remains low in high-income countries(Bodnar & Siega-Riz, 2002; 

Crozier et al., 2009; Fowler, Evers, & Campbell, 2012; Malek, Umberger, Makrides, & 

Zhou, 2016; Morton et al., 2014; Pick, Edwards, Moreau, & Ryan, 2005). For example, 

only 35% of pregnant women in a Canadian cohort met the recommendations for 

vegetables and fruits in 2002-2005(Fowler et al., 2012), and only 10% of pregnant 

women in an Australia study met the recommendations for vegetables in 2013(Malek et 

al., 2016). What people habitually eat and avoid eating is not simply a matter of personal 

choices. Changes in diet quality may be difficult due to barriers at the individual, social-
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cultural and environmental levels(Mozaffarian, Angell, Lang, & Rivera, 2018; Sugiyama 

& Shapiro, 2014). However, pregnancy offers a window of opportunity for intervention, 

because pregnant women may be more willing to adopt healthier dietary habits during 

this period of life due to perceived benefits to the babies and themselves(Gardner et al., 

2012; Vanstone, Kandasamy, Giacomini, DeJean, & McDonald, 2017).  

Starting from before pregnancy, social inequalities exert their influences on different 

aspects of the women’s experience. Even in high-income countries such as the U.S. and 

Canada, some subgroups of the population still have limited access to high quality foods 

to provide adequate nutrition(Ivers & Cullen, 2011). It is thus vital to study social factors 

associated with diet quality in order to develop effective public health interventions. A 

systematic review(Doyle, Borrmann, Grosser, Razum, & Spallek, 2017) found that 

women who were older, more educated, with higher income or other markers of affluence 

were more likely to follow a healthier dietary pattern or have a better diet quality. The 

finding was consistent across different populations and settings. However, not all studies 

used multivariable models, so it was not clear how these factors were confounded by 

each other. Findings regarding ethnicity and parity were less consistent and they could be 

acting as markers of age, education status and other sociodemographic factors.  

Thus, the objective of this paper is to characterize diet quality during pregnancy and 

identify social factors associated with diet quality of pregnant women that could inform 

the targeting of interventions designed to reduce the inequities in diet quality. 
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Methods 

The 3D Cohort Study 

The 3D Cohort Study is a pregnancy and birth cohort that recruited 2,366 pregnant 

women who were at 8–14 weeks of gestation and planning to deliver in urban clinical 

centers in three of the four largest metropolitan areas in Quebec, Canada from 2010 to 

2012. Detailed information of the cohort has been described elsewhere(Fraser et al., 

2016). Briefly, inclusion criteria included age 18 and 47 years at recruitment and able to 

communicate in French or English. Exclusion criteria included current intravenous drug 

use, severe illnesses or life-threatening conditions, and multiple gestation. Structured 

interviews were conducted at recruitment, mid, late pregnancy, and postpartum by 

research nurses and research assistants. Written informed consents were obtained from 

each participant. Ethical approvals were obtained from the Health Sciences and Science 

Research Ethics Board of the University of Ottawa, research ethics committee at Sainte-

Justine’s Hospital in Montreal, and all other participating study sites.  

Exposures 

Information about maternal characteristics were collected by interviewers at recruitment 

(8–14 weeks of gestation). Characteristics used in this study included maternal age (<25, 

25–<35, ≥35), ethnicity (white, non-white), marital status (married, live with common 

law/partner, single), education (secondary school diploma or less, college, undergraduate 

degree, graduate degree), household income in Canadian dollars (<30 000, 30,000–

59,999, 60,000–79,999, 80,000–99,999, ≥100,000), parity (0, ≥1), and self-reported 

prepregnancy weight. Height was measured by trained research nurses. Pre-pregnancy 

BMI (kg/m2) was calculated using self-reported prepregnancy weight in kilograms 
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divided by height in meters squared. Social support was considered but not included into 

the model because this information was not collected in the study. 

Outcome: Diet Quality in Pregnancy  

1. Generating energy and nutrients from 3-day food record  

Details of dietary data collection and processing have been described elsewhere(Dubois 

et al., 2018; Morisset, Dubois, Colapinto, Luo, & Fraser, 2017). Briefly, a 3-day food 

record was provided to the participants at the second prenatal visit (20-24 weeks) to 

record dietary intakes on 2 weekdays and 1 weekend day. Pregnant women were trained 

by the research nurses on how to complete the 3-day food record. They completed the 

food record at home and returned the food records by mail. The food items in the food 

records were coded by trained nutritionists into Food Processor software (ESHA 

Research, Inc., Salem), which was linked to the Canadian Nutrient File, to generate a 

complete database of energy, macronutrients and micronutrients intakes. Since the 

content of added sugars was not readily available in the Canadian Nutrient File, it was 

calculated following a published method(Brisbois, Marsden, Anderson, & Sievenpiper, 

2014).  

2. Assigning food to number of food group servings 

The food items were assigned to four major Canada’s Food Guide (CFG) food groups, 30 

sub-groups, and to Tiers 1-4 using the food Classification system developed by Health 

Canada(Elvidge Munene et al., 2015) CFG encourages people to choose foods lower in 

fat, sugar and salt. Foods that exceed at least two upper thresholds (total fat: >10 

g/reference amount (RA), sugars: >19 g/RA, sodium: >360 mg/RA, saturated fat: > 2 
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g/RA) will be classified into Tier 4. For ‘milk and alternatives’ and ‘meat and 

alternatives’ group, the upper threshold for saturated fat was not counted due to the fact 

that these food groups contain more inherent saturated fats than other food groups. Foods 

allocated to Tier 4 were excluded when counting the number of CFG servings of food in 

the four major food groups, because they were classified as ‘not in line with the guidance 

in CFG(Elvidge Munene et al., 2015).  

In CFG classifying system, mixed dishes (e.g., spaghetti with meat sauce) were classified 

into a subgroup called ‘recipes’ without breaking down into the four main food groups. 

The energy intake from foods in the subgroup ‘recipes’ accounted for 8% of the total 

energy intake of this study population. Thus, an omission of the mixed dishes in counting 

the number of servings of the four main groups would lead to an underestimation of 

number of servings. For a more concise estimate, mixed dishes in the food records were 

decomposed to food group and subgroup servings by linking to standard recipes in the 

Food Patterns Equivalents Database (FPED) developed by U.S. Department of 

Agriculture (USDA), which converts the foods and beverages to USDA Food Patterns 

components(USDA). The matching was performed manually according to name and 

description, with a secondary aim at minimizing the energy density gap. When there were 

multiple possible matches, the one with the smallest gap in energy density per 100 grams 

was chosen. When an exact match was not found in FPED, the most similar item 

regarding components of the food groups was chosen. This process was performed by a 

student with a background in nutrition and reviewed by a nutritionist that was familiar 

with the foods consumed locally. USDA Food Patterns components were then converted 

to the number of servings in the CFG. 
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3. Generating diet quality 

Overall diet quality in pregnancy was calculated according to the Canadian adaption of 

Healthy Eating Index (HEI-C) 2010 developed in 2017 by Jessri et al.(Jessri, Ng, & 

L'Abbe, 2017). HEI-C contains eight components for foods that should be consumed in 

adequate amounts (total fruits and vegetables, whole fruit, greens and beans, whole 

grains, dairy, total protein foods, seafood and plant proteins, fatty acids) and three that 

should be consumed in moderate amounts (refined grains, sodium, empty calories), 

resulting in a total score of 100 (see supplementary table 1). At the time of data 

collection, people’s diet was guided by age and sex-specific recommendations from CFG 

2007, which were designed scientifically for the food intake pattern to meet the nutrient 

requirements and to avoid nutrient excess. So number of servings for 19 to 50 years old 

women in CFG 2007 were used in this study: i.e. eight servings of vegetables and fruits, 

six to seven servings of grain products, two servings of ‘milk and alternatives’, and two 

servings of ‘meat and alternatives’ per day("Eating Well with Canada's Food Guide 

2007," 2007; Health Canada, 2010; "Healthy eating and pregnancy," 2019; "Prenatal 

Nutrition Guidelines for Health Professionals - Background on Canada's Food Guide," 

2009). Because pregnant women were advised to include an additional two to three 

servings per day from any of the four food groups,("Prenatal Nutrition Guidelines for 

Health Professionals - Background on Canada's Food Guide," 2009) the cut-offs for ‘total 

vegetables and fruits’, grain products and ‘milk and alternatives’ were set at eight, seven, 

and three, respectively, to align with the examples given by Health Canada(Fowler et al., 

2012). The cut-offs for whole fruit and ‘greens and beans’ component were set at 21% of 

that for ‘total vegetables and fruits’, which are 1.68 servings(Garriguet, 2009; Jessri et al., 
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2017). The cut-offs for whole grains were set at 50% of that for total grain products, 

which are 3.5 servings, according to CFG 2007 recommendations. Empty calories were 

defined as calories from saturated fats, alcohol and added sugars(Brisbois et al., 2014; 

Jessri et al., 2017). The detailed scoring standards for min and max of each of the HEI-C 

components used in this study was listed in supplementary table 1. Intermediate intakes 

were scored proportionately between min and max. Total HEI-C score, adequacy sub-

score, and moderation sub-score were sums of specific individual components. 

 

Statistical Analyses 

A flow chart for the study samples is presented in figure1. Proportions were used to 

display the characteristics of the 3D Cohort Study sample, sample with reliable diet 

information, and complete case sample (participants with no missing values on any of the 

variables included in the multiple linear regression model). Mean and SD of the intakes 

for each component of the HEI-C were calculated in the sample with reliable diet 

information. Mean, SD, range, and the proportion reaching the maximum scores were 

calculated for the total HEI-C score and the components. To validate that higher HEI-C 

was associated with higher beneficial nutrients supply, HEI-C scores were divided into 

quartiles, to present the mean and SD of selected nutrients in each HEI-C quartile (Jessri 

et al., 2017). Univariate and multiple linear regression models were used to calculate 

unadjusted and adjusted effect estimates and confidence intervals (CIs) for the 

association between maternal characteristics and HEI-C. Multiple linear regression was 

performed on complete case sample. Residual plots were used to visually check for 

homoscedasticity and normality assumptions of the multiple linear regression models. 
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Since the assumptions of the models were roughly met, no transformations of the 

variables were performed. Interactions between pairs of the social factors were tested by 

adding the product interaction term to the multiple regression model. All statistical 

analyses were performed using Statistical Analysis System software version 9.4 (SAS 

v9.4; SAS Institute Inc., Cary, NC, USA). A two-sided p < 0.05 was set as the level of 

statistical significance. 
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Results 

A total of 1,535 pregnant women (65% of the 3D Cohort Study sample) who provided 

complete and reliable information for the 3-day food record were included in this study. 

(Figure 1) Mean age at enrollment was 31.5 (SD:4.3) years. Mean prepregnancy BMI 

was 23.8 kg/m² (SD:5.1). Mean gestational age at food record completion was 23.0 

weeks (SD: 2.9). As shown in Table 1, only a small proportion had less than or equal to 

secondary school education (6.2%) or had annual household incomes below 30,000 

Canadian dollars (7.8%). 30.6% were overweight or obese before pregnancy. More than 

half (58.0%) were nulliparous. Most were born in Canada (71.7%), classified themselves 

as white (80.1%), and were married or living with a partner (95.8%). Compared with the 

total 3D Cohort Study sample, participants included in this study were on average older, 

with higher income and education level, more likely to be white and born in Canada, and 

less likely to be overweight or obese before pregnancy. 

As shown in Table 2, the mean HEI-C 2010 score was 62.9 (SD:11.2). The proportion of 

women reaching the recommended servings for whole grains were 4.5%. Similarly, only 

8.3% reached the recommended servings of ‘greens and beans’. About half consumed the 

recommended servings of protein foods (49.4%) and ‘seafood and plant proteins’ 

(52.1%). The majority (62.5%) of the participants consumed the recommended servings 

of whole fruits. 

Higher density of beneficial micronutrients from food including calcium, vitamin A, 

folate, vitamin C, vitamin D, calcium, magnesium, iron, and zinc was found in higher 

quartiles of HEI-C (supplementary Table 2). Density of protein, fiber, polyunsaturated 

fatty acids, and monounsaturated fatty acids increased in higher quartiles of HEI-C, while 
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the density of total fat, saturated fat, added sugars, and sodium decreased. There was no 

significant trend for carbohydrate.  

Table 3 showed unadjusted and multivariable adjusted analysis for the social factors in 

association with HEI-C score. In univariate analysis, women who were <25 years of age, 

single, overweight or obese before pregnancy, or parous had lower HEI-C scores than the 

reference group. Women who had an undergraduate degree, attended graduate studies, or 

with household income above 100,000 Canadian dollars had higher HEI-C scores than 

the reference group. In multivariable analysis, participants who attended graduate studies 

(Mean difference: 4.0 [95% CI: 1.2 to 6.9]) had higher HEI-C scores compared to 

secondary school or less. Participants who were <25 years of age (Mean difference: -4.9 

[95% CI: -7.6 to -2.2] compared to 25–35 years of age), overweight (Mean difference: -

2.8 [95% CI: -4.4 to -1.3] compared to normal BMI), obese (Mean difference: -3.1 [95% 

CI: -4.9 to -1.3] compared to normal BMI), parous (Mean difference: -2.7 [95% CI: -3.9 

to -1.5] compared to nulliparous) had lower HEI-C scores. Household income and marital 

status no longer had a statistically significant association with HEI-C after adjustment.  

There was an interaction between ethnicity and immigration status on HEI-C. As shown 

in table 4, for women who were born in Canada, visible minority women had lower HEI-

C scores than white women (Mean difference: -5.9 [95%CI: -9.5 to -2.3], P=0.001). On 

the contrary, for women who were not born in Canada, visible minority women had 

higher HEI-C scores than white women (Mean difference: 3.9 [95%CI: 1.6 to 6.2], 

P=0.001). For white women, those who were not born in Canada had lower HEI-C than 

those who were born in Canada (Mean difference: -3.6 [95%CI: -5.5 to -1.6], P<0.001). 

However, for non-white women, those who were not born in Canada had higher HEI-C 
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than those who were born in Canada (Mean difference: 6.2 [95%CI: 2.4 to 10.0], 

P=0.001).  
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Discussion  

This study demonstrated that diet quality of pregnant women still needs improvement, 

especially with respect to the intake of whole grains and ‘greens and beans’. Diet quality 

among pregnant women was associated with social factors. After multivariable 

adjustment, diet quality was lower in some sub-groups of pregnant women, including 

those who were less educated, younger, overweight or obese before pregnancy, or parous.  

Pregnant women in this study were having better diet quality than that reported in the 

general population(Jessri et al., 2017) (mean HEI-C: 62.9 v.s. 50.9). However, cautious 

interpretation of this comparison is needed because pregnant women in this study has 

higher social economic status than the general pregnant women and general population in 

Canada. Still, the compliance in specific subgroups of food was low. In this study, only 

4.5% of the pregnant women met the recommended number of servings for whole grains, 

only 8.3% for greens and beans and only about 1 in 3 for ‘milk and alternatives’. The 

results were consistent with findings from other high-income countries indicating that a 

large portion of pregnant women were not meeting the dietary guidelines(Bodnar & 

Siega-Riz, 2002; Crozier et al., 2009; Malek et al., 2016; Morton et al., 2014; Pick et al., 

2005). Because CFG 2007 was designed for meeting nutritional requirements, the results 

in this study indicated that women might have some difficulties meeting the dietary 

guidelines, thus could have inadequate nutrition supplies. Indeed, previous research from 

our group found that intake of iron, folate and vitamin D from food sources were below 

recommended values for a vast majority of pregnant women (Dubois et al., 2017). For 

women having difficulties meeting the guidelines, other sources of nutrients, such as 
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nutritional supplements and exposure to sunshine, could be recommended as appropriate 

to meet the needs for adequacy of nutrients supply.  

Consistent with our findings, higher education, older age, and lower prepregnancy BMI 

were found to be associated with higher diet quality(Bodnar & Siega-Riz, 2002; 

Kritsotakis et al., 2015; Rifas-Shiman, Rich-Edwards, Kleinman, Oken, & Gillman, 

2009; Savard et al., 2019; Shin, Lee, & Song, 2016), including in low-income 

settings.(Fowles et al., 2011) The interpretation of the lower diet quality in women with 

overweight and obesity before pregnancy requires comment. In addition to interpreting 

prepregnancy BMI as a determinant of diet quality during pregnancy, it could also be 

interpreted that diet tracking back to prepregnancy was a determinant of prepregnancy 

BMI. The finding from previous studies that diet quality changed little(Savard et al., 

2019) from prepregnancy to pregnancy supports this hypothesis.  

Interestingly, in our study, although income was positively associated with diet quality in 

univariable analysis, the association was no longer statistically significant after 

multivariable adjustment, mainly due to the confounding effect of age and education. 

This result was in line with an urban pregnancy cohort in the U.S.(Deierlein et al., 2021). 

Similar to our findings, parity has been found to be inversely associated with diet quality 

in two U.S. cohorts, and inversely associated with a 'health conscious' dietary pattern in a 

population-based cohort study in U.K. (Bodnar & Siega-Riz, 2002; Northstone, Emmett, 

& Rogers, 2008; Rifas-Shiman et al., 2009). Some possible mechanisms for this 

association could be that parous women are more likely to rely on their own past 

knowledge or assumptions for healthy behaviors during pregnancy, rather than seeking 

out information, compared to nulliparous women(Declercq, Sakala, Corry, & 
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Applebaum, 2007; Grenier et al., 2021). Parous women also reported a larger number of 

‘very stressful’ days one year before birth than nulliparous women, which might 

influence their ability to maintain a healthy diet (Public Health Agency of Canada, 2009). 

Our results indicate that parous women need more attention from care providers or social 

support to improve diet quality compared with nulliparous women. Only one previous 

study found the opposite direction of this association that parity was positively associated 

with diet quality (Nash, Gilliland, Evers, Wilk, & Campbell, 2013), possibly because age 

was not adjusted in the analysis. It has been shown from previous studies that higher 

parity was associated with older age, and age has been consistently reported to be 

positively associated with diet quality (Bodnar & Siega-Riz, 2002; Kritsotakis et al., 

2015; Rifas-Shiman et al., 2009; Savard et al., 2019).  

To our knowledge, our study is the first to report the interaction between ethnicity and 

immigration status (born in Canada) on diet quality during pregnancy. Validation of this 

finding in other studies is needed due to the limitation that this study sample was not a 

representative sample of the Canadian pregnant population. While ‘the healthy immigrant 

effect’ indicates that immigrants are generally healthier than the native-born 

population(Vang, Sigouin, Flenon, & Gagnon, 2017), this result indicates that ethnicity 

needs to be considered when studying the association between immigration and diet, or 

other diet related health outcomes.  

Our study has some limitations. The distributions of the 3D Cohort Study sample and our 

study sample that have reliable dietary information were toward that of a high socio-

economic status, and thus not a representative sample of the population of Canadian 

pregnant women. Because higher education is associated with higher diet quality, the true 
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estimates of HEI-C in the general population could be lower than estimates in this study. 

The results of the study might not be generalized to populations with a lower socio-

economic status. Additionally, causality could not be concluded due to the nature of the 

study design. Furthermore, our study only captures diet in the second/third trimester of 

pregnancy. However, although diet quality might change in the first trimester due to 

nausea or food aversions, studies have shown that diet quality changes little across 

trimesters(Lebrun et al., 2019; Savard et al., 2019). Our study also had several strengths, 

including a large sample size, a large set of covariates and the 3-day food records dietary 

assessment method used, which is less prone to memory bias and is recognized as one of 

the most accurate tools for dietary assessment(Bingham et al., 1995; Kolar et al., 2005).  

 

Conclusion 

Social factors are associated with diet quality during pregnancy in Canada. Women who 

were less educated, younger, parous, or with a higher BMI had lower diet quality in 

pregnancy. These findings could be useful for health practitioners and policy makers in 

developing strategies to improve the diet quality of pregnant women. 
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Tables and Figures 

 

Figure 1. Flow diagram for the study samples. 

 

  
3D Cohort Study n=2366 

Participants with reliable information 

from the 3-day food record n=1535  

Multivariable analysis n=1402 

Missing covariates information n=133 

•Prepregnancy BMI n=77 

•Household income n=55 

•Maternal education n=10 

•Maternal age n=3 

•Race n=3 

•Age n=3 

•Born in Canada n=2  

•Marital status n=1 

Returned 3-day food records to the 

Research Center (n=1627) Excluded from analyses of diet quality 

during pregnancy (n=92) 

•Incomplete 3-day food records (n=75) 

•Unreliable information or missing data 

(n=14) 

•Participants hospitalized during food-

record completion period (n=3) 
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Table 1. Characteristics of the study sample.  

