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Abstract
Proper nutrition and optimal weight status in pregnancy are important for both the mother and her
child. The present study was aimed at assessment of maternal food and nutrient intake, dietary
supplement use, dietary patterns, and weight during pregnancy. Additionally, associations
between maternal weight, socio-demographic and perinatal factors and advanced beta cell
autoimmunity in the offspring were examined. 

The results from a one-year cohort of mothers entering the ongoing Type 1 Diabetes Prediction
and Prevention (DIPP) study in 1998–99 (n = 797) suggested that healthy food choices were
positively correlated with maternal age and education. Dietary supplements were used by 85% of
the women. However, the intake of vitamin D did not meet the recommendation and folic acid
intake was inadequate in 44% of the pregnant women when both food and supplementation intakes
were taken into account. 

Seven dietary patterns were identified in 3730 pregnant women who entered the DIPP study
between 1997 and 2002. The ‘healthy’, the ‘low-fat foods’ and the ‘alcohol and butter’ dietary
patterns were positively associated with maternal age and education. The ‘fast food’ dietary
pattern was positively associated and the ‘alcohol and butter’ pattern was inversely associated with
the rate of maternal weight gain during pregnancy. 

Altogether, 4093 children and their mothers comprised the study population in which the
relationships between maternal initial body mass index, weight gain rate, and the development of
beta cell autoimmunity in the offspring were examined. Maternal weight status during pregnancy
was not related to the risk of advanced beta cell autoimmunity. A higher level of maternal
education was significantly associated with a decreased risk of advanced beta cell autoimmunity
in children. 

More attention should be paid to nutritional guidance among Finnish pregnant women,
especially as regards young and less well educated women. Dietary patterns may be useful for risk
group identification and they may offer a framework for further research concerning diet and
health outcomes among mothers and their children. 

Keywords: diet, dietary patterns, dietary supplements, eating, energy intake, food
frequency questionnaire, pregnancy, socioeconomic factors, type 1 diabetes, weight
gain
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1 Introduction 

Proper nutrition during pregnancy is considered important for the wellbeing of 

both mother and foetus. A balanced diet supports maternal health during 

pregnancy, delivery and breastfeeding. Maternal nutrition affects the growth and 

development of the foetus, and also later health outcomes in the offspring. 

Maternal weight status influences both the mother and her child throughout the 

entire reproductive cycle, beginning before conception and continuing through 

lactation. There is a relative paucity of data on maternal diet in pregnancy and the 

association between diet and gestational weight gain. In addition, little is known 

about the associations between obesity, excessive weight gain in pregnancy and 

type 1 diabetes (T1D) in children. According to earlier findings among Finnish 

girls and women, intakes of vitamin D, folic acid and iron are below the 

recommended levels (Erkkola et al. 1998, Lyytikäinen et al. 2005, Paturi et al. 
2008).  

Nutrient requirements increase during periods of growth and development 

such as pregnancy. An adequate amount of nutrients is needed to support fetal and 

infant growth and development along with alterations in maternal tissues and 

metabolism (Picciano 2003). It is estimated that recommended intakes of 14 of 

the 21 essential micronutrients increase during pregnancy (Allen 2006). Interest 

in nutrition during pregnancy has been generated by the fetal origins theory of 

adult disease (Barker 1992). This hypothesis suggests that adult cardiovascular 

and metabolic disease originate through developmental plasticity and foetal 

adaptations arising from failure of the materno-placental supply of nutrients to 

match foetal requirements (Godfrey 2002). Maternal nutrition is thought to be 

able to programme long-term effects on the offspring without necessarily 

affecting the infant’s size at birth. Experimental data suggest that the period in 

which these early life events influence lifelong consequences can extend from 

conception to infancy, depending on the organ system involved (Gluckman et al. 
2005) 

The traditional way to assess diet is to examine the consumption of certain 

food items or the intake of energy and nutrients. The complexities of diet make it 

difficult to consider the role of individual foods or nutrients in isolation as 

nutrients may interact with each other and influence each other´s bioavailability 

and absorption (Michels & Schulze 2005). Dietary pattern analysis is a method 

that aims to describe the whole diet. The use of dietary patterns might help us to 

capture some of the complexity of diet that may be lost in nutrient-based analyses 
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(Jacques & Tucker 2001), and provide additional information when exploring the 

relationship between nutrition and disease.  

As the prevalence of obesity is increasing, overweight conditions and obesity 

have also become common in pregnant women. Obesity in pregnancy is linked to 

maternal complications ranging from effects on fertility to effects on delivery and 

in the postpartum period, as well as many complications affecting the foetus and 

newborn (Arendas et al. 2008). Obese pregnant women are at a higher risk of 

gestational diabetes (Chu et al. 2007, Ogonowski et al. 2009). Incidences of pre-

eclampsia (O'Brien et al. 2003, Frederick et al. 2006, Leddy et al. 2008) and 

Caesarean section (Callaway et al. 2006, Vehkaoja et al. 2006, Poobalan et al. 
2009) increase with maternal overweight and obesity. Complications due to 

excessive gestational weight gain also include foetal macrosomia, resulting in the 

delivery of a large-for-gestational-age infants (Abrams et al. 2000, Stotland et al. 
2004, Helms et al. 2006). In the long run, excessive weight gain during pregnancy 

may increase the risk of weight retention and obesity after pregnancy (Gunderson 
et al. 2000, Rooney & Schauberger 2002), which process may be further 

increased by relatively early termination of breastfeeding among those who gain 

excess weight during pregnancy (Hilson et al. 2006, Rasmussen 2007). Obesity 

has increased significantly among children and adolescents (Lobstein et al. 2004). 

Maternal excessive weight gain during pregnancy is associated with an elevated 

risk of the offspring being overweight (Moreira et al. 2007, Oken et al. 2007, 

Wrotniak et al. 2008, Mamun et al. 2009).  

Type 1 diabetes is an autoimmune disease in which the body attacks its 

pancreatic beta cells. The clinical presentation of T1D is preceded by an 

asymptomatic period of beta cell autoimmunity varying from a few months to 

over 10 years (Knip 2002b). Environmental factors appear to play an important 

role in the pathogenesis of T1D. Maternal obesity before pregnancy (Rasmussen 
et al. 2007) and excessive gestational weight gain (McKinney et al. 1997) have 

been found to predict an increased risk of T1D in children. Other perinatal factors 

such as pre-eclampsia and Caesarean section are also associated with an increased 

risk of T1D in the offspring (Dahlquist & Källen 1992, Cardwell et al. 2008). The 

mechanisms of action of different nutritional constituents that may play a role in 

the development of beta cell autoimmunity are largely unknown. The effects of 

nutritional risk predictors may be different in the foetal period, in early infancy, 

and later in childhood (Virtanen & Knip 2003). Finland has the highest incidence 

of T1D worldwide (Harjutsalo et al. 2008). 
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In the present study we studied maternal dietary intake, supplement use, and 

dietary patterns during pregnancy. We examined associations between diet, socio-

demographic factors and maternal weight gain during pregnancy. Furthermore, 

we studied associations between maternal initial body mass index (BMI), weight 

gain during pregnancy and advanced beta cell autoimmunity in Finnish children. 
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2 Review of the literature 

2.1 Maternal diet during pregnancy 

2.1.1 Recommendations on dietary intake and supplement use 

The latest national nutrition recommendations for pregnant women in Finland are 

from 2004 (Hasunen et al. 2004). The dietary guidelines are based on the Finnish 

Nutrition Recommendations issued by the National Nutrition Council in 1998, 

and the latest research. The present Finnish Nutrition Recommendations were 

published in 2005 (National Nutrition Council 2005). They are based on Nordic 

Nutrition Recommendations (Becker et al. 2006) which were approved in 2004 

by the Nordic Council of Ministers. 

A proper diet during pregnancy contains sufficient amounts of vegetables, 

fruit, berries, wholegrain products, vegetable oil, vegetable oil-based margarine, 

fish, low-fat meat, and fat-free milk products (Table 1). All pregnant women in 

Finland are recommended to use 10 µg of supplementary vitamin D from October 

to March. The requirement of supplementary calcium, iron and folic acid are 

estimated individually (Table 2). Vitamin B12 is an additionally required 

supplement for vegan pregnant women. A vegan diet is not recommended for 

pregnant women in Finland because there is not enough evidence concerning its 

nutritional sufficiency. Vitamin A-containing supplements, liver, and liver 

products are not recommended because a high retinol intake may increase the risk 

of malformation and miscarriage. Beta-carotene does not have this effect and may 

be consumed during pregnancy. There are specially planned multivitamin 

supplements for pregnant women available in Finland. Alcohol use is not 

recommended during pregnancy because consumption has been linked to poor 

birth outcomes and long-term developmental problems in the offspring. Even low 

levels of alcohol prenatally can have adverse consequences (Bailey & Sokol 

2008). The Finnish dietary recommendations for pregnant women are in line with 

the Nordic recommendations, the only difference being that the recommended 

intake of folic acid is slightly higher, 500 µg, in the Nordic recommendations 

(Becker et al. 2006) than in the Finnish recommendations (400 µg). According to 

the recommendations of the World Health Organization (WHO 2004) and in the 

United States pregnant women should have daily consumption of 600 µg of 

synthetic folic acid from fortified foods or supplements (Vogelzang 2005). The 
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influence of food fortification on nutrient intake is poorly examined in Finland, 

although a growing selection of fortified products is available. In a small study 

among Finnish pregnant women, fortified mineral water improved folate status 

and reduced plasma homocysteine concentrations (Järvenpää et al. 2007).  

It is agreed that the preconception period and pregnancy could be life events 

leading to increased general nutritional awareness that might influence women’s 

future nutrition-related behaviour (Piirainen et al. 2004, Szwajcer et al. 2006). 

Piirainen et al. evaluated the status of dietary and health counselling in prenatal 

and antenatal clinics in Finland and found that the dietary recommendations were 

not fully adhered to. For example, only 60% of the nurses in prenatal clinics had 

adviced the use of vitamin D supplements. However, 90% of the subjects in 

prenatal clinics considered dietary counselling to be adequate (Piirainen et al. 
2004). 

Table 1. Recommendations on food choices during pregnancy in Finland (Hasunen et 

al. 2004). 

Food Recommendation Main benefit or unfavourable effect  

Dairy products Skimmed milk products 8 dl/day  

No un-pasteurized milk products 

or fresh cheeses  

Calcium, vitamin D 

Listeria monocytogenes infection 

Fish Weekly 2–3 times 

No pike  

Baltic sea herring (>17 cm) and 

salmon 1–2 times/month 

No vacuum-packed fish  

Vitamin D, unsaturated fatty acids 

Contains methylmercury 

Contain dioxin and PCB-

compounds1 

Listeria monocytogenes infection 

Vegetables, fruits, and berries Daily 5–6 servings (≥ 500 g) Folic acid, fibre 

Vegetable oil-based margarine  

and vegetable oil 

Daily Essential fatty acids, vitamin D, 

unsaturated fatty acids 

Wholegrain products Daily Iron, fibre 

Alcohol Not recommended Teratogenic effect 

Artificial sweeteners No saccharin and cyclamate  Possible carcinogenic effect 

Coffee and other caffeine-  

containing drinks 

< 300 mg caffeine  

(about 4.5 dl coffee)  

Possible risk of preterm delivery, 

blood pressure ↑ 

Herbal products Not recommended Contents and effects not known 

Licorice and salmiak Continuous use or great amounts 

(over 50 g) are not recommended 

High glycyrrhizin content  

(risk of preterm delivery) 

Liver and liver products Not recommended Possible teratogenic effect (retinol) 

Raw sprouts Not recommended Risk of salmonella infection 

Salt Recommended to reduce Blood pressure ↑, swelling 
1 Poly Chlorinated Biphenyl compounds 
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Table 2.  Recommended dietary supplementation during pregnancy in Finland 

(Hasunen et al. 2004). 

Nutrient Dose Target group 

Folic acid 400 µg Women with an unbalanced diet, users of certain forms of 

medication, women with coeliac disease  

 4 mg If the foetus is at high risk of a neural tube defect, under doctor’s 

supervision  

Vitamin D 10 µg All women, October–March  

Calcium, Ca2+  500–1000 mg Women whose diet does not include enough milk products or 

other calcium-containing foods 

Iron, Fe2+ 50 mg1 Women with Hb < 110 g/l during the first trimester,  

or Hb < 100 g/l during a later phase of pregnancy 
1 a store of 500 mg iron is required at the beginning of pregnancy to maintain iron balance throughout the 

pregnancy period 

2.1.2 Food consumption and nutrient intake 

Only a few studies have involved examination of food choices during pregnancy. 

In an earlier Finnish study it was reported that the main sources of energy in the 

diet during pregnancy were cereal and milk products (Erkkola et al. 1998). The 

consumption of fish and poultry was low. In the United States pregnant and 

lactating women were more likely to use milk products and to consume larger 

amounts of these products than were other women (Borrud et al. 1993). In a 

recent Belgian study differences in dietary behaviour between pregnant and non-

pregnant women were reported. Pregnant women reported higher consumption of 

fruit, which resulted in higher fibre intake. They also reported higher 

consumption of beef and milk products, as well as higher fat intake. No difference 

in fish consumption between pregnant and non-pregnant women was seen 

(Verbeke & De Bourdeaudhuij 2007).  

According to results reported by Erkkola et al., pregnant women in Finland 

have an adequate nutrient intake from their diet with the exception of vitamin D, 

folic acid and iron (Erkkola et al. 1998). The levels of these nutrients were also 

below those recommended in Finnish girls aged 10 to 12 years (Lyytikäinen et al. 
2005) and in women aged 25 to 64 years (Paturi et al. 2008). In Finnish studies, 

the intake of dietary fibre has been below that recommended (Erkkola et al. 1998, 

Lyytikäinen et al. 2005, Järvenpää et al. 2007) and the intake of saturated fatty 

acids above the recommendation (Erkkola et al. 1998, Lyytikäinen et al. 2005, 

Järvenpää et al. 2007, Paturi et al. 2008). In pregnant women, the intake of 
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sucrose was also above that recommended (Erkkola et al. 1998). Studies in other 

countries have revealed low intakes of vitamin D (Ortega et al. 1994, Mathews et 
al. 2000, Giddens et al. 2000), folic acid (Ortega et al. 1994, Mikode & White 

1994, Antal et al. 1997, Rogers & Emmett 1998, Mathews et al. 2000, Giddens et 
al. 2000, Berg et al. 2001, Mouratidou et al. 2006, Sherwood et al. 2006) and iron 

(Ortega et al. 1994, Mikode & White 1994, Antal et al. 1997, Rogers & Emmett 

1998, Mathews et al. 2000, Giddens et al. 2000, Mouratidou et al. 2006) during 

pregnancy.  

2.1.3 Dietary supplement use during pregnancy 

Although recommendations exist concerning the requirements for some dietary 

supplements during pregnancy, little is known about how these recommendations 

are used in practice. The recommendation regarding vitamin D supplementation, 

at least, is considered to be poorly fulfilled in Finnish pregnant women. There is 

some evidence however, that during pregnancy a larger proportion of women (70–

91%) use dietary supplements (Suitor & Gardner 1990, Erkkola et al. 1998, Ervin 
et al. 1999) than during other phases of life (36–52% ) (Kaartinen et al. 1997, 

Helakorpi et al. 2007, Paturi et al. 2008). In women in the US, the use of dietary 

supplements in general is reported to be slightly greater than elsewhere, 56–57% 

(Yu et al. 2003, Murphy et al. 2007). The most used supplemental nutrient during 

pregnancy is iron (Timbo et al. 1994, Erkkola et al. 1998, Rogers & Emmett 1998, 

Ervin et al. 1999), followed by folic acid and vitamin D (Rogers & Emmett 1998, 

Mathews et al. 2000). In Norwegian pregnant women, the most commonly used 

category of supplements was cod liver or fish oil supplements, followed by folic 

acid and multivitamin supplements (Haugen et al. 2008). In several studies 

among pregnant women, the total intake of vitamin A (Ortega et al. 1994, Voyles 
et al. 2000), folic acid, zinc and vitamin B12 (Berg et al. 2001) has exceeded the 

dietary recommendations as a result of the use of supplements.  

2.1.4 The roles of socio-demographic factors 

Earlier Finnish findings suggest that maternal age and education are associated 

with the composition of diet during pregnancy. Older women had a higher intake 

of dietary fibre than younger women and more educated women consumed more 

vegetables and fruit than less educated ones during pregnancy (Erkkola et al. 
1998). Young pregnant women, especially smokers, are considered to be a group 



 

23 

at particular risk of low micronutrient intake (Mathews et al. 2000, Baker et al. 
2009).  

Many socio-demographic and lifestyle factors have been associated with the 

use of dietary supplements in general. The most typical female supplement user 

seems to be a well-educated woman whose diet is already close to the nutrition 

recommendations without supplement use (Kaartinen et al. 1997, Ervin et al. 
1999, Kirk et al. 1999, Yu et al. 2003, Paturi et al. 2008). Greater age has also 

been associated with higher supplement use (Timbo et al. 1994, Yu et al. 2003). 

There is limited and contradictory information concerning supplement use during 

pregnancy in association with socio-demographic factors. Age and education did 

not differentiate supplement users and non-users during pregnancy in Finnish 

women (Erkkola et al. 1998), whereas in Norwegian pregnant women a higher 

level of education (Nilsen et al. 2006c) and among British women higher age 

were associated positively with supplement use during pregnancy (Mathews et al. 
2000). 

2.1.5 Associations with later diseases in the offspring 

Placental and foetal growth have been suggested to be particularly vulnerable to 

problems associated with maternal nutrition during the peri-implantation period 

and during the first trimester of gestation (Wu et al. 2004). Small body size at 

birth in pre-term and term infants and accelerated weight gain and increase in 

BMI later in childhood have been associated with increased risks of coronary 

heart disease and type 2 diabetes later in life (Eriksson 2007). Both maternal 

under-nutrition and over-nutrition during pregnancy can impair foetal growth. 

