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1 Introduction  

Complementary feeding is defined as the period during which there is a progressive 

reduction of breastfeeding or formula while the infant is gradually introduced to solid foods 

at 4-6 months of age (1). This period is a critical window for the rapid changes in nutritional 

requirements and the consequent impact on infant growth and development, immune 

tolerance development, and the generation of lifelong flavour preferences and dietary habits 

that can influence longer-term health (1,2). During complementary feeding, infants discover 

the sensory and nutritional properties of foods that will ultimately compose their adult diet 

(1). There is an increasing body of evidence addressing the importance of nutrition during 

the early stages of life and its role in the development of eating behaviour and chronic 

conditions, such as obesity and allergies.   

 

Parents have a strong influence on the development of their child's eating behaviour and food 

variety. First, the mode of milk feeding during the first months of life might alter the 

development of eating behaviour, as breastfed children seem to be more likely to accept new 

flavours (1,3) and have more diverse dietary patterns later in life (4-7). Second, during 

infancy and early childhood, it is the parent's responsibility to remain attentive to the child's 

hunger and satiety cues while creating a comfortable mealtime atmosphere by not pressuring 

the child to eat (8-11). Infants should also be exposed to various foods while being mindful 

that it might take up to 20-25 exposures for the child to start liking the food (12,13). Further, 

positive mealtime interaction and a relaxed atmosphere will make the mealtime enjoyable 

for both the parent and the child, consequently leading to additional positive mealtime 

experiences (14). This type of responsive feeding helps the child learn how to eventually 

self-regulate food intake (6).  

 

Transitioning into parenthood can be stressful for many, as it transforms everyday life and 

self-identity and is accompanied by a range of physical, psychological and social changes 

(15). Prenatal anxiety and stress seem to predict parenting stress postpartum (15-18). Parent-

perceived stress during the first year of a baby's life might affect parent feeding practices, 

mealtime interaction and thus, child health outcomes (19). However, very limited evidence 

exists on the effects of parenting stress on parent feeding practices, especially during 

infancy.  
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The recommended age for solid food introduction in Finland is between 4 and 6 months (20). 

Commencing complementary feeding beyond the age of 6 months could lead to nutritional 

insufficiencies (21) and disorders of the immune system due to delayed immunological 

tolerance development (22). Further, it should be noted that a positive, diverse dietary 

experience is instrumental in the development of eating behaviour and dietary patterns (13, 

22-25). Hence, it is important to identify potential factors that might affect complementary 

feeding, such as parenting stress. This thesis aimed to study the associations between 

maternal stress indicators, the age of solid food introduction, and dietary diversity during 

complementary feeding within a Finnish birth cohort. 

2 Review of the literature  

2.1 Transitioning from milk to solid foods during infancy  

During infancy, the mode of feeding undergoes many transitions. For the first months of an 

infant's life, milk is the primary source of energy and nutrients. Breast milk is a biological 

fluid with various benefits, e.g., on brain and immunological development, and modulating 

the infant's postnatal intestinal function (26). Human milk also protects breastfed infants 

against diarrhoea (27) and infections, such as gastrointestinal and respiratory tract infections 

(28). 

 

Breastfeeding has well-established health benefits for the infant and the mother, both short-

term and long-term (29). It also carries many public health benefits, e.g., the prevention of 

chronic diseases (30), and is the best source of nutrition for nearly all infants (26). However, 

breastfeeding might not always be suitable, possible, or solely adequate to meet the infant's 

needs (26). In this case, infant formula may be introduced. Infant formula is an industrially 

produced substitute for breast milk that attempts to mimic the nutritional composition of 

breast milk as meticulously as possible (26).  

 

Complementary feeding is defined as the period during which there is a progressive 

reduction of breastfeeding or formula while the infant is gradually introduced to solid foods 

(2). In addition to supporting growth and development, complementary feeding also serves 

as a period during which lifelong flavour preferences and dietary habits can be formed (1,2). 