Characteristics 3D sample 

Sample with reliable 

diet information 

Complete case 

sample # 
 

n 2366  1535 1402  

Mother's age (%) 
   

 

<25 7.3  5.5 5.4  

25–<35 70.7  73.7 74.0  

≥35 22.0  20.8 20.7  

Maternal education (%) 
   

 

Secondary school or less 9.5  6.2 5.7  

College 28.2  25.6 25.2  

Undergraduate degree or above 62.3  68.2 69.1  

Household income (CAD) (%) 
   

 

<30 000 10.8  7.8 7.4  

30,000–59,999 19.1  17.2 17.1  

60,000–79,999 17.2  17.8 18.1  

80,000–99,999 18.9  22.4 22.4  

≥100 000 29.1  34.8 35.0  

Married/Common law/partner (%) 94.5  95.8 95.9  

Prepregnancy BMI (%) 
   

 

underweight < 18.5 6.0  6.2 6.2  

nomral weight 18.5 - 24.9 63.3  65.4 65.6  

overweight 25 -29.9 18.4  16.8 16.4  

obese >30 12.3  11.7 11.8  

Nulliparous (%) 54.2  58.0 58.2  

Mother born in Canada (%) 65.1  71.7 73.0  

Mother white (%) 72.2  80.1 81.1  

*Sample with no missing value in diet and covariates in multivariate analysis.  
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Table 2. Mean food and nutrient intakes and scores of components of Canadian Healthy Eating Index (HEI-C) for 1,535 women participating 

in the 3D Cohort Study. 

Component 

Intake     Scores 
Proportion reaching 

max score (%) Mean ± SD     Mean ± SD  Range 

Total fruits and vegetables, servings/d 7.4±2.8 
  

8.1±2.1  0.4-10 36.5  

Whole fruit, servings/d 2.4±1.6 
  

4.2±1.3  0-10 62.5  

Greens and beans, servings/d 0.7±0.7 
  

2.0±1.6  7.7-20 8.3  

Whole grains, servings/d 1.0±1.1 
  

2.8±2.9  0-5 4.5  

Milk and alternatives (servings/d) 2.6±1.3 
  

7.6±2.6  0-5 33.6  

Total protein foods (servings/d) 2.1±0.9 
  

4.3±1.0  0-10 49.4  

Seafood and plant proteins (servings/d) 0.8±0.7 
  

3.6±1.8  0-10 52.1  

(PUFA + MUFA)/SFA (no unit) 1.6±0.5 
  

3.2±2.9  0.1-5 4.5  

Refined grains (% of total grains) 82.6±18.8 
  

3.3±3.3  0-5 7.6  

Sodium (mg) 2841±848 
  

6.0±2.6  0-10 3.5  

Empty calories (% of energy) 21.3±4.7 
  

17.9±2.4  0-10 33.1  

Total adequacy score 
   

35.7±8.0  10.7-57.4 0.0  

Total moderation score 
   

27.2±5.2  11.4-40 0.4  

Total HEI-C score       62.9±11.2  28.8-95.6 0.0  
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Table 3. Unadjusted and multivariable adjusted analyses for the social factors in association 

with Canadian Healthy Eating Index (HEI-C). 

Characteristics n 

HEI-C scores   Regression estimates (95% CI) 

Mean ± SD   Unadjusted Multivariablea 

Total 1,535 62.9±11.2 
   

Age (y) 
     

<25 85 56.3±10.5 
 

-6.2(-8.8,-3.6) -4.9(-7.6,-2.2) 

25–<35 1129 63.1±11.3 
 

Reference Reference 

≥35 318 64.2±10.5 
 

0.9(-0.6,2.3) 1.2(-0.2,2.6) 

Missing 3 59.9±8.1 
   

Education 
     

Secondary school or less 94 57.5±11 
 

Reference Reference 

College 391 60.3±11.2 
 

2.1(-0.6,4.7) 0.3(-2.4,2.9) 

Undergraduate degree 628 63.9±11.3 
 

5.6(3.0,8.1) 2.7(0,5.4) 

Graduate degree  412 65.2±10.2 
 

6.8(4.1,9.4) 4.0(1.2,6.9) 

Missing 10 59.9±8.6 
   

Household income (CAD) 
     

<30 000 116 60.3±11.1 
 

Reference Reference 

30,000–59,999 254 61.9±11.5 
 

1.5(-1.1,4.0) 1.4(-1.2,3.9) 

60,000–79,999 263 61.6±10.7 
 

1.2(-1.3,3.7) 0.3(-2.4,2.9) 

80,000–99,999 332 62.6±10.7 
 

1.9(-0.6,4.4) 0.2(-2.5,2.8) 

≥100,000 515 65±11.2 
 

4.5(2.1,6.8) 1.9(-0.7,4.5) 

Missing 55 62.3±11.4 
   

Marital status 
     

Married 614 63.1±10.7 
 

Reference Reference 

Common law/partner 856 63.1±11.4 
 

0.3(-1.0,1.5) 0.1(-1.3,1.4) 

Single 64 58.7±12.7 
 

-4.3(-7.4,-1.3) -3.1(-6.3,0) 

Missing 1 57.1±0 
   

Prepregnancy BMI 
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Underweight (BMI< 18.5) 90 64.8±11.6 
 

1.2(-1.2,3.6) 1.7(-0.6,4.1) 

Normal weight (BMI 18.5 - 24.9) 953 64±11.1 
 

Reference Reference 

Overweight (BMI 25.0 -29.9) 245 60.8±10.8 
 

-3.1(-4.7,-1.5) -2.8(-4.4,-1.3) 

Obese (BMI ≥30.0) 170 59.4±10.7 
 

-4.5(-6.3,-2.7) -3.1(-4.9,-1.3) 

Missing 77 62.8±11.5 
   

Parity 
     

0 891 64±10.9 
 

Reference Reference 

≥1 644 61.4±11.4 
 

-2.5(-3.7,-1.4) -2.7(-3.9,-1.5) 

Born in Canada 
     

No  434 62.8±10.9 
 

-0.2(-1.5,1.1) -5.9(-9.5,-2.3) 

Yes 1099 63±11.3 
 

Reference Reference 

Missing 2 55.6±2.2 
   

White 
     

No  305 63.1±10.8 
 

0(-1.5,1.5) -3.6(-5.5,-1.6) 

Yes 1227 62.9±11.3 
 

Reference Reference 

Missing 3 59.7±5.3 
   

Born in Canada * White (P for 

interaction)     P<0.001 

 CI: confidence interval;  SD: standard deviation. 

a adjusted for all characteristics simultaneously using complete case sample(n=1402). 
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Table 4. Interaction between ethnicity and immigration status on Canadian Healthy Eating Index 

(HEI-C).* 

*Adjusted for age, education, household income, marital status, prepregnancy BMI and parity. 

  

  

Ethnicity 

White 

Ethnicity 

Non-white 

β(95% CI) for ethnicity within 

strata of immigration status 

P for 

interaction 

  β(95% CI), P β(95% CI), P   

Born in Canada    <0.001 

Yes Reference -5.9(-9.5,-2.3), P=0.001 -5.9(-9.5,-2.3), P=0.001  

No -3.6(-5.5,-1.6), P<0.001 0.3(-1.6,2.2), P=0.75 3.9(1.6,6.2), P=0.001  

β(95% CI) for immigration status 

within strata of ethnicity 

-3.6(-5.5,-1.6), P<0.001 6.2(2.4,10.0), P=0.001     



Diet Quality during Pregnancy  Yamei Yu 

 

77 

Supplementary Materials 

Supplementary Table 1. Scoring criteria for the Healthy Eating Index-Canada 2010 (HEI-C 2010) 

for pregnant women, adapted from Jessri et al.. (Jessri, Ng, & L'Abbe, 2017) 

1Scoring criteria for the Healthy Eating Index-Canada 2010 was adapted to servings based on the age and sex-specific recommendations in 

Canadian Food Guide (CFG) 2007 for women 19 to 50 years old and pregnant women. 2Scores between the maximum and minimum were assigned 

proportionally. 3Includes fruit juice. 4Excludes fruit juice. 5The standard for max scores of the “whole fruit” and “greens and beans” components 

Component Max 

pts 

Standard for max 

score 

Standard for min 

score (0) 

Adequacy Sub-score 60 

 

Total fruits and 

vegetables3 

10 8 servings No servings 

Whole fruit4, 5 5 1.68 servings No servings 

Greens and beans5 5 1.68 servings No servings 

Whole grains6 10 3.5 servings No servings 

Dairy 10 3 servings No servings 

Total protein foods 5 2 servings No servings 

Seafood and plant 

proteins7 

5 0.64 servings No servings 

Fatty acids 10 (PUFA + MUFA)/SFA 

≥ 2.5 

(PUFA + MUFA)/SFA 

≤ 1.2 

Moderation Sub-score 40 

 

Refined grains8 10 <50% of grains refined 0% grains refined 

Sodium9 10 <= 1500 mg ≥ 4600 mg 

Empty calories10 20 ≤ 19% of energy ≥ 50% of energy 

Total HEI-C 2010 

Score 

100  
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represent 21% of the “vegetables and fruit” recommendation in CFG. 6The standard for max score of the “whole grains” component is 50% of the 

“grain products” recommendation in CFG. 7The standard for max score of the “seafood and plant proteins” component represents 32% of the “meat 

and alternatives” recommendation in CFG. 8The maximum score standard for the refined grains component is <50% of grain products consumed 

as refined grains based on CFG recommendations. 9Respondents scored 10 points if their sodium consumption was at or less than their adequate 

intake, 8 points if their sodium consumption was at their upper intake level and 0 points if their consumption was twice their upper intake level. 

10Includes calories from solid fats, alcohol and added sugars.34 

 

 

 

Reference: 

Jessri, M., Ng, A. P., & L'Abbe, M. R. (2017). Adapting the Healthy Eating Index 2010 for the 

Canadian Population: Evidence from the Canadian National Nutrition Survey. Nutrients, 9(8). 

doi:10.3390/nu9080910 
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Supplementary Table 2. Mean daily dietary intakes of macro- and micronutrients by quartiles of 

the Canadian Healthy Eating Index (HEI-C). 

  

HEI-C 2010 Quartile (mean±SD) 

1(worse diet 

quality) 2 3 

4 (better diet 

quality) 

HEI-C range 28.8-55.2 55.2-62.7 62.7-70.6 70.6-95.6 

Energy intake, kcal/day 2135.9±480.8 2198.2±460 2185.3±463.8 2261.7±435.7 

Carbohydrates, % energy 51.4±6.2 51.7±6 52.4±5.9 51.9±5.7 

Total fat, % energy 34.1±5.5 33.6±5.2 32.8±5.4 33.1±5.3 

Protein, % energy 15.9±2.8 16.5±2.6 16.8±2.6 17.5±2.5 

Fiber density, g/1000 kcal 8.6±2.1 10.2±2.7 11.4±2.9 12.9±2.9 

Added sugar, % energy  11.2±4.4 9.5±3.8 8.5±3.3 8.1±3.1 

Saturated fat, % energy 13.2±2.8 12.2±2.6 11.4±2.5 10.4±2.4 

Monounsaturated fatty acids, % energy 11.8±2.5 12±2.6 12.1±2.8 12.7±3.1 

Polyunsaturated fatty acids, % energy 5.5±1.7 5.8±1.7 5.8±1.7 6.4±1.8 

Cholesterol density, mg/1000 kcal 130.8±49.1 129.9±46.5 125.1±45.5 122.4±44.7 

Calcium density, mg/1000 kcal 510.9±152.8 548.2±146.3 560.8±134.3 566.1±135.9 

Vitamin A density in RAE, µg/1000 kcal 364±175.8 408.1±302.3 430.7±151 453.1±332.8 

Folate density, µg/1000 kcal b 218.7±65.7 260.6±79 278±81.4 326.3±96 

Vitamin C density, mg/1000 kcal 60.4±33.1 75.2±34.8 84.1±37.6 88±33.5 

Vitamin D density, µg/1000 kcal 2.2±1.1 2.4±1.2 2.6±1.2 2.8±1.4 

Sodium density, mg/1000 kcal 1436.3±324.6 1311.9±263.9 1261.3±285.4 1187.3±281.9 

Magnesium density, mg/1000 kcal 142.2±23.6 160.7±28.4 175.6±29 194.3±31.7 

Iron density, mg/1000 kcal 6.8±1.2 6.9±1.3 7.1±1.4 7.1±1.3 

Zinc density, mg/1000 kcal 5.2±1.1 5.3±1.1 5.4±1.1 5.7±1 

SD: standard deviation; RAE: retinol activity equivalents. 
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CHAPTER 6. MANUSCRIPT 2 – ASSOCIATION BETWEEN DIET QUALITY DURING 

PRECONCEPTION OR PREGNANCY AND PERINATAL OUTCOMES: A 

SYSTEMATIC REVIEW AND META-ANALYSIS 

 

Article Preface  

This manuscript addressed the third objective of this thesis: 3) To synthesize the knowledge on 

the association between overall diet quality and adverse perinatal outcomes using systematic 

review and meta-analysis. YY was the guarantor of the review. YY, WS, OF, IM, WF and LD 

contributed to the conception of the research question. YY, IH, WS, CF and DAF contributed to 

the development of search strategies, eligibility criteria and methodology for data synthesis. YY, 

IH and YZ worked in duplicate to screen the articles, extracting information and assessing risk of 

bias. YY analyzed the data and drafted the results. YY, IH, WS, LD, WF, OF, IM, CF, YZ and 

DAF contributed to drafting of the paper and provided approval for the version submitted for 

publishing. Detailed methodology of this systematic review was published as a research protocol 

in the journal BMJ Open and could be reached through the following link - 

https://bmjopen.bmj.com/content/10/2/e033130. A published version of the protocol could also 

be found in Appendix 4. 

This manuscript was formatted for submission as an original research article to the journal Plos 

One. The confirmation for the submission could be found in Appendix 5.  

Additionally, I presented the results from the 3D Cohort Study on the associations between diet 
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quality during pregnancy and perinatal outcomes in Appendix 6, to compare with the meta-

analysis results generated from the systematic review.  
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Abstract 

Background: Although dietary guidelines are routinely used for the counselling of women in 

preconception and pregnancy, the correlation between good diet quality and perinatal outcomes 

has not been established.  

Methods: The databases Medline, Embase, Food Science and Technology Abstracts and 

CINAHL were searched from inception up to 5th March 2020. Two authors independently 

screened and selected prospective cohort studies reporting risk estimates of the association 

between diet quality scores during preconception or pregnancy and perinatal outcomes. Data 

were independently coded by two authors. Odd ratios and mean differences from individual 

studies were pooled using random-effects models. The protocol of this meta-analysis was 

submitted to be registered on PROSPERO March 15th, 2019 (CRD42019128732). 

Results: Thirty-three prospective cohort studies (315,431 participants) were included in the 

meta-analysis. No association was found between diet quality and excessive (OR: 0.91; 95 CI: 

0.76, 1.10; I2 = 59%) or inadequate (OR: 0.90; 95 CI: 0.70, 1.17; I2 = 80%) gestational weight 

gain. Women in the top tertile of diet quality scores had a lower risk of gestational diabetes (OR: 

0.77; 95 CI: 0.65, 0.90; I2 = 72%), hypertensive disorders of pregnancy (OR: 0.87; 95 CI: 0.83, 

0.92; I2 = 0%), preterm birth (OR: 0.77; 95 CI: 0.66, 0.89; I2 = 16%), small for gestational age 

(OR: 0.88; 95 CI: 0.79, 0.99; I2 = 5%) and low birth weight (OR: 0.60; 95 CI: 0.37, 0.99; I2 = 

23%) compared to those in the bottom tertile. The pooled results for the association between diet 
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quality and large for gestational age and macrosomia were not statistically significant. No studies 

were found for the association between diet quality and delivery mode. 

Conclusion: Data from prospective cohort studies demonstrate that good diet quality during 

pregnancy is associated with lower risk of adverse maternal and neonatal outcomes.  

Keywords: Diet, Food, and Nutrition, pregnancy, preconception care, pregnancy complications.  

Abstract word count: 295. 
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Introduction 

The first 1000 days of life, including the prenatal period, offers a unique opportunity for the 

children and future generations to develop their ability to grow and prosper in society1-3. 

Mounting evidence from human and animal studies have shown that the maternal environment 

regulates embryonic epigenetic modulation and can predispose to later development of 

diseases4,5. Maternal nutrition in particular appears to be a key driver of epigenetic 

programming3,5,6. 

Although women in preconception and pregnancy have been advised to achieve a good quality of 

diet7, little evidence was available on the benefits until the last few decades. The publication of 

the results of pregnancy and birth cohorts with high quality dietary data has facilitated the 

research on the health impacts of diet quality on perinatal adverse outcomes8,9, including 

excessive/inadequate gestational weight gain, gestational diabetes (GDM), hypertensive 

disorders of pregnancy (HDP), cesarean delivery, preterm birth, and extremes of birthweight.10-15 

Several systematic reviews reported the associations between maternal dietary patterns and rates 

of GDM, HDP, preterm birth and fetal growth.16-20 However, the validity of these studies has 

been limited by the inclusion of a single publication database18, lack of a meta-analysis16-18, and 

reporting of only a few of the relevant perinatal outcomes19. These reviews are also limited by 

the absence of registered or published protocols, which hinders the evaluation of a potential 

reporting bias.21 Most importantly, the inclusion of studies using a posteriori dietary patterns16-20 

limits the relevance of these results to guide dietary interventions. A posteriori dietary patterns 
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are generated from data-driven methods such as actor analysis, principal components analysis or 

cluster analysis. They are population specific, vary greatly between studies and thus not 

comparable across populations. 

Diet quality, a relatively new concept, can be measured by scoring diet in terms of ‘a priori’ 

defined adherence to dietary guidelines or a specific pattern.22,23 To date, no systematic review 

has evaluated the association between diet quality and adverse perinatal outcomes. The objective 

of this study is to synthesize the evidence and quantify the association between diet quality in 

preconception or pregnancy and perinatal adverse outcomes in prospective cohort studies. 

 

Methods 

This systematic review and meta-analysis was conducted following the Meta-analysis of 

Observational Studies in Epidemiology (MOOSE) reporting guidelines24. A detailed description 

of the methodology has been published previously25.  

 

Search strategy 

Four databases of published literature (MEDLINE ALL (Ovid), Embase (Ovid), Food Science 

and Technology Abstracts (Ovid) and CINAHL (EBSCOHost)) were searched from database 

creation to the cut-off date of March 5th2020. Both medical subject headings and text keywords 

were used to develop a comprehensive search strategy with inputs from the whole research team 

including the health science librarian (LS)26. Two groups of keywords were used: ‘preconception 
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or pregnancy’, and ‘diet quality’ (See Table S1 for detailed search terms used in OVID Medline). 

The reference lists of included studies and relevant review articles were screened to identify any 

additional studies. When eligible abstracts were identified, the title and authors were searched to 

determine if full-text articles had been published. Eligibility was limited to full-text articles 

published in scholarly peer-reviewed journals in English27. 

 

Study Selection 

The primary outcome of this systematic review is excessive or inadequate gestational weight 

gain according to the NAM recommendations, and secondary outcomes include GDM, pre-

eclampsia, preterm birth, delivery mode and birth weight. Studies were included if they met the 

following criteria: 1) Prospective cohort studies of women in the preconception period or 

pregnancy recruited from the general population. 2) Diet quality measured with pre-specified 

scoring scales and validated dietary assessment methods. 3) Assessment of the association 

between diet quality score and any of the systematic review outcomes. The publications 

identified with the search process were uploaded to the Covidence software. YY and IH 

independently screened the titles and abstracts. All references that met the inclusion criteria or 

those for which eligibility was uncertain were selected for full-text screening. Reasons for 

exclusion at the time of full-text screening were recorded. Any disagreements arising during the 

selection process were resolved by discussion with a third reviewer (LD). The process of study 

selection is reported using the PRISMA (Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) flow diagram28. 
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Data Management 

YY, IH and YZ independently extracted information from the included studies using a 

predefined data coding sheet. Authors were contacted to obtain more information if related data 

was ambiguous or not included in the publications. In cohorts reporting different diet quality 

scores, the results based on the largest sample size were included in the meta-analysis to avoid 

sample overrepresentation. When diet quality measures were provided on equal sample sizes, 

results for the diet quality score with the most items were included. In cohorts where diet quality 

was reported at different time points in pregnancy, second trimester measures were selected. For 

each of these decisions, sensitivity analyses were then performed using other reported results 

from the same cohort to test the robustness of the findings. For each study, results from the 

model adjusting for the most confounding variables were selected. 

YY and IH independently assessed the quality and risk of bias of each included study with the 

Newcastle–Ottawa Scale (NOS)29. The sum of points was used to categorize overall study 

quality as either high (7-9), moderate (4–6) or low (0-3).  

 

Statistical Analysis 

Meta-analyses using random-effects models were conducted for each outcome. Adjusted 

mean differences (MD) and odds ratios (OR) were pooled for continuous and categorical 

outcomes, respectively. Different scales of reporting diet quality across studies, including one 

absolute unit increase, one SD increase, tertiles, quartiles, quintiles were transformed to calculate 



Diet Quality during Pregnancy  Yamei Yu 

 

93 

the effect size in the top tertile of diet quality scores compared with the bottom tertile using 

methodology reported in previous studies19,30,31. There are two assumptions for this method: 1) 

diet quality scores are normally distributed and 2) the associations with the outcomes are log-

linear. In a normal distribution, the means of the top and bottom tertiles, quartiles, quintiles of 

are 2.18, 2.54, 2.80 SD apart, respectively. Log ORs and SEs were multiplied by 2.18/SD, 2.18, 

2.18/2.54, 2.18/2.80 for the transformation from 1 unit, 1 SD, quartile, quntile, respectively, to 

estimates in tertile.  Heterogeneity was assessed using the I2 statistic, Cochran’s Q test (P-

heterogeneity) and by visual inspection of the forest plots. Sources of heterogeneity were 

assessed by conducting subgroup analyses when there was a substantial amount of heterogeneity 

(I2≥75% or P-heterogeneity<0.05).  