Promoting an optimal intrauterine environment will not only ensure optimal foetal 

development, but will also reduce the risk of chronic diseases in adulthood. 

According to the Barker’s hypothesis, the human foetus adapts to under-nutrition 

by means of metabolic changes in the production of foetal and placental 

hormones which control growth (Barker 1998). These adaptations are presented in 

Figure 1. Reduced pre- and postnatal growth has been associated with a number 

of chronic conditions, such as coronary heart disease, stroke, hypertension and 

type 2 diabetes later in life (Barker et al. 2009). In contrast, results from a 

relatively small UK cohort do not suggest that higher maternal circulating 

concentrations of nutrients improve fetal and placental growth among the 

relatively well nourished women of industrialized countries (Mathews et al. 2004).  
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There is contradictory evidence about the association between maternal 

nutrition during pregnancy and cardiovascular heart disease risk in the offspring. 

The findings of Huxley and Neil do not support the hypothesis that low birth 

weight or poor maternal nutrition in pregnancy is associated with cardiovascular 

heart disease risk factors such as glucose tolerance, blood pressure and 

components of the lipid profile in adult life (Huxley & Neil 2004). Other findings 

suggest that low maternal energy intake in pregnancy may increase susceptibility 

to atherogenesis in the child (Gale et al. 2006). In a review study concerning 

maternal diet and blood pressure of the offspring however, no strong evidence 

was found that any component of maternal diet during pregnancy (protein, energy, 

calcium and various other nutrients) influences blood pressure in the offspring 

(Brion et al. 2008). 

Foetal and newborn nutrient status regarding vitamin D, and n-3, and n-6 

fatty acids, has been shown to be dependent on maternal diet during pregnancy 

(Connor et al. 1996, Zeghoud et al. 1997). The offspring of mothers who report 

high meat or fish and low green vegetable intakes in late pregnancy tend to have 

increased adult fasting plasma cortisol concentrations in response to 

psychological stress (Herrick et al. 2003). The vitamin D status of mothers in late 

pregnancy predicted the bone mass of their offspring measured 9 years later 

(Javaid et al. 2006). An increased maternal intake of vitamin D during pregnancy 

is also reported to decrease the risk of wheeze symptoms and asthma in early 

childhood (Camargo, Jr. et al. 2007, Devereux et al. 2007, Erkkola et al. 2009). 

Kovacs concluded in a review that vitamin D deficiency during pregnancy and 

lactation can lead to hypocalcaemia and rickets in neonates and, especially, 

infants, but that animal data and limited human data suggest that foetuses are 

protected from the adverse skeletal effects of vitamin D deficiency. Adaptations in 

maternal calcium and bone metabolism appear to occur independently of vitamin 

D status (Kovacs 2008). The risk of childhood asthma and allergic disease have 

been found to be inversely associated with consumption of apples and fish during 

pregnancy (Willers et al. 2007) and maternal adherence to a Mediterranean diet 

during pregnancy is reported to have a protective effect against asthma-like 

symptoms and atopy in childhood (Chatzi et al. 2008). In contrast, others have 

found that maternal dietary patterns do not predict asthma and related outcomes in 

the offspring after controlling for confounders (Shaheen et al. 2009). Additionally, 

recent study findings suggest that maternal seafood consumption during 

pregnancy is inversely associated with suboptimal neurodevelopmental outcomes 

in children (Hibbeln et al. 2007). Reported associations between maternal 
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nutrition during pregnancy and type 1 diabetes in the offspring are reviewed in 

section 2.5. 

 

Fig. 1. Foetal adaptations to under-nutrition: a framework (adapted from Barker 1998). 

2.2 Dietary pattern analysis 

Since the 1980’s, statistical methods have been used to generate patterns from 

collected dietary data (Newby & Tucker 2004). In most studies concerning dietary 

patterns, food frequency questionnaires (FFQs) or food records are used in 

primary dietary assessment (Newby & Tucker 2004). Factor and cluster analysis 

are two commonly used methods to derive eating patterns. Factor analysis reduces 

data into patterns based upon intercorrelations between dietary items, whereas 

cluster analysis reduces data into patterns based upon individual differences in 

mean intakes. No one method of dietary pattern analysis is regarded as better than 

the others; there is little consensus on which approach should be applied for any 

given purpose (Moeller et al. 2007). 
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Factor analysis can be used to identify two or more uncorrelated dietary 

patterns based on foods that tend to be used (or avoided) by the same persons 

(Jacobson 1986). A factor is formed by food items which correlate strongly with 

each other but not with other food items. Analysis gives factor loadings between -

1 and 1 for each food item depending how much the factor explains the variability 

of the food item. Negative loading means inverse association between factor and 

food item. For the purpose of extracting dietary patterns, factor analysis usually 

starts with a principal components solution (Schulze & Hu 2002). In principal 

components analysis (PCA), in contrast to other forms of factor analysis its 

unique variance is also analysed thus its communality is set at 1 (Bryman & 

Cramer 1999). The pattern variables, called factor scores, are therefore optimized 

linear combinations of standardized food variables and are constructed to account 

for as much of the total variance of the food variables as possible (Schulze & Hu 

2002). 

There are as many factors as variables, although the degree of variance which 

is explained by successive factors becomes smaller and smaller (Bryman & 

Cramer 1999). Conceqently, the first few factors are the most important. The next 

step is to decide how many factors should be kept. Two main criteria are used for 

deciding which factors to exclude: Kaiser’s criterion and graphical the scree test. 

The first involves selection of factors which have an eigenvalue of greater than 

one. In the scree test, a graph is drawn of the descending variance accounted for 

by the factors initially extracted. The plot typically shows a break between the 

steep slope of the initial factors and the gentle one of the later factors. Rotation of 

the selected factors is aimed at making analysis of the results easier. Rotation does 

not change the results. Orthogonal rotation (e.g. varimax) produces factors that do 

not correlate with each other.  

2.2.1 Describing dietary composition 

Dietary pattern analysis is an approach aimed at describing the whole diet in 

combination. All foods contribute to nutritional status and it is not the presence or 

absence of a single food but the appropriate selection of foods in suitable 

quantities and combinations that is important to health (North & Emmett 2000). 

The use of dietary patterns might help to capture some of the complexity that may 

be lost in nutrient-based analyses (Jacques & Tucker 2001), and provide 

additional information in exploring the relationship between nutrition and health.  
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Only a few studies in Finland have involved the use of dietary pattern 

analysis. In cohort studies among male smokers (Balder et al. 2003), among 

women and men (Montonen et al. 2005), and among children and adults in a 21-

year follow up (Mikkilä et al. 2005), two important dietary patterns emerged: 

healthy and traditional. Dietary patterns have not been analysed earlier among 

Finnish pregnant women, but there are some studies from other countries (Table 

3). The sizes of the subject samples vary considerably (from 80 to 44 612), but 

there are only a few differences in the methods used. In almost all of the studies, a 

dietary pattern consistent with current advice for healthy eating was described. 

This ‘health conscious’ dietary pattern in pregnancy was positively associated 

with child’s birth weight (Wolff & Wolff 1995), higher maternal age and 

educational level (Northstone et al. 2007), and greater bone size and bone mineral 

density in the offspring (Cole et al. 2008). An opposite pattern, characterized by 

unhealthy eating choices, was also described in most of the studies. Unhealthy 

dietary patterns during pregnancy were associated with smoking and less physical 

activity (Cuco et al. 2006) and an increased risk of having a small-for-gestational-

age infant (Knudsen et al. 2007). No earlier studies concerning dietary patterns 

and maternal weight gain during pregnancy are available.  

2.2.2 Detecting diet-disease associations 

Two review articles about dietary patterns in relation to nutrient adequacy, 

lifestyle and demographic variables, and health outcomes were published in 2004 

(Newby & Tucker 2004, Kant 2004). Patterns characterized by increased 

consumption of fruit, vegetables, whole grain, fish and poultry have generally 

have been reported to be related to micronutrient intake, and to selected 

biomarkers of dietary exposure and disease risk in the expected direction (Kant 

2004). Many variations of a “healthy” or “prudent” pattern have been seen in 

different populations, which, although having somewhat different food and 

nutrient compositions, have been associated with less disease, smaller BMI, less 

mortality, and fewer cases of cancer (Newby & Tucker 2004). Greater age and 

income and higher level of education have been reported to be among the positive 

predictors of the so-called healthy dietary patterns (Kant 2004).  

In Finnish studies among women and men, prudent dietary patterns have been 

found to be associated with increased risk of type 2 diabetes (Montonen et al. 
2005) and cardiovascular disease risk factors such as total and LDL cholesterol 

concentrations, apolipoprotein B and C-reactive protein concentrations, systolic 



 28

blood pressure, insulin levels and concentration of homocysteine (Mikkilä et al. 
2007). In the first study, two major dietary patterns were analysed by PCA and 

labeled as ‘prudent’ characterized by greater consumption of fruit and vegetables 

and ‘conservative’ characterized by greater consumption of potatoes, butter and 

whole milk (Montonen et al. 2005). The second study reported on a ‘traditional 

pattern’ (high consumption of rye, potatoes, butter, sausage, milk and coffee) and 

a ‘health-conscious pattern’ (high consumption of vegetables, legumes and nuts, 

tea, rye, cheese and other dairy products, and alcoholic beverages), analysed by 

PCA at three time points (Mikkilä et al. 2005).  
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Table 3. Studies of dietary patterns in pregnant women Maternal obesity and weight 

gain in pregnancy. 

Authors  

(year of 

publication) 

Number of 

pregnant 

women 

Country Data 

collection  

method 

Statistical  

method 

Number of  

dietary 

patterns 

Main results 

Wolff & Wolff 

(1995) 

549 United 

States 

FFQ1 PCA2 7 The nutrient-dense 

and protein-rich 

dietary patterns 

associated positively 

with increased birth 

weight. 

Cucó et al. (2005) 80 Spain Dietary 

record 

PCA2 2 Two stable dietary 

patterns from 

preconception to 

postpartum. Sugar- 

containing pattern 

associated with 

smoking and lower 

physical activity. 

Knudsen et al. 

(2007) 

44 612 Denmark FFQ1 PCA2 2 Unhealthy dietary 

pattern associated 

with increased risk of 

having a small-for-

gestational age infant. 

Northstone et al. 

(2007, 2008) 

12 053 United 

Kingdom 

FFQ1 PCA2 5 Heath-conscious diet 

was positively 

associated with 

increasing education 

and age and non-

white women.  

Crozier et al. 

(2008) 

585 United 

Kingdom 

FFQ1 and 

Food 

record 

PCA2 2 Dietary patterns 

appeared to be 

defined similarly by 

both FFQ and food 

record data. 

Cole et al. (2008) 198 United 

Kingdom 

FFQ1 PCA2 1 Healthy dietary 

pattern associated 

with greater bone size 

and bone mineral 

density in the 

offspring at age of 9.  
1 Food frequency questionnaire, 2 Principal component analysis 
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2.3 Maternal obesity and weight gain in pregnancy 

Obesity has become a worldwide epidemic and a critical public health issue. As 

the prevalence of obesity is increasing, overweight conditions and obesity have 

also become common in pregnant women. In Finnish pregnant women, a 

significant increase in average maternal BMI was noticed between 1987 and 2002, 

the proportion of overweight and obese pregnant women (BMI≥25 kg/m2) 

increased from 22% to 35% and a new BMI category was defined (BMI>40 

kg/m2) during that time period (Vehkaoja et al. 2006). In some parts of the US, 

the prevalence of pre-pregnancy obesity increased by more than 69% from 1993 

to 2003 (Kim et al. 2007). 

Mean pregnancy weight gain has also increased over the past few decades in 

developed countries (Abrams et al. 2000, Kinnunen et al. 2003, Rhodes et al. 
2003). In Finland the increase has been observed in all BMI categories (Kinnunen 
et al. 2003). In response to the increasing trend in maternal weight gain, the US 

Institute of Medicine has developed guidelines for maternal weight gain based on 

pre-pregnancy BMI. According to the guidelines three categories of gestational 

weight gain can be examined: 1) total weight gain, which is the difference 

between weight before conception and weight just before the delivery, 2) net 

weight gain, which is total maternal weight gain minus the birth weight of the 

infant, and 3) rate per week, which is the weight gained over a specified period 

divided by the duration of the corresponding period in weeks (Institute of 

Medicine (IOM) 1990). Re-examined guidelines were released recently (Institute 

of Medicine (IOM) 2009). European recommendations are similar to the IOM’s 

recommendations (Scientific Committee for Food 1993). Concequently, Finnish 

pregnant women are recommended to gain 7–18 kg depending on maternal BMI 

at the beginning of pregnancy (Table 4).  

Table 4. Recommended gestational weight gain by maternal body mass index1. 

BMI2 before pregnancy Definition Recommended weight gain (kg) 

18.5–19.9  underweight 12.5–18 

20–25 .9  normal weight 11.5–16 

≥ 26  overweight 7–11.5 
1Scientific Committee for Food, 1993 / Ministry of Social Affairs and Health, Finland (Hasunen et al. 2004) 
2BMI= body mass index = kg/m2 
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2.3.1 Causes of excessive gestational weight gain 

Lifestyle factors such as an inappropriate diet may play a major role in excessive 

weight gain during pregnancy (Lagiou et al. 2004, Olafsdottir et al. 2005, 

Olafsdottir et al. 2006). Smoking (Rössner & Öhlin 1995, Gunderson et al. 2004) 

and misperceived pre-pregnancy body weight status (Herring et al. 2008) are also 

associated with excessive gestational weight gain. A recent study from the US 

indicated that an organized, consistent programme of dietary and lifestyle 

counselling did reduce weight gain in pregnant women (Asbee et al. 2009). There 

is no information about the role of dietary patterns in maternal weight gain during 

pregnancy. In general, a Western dietary pattern (characterized by high intakes of 

red and processed meat, refined grains, sweets, desserts and potatoes), has been 

shown to be associated with greater weight gain in women (Schulze et al. 2006). 

2.3.2 Consequences of obesity and excessive gestational weight 
gain 

Obesity in pregnancy is linked to maternal complications ranging from effects on 

fertility to effects on delivery and in the postpartum period, as well as many 

complications affecting the foetus and newborn (Arendas et al. 2008). Obese 

pregnant women are at an increased risk of gestational diabetes (Chu et al. 2007, 

Ogonowski et al. 2009). Elevated gestational weight gain has been shown to 

predict impaired glucose tolerance (Herring et al. 2009). Women with gestational 

diabetes mellitus have an increased risk of later development of type 2 diabetes; 

15% to 60% will develop type 2 diabetes within 5 to 15 years after delivery (Kim 
et al. 2002). Incidences of pre-eclampsia (O'Brien et al. 2003, Dietl 2005, 

Frederick et al. 2006, Leddy et al. 2008) and Caesarean section (Dietl 2005, 

Callaway et al. 2006, Vehkaoja et al. 2006, Poobalan et al. 2009) increase with 

maternal overweight and obesity during pregnancy. Complications due to 

excessive gestational weight gain also include Caesarean deliveries and foetal 

macrosomia resulting in the delivery of a large-for-gestational-age infant (Abrams 
et al. 2000, Stotland et al. 2004, Helms et al. 2006).  

In the long run, excessive weight gain during pregnancy also contributes to 

the obesity epidemic through larger rates of postpartum weight retention 

(Gunderson et al. 2000, Rooney & Schauberger 2002), which process may be 

further increased by early termination of breastfeeding (Hilson et al. 2006, 

Rasmussen 2007). Breastfeeding is estimated to increase daily energy expenditure 
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by approximately 500 kcal and thus helps the mother to recover from gained 

weight. Maternal excessive weight gain during pregnancy is associated with an 

increased risk of the offspring being overweight (Moreira et al. 2007, Oken et al. 
2007, Wrotniak et al. 2008, Mamun et al. 2009). 

2.4 Type 1 diabetes 

Type 1 diabetes is an autoimmune disease in which the body attacks its insulin-

producing beta cells of the pancreas. Lack of insulin causes an increase of fasting 

blood glucose that begins to appear in the urine above the renal threshold. The 

condition is lethal unless treated with exogenous insulin.  

2.4.1 Epidemiology and genetic susceptibility 

The incidence of T1D is continuously increasing in most Western countries (Gale 

2002, Patterson et al. 2009). Finland has the highest incidence of T1D worldwide, 

over 64 per 100 000 people per year in 2005. During the years 1980–2005 the 

incidence of T1D increased most in children aged 0–4 years, the annual increase 

being almost 5%. The number of new cases diagnosed in Finland at or before 14 

years of age is predicted to double in the next 15 years and the age of onset will 

be younger (Harjutsalo et al. 2008).  

Genes connected to T1D involve both susceptibility towards, and protection 

from, the disease (Atkinson & Eisenbarth 2001). The most important genes 

contributing to T1D susceptibility are located at the human leukocyte antigen 

(HLA) DQ locus on chromosome 6 (Ilonen et al. 1996). The genes encode 

glycoproteins that are found on the surfaces of most cells and help the immune 

system to distinguish between self and non-self. More than 90% of patients with 

T1D carry the predisposing DQ8 (DQA1*0301/DQA1*0302) and/or DQ2 

(DQA1*0501/DQB1*0201) alleles. However, only a minority of genetically 

susceptible individuals progress to the state of clinical disease. 

2.4.2 The development of beta-cell autoimmunity 

The clinical presentation of T1D is preceded by an asymptomatic period varying 

from a few months to over 10 years (Knip 2002b). At the time of diagnosis, only 

10–20% of the insulin-producing beta cells are estimated to be still functioning.  
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The appearance of T1D-associated autoantibodies is the first detectable sign 

of emerging beta-cell autoimmunity. There are four disease-related autoantibodies 

that have been shown to predict clinical T1D (Knip 2002a). These are classic islet 

cell antibodies (ICAs), insulin autoantibodies (IAAs), autoantibodies to the 65-

kDa isoform of glutamic acid decarboxylase (GADAs), and autoantibodies to the 

tyrosine phosphatase-related IA-2 molecule (IA-2As). The number of detectable 

autoantibodies is related to the risk of progression to overt T1D. Most individuals 

progressing to overt T1D express multiple anti-islet autoantibodies by the time of 

diabetes onset.  

The first autoantibody as regards infants is usually, but not exclusively, IAA, 

with GADA being the second most frequent (Atkinson & Eisenbarth 2001). In the 

DIPP study, IAA was shown to emerge as the first detectable antibody more 

commonly than any other antibody type (Kimpimäki et al. 2001).  

2.5 The role of environmental factors in the development of T1D 

Environmental factors appear to play an important role in the pathogenesis of 

T1D. Progression to clinical T1D typically requires the unfortunate combination 

of genetic disease susceptibility, a diabetogenic trigger, and a high degree of 

exposure to a driving antigen (Knip et al. 2005). It is difficult to identify the clear 

role of any single environmental factor as triggering or modulating the 

pathogenesis of T1D based on the current body of studies (Peng & Hagopian 

2006). The identity of particular environmental factors remains unknown mainly 

because of the difficulty of linking past exposure with later disease development. 

The most important factors are thought to be infectious, dietary, perinatal and 

psychosocial. The most studied environmental factors are nutrition and viruses 

(Lefebvre et al. 2006). 

Nutrition 

Dietary factors could initiate T1D pathogenesis and accelerate or inhibit its 

progression (Peng & Hagopian 2006). The mechanisms are not known, but could 

involve specific food antigens or non-antigenic aspects of diet. Specific exposures 

and mechanisms may differ at different times of life (e.g. intrauterine, newborn, 

toddler, older child).  

There are only a few findings concerning associations between maternal 

nutrition and increased risk of T1D in the offspring. Maternal nitrite intake has 
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been positively associated with the risk for T1D independently of the child’s own 

intake, when adjusted for several socio-demographic factors (Virtanen et al. 
1994a). There was no association between maternal coffee or tea consumption 

during pregnancy and T1D in children (Virtanen et al. 1994b). Vitamin D 

supplementation during pregnancy (Brekke & Ludvigsson 2007), as well as the 

total intake of vitamin D from food (Fronczak et al. 2003) have been found to be 

associated with reduced T1D risk in the child. In contrast, in Norwegian pregnant 

women, use of cod-liver oil or other vitamin D supplements was not associated 

with T1D in children (Stene & Joner 2003). In a more recent study an association 

between more frequent consumption of potatoes during pregnancy and delayed 

time to the onset of islet-cell autoimmunity onset in children was found (Lamb et 
al. 2008). There were no associations between maternal intake of antioxidant 

vitamins, or minerals (retinol, β-carotene, vitamin C, vitamin E, selenium, zinc, 

manganese) during pregnancy and the development of advanced beta cell 

autoimmunity in the offspring among the DIPP study subjects (Uusitalo et al. 
2008).  

Only a few studies have involved examination of associations between 

maternal obesity and gestational weight gain and the pathogenesis of T1D in the 

offspring. In case-control settings, maternal obesity (BMI>30 kg/m2) before 

pregnancy predicted a higher risk of islet autoimmunity in children (Rasmussen et 
al. 2009), while maternal weight gains during pregnancy were not significantly 

different in cases and controls (Dahlquist & Källen 1992, Rasmussen et al. 2009). 

On the other hand, researchers in the UK found that maternal excessive 

gestational weight gain was a risk factor of T1D in children (McKinney et al. 
1997). According to some reports, perinatal events such as pre-eclampsia and 

Caesarean section are associated with an increased risk of T1D in the offspring 

(Dahlquist & Källen 1992, Cardwell et al. 2008). However, in a study by Stene et 
al., no associations were found between maternal pre-eclampsia, Caesarean 

section or other perinatal factors and the incidence of T1D in children (Stene et al. 
2003). In a Finnish study, the size of the mother or the newborn, placental weight 

and gestational age at delivery were not associated with later onset of T1D 

(Lammi et al. 2009). 

Numerous studies have been performed to investigate the role of childhood 

diet in T1D. The results have been contradictory. Breastfeeding, nicotinamide 

(vitamin B3), zinc and vitamins C, D and E have been reported as possibly 

protecting against T1D, whereas N-nitroso compounds, early exposure to cows´ 

milk and wheat, increased weight gain and obesity may increase the risk 
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(Virtanen & Knip 2003). However, high serum concentrations of vitamin E did 

not protect against advanced beta cell autoimmunity in the DIPP study children 

(Uusitalo et al. 2008). Results from the DIPP study also suggest that an early age 

at introduction of fruit, berries and roots, including potato, associated 

independently with advanced beta-cell autoimmunity in children (Virtanen et al. 
2006). Consumption of cod-liver oil (Stene & Joner 2003) and intake of total 

omega-3 fatty acids (Norris et al. 2007) have been associated with a reduced risk 

of islet cell autoimmunity and T1D in children. Thus far, only infant feeding, 

cows’ milk and vitamin D have been studied in both case-control and cohort 

settings. It has been suggested that dietary protein sources other than milk (wheat, 

soy) may also affect the pathogenesis of T1D in susceptible individuals (Lefebvre 
et al. 2006).  

Viruses 

Viruses have long been regarded as being important environmental factors in the 

aetiology of T1D. Enteroviruses and several other viruses have been considered to 

be potential causal agents of human T1D, but their roles are still not clear. 

Enterovirus infection accompanies or precedes the onset of T1D in many children 

and enterovirus infection in pregnancy has also been suggested to cause diabetes 

in children (Hyöty & Taylor 2002).  
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3 Aims of the study 

The aims of this study were: 

1. To analyse dietary intake and use of dietary supplements among Finnish 

pregnant women in relation to socio-demographic factors. 

2. To analyse dietary patterns in pregnancy and examine their associations with 

nutrient intake and socio-demographic factors. 

3. To evaluate associations between dietary patterns and weight gain during 

pregnancy. 

4. To study maternal weight during pregnancy and socio-demographic and 

perinatal factors in association with advanced beta cell autoimmunity in 

offspring. 
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4 Subjects and methods 

4.1 Study design 

This study was performed as a part of the ongoing DIPP study, a prospective, 

population-based birth cohort study in Finland, started in 1994 (Kupila et al. 
2001). The DIPP study was established to predict the development of T1D and to 

search for means to prevent or delay progression to clinical T1D. All the parents 

of infants delivered at the University Hospitals of Turku, Oulu and Tampere are 

offered the possibility of screening for the infant’s genetic susceptibility in regard 

to T1D. About 15% of the total population carry an increased genetic risk and are 

invited to take part in the DIPP study. The participating children are followed as 

regards diet, growth, viral infections and T1D-associated autoantibodies at the 

ages of 3, 6, 12, 18 and 24 months, and once a year thereafter. If a child tests 

repeatedly positive for at least two autoantibodies, the possibility to take part in a 

randomised double-blind intervention trial with intra-nasal insulin is offered. 

The nutrition part of the DIPP study, carried out in Oulu (started in 1996) and 

Tampere (started in 1997), is aimed at investigating maternal nutrition during 

pregnancy and lactation as well as the child’s nutrition in relation to the natural 

progression from increased genetic susceptibility to the development of beta cell 

autoimmunity and eventually clinical T1D. The present study is focused on 

maternal nutrition and weight status during pregnancy.  

4.2 Study subjects 

Study I was carried out among a one-year cohort of 797 DIPP mothers (74% of 

those invited) whose children were born in 1998–99. Altogether, 1075 families 

with infants at an increased genetic risk of T1D were invited to take part, but 

271 refused to participate and seven women had failed to complete the FFQ 

adequately and were therefore excluded from the analysis.  

Studies II and III included mothers who gave birth between October 1997 and 

December 2002 (n = 5362, Figure 2). Complete nutrition information was 

received from 3730 mothers (70% of those invited), who formed the final study 

population for Study II. For analysis of Study III (n=3360), mothers with twin or 

triple pregnancies (n = 98), and incomplete weight gain information (n = 272) 

were excluded.  
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Analysis of Study IV was carried out in the same cohort as in Studies II and 

III. T1D-associated autoantibodies were monitored in 4256 children. When twins 

and triplets (n = 163) were excluded, the final study population consisted of 4093 

mother-child pairs (Figure 2). Characteristics of the pregnant women are shown in 

Table 5 and those of the infants in Table 6. 

 

Fig. 2. Study subjects – pregnant women (II, III) and children (IV). 

Women invited to the DIPP study
between 1997 and 2002

n=5362

Participated the Nutrition Study
n=3783

Refused the Nutrition Study
n=1579 

Child´s T1D associated
autoantibodies measured

n=4256

Incomplete FFQ
n=53

Study II
n=3730

Twin or triple pregnancies
n=98

Incomplete weight gain information
n=272

Study III
n=3360

Twins and triplets
n=163

Study IV
n=4093
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Table 5. Characteristics of the pregnant women (III, n = 3360). 

Variable N % Mean (SD) 

Age at delivery, years 

< 25 

25–29 

30–34 

≥ 35 

 

645 

1171 

978 

566 

 

19 

35 

29 

17 

29.2 (5.2) 

Basic education 

no high school certificate 

high school certificate 

missing data 

 

1511 

1701 

148 

 

45 

51 

4 

 

Vocational education 

none 

vocational school or course 

upper secondary vocational 

academic 

missing data 

 

204 

961 

1377 

730 

88 

 

6 

28 

41 

22 

3 

 

Smoking during pregnancy 

no  

quit smoking1 

yes 

missing data 

 

2950 

43 

282 

85 

 

88 

1 

8 

3 

 

City 

Tampere 

Oulu 

 

1922 

1438 

 

57 

43 

 

Type of living area 

urban 

rural 

missing data 

 

2899 

436 

25 

 

86 

13 

1 

 

BMI (initial), kg/m2 

< 19.9 

20–24.9 

25–29.9 

≥ 30 

Missing data 

 

121 

2095 

719 

422 

3 

 

4 

62 

21 

13 

0 

24.4 (4.3) 

Parity 

0 

1 

2 

≥3 

missing data 

 

1545 

1048 

461 

281 

25 

 

46 

31 

14 

8 

1 

0.95 (1.4) 

1quit smoking during the first trimester of pregnancy 



 42

Table 6. Characteristics of infants with HLA-conferred susceptibility to type 1 diabetes. 

Characteristics n  % Mean Minimum Maximum 

Sex      

Boy  2162 53    

Girl  1931 47    

HLA-DQB1-conferred risk group      

Moderate risk (DQB1*0302/x)  3303 81    

High risk (DQB1*02/*0302)  790 19    

Familial diabetes1      

No  3663 90    

Yes  250 6    

Missing information  180 4    

Gestational age (weeks)   39.8 25.0 43.1 

1st quarter: <39.0  923 23    

2nd quarter: 39.0–39.9  1000 24    

3rd quarter: 40.0–40.8  1150 28    

4th quarter: >40.8  985 24    

Missing information  35 1    

Birth weight (grams)   3577 680 5890 

1st quarter: < 3215  905 22    

2nd quarter: 3215–3579  1027 25    

3rd quarter: 3580–3899  1049 26    

4th quarter: >3899  1084 26    

Missing information  28 1    

Route of delivery      

Caesarean section  507 12    

Vaginal delivery 3558 87    

Missing information  28 1    

Total  4093     

1 type 1 and type 2 diabetes      
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4.3 Methods 

4.3.1 Dietary data collection 

The diet during pregnancy was assessed retrospectively after delivery by means 

of a self-administered, semi-quantitative 181-item FFQ. The questionnaire was 

developed especially for the Nutrition Study within the DIPP and it was validated 

against two 5-day food records in Finnish pregnant women (Erkkola et al. 2001). 

The design of the validation study was identical to that of the study probe. In the 

validation study, the correlation coefficients between the data in the second 

questionnaire, completed a month after delivery, and the food records were 

similar to those obtained between the data in the first questionnaire completed 

during the period of interest (eighth month of pregnancy), and the food records. 

The FFQ was focused on the diet during the eighth month of pregnancy, i.e. the 

month preceding maternity leave in Finland, aiming to obtain information 

concerning the ordinary diet during pregnancy. Mothers received the 

questionnaire after delivery and it was strongly emphasized that they were 

expected to report their food habits during the eighth month of pregnancy. The 

FFQ was checked by a trained study doctor or nurse at the infant’s 3-month visit 

to the study centre. If required, the FFQ was completed in collaboration with the 

mother. All the returned questionnaires were then checked by a trained nutritionist. 

If there were over ten missing answers in a FFQ, it was rejected (53 out of 3783, 

1.4%).  

The FFQ comprised a list of 181 food items and mixed dishes, grouped under 

subheadings: 1) milk products, 2) potato, rice and pasta as side dishes, 3) cereals, 

4) fat and spreads on bread, 5) fruit and berries, 6) vegetables, 7) salad dressings, 

8) warm main courses, 9) fish and egg, 10) beverages, and 11) desserts, sweets 

and snacks. Open-frequency categories were used in increasing order: not at all, 

less than once per month and how many times per month, week, or day. The 

serving sizes were based on commonly used portions identified during earlier 

Finnish dietary studies, and for some foods (e.g. eggs and beverages), natural 

units were used. There were additional empty lines for each food group to record 

foods not listed in the questionnaire. The FFQ included additional questions about 

special diets, eating places, and about the use of convenience, fried, vacuum- 

packed, and organic foods. Further information was requested concerning the use 

and type of dietary fats and oils used in cooking, baking, and salad dressings.  
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Information about supplement use was collected, covering the whole 

pregnancy. The mothers received written instructions to record the dietary 

supplements with brand names, manufacturers of the supplements, amounts of 

supplements per day, week or month and the month of pregnancy during which 

the supplements were used. All kinds of dietary supplements which were used as 

sources of vitamins and minerals, including multivitamins and herbal products, 

were taken into account. Fortified foodstuffs or drinks were not included. The 

FFQ is available from the DIPP nutrition study researchers in the National 

Institute of Health and Welfare, Helsinki. 

4.3.2 Assessment of dietary intake 

All frequencies from the FFQ data were computed into times per day. To estimate 

the intake of each food item in grams, standard portion sizes were multiplied by 

the daily frequencies. The data were analysed by using the in-house software 

programme of the National Public Health Institute, Helsinki, Finland. The 

national food composition database Fineli (KTL 2005) was used to calculate daily 

nutrient intakes. Fineli is continuously updated and is the most comprehensive 

food composition database in Finland. Nutrient values in the food composition 

database are derived mainly from chemical analyses of Finnish foods. In addition, 

complementary data is obtained from the Finnish food industry and international 

food composition tables. The database currently includes over 3000 individual 

food items and mixed dishes and more than 290 nutrients and other dietary factors. 

In the present study, intakes of energy, protein, carbohydrates, sugar, dietary fibre, 

total fat, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty 

acids, n-3 fatty acids, n-6 fatty acids, essential fatty acids (linoleic and α-linolenic 

acids), alcohol, vitamins A, D, E and C, folic acid, iron, magnesium, zinc, calcium, 

nitrate and nitrite were assessed.  

The dietary supplement database was based on the database of the National 

Public Health Institute (Reinivuo et al. 2008). Nutritional information concerning 

new dietary supplements was added to the database. The information on these 

new products was obtained from the Finnish pharmacopoeia. Information on 

dietary supplements other than drugs was obtained from the National Food 

Administration and from the manufacturers. From the supplements, the intakes of 

vitamins A, D, E and C, folic acid, calcium, iron and zinc were calculated. In the 

present study, a supplement user was a mother who had taken at least one of these 

nutrients as a dietary supplement during pregnancy. Mean daily intake of a 
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nutrient from a dietary supplement was calculated by multiplying the amount of 

the nutrient in a supplement on a consumption frequency basis over the whole of 

the period of pregnancy and dividing the product by the estimated number of days 

of pregnancy (280). Daily intakes of the nutrients from all supplements used were 

then summed. 

4.3.3 Socio-demographic and anthropometric characteristics 

Information on maternal age and education, and child’s sex was collected by 

means of structured questionnaires in the delivery clinics. Information on living 

area, parity, duration of gestation, child’s birth weight and maternal smoking 

during pregnancy was received from the Finnish Birth Registry. 

Weight and height were requested on the same form as food consumption 

frequencies. Mothers recorded the results of the weight measurements during 

their first and last antenatal visits. Gestational weeks at the time of the weight 

measurements were also recorded as well as the mother’s height. The first weight 

measurement was on average obtained during the 10th gestational week (SD 2.3 

weeks, variation 3–33 weeks, median 9.4 weeks). The last measurement was 

carried out during the 39th gestational week on average (SD 2.1 weeks, variation 

9–43 weeks, median 39.0 weeks). The mean follow-up time was 29 weeks (SD 

3.0 weeks, variation 6–37 weeks, median 29.7 weeks).  

The initial BMI was calculated for each woman by dividing her weight (kg) 

at the first antenatal visit by the square of her height (m2). Weight gain rate was 

calculated by dividing the weight gain in kilograms by the number of weeks 

between the first and the last antenatal visits.  

4.3.4 Genetics 

Umbilical cord blood samples were obtained from all newborn infants at Oulu 

and Tampere University Hospitals, and the families were offered the possibility of 

screening for HLA-defined genetic risks of T1D after delivery. The parents 

received both oral and written information about the DIPP study, and they gave 

written informed consent for genetic screening at maternity ward.  