Sensitivity analyses were performed by excluding one study at a time to evaluate the influence of 

any individual study on the pooled estimate. The robustness of the estimates was also examined 

with sensitivity analyses excluding moderate- and low-quality studies. Publication bias was 

assessed by visual inspection of a funnel plot and Egger’s test when at least 10 studies were 

included in the meta-analyses32.  

Data analyses were performed using R version 4.0.3 (R Project for Statistical Computing). Two-

tailed P values were used and P < .05 was considered statistically significant. 

 

Results 

Study selection, Characteristics, and Quality  
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The study selection process is shown in Figure 1. We identified 6113 unique publications from 

the databases and one from other sources. After title and abstract assessment, 98 publications 

were selected for full-text screening. A total of 34 articles met our eligibility and were included 

in this review, and 33 were included in meta-analyses. 

As shown in Table S2, only two studies33,34 were of moderate quality (NOS = 6) and all other 

studies were of high quality (NOS 7-9). The detailed characteristics of included studies are 

presented in Table S3. The sample sizes and study periods of the cohorts ranged from 41 to 

72,072, and 1991 to 2017 respectively. All studies but one were conducted in pregnant women 

from the general population, with variable exclusion criteria related to maternal prepregnancy 

BMI, history of preterm birth, and maternal comorbidities. One study was conducted in pregnant 

women with obesity or history of GDM35. Four cohorts were conducted in Singapore36, 

Malaysia33, Mexico37, and a French Caribbean island38.  The other cohorts were conducted in 

high-income countries located in Europe, North America, and Oceania. Six studies used at least 

one self-reported outcome, while all other studies used valid assessments including medical 

records or standardized measurements. For dietary assessment, four33,37,39,40 studies used dietary 

recalls, one36 used both dietary recalls and food diaries, three35,41,42 used non-validated FFQ, and 

the remainder of studies used a validated FFQ. Studies varied as to the timepoint and period of 

dietary assessment. Four studies43-46 assessed diet in prepregnancy and other studies assessed diet 

during pregnancy. Diet quality was assessed using 22 different scores, with versions of aHEI, 



Diet Quality during Pregnancy  Yamei Yu 

 

95 

HEI and MD scores most frequently assessed (Table S4). There was large variability of potential 

confounders included in the multivariable models across studies (Table S5).  

 

Maternal Outcomes 

 

Gestational Weight Gain 

Six studies reported gestational weight gain according to NAM guideline as an outcome.33,47-51 

Pooled results demonstrated no statistically significant association between diet quality and 

excessive (OR: 0.91; 95 CI: 0.76, 1.10; I2 = 59%; P-heterogeneity = 0.03; Figure 2) or 

inadequate gestational weight gain (OR: 0.90; 95 CI: 0.70, 1.17; I2 = 80%; P-heterogeneity < 

0.01; Figure S1). Results were consistent in the sensitivity analysis where the moderate quality 

study33 was excluded (Table S6). Due to small number of studies, we were unable to detect the 

covariate that could explain the observed heterogeneity (Table S7). 

 

Three studies reported gestational weight gain as a continuous outcome.40,52,53 A Meta-analysis 

could not be performed because effect estimates were not available for one of the studies52. 

Rohatgi et al. found a strong association between HEI-2010 and GWG (p=0.0011), but no 

detailed effect estimates were reported52. Fulay et al. found that in women who were obese 

before pregnancy, each one-unit increment in the DASH diet score was associated with 0.19 

(95% CI: 0.05, 0.34) kg higher GWG from the time of dietary assessment to delivery53. In a 
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small study of 41 women, Grandy et al. did not find a statistically significant association between 

HEI-2010 and GWG40. 

 

GDM 

Seven studies reported GDM as an outcome34,35,43,44,47,54,55. When results were pooled, pregnant 

women in the top tertile of diet quality scores had a lower risk of GDM compared with those in 

the bottom tertile (OR: 0.77; 95 CI: 0.65, 0.90; I2 = 72%; P-heterogeneity <0.01; Figure 3). The 

results were consistent when the moderate-quality study34 was excluded (Table S6). Subgroup 

analysis suggested that the association is stronger in studies with adjustment for education level 

(n=4, OR: 0.64; 95 CI: 0.56, 0.73; I2 =0) than in those without adjustment for education level 

(n=3, OR: 0.91; 95 CI: 0.83, 0.99; I2 =0). No heterogeneity between studies in each subgroup 

requiring further exploration was identified (Table S7). 

 

HDP 

Five studies reported HDP as an outcome 44,45,47,56,57. When results were pooled, pregnant women 

in the top tertile of diet quality scores had a lower risk of HDP compared to those in the bottom 

tertile (OR: 0.87; 95 CI: 0.83, 0.92; I2 = 0%; P-heterogeneity = 0.67; Figure 4). All studies were 

of high quality (NOS score ≥7). (Table S2) 

 

Delivery Mode 
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No studies evaluated the association between diet quality and delivery mode. 

 

Infant Birth Outcomes 

 

Preterm Birth 

Eight studies reported preterm birth as an outcome 36,38,42,46,53,56,58,59. When results were pooled, 

pregnant women in the top tertile of diet quality scores had a lower risk of preterm birth 

compared to those in the bottom tertile (OR: 0.77; 95 CI: 0.66, 0.89; I2 = 16%; P-heterogeneity = 

0.30; Figure 5). All studies were of high quality (NOS score ≥ 7) (Table S2). In the study of 

Saunders et al.38, prepregnancy BMI was found to be a strong effect modifier and the protective 

effect of good diet quality on preterm birth was stronger in overweight/obese women. 

 

Birth Weight Extremes 

SGA and LBW 

Six47,48,60-63 and five37,46,59,61,62 studies reported SGA and LBW as outcomes, respectively. When 

results were pooled, women in the top tertile of diet quality scores had a lower risk of SGA (OR: 

0.88; 95 CI: 0.79, 0.99; I2 = 5%; P-heterogeneity = 0.39; Figure S2) and LBW (OR: 0.60; 95 CI: 

0.37, 0.99; I2 = 23%; P-heterogeneity = 0.27; Figure S3) compared to those in the bottom tertile. 

All studies were of high quality (NOS score ≥7) (Table S2). 
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LGA and Macrosomia 

Six47,48,60-63 and three59,61,62 studies reported LGA and Macrosomia as outcomes, respectively. 

Pooled results for the association between diet quality and LGA or Macrosomia were not 

statistically significant (Women in the top tertile as compared to bottom tertile. For LGA, OR: 

0.90; 95 CI: 0.71, 1.15; I2 = 59%; P-heterogeneity =0.03; Figure S4. For Macrosomia, OR: 1.12; 

95 CI: 0.69, 1.81; I2 = 33%; P-heterogeneity =0.22; Figure S5.). All studies were of high quality 

(NOS score ≥7) (Table S2). 

 

Birth Weight as a Continuous Variable and Birth Weight for Gestational Age Z-score 

Nine36,39-41,61,63-66 and three60,62,63 studies reported birth weight as a continuous variable and birth 

weight for gestational age z-score as outcome measures, respectively. Pooled results for the 

associations were not statistically significant (women in the top tertile compared with the bottom 

tertile. For birth weight, beta: -7.8; 95 CI: -56.0, 40.5; I2 = 79%; P-heterogeneity <0.01; Figure 

S6. For birth weight for gestational age z-score, beta: 0.0; 95 CI: -0.1, 0.2; I2 = 74%; P-

heterogeneity =0.02; Figure S7.). All studies were of high quality (NOS score ≥7) (Table S2). 

 

Sensitivity Analyses  

The pooled estimates were similar with the omission of one study at a time, or with the inclusion 

of different dietary scores from the same cohort (Table S6). 
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Discussion 

Main Findings 

This review identified 34 prospective cohort studies reporting the association between maternal 

diet quality and adverse perinatal outcomes, 33 of which were included in the meta-analyses.  

Interpretation 

The results of this study are consistent with the association of healthy dietary patterns in 

pregnancy with lower odds of GDM17,20, HDP17,20, preterm birth16,19,20 and SGA19 reported in 

previous systematic reviews. These results highlight the potential benefits of a healthy diet on the 

regulation of glycaemia and systemic inflammation through the consumption of low glycemic-

index foods and micronutrients3,67. We found no significant association between diet quality and 

excessive/inadequate gestational weight gain, LGA/macrosomia, and birthweight as a continuous 

variable. These results concord with previous research suggesting that energy intake, rather than 

diet quality, is the main driver of gestational weight gain and fetal growth67. No study evaluating 

the association of diet quality with delivery mode was identified. Only two cohorts (four studies) 

included measures of dietary quality in prepregnancy, which limited our ability to draw 

conclusions on subgroup analyses in prepregnancy. Studies were all of moderate or good quality 

and sensitivity analyses revealed consistent findings with the exclusion of moderate quality 

studies.  

Strengths and Limitations 
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This is the first systematic review evaluating and synthesizing the associations between maternal 

diet quality and adverse perinatal outcomes. The rigorous search and screening strategies 

employed, as well as the prospective registration and publication of our protocol limit the 

possibility of reporting bias. This review has several limitations. The exclusion of non-English 

publications, of abstracts, and of other grey literature could lead to publication bias. Publication 

bias could not be formerly assessed due to the limited number of studies reporting each specific 

outcome (less than 10 for any outcome). Some of the included studies reported diet quality 

measured with different tools and/or at different timepoints. A single measure had to be selected 

to conduct the meta-analysis which could influence the results of the analysis. However, this is 

unlikely as sensitivity analyses conducted using other measures from the same cohorts provided 

similar estimates. These results are derived from observational studies and therefore no 

conclusions can be made on causal inference. The interpretation of these results is also limited by 

the variability in study populations, dietary scores, reported outcomes, and adjustment of 

confounding factors across studies. The vast majority of cohorts were conducted in high-income 

countries and therefore these results cannot be applied to middle and low-income countries. 

Twenty-two different dietary scores were used in the identified studies. The components of each 

diet quality score vary according to the underlying dietary recommendations, but they included 

similar adequacy components (vegetables, fruit, fish, nuts and unsaturated fats), and moderation 

items (added sugars and saturated fats). The robustness of the meta-analysis results in the 

sensitivity analyses including different diet quality scores measured in the same population is 

also reassuring as to the comparability of these scores. In the majority of studies, diet was 
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appraised using an FFQ. While the use of FFQs has been associated with recall bias and 

classification errors, this is likely to bias results towards the null hypothesis. Studies reported 

variable outcome sets, which limited the number of results available for each outcome. While 

most studies used validated measurements or medical registration for outcome measurements, 

others relied on self-reporting. Misclassification related to self-reporting could have diminished 

the strength of the associations. In studies reporting GDM as an outcome, diet before 24 weeks 

of pregnancy was measured in six studies35,43,44,47,54,55, but the timing of dietary assessment and 

recall period were not reported in the last study34. While we cannot exclude reverse causation 

due to measure of diet after implementation of dietary interventions in the last study, this would 

be expected to bias results towards the null hypothesis. While the results accounting for the most 

confounders were used in the meta-analysis, adjusted factors varied greatly between studies, and 

we cannot exclude the possibility of unaccounted confounding factors. 

 

Conclusion 

The results of this systematic review and meta-analysis demonstrate that good diet quality in 

pregnancy is associated with lower odds of GDM, HDP, preterm birth, and SGA/LBW. These 

findings support the potential of interventions based on dietary guidelines in preconception and 

pregnancy to prevent perinatal complications. Long term follow-up of these cohort studies will 

be critical to establish the correlation between maternal diet quality and cardiometabolic 

complications in women and children. 
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Identified knowledge gaps include studies in middle and low-income countries, the association 

of maternal diet quality in preconception with perinatal outcomes, and the association of 

maternal diet quality with delivery mode.  

The use of standardized diet quality scores and core outcome sets in future studies would 

improve the quality of the evidence generated through systematic reviews and meta-analyses.  
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Tables and Figures 

Figure 1. Flowchart of study selection. 
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Figure 2. Associations between maternal diet quality and the risk of excessive gestational 

weight gain. 
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Figure 3. Associations between maternal diet quality and the risk of gestational diabetes 

(GDM). 
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Figure 4. Associations between maternal diet quality and the risk of hypertensive disorders 

of pregnancy (HDP). 
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Figure 5. Associations between maternal diet quality and the risk of preterm birth.
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Figure S7. Associations between maternal diet quality and birth weight for gestational age z-score.                           

Table S1. Search terms in OVID Medline. 

1 healthy eating index.ti,ab. (1112) 

2 recommended food score.ti,ab. (72) 

3 Diet, Mediterranean/ (2862) 
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4 ((mediterranean* adj3 diet) or Mediterranean adequacy index).ti,ab. (4127) 

5 Dietary Approaches To Stop Hypertension/ (61) 

6 dietary approach* to stop hypertension.ti,ab. (675) 

7 Diet Quality Index.ti,ab. (294) 

8 Dietary Guidelines for Americans Index.ti,ab. (2) 

9 Dietary Guideline Index.ti,ab. (29) 

10 Framingham Nutritional Risk Score.ti,ab. (3) 

11 (French Program* National Nutrition Sante-Guideline Score or PNNS-GS).ti,ab. (18) 

12 Dietary Quality Score.ti,ab. (19) 

13 Food Variety Score.ti,ab. (35) 

14 Australian Recommended Food Score.ti,ab. (33) 

15 Dietary Diversity Score.ti,ab. (232) 

16 Healthy Food Index.ti,ab. (5) 

17 (Healthy Food and Nutrient Index).ti,ab. (1) 

18 Diet quality index.ti,ab. (294) 

19 Dietary quality.ti,ab. (1155) 

20 (diet* adj3 (pattern* or quality)).ti,ab. (14978) 

21 ((adherence or compliance or score* or index* or indice*) adj3 (guideline* or recommendation* or healthy or pyramid) adj3 (diet* or food or 

nutrition*)).ti,ab. (1210) 
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22 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 (19684) 

23 ((child adj3 bearing) or childbearing).ti,ab. (14960) 

24 (pregnan* or gestat* or matern* or perinatal or gravidit*).ti,ab. (726572) 

25 (pre-pregnan* or prepregnan* or preconception* or pre-conception*).ti,ab. (11222) 

26 exp Pregnancy/ (859642) 

27 Pregnant Women/ (7403) 

28 23 or 24 or 25 or 26 or 27 (1125180) 

29 22 and 28 (1451) 
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Table S2. The quality of studies assessed by Newcastle-Ottawa Scale for each outcome.a 

Study for each outcome Representativ

eness of the 

exposed 

cohort b 

Selection of 

the non-

exposed 

cohort 

Ascertainmen

t of exposure 

c 

Outcome 

does not 

present at 

start 

Controls for 

prepregnancy 

BMI 

Controls for 

ethnicity or 

socioeconomi

c background 

or education 

Assessment 

of outcome 

Follow-up 

long enough 

Adequacy of 

follow up of 

cohorts d 

TOTAL 

SCORE 

GWG according to IOM guideline 

Rifas-Shiman et al., 2009 1 1 1 1 1 1 0 1 1 8 

Hillesund et al., 2014 0 1 1 1 1 1 0 1 1 7 

Tielemans et al., 2015 0 1 1 1 1 1 0 1 1 7 

Yong et al., 2019 1 1 0 1 1 1 0 1 0 6 

Ancira-Moreno et al., 2020 1 1 0 1 1 1 1 1 0 7 

Augustin et al., 2020 0 1 1 1 1 1 1 1 1 8 

GDM           

Rifas-Shiman et al., 2009 1 1 1 1 1 1 1 1 1 9 

Tobias et al., 2012 0 1 1 1 1 1 0 1 1 7 

Karamanos et al., 2014 1 1 1 1 1 0 1 1 1 8 

Badon et al., 2016 1 1 1 0 1 1 1 1 1 8 

Schoenaker et al., 2016 1 1 1 1 1 1 0 1 0 7 
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Meinilä et al., 2017 0 1 0 1 1 1 1 1 1 7 

Anand et al., 2017 0 1 0 0 1 1 1 1 1 6 

HDP           

Rifas-Shiman et al., 2009 1 1 1 1 1 1 1 1 1 9 

Hillesund et al., 2014 1 1 1 1 1 1 1 1 1 9 

Schoenaker et al., 2016 1 1 1 1 1 1 0 1 0 7 

Gicevic et al., 2018 1 1 1 1 1 1 0 1 1 8 

Arvizu et al., 2020 1 1 1 1 1 1 1 1 1 9 

Preterm birth           

Mikkelsen et al., 2008 1 1 0 1 1 1 1 1 1 8 

Hillesund et al., 2014 1 1 1 1 1 1 1 1 1 9 

Saunders et al., 2014 1 1 1 0 1 1 1 1 1 8 

Martin et al., 2015 1 1 1 1 1 1 1 1 0 8 

Gresham et al., 2016 1 1 1 1 0 1 0 1 1 7 

Fulay et al., 2018 1 1 1 1 1 1 1 1 1 9 

Chia et al., 2018 1 1 1 1 1 1 1 1 1 9 

Navarro et al., 2019 1 1 1 1 1 1 1 1 1 9 

SGA           

Rifas-Shiman et al., 2009 1 1 1 1 1 1 1 1 1 9 
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Poon et al., 2013 0 1 1 1 1 1 1 1 1 8 

Hillesund et al., 2014 0 1 1 1 1 1 1 1 1 8 

Zhu et al., 2019 1 1 1 1 1 1 1 1 1 9 

Emond et al., 2018 1 1 1 1 1 1 1 1 1 9 

Gonzalez-Nahm et al., 2019 1 1 1 1 1 1 1 1 0 8 

LBW           

Gresham et al., 2016 1 1 1 1 0 1 0 1 1 7 

Emond et al., 2018 1 1 1 1 1 1 1 1 1 9 

Gonzalez-Nahm et al., 2019 1 1 1 1 1 1 1 1 0 8 

Navarro et al., 2019 1 1 1 1 1 1 1 1 1 9 

Ancira-Moreno et al., 2020 1 1 0 1 1 1 1 1 0 7 

LGA           

Rifas-Shiman et al., 2009 1 1 1 1 1 1 1 1 1 9 

Hillesund et al., 2014 0 1 1 1 1 1 1 1 1 8 

Poon et al., 2013 1 1 1 1 1 1 1 1 1 9 

Emond et al., 2018 1 1 1 1 1 1 1 1 1 9 

Zhu et al., 2019 1 1 1 1 1 1 1 1 1 9 

Gonzalez-Nahm et al., 2019 1 1 1 1 1 1 1 1 0 8 

Macrosomia           
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Emond et al., 2018 1 1 1 1 1 1 1 1 1 9 

Gonzalez-Nahm et al., 2019 1 1 1 1 1 1 1 1 0 8 

Navarro et al., 2019 1 1 1 1 1 1 1 1 1 9 

Birth weight continuous           

Rodrıguez-Bernal et al., 2010 1 1 1 1 1 1 1 1 1 9 

Chatzi et al., 2012 1 1 1 1 1 1 1 1 1 9 

Shapiro et al., 2016 1 1 1 1 1 1 1 1 0 8 

Badon et al., 2016 1 1 1 1 1 1 1 1 1 9 

Chia et al., 2018 1 1 1 1 1 1 1 1 1 9 

Emond et al., 2018 1 1 1 1 1 1 1 1 1 9 

Grandy et al., 2018 0 1 1 0 1 0 1 1 1 6 

Kennedy et al., 2019 1 1 0 1 1 1 1 1 1 8 

Zhu et al., 2019 1 1 1 1 1 1 1 1 1 9 

Birth weight z-score           

Poon et al., 2013 1 1 1 1 1 1 1 1 1 9 

Gonzalez-Nahm et al., 2019 1 1 1 1 1 1 1 1 0 8 

Zhu et al., 2019 1 1 1 1 1 1 1 1 1 9 

 

a A study can be awarded one or zero score for each criteria, with “1” denotes for meeting the criteria and “0” for not meeting the criteria or no information provided. 

b One score assigned if cohort was truly or somewhat representative of the average pregnant women in community/population. 
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c One score assigned where diets were assessed using validated food frequency questionnaire, multiple 24-h recalls, or multiple-day food record, and diet quality score was validated. 

d One score assigned where the follow-up rate was ≥80%. Follow-up rate was defined as a ratio of those in analysis divided by those with plausible dietary data in the cohort. 
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Table S3. Characteristics of studies included for each outcome. 