Umbilical cord blood samples were analysed using a large-scale assay 

procedure that was developed for rapid screening purposes (Ilonen et al. 1996). 

The method involves time-resolved fluorometry to detect the hybridization of 

lanthanide-labelled allele-specific oligonucleotide probes to amplified gene 
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products. Families with an infant carrying high or moderate genetic susceptibility 

to type 1 diabetes (HLA DQB1*02/*0302 or HLA DQB1*0302/x; x≠*0301 or 

*0602) were invited to take part in the observational phase of the study.  

4.3.5 Immunological methods 

The children participating in the DIPP study were monitored for T1D-associated 

autoantibodies at the ages of 3, 6, 12, 18 and 24 months, and thereafter once a 

year. The cord blood sample was also analysed. Classic islet cell antibodies (ICAs) 

were used as a pimary screening tool for beta cell autoimmunity. If a child tested 

positive for ICAs, then insulin autoantibodies (IAAs), autoantibodies to the 65-

kDa isoform of glutamic acid decarboxylase (GADAs), and autoantibodies to the 

protein tyrosine phosphatase-related IA-2 molecule (IA-2As) were also analysed. 

Positive samples in the cord blood and a decreasing trend after that suggested that 

these antibodies had been transferred transplacentally from the mother. Such 

antibodies were excluded from the analysis, because they usually disappeared by 

the age of 1 year and are not associated with the risk of T1D in offspring 

(Hämäläinen et al. 2000).  

Type 1 diabetes-associated autoantibodies were quantified in the Research 

Laboratory of the Department of Pediatrics, University of Oulu. Islet cell 

antibodies were quantified by a standard indirect immunofluorescence method on 

sections of frozen human pancreas from a blood group O donor (Bottazzo et al. 
1974). The results were expressed in Juvenile Diabetes Foundation (JDF) units. 

The lowest positive level was 3 JDF units. Serum levels of IAAs were measured 

with a microassay modified from that described by Williams et al. (Williams et al. 
1997). The IAA levels were expressed in relative units (RUs), and a subject was 

considered positive when the specific binding exceeded 3.48 RU (1% of healthy 

Finnish children have a test result over the cut-off limit). GADAs and IA-2As 

were quantified by means of radiobinding assays as previously described (Savola 
et al. 1998a, Savola et al. 1998b). GADA and IA-2A results were also expressed 

in RUs. The limits for antibody positivity were set at 5.36 RU and 0.43 RU 

respectively.  
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4.3.6 Statistical analyses 

Study I 

The chi square-test was used to evaluate the relationships between age, education, 

BMI, smoking status and earlier pregnancies, versus supplement use and food 

consumption habits. Analysis of variance was used to evaluate the relationships 

between energy and nutrient intake and maternal education level. Differences 

were considered significant at p < 0.05 (two-sided). Statistical analyses were 

performed by using the Statistical Package for the Social Sciences program 

(Version 12.0 SPSS Inc., Chicago, IL, U.S.A.). 

Study II 

For statistical analysis of dietary patterns 181 food items were aggregated into 52 

separate food groups. The grouping scheme was based on culinary use and 

nutrient profiles. Principal components analysis with varimax rotation was used to 

identify patterns among the food groups. A plot of eigenvalues (i.e. the scree test) 

indicated a break between the seventh and eighth factors that could be used as a 

separate criterion to the solution of seven factors that were retained for further 

analyses. After varimax rotation of the factors, food groups with absolute factor 

loading ≤ -0.2 or ≥ 0.2 were considered as significantly contributing to a pattern. 

Factor scores were calculated for each person in each pattern in terms of how 

closely they fit to the pattern. Factor scores were computed by weighting each 

factor loading by the factor’s eigenvalue, multiplying these weights by the 

subject’s corresponding food-group intake, and summing these products. Factor 

scores were used to rank individuals. Pearson’s correlation coefficients were 

calculated between dietary patterns and energy and nutrient intake. Multiple linear 

regression analysis was used to test how age, educational level, smoking, living 

area and the number of earlier deliveries explained the variance in pattern scores. 

The Statistical Package for the Social Sciences program (Version 14.0 SPSS Inc., 

Chicago, IL, U.S.A.) was used in analysing the dietary patterns. 

Study III 

The general linear models procedure (PROC GLM) was used to test the trends in 

weight gain rates between quarters of participants determined by quartiles of 
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dietary pattern scores, and energy and macronutrient intakes. The association 

between dietary patterns and maternal weight gain rates was assessed using 

multiple linear regression (PROC REG) analysis. Weight gain rate changes 

slightly after the 10th week of pregnancy and therefore we added a respective 

dummy variable into the regression models (initial measurement in ≤ 10th week: 

1, otherwise 0). Analyses were performed with the Statistical Analysis System 

(SAS) software package version 8.2 (SAS Institute, Inc., Cary, NC, USA). 

Study IV 

The endpoint of advanced beta cell autoimmunity was interval-censored. To 

accommodate this structure, a piecewise exponential survival model was used 

with constant hazard in the intervals 0–0.99, 1–1.99, 2–2.99 and ≥3 years. The 

models were fitted using maximum likelihood in SAS PROC NLMIXED, with 

standard errors of estimates derived from the observed information matrix. The 

proportionality of the hazards was tested by adding linear interaction terms of the 

exposure variables with time to the models. Differences between means by 

background characteristics were tested with the independent samples t-test (for 

two groups of cases) or ANOVA (for more than two groups of cases). Possible 

confounding by background characteristics was controlled by adding background 

variables as covariates in the statistical models. The first set of covariates 

included genetic risk group and diabetes in a first-degree relative, and the other 

also included sex, maternal age, gestational age, maternal education, maternal 

smoking during pregnancy, maternal parity, mode of delivery, birth weight and 

region of birth (Oulu or Tampere). Both models also included a variable 

indicating whether the weight was measured for the first time before or after the 

10th gestational week. Interaction of weight gain rate and initial BMI with each 

other or with time as regards the development of advanced beta cell autoimmunity 

was tested. All the variables were used as categorial items in statistical models. 

Categorial variables were aggregated into quarters. SAS version 9.1.3 (SAS 

Institute, Cary, NC) was used in the analyses.  

4.3.7 Ethical considerations 

The DIPP study was found to be acceptable by the Ethics Committees of the 

Northern Ostrobothnia and Pirkanmaa Hospital Districts. Written informed 

consent from the parents was received.  
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5 Results 

5.1 Food choices during pregnancy (I) 

The proportions of women daily or weekly consuming selected food items and 

food groups is shown by age, education and dietary supplement use in Table 7. 

About 30% of the women over 30 y or with a high school certificate consumed 

recommended portions (≥5) of vegetables, fruit and berries daily, whereas the 

respective proportions was 16% among both the youngest women and among the 

women with a lower level of education. The consumption of fish and poultry was 

more common among older and more educated women than other women. Daily 

consumption of fruit and berries and weekly consumption of fish were more 

common among those women who used dietary supplements than those who did 

not use dietary supplements during pregnancy. Daily consumption of low-fat milk 

products was more common among women with high school education and 

among non-supplement users than among women without a high school 

certificate and supplement users (Table 7). 

5.2 Energy and nutrient intake during pregnancy (I and III) 

On average, protein provided 16%, carbohydrate 47% and fat 36% of the total 

energy intake in the diet of Finnish pregnant women. Saturated fatty acids 

provided 15%, monounsaturated fatty acids 11%, polyunsaturated fatty acids 4% 

and triglycerides 6% of the total energy intake. The mean intake of dietary fibre 

was 27.4 g per day. Women under 25 y received less energy (p = 0.032), and their 

energy-adjusted intakes of protein (p = 0.004) and dietary fibre (p < 0.001) were 

smaller and the intake of sugar higher (p = 0.019) compared with older women. A 

higher level of basic education was associated with higher energy-adjusted intake 

of carbohydrates, dietary fibre and n-6 fatty acids and lower intakes of total fat 

and saturated fatty acids.  

There was a positive and consistent association between energy intake and 

maternal weight gain rate among the pregnant mothers when maternal weight 

gain rate was studied in quarters of energy intake. Similarly, sucrose intake 

(percent of energy) was positively and in a dose-response manner associated with 

the weight gain rate. The percent of energy from protein was inversely associated 

with maternal weight gain. 
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On average, women received adequate amounts of the examined vitamins and 

minerals from food, with the exception of vitamin D. Even the total intake of 

vitamin D (intake from food and supplements) in the supplement users did not 

meet the recommendation (Figure 3). Women under 25 years of age had lower 

intakes of vitamin D, vitamin E, folate, iron, magnesium (for all nutrients 

p < 0.001) and zinc (p = 0.004) compared with older women. A higher level of 

basic education was associated with higher intake of vitamin D, vitamin E (both 

p < 0.001) and iron (p = 0.041) from food. 
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Fig. 3. Intake of vitamins and minerals by supplement users from food only and from 

supplements, compared with the recommendation (-----). Values are means, with their 

standard errors represented by vertical bars. 

5.3 Dietary supplement use during pregnancy (I) 

Most of the women (85%) complemented their diet with at least one nutrient 

supplement during pregnancy. The most common supplemental nutrient was iron 

(78%), followed by vitamin D (40%) and folic acid (39%). Of the women, 31% 

had vitamin A (retinol) supplement, but only two women had vitamin A as a 

single nutrient supplement. Thus vitamin A was mainly taken as a part of a 

multivitamin supplement. Iron and calcium were most commonly used as a single 

nutrient supplements. Intake of vitamins and minerals in supplement users and 

non-users is seen in Table 8. The upper limit of safe intake was exceeded only as 

regards supplemental iron. The upper safety limit of iron intake (60 mg daily) was 

exceeded in 286 women, of whom 16 took more than 250 mg per day. Eighty-five 

per cent of all women had a total vitamin D intake below the recommended level. 

The total folic acid intake was below the recommended level in 44% of the 

women (Table 8).  

5.4 Maternal dietary patterns during pregnancy (II and III)  

Seven factors were identified to describe the dietary patterns of the Finnish 

pregnant women (Table 9). Collectively these factors explained 29.5% of the 
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variability within the sample. The food items with loadings of ≥ 0.2 on a factor 

were considered to have a strong association with that factor. Negative loading 

(≤ -0.2) represents an inverse association between the food item and the factor. 

The seven factors were named ‘Healthy’, ‘Fast foods’, ‘Traditional bread’, 

‘Traditional meat’, ‘Low-fat foods’, ‘Coffee’ and ‘Alcohol and butter’ (Table 9). 

5.4.1 Patterns and dietary intake (II and III) 

Pattern scores were differently associated with energy and nutrient intake. Energy 

intake correlated positively with ‘Healthy’, ‘Fast foods’, ‘Traditional bread’ and 

‘Traditional meat’ patterns and inversely with the ‘Alcohol and butter’ pattern. 

Intake of dietary fibre correlated positively with ‘Healthy’, ‘Traditional bread’ 

and ‘Low-fat foods’ patterns and inversely with the ‘Alcohol and butter’ pattern.  

Intake of protein, dietary fibre and most of the assessed vitamins correlated 

with the ‘Healthy’ dietary pattern score. Intake of carbohydrates, sucrose, total fat, 

saturated fatty acids and vitamin E correlated with the ‘Fast foods’ dietary pattern. 

The seven dietary patterns seemed to account for relatively large proportions 

(over 50%) of the variance in energy and nutrient intake except for the intakes of 

vitamin D (35.3%), vitamin C (38.2%), carotenoids (46.9%) and calcium (39.9) 

(II, Table 4). 

Table 8. Daily intake of vitamins and minerals during pregnancy by the use of dietary 

supplements, and proportion (%) of the women receiving nutrients below the 

recommended level. 

 Intake 

Supplement 

users (n=679) 

 Supplement non-

users (n=118) 

p* Recommended 

daily intake1 

Intake below 

recommendation: 

all women (n=797) 

% 

Mean SD Mean SD 

Vitamin A (μg)  1793 1038  1785 1556 0.942 800 74 9 

Vitamin D (μg) 6.7 3.9  4.8 2.6 <0.01 10 676 85 

Vitamin E (mg) 16.5 7.6  14.3 5.2 <0.01 10 110 14 

Vitamin C (mg) 238 137  235 160 0.815 70 20 3 

Folic acid (μg) 454 164  398 136 <0.01 400 349 44 

Iron (mg) 72 62  17 5.9 <0.01 -a -a -a 

Calcium (mg) 1939 717  1960 784 0.780 900 29 4 

*By t-test, comparison of the total nutrient intake between supplement users and non-users, 1 Nordic 

nutrition recommendations (Nordic Working Group on Diet and Nutrition, 1996), a No recommendation; 

approximately 500 mg stored Fe is required during pregnancy. 
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Table 9. Factor loadings ≤ -0.2 or ≥ 0.2 of different food items in the seven dietary 

factor categories identified by principal components analysis with varimax rotation 

among Finnish pregnant women.  

Food item Factor (dietary pattern) 

Healthy Fast 

foods 

Traditional 

bread 

Traditional 

meat 

Low-fat 

foods 

Coffee Alcohol and 

butter 

Leafy vegetables 0.577       

Cabbage 0.537       

Vegetables 0.523       

Fish 0.519       

Vegetarian dishes 0.461       

Legumes, 

mushrooms 

0.447       

Roots 0.421       

Berries 0.408  0.204     

Salad dressing 0.398      0.302 

Poultry 0.367        

Fruit 0.361      -0.276 

Rice, pasta 0.301        

Egg 0.300 0.212       

Sweets  0.595       

Fast food  0.575       

Snacks  0.537       

Chocolate  0.509       

Fried potatoes  0.493       

Soft drinks  0.444     0.225 

Cream 0.232 0.370       

Fruit juices  0.346     -0.214 

White bread  0.330       

Processed 

vegetables 

0.206 0.321  0.226     

Light soft drinks  0.307   0.205    

Savouries  0.251 0.214      

Low-fat pastry   0.525   0.246    

Whole-grain bread   -0.252 0.502  0.285   

High-fat pastry  0.420 0.451       

High-fat cheese   0.359       

Sugar, jam   0.358       

Berry juices   0.332       

Meat    0.553     

Nuts, seeds 0.320  0.207 -0.539      

Breakfast cereals 0.389  0.288 -0.470    -0.239  
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Food item Factor (dietary pattern) 

Healthy Fast 

foods 

Traditional 

bread 

Traditional 

meat 

Low-fat 

foods 

Coffee Alcohol and 

butter 

Meat dishes 0.257  0.205 0.442      

Sausage  0.222  0.405  0.202   

Potatoes  -0.252 0.310 0.365      

Processed meat  0.225 0.225 0.336 0.321     

Organ meat    0.280      

Spread 40–60%     0.577     

Low-fat cheese 0.283    0.485     

High-fat milk     -0.461 0.281 -0.203  

Low-fat milk     0.450     

Butter   0.256  -0.354   0.327 

Low-fat sour milk 0.280    0.282     

High-fat sour milk   0.204  -0.250     

Coffee      0.803   

Milk in coffee      0.639   

Tea   0.387   -0.463   

Beer       0.493 

Wine, liquor       0.486 

Soft margarine 80%    0.307 -0.215  -0.371 

5.4.2 The roles of socio-demographic factors (II) 

Dietary pattern scores were differently associated with age, educational level, 

smoking during pregnancy, living area and the number of earlier deliveries. 

Positive associations were observed as regards age and ‘Healthy’ and ‘Alcohol 

and butter’ patterns, while ‘Fast foods’ and ‘Traditional meat’ patterns showed 

inverse associations with age. Positive associations were seen between 

educational level and ‘Healthy’, ‘Low-fat foods’ and ‘Alcohol and butter’ patterns. 

Smoking during pregnancy was associated with ‘Fast foods’, ‘Traditional meat’ 

and with the ‘Coffee’ pattern, in particular. The number of earlier deliveries was 

positively associated with ‘Traditional bread’, ‘Traditional meat’ and ‘Coffee’ 

patterns, while inverse associations were observed as regards ‘Fast foods’ and 

‘Low-fat foods’ patterns. The results from regression models with socio-

demographic factors and the dietary pattern scores of the ‘Healthy’ and ‘Fast 

foods’ categories are seen in table 10. 
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Table 10. Socio-demographic factors explaining the variance in dietary pattern scores 

among pregnant women; regression parameters (with 95% confidence intervals) in 

multiple linear regression analysisa. 

Socio-demographic factor Dietary pattern 

Healthy 

Model 1 

Fast foods 

Model 2 

Age    

25–29 years vs.< 25 years 0.16* (0.06, 0.25) -0.08 (-0.18, 0.01) 

30–34 years vs.< 25 years 0.37* (0.27. 0.47) -0.18* (-0.28, -0.08) 

≥ 35 years vs. < 25 years 0.58* (0.46. 0.70) -0.34* (-0.46, -0.23) 

Basic education 

high school graduates vs. 

no high school certificate 

0.19*

 

(0.12, 0.26) 

 

-0.09* 

 

 

(-0.16, -0.02) 

Smoking during pregnancy    

smokers vs. non-smokers -0.27* (-0.38, -0.16) 0.28* ( 0.18, 0.39) 

Area of living    

Oulu vs. Tampere -0.19* (-0.26, -0.13) -0.22* (-0.28, -0.15) 

Number of earlier deliveries    

one vs. none 

two or more vs. none 

-0.12*

-0.10*

(-0.19, -0.04) 

(-0.19, -

0.003) 

-0.05 

-0.30* 

(-0.13, 0.02) 

(-0.39, -0.21) 

 R2=0.078 

F=36.2 

p<0.01 

R2=0.064 

F=29.1 

p<0.01 
a Pattern score as a dependent variable and the socio-demographic factors as independent variables,  

* Significant (p<0.05) 

5.4.3 Dietary patterns and weight gain during pregnancy (III) 

The mean gestational weight gain in the present study population was 12.4 kg 

(SD 4.6) and the mean weight gain rate 0.43 kg/week (SD 0.15). When the 

maternal weight gain rate was examined in quarters of dietary pattern scores, 

positive trends were observed between the rate and ‘Fast foods’ and ‘Traditional 

bread’ dietary pattern scores and inverse trends between the rate and ‘Traditional 

meat’, ‘Coffee’ and ‘Alcohol and butter’ pattern scores (Table 11).  