 

Study Cohort Country Study 

Perio

d 

Population n Mea

n 

age, 

y 

BMI, 

kg/m2 

Diet quality 

index 

Dietary 

assessment 

tool 

Diet period Time for 

dietary 

assessment 

Outcome 

assessment 

% or Mean 

GWG              

Rifas-Shiman et 

al., 2009 

Project Viva U.S.A. 1999-

2002 

General 1,777  32.4 24.6 aHEI-P 166-item 

validated 

FFQ 

Early 

pregnancy 

Early 

pregnancy 

Last weight in 

medical record 

minus self-reported 

prepregnancy 

weight 

50% for 

excessive 

GWG 

Hillesund et al., 

2014 

Norwegian Mother and 

Child Cohort Study 

(MoBa) 

Norway 1999–

2008 

General: exclude 

delivery <37wk, 

pre-pregnancy 

diabetes 

66,59

7 

30.1 24.0 New Nordic 

Diet (NND) 

Score 

255-item 

validated 

FFQ 

Conception 

until mid-

pregnancy 

Around week 

22 

Self-reported 

weight at birth 

minus 

prepregnancy 

weight 

47% for 

excessive, 

19% for 

inadequate 
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Tielemans et al., 

2015 

Generation R Study Netherlands 2002-

2006 

General: 

underweight 

excluded 

3,374 31.5 23.1 Dutch Healthy 

Diet Index 

293-item 

validated 

FFQ 

Previous 

three months 

Median 13.4 

weeks  

Self-report 

maximum weight 

minus 

prepregnancy 

weight 

43% for 

excessive, 

14 % for 

inadequate 

Ancira-Moreno 

et al., 2019 

PRINCESA cohort Mexico 2009-

2014 

General, exclude 

GDM, 

preeclampsia 

660  25.1 25.7 Maternal Diet 

Quality Score 

Multiple-step 

24-h dietary 

recall 

Previous day First, second 

and third 

trimester 

Measured weight, 

rate of GWG 

41% for 

excessive, 

30% for 

inadequate 

Yong et al., 2019 SECOST (Seremban 

Cohort Study) 

Malaysia 2013-

2016 

General: 

underweight 

excluded 

480 30.2 24.1 HEI for 

Malaysians 

One day 24-

hour dietary 

recall 

Previous 24 

hours 

Second 

trimester 

Weight reported in 

medical records for 

37±2 weeks minus 

week ≤14 

23% for 

excessive, 

38% for 

inadequate 

Augustin et al., 

2020 

GraviD cohort Sweden 2013-

2014 

General: >34wk 1,113  31.9 24.1 Dietary quality 

index 

174-item 

validated 

FFQ 

Past two 

months 

Third 

trimester 

Weight in medical 

record, 37±2 weeks 

minus weight ≤14 

40% for 

excessive, 

25% for 

inadequate 

GDM              
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Rifas-Shiman et 

al., 2009 

Project Viva U.S.A. 1999-

2002 

General 1,777 32.4 24.6 aHEI-P 166-item 

validated 

FFQ 

Early 

pregnancy 

Early 

pregnancy 

Routinely tested 5.0% 

Tobias et al., 

2012 

Nurses' Health Study II U.S.A. 1991-

2001 

General, exclude 

history of GDM, 

diabetes and 

cancers 

21,37

6 

>30 <25 aHEI, aMED, 

DASH 

61-item 

validated 

FFQ 

Prepregnanc

y 

Prepregnanc

y 

Self-reported of 

physician 

diagnosis 

4.1% 

Karamanos et al., 

2014 

Gestational Diabetes in 

the Mediterranean 

Region Study 

10 

Mediterranea

n countries 

2010-

2011 

General, exclude 

history of 

diabetes 

1,003 30.2  24.7 Mediterranean 

diet score 

78-item 

validated 

FFQ 

Prior to the 

OGTT 

N.A. Measured 29.0% 

Badon et al., 

2016 

Omega Study U.S.A. 1996-

2008 

General 3,005 33.0 23.0 aHEI-2010 122-item 

validated 

FFQ 

Past 3 

months 

Average 15 

weeks 

Measured 4.7% 

Schoenaker et 

al., 2016 

Australian Longitudinal 

Study on Women’s 

Health 

Australia 2003-

2012 

General 3,378  <30 23.7 Mediterranean 

diet score 

101-item 

validated 

FFQ 

Past 12 

months 

Prepregnanc

y 

Self-reported of 

diagnosis or 

treatment 

7.1% 

Meinilä et al., 

2017 

RADIEL trial Finland 2008-

2014 

Specific: obese 

and/or history of 

GDM 

137 32.0 32.2 Healthy Food 

Intake Index 

Non-

validated 

FFQ 

N.A. First 

trimester 

Measured 21.2% 
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Anand et al., 

2017 

South Asian Birth 

Cohort (START) 

Canada 2011-

2015 

Specific: South 

Asian women in 

Ontario 

1,006 30.2 23.8 No specific 

name 

164-item 

validated 

FFQ 

N.A. N.A. Measured 36.3% 

HDP              

Rifas-Shiman et 

al., 2009 

Project Viva U.S.A. 1999-

2002 

General 1,777 32.4 24.6 aHEI-P 140-item 

validated 

FFQ 

Early 

pregnancy 

Early 

pregnancy 

Clinical records 3.4% 

Hillesund et al., 

2014 

Norwegian Mother and 

Child Cohort Study 

(MoBa) 

Norway 1999–

2008 

General 72,07

2 

30.1 24.0 New Nordic 

Diet (NND) 

Score 

255-item 

validated 

FFQ 

Conception 

until mid-

pregnancy 

Around week 

22 

Medical record 4.0% 

Schoenaker et 

al., 2016 

Australian Longitudinal 

Study on Women’s 

Health 

Australia 2003-

2012 

General 3,167 <30 23.7 Mediterranean 

diet score 

101-item 

validated 

FFQ 

Past 12 

months 

Prepregnanc

y 

Self-reported of 

diagnosis or 

treatment 

8.6% 

Gicevic et al., 

2018 

Nurses' Health Study II U.S.A. 1991-

2001 

General, exclude 

chronic disease, 

GDM and HDP 

14,33

9  

>30 <25 aHEI 131-item 

validated 

FFQ 

Past year Prepregnanc

y 

Self-reported of 

physician 

diagnosis 

9.9% 

Arvizu et al., 

2020 

Danish National Birth 

Cohort 

Denmark 1996-

2002 

General 66,65

1 

30.0 24.0 AHA primary 

AHA 

secondary 

360-item 

validated 

FFQ 

Past 4 weeks Around 20 

weeks 

From registry 2.0% 
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DASH  

Preterm birth              

Mikkelsen et al., 

2008 

Danish National Birth 

Cohort 

Denmark 1996-

2000 

General, normal 

BMI (19-32) 

35,53

0 

29.7 22.3 Mediterranean

-type diet  

360-item 

validated 

FFQ 

Past 4 weeks 25 weeks National registries, 

birth before 37 

weeks 

4.3% 

Hillesund et al., 

2014 

Norwegian Mother and 

Child Cohort Study 

(MoBa) 

Norway 1999–

2008 

General 72,07

2 

30.1 24.0 New Nordic 

Diet (NND) 

Score 

255-item 

validated 

FFQ 

Conception 

until mid-

pregnancy 

Around week 

22 

Spontaneous 

preterm delivery 

only 

5.2% 

Saunders et al., 

2014 

A French Caribbean 

Mother–Child Cohort 

Study (TIMOUN) 

Guadeloupe,  

Caribbean, 

African 

descent 

2004-

2007 

General 728 31.0 <25 Adapted 

version of the 

MD score 

214-item 

validated 

FFQ 

During 

pregnancy 

Shortly after 

delivery 

Medical record, 

birth before 37 

weeks 

14.7% 

Martin et al., 

2015 

PIN (Pregnancy, 

Infection, and Nutrition) 

study 

U.S.A. 2001-

2005 

General 3,143 <30 <25 DASH 84-item non-

validated 

FFQ 

Previous 3-

mo  

26–29 wk of 

gestation 

Medical record, 

birth before 37 

weeks 

11.6% 

Gresham et al., 

2016 

Australian Longitudinal 

Study on Women’s 

Health (ALSWH) 

Australia 1996-

2012 

General 1,897 20.8 N.A. Australian 

Recommended 

Food Score 

74-item 

validated 

FFQ 

Past 12 

months 

Prepregnanc

y and 

pregnancy 

Self-reported 6.4% 
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Fulay et al., 2018 Project Viva U.S.A. 1999-

2002 

General 1,760  32.2  <25 DASH and 

DASH OMNI 

140-item 

validated 

FFQ 

Early 

pregnancy 

Before 22 

weeks 

Medical record, 

birth before 37 

weeks 

7.2% 

Chia et al., 2018 Growing Up in 

Singapore Towards 

healthy Outcomes 

(GUSTO) 

Singapore 2009-

2010 

General 1,051  30.5  <25 HEI-SGP  24h-recalls 

and 3-day 

food diaries 

26–28 wk 26–28 wk of 

gestation 

Medical record, 

birth before 37 

weeks 

7.2% 

Navarro et al., 

2019 

Lifeways cross-

generation cohort study 

Ireland 2001-

2003 

General 958  30.1  23.8  HEI-2015 149-item 

validated 

FFQ 

12-16 weeks First 

trimester of 

pregnancy 

Medical record, 

birth before 37 

weeks 

5.6% 

SGA              

Rifas-Shiman et 

al., 2009 

Project Viva U.S.A. 1999-

2002 

General 1,777  32.4  24.6  aHEI-P 166-item 

validated 

FFQ 

Early 

pregnancy 

Early 

pregnancy 

Medical record 5.5% 

Poon et al., 2013 Infant Feeding Practices 

Study II 

U.S.A. 2005-

2007 

General: >35wk, 

5 pounds, no 

medical condition 

893  29.1  26.1  aHEI-P 124-item 

validated 

FFQ 

Past month 28-36 weeks birth screener 8.0% 
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Hillesund et al., 

2014 

Norwegian Mother and 

Child Cohort Study 

(MoBa) 

Norway 1999–

2008 

General: excluded 

delivery at <37, 

pre-pregnancy 

diabetes 

66,59

7  

30.1  24.0  New Nordic 

Diet (NND) 

Score 

255-item 

validated 

FFQ 

Conception 

until mid-

pregnancy 

Around week 

22 

Registration 10.4% 

Zhu et al., 2019 Pregnancy and 

Environment Lifestyle 

Study (PETALS) 

U.S.A. 2014-

2017 

General 2,269  N.A. N.A. HEI-2010 110-item 

validated 

FFQ 

Past three 

months 

10-13 weeks Registration 10.2% 

Emond et al., 

2018 

New Hampshire Birth 

Cohort Study (NHBCS) 

U.S.A. 2009- 

2017 

General, exclude 

underweight 

862  31.2  N.A. aHEI-2010 61-item 

validated 

FFQ 

Diet in 

pregnancy 

24-28 weeks Medical records 4.6% 

Gonzalez-Nahm 

et al., 2019 

Nurture study U.S.A. 2013-

2015 

General 817 27.4 30.1 AHEI-2010 110-item 

validated 

FFQ 

Past 30 days 20-36 weeks Medical record 8.6% 

LBW              

Gresham et al., 

2016 

Australian Longitudinal 

Study on Women’s 

Health (ALSWH) 

Australia 1996-

2012 

General 1,897 20.8 N.A. Australian 

Recommended 

Food Score 

74-item 

validated 

FFQ 

Past 12 

months 

Prepregnanc

y and 

pregnancy 

Self-reported 3.0% 
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Emond et al., 

2018 

New Hampshire Birth 

Cohort Study (NHBCS) 

U.S.A. 2009- 

2017 

General 862 31.2 N.A. HEI-2010 61-item 

validated 

FFQ 

Diet in 

pregnancy 

24-28 weeks Medical records 3.4% 

Gonzalez-Nahm 

et al., 2019 

Nurture study U.S.A. 2013-

2015 

General 817  27.4 30.1 AHEI-2010 110-item 

validated 

FFQ 

Past 30 days 20-36 weeks Medical record 8.7% 

Navarro et al., 

2019 

Lifeways cross-

generation cohort study 

Ireland 2001-

2003 

General 958  30.1  23.8  HEI-2015 149-item 

validated 

FFQ 

12-16 weeks First 

trimester of 

pregnancy 

Medical record, 

birth before 37 

weeks 

4.9% 

Ancira-Moreno 

et al., 2020 

PRINCESA cohort Mexico 2009-

2014 

General 660  25.1  25.7  Maternal Diet 

Quality Score 

multiple-step 

24-h dietary 

recall 

Previous day First, second 

and third 

trimester 

Medical records 7.4% 

LGA              

Rifas-Shiman et 

al., 2009 

Project Viva U.S.A. 1999-

2002 

General 1,777  32.4  24.6  aHEI-P 166-item 

validated 

FFQ 

Early 

pregnancy 

Early 

pregnancy 

Medical record 13.3% 

Poon et al., 2013 Infant Feeding Practices 

Study II 

U.S.A. 2005-

2007 

General: >35wk, 

5 pounds, no 

medical condition 

893 29.1 26.1 aHEI-P 124-item 

validated 

FFQ 

Past month 28-36 weeks birth screener 9.1% 



Diet Quality during Pregnancy  Yamei Yu 

132 

 

Hillesund et al., 

2014 

Norwegian Mother and 

Child Cohort Study 

(MoBa) 

Norway 1999–

2008 

General: excluded 

delivery at <37  

66,59

7 

30.1 24.0 New Nordic 

Diet (NND) 

Score 

255-item 

validated 

FFQ 

Conception 

until mid-

pregnancy 

Around week 

22 

Registration 11.2% 

Emond et al., 

2018 

New Hampshire Birth 

Cohort Study (NHBCS) 

U.S.A. 2009- 

2017 

General 862 31.2 N.A. aHEI-2010 61-item 

validated 

FFQ 

Diet in 

pregnancy 

24-28 weeks Medical records 8.7% 

Zhu et al., 2019 Pregnancy and 

Environment Lifestyle 

Study (PETALS) 

U.S.A. 2014-

2017 

General, no pre-

existing disease 

(diabetes, cancer, 

etc.) 

2,269 N.A. N.A. HEI-2010 110-item 

validated 

FFQ 

Past three 

months 

10-13 weeks Registration 8.2% 

Gonzalez-Nahm 

et al., 2019 

Nurture study U.S.A. 2013-

2015 

General 817 27.4 30.1 AHEI-2010 110-item 

validated 

FFQ 

Past 30 days 20-36 weeks Medical record 13.1% 

Macrosomia              

Emond et al., 

2018 

New Hampshire Birth 

Cohort Study (NHBCS) 

U.S.A. 2009- 

2017 

General 862  31.2 N.A. aHEI-2010 61-item 

validated 

FFQ 

Diet in 

pregnancy 

24-28 weeks Medical records 8.7% 
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Gonzalez-Nahm 

et al., 2019 

Nurture study U.S.A. 2013-

2015 

General 817  27.4  30.1  AHEI-2010 110-item 

validated 

FFQ 

Past 30 days 20-36 weeks Medical record 13.1% 

Navarro et al., 

2019 

Lifeways cross-

generation cohort study 

Ireland 2001-

2003 

General 958  30.1  23.8  HEI-2015 149-item 

validated 

FFQ 

12-16 weeks First 

trimester of 

pregnancy 

Medical record, 

birth before 37 

weeks 

17.9% 

Birth weight as 

a continuous 

variable 

             

Rodriguez-

Bernal et al., 

2010 

Valencia Birth Cohort Spain 2004-

2005 

General 782 N.A. <25 AHEI-P 100-item 

validated 

FFQ 

First 

trimester 

10-13 weeks Medical records 3324  

Chatzi et al., 

2012 

INMA-Atlantic Spain 2004-

2008 

General 1,074 31.4 23.3 Mediterranean 

diet score 

100-item 

validated 

FFQ 

First 

trimester 

Mean 13.8 

weeks 

Medical records 3283  

Chatzi et al., 

2012 

INMA-Mediterranean Spain 2004-

2008 

General 1,386 30.0 23.7 Mediterranean 

diet score 

100-item 

validated 

FFQ 

First 

trimester 

Mean 13.8 

weeks 

Medical records 3233  
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Chatzi et al., 

2012 

RHEA Greece 2004-

2008 

General 824 29.5 24.3 Mediterranean 

diet score 

250-item 

non-validated 

FFQ 

First 

trimester 

14th–18th 

week 

Medical records 3206  

Shapiro et al., 

2016 

Healthy Start Study U.S.A. 2010-

2014 

General:exclude 

current multiples, 

GDM and <32 

wks, history of 

diabetes, 

premature and 

other diseases  

1,079 27.8 N.A. HEI-2010 Self-

Administered 

24h recall 

Monthly, 

average 2 

recalls 

Monthly 

from 8 - 24 

weeks to 

delivery 

Measured 3254  

Grandy et al., 

2018 

N.A. U.S.A. 2012 

- 

2013 

General: healthy 

women without 

gestational 

diabetes and 

delivered term 

41 30.9 29.7 HEI-2010 3*24-hour 

food recalls 

3 weeks 

following the 

study visit 

37–38 weeks Measured 3500  

Emond et al., 

2018 

New Hampshire Birth 

Cohort Study (NHBCS) 

U.S.A. 2009- 

2017 

General 862 31.2 N.A. aHEI-2010 61-item 

validated 

FFQ 

Diet in 

pregnancy 

24-28 weeks Medical records 3449  
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Badon et al., 

2016 

Omega Study U.S.A. 1996-

2008 

General 3,005 33.0 23.0 aHEI-2010 122-item 

validated 

FFQ 

Past 3 

months 

Average 15 

weeks 

Measured 3446  

Chia et al., 2018 Growing Up in 

Singapore Towards 

healthy Outcomes 

(GUSTO) 

Singapore 2009-

2010 

General, exclude 

twin, IVF 

1,051 30.5 <25 HEI-SGP 24h recalls 

and 3-day 

food diaries 

26–28 wk 26–28 wk of 

gestation 

Medical record, 

birth before 37 

weeks 

3090  

Kennedy et al., 

2019 

N.A. Ireland N.A. General 202 32.2 26.2 Periconceptual 

Nutrition 

Score 

Four-day diet 

history 

<=18 weeks <=18 weeks Measured 3524  

Zhu et al., 2019 Pregnancy and 

Environment Lifestyle 

Study (PETALS) 

U.S.A. 2014-

2017 

General 2,269 N.A. N.A. HEI-2010 110-item 

validated 

FFQ 

Past three 

months 

10-13 weeks Registration N.A. 

Birth weight z-

score 

             

Poon et al., 2013 Infant Feeding Practices 

Study II 

U.S.A. 2005-

2007 

General: >35wk, 

5 pounds, no 

medical condition 

893 29.1 26.1 aHEI-P 124-item 

validated 

FFQ 

Past month 28-36 weeks birth screener  
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Gonzalez-Nahm 

et al., 2019 

Nurture study U.S.A. 2013-

2015 

General 817  27.4 30.1 AHEI-2010 110-item 

validated 

FFQ 

Past 30 days 20-36 weeks Medical record  

Zhu et al., 2019 Pregnancy and 

Environment Lifestyle 

Study (PETALS) 

U.S.A. 2014-

2017 

General 2,269 N.A. N.A. HEI-2010 110-item 

validated 

FFQ 

Past three 

months 

10-13 weeks Registration  
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Table S4. Characteristics of diet quality scores. 

 

   Adequacy Moderation 

DQ scores Study Total score 

(number of 

components) 

Fruits 

and/or 

vegetabl

es 

Whole 

grains, 

cereals, 

fiber, 

potatoes 

Nuts, 

Legume

s, Soy,  

Protein 

foods, 

diary 

Fatty 

acids 

Supple

ments 

Others 4 Trans 

Fat 

Red/pro

cessed 

meat, 

meat, 

poultry 

Sodium Refined 

grains 

Empty 

calories, 

snacks 

Others 5 

aHEI Tobias et al., 2012 2.5 - 87.5 

(9) 

0 - 20 0 - 10 0 - 10 0 - 10 0 - 10 2.5 - 7.5 0 - 10 0 - 10 

     

aHEI-2010 Badon et al., 2016 

Emond et al., 2018 

Gicevic et al., 2018 

Gonzalez-Nahm et al., 

2019 

0 - 100 (10) 0 - 20 0 - 10 0 - 10 

 

0 - 20 

  

0 - 10 0 - 10 0 - 10 

 

0 - 10 

 

aHEI-P Rifas-Shiman et al., 

2009 

0 - 90 (9) 0 - 20 0 - 10 

 

0 - 10 0 - 10 0 - 30 

 

0 - 10 

     

 

Rodrıguez-Bernal et al., 

2010 

0 - 100 (10) 0 - 20 0 - 10 0 - 10 0 - 10 0 - 10 0 - 30 

 

0 - 10 

     



Diet Quality during Pregnancy  Yamei Yu 

138 

 

 

Poon et al., 2013 0 - 130 (13) 0 - 20 0 - 10 0 - 10 

 

0 - 20 0 - 30 

 

0 - 10 0 - 10 0 - 10 

 

0 - 10 

 

HEI -2010 1 Shapiro et al., 2016 

Grandy et al., 2018 

Zhu et al., 2019 

0 - 100 (12) 0 - 20 0 - 10 

 

0 - 20 0 - 10 

    

0 - 10 0 - 10 0 - 20 

 

HEI- 2015 1 Navarro et al., 2019 0 - 100 (13) 0 - 20 0 - 10 

 

0 - 20 0 - 10 

    

0 - 10 0 - 10 0 - 20 

 

HEI-SGP 1 Chia et al., 2018 0 - 100 (12) 0 - 20 0 - 20 

 

0 - 20 

 

0 - 10 

     

0 - 10 0 - 10 

HEI for Malaysians 3 Yong et al., 2019 0 - 100 (9) 0 - 20 0 - 10 0 - 10 0 - 30 

     

0 - 10 

  

0 - 10 

MD score Mikkelsen et al., 2008 0 - 5 (5) 0 - 1 

  

0 - 2 0 - 1 

 

0 - 1 

      

 

Chatzi et al., 2012 0 - 8 (8) 0 - 2 0 - 1 0 - 1 0 - 2 0 - 1 

   

0 - 1 

    

 

Karamanos et al., 2014 0 - 12 (12) 0 - 2 0 - 3 0 - 1 0 - 1 0 - 1 

   

0 - 1 

   

0-3 

 

Schoenaker et al., 2016 0 - 10 (10) 0 - 2 0 - 1 0 - 1 0 - 1 0 - 1 

   

0 - 2 

   

0 - 2 

Alternate MD (aMED) Poon et al., 2013 0 - 8 (8) 0 - 2 0 - 1 0 - 1 0 - 1 0 - 1 

   

0 - 1 

    

Adapted MD score Saunders et al., 2014 0 - 9 (9) 0 - 2 0 - 1 0 - 1 0 - 1 0 - 1 

   

0 - 2 

   

0 - 1 

DASH  Martin et al., 2015 

Fulay et al., 2018 

Arvizu et al., 2020 

8 - 40 (8) 2 - 10 1 - 5 1 - 5 1 - 5 

    

1 - 5 1 - 5 

 

1 - 5 

 

DASH OMNI Fulay et al., 2018 9 - 45 (9) 2 - 10 1 - 5 1 - 5 1 - 5 1 - 5 

   

1 - 5 1 - 5 

 

1 - 5 

 

AHA primary Arvizu et al., 2020 0 - 50 (5) 0 - 10 0 - 10 

 

0 - 10 

     

0 - 10 

 

0 - 10 

 

AHA secondary Arvizu et al., 2020 0 - 80 (8) 0 - 10 0 - 10 0 - 10 0 - 10 

    

0 - 10 0 - 10 

 

0 - 20 
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New Nordic Diet (NND) 

Score 

Hillesund et al., 2014 0 - 10 (10) 0 - 1 0 - 3 

 

0 - 1 

  

0 - 2 

      

Dutch Healthy Diet Index Tielemans et al., 2015 0 - 60 (6) 0 - 20 0 - 10 

 

0 - 10 

     

0 - 10 

 

0 - 10 

 

Australian Recommended 

Food Score 2 

Gresham et al., 2016 0 - 72 (72) 

             

Healthy Food Intake Index Meinilä et al., 2017 0 - 17 (11) 0 - 3 0 - 3 0 - 1 0 - 4 0-4 

      

0 - 3 0 - 1 

No specific name Anand et al., 2017 0 - 6 (6) 0 - 4 

       

0 - 1 

   

0 - 1 

Periconceptual Nutrition 

Score 2 

Kennedy et al., 2019 0 - 23 (23) 0 - 2 

  

0 - 1 

         

Maternal Diet Quality 

Score 

Ancira-Moreno et al., 

2020 

0 - 7 (7) 0 - 1 

 

0 - 1 0 - 1 0 - 1 

   

0 - 1 

  

0 - 2 

 

Dietary quality index 2 Augustin et al., 2020 0 -12 (12) 

             

 

1 Scored per 1000 kcal 

2 Not clearly described or able to be summarized in the table. Specifically, Periconceptual Nutrition Score used only nutrients for scoring. 

3 Yong et al. 2019 gave a range to each group, so each group were evaluated both as adequacy and moderation 

4 Others include: meal pattern, coffee, water, moderate alcohol 

5 Others include: Total fat, fried food, fast food, high-fat diary, alcohol, diary, eggs, cheese

Table S5-1. Adjusted covariates for GDM. 
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Adjusted for  Rifas-Shiman 

et al., 2009 

Tobias et al., 

2012 

Karamanos 

et al., 2014 

Badon et al., 

2016 

Schoenaker 

et al., 2016 

Meinilä et 

al., 2017 

Anand et al., 

2017 

Reasons for selecting covariatesa   2   3 2 

prepregnancy BMI Y Y Y Y 

 

Y Y 

weight 

      

Y 

age Y Y Y Y 

 

Y Y 

gravidity  Y Y 

  

Y 

  

education Y 

   

Y Y 

 

sedentary time 

 

Y 

     

area of residence 

       

race Y 

  

Y 

   

total energy intake 

 

Y Y 

 

Y 

  

smoking status 

 

Y 

 

Y 

   

physical activity 

 

Y 

 

Y Y 

  

family history of type 2 diabetes 

 

Y Y 

   

Y 

stress 

   

Y 

   

weight gain during pregnancy 

  

Y 

    

GDM history 

 

excluded 

   

Y 
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polycystic ovary syndrome 

    

Y 

  

a Reasons for selecting covariates: 1 denotes for change in the effect estimates by removing from the multivariable model. 2 denotes for univariate p value. 3 denotes for previous literature. 4 denotes for 

directed acyclic graphs. 
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Table S5-2. Adjusted covariates for HDP. 

Adjusted for  Rifas-Shiman et 

al., 2009 

Hillesund et al., 

2014 

Schoenaker et al., 

2016 

Gicevic et al., 

2018 

Arvizu et al., 2020 

Reasons for selecting covariatesa     4 

prepregnancy BMI Y Y 

 

Y Y 

height 

    

Y 

age Y Y 

 

Y Y 

gravidity  Y Y Y Y Y 

education Y Y Y 

 

Y 

area of residence 

    

Y 

race Y 

  

Y 

 

total energy intake 

 

Y Y Y Y 

smoking status 

 

Y 

 

Y Y 

physical activity 

  

Y Y 

 

sedentary time 

   

Y 

 

family history of hypertension 

   

Y 

 

GDM history 

   

Y 

 

GDM in the current pregnancy 

   

Y Y 
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diabetes 

 

Y 

   

chronic hypertension 

 

Y 

   

multivitamin use 

   

Y 

 

vitamin C and vitamin E intake 

    

Y 

a Reasons for selecting covariates: 1 denotes for change in the effect estimates by removing from the multivariable model. 2 denotes for univariate p value. 3 denotes for previous literature. 4 denotes for 

directed acyclic graphs. 
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Table S5-3. Adjusted covariates for preterm birth. 

Adjusted for  Mikkelsen 

et al., 2008 

Hillesund 

et al., 2014 

Saunders et 

al., 2014 

Martin et 

al., 2015 

Gresham et 

al., 2016 

Fulay et al., 

2018 

Chia et al., 

2018 

Navarro et 

al., 2019 

Reasons for selecting covariatesa  1   3    

prepregnancy BMI Y Y Y Y 

 

Y Y Y 

weight 

    

Y 

   

height 

      

Y 

 

age Y Y 

 

Y Y Y Y Y 

gravidity  Y Y 

 

Y Y 

 

Y 

 

education Y Y Y Y Y Y Y Y 

income 

   

Y 

  

Y Y 

socio-economic status 

       

Y 

area of residence 

  

Y 

 

Y 

   

race 

   

Y 

 

Y 

  

marital status 

  

Y Y 

   

Y 

infant sex 

      

Y Y 

total energy intake 

 

Y Y Y 

 

Y Y Y 

smoking status Excluded  Y Y 

 

Y Y Y Y 
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alcohol use 

      

Y Y 

physical activity Y 

   

Y 

 

Y 

 

other dietary patterns 

     

Y 

  

diabetes 

 

Y 

      

chronic hypertension 

 

Y 

      

weight gain during pregnancy 

  

Y 

  

Y Y 

 

a Reasons for selecting covariates: 1 denotes for change in the effect estimates by removing from the multivariable model. 2 denotes for univariate p value. 3 denotes for previous literature. 4 denotes for 

directed acyclic graphs. 
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Table S5-4. Adjusted covariates for birth weight. 
 

Rifas-

Shima

n et al., 

2009 

Poon 

et al., 

2013 

Hillesu

nd et 

al., 

2014 

Emond 

et al., 

2018 

Zhu et 

al., 

2019 

Gonzal

ez-

Nahm 

et al., 

2019 

Gresha

m et 

al., 

2016 

Navarr

o et al., 

2019 

Ancira

-

Moren

o et al., 

2020 

Rodrig

uez-

Bernal 

et al., 

2010 

Chatzi 

et al., 

2012 

Shapir

o et al., 

2016 

Badon 

et al., 

2016 

Chia et 

al., 

2018 

Grand

y et al., 

2018 

Kenne

dy et 

al., 

2019 

Reasons for selecting covariatesa  3 2,3  1      2 3    3 

prepregnancy BMI Y Y Y Y Y Y 

 

Y Y Y 

  

Y Y Y Y 

weight 

   

 

  

Y 

         

maternal/paternal height 

  

Y  

    

Y Y 

   

Y 

  

age Y Y Y Y Y Y Y Y Y 

 

Y Y Y Y Y Y 

gravidity  Y 

 

Y Y Y Y Y 

 

Y Y Y 

 

Y Y Y Y 

education Y Y Y Y 

 

Y Y Y Y 

 

Y 

  

Y 

 

Y 

income 

   

 

   

Y 

   

Y 

 

Y 

 

Y 

socio-economic status 

 

Y 

 

 

   

Y 

  

Y 

     

area of residence 

   

 

  

Y 

         

race Y Y 

 

 Y Y 

     

Y Y Y 

  

country of origin 
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marital status 

   

 

   

Y Y 

       

infant sex 

   

 

   

Y Y 

 

Y Y Y Y 

 

Y 

gestational age at delivery 

   

 Y 

    

Y Y Y Y 

  

Y 

preterm birth 

   

 

    

Y Y 

      

total energy intake 

 

Y Y Y Y Y 

 

Y Y 

 

Y Y 

 

Y Y 

 

average energy expenditure 

   

 

       

Y 

    

smoking status 

 

Y Y Y 

 

Y Y Y 

 

Y Y Y Y Y 

 

Y 

alcohol use 

 

Y 

 

 

   

Y 

     

Y 

  

physical activity 

  

Y Y Y 

 

Y 

     

Y Y 

  

stress 

   

 

        

Y 

   

quality of life 

   

 

           

Y 

planned pregnancy 

   

 

           

Y 

GDM in the current pregnancy 

  

Y  

       

Exclud

e 

  

Exclud

e 

 

gestational hypertension and 

preeclampsia 

   

 

       

Y 

    

chronic hypertension 

   

 Y 

      

Y 

    

weight gain during pregnancy 

   

Y 

    

Y Y 

   

Y 
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maternal urinary arsenic 

   

Y 

            

prenatal supplement use 

   

 Y 

           

prepregnancy folic acid 

   

 

           

Y 

a Reasons for selecting covariates: 1 denotes for change in the effect estimates by removing from the multivariable model. 2 denotes for univariate p value. 3 denotes for previous literature. 4 denotes for 

directed acyclic graphs. 
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Table S5-5. Adjusted covariates for GWG. 

Adjusted for  

Rifas-Shiman et 

al., 2009 

Hillesund et al., 

2014 

Tielemans et al., 

2015 

Ancira-Moreno 

et al., 2020 

Yong et al., 

2019 

Augustin et al., 

2020 

Reasons for selecting covariatesa  2,3 1,3    

prepregnancy BMI Y Y Y Y Y Y 

weight 
   

 
  

age Y Y Y Y Y 
 

age square 
 

Y 
 

 
  

gravidity  Y Y Y Y Y Y 

income 
  

Y  
  

education Y Y Y Y Y Y 

race Y 
  

 
  

gestational age at registration 
   

 
 

Y 

gestational age at follow-up 
  

Y  
  

gestational age at delivery 
 

Y 
 

 
 

Y 

marital status 
   

Y 
  

infant sex 
  

Y Y 
  

total energy intake 
 

Y 
 

Y 
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smoking status 
 

Y Y  
 

Y 

alcohol use 
  

Y  
  

physical activity 
 

Y 
 

Y Y 
 

sedentary time 
   

 
  

stress 
  

Y  
  

preexisting medical disorders 
   

 
 

Y 

a Reasons for selecting covariates: 1 denotes for change in the effect estimates by removing from the multivariable model. 2 denotes for univariate p value. 3 denotes for previous literature. 4 denotes for 

directed acyclic graphs. 
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Table S6. Results for sensitivity analyses. 

Excessive gestational weight gain 
 

Overall estimate 0.91 (0.76, 1.10) 

Only include high quality studies 0.89 (0.72, 1.08) 

Omit one study at a time ranged from 0.84 (0.61, 1.17) to 0.97 (0.82, 1.14) 

Inadequate gestational weight gain 
 

Overall estimate 0.90 (0.69, 1.18) 

Only include high quality studies 0.99 (0.76, 1.29) 

Omit one study at a time ranged from 0.83 (0.64, 1.07) to 0.99 (0.76, 1.29) 

GDM 
 

Overall estimate 0.77 (0.65, 0.90) 

Only include high quality studies 0.79 (0.67, 0.93) 

Omit one study at a time ranged from 0.73 (0.60, 0.88) to 0.82 (0.71, 0.94) 

HDP 
 

Overall estimate 0.87 (0.83, 0.92) 

Omit one study at a time ranged from 0.86 (0.81, 0.91) to 0.89 (0.83, 0.95) 

Preterm birth 
 

Overall estimate 0.77 (0.67, 0.89) 
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Omit one study at a time ranged from 0.67 (0.56, 0.80) to 0.85 (0.76, 0.94) 

SGA 
 

Overall estimate 0.88 (0.79, 0.99) 

Omit one study at a time ranged from 0.82 (0.62, 1.09) to 0.90 (0.80, 1.00) 

Alternately include similar dietary patterns from the same cohort 0.89 (0.82, 0.97) 

LBW 
 

Overall estimate 0.60 (0.37, 0.99) 

Omit one study at a time ranged from 0.53 (0.32, 0.89) to 0.69 (0.44, 1.07) 

LGA 
 

Overall estimate 0.90 (0.71, 1.15) 

Omit one study at a time ranged from 0.81 (0.64, 1.03) to 0.99 (0.82, 1.21) 

Alternately include similar dietary patterns from the same cohort 0.84 (0.61, 1.16) 

Birth weight as a continuous variable 
 

Overall estimate -7.8 ( -56.0, 40.5) 

Omit one study at a time ranged from -19.8 (-64.5, 24.8) to 5.8 (-35.8, 47.4) 
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Table S7-1. Results for subgroup analyses for gestational weight gain. 

Characteristics Excessive gestational weight gain Inadequate gestational weight gain 
 

N OR (95% CI) I2,% Pa N OR (95% CI) I2,% Pa 

All studies 6 0.91 (0.76, 1.10) 59% 

 

6 

   

Population 

   

0.75 

   

<0.01 

  ≥1000 4 0.95 (0.80-1.14) 57 

 

4 1.08 (0.83-1.41) 69 

 

  <1000 2 0.83 (0.37-1.86) 76 

 

2 0.60 (0.48-0.75) 0 

 

Mean age, y 

   

0.04 

   

0.07 

  ≥30 5 0.97 (0.82-1.14) 49 

 

5 0.96 (0.73-1.28) 82 

 

  <30 1 0.56 (0.34-0.93) - 

 

1 0.57 (0.35-0.94) - 

 

Prepregnancy BMI, kg/m2    0.27    0.01 

  <25  5 0.89 (0.72-1.08) 65  5 0.99 (0.76-1.29) 72  

  ≥25 1 1.28 (0.69-2.38) - 

 

1 0.61 (0.47-0.78) - 

 

Dietary assessment time 

   

0.61 

   

0.50 

  1st trimester 1 0.96 (0.76-1.20) - 

 

1 0.79 (0.57-1.11) - 

 

  2nd trimester 5 0.87 (0.66-1.15) 67 

 

5 0.93 (0.68-1.28) 84 

 

Dietary assessment tool 

   

0.75 

   

<0.01 

  Validated FFQ 4 0.95 (0.80-1.14) 57 

 

4 1.08 (0.83-1.41) 69 
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  Recall 2 0.83 (0.37-1.86) 76 

 

2 0.60 (0.48-0.75) 0 

 

Validated diet quality score 

   

0.75 

   

<0.01 

  Yes 4 0.95 (0.80-1.14) 57 

 

4 1.08 (0.83-1.41) 69 

 

  No 2 0.83 (0.37-1.86) 76 

 

2 0.60 (0.48-0.75) 0 

 

Adjustment for confounders 

        

BMI 

        

  Yes 6 

   

6 

   

  No 0 

   

0 

   

Age 

   

0.01 

   

<0.01 

  Yes 5 0.96 (0.84-1.09) 34 

 

5 0.83 (0.64-1.07) 79 

 

  No 1 0.28 (0.10-0.74) - 

 

1 2.22 (1.12-4.43) - 

 

Energy 

   

0.54 

   

0.47 

  Yes 2  0.78 (0.47-1.30) 77 

 

2 0.79 (0.48-1.29) 76 

 

  No 4 0.94 (0.68-1.31) 61 

 

4 1.01 (0.63-1.61) 86 

 

Parity 

        

  Yes 0 

   

0 

   

  No 6 

   

6 

   

Education 
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  Yes 6 

   

6 

   

  No 0 

   

0 

   

Income 

   

0.19 

   

0.06 

  Yes 1 1.09 (0.83-1.44) - 

 

1 1.27 (0.93-1.73) - 

 

  No 5 0.86 (0.67-1.09) 65 

 

5 0.84 (0.62-1.14) 81 

 

Smoking 

   

0.9 

   

<0.01 

  Yes 3 0.90 (0.66-1.24) 71 

 

3 1.23 (0.86-1.76) 76 

 

  No 3 0.88 (0.59-1.30) 59 

 

3 0.66 (0.54-0.79) 0 

 

Physical activity 

   

0.94 

   

0.10 

  Yes 3 0.88 (0.62-1.27) 62 

 

3 0.72 (0.49-1.06) 86 

 

  No 3 0.87 (0.58-1.29) 71 

 

3 1.22 (0.75-1.98) 77 

 

a P values for differences between groups
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Table S7-1. Results for subgroup analyses for GDM, LGA and birth weight as a continuous outcome. 