‘Fast food’ and ‘Traditional bread’ dietary patterns were positively associated, 

and ‘Traditional meat’, ‘Coffee’ and ‘Alcohol and butter’ dietary patterns 

inversely associated with maternal weight gain rate in bivariate analyses. When 

the models were adjusted for maternal age, initial BMI, parity, vocational 
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education, smoking, living area, birth weight of the infant and gestational week of 

first weight measurement (before 10th week vs. 10th week or after), only three 

patterns remained significant in relation to weight gain rate: ‘Fast foods’, 

‘Traditional bread’ and ‘Alcohol and butter’.  

The ‘Fast foods’ dietary pattern was positively associated with maternal 

weight gain rate even after including energy, percentage of energy from protein, 

saturated fatty acids and sucrose into the model. In a similar manner the ‘Alcohol 

and butter’ pattern was inversely associated with the weight gain rate.  

Table 11. Mean (SE) maternal weight gain rate of four subpopulations determined by 

quartiles of dietary pattern scores. 

Dietary pattern Mean weight gain rate, kg/weeka p for trend 

Lowest 

1st quarter 

 

2nd quarter 

 

3rd quarter 

Highest 

4th quarter 

Healthy 0.43 (0.01) 0.44 (0.01) 0.44 (0.01) 0.42 (0.01) 0.109 

Fast foods 0.41 (0.01) 0.43 (0.01) 0.44 (0.01) 0.46 (0.01) <0.0001 

Traditional meat 0.43 (0.01) 0.43 (0.01) 0.44 (0.01) 0.43 (0.01) 0.262 

Traditional bread 0.41 (0.01) 0.44 (0.01) 0.43 (0.01) 0.44 (0.01) 0.0002 

Low-fat foods 0.44 (0.01) 0.43 (0.01) 0.44 (0.01) 0.44 (0.01) 0.252 

Coffee 0.43 (0.01) 0.44 (0.01) 0.44 (0.01) 0.43 (0.01) 0.443 

Alcohol and butter 0.44 (0.01) 0.44 (0.01) 0.43 (0.01) 0.42 (0.01) 0.014 
a Adjusted for maternal age, initial body mass index, parity, vocational education, smoking, living area, 

birth weight of the infant, and gestational week of the first weight measurement 

5.4.4 Maternal weight status during pregnancy and beta cell 
autoimmunity in the offspring (IV) 

The mean intial BMI was 24.4 kg/m2 and the mean weight gain rate was 0.42 

kg/week among these pregnant women. 

Women in the 4th quartile of initial BMI (> 26 kg/m2) showed a significantly 

lower weight gain rate during pregnancy than women with a lower initial BMI. 

Newborns belonging to the 1st quartile of birth weight (< 3215 g) were born to 

mothers with significantly lower gestational weight gain and initial BMI than 

infants with higher birth weight. Women with three or more previous deliveries 

before the present study showed a significantly lower weight gain rate during 

pregnancy but a higher initial BMI than women with less than three previous 

pregnancies. Well educated women had a significantly lower initial BMI than less 

well educated women. Women who underwent Caesarean section delivery had a 
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significantly higher initial BMI than women experiencing vaginal delivery (IV, 

Table 1).  

Maternal gestational weight gain rate and maternal initial BMI were not 

associated with the risk of advanced beta cell autoimmunity in children (p = 0.189 

and p = 0.476 respectively). Hazard ratios (95% CI) as regards advanced beta cell 

autoimmunity in maternal gestational weight gain rate quarters were 0.76 (0.46–

1.27), 1.12 (0.71–1.76) and 0.70 (0.41–1.18) for the second, third and fourth 

quarters compared with the first one, respectively. Concerning maternal initial 

BMI quarters, HRs (95% CI) as regards the second, third and fourth quarter 

compared with the first one were 1.21 (0.76–1.91), 0.93 (0.56–1.53) and 0.82 

(0.48–1.39), respectively. Among the baseline characteristics examined, HLA-

DQB1-positivity and familial diabetes were related to a greater risk and a higher 

level of maternal education to a smaller risk of advanced beta cell autoimmunity 

(IV, Table 1). Hazard ratios as regards advanced beta cell autoimmunity in 

quarters of maternal gestational weight gain, initial BMI and vocational education 

are shown in figure 4. Statistical model includes factors: gestational weight gain, 

initial BMI, maternal age, number of previous deliveries, smoking during 

pregnancy, infant’s sex, genetic risk, familial diabetes, gestational age, birth 

weight, mode of delivery and region of birth.  

Analyses concerning initial maternal BMI were performed in two settings. 

First we used a dataset that included all the mothers in the analyses and secondly 

we used a dataset that included only mothers whose weight was measured for first 

time during the first trimester (between 0–13 gestational weeks). These results did 

not differ (data not shown).  
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Fig. 4. Hazard ratios as regards advanced beta cell autoimmunity in children by 

quarters of maternal gestational weight gain, initial BMI, and vocational education. 

Adjusted for genetic risk and other background and perinatal factors. HRs as regards 

second, third and fourth quarters compared with the first one.  
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6 Discussion 

6.1 Methodological issues 

The present study was carried out as a part of the DIPP Nutrition study, aimed at 

investigating maternal nutrition during pregnancy and lactation as well as the 

child’s nutrition in relation to the natural progression from increased genetic 

susceptibility to the development of beta cell autoimmunity and eventually to 

clinical T1D. The study was not therefore designed only for investigating 

nutrition during pregnancy. The main methodological disadvantage was that we 

collected the dietary information retrospectively concerning maternal diet during 

the eighth month of pregnancy and the women completed the questionnaire 1–3 

months after the period of interest. However, earlier findings suggest that diet 

during a past pregnancy is recalled relatively well even after several years (Bunin 
et al. 2001). The questionnaire covered a limited time period, and important 

exposures occurring outside this time period could have been missed out. For 

example, diet during the early stages of pregnancy is perceived to be more 

important as regards foetal growth and development. It was considered, however, 

that recording dietary habits during the eighth month of pregnancy would depict 

many important aspects of a woman’s general dietary habits. Earlier findings in a 

small population of pregnant women suggest that the dietary patterns do not 

change significantly from preconception to 6 months postpartum (Cuco et al. 
2006). About 30% (n = 1579) of the invited women refused to take part in the 

nutrition study. The participation rate is still high, but there may be some 

differences in the dietary habits of the women who refused compared with our 

study subjects. Nevertheless, the extensive DIPP birth cohort provided an 

excellent opportunity to examine the diet and weight status of Finnish pregnant 

women, an area in which only limited information is currently available.  

The food frequency method typically leads to overestimation of food 

consumption and nutrient intake, particularly of vegetables, but also the intake of 

energy and energy-yielding nutrients when compared with food records (Nelson 

& Bingham 1997). Although the energy-adjusted nutrient intakes would be more 

reliable with this method, we presented absolute intakes of vitamins and minerals 

(I). This was because of comparison of dietary intake with recommended levels, 

which are given in absolute values. Subjects may distort their reported diet for 

several reasons, which can only be revealed by careful validation of the method 
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(Nelson & Bingham 1997). The FFQ used in the present study was validated in a 

study similar in design as that of the study probe (Erkkola et al. 2001). The intake 

of foods and nutrients was higher as determined by means of the FFQ than that 

assessed by using food records. Pearson correlation coefficients for energy-

adjusted nutrients ranged from 0.19 to 0.70 and, for foods, from 0.03 to 0.84. On 

average, 70% of the foods and 69% of the nutrients fell into the same or adjacent 

quintiles, according to the FFQ and the food record data. The results of the 

validation study suggests that the FFQ represents a useful tool for categorising 

pregnant women according to their dietary intake (Erkkola et al. 2001). The 

results of other FFQ validation studies have shown similar results in pregnant 

women (Greeley et al. 1992, Forsythe & Gage 1994, Robinson et al. 1996). One 

advantage in the present study was that FFQ was checked by a trained study nurse 

during a visit to the study centre. Thus immediate checking for missing answers 

and errors was possible.  

Dietary pattern analysis is used increasingly in nutrition research but it still 

has weaknesses. The use of dietary patterns may help to capture some of the 

complexity of diet that is often lost in nutrient-based analyses (Jacques & Tucker 

2001). However, the complexicity also makes it more prone to subjective 

interpretations (Martinez et al. 1998). Dietary pattern analysis requires many 

decisions to be made by the investigators that have an impact on the number and 

type of patterns that are derived, reported and analysed (Newby & Tucker 2004). 

Another concern to do with dietary pattern analysis is that the patterns extracted 

in one population may not be reproducible in other populations with different 

dietary habits (Jacques & Tucker 2001). On the other hand, Balder et al. have 

suggested that some important eating patterns may be shared by various 

populations (Balder et al. 2003).  

We used an endpoint reflecting advanced beta cell autoimmunity, which is 

one of the strengths of this study. Most of the previous studies have involved use 

of positivity for a single autoantibody as an endpoint, which represents in most 

cases harmless non-progressive beta cell autoimmunity (Knip 2002b). Previous 

studies on maternal weight status and the risk of T1D in children have been 

performed in smaller subject samples and in case-control settings. 

6.2 Maternal age, educational level and diet 

Age and education were positively associated with daily consumption of 

vegetables, fruit and berries in the present study. The same association was found 
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earlier in pregnant women in the US (Bodnar & Siega-Riz 2002). Nevertheless, 

Finnish pregnant women consumed fewer servings of vegetables, fruit, berries 

and fish than recommended. The consumption of these foods was also low in 

another study among pregnant women in the US (Borrud et al. 1993). The 

healthier food choices of the women with a higher level of education were 

reflected in their higher intakes of dietary fibre and some vitamins. The type of fat 

in the diet was also closer to recommendations among the more educated women. 

Food intake in women using supplements has been characterized by ample use of 

vegetables and fruit (Elmståhl et al. 1996, Kaartinen et al. 1997, Lyle et al. 1998, 

Kirk et al. 1999), as also seen in our study among Finnish pregnant women.  

Nutrient supplements are supposed to complement the diet. However, our 

results revealed that the use of nutrient supplements did not always improve 

nutrient intake. Some nutrients were received cumulatively and in large amounts 

from different supplements and at the same time some relevant supplementation 

was missing. In this study, 85% of the women used at least one dietary 

supplement. This proportion parallels the results in an earlier study among 

Finnish pregnant women where 70% of them reported use of at least one dietary 

supplement (Erkkola et al. 1998). The prevalence is higher than the 36% found in 

non-pregnant Finnish women (Kaartinen et al. 1997). In Belgium, 62% of studied 

pregnant women had used vitamin supplements (Verbeke & De Bourdeaudhuij 

2007) and in Norway the proportion of the supplement users was comparable with 

our results, 81% (Haugen et al. 2008). Thirty-five per cent of the women in our 

study had used single iron supplementation, whereas iron together with some 

other supplement was used by 49% of the women. Vitamin D and folic acid were 

the next most common nutrients obtained from dietary supplements. Iron has also 

been the most common nutrient gained from supplements in previous studies 

(Erkkola et al. 1998, Rogers & Emmett 1998, Mathews et al. 2000), followed by 

folic acid and vitamin D (Rogers & Emmett 1998, Mathews et al. 2000). Folic 

acid supplementation is not generally recommended for pregnant women in 

Finland and only 5% of the present study population used it as a single nutrient 

supplement, whereas most of the folic acid users (34% of the women) received 

nutrients in a multivitamin supplement. In countries where the risk of neural tube 

defects is higher, folic acid supplementation is recommended before and during 

pregnancy, and in higher doses than in Finland.  

The use of nutrient supplements was associated with age, education and BMI. 

Supplements were used particularly by the oldest age group, by the most educated 

women and by those women who were of normal weight before pregnancy. In 
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Britain also, an association between maternal age and supplement use during 

pregnancy has been observed (Mathews et al. 2000, Nilsen et al. 2006b). In 

Norway, folic acid supplement use has been found to be more common among 

more educated, older and non-smoking pregnant women than others (Nilsen et al. 
2006a).  

Although vitamin D supplementation is recommended to all pregnant women 

during wintertime, only 40% of the women studied had used vitamin D 

supplements during pregnancy and only 15% of all women had a daily intake of 

10 μg, as recommended. This is surprising because the data covered the whole 

calendar year. One reason for the low compliance with vitamin D 

supplementation might be inadequate counselling. In an earlier study related to 

dietary and health counselling in well-women clinics in Finland, only 60% of the 

nurses had given advice to use vitamin D supplements (Piirainen et al. 2004). 

Results from the US suggest that black and white pregnant women and neonates 

in the northern US are at a high risk of vitamin D insufficiency, even when 

mothers are compliant as regards prenatal vitamins (Bodnar et al. 2007). The 

sufficiency of vitamin D intake in general has been a topic recently in Finland. 

There may be changes in the food fortification policy and the recommended 

amount may also be somewhat increased in the future. Since 2003, milk has been 

fortified with vitamin D (0.5 µg/dl) in Finland, but the fortification seems to have 

had little influence on vitamin D intake among Finnish people. The mothers in 

this study delivered before 2003.  

The use of vitamin A-containing supplements was surprisingly common in 

our study. Intake of vitamin A was mostly via multivitamin supplementation; only 

two mothers used it as a single nutrient supplement. Thirty-one per cent of all 

women received vitamin A from supplements, although vitamin A 

supplementation is not recommended during pregnancy because of possible 

teratogenic effect (Hasunen et al. 2004). However, the highest level of vitamin A 

intake from supplements was clearly lower than the highest acceptable daily 

intake during pregnancy. Beta-carotene was not included in the supplemental 

vitamin A intake in this study.  

6.3 Dietary patterns during pregnancy  

We identified and described seven dietary patterns by means of principal 

components analysis among Finnish pregnant women. The patterns were 

differently related to energy and nutrient intake, and to the socio-demographic 
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factors related to the women. Dietary patterns have not been reported earlier in 

Finnish pregnant women. In two Finnish cohort studies among middle-aged 

women and men, two important dietary patterns emerged: healthy and traditional 

(Balder et al. 2003, Montonen et al. 2005). The dietary data in these studies were 

collected in the 1960’s (Montonen et al. 2005) and 1980’s (Balder et al. 2003). In 

the light of our results revealing seven dietary patterns, it is presumable that today 

there is more variation in peoples’ eating habits than before. This is partly due to 

the wider selection of food products available and the presence of different eating 

styles, even during pregnancy. 

According to our results, it seems that age and education are positively 

correlated with ‘Healthy’ and ‘Alcohol and butter’ dietary patterns, whereas ‘Fast 

foods’ shows an inverse association. Healthy eating patterns have previously been 

related to older age (Slattery et al. 1998, Williams et al. 2000, Terry et al. 2001, 

Costacou et al. 2003) and higher educational levels (Williams et al. 2000, Terry et 
al. 2001) in women and men. However, in a study by Sánchez-Villegas et al., a 

higher educational level among women was associated with greater adherence to 

a ‘Western’ dietary pattern (similarities in comparison with our ‘Fast foods’ 

pattern) (Sanchez-Villegas et al. 2003). Smoking was strongly associated with the 

‘Coffee’ and ‘Fast foods’ dietary patterns. The consumption of coffee has also 

been strongly correlated with smoking in Mexican American pregnant women 

(Wolff & Wolff 1995), although coffee was omitted from the dietary pattern 

analysis. Social, demographic and lifestyle factors related to the mother have also 

been suggested to have an influence on the early eating patterns of the offspring 

(North & Emmett 2000). This emphasises the importance of identifying risk 

groups for targeted dietary guidance during pregnancy.  

In our study, energy and nutrient intakes in pregnant women varied among 

the dietary patterns, in a manner similar to that reported by Schulze et al. (Schulze 
et al. 2001). Findings that a ‘prudent’ dietary pattern (Hu et al. 1999) correlated 

positively with intakes of fibre, folic acid, carotenes and magnesium and 

inversely with total and saturated fat were consistent with the present results.  

6.4 Fast foods and snacking in association with weight gain rate 

In the present study, we identified two dietary patterns that were associated with 

weight gain rate during pregnancy after adjusting for other potential weight gain-

related factors. The ‘Fast food’ pattern characterized by a high rate of 

consumption of snacks, sweets, soft drinks, hamburgers and other fast foods, was 
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positively associated and the ‘Alcohol and butter’ –pattern characterized by high 

alcoholic drink and butter consumption, was inversely associated with maternal 

weight gain rate. Both of them also demonstrated dose-dependency. 

There are many definitions of gestational weight gain. In Finland mothers are 

recommended to gain 7–18 kg depending on their BMI before pregnancy. We 

used assessment of weight gain rate because in our study maternal weight gain 

monitoring started at different points of time, depending on when the mother 

started visiting the antenatal clinic, and also because the timing of the final 

measurement varied between the mothers. Estimates of total weight gain as well 

as of the net weight gain would thus not have been accurate. Weight gain rate 

changes slightly after the 10th week of pregnancy (U.S. Institute of Medicine, 

1990), but we took this into account in regression models by adding a respective 

dummy variable into the model. 