Characteristics GDM LGA Birth weight as a continuous outcome 
 

N OR (95% CI) I2,% Pa N OR (95% CI) I2,% Pa N OR (95% CI) I2,% Pa 

All studies 7 0.77 (0.65-0.90) 72 

 

6 0.90 (0.71, 1.15) 59 

 

11 -7.8 (-56.0, 40.5) 79 

 

Study population 

   

>0.99 

        

  Gerneral 5 0.75 (0.62-0.92) 67 

         

  Specific 2 0.75 (0.47-1.21) 83 

         

n 

   

0.03 

   

0.53 

   

0.79 

  ≥1000 6 0.73 (0.60-0.88) 66 

 

3 0.85 (0.60-1.20) 80 

 

5 -0.5 (-122.4-121.4) 87 

 

  <1000 1 0.93 (0.82-1.05) - 

 

3 1.00 (0.69-1.46) 2 

 

6 -17.7 ( -60.0- 24.6) 66 

 

Mean age, y 

   

0.15 

   

0.12 

   

0.8 

  ≥30 6 0.74 (0.59-0.91) 74 

 

3 0.94 (0.72-1.23) 59 

 

7 -11.0 ( -85.5- 63.6) 83 

 

  <30 1 0.88 (0.78-1.00) - 

 

2 1.14 (0.72-1.79)  2 

 

2 -29.7 ( -79.8- 20.4) 0 

 

Unknown 

    

1 0.62 (0.40-0.94) 

  

2 15.8 (-123.5-155.0) 91 

 

Prepregnancy BMI, kg/m2 

   

0.03 

   

0.11 

   

0.28 

  <25  6 0.73 (0.60-0.88) 66 

 

2 0.97 (0.71-1.31) 74 

 

6  9.8 ( -39.9- 59.5) 71 

 

  ≥25 1 0.93 (0.82-1.05) - 

 

2 1.14 (0.72-1.79) 2 

 

2 -68.8 (-757.9-620.2) 96 

 

Unknown 

    

2 0.65 (0.45-0.93) 0 

 

3 -38.9 ( -73.2- -4.6) 0 

 



Diet Quality during Pregnancy  Yamei Yu 

157 

 

Dietary assessment time 

   

0.02 

   

0.06 

    

  Prepregnancy 2 0.74 (0.52-1.06) 90 

        

<0.01 

  1st trimester 2 0.93 (0.82-1.04) 0 

 

2 0.73 (0.57-0.93) 0 

 

2 15.8 (-123.5- 155.0) 91 

 

  2nd trimester 3 0.66 (0.54-0.81) 0 

 

2 1.05 (0.84-1.32) 16 

 

8 3.2 ( -42.2- 48.6) 68 

 

  3rd trimester 

    

2 1.14 (0.72-1.79) 2 

 

1 -422.9 (-634.4- -211.5) - 

 

Dietary assessment tool 

   

0.03 

        

  Non-validated FFQ 1 0.93 (0.82-1.05) - 

        

0.69 

  Validated FFQ 6 0.73 (0.60-0.88) 66 

     

7 -1.1 ( -47.8- 45.7) 73 

 

  Recall 

        

4 -32.7 (-179.8-114.4) 88 

 

Validated diet quality score 

   

>0.99 

       

<0.01 

  Yes 5 0.75 (0.62-0.92) 67 

     

10 -19.8 (-64.5- 24.8) 76 

 

  No 2 0.75 (0.47-1.21) 83 

     

1 280.2 (103.6-456.8) - 

 

Self-reported outcome 

   

0.84 

        

  Yes 2 0.74 (0.52-1.06) 90 

 

0 

       

  No 5 0.78 (0.62-0.97) 59 

 

6 

       

Adjustment for confounders 

BMI 

   

0.15 

       

0.96 

  Yes 6 0.74 (0.59-0.91) 74 

     

7 -7.2 (-76.4-62.1) 84 
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  No 1 0.88 (0.78-1.00) - 

     

4 -9.4 (-79.8-60.8) 74 

 

Age 

   

0.15 

        

  Yes 6 0.74 (0.59-0.91) 74 

         

  No 1 0.88 (0.78-1.00) 

          

Energy 

   

0.47 

   

0.46 

   

0.08 

  Yes 3 0.72 (0.56-0.93) 83 

 

5 0.93 (0.70-1.25) 56 

 

8 -34.4 (-86.2- 17.4) 76 

 

  No 4 0.82 (0.64-1.04) 48 

 

1 0.79 (0.59-1.08) 

  

3 89.2 (-40.4-218.7) 87 

 

Parity 

   

0.94 

   

0.94 

   

0.45 

  Yes 3 0.77 (0.58-1.02) 81 

 

5 0.90 (0.68-1.18) 67 

 

10 -4.8 ( -58.3-48.7) 81 

 

  No 4 0.76 (0.58-0.98) 69 

 

1 0.92 (0.50-1.69) 

  

1 -37.2 (-102.6-28.2) - 

 

Education 

 

    <0.01 

   

0.04 

   

0.03 

  Yes 3 0.91 (0.83-0.99) 0   5 0.99 (0.82-1.20) 33 

 

7 31.0 ( -26.4-88.5) 74 

 

  No 4 0.64 (0.56-0.73) 0   1 0.62 (0.40-0.94) 

  

4 -72.7 (-145.0--0.4) 77 

 

Income 

            

  Yes 0 

   

0 

   

0 

   

  No 7 

   

7 

   

11 

   

Smoking 

   

0.38 

   

<0.01 

   

0.29 

  Yes 2 0.69 (0.49-0.96) 44 

 

4 1.09 (0.99-1.19)  0 

 

8  3.2 ( -42.2-48.6) 68 
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  No 5 0.81 (0.69-0.94) 60 

 

2 0.73 (0.57-0.93)  0 

 

3 -91.4 (-262.1-79.4) 92 

 

Physical activity 

   

0.91 

   

0.7 

   

0.56 

  Yes 3 0.77 (0.58-1.03) 81 

 

3 0.84 (0.54-1.29) 75 

 

4 -28.0 (-56.0--0.1)  0 

 

  No 4 0.76 (0.59-0.98) 69 

 

3 0.93 (0.67-1.29) 26 

 

7 -0.7 (-87.7-86.2) 86 

 

a P values for differences between groups  
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Figure S1. Associations between maternal diet quality and the risk of inadequate gestational weight gain (GWG).  
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Figure S2. Associations between maternal diet quality and the risk of small for gestational age (SGA).  
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Figure S3. Associations between maternal diet quality and the risk of low birth weight (LBW).  
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Figure S4. Associations between maternal diet quality and the risk of large for gestational age (LGA).  
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Figure S5. Associations between maternal diet quality and the risk of macrosomia.  
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Figure S6. Associations between maternal diet quality and birth weight.  
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Figure S7. Associations between maternal diet quality and birth weight for gestational age z-score. 
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CHAPTER 7. MANUSCRIPT 3 - INTERACTION BETWEEN MATERNAL DIET 

QUALITY AND MULTIVITAMIN INTAKE DURING PREGNANCY ON OFFSPRING 

NEURODEVELOPMENT AT 2 YEARS OF AGE 

 

Article preface 

This manuscript showed that there were statistically significant interactions between diet quality 

and multivitamin intake in association with cognitive and language development outcomes in the 

offspring. Therefore, it addressed the fourth objectives of this thesis: 4) To assess the 

relationships between maternal nutrition during pregnancy and offspring neurodevelopment. YY 

is the guarantor of the paper. YY, WF and LD designed research; YY, WF, LD, JS, MS, GM, 

and AM conducted research; YY, CF, WS, and HL analyzed data; YY, JS, HL and IH wrote the 

paper. YY, WF and LD had primary responsibility for final content. All authors read and 

approved the final manuscript. Written informed consents were obtained from each participant in 

the 3D Cohort Study. Ethical approvals of 3D Cohort Study were obtained from the research 

ethics committee at Sainte‐Justine's Hospital in Montreal and all other participating study sites. 

The Health Sciences and Science Research Ethics Board of the University of Ottawa granted 

approval for secondary data analyses, including those in this manuscript (file number H-04-21-

6908, Approval Date April/05/2021, Appendix 1). The STROBE-nut reporting checklist could be 

found in Appendix 7. 

This manuscript was formatted for submission as an original research article to the journal 
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American Journal of Clinical Nutrition. The proof for the submission could be found in 

Appendix 8.  
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Abstract 

Background 

Nutrition during pregnancy is associated with neurodevelopmental outcomes in the offspring, but 

few studies have investigated the potential interaction between diet quality and multivitamin intake.  

Objectives  

To evaluate the interaction between diet quality and multivitamin intake during pregnancy on 

offspring neurodevelopment. 

Methods 

This analysis included 1534 mother-child dyads from the 3D Cohort Study (Quebec, Canada).  

Dietary information was collected using a 3-day food record in the second trimester of pregnancy. 

Diet quality was measured with the Canadian adaptation of the Healthy Eating Index (HEI-C) 2010 

and was categorized as low or high compared to the median. Multivitamin intake in pregnancy 

was recorded as a dichotomous outcome based on the maternal medication log. At 24 months, 

children’s cognitive, motor and language development were measured using validated assessments. 

Multiple linear regressions were used for the analysis. 

Results  

There were statistically significant interactions between diet quality and multivitamin intake in 

association with cognitive and language development outcomes in the offspring (p for interactions 

= 0.018 and 0.023, respectively). The cognitive and language scores were lowest in the children 

born to the group of women who did not take multivitamins and had a low diet quality. Among 
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women who did not take multivitamins, high diet quality was associated with better offspring 

cognitive and language scores (mean difference [95% CI] = 4.2 [0.1, 8.2], p=0.04; and 11.3 [3.1, 

19.5], p=0.01, respectively). Among women who took multivitamins, no such associations were 

found. On the other hand, taking multivitamins was associated with 3.0 (95% CI: 0.3 to 5.8, p=0.03) 

points higher cognitive composite scores in participants who had a low diet quality, but not in 

those with a high diet quality.  

Conclusions  

Adequate nutrition supply, through high quality diet or multivitamin use, are key contributors to 

the healthy  neurodevelopment of children. 

 

Keywords: birth cohort; maternal diet during pregnancy; early-life nutrition; prenatal nutrition; 

multivitamins; Healthy Eating Index; childhood cognition; cognitive development; early 

development; language development; neurodevelopment 
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Introduction 

The first 1,000 days of life, which include pregnancy and two years postpartum, is a time when 

the brain forms and develops rapidly and lays the foundation of neurodevelopment. During this 

crucial early stage, proliferation, migration, aggregation, and myelination of the neurons forms 

the architecture of the brain and provide the foundation for cognitive, motor, and language 

functions later in life 1. Particularly, throughout the third trimester, the structure of the brain 

changes from a smooth bilobed shape to a more complex one with gyrations and sulcations that 

resembles the adult brain 2,3. The early period of neurodevelopment represents a time of great 

opportunity and vulnerability for future educational attainment and participation in community 

activities of the children at the individual level, and for the overall development and economic 

growth for the human at the population level 4. 

Proper nutrition during pregnancy provides fundamental building blocks for the developing brain 

5,6. The brain is vulnerable to damage if the nutrients required to support its growth are 

insufficient 7. Research from the great Dutch famine found smaller brain volume and perfusion 

after several decades in those exposed to the famine in utero 8,9. In addition to energy and 

macronutrients deficiency characterized in the famine, micronutrients, including zinc, iron, 

choline, B-vitamins and iodine, were also found to be essential for brain growth 10.  

Pregnant women generally get essential nutrients through a good quality diet or multivitamin 

supplements when the supply from diet is not optimal 11,12. Diet quality can be assessed by 

measuring compliance with dietary guidelines 13,14. Despite increasing interest in the associations 
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between maternal diet quality during pregnancy and childhood neurodevelopment, to date, there 

were few studies quantifying this association directly 15,16. Most previous studies used 

components of a good quality diet, such as fish, seafood, fruit intake, certain nutrients, or data-

driven dietary pattern as an approximate for diet quality 15. One recent U.S. cohort study found 

that higher diet quality scores during pregnancy were associated with better cognition in the 

offspring 17. On the other hand, interventional studies using multivitamin supplementation did 

not demonstrate positive effects in improving offspring neurodevelopment 16. The discrepancy 

between these results and findings of the Dutch famine studies could possibly be explained by a 

modifying effect of diet quality on the association between multivitamin intake and 

neurodevelopment, since both diet and multivitamins provide nutrients during pregnancy. 

However, no studies have measured the potential interaction between the two exposures.  

The objective of this paper is to evaluate diet quality and multivitamin intake during pregnancy, 

and their interactions, in relation to neurodevelopment outcomes in the offspring. 
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Methods 

Design, Setting, and Participants  

This study included 1534 pregnant women enrolled in the 3D Prospective Cohort Study in 

Quebec, Canada, for which information on dietary intake and use of multivitamins in pregnancy 

was available. The protocol of this study and the methods used for dietary data collection and 

processing have been described in detail elsewhere18-20. Between 2010 and 2012, 2366 pregnant 

women from the province of Quebec were recruited in the first trimester of pregnancy. Extensive 

interviews were conducted in the first, second, and third trimester of pregnancy, and postpartum 

at 3 months, 1 year, and 2 years. All participants signed written informed consents. The Health 

Sciences and Science Research Ethics Board of the University of Ottawa, and the research ethics 

committee at Sainte-Justine Hospital in Montreal and all other participating study sites provided 

ethical approvals for this study.  

Exposures and Measurements 

Women were asked to complete a 3-day food record between 20 and 24 weeks of gestation. 

Using the dietary information obtained from the 3-day food records, a Canadian adaptation of the 

Healthy Eating Index (HEI-C) 2010 was used to quantify diet quality. The HEI-C measures 

compliance with the Canadian Food Guide recommendations21 by scoring intakes of eight foods 

that should be consumed in adequate amounts, and three that should be consumed in moderate 

amounts, resulting in a total (maximum) score of 100 14. This Index has been validated for use in 

the general adult population14 and in the pregnant women of this study (data not shown). Details 
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of the methods used to code data and food groups for the nutritional analysis of the 3D Cohort 

Study has been described elsewhere 22. Briefly, the energy, macronutrients, and micronutrients of 

each food item were compiled by trained nutritionists using the Food Processor software (ESHA 

Research, Inc., Salem), which was linked to the Canadian Nutrient File 23. Food items were also 

classified into four food groups and 30 sub-groups using the food Classification system 

developed by Health Canada 24. Mixed dishes were decomposed into food group servings 

according to the Food Patterns Equivalents Database developed by U.S. Department of 

Agriculture 25. This information was used to calculate the scores for each component of the HEI-

C, which were compiled to obtain the total HEI-C sore. The total HEI-C score was further 

dichotomized into low and high diet quality by median split.  

Multivitamin supplement intake was captured using the maternal medication logs (MML) 

administered by research nurses during study visits in each trimester of pregnancy and at 

delivery. The nutritional information of each multivitamin was confirmed by trained nutritionists 

using Health Canada’s Licensed Natural Health Products Database26 and each companies’ 

product label and website. For this study, use of multivitamins in pregnancy was considered as a 

dichotomous variable based on the information stated in the MML of either “did not take 

multivitamins” or “took multivitamins”. 

Outcomes and Measurements 

Neurodevelopmental assessments were performed on the children at around two years of age by 

trained research personnel who were unaware of the exposures of this study and covariate 
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information. Cognitive and motor (fine and gross) scales of childhood development were 

assessed using the Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley III 

scale). The Bayley III is a validated and standardized developmental assessment for children 

aged 1–42 months with established test–retest reliability, internal consistency as well as 

convergent and divergent validity 27,28. Each scale consists of a series of developmental play 

tasks. The cognitive scale assesses cognitive processes like memory, exploration, manipulation, 

and sensorimotor development. The motor scale evaluates the quality of movement, sensory 

integration, perceptual–motor integration, prehension, and other milestones. Scale-specific raw 

scores were converted to scaled scores and to composite scores according to the score 

distribution in normally developed children of the same age. For the fine and gross motor 

subtests, only scaled scores were available. Means were set at 10 and 100 with a standard 

deviation of 3 and 15 for the scaled scores (fine and gross motor) and the composite scores 

(cognitive, motor), respectively.  

To measure language abilities, this study focused on early word production via a standard parent-

report task. Specifically, the toddler short-form versions of MacArthur-Bates Communicative 

Development Inventories (MCDI) questionnaire administered either in English or French were 

used 29,30. This questionnaire is a 100-word checklist that focuses on words commonly used in 

the lives of young children. Parents were asked to identify the words on the list that their child 

says, even if the pronunciation does not match the adult target. The English MacArthur-Bates 

toddler short form has established reliability as well as content and concurrent validity. A French 
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version of the short form has been adapted for French-speaking children in Québec using the 

approach described by Fenson et al 29,31. 

Statistical Analyses 

Means and standard deviations (SD) of the neurodevelopment scores were calculated. Univariate 

and multiple linear regression models were used to calculate crude and adjusted effect estimates 

and confidence intervals (CIs). Interaction on an additive scale was assessed by adding a product 

term to the linear regression model 32. Variance inflation factors (VIFs) were used to test for 

multicollinearity in multiple linear regression models. No multicollinearity was observed in the 

models using a cut-off VIF value of 10. A directed acyclic graph (DAG, Supplementary Figure 

1) was used to select potential confounding variables in the adjusted model to estimate the 

association between maternal nutrition during pregnancy and neurodevelopment outcomes of the 

children (‘total effect’) 33. As a sensitivity analysis, multiple imputation according to the Markov 

chain Monte Carlo method was used to imputing missing information in covariates and outcomes 

by creating and pooling 20 imputed data sets for analyses based on “missing at random” 

assumption 34.  

All statistical analyses were performed using Statistical Analysis System software version 9.4 

(SAS v9.4; SAS Institute Inc., Cary, NC, USA). A two-sided p < 0.05 was set as the level of 

statistical significance. For interaction terms statistically significance, an alpha level of 0.10 was 

considered.  
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Results 

Out of 2366 participants enrolled in the 3D Cohort Study, 1535 women completed the 3-day 

food record and were eligible for study inclusion. One additional participant was excluded due to 

missing information on multivitamin consumption in pregnancy, leaving 1534 mothers for 

inclusion in analysis (full sample). Compared with participants with low diet quality, participants 

with high diet quality were older, more likely to have completed university studies, and had 

higher household income. They were also less likely to be overweight or obese and to smoke. 

Participants who took multivitamins and those who did not had comparable characteristics, with 

the exception of tobacco use. The proportion of participants who reported smoking in pregnancy 

was higher in participants not taking multivitamins (20.5% vs 12.5%) (Table 1). 
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Table 1. Participant characteristics according to diet quality and multivitamins intake. (n=1534) 

Characteristics 

Low diet quality 

High diet 

quality 

Not taking 

multivitamins 

Taking 

multivitamins 

n (%) n (%) n (%) n (%) 

Total 767 767 161 1373 

Mother's age     

<25 61 (8) 24 (3.1) 11 (6.8) 74 (5.4) 

25–<35 563 (73.6) 565 (73.8) 116 (72) 1012 (73.9) 

≥35 141 (18.4) 177 (23.1) 34 (21.1) 284 (20.7) 

Maternal education     

Secondary school or less 65 (8.5) 29 (3.8) 12 (7.5) 82 (6) 

College 231 (30.4) 159 (20.8) 37 (23) 353 (25.9) 

Undergraduate university degree 298 (39.2) 330 (43.3) 69 (42.9) 559 (41) 

Graduate university studies 167 (21.9) 245 (32.1) 43 (26.7) 369 (27.1) 

Household income (CAD)     

<30 000 65 (8.8) 51 (6.9) 14 (9) 102 (7.7) 

30,000–59,999 141 (19) 113 (15.3) 38 (24.4) 216 (16.3) 

60,000–79,999 150 (20.2) 112 (15.2) 24 (15.4) 238 (18) 

80,000–99,999 167 (22.5) 165 (22.4) 31 (19.9) 301 (22.8) 

≥100 000 219 (29.5) 296 (40.2) 49 (31.4) 466 (35.2) 

Marital status     

Married 306 (39.9) 308 (40.2) 65 (40.4) 549 (40) 

Common law/partner 420 (54.8) 435 (56.7) 90 (55.9) 765 (55.8) 

Others 40 (5.2) 24 (3.1) 6 (3.7) 58 (4.2) 

Prepregnancy BMI     

underweight < 18.5 36 (4.9) 54 (7.4) 10 (6.5) 80 (6.1) 

nomral weight 18.5 - 24.9 442 (60.5) 511 (70.4) 98 (63.6) 855 (65.6) 
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overweight 25 -29.9 143 (19.6) 102 (14) 30 (19.5) 215 (16.5) 

obese ≥30 110 (15) 59 (8.1) 16 (10.4) 153 (11.7) 

Parity     

0 408 (53.2) 482 (62.8) 89 (55.3) 801 (58.3) 

≥1 359 (46.8) 285 (37.2) 72 (44.7) 572 (41.7) 

Mother born in Canada     

No 217 (28.4) 217 (28.3) 53 (32.9) 381 (27.8) 

Yes 548 (71.6) 550 (71.7) 108 (67.1) 990 (72.2) 

Mother white     

No 152 (19.9) 153 (20) 30 (18.8) 275 (20.1) 

Yes 613 (80.1) 613 (80) 130 (81.3) 1096 (79.9) 

Smoking during pregnancy     

No 646 (84.3) 681 (89) 128 (79.5) 1199 (87.5) 

Yes 120 (15.7) 84 (11) 33 (20.5) 171 (12.5) 

Sex of the child     

Female 391 (51.4) 368 (48) 77 (48.4) 682 (49.9) 

Male 369 (48.6) 398 (52) 82 (51.6) 685 (50.1) 

  



Diet Quality during Pregnancy  Yamei Yu 

184 

 

Cognitive, motor, and language development scores at 2 years of age were available for 1182, 

1134 and 1108 children, respectively. After excluding participants with missing data on 

covariates, 1066, 1040, and 981 remained respectively for complete case analysis. (Figure 1) The 

characteristics of participants for complete case analysis were very similar to those in the full 

sample (Supplementary Table 1).  
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Figure 1. Flow chart for study participants. 

  



Diet Quality during Pregnancy  Yamei Yu 

186 

 

As shown in Table 2, there were statistically significant interactions between diet quality and 

multivitamin intake during pregnancy for the outcome of cognitive development of children at 2 

years of age measured by Bayley III (P for interaction = 0.007 and 0.018, respectively, in 

unadjusted and adjusted models). In the unadjusted model, the lowest cognitive composite scores 

(mean[SD] = 96.9[11.4] ) were found in the group with low diet quality and no intake of 

multivitamins. It is lower than that in the other three groups: the group with high diet quality and 

no intake of multivitamins (mean[SD] = 102.8(11.4); mean difference [95% CI] = 5.9 [1.7,10.1], 

P=0.01), the group with low diet quality and intake of multivitamins (mean[SD] = 102.8[11.4]; 

mean difference [95% CI] = 4.0 [1.2,6.9], P=0.01), and the group with high diet quality with 

intake of multivitamins (mean[SD] = 100.6[11.4]; mean difference [95% CI] = 3.7 [0.9,6.6], 

P=0.01). Having a high diet quality during pregnancy was significantly associated with higher 

cognitive composite scores in the offspring among women who did not take multivitamins 

during pregnancy (mean difference [95% CI] = 5.9 [1.7,10.1], P=0.01), but not among women 

who took multivitamins (mean difference [95% CI] = 0.3 [-1.1,1.7], P=0.70). Similarly, taking 

multivitamins during pregnancy was associated with higher cognitive composite scores in the 

offspring among women who had a low diet quality during pregnancy (mean difference [95% 

CI] = 4 [1.2,6.9], P=0.01), but not in those who had a high diet quality during pregnancy (mean 

difference [95% CI] =-2.1 [-5.5,1.3], P=0.22). These associations persisted after adjusting for 

multiple potential confounding variables including maternal characteristics including age, energy 

intake, prepregnancy body mass index (BMI), education, smoking, marital status, immigration 

status, ethnicity, parity, family income, and children’s characteristics including biological sex 
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and age at neurodevelopment measurement. However, the mean differences became slightly 

smaller. In adjusted models, the mean difference of cognitive composite scores between those 

with high vs. low diet quality was 4.2 (95% CI, 0.1, 8.2; P=0.04) for participants who did not 

take multivitamins during pregnancy. The mean difference of cognitive composite scores 

between those who took multivitamins vs. who did not take multivitamins was 3.0 (95% CI, 0.3, 

5.8; P=0.03) for participants with a low diet quality during pregnancy.  

 

Similarly, there were statistically significant interactions between diet quality and multivitamin 

intake during pregnancy for the outcome of language development of children at 2 years of age 

(P for interaction = 0.008 and 0.023, respectively, in unadjusted and adjusted models). In 

adjusted models, among women who did not take multivitamins during pregnancy, the 

MacArthur-Bates language score was 11.3 points (95% CI, 3.1,19.5; P=0.01) higher in the 

children of women with a high diet quality in pregnancy, compared with the children of women 

with a low diet quality.  Among women who had a low diet quality during pregnancy, the 

difference in MacArthur-Bates language scores of offspring between those who took 

multivitamins vs. who did not take multivitamins was no longer statistically significant after 

adjustment.  
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Table 2. Interaction between diet quality and multivitamins intake during pregnancy on cognitive and language development of children 

at 2 years of age. 

  Not taking multivitamins Taking multivitamins MD(95% CI) for multivitamins 

within strata of diet quality 

p for 

interaction   Mean(SD), n MD(95% CI), p Mean(SD),  n MD(95% CI), p 

Cognitive, unadjusted      0.007 

Low diet quality 96.9(11.4), 69 Reference 100.9(11.4), 476 4(1.2,6.9), P=0.01 4(1.2,6.9), P=0.01  

High diet quality 102.8(11.4), 47 5.9(1.7,10.1), P=0.01 100.6(11.4), 491 3.7(0.9,6.6), P=0.01 -2.1(-5.5,1.3), P=0.22  

MD (95% CI) for diet quality 

within strata of multivitamins 
  5.9(1.7,10.1), P=0.01   0.3(-1.1,1.7), P=0.7     

Cognitive, adjusted 1      0.018 

Low diet quality 94.9(13.3), 69 Reference 97.9(22.3), 476 3(0.3,5.8), P=0.03 3(0.3,5.8), P=0.03  

High diet quality 99(12.5), 47 4.2(0.1,8.2), P=0.04 96.9(23.8), 491 2(-0.7,4.8), P=0.15 -2.1(-5.4,1.1), P=0.19  

MD (95% CI) for diet quality 

within strata of multivitamins 
  4.2(0.1,8.2), P=0.04   -1(-2.4,0.4), P=0.16     

Language, unadjusted      0.008 

Low diet quality 47.3(23.2), 64 Reference 54.6(23.2), 434 7.3(1.2,13.4), P=0.02 7.3(1.2,13.4), P=0.02  

High diet quality 61.9(23.2), 42 14.6(5.6,23.6), P=0 56.2(23.2), 441 8.9(2.8,15), P=0 -5.7(-13,1.6), P=0.02  

MD (95% CI) for diet quality 

within strata of multivitamins 
  14.6(5.6,23.6), P=0   1.6(-1.5,4.7), P=0.31     

Language, adjusted 1      0.023 

Low diet quality 43.9(26.1), 64 Reference 48.8(45), 434 4.9(-0.7,10.4), P=0.09 4.9(-0.7,10.4), P=0.09  
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High diet quality 55.2(24.8), 42 11.3(3.1,19.5), P=0.01 50(47.8), 441 6.1(0.5,11.7), P=0.03 -5.2(-11.9,1.5), P=0.13  

MD (95% CI) for diet quality 

within strata of multivitamins 
  11.3(3.1,19.5), P=0.01   1.2(-1.6,4.1), P=0.39     

 

MD: Mean difference, denoting for the regression coefficient in the linear regression model. 

1 Adjusted for maternal characteristics including age, energy intake, prepregnancy body mass index (BMI), education, smoking, marital 

status, immigration status, ethnicity, parity, family income, and children’s characteristics including biological sex and age at 

neurodevelopment measurement. 
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As shown in table 3, after adjustment, there were no statistically significant interactions 

between diet quality and multivitamin intake during pregnancy on motor development 

outcomes of children at 2 years of age.  
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Table 3. Interaction between diet quality and multivitamins intake during pregnancy on motor development of children at 2 years of age. 

  No multivitamins Took multivitamins MD(95% CI) for multivitamins 

within strata of diet quality 

P for 

interaction   Mean(SD), n MD(95% CI), P Mean(SD),  n MD(95% CI), P 

Fine motor, unadjusted      0.04 

Low diet quality 11.3(2.6), 65 Reference 11.6(2.6), 464 0.3(-0.4,1), P=0.34 0.3(-0.4,1), P=0.34  

High diet quality 12.3(2.6), 44 1(-0.1,2), P=0.06 11.5(2.6), 467 0.2(-0.5,0.9), P=0.63 -0.8(-1.6,0), P=0.06  

MD(95% CI) for diet quality 

within strata of multivitamins 
  1(-0.1,2), P=0.06   -0.2(-0.5,0.2), P=0.34     

Fine motor, adjusted 1      0.17 

Low diet quality 11.2(3.2), 65 Reference 11.3(5.4), 464 0.2(-0.5,0.8), P=0.62 0.2(-0.5,0.8), P=0.62  

High diet quality 11.7(3), 44 0.5(-0.5,1.5), P=0.31 11.1(5.7), 467 -0.1(-0.7,0.6), P=0.88 -0.6(-1.4,0.2), P=0.17  

MD(95% CI) for diet quality 

within strata of multivitamins 
  0.5(-0.5,1.5), P=0.31   -0.2(-0.6,0.1), P=0.2     

Gros motor, unadjusted      0.112 

Low diet quality 9(2.3), 65 Reference 8.9(2.3), 464 -0.2(-0.7,0.4), P=0.6 -0.2(-0.7,0.4), P=0.6  

High diet quality 9.8(2.3), 44 0.7(-0.1,1.6), P=0.09 8.9(2.3), 467 0.7(-0.2,1.7), P=0.11 -0.9(-1.6,-0.2), P=0.01  

MD(95% CI) for diet quality 

within strata of multivitamins 
  0.7(-0.1,1.6), P=0.09   0(-0.3,0.3), P=0.98     

Gros motor, adjusted 1      0.163 

Low diet quality 9(2.8), 65 Reference 8.8(4.7), 464 -0.2(-0.8,0.4), P=0.43 -0.2(-0.8,0.4), P=0.43  

High diet quality 9.7(2.6), 44 0.7(-0.2,1.5), P=0.13 8.8(4.9), 467 -0.2(-0.8,0.4), P=0.49 -0.9(-1.6,-0.2), P=0.01  
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MD(95% CI) for diet quality 

within strata of multivitamins 
  0.7(-0.2,1.5), P=0.13   0(-0.3,0.3), P=0.87     

 

MD: Mean difference, denoting for the regression coefficient in the linear regression model. 

1 Adjusted for maternal characteristics including age, energy intake, prepregnancy body mass index (BMI), education, smoking, marital 

status, immigration status, ethnicity, parity, family income, and children’s characteristics including biological sex and age at 

neurodevelopment measurement. 
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In the sensitivity analyses imputing for missing values in covariates and neurodevelopment 

outcomes, we found similar trends. (P for interaction = 0.025 and 0.019, respectively, in 

unadjusted and adjusted models for cognitive development; P for interaction = 0.028 and 0.063, 

respectively, in unadjusted and adjusted models for language development) 
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Discussion 

The results of this study demonstrate that there is a significant interaction between diet quality 

and multivitamin intake in pregnancy in the association with the cognitive and language 

development of children at 2 years of age. High diet quality during pregnancy was associated 

with better cognitive and language development in the offspring among women who did not take 

multivitamins. No such associations were found in those who took multivitamins. Similarly, 

taking multivitamins during pregnancy was associated with better cognitive development in the 

offspring among women with low diet quality. No such associations were found among those 

with a higher diet quality. The lowest cognitive and language development were observed in the 

group of children whose mother ate a lower quality diet and did not take multivitamins during 

pregnancy. This group of women were lacking in the quality of nutrition supply from food and 

supplement sources compared to those in the other three groups (Supplementary Table 2). To our 

knowledge, no previous studies have reported this interaction. 

 

Assuming a causal relationship, several mechanisms could explain the association between early 

nutrition and children’s neurodevelopment (‘total effect’). First, high quality nutrition directly 

provides nutrients that work as fundamental building blocks for brain growth and development 

(‘direct effect’) 5,6.  Animal studies have shown that maternal diets deficient in micronutrients 

could lead to hippocampal learning deficits 35, which can adversely impact several abilities 



Diet Quality during Pregnancy  Yamei Yu 

195 

(which would include cognition and language in human) 36. Second, the relationship between the 

quality of nutrition during pregnancy and offspring neurodevelopment could be mediated by 

birth weight, preterm birth or by children’s diet (‘indirect effect’, see Supplementary Figure1). 

Indeed, micronutrient supplementation in pregnancy has been associated with a small reduction 

of the rates of preterm birth, small for gestational age, and low birth weight 37. Maternal diet 

quality is correlated with the diet quality of their children 38. A combination of improved 

perinatal outcomes and better diet quality during childhood could also partly explain the 

association between adequate nutrition during pregnancy and improved offspring 

neurodevelopment 39. A mediation analysis could help to determine the contribution of each 

pathway in a potential causal relationship 40. However, insufficient power precluded us from 

performing mediation analysis in the study sample due to the small portion of pregnant women 

who did not take multivitamins. Therefore, this study only provides estimates of the global 

association between prenatal nutrition and offspring neurodevelopment (‘total effect’).  

 

The results of this study suggest that providing multivitamin supplementation or improving diet 

quality in women with a good nutritional status, might not impact neurodevelopment outcomes. 

This concurs with the results from a multivitamin supplementation study in Indonesia41. 

Although there were no effects in the overall study population, among undernourished women, 

children in the multivitamin group showed better cognitive abilities than in the control group. In 
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a double-blind, randomized, controlled trial in rural China, multivitamin supplementation led to a 

1.2 point increase in the mental development scales of the BSID (2nd version) of children 

reported at 1 year of age42. A very limited number of studies have evaluated the effect of 

multivitamin supplementation and diet quality interventions in pregnancy on offspring 

neurodevelopment thus far 16. More studies on this question are needed and should include an 

evaluation of the baseline nutrition status of the population.  

 

The World Health Organization (WHO) currently recommends iron and folic acid 

supplementation for women during pregnancy as part of routine antenatal care. However, 

multivitamin supplementation has not been recommended. Despite Health Canada’s 

recommendation of daily multivitamins supplements and the provision of free multivitamins for 

low-income pregnant women as part of the OLO program in the province of Quebec, 10.5% of 

the women in this cohort did not take any multivitamins during pregnancy. This is particularly 

concerning as our study showed that taking multivitamins might mitigate the potential harm of 

nutrient deficiency on offspring neurodevelopment in women with a poor diet. Future studies 

evaluating the barriers to multivitamin use in pregnancy are needed to inform targeted 

interventions in women with low diet quality at the start of pregnancy. 
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Our study has several strengths. Most previous studies on this topic evaluated exposure to single 

nutrients including zinc, iron, choline, B-vitamins and iodine 10,43. It is worth noting that nutrient 

deficiencies rarely occur individually during pregnancy 44, and most RCTs of single nutrient 

supplementation did not identify beneficial effects 16. The use of the Healthy Eating Index as a 

measurement of overall diet quality in this study makes it more relevant for the design of public 

health interventions than studies that measure single nutrient. Although the percentage of women 

not taking multivitamins in this study is low, the high quality and large sample of the cohort 

provided sufficient power to conduct analyses with a large set of covariates. Furthermore, the 3-

day food records dietary assessment method used in this study is recognized as one of the most 

accurate tools for dietary assessment and is less prone to memory biases than food frequency 

questionnaires or 24-hour recalls 45,46.  

 

Our study also has several limitations. Although we identified potential confounding variables 

using DAG, causal relationship cannot be established in an observational study. Further 

interventional studies such as RCTs are needed to strengthen the argument for causality. 

Participants with missing information in the covariates were excluded in the main analysis, 

which could possibly lead to selection bias. However, our sensitivity analysis using multiple 

imputation generated similar trends, indicating that the risk of selection bias is low. Although the 

exposures and outcomes were measured with validated tools, misclassification remains possible 
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owing to the difficulty of measuring diet and neurodevelopment. Research personnel who 

conducted the measurements of neurodevelopment were blinded to the exposure or other 

background information of the children and family. As a result, the misclassification is more 

likely to be nondifferential across exposure groups and would bias effect estimates towards the 

null hypothesis 47. The distribution of our study population was skewed towards that of an older 

high socio-economic status group and is not a representative sample of the population of 

Canadian pregnant women 18,22. However, a previous study showed that the effect of selection 

bias due to the higher socioeconomic status on exposure–outcome associations could be limited 

48. Lastly, our study only captures diet in the second/third trimester of the pregnancy. However, 

other studies have shown that diet quality changes little across trimesters49,50.  
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Conclusion 

There is a statistically significant interaction between diet quality and multivitamins intake 

during pregnancy in association with cognitive and language development of children at 2 years 

of age. The efforts to improve offspring neurodevelopment outcomes through nutritional 

intervention should specifically target women with poor diet quality and not taking 

multivitamins. 

  



Diet Quality during Pregnancy  Yamei Yu 

200 

Supplementary Materials 

Interaction between maternal diet quality and multivitamin intake during pregnancy on 

offspring neurodevelopment at 2 years of age 

Yamei Yu et al. 

Supplementary Figure 1 Directed acyclic graph (DAG) used to determine minimal sufficient 

adjustment sets to estimate the association between maternal nutrition and offspring 

neurodevelopment (‘total effect’). 

 

 

 

Legend:  = exposure; = outcome;  = ancestor of outcome;  = ancestor of 

exposure and outcome; = adjusted variables; = unobserved variables;  = causal path. 

Minimal sufficient adjustment sets used to estimate the total effect of maternal nutrition on 

offspring neurodevelopment include biological sex, family income, maternal age, maternal 

education, maternal smoking, mother born in Canada, ethnicity, parity, marital status, and 
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prepregnancy BMI . The relationship between proper nutrition during pregnancy and offspring 

neurodevelopment could be mediated by birth weight, preterm birth or by children’s diet 

(‘indirect effect’).  
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Supplementary Table 1. Participant characteristics in the full sample 1 and in complete case 

sample 2 for cognitive and motor development 1. 

Characteristics 

Complete case sample 1 Full sample 

n (%) n (%) 

Total 1083 1534 

Mother's age   

<25 54 (5) 85 (5.6) 

25–<35 812 (75) 1128 (73.7) 

≥35 217 (20) 318 (20.8) 

Maternal education   

Secondary school or less 54 (5) 94 (6.2) 

College 260 (24) 390 (25.6) 

Undergraduate university degree 467 (43.1) 628 (41.2) 

Graduate university studies 302 (27.9) 412 (27) 

Household income (CAD)   

<30 000 67 (6.2) 116 (7.8) 

30,000–59,999 174 (16.1) 254 (17.2) 

60,000–79,999 189 (17.5) 262 (17.7) 

80,000–99,999 254 (23.5) 332 (22.4) 

≥100 000 399 (36.8) 515 (34.8) 

Marital status   

Married 418 (38.6) 614 (40.1) 

Common law/partner 626 (57.8) 855 (55.8) 

Others 39 (3.6) 64 (4.2) 

Prepregnancy BMI   

underweight < 18.5 64 (5.9) 90 (6.2) 

nomral weight 18.5 - 24.9 707 (65.3) 953 (65.4) 

overweight 25 -29.9 189 (17.5) 245 (16.8) 

obese ≥30 123 (11.4) 169 (11.6) 

Parity   

0 634 (58.5) 890 (58) 

≥1 449 (41.5) 644 (42) 

Mother born in Canada   

No  260 (24) 434 (28.3) 

Yes 823 (76) 1098 (71.7) 

Mother white   

No  177 (16.3) 305 (19.9) 

Yes 906 (83.7) 1226 (80.1) 



Diet Quality during Pregnancy  Yamei Yu 

203 

Smoking during pregnancy   

No  947 (87.4) 1327 (86.7) 

Yes 136 (12.6) 204 (13.3) 

Sex of the child   

Female 543 (50.1) 759 (49.7) 

Male 540 (49.9) 767 (50.3)    
1 Full sample is the sample with information on diet and supplement. 

2 Complete case sample is the sample with complete data on diet quality, supplement intake, cognitive 

and motor scores and all the covariates. 
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Supplementary Table 2. Mean (SD) intake of selected nutrients for the participants from food 

and supplement sources. 

  Mean(SD) 

Nutrients 

Lower HEI,  

no multivitamins 

Higher HEI,  

no multivitamins 

Lower HEI,  

took multivitamins 

Higher HEI,  

took multivitamins 

N 94 67 673 700 

Iron (mg) 18.41 (17.52) 26.39 (30.48) 45.77 (22.28) 48.46 (24.16) 

Zinc (mg) 11.07 (3.37) 11.61 (2.65) 19.81 (5.01) 21.2 (5.23) 

Vitamin A in RAE(µg) 1 776.76 (292.67) 984.8 (921.11) 1756.51 (732.27) 1893.13 (574.66) 

Vitamin B1 (mg) 1.88 (0.67) 3.33 (12.22) 3.76 (3.17) 3.78 (2.21) 

Vitamin B2 (mg) 2.27 (0.67) 2.19 (0.52) 4.19 (3.16) 4.28 (2.28) 

Vitamin B3 (mg) 20.99 (5.88) 22.07 (4.76) 38.59 (7.65) 40.67 (7.83) 

Vitamin B6 (mg) 3.48 (12.8) 1.98 (0.45) 5.69 (6.11) 6.17 (5.13) 

Vitamin B12 (µg) 8.78 (29.75) 5.77 (4.03) 12.64 (49.86) 11.48 (19.58) 

Folate (µg) 1185.47 (1470.29) 1283.24 (1341.53) 1783.52 (1343.87) 1900.39 (1397.05) 

Vitamin C (mg) 147.02 (132.39) 198.73 (82.57) 236.13 (117.12) 279.5 (94.85) 

Vitamin D (µg) 5.87 (5.17) 6.2 (3.41) 13.94 (4.99) 15.34 (9.1) 

Choline (mg) 177.33 (54.5) 200.22 (63.89) 182.93 (62.29) 207.3 (61.68) 

     

1 RAE: Retinol Activity Equivalent 

SD: standard deviation. 
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CHAPTER 8. INTEGRATED DISCUSSION WITH CONCLUSIONS 

8.1 Summary of thesis findings 

To fulfill the requirement of a Doctor of Philosophy degree in epidemiology, this thesis studied 

the distribution and determinants of diet quality during pregnancy and examined the association 

between diet quality and perinatal and childhood neurodevelopment outcomes, in order to 

provide evidence to support future interventions to improve diet quality during pregnancy. The 

results indicate that the diet of the women in Canada still needs improvement, especially regarding 

whole grains and ‘greens and beans’. Only 4.5% of the pregnant women met the recommended 

number of servings for whole grains, only 8.3% for greens and beans and only about 1 in 3 for ‘milk 

and alternatives’. Inequalities in diet quality were observed: pregnant women who were less 

educated, younger, overweight or obese before pregnancy, or parous have lower diet quality in 

Canada. (Manuscript 1) By synthesizing the evidence from 33 prospective cohort studies (315,431 

participants) using systematic review and meta-analysis, we found that women in the top tertile of 

diet quality scores had a lower risk of gestational diabetes (OR: 0.77; 95 CI: 0.65, 0.90; I2 = 72%), 

hypertensive disorders of pregnancy (OR: 0.87; 95 CI: 0.83, 0.92; I2 = 0%), preterm birth (OR: 0.77; 

95 CI: 0.66, 0.89; I2 = 16%), small for gestational age (OR: 0.88; 95 CI: 0.79, 0.99; I2 = 5%) and 

low birth weight (OR: 0.60; 95 CI: 0.37, 0.99; I2 = 23%) compared to those in the bottom tertile. No 

associations were found between diet quality and excessive or inadequate gestational weight 

gain, large for gestational age and macrosomia. No studies were found for the association 
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between diet quality and delivery mode. (Manuscript 2) This study provided the evidence from 

prospective cohort studies that good diet quality during pregnancy is associated with lower odds of 

adverse perinatal outcomes. We observed similar results for preeclampsia in the 3D Cohort Study. 

From our literature review, we found that there is a research gap regarding the relationship between 

diet during pregnancy and neurodevelopment outcomes in the offspring, which the 3D Cohort Study 

could add value. In the process of doing the analysis using data from the 3D Cohort Study, 

interactions between diet quality and multivitamin intake were found on association with cognitive 

and language development outcomes in the offspring at two years of age (p for interactions = 0.018 

and 0.023, respectively). The cognitive and language scores were lowest in the group of women who 

did not take multivitamins and had a low diet quality. Among women who did not take 

multivitamins, high diet quality was associated with better offspring cognitive and language scores 

(mean difference [95% CI] = 4.2 [0.1, 8.2], p=0.04; and 11.3 [3.1, 19.5], p=0.01, respectively). 