The results of several studies have suggested that snack consumption and/or a 

high frequency of food consumption is related to higher energy intake (Berteus et 

al., 2005, Ovaskainen et al., 2005, Kerver et al., 2006). French et al. (2002) 

reported that the frequency of eating at fast food restaurants is associated with 

higher energy intake and higher body weight. Our results support these findings 

although we specifically studied weight gain in pregnancy, not in the general 

population. Our earlier analysis indicated that younger mothers adhered to the fast 

food dietary pattern most frequently (II), making them vulnerable to elevated 

weight gain during pregnancy.  

Alcohol consumption during pregnancy was observed to be rare (28% of all 

the mothers) and the amounts consumed were small among our study population. 

Therefore, even low-frequency maternal alcohol intake turned out to determine a 

dietary habit that was distinct enough to form an independent dietary pattern in 

our analyses. In general, people tend to under-report their alcohol consumption, as 

well as smoking, and reliable assessment is thus difficult. This may especially 

concern pregnant women. Our study provides limited information for explaining 

why the ‘Alcohol and butter’ pattern was related to lower weight gain rate. 

Literature on maternal alcohol intake and gestational weight gain is also scarce. 

Mothers with high scores in this dietary pattern seemed to be older, had more 

previous deliveries and they had a higher level of education (II), all factors 

independently associated with less maternal weight gain compared with others. It 

is also possible that this group of mothers felt subjectively very healthy and had 

records of uncomplicated previous pregnancies and were thus less strict with 

dietary guidelines concerning alcohol use. 
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Potential limitations of the present study are that physical activity and 

psychosocial factors were not examined. These factors may affect the weight gain 

of pregnant women. According to results of a recent review (Schlussel et al. 
2008), however, only a few studies have revealed an association between physical 

activity and gestational weight gain. In a Canadian study (Fell et al. 2008) it was 

suggested that pregnancy is an event that leads to a decrease in physical activity. 

Exercise may not therefore be as important a factor in weight gain control during 

pregnancy as it is during other phases of life. On the other hand, Olson et al. 
identified physical activity as one of three behavioural determinants of gestational 

weight gain (Olson & Strawderman 2003). The other two determinants were 

change in food intake and smoking. There is increasing evidence that 

psychosocial factors may also affect dietary intake. Findings by Hurley et al. 
suggest that pregnant women who were more fatigued, stressed and anxious 

consumed more food (Hurley et al. 2005).  

The overall problem in studies related to gestational weight gain is that they 

are observational in design, and accordingly they cannot prove causation. 

However, repeated studies with consistent results can provide compelling 

evidence for associations. In this study we could not prove causality between diet 

and weight gain rate, but the results still clearly support the assumption that 

frequent consumption of fast foods and snacks is a risk predictor of excess 

maternal weight gain. 

6.5 Maternal weight status during pregnancy and advanced beta 
cell autoimmunity in children  

The present cohort study revealed no relationship between maternal BMI and 

weight gain rate during pregnancy and the risk of advanced beta cell 

autoimmunity in children. Expected effects of increased HLA-conferred 

susceptibility and familial diabetes on beta cell autoimmunity risk were seen. In 

addition, a higher maternal vocational education level was found to be related to a 

smaller risk of advanced beta cell autoimmunity in the offspring. This association 

is difficult to explain and possible dietary and lifestyle factors behind the 

association should be studied further. 

A cohort setting and use of an endpoint reflecting advanced beta cell 

autoimmunity are the major strengths of this study. Previous studies on maternal 

weight status and the risk of type 1 diabetes in children have been carried out 

among smaller subject samples and in case-control settings (Dahlquist & Källen 



 68

1992, McKinney et al. 1997, Rasmussen et al. 2009). Most previous studies have 

involved the use of positivity for a single autoantibody as an endpoint, which 

represents in most cases harmless non-progressive beta cell autoimmunity (Knip 

2002b). Caesarean section delivery has been shown to alter an infant’s microbiota 

and immune function in the gut (Grönlund et al. 1999, Salminen et al. 2004, 

Penders et al. 2006), which could increase the risk of autoimmune diseases such 

as T1D in early childhood. A meta-analysis carried out by Cardwell et al. revealed 

a 20% increase in the risk of type 1 diabetes in children after Caesarean section 

delivery (Cardwell et al. 2008). The present results do not support these 

observations, since Caesarean section seemed to be associated with a smaller risk 

of advanced beta cell autoimmunity. These opposing results may be due to the 

small number of children (n = 17) with a positive endpoint who were born by 

Caesarean section. 

Birth weight was not related to the risk of type 1 diabetes in the present study, 

although in a recent meta-analysis, high birth weight (>4000 g) was considered to 

be a risk factor of T1D (Harder et al. 2009). According to the present results, 

children belonging to the 4th quarter of birth weight were born to mothers with 

significantly higher initial BMI than children with lower birth weights. 

At the same time as the incidence of T1D has increased rapidly (Harjutsalo et 
al. 2008), obesity has become a worldwide epidemic and a serious public health 

issue. As the prevalence of obesity is increasing, overweight conditions and 

obesity have also become common in pregnant women. The present cohort study 

among children at an increased genetic risk of T1D revealed no associations 

between maternal BMI or gestational weight gain and advanced beta cell 

autoimmunity in the offspring.  

There is no precise information about the incidence of gestational diabetes 

mellitus (GDM) in the present study subjects. Data from Western countries 

suggest that the incidence of GDM is increasing along the global obesity 

epidemic and approximately 10% of pregnant women are affected (Kaaja & 

Rönnemaa 2008). GDM reflects a metabolically altered fetal environment 

associated with infant’s high birth weight and increased risk of overweight later in 

life (Gillman et al. 2003).  
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7 Conclusions and implications for future 
studies 

The findings of the present study suggest that healthy food choices are relatively 

common among Finnish pregnant women and that the increased nutrient 

requirements during pregnancy are mostly covered by a balanced diet. The use of 

nutrient supplements does not support the diet in every respect. In this study we 

discovered both unnecessary nutrient supplementation and lack of relevant 

supplementation. Seven dietary patterns were identified for the first time in 

Finnish pregnant women providing a meaningful interpretation of their dietary 

habits. The present results strengthen the assumption that young and less well 

educated women are at risk of having an unbalanced or inadequate diet. A strong 

association was found between the fast food type of dietary pattern and greater 

weight gain rate during pregnancy. Thus, young and less well educated women in 

particular should be a special target group as regards nutrition education, with 

emphasis on well-planned balanced meals and more precise advice on supplement 

use in antenatal clinics. This is important for optimal pregnancy outcome, 

successful breastfeeding, and for the prevention of obesity in later life, among 

both mothers and children. Nutrition education in antenatal clinics should be more 

effectively taken into account in nutrition policy planning and implementation.  

The rising incidence of T1D, especially in young children, is alarming. Type 

1 diabetes has already become an important public health concern among Finnish 

children. On the basis of current knowledge it is difficult to assess the roles of 

maternal nutrition and weight status during pregnancy as regards the risk of T1D 

in children. Associations between maternal BMI and weight gain rate during 

pregnancy and advanced beta cell autoimmunity in children were not found in the 

present study. Whether there is some dietary or lifestyle factor behind the 

association between maternal education and a child’s risk of developing beta cell 

autoimmunity, should be studied further. More studies and new innovative 

methods are required to provide answers to the question of the role of diet in the 

development of T1D. Dietary patterns may be a useful tool for risk group 

identification and they offer a framework for further research concerning diet and 

health outcomes among mothers and their children.  
  



 70

 



 

71 

References 

Abrams B, Altman SL & Pickett KE (2000) Pregnancy weight gain: still controversial. Am 
J Clin Nutr 71: 1233–1241. 

Allen LH (2006) Pregnancy and lactation. In: Bowman BA & Russell RM (eds) Present 
knowledge in nutrition. Washington DC, International Life Sciences Institute: 529–
543. 

Antal M, Regoly-Merei A, Varsanyi H, Biro L, Sagi K, Molnar DV, Zajkas G, Nagy K, 
Avar Z & Biro G (1997) Nutritional survey of pregnant women in Hungary. Int J 
Vitam Nutr Res 67: 115–122. 

Arendas K, Qiu Q & Gruslin A (2008) Obesity in pregnancy: pre-conceptional to 
postpartum consequences. J Obstet Gynaecol Can 30: 477–488. 

Atkinson MA & Eisenbarth GS (2001) Type 1 diabetes: new perspectives on disease 
pathogenesis and treatment. Lancet 358: 221–229. 

Bailey BA & Sokol RJ (2008) Pregnancy and alcohol use: evidence and recommendations 
for prenatal care. Clin Obstet Gynecol 51: 436–444. 

Baker PN, Wheeler SJ, Sanders TA, Thomas JE, Hutchinson CJ, Clarke K, Berry JL, Jones 
RL, Seed PT & Poston L (2009) A prospective study of micronutrient status in 
adolescent pregnancy. Am J Clin Nutr 89: 1114–1124. 

Balder HF, Virtanen M, Brants HA, et al. (2003) Common and country-specific dietary 
patterns in four European cohort studies. J Nutr 133: 4246–4251. 

Barker D (1992) Fetal and Infant Origins of Adult Disease. London, British Medical 
Journal Books.  

Barker DJ (1998) In utero programming of chronic disease. Clin Sci (Lond) 95: 115–128. 
Barker DJ, Osmond C, Kajantie E & Eriksson JG (2009) Growth and chronic disease: 

findings in the Helsinki Birth Cohort. Ann Hum Biol 36: 445–458. 
Becker W, Alexander J, Andersen S, Aro A, Fogelholm M, Lyhne N, Meltzer HM, 

Pedersen AN, Pedersen JI & Thorsdottir I (2006) Nordic nutrition recommendations. 
Ugeskr Laeger 168: 76–77. 

Berg MJ, Van D, Chenard C, Niebyl JR, Hirankarn S, Bendich A & Stumbo P (2001) 
Folate, zinc, and vitamin B-12 intake during pregnancy and postpartum. J Am Diet 
Assoc 101: 242–245. 

Bodnar LM & Siega-Riz AM (2002) A Diet Quality Index for Pregnancy detects variation 
in diet and differences by sociodemographic factors. Public Health Nutr 5: 801–809. 

Bodnar LM, Simhan HN, Powers RW, Frank MP, Cooperstein E & Roberts JM (2007) 
High prevalence of vitamin D insufficiency in black and white pregnant women 
residing in the northern United States and their neonates. J Nutr 137: 447–452. 

Borrud LG, Krebs-Smith SM, Friedman L & Guenther P.M. (1993) Food and nutrient 
intakes of pregnant and lactating women in the United States. J Nutr Educ 4:176–185. 

Bottazzo GF, Florin-Christensen A & Doniach D (1974) Islet-cell antibodies in diabetes 
mellitus with autoimmune polyendocrine deficiencies. Lancet 2: 1279–1283. 

Brekke HK & Ludvigsson J (2007) Vitamin D supplementation and diabetes-related 
autoimmunity in the ABIS study. Pediatr Diabetes 8: 11–14. 



 72

Brion MJ, Leary SD, Lawlor DA, Smith GD & Ness AR (2008) Modifiable maternal 
exposures and offspring blood pressure: a review of epidemiological studies of 
maternal age, diet, and smoking. Pediatr Res 63: 593–598. 

Bryman A & Cramer D (1999) Quantitative Data Analysis with SPSS Release 8 for 
Windows - A guide for social scientists. London, Routledge.  

Bunin GR, Gyllstrom ME, Brown JE, Kahn EB & Kushi LH (2001) Recall of diet during a 
past pregnancy. Am J Epidemiol 154: 1136–1142. 

Callaway LK, Prins JB, Chang AM & McIntyre HD (2006) The prevalence and impact of 
overweight and obesity in an Australian obstetric population. Med J Aust 184: 56–59. 

Camargo CA, Jr., Rifas-Shiman SL, Litonjua AA, Rich-Edwards JW, Weiss ST, Gold DR, 
Kleinman K & Gillman MW (2007) Maternal intake of vitamin D during pregnancy 
and risk of recurrent wheeze in children at 3 y of age. Am J Clin Nutr 85: 788–795. 

Cardwell CR, Stene LC, Joner G, et al. (2008) Caesarean section is associated with an 
increased risk of childhood-onset type 1 diabetes mellitus: a meta-analysis of 
observational studies. Diabetologia 51: 726–735. 

Chatzi L, Torrent M, Romieu I, Garcia-Esteban R, Ferrer C, Vioque J, Kogevinas M & 
Sunyer J (2008) Mediterranean diet in pregnancy is protective for wheeze and atopy in 
childhood. Thorax 63: 507–513. 

Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ & Dietz PM (2007) 
Maternal obesity and risk of gestational diabetes mellitus: A meta-analysis. Diabetes 
Care 30:2070–2076. 

Cole Z, Gale C, Javaid M, Robinson S, Law C, Boucher B, Crozier S, Godfrey K, 
Dennison E & Cooper C (2008) Maternal Dietary Patterns During Pregnancy And 
Childhood Bone Mass: A Longitudinal Study. J Bone Miner Res 24:663–668. 

Connor WE, Lowensohn R & Hatcher L (1996) Increased docosahexaenoic acid levels in 
human newborn infants by administration of sardines and fish oil during pregnancy. 
Lipids 31: S183–S187. 

Costacou T, Bamia C, Ferrari P, Riboli E, Trichopoulos D & Trichopoulou A (2003) 
Tracing the Mediterranean diet through principal components and cluster analyses in 
the Greek population. Eur J Clin Nutr 57: 1378–1385. 

Cuco G, Fernandez-Ballart J, Sala J, Viladrich C, Iranzo R, Vila J & Arija V (2006) 
Dietary patterns and associated lifestyles in preconception, pregnancy and postpartum. 
Eur J Clin Nutr 60: 364–371. 

Dahlquist G & Källen B (1992) Maternal-child blood group incompatibility and other 
perinatal events increase the risk for early-onset type 1 (insulin-dependent) diabetes 
mellitus. Diabetologia 35: 671–675. 

Devereux G, Litonjua AA, Turner SW, Craig LC, McNeill G, Martindale S, Helms PJ, 
Seaton A & Weiss ST (2007) Maternal vitamin D intake during pregnancy and early 
childhood wheezing. Am J Clin Nutr 85: 853–859. 

Dietl J (2005) Maternal obesity and complications during pregnancy. J Perinat Med 33: 
100–105. 



 

73 

Elmståhl S, Wallström P, Berglund G, Janson L, Johansson U & Larsson SA (1996) The 
use of dietary supplements in relation to dietary habits in a Swedish middle-aged 
population. Scand J Nutr 38: 94–97. 

Eriksson JG (2007) Epidemiology, genes and the environment: lessons learned from the 
Helsinki Birth Cohort Study. J Intern Med 261: 418–425. 

Erkkola M, Kaila M, Nwaru BI, et al. (2009) Maternal vitamin D intake during pregnancy 
is inversely associated with asthma and allergic rhinitis in 5-year-old children. Clin 
Exp Allergy 39: 875–882. 

Erkkola M, Karppinen M, Jarvinen A, Knip M & Virtanen SM (1998) Folate, vitamin D, 
and iron intakes are low among pregnant Finnish women. Eur J Clin Nutr 52: 742–748. 

Erkkola M, Karppinen M, Javanainen J, Räsänen L, Knip M & Virtanen SM (2001) 
Validity and reproducibility of a food frequency questionnaire for pregnant Finnish 
women. Am J Epidemiol 154: 466–476. 

Ervin RB, Wright JD & Kennedy-Stephenson J (1999) Use of dietary supplements in the 
United States, 1988–94. Vital Health Stat 11: 1–14. 

Fell DB, Joseph KS, Armson BA & Dodds L (2009) The Impact of Pregnancy on Physical 
Activity Level. Matern Child Health J 13:597–603. 

Forsythe HE & Gage B (1994) Use of a multicultural food-frequency questionnaire with 
pregnant and lactating women. Am J Clin Nutr 59: 203S–206S. 

Frederick IO, Rudra CB, Miller RS, Foster JC & Williams MA (2006) Adult weight 
change, weight cycling, and prepregnancy obesity in relation to risk of preeclampsia. 
Epidemiology 17: 428–434. 

Fronczak CM, Baron AE, Chase HP, Ross C, Brady HL, Hoffman M, Eisenbarth GS, 
Rewers M & Norris JM (2003) In utero dietary exposures and risk of islet 
autoimmunity in children. Diabetes Care 26: 3237–3242. 

Gale CR, Jiang B, Robinson SM, Godfrey KM, Law CM & Martyn CN (2006) Maternal 
diet during pregnancy and carotid intima-media thickness in children. Arterioscler 
Thromb Vasc Biol 26: 1877–1882. 

Gale EA (2002) The rise of childhood type 1 diabetes in the 20th century. Diabetes 51: 
3353–3361. 

Giddens JB, Krug SK, Tsang RC, Guo S, Miodovnik M & Prada JA (2000) Pregnant 
adolescent and adult women have similarly low intakes of selected nutrients. J Am 
Diet Assoc 100: 1334–1340. 

Gillman MW, Rifas-Shiman S, Berkey CS, Field AE & Colditz GA (2003) Maternal 
gestational diabetes, birth weight, and adolescent obesity. Pediatrics 111: 221–226. 

Gluckman PD, Hanson MA & Pinal C (2005) The developmental origins of adult disease. 
Matern Child Nutr 1: 130–141. 

Godfrey KM (2002) The role of the placenta in fetal programming-a review. Placenta 23: 
S20-S27. 

Greeley S, Storbakken L & Magel R (1992) Use of a modified food frequency 
questionnaire during pregnancy. J Am Coll Nutr 11: 728–734. 



 74

Grönlund MM, Lehtonen OP, Eerola E & Kero P (1999) Fecal microflora in healthy 
infants born by different methods of delivery: permanent changes in intestinal flora 
after cesarean delivery. J Pediatr Gastroenterol Nutr 28: 19–25. 