Among women who took multivitamins, no such associations were found. On the other hand, taking 

multivitamins was associated with 3.0 (95% CI: 0.3 to 5.8, p=0.03) points higher cognitive 

composite scores in participants who had a low diet quality, but not in those with a high diet quality. 

The results support the provision of adequate nutrition supply, through high quality diet or 

multivitamin use, for proper neurodevelopment of children. (Manuscript 3)  
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8.2 Public health and clinical relevance of the findings 

Malnutrition during pregnancy represents a major public health issue that affects not only the 

health of the women, but also the health of offspring, and contributes substantially to the global 

burden of disease and disability5,6. 

This thesis helps to fill knowledge gaps in diet quality during pregnancy in Canada. The findings of 

this thesis are relevant to clinical and public health practice since diet quality measures provide a 

potential target for dietary interventions through implementation of dietary guidelines, and also 

because pregnancy offers a window of opportunity for intervention45,46. 

As previously mentioned, high quality dietary intake information during pregnancy is lacking in 

Canada. As a result, few previous studies have examined the quality of diet in Canada, which makes 

evidence-based interventions difficult. Our study provided a clear picture to the public health and 

clinical practitioners concerning which food groups should be targeted for improving diet quality 

during pregnancy, and on the other hand, the social factors associated with low diet quality, which 

could be used to identify target populations with low diet quality and to reduce social inequality in 

diet quality during pregnancy in Canada.  

Previous research on the relationship between diet quality and perinatal outcomes generated 

inconsistent results, and the quality of the studies was unclear. The systematic review searched four 

databases, evaluated quality of the studies, and synthesized the results, which made the evidence 

from research more accessible to public health and clinical practitioners for decision making. The 
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findings consistently showed that women in the top tertile of diet quality scores have lower risk of 

adverse perinatal outcomes, including 22% lower risk of gestational diabetes, 13% lower risk of 

hypertensive disorders of pregnancy, 23% lower risk of preterm birth, 12% lower risk of small for 

gestational age, and 40% lower risk of low birth weight compared to those in the bottom tertile of 

diet quality scores. The thesis also makes a significant contribution to the evidence on the association 

between nutrition during pregnancy and childhood neurodevelopment. Despite increasing interest in 

the associations on this association, there were few studies quantifying this association directly 119,120. 

Only one recent study in the U.S. reported the association between diet quality and childhood 

neurodevelopment, and no studies have investigated the interaction between diet quality and 

multivitamins. Our results indicated that adequate nutritional intake, through high quality diet or 

multivitamin use, is essential for the neurodevelopment of children. The efforts to improve offspring 

neurodevelopment through nutritional intervention should specifically target women with poor diet 

quality and not taking multivitamins. The World Health Organization (WHO) currently recommends 

iron and folic acid supplementation for women during pregnancy as part of routine antenatal care. 

However, multivitamin supplementation has not been recommended. Despite Health Canada’s 

recommendation of daily multivitamins supplements and the provision of free multivitamins for low-

income pregnant women as part of the OLO program in the province of Quebec, 10.5% of the 

women in this cohort did not take any multivitamins during pregnancy. This is particularly 

concerning as our study showed that taking multivitamins might mitigate the potential harm of 

nutrient deficiency on offspring neurodevelopment in women with a poor diet. Future studies 
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evaluating the barriers to multivitamin use in pregnancy are needed to inform targeted interventions 

in women with low diet quality at the start of pregnancy. 

 

8.3 Limitations and Strengths of the studies 

Studies in this thesis have some limitations that the readers should consider before interpretations 

of the results. 

 

External validity (generalization) and selection bias due to high socioeconomic status of the 

sample 

The distributions of the 3D Cohort Study sample and our study sample that have reliable dietary 

information were towards that of a high socioeconomic status, and thus not a representative 

sample of the population of Canadian pregnant women126,127. This could be particularly relevant 

to the estimates of the absolute intakes of some food groups and absolute HEI-C scores. As the 

results showed, higher education is associated with higher diet quality. As a result, the true 

estimates of HEI‐C in the general population could be lower than the estimates in this study, and 

these absolute estimates of diet quality may not be generalized to a population with a lower 

socioeconomic status.  

However, the influence of a slightly higher social economic status of the sample on the estimates 

of associations (selection bias) included in the studies might be moderate. A previous study from 
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the Danish National Birth Cohort that tried to quantify selection bias showed that the effect of 

potential selection bias due to the higher socioeconomic status on exposure–outcome 

associations could be limited 128. This is in line with results from our sensitivity analysis included 

in the third paper. Participants with missing information in the covariates or outcomes were 

excluded in the main analysis, which could possibly lead to selection bias. However, our 

sensitivity analysis using multiple imputation generated similar results, indicating that the risk of 

selection bias is low.  

 

Causality 

Causal relationship cannot be established in the associations detected in the thesis because they 

are based on data from observational studies, and causal reasoning in observational studies might 

be jeopardized by residual confounding, reverse causality, and other biases. Further 

interventional studies such as RCTs are needed to strengthen the argument for causality. 

Residual confounding, which refers to the ‘the distortion that remains after controlling for 

confounding in the design and/or analysis of a study’129, is one of the most stubborn biases in 

observational studies. Even advanced methods such as propensity scores and instrumental 

variables could not totally eliminate the effect of residual confounding130. Residual confounding 

could arise if there are unmeasured or undetected confounding, or the adjusted confounding 

variables were measured imperfectly. Possibilities of residual confounding could not be ruled out 
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because all the results in the thesis are based on data from observational studies. For the 

association between maternal nutrition and childhood neurodevelopment, although we identified 

potential confounding variables using DAG, there could be possibility that we are not aware of 

some potential confounding variables and did not include them in the DAG, such as social 

support. It is also possible that the adjusted variables were not measured perfectly to the extent 

that could completely remove the effect of the confounding variable. For the association between 

maternal nutrition and childhood neurodevelopment, reverse causation seems unlikely though, 

because we are certain that the exposure happens before the outcome of interest.  

 

Misclassifications 

Although the exposures and outcomes were measured with validated tools, misclassification 

remains possible owing to the difficulty of measuring diet and neurodevelopment. People with 

lower social economic status tend to report a better diet quality than what they actually consume 

131. Lower social economic status is also associated with lower neurodevelopment. This would 

bias the estimates on the association between diet quality and neurodevelopmental towards the 

null hypothesis. Research personnel who conducted the measurements of neurodevelopment 

were blinded to the exposure or other background information of the children and family. 

Neurodevelopment outcomes were treated as continuous variables. As a result, the potential 
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misclassifications of neurodevelopment are more likely to be nondifferential across exposure 

groups and would yield an expectation of no bias 132,133. 

 

Other Limitations 

Furthermore, the 3D Cohort Study only captures diet in the second/third trimester of pregnancy. 

However, although diet quality might change in the first trimester due to nausea or food 

aversions, studies have shown that diet quality changes little across trimesters49,50.  

 

Strengths 

We used 3-day food records dietary assessment method, which is less prone to memory biases 

compared to other dietary assessment tools and is recognized as one of the most accurate tools 

for dietary assessment 134-136. Most previous studies evaluated exposure to single nutrients 

including zinc, iron, choline, B-vitamins and iodine 118,137. It is worth noting that nutrient 

deficiencies rarely occur individually during pregnancy 138. The use of the healthy eating index 

as a measurement of overall diet quality in this thesis is more relevant for public health 

interventions than single nutrient studies.  
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8.4 Implications for future research 

Considering the fact that the majority of the women did not meet the recommendations for whole 

grains and ‘greens and beans’, studies on the barriers of meeting these specific guidelines are 

needed to enlighten health practitioners and policy makers in developing strategies to improve 

the diet quality of pregnant women. Future studies are also needed on how to minimize the social 

inequality in diet quality during pregnancy. 

In the process of the systematic review, knowledge gaps were identified for studies in middle and 

low-income countries on diet quality during pregnancy to test whether the results found in high-

income countries could be generalized to middle and low-income countries. Few studies on the 

association of maternal diet quality in preconception with perinatal outcomes, and the association 

of maternal diet quality with delivery mode were found. Diet quality was assessed using 22 

different scores in the studies included in the systematic review. This highlighted the need of 

advancing the development and use of harmonized and standardized diet quality scores across 

countries in future studies that would facilitate the process of comparison between studies and 

synthesizing evidence to form a stronger recommendation. 

Maternal diet quality and multivitamin intake during pregnancy interact in the association with 

offspring neurodevelopment. Future research trying to establish the causality of this association 

is needed. Future research should consider the baseline nutrition status because the results of this 

study suggest that providing multivitamin supplementation or improving diet quality in women 
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with a good nutritional status might not impact neurodevelopment outcomes. The lowest 

cognitive and language development were observed in the group of children whose mother ate a 

lower quality diet and did not take multivitamins during pregnancy. This group of women were 

lacking in the quality of nutrition supply from food and supplement sources compared to those in 

the other three groups. Future studies evaluating the barriers to multivitamin use in pregnancy 

are needed to inform targeted interventions in women with low diet quality at the start of 

pregnancy. Research also needed to be done to replicate the results observed from our study, 

ideally in a population with lower diet quality or lower prevalence of multivitamin intake, where 

larger effects could potentially be detected. 

 

8.5 Conclusions 

Studies in this thesis fills a research gap in diet quality of pregnant women in Canada and adds 

value to the evidence of associations between maternal diet quality and perinatal and childhood 

outcomes, thus supporting the importance of diet quality during pregnancy. Even in high-income 

countries like Canada, the diet of the women still needs improvement, and particularly in certain 

vulnerable populations. Evidence from out systematic review of cohort studies demonstrates that 

good diet quality during pregnancy is associated with a lower risk of adverse maternal and 

neonatal outcomes. Maternal diet quality and multivitamin intake during pregnancy interact in 

the association with offspring neurodevelopment. Results from these associations identified from 
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the thesis can support the design of studies aiming to strengthen the hypothesis of the causality of 

these associations and promote the improvement in the care of women both before and during 

pregnancy.  
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Appendix 2. Published Version of Manuscript 1  
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Appendix 3. 3D Cohort Study Questionnaire 2C- Food Diary 
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Appendix 4. Published Protocol for Manuscript 2 
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Appendix 5. Proof of Submission for Manuscript 2 
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Appendix 6. Results from the 3D Cohort Study - Association between Diet Quality during Pregnancy and Perinatal Outcomes. 

 results from 3D study  pooled results from meta-analysis 

 n 

unadjusted OR or 

beta (95% CI) n 

adjusted* OR or 

beta (95% CI) 

 

number of studies OR or beta (95% CI) 

excessive gestational weight gain  1451 0.86(0.65,1.15) 1393 1.14(0.83,1.56)  6 0.91(0.76, 1.10) 

inadequate gestational weight gain  1451 1.16(0.79,1.69) 1393 1.17(0.78,1.76)  6 0.9(0.70, 1.17) 

HDP 1468 0.59(0.35,0.99) 1402 0.52(0.3,0.92)  5 0.87(0.83, 0.92) 

preterm birth 1526 0.85(0.62,1.17) 1391 0.89(0.63,1.25)  8 0.77(0.66, 0.89) 

SGA 1453 0.92(0.71,1.19) 1387 0.83(0.63,1.1)  6 0.88(0.79, 0.99) 

LBW 1459 0.74(0.5,1.09) 1393 0.7(0.46,1.05)  5 0.6(0.37, 0.99) 

LGA 1453 0.92(0.69,1.22) 1387 1.02(0.75,1.39)  6 0.9(0.71, 1.15) 

Macrosomia 1459 0.91(0.71,1.18) 1393 0.9(0.68,1.19)  3 1.12(0.69, 1.81) 

Birth Weight as a Continuous Variable 1528 -13.29(-77.07,50.5) 1396 -9.37(35.59,0)  9 -7.8(-56.0, 40.5) 

Birth Weight for Gestational Age Z-

score as a continuous variable 1385 -0.1(-0.23,0.02) 1275 -0.08(0.07,0) 

 

3 0( -0.1, 0.2) 

 

Effect estimates for for pregnant women in the top tertile of diet quality scores compared to those in the bottom tertile. 

*Adjusted for maternal age, education, household income, marital status, prepregnancy BMI, parity, born in Canada, ethnicity, smoking status, calorie intake. Additionally adjusted 

for sex of the baby for birth weight related outcomes.  
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Appendix 7. STROBE-nut Reporting Checklist for Manuscript 3 

Adapted from Lachat C et al. (2016) STrengthening the Reporting of OBservational studies in Epidemiology – Nutritional Epidemiology (STROBE-nut): an 

extension of the STROBE statement. Plos Medicine 13(6) http://dx.doi.org/10.1371/journal.pmed.1002036 pdf or online version. 
 

Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

Title and 

abstract 

1 (a) Indicate the study’s design with a 

commonly used term in the title or the 

abstract. 
 

(b) Provide in the abstract an informative 

and balanced summary of what was done 

and what was found. 

nut-1 State the dietary/nutritional 

assessment method(s) used in the title, 

abstract, or keywords. 

Abstract – Methods p.4 

 

Introduction 

Background 

rationale 

2 Explain the scientific background and 

rationale for the investigation being 

reported. 

 Background p.6-7 

Objectives 3 State specific objectives, including any 

pre-specified hypotheses. 

 Background p.7 

Methods 

Study design 4 Present key elements of study design 

early in the paper. 

 Methods (Design, Setting, and 

Participants) p.7 

 

http://dx.doi.org/10.1371/journal.pmed.1002036
http://journals.plos.org/plosmedicine/article/asset?id=10.1371%2Fjournal.pmed.1002036.PDF
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

Settings 5 Describe the setting, locations, and 

relevant dates, including periods of 

recruitment, exposure, follow-up, and 

data collection. 

nut-5 Describe any characteristics of the 

study settings that might affect the 

dietary intake or nutritional status of the 

participants, if applicable. 

Methods (Design, Setting, and 

Participants) p.7 

Participants 6 a) Cohort study—Give the eligibility 

criteria, and the sources and methods of 

selection of participants. Describe 

methods of follow-up. 
 

Case-control study—Give the eligibility 

criteria, and the sources and methods of 

case ascertainment and control selection. 

Give the rationale for the choice of cases 

and controls. 
 

Cross-sectional study—Give the 

eligibility criteria, and the sources and 

methods of selection of participants. 
 

(b) Cohort study—For matched 

studies, give matching criteria and 

number of exposed and unexposed. 
 

Case-control study—For matched studies, 

give matching criteria and the number of 

controls per case. 

nut-6 Report particular dietary, 

physiological or nutritional 

characteristics that were considered 

when selecting the target population. 

Methods (Design, Setting, and 

Participants) p.7 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, 

if applicable. 

nut-7.1 Clearly define foods, food 

groups, nutrients, or other food 

components. 
 

nut-7.2 When using dietary patterns 

or indices, describe the methods to 

obtain them and their nutritional 

properties. 

Methods (Exposures and 

Measurements, Outcomes 

and Measurements) p.7-9 

Data sources - 

measurements 

8 For each variable of interest, give sources 

of data and details of methods of 

assessment (measurement).Describe 

comparability of assessment methods if 

there is more than one group. 

nut-8.1 Describe the dietary 

assessment method(s), e.g., portion size 

estimation, number of days and items 

recorded, how it was developed and 

administered, and how quality was 

assured. Report if and how supplement 

intake was assessed. 
 

nut-8.2 Describe and justify food 

composition data used. Explain the 

procedure to match food composition 

with consumption data. Describe the use 

of conversion factors, if applicable. 
 

nut-8.3 Describe the nutrient 

requirements, recommendations, or 

dietary guidelines and the 

Methods (Exposures and 

Measurements) p.7-8 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

evaluation approach used to 

compare intake with the dietary 

reference values, if applicable. 
 

nut-8.4 When using nutritional 

biomarkers, additionally use the 

STROBE Extension for Molecular 

Epidemiology (STROBE-ME). 

Report the type of biomarkers used 

and their usefulness as dietary 

exposure markers. 
 

nut-8.5 Describe the assessment of 

nondietary data (e.g., nutritional status 

and influencing factors) and timing of 

the assessment of these variables in 

relation to dietary assessment. 
 

nut-8.6 Report on the validity of the 

dietary or nutritional assessment 

methods and any internal or external 

validation used in the study, if 

applicable. 

Bias 9 Describe any efforts to address 

potential sources of bias. 

nut-9 Report how bias in dietary or 

nutritional assessment was addressed, 

e.g., misreporting, 

Methods (Statistical 

Analyses) p.9 

Discussion (Strength) p.22 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

changes in habits as a result of being 

measured, or data imputation from other 

sources 

Study Size 10 Explain how the study size was arrived at.  Methods (Design, Setting, 

and Participants) p.7 

Results p.12-13 

Quantitative 

variables 

11 Explain how quantitative variables were 

handled in the analyses. If applicable, 

describe which groupings were chosen 

and why. 

nut-11 Explain categorization of 

dietary/nutritional data (e.g., use of N-

tiles and handling of nonconsumers) 

and the choice of reference category, if 

applicable. 

Methods (Exposures and 

Measurements) p. 7-8 

Statistical 

Methods 

12 (a) Describe all statistical methods, 

including those used to control for 

confounding 
 

(b) Describe any methods used to 

examine subgroups and interactions. 
 

(c) Explain how missing data were 

addressed. 
 

(d) Cohort study—If applicable, 

explain how loss to follow-up was 

addressed. 

nut-12.1 Describe any statistical 

method used to combine dietary or 

nutritional data, if applicable. 
 

nut-12.2 Describe and justify the 

method for energy adjustments, 

intake modeling, and use of 

weighting factors, if applicable. 
 

nut-12.3 Report any adjustments for 

measurement error, i.e,. from a 

validity or calibration study. 

Methods (Statistical 

Analyses)  p. 9 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

Case-control study—If applicable, 

explain how matching of cases and 

controls was addressed. 
 

Cross-sectional study—If applicable, 

describe analytical methods taking 

account of sampling strategy. 
 

(e) Describe any sensitivity analyses. 

Results 

Participants 13 (a) Report the numbers of individuals at 

each stage of the study—e.g., numbers 

potentially eligible, examined for 

eligibility, confirmed eligible, included in 

the study, completing follow-up, and 

analyzed. 
 

(b) Give reasons for non-participation at 

each stage. 
 

(c) Consider use of a flow diagram. 

nut-13 Report the number of 

individuals excluded based on 

missing, incomplete or implausible 

dietary/nutritional data. 

Results  p. 12-13 

Figure 1  

Descriptive data 14 (a) Give characteristics of study 

participants (e.g., demographic, clinical, 

social) and information on exposures 

and potential confounders 

nut-14 Give the distribution of 

participant characteristics across the 

exposure variables if applicable. 

Specify if food consumption of total 

Results (Table 1 p. 11-12, 

Figure 1) 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

  (b) Indicate the number of participants 

with missing data for each variable of 

interest 
 

(c) Cohort study—Summarize follow- 

up time (e.g., average and total amount) 

population or consumers only were 

used to obtain results. 

 

Outcome data 15 Cohort study—Report numbers of 

outcome events or summary measures 

over time. 
 

Case-control study—Report numbers in 

each exposure category, or summary 

measures of exposure. 
 

Cross-sectional study—Report 

numbers of outcome events or 

summary measures. 

 Results p. 13 

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 

estimates and their precision (e.g., 95% 

confidence interval). 
 

Make clear which confounders were 

adjusted for and why they were 

included. 

nut-16 Specify if nutrient intakes are 

reported with or without inclusion of 

dietary supplement intake, if 

applicable. 

Methods (statistical analyses) 

p. 9; Results (Table 2 p.15-16, 

Table 3 p.18-19) 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

(b) Report category boundaries when 

continuous variables were categorized. 
 

(c) If relevant, consider translating 

estimates of relative risk into absolute 

risk for a meaningful time period. 

Other analyses 17 Report other analyses done—e.g., 

analyses of subgroups and interactions and 

sensitivity analyses. 

nut-17 Report any sensitivity 

analysis (e.g., exclusion of 

misreporters or outliers) and data 

imputation, if applicable. 

Results p. 20 

Discussion 

Key results 18 Summarize key results with reference to 

study objectives. 

 Discussion p.20 

Limitation 19 Discuss limitations of the study, taking 

into account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias. 

nut-19 Describe the main limitations of 

the data sources and assessment 

methods used and implications for the 

interpretation of the findings. 

Discussion p.22 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, limitations, 

multiplicity of analyses, results from 

similar studies, and other relevant 

evidence. 

nut-20 Report the nutritional relevance 

of the findings, given the complexity of 

diet or nutrition as an exposure. 

Discussion p.21 
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Item Item 

nr 

STROBE recommendations Extension for Nutritional 

Epidemiology studies 

(STROBE-nut) 

Reported on page # 

 

Generalizability 21 Discuss the generalizability (external 

validity) of the study results. 

 Discussion p.22-23 

Other information 

Funding 22 Give the source of funding and the role of 

the funders for the present study and, if 

applicable, for the original study on which 

the present article is based. 

 Financial Support p.3 

Ethics   nut-22.1 Describe the procedure for 

consent and study approval from ethics 

committee(s). 

Methods p.7 

Supplementary 

material 

  nut-22.2 Provide data collection tools 

and data as online material or explain 

how they can be accessed. 

Data Sharing p.23 
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