Gunderson EP, Abrams B & Selvin S (2000) The relative importance of gestational gain 
and maternal characteristics associated with the risk of becoming overweight after 
pregnancy. Int J Obes Relat Metab Disord 24: 1660–1668. 

Gunderson EP, Quesenberry CP, Jr., Lewis CE, Tsai AL, Sternfeld B, Smith WD & Sidney 
S (2004) Development of overweight associated with childbearing depends on 
smoking habit: The Coronary Artery Risk Development in Young Adults (CARDIA) 
Study. Obes Res 12: 2041–2053. 

Hämäläinen AM, Ronkainen MS, Åkerblom HK & Knip M (2000) Postnatal elimination 
of transplacentally acquired disease-associated antibodies in infants born to families 
with type 1 diabetes. The Finnish TRIGR Study Group. Trial to Reduce IDDM in the 
Genetically at Risk. J Clin Endocrinol Metab 85: 4249–4253. 

Harder T, Roepke K, Diller N, Stechling Y, Dudenhausen JW & Plagemann A (2009) 
Birth weight, early weight gain, and subsequent risk of type 1 diabetes: systematic 
review and meta-analysis. Am J Epidemiol 169: 1428–1436. 

Harjutsalo V, Sjöberg L & Tuomilehto J (2008) Time trends in the incidence of type 1 
diabetes in Finnish children: a cohort study. Lancet 371: 1777–1782. 

Hasunen K, Kalavainen M, Keinonen H, Lagström H, Lyytikäinen A, Nurttila A, Peltola T 
& Talvia S (2004) The Child, Family and Food - Nutrition recommendations for 
infants and young children as well as pregnant and breastfeeding mothers (in Finnish). 
Publications of Ministry of Social Affairs and Health. Helsinki, Edita Prima. 

Haugen M, Brantsaeter AL, Alexander J & Meltzer HM (2008) Dietary supplements 
contribute substantially to the total nutrient intake in pregnant Norwegian women. 
Ann Nutr Metab 52: 272–280. 

Helakorpi S, Patja K, Prättälä R & Uutela A (2007) Health behavior and health among the 
Finnish adult population, spring 2006. Helsinki, National Public Health Institute. 

Helms E, Coulson CC & Galvin SL (2006) Trends in weight gain during pregnancy: a 
population study across 16 years in North Carolina. Am J Obstet Gynecol 194: 32–34. 

Herrick K, Phillips DI, Haselden S, Shiell AW, Campbell-Brown M & Godfrey KM (2003) 
Maternal consumption of a high-meat, low-carbohydrate diet in late pregnancy: 
relation to adult cortisol concentrations in the offspring. J Clin Endocrinol Metab 88: 
3554–3560. 

Herring SJ, Oken E, Haines J, Rich-Edwards JW, Rifas-Shiman SL, Kleinman ScD KP & 
Gillman MW (2008) Misperceived pre-pregnancy body weight status predicts 
excessive gestational weight gain: findings from a US cohort study. BMC Pregnancy 
Childbirth 8: 54. 

Herring SJ, Oken E, Rifas-Shiman SL, Rich-Edwards JW, Stuebe AM, Kleinman KP & 
Gillman MW (in press) Weight gain in pregnancy and risk of maternal hyperglycemia. 
Am J Obstet Gynecol. 



 

75 

Hibbeln JR, Davis JM, Steer C, Emmett P, Rogers I, Williams C & Golding J (2007) 
Maternal seafood consumption in pregnancy and neurodevelopmental outcomes in 
childhood (ALSPAC study): an observational cohort study. Lancet 369: 578–585. 

Hilson JA, Rasmussen KM & Kjolhede CL (2006) Excessive weight gain during 
pregnancy is associated with earlier termination of breast-feeding among White 
women. J Nutr 136: 140–146. 

Hu FB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ, Ascherio A, Sampson L 
& Willett WC (1999) Reproducibility and validity of dietary patterns assessed with a 
food-frequency questionnaire. Am J Clin Nutr 69: 243–249. 

Hurley KM, Caulfield LE, Sacco LM, Costigan KA & Dipietro JA (2005) Psychosocial 
influences in dietary patterns during pregnancy. J Am Diet Assoc 105: 963–966. 

Huxley RR & Neil HA (2004) Does maternal nutrition in pregnancy and birth weight 
influence levels of CHD risk factors in adult life? Br J Nutr 91: 459–468. 

Hyöty H & Taylor KW (2002) The role of viruses in human diabetes. Diabetologia 45: 
1353–1361. 

Ilonen J, Reijonen H, Herva E, Sjöroos M, Iitiä A, Lövgren T, Veijola R, Knip M & 
Åkerblom HK (1996) Rapid HLA-DQB1 genotyping for four alleles in the assessment 
of risk for IDDM in the Finnish population. The Childhood Diabetes in Finland 
(DiMe) Study Group. Diabetes Care 19: 795–800. 

Institute of Medicine, IOM (1990) Committee on Nutritional Status during Pregnancy and 
Lactation, Food and Nutrition Board: Nutrition during pregnancy, weight gain and 
nutrient supplements. Washington DC, National Academy Press.  

Institute of Medicine, IOM (2009) Weight gain during pregnancy: Reexamining the 
Guidelines. Washington DC, National Academy Press: 1–233. 

Jacobson HN (1986) Pattern analysis in nutrition. Clin Nutr 5:249–253. 
Jacques PF & Tucker KL (2001) Are dietary patterns useful for understanding the role of 

diet in chronic disease? Am J Clin Nutr 73: 1–2. 
Järvenpää J, Schwab U, Lappalainen T, Pakkila M, Niskanen L, Punnonen K & Ryynanen 

M (2007) Fortified mineral water improves folate status and decreases plasma 
homocysteine concentration in pregnant women. J Perinat Med 35: 108–114. 

Javaid MK, Crozier SR, Harvey NC, Gale CR, Dennison EM, Boucher BJ, Arden NK, 
Godfrey KM & Cooper C (2006) Maternal vitamin D status during pregnancy and 
childhood bone mass at age 9 years: a longitudinal study. Lancet 367: 36–43. 

Kaaja R & Rönnemaa T (2008) Gestational diabetes: pathogenesis and consequences to 
mother and offspring. Rev Diabet Stud 5: 194–202. 

Kaartinen P, Ovaskainen ML & Pietinen P (1997) The use of dietary supplements among 
Finnish adults. Scand J Nutr 41: 13–17. 

Kant AK (2004) Dietary patterns and health outcomes. J Am Diet Assoc 104: 615–635. 
Kim C, Newton KM & Knopp RH (2002) Gestational diabetes and the incidence of type 2 

diabetes: a systematic review. Diabetes Care 25: 1862–1868. 
Kim SY, Dietz PM, England L, Morrow B & Callaghan WM (2007) Trends in pre-

pregnancy obesity in nine states, 1993–2003. Obesity 15: 986–993. 



 76

Kimpimäki T, Kupila A, Hämäläinen AM, et al. (2001) The first signs of beta-cell 
autoimmunity appear in infancy in genetically susceptible children from the general 
population: the Finnish Type 1 Diabetes Prediction and Prevention Study. J Clin 
Endocrinol Metab 86: 4782–4788. 

Kinnunen TI, Luoto R, Gissler M & Hemminki E (2003) Pregnancy weight gain from 
1960s to 2000 in Finland. Int J Obes Relat Metab Disord 27: 1572–1577. 

Kirk SF, Cade JE, Barrett JH & Conner M (1999) Diet and lifestyle characteristics 
associated with dietary supplement use in women. Public Health Nutr 2: 69–73. 

Knip M (2002a) Can we predict type 1 diabetes in the general population? Diabetes Care 
25: 623–625. 

Knip M (2002b) Natural course of preclinical type 1 diabetes. Horm Res 57: 6–11. 
Knip M, Veijola R, Virtanen SM, Hyoty H, Vaarala O & Åkerblom HK (2005) 

Environmental triggers and determinants of type 1 diabetes. Diabetes 54: S125-S136. 
Knudsen VK, Orozova-Bekkevold IM, Mikkelsen TB, Wolff S & Olsen SF (2008) Major 

dietary patterns in pregnancy and fetal growth. Eur J Clin Nutr 62:463–470. 
Kovacs CS (2008) Vitamin D in pregnancy and lactation: maternal, fetal, and neonatal 

outcomes from human and animal studies. Am J Clin Nutr 88: S520–S528. 
KTL (2005) Food consumption database Fineli, http://www.fineli.fi.  
Kupila A, Muona P, Simell T, et al. (2001) Feasibility of genetic and immunological 

prediction of type I diabetes in a population-based birth cohort. Diabetologia 44: 290–
297. 

Lagiou P, Tamimi RM, Mucci LA, Adami HO, Hsieh CC & Trichopoulos D (2004) Diet 
during pregnancy in relation to maternal weight gain and birth size. Eur J Clin Nutr 58: 
231–237. 

Lamb MM, Myers MA, Barriga K, Zimmet PZ, Rewers M & Norris JM (2008) Maternal 
diet during pregnancy and islet autoimmunity in offspring. Pediatr Diabetes 9: 135–
141. 

Lammi N, Blomstedt PA, Moltchanova E, Eriksson JG, Tuomilehto J & Karvonen M 
(2009) Perinatal risk factors in young adult-onset type 1 and type 2 diabetes - a 
population-based case-control study. Acta Obstet Gynecol Scand 88: 468–674. 

Leddy MA, Power ML & Schulkin J (2008) The impact of maternal obesity on maternal 
and fetal health. Rev Obstet Gynecol 1: 170–178. 

Lefebvre DE, Powell KL, Strom A & Scott FW (2006) Dietary proteins as environmental 
modifiers of type 1 diabetes mellitus. Annu Rev Nutr 26: 175–202. 

Lobstein T, Baur L & Uauy R (2004) Obesity in children and young people: a crisis in 
public health. Obes Rev 5: 4–104. 

Lyle BJ, Mares-Perlman JA, Klein BE, Klein R & Greger JL (1998) Supplement users 
differ from nonusers in demographic, lifestyle, dietary and health characteristics. J 
Nutr 128: 2355–2362. 

Lyytikäinen A, Lamberg-Allardt C, Kannas L & Cheng S (2005) Food consumption and 
nutrient intakes with a special focus on milk product consumption in early pubertal 
girls in Central Finland. Public Health Nutr 8: 284–289. 



 

77 

Mamun AA, O'Callaghan M, Callaway L, Williams G, Najman J & Lawlor DA (2009) 
Associations of gestational weight gain with offspring body mass index and blood 
pressure at 21 years of age: evidence from a birth cohort study. Circulation 119: 
1720–1727. 

Martinez ME, Marshall JR & Sechrest L (1998) Invited commentary: Factor analysis and 
the search for objectivity. Am J Epidemiol 148: 17–19. 

Mathews F, Youngman L & Neil A (2004) Maternal circulating nutrient concentrations in 
pregnancy: implications for birth and placental weights of term infants. Am J Clin 
Nutr 79: 103–110. 

Mathews F, Yudkin P, Smith RF & Neil A (2000) Nutrient intakes during pregnancy: the 
influence of smoking status and age. J Epidemiol Community Health 54: 17–23. 

McKinney PA, Parslow R, Gurney K, Law G, Bodansky HJ & Williams DR (1997) 
Antenatal risk factors for childhood diabetes mellitus; a case-control study of medical 
record data in Yorkshire, UK. Diabetologia 40: 933–939. 

Michels K & Schulze MB (2005) Can dietary patterns help us detect diet-disease 
associations? Nutr Res Rev 18: 241–248. 

Mikkilä V, Räsänen L, Raitakari OT, Marniemi J, Pietinen P, Rönnemaa T & Viikari J 
(2007) Major dietary patterns and cardiovascular risk factors from childhood to 
adulthood. The Cardiovascular Risk in Young Finns Study. Br J Nutr: 1–8. 

Mikkilä V, Räsänen L, Raitakari OT, Pietinen P & Viikari J (2005) Consistent dietary 
patterns identified from childhood to adulthood: the cardiovascular risk in Young 
Finns Study. Br J Nutr 93: 923–931. 

Mikode MS & White AA (1994) Dietary assessment of middle-income pregnant women 
during the first, second, and third trimesters. J Am Diet Assoc 94: 196–199. 

Moeller SM, Reedy J, Millen AE, Dixon LB, Newby PK, Tucker KL, Krebs-Smith SM & 
Guenther PM (2007) Dietary patterns: challenges and opportunities in dietary patterns 
research an Experimental Biology workshop, April 1, 2006. J Am Diet Assoc 107: 
1233–1239. 

Montonen J, Knekt P, Härkänen T, Järvinen R, Heliövaara M, Aromaa A & Reunanen A 
(2005) Dietary patterns and the incidence of type 2 diabetes. Am J Epidemiol 161: 
219–227. 

Moreira P, Padez C, Mourao-Carvalhal I & Rosado V (2007) Maternal weight gain during 
pregnancy and overweight in Portuguese children. Int J Obes 31: 608–614. 

Mouratidou T, Ford F, Prountzou F & Fraser R (2006) Dietary assessment of a population 
of pregnant women in Sheffield, UK. Br J Nutr 96: 929–935. 

Murphy SP, White KK, Park SY & Sharma S (2007) Multivitamin-multimineral 
supplements' effect on total nutrient intake. Am J Clin Nutr 85: S280-S284. 

National Nutrition Council (2005) Finnish Nutrition Recommendations - Diet and physical 
activity in balance (in Finnish). Helsinki, Edita Publishing.  

Nelson M & Bingham SA (1997) Assessment of food consumption and nutrient intake. In: 
Margetts BM & Nelson M (eds) Design Consepts in Nutritional Epidemiology. 
Oxford, Oxford University Press: 123–169. 



 78

Newby PK & Tucker KL (2004) Empirically derived eating patterns using factor or cluster 
analysis: a review. Nutr Rev 62: 177–203. 

Nilsen RM, Vollset SE, Gjessing HK, Magnus P, Meltzer HM, Haugen M & Ueland PM 
(2006a) Patterns and predictors of folic acid supplement use among pregnant women: 
the Norwegian Mother and Child Cohort Study. Am J Clin Nutr 84: 1134–1141. 

Nilsen RM, Vollset SE, Gjessing HK, Magnus P, Meltzer HM, Haugen M & Ueland PM 
(2006b) Patterns and predictors of folic acid supplement use among pregnant women: 
the Norwegian Mother and Child Cohort Study. Am J Clin Nutr 84: 1134–1141. 

Nilsen RM, Vollset SE, Gjessing HK, Magnus P, Meltzer HM, Haugen M & Ueland PM 
(2006c) Patterns and predictors of folic acid supplement use among pregnant women: 
the Norwegian Mother and Child Cohort Study. Am J Clin Nutr 84: 1134–1141. 

Norris JM, Yin X, Lamb MM, et al. (2007) Omega-3 polyunsaturated fatty acid intake and 
islet autoimmunity in children at increased risk for type 1 diabetes. JAMA 298: 1420–
1428. 

North K & Emmett P (2000) Multivariate analysis of diet among three-year-old children 
and associations with socio-demographic characteristics. The Avon Longitudinal 
Study of Pregnancy and Childhood (ALSPAC) Study Team. Eur J Clin Nutr 54: 73–
80. 

Northstone K, Emmett P & Rogers I (2007) Dietary patterns in pregnancy and associations 
with socio-demographic and lifestyle factors. Eur J Clin Nutr 64:411–417. 

O'Brien TE, Ray JG & Chan WS (2003) Maternal body mass index and the risk of 
preeclampsia: a systematic overview. Epidemiology 14: 368–374. 

Ogonowski J, Miazgowski T, Kuczynska M, Krzyzanowska-Swiniarska B & Celewicz Z 
(2009) Pregravid body mass index as a predictor of gestational diabetes mellitus. 
Diabet Med 26: 334–338. 

Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW & Gillman MW (2007) Gestational 
weight gain and child adiposity at age 3 years. Am J Obstet Gynecol 196: 322–328. 

Olafsdottir AS, Magnusardottir AR, Thorgeirsdottir H, Hauksson A, Skuladottir GV & 
Steingrimsdottir L (2005) Relationship between dietary intake of cod liver oil in early 
pregnancy and birthweight. BJOG 112: 424–429. 

Olafsdottir AS, Skuladottir GV, Thorsdottir I, Hauksson A & Steingrimsdottir L (2006) 
Maternal diet in early and late pregnancy in relation to weight gain. Int J Obes 30: 
492–499. 

Olson CM & Strawderman MS (2003) Modifiable behavioral factors in a biopsychosocial 
model predict inadequate and excessive gestational weight gain. J Am Diet Assoc 103: 
48–54. 

Ortega RM, Gaspar MJ & Moreiras O (1994) Dietary assessment of a pregnant Spanish 
women group. Int J Vitam Nutr Res 64: 130–134. 

Patterson CC, Dahlquist GG, Gyurus E, Green A & Soltesz G (2009) Incidence trends for 
childhood type 1 diabetes in Europe during 1989–2003 and predicted new cases 2005–
20: a multicentre prospective registration study. Lancet 373: 2027–2033. 



 

79 

Paturi M, Tapanainen H, Reinivuo H & Pietinen P (2008) The national FINDIET 2007 
survey. Publications of the National Public Health Institute, B23/2008. Helsinki, 
Helsinki University Press. 

Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling I, van den Brandt PA & 
Stobberingh EE (2006) Factors influencing the composition of the intestinal 
microbiota in early infancy. Pediatrics 118: 511–521. 

Peng H & Hagopian W (2006) Environmental factors in the development of Type 1 
diabetes. Rev Endocr Metab Disord 7: 149–162. 

Picciano MF (2003) Pregnancy and lactation: physiological adjustments, nutritional 
requirements and the role of dietary supplements. J Nutr 133: S1997–S2002. 

Piirainen T, Isolauri E, Huurre A, Hoppu U & Laitinen K (2004) Dietary and health 
counselling in well-women (WW) and well-baby (WB) clinics in Finland (in Finnish). 
Suomen lääkärilehti 59: 2047–2053. 

Poobalan AS, Aucott LS, Gurung T, Smith WC & Bhattacharya S (2009) Obesity as an 
independent risk factor for elective and emergency caesarean delivery in nulliparous 
women--systematic review and meta-analysis of cohort studies. Obes Rev 10: 28–35. 

Rasmussen KM (2007) Association of Maternal Obesity Before Conception with Poor 
Lactation Performance. Annu Rev Nutr 27:103–121. 

Rasmussen T, Stene LC, Cinek O, Witso E, Tapia G, Magnus P, Wetlesen T & Ronningen 
KS (2007) Maternal body mass index before pregnancy and risk of islet autoimmunity 
in the offspring: the MIDIA study. Acta Diabetologia: S43–S44. 

Rasmussen T, Stene LC, Samuelsen SO, Cinek O, Wetlesen T, Torjesen PA & Ronningen 
KS (2009) Maternal Body Mass Index before pregnancy, maternal weight gain during 
pregnancy, and risk of persistent positivity for multiple diabetes associated 
autoantibodies in children with the high-risk HLA genotype: The MIDIA study. 
Diabetes Care 32: 1904–1905. 

Reinivuo H, Marjamaki L, Heikkilä M, Virtanen SM & Valsta LM (2008) Revised Finnish 
dietary supplement database. J Food Compost Anal 21: 464–468. 

Rhodes JC, Schoendorf KC & Parker JD (2003) Contribution of excess weight gain during 
pregnancy and macrosomia to the cesarean delivery rate, 1990–2000. Pediatrics 111: 
1181–1185. 

Robinson S, Godfrey K, Osmond C, Cox V & Barker D (1996) Evaluation of a food 
frequency questionnaire used to assess nutrient intakes in pregnant women. Eur J Clin 
Nutr 50: 302–308. 

Rogers I & Emmett P (1998) Diet during pregnancy in a population of pregnant women in 
South West England. ALSPAC Study Team. Avon Longitudinal Study of Pregnancy 
and Childhood. Eur J Clin Nutr 52: 246–250. 

Rooney BL & Schauberger CW (2002) Excess pregnancy weight gain and long-term 
obesity: one decade later. Obstet Gynecol 100: 245–252. 

Rössner S & Öhlin A (1995) Pregnancy as a risk factor for obesity: lessons from the 
Stockholm pregnancy and weight development study. Obes Res 3 :S267-S275. 

Salminen S, Gibson GR, McCartney AL & Isolauri E (2004) Influence of mode of delivery 
on gut microbiota composition in seven year old children. Gut 53: 1388–1389. 



 80

Sanchez-Villegas A, gado-Rodriguez M, Martinez-Gonzalez MA & De Irala-Estevez J 
(2003) Gender, age, socio-demographic and lifestyle factors associated with major 
dietary patterns in the Spanish Project SUN (Seguimiento Universidad de Navarra). 
Eur J Clin Nutr 57: 285–292. 

Savola K, Bonifacio E, Sabbah E, Kulmala P, Vähäsalo P, Karjalainen J, Tuomilehto-Wolf 
E, Meriläinen J, Åkerblom HK & Knip M (1998a) IA-2 antibodies--a sensitive marker 
of IDDM with clinical onset in childhood and adolescence. Childhood Diabetes in 
Finland Study Group. Diabetologia 41: 424–429. 

Savola K, Sabbah E, Kulmala P, Vähäsalo P, Ilonen J & Knip M (1998b) Autoantibodies 
associated with Type I diabetes mellitus persist after diagnosis in children. 
Diabetologia 41: 1293–1297. 

Schlussel MM, de Souza EB, Reichenheim ME & Kac G (2008) Physical activity during 
pregnancy and maternal-child health outcomes: a systematic literature review. Cad 
Saude Publica 24: S531–S544. 

Schulze MB, Fung TT, Manson JE, Willett WC & Hu FB (2006) Dietary patterns and 
changes in body weight in women. Obesity 14: 1444–1453. 

Schulze MB, Hoffmann K, Kroke A & Boeing H (2001) Dietary patterns and their 
association with food and nutrient intake in the European Prospective Investigation 
into Cancer and Nutrition (EPIC)-Potsdam study. Br J Nutr 85: 363–373. 

Schulze MB & Hu FB (2002) Dietary patterns and risk of hypertension, type 2 diabetes 
mellitus, and coronary heart disease. Curr Atheroscler Rep 4: 462–467. 

Scientific Committee for Food (1993) Nutrient and energy intakes for the European 
Community. Luxemburg, Office for official publications of European Communities. 

Shaheen SO, Northstone K, Newson RB, Emmett P, Sherriff A & Henderson J (2009) 
Dietary patterns in pregnancy and respiratory and atopic outcomes in childhood. 
Thorax 64:411–417. 

Sherwood KL, Houghton LA, Tarasuk V & O'Connor DL (2006) One-third of pregnant 
and lactating women may not be meeting their folate requirements from diet alone 
based on mandated levels of folic acid fortification. J Nutr 136: 2820–2826. 

Slattery ML, Boucher KM, Caan BJ, Potter JD & Ma KN (1998) Eating patterns and risk 
of colon cancer. Am J Epidemiol 148: 4–16. 

Stene LC & Joner G (2003) Use of cod liver oil during the first year of life is associated 
with lower risk of childhood-onset type 1 diabetes: a large, population-based, case-
control study. Am J Clin Nutr 78: 1128–1134. 

Stene LC, Magnus P, Lie RT, Sovik O & Joner G (2003) No association between 
preeclampsia or cesarean section and incidence of type 1 diabetes among children: a 
large, population-based cohort study. Pediatr Res 54: 487–490. 

Stotland NE, Hopkins LM & Caughey AB (2004) Gestational weight gain, macrosomia, 
and risk of cesarean birth in nondiabetic nulliparas. Obstet Gynecol 104: 671–677. 

Suitor CW & Gardner JD (1990) Supplement use among a culturally diverse group of low-
income pregnant women. J Am Diet Assoc 90: 268–271. 



 

81 

Szwajcer EM, Hiddink GJ, Koelen MA & van Woerkum CM (2006) Nutrition awareness 
and pregnancy: Implications for the life course perspective. Eur J Obstet Gynecol 
Reprod Biol 135:58–64. 

Terry P, Hu FB, Hansen H & Wolk A (2001) Prospective study of major dietary patterns 
and colorectal cancer risk in women. Am J Epidemiol 154: 1143–1149. 

Timbo B, Altekruse S, Hyman F, Klontz K & Tollefson L (1994) Vitamin and mineral 
supplementation during pregnancy. Mil Med 159: 654–658. 

Uusitalo L, Nevalainen J, Niinisto S, et al. (2008) Serum alpha- and gamma-tocopherol 
concentrations and risk of advanced beta cell autoimmunity in children with HLA-
conferred susceptibility to type 1 diabetes mellitus. Diabetologia 51: 773–780. 

Vehkaoja L, Gardberg M & Laakkonen E (2006) Synnyttäjien painoindeksin jakauma ja 
ylipainon vaikutus synnytyksen kulkuun. Suomen lääkärilehti: 3955–3958. 

Verbeke W & De Bourdeaudhuij I (2007) Dietary behaviour of pregnant versus non-
pregnant women. Appetite 48: 78–86. 

Virtanen SM, Jaakkola L, Räsänen L, Ylönen K, Aro A, Lounamaa R, Åkerblom HK & 
Tuomilehto J (1994a) Nitrate and nitrite intake and the risk for type 1 diabetes in 
Finnish children. Childhood Diabetes in Finland Study Group. Diabet Med 11: 656–
662. 

Virtanen SM & Knip M (2003) Nutritional risk predictors of beta cell autoimmunity and 
type 1 diabetes at a young age. Am J Clin Nutr 78: 1053–1067. 

Virtanen SM, Räsänen L, Aro A, Ylönen K, Lounamaa R, Åkerblom HK & Tuomilehto J 
(1994b) Is children's or parents' coffee or tea consumption associated with the risk for 
type 1 diabetes mellitus in children? Childhood Diabetes in Finland Study Group. Eur 
J Clin Nutr 48: 279–285. 

Vogelzang JL (2005) New dietary guidelines to help Americans make better food choices 
and live healthier lives. Home Healthc Nurse 23: 399–401. 

Voyles LM, Turner RE, Lukowski MJ & Langkamp-Henken B (2000) High levels of 
retinol intake during the first trimester of pregnancy result from use of over-the-
counter vitamin/mineral supplements. J Am Diet Assoc 100: 1068–1070. 

WHO (2004) Vitamin and mineral requirements in human nutrition: report of a joint 
FAO/WHO expert consultation, Bankok.  

Willers S, Devereux G, Craig L, McNeill G, Wijga A, bou El-Magd W, Turner S, Helms P 
& Seaton A (2007) Maternal food consumption during pregnancy and asthma, 
respiratory and atopic symptoms in 5-year-old children. Thorax 62:773–779. 

Williams AJ, Bingley PJ, Bonifacio E, Palmer JP & Gale EA (1997) A novel micro-assay 
for insulin autoantibodies. J Autoimmun 10: 473–478. 

Williams DE, Prevost AT, Whichelow MJ, Cox BD, Day NE & Wareham NJ (2000) A 
cross-sectional study of dietary patterns with glucose intolerance and other features of 
the metabolic syndrome. Br J Nutr 83: 257–266. 

Wolff CB & Wolff HK (1995) Maternal eating patterns and birth weight of Mexican 
American infants. Nutr Health 10: 121–134. 



 82

Wrotniak BH, Shults J, Butts S & Stettler N (2008) Gestational weight gain and risk of 
overweight in the offspring at age 7 y in a multicenter, multiethnic cohort study. Am J 
Clin Nutr 87: 1818–1824. 

Wu G, Bazer FW, Cudd TA, Meininger CJ & Spencer TE (2004) Maternal nutrition and 
fetal development. J Nutr 134: 2169–2172. 

Yu SM, Kogan MD & Huang ZJ (2003) Vitamin-mineral supplement use among US 
women, 2000. J Am Med Womens Assoc 58: 157–164. 

Zeghoud F, Vervel C, Guillozo H, Walrant-Debray O, Boutignon H & Garabedian M 
(1997) Subclinical vitamin D deficiency in neonates: definition and response to 
vitamin D supplements. Am J Clin Nutr 65: 771–778. 

 



 

83 

Original articles 

I  Arkkola T, Uusitalo U, Pietikäinen M, Metsälä J, Kronberg-Kippilä C, Erkkola M, 
Veijola R, Knip M & Virtanen SM (2006) Dietary intake and use of dietary 
supplements in relation to demographic variables among pregnant Finnish women. Br 
J Nutr 96: 913–920. 

II  Arkkola T, Uusitalo U, Kronberg-Kippilä C, Männistö S, Virtanen M, Kenward MG, 
Veijola R, Knip M, Ovaskainen M & Virtanen SM (2008) Seven distinct dietary 
patterns identified among pregnant Finnish women – associations with nutrient intake 
and sociodemographic factors. Pub Health Nutr 11: 176–182. 

III  Uusitalo U, Arkkola T, Ovaskainen M, Kronberg-Kippilä C, Kenward MG, Veijola R, 
Simell OG, Knip M & Virtanen SM (2009) Unhealthy dietary patterns are associated 
with weight gain during pregnancy among Finnish women. Pub Health Nutr 12: 
2392–2399. 

IV  Arkkola T, Kautiainen S, Takkinen H, Kenward MG, Nevalainen J, Uusitalo U, 
Simell O, Ilonen J, Knip M, Veijola R & Virtanen SM (2009) The relationship of 
maternal weight status in pregnancy to the development of advanced beta-cell 
autoimmunity in the offspring: a prospective birth cohort study. Manuscript. 

Reprinted with permission from Cambridge Journals (I–III). 

Original publications are not included in the electronic version of the dissertation. 
  



 84

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Distributed by
OULU UNIVERSITY LIBRARY

P.O. Box 7500, FI-90014
University of Oulu, Finland

Book orders:
OULU UNIVERSITY PRESS
P.O. Box 8200, FI-90014
University of Oulu, Finland

S E R I E S  D  M E D I C A

1020. Niinimäki, Jaakko (2009) Diffusion-weighted MRI and delayed contrast
enhancement of degenerated intervertebral disc   

1021. Habjanic, Ana (2009) Quality of  institutional elderly care in Slovenia   

1022. Hugg, Timo (2009) Exposure to environmental tobacco smoke, animals and
pollen grains as determinants of atopic diseases and respiratory infections   

1023. Sormunen, Erja (2009) Repetitive work in the cold. Work ability, musculoskeletal
symptoms and thermal and neuromuscular responses in food industry workers    

1024. Saarnio, Reetta (2009) Fyysisten rajoitteiden käyttö vanhusten laitoshoidossa   

1025. Lampela, Pekka (2009) Keuhkoahtaumataudin sairaalahoito
perusterveydenhuollossa ja erikoissairaanhoidossa   

1026. Kokkonen, Salla-Maarit (2009) MRI of intracranial tumours in adults. Oedema-
attenuated inversion recovery MR sequence in low-field MRI, diffusion-weighted
MRI and BOLD fMRI    

1027. Matinolli, Maarit (2009) Balance, mobility and falls in Parkinson’s disease   

1028. Raunio, Taina (2009) Gene polymorphism and systemic inflammatory response in
chronic periodontitis   

1029. Pohjola, Vesa (2009) Dental fear among adults in Finland   

1030. Kellokoski, Eija (2009) Ghrelin and atherosclerosis. Human, experimental animal
and cell culture studies    

1031. Kortesluoma, Riitta-Liisa (2009) Hospitalized children as social actors in the
assessment and management of their pain   

1032. Niinimäki, Maarit (2009) Medical compared with surgical management in induced
abortions and miscarriages   

1033. Yan, Ying (2009) The antichlamydial effects of drugs used in cardiovascular
diseases   

1034. Sipola, Annina (2009) Effects of vascular endothelial growth factor (VEGF-A) and
endostatin on bone   

1035. Kokkonen, Hanna (2009) Aspects of bone sugar biology. Pectin nanocoatings of
hard tissue implants    

1036. Huhtela, Päivi (2009) Sairaanhoitajien koulutuksen suunnittelu ja toteutus
Suomessa vuosina 1945–1957. Terveyssisarkoulut – portti uusille ideoille    



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P.O.B . 7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

PUBLICATIONS EDITOR

Professor Mikko Siponen

University Lecturer Elise Kärkkäinen

Professor Hannu Heusala

Professor Helvi Kyngäs

Senior Researcher Eila Estola

Information officer Tiina Pistokoski

University Lecturer Seppo Eriksson

University Lecturer Seppo Eriksson

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-6065-0 (Paperback)
ISBN 978-951-42-6066-7 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

D
 1037

AC
TA

 Tuula A
rkkola

OULU 2009

D 1037

Tuula Arkkola

DIET DURING PREGNANCY
DIETARY PATTERNS AND WEIGHT GAIN RATE 
AMONG FINNISH PREGNANT WOMEN

FACULTY OF MEDICINE,
INSTITUTE OF CLINICAL MEDICINE,
DEPARTMENT OF PAEDIATRICS, UNIVERSITY OF OULU;
NATIONAL INSTITUTE FOR HEALTH AND WELFARE;
TAMPERE SCHOOL OF PUBLIC HEALTH,
UNIVERSITY OF TAMPERE     


	Abstract
	Acknowledgements
	Abbreviations
	List of original articles
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Maternal diet during pregnancy
	2.1.1 Recommendations on dietary intake and supplement use
	2.1.2 Food consumption and nutrient intake
	2.1.3 Dietary supplement use during pregnancy
	2.1.4 The roles of socio-demographic factors
	2.1.5 Associations with later diseases in the offspring

	2.2 Dietary pattern analysis
	2.2.1 Describing dietary composition
	2.2.2 Detecting diet-disease associations

	2.3 Maternal obesity and weight gain in pregnancy
	2.3.1 Causes of excessive gestational weight gain
	2.3.2 Consequences of obesity and excessive gestational weightgain

	2.4 Type 1 diabetes
	2.4.1 Epidemiology and genetic susceptibility
	2.4.2 The development of beta-cell autoimmunity

	2.5 The role of environmental factors in the development of T1D

	3 Aims of the study
	4 Subjects and methods
	4.1 Study design
	4.2 Study subjects
	4.3 Methods
	4.3.1 Dietary data collection
	4.3.2 Assessment of dietary intake
	4.3.3 Socio-demographic and anthropometric characteristics
	4.3.4 Genetics
	4.3.5 Immunological methods
	4.3.6 Statistical analyses
	4.3.7 Ethical considerations


	5 Results
	5.1 Food choices during pregnancy (I)
	5.2 Energy and nutrient intake during pregnancy (I and III)
	5.3 Dietary supplement use during pregnancy (I)
	5.4 Maternal dietary patterns during pregnancy (II and III)
	5.4.1 Patterns and dietary intake (II and III)
	5.4.2 The roles of socio-demographic factors (II)
	5.4.3 Dietary patterns and weight gain during pregnancy (III)
	5.4.4 Maternal weight status during pregnancy and beta cellautoimmunity in the offspring (IV)


	6 Discussion
	6.1 Methodological issues
	6.2 Maternal age, educational level and diet
	6.3 Dietary patterns during pregnancy
	6.4 Fast foods and snacking in association with weight gain rate
	6.5 Maternal weight status during pregnancy and advanced betacell autoimmunity in children

	7 Conclusions and implications for futurestudies
	References
	Original articles