Thus, the important early periods for learning food pleasure start during complementary 

feeding (25).  
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2.1.2 Recommendations for breastfeeding and complementary feeding  

2.1.2.1 Breastfeeding  

The World Health Organisation (WHO) recommends infants be exclusively breastfed for the 

first six months of life, and complementary breastfed until two years of age (30). However, 

it should be noted that these recommendations are global, hence also accounting for the 

issues in low-income countries, where access to clean water might be scarce. However, 

continued breastfeeding comes with benefits in high-income countries as well, as there is 

evidence that breastfeeding during complementary feeding promotes tolerance to food 

allergens (22) and supports gastrointestinal maturation and function during complementary 

feeding (31). In Finland, mothers are encouraged to exclusively breastfeed until the infant is 

six months old and to continue breastfeeding for a longer duration if they want to (20).   

  

2.1.2.2 Complementary feeding: general recommendations  

The optimal age of solid food introduction during infancy is debated. WHO recommends 

that complementary feeding should start at the age of 6 months (32). However, at around 4 

months of age, an infant's renal and gastrointestinal physiology has matured sufficiently to 

receive solid foods, and at around 6 months of age, milk alone cannot meet the infant’s 

nutrient and energy requirements (32-34). Indeed, according to the European Society for 

Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN), complementary 

feeding should start after four months and no later than six months (35). The introduction of 

potentially allergenic foods should also be timed in the 4-6-month range (35). Tolerance to 

food allergens requires regular, early exposure to these proteins during 4-6 months of age 

(22).   

  

The infant should have certain motor skills before starting complementary feeding; these 

include sitting while supported, being able to control head movements and coordinating eye 

movement while reaching for foods (20). Infants are often skilled at eating pureed foods at 

around four months of age, whilst the skills for consuming finger foods commonly develop 

at 5-7 months (36). Further, the series of movements required to eat solid foods are different 

from those needed for sucking and swallowing liquids. Indeed, during these 4 - 6 months of 

age, the tongue thrust, i.e. extrusion reflex is no longer present, and semi-solid food can be 

transported to the back of the mouth and swallowed (35). At 7-9 months of age, rhythmic 

biting movements start to appear, and improved tongue flexibility allows for chewing and 

swallowing more lumpier foods in larger portions (35). This period is considered critical for 
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oral motor skill development, as introducing lumpy foods after ten months of age might 

increase the risk of feeding difficulties later on (37).  

 

For the types of foods in children 6-24 months of age, WHO recommends a minimum dietary 

score of four out of the following seven food groups: 1) grains, roots and tubers, 2) legumes 

and nuts, 3) dairy products (milk, yoghurt, cheese), 4) meat, fish, poultry and liver/organ 

meats, 5) eggs, 6) vitamin A rich fruits and vegetables, and 7) other fruits and vegetables 

(32).  

 

2.1.2.3 Recommendations in Nordic countries and Finland  

In the Nordic countries, recommendations vary. For instance, Sweden adheres to the WHO 

guideline to start complementary feeding at six months (38). In contrast, other countries' 

(e.g. Finland and Norway) recommendations align with the ESPGHAN committee's 

recommendation of starting between 4 and 6 months (20,39).  

 

In Finland, it is emphasised that the introduction of solid foods should not replace breast 

milk or formula as the primary form of feeding (20). Rather, the infant should first be 

breastfed or formula-fed, after which they should be gradually introduced to small amounts 

of solid foods (max. a couple of teaspoons) whose textures have been modified to be 

developmentally appropriate (20). The Finnish recommendations state that in exclusively 

breastfed infants, complementary feeding should start between 4 and 6 months while 

continuing to breastfeed (20). If the child is formula-fed, it is recommended that 

complementary feeding is started at around four months or when the infant is 

developmentally ready (20). 

 

2.1.3 Complementary feeding, timing, and health outcomes  

There seems to be sufficient literature to support the 4–6-month range for starting 

complementary feeding, as the introduction of solid foods before the age of 17 weeks may 

be associated with adverse health consequences later in life and has no apparent health 

benefits. (21) Adding to this, starting complementary feeding beyond the age of 6 months 

can potentially lead to nutritional insufficiencies (21). Additionally, it carries an increased 

risk for immune system disorders due to delayed immunological tolerance development 

(22).  
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2.1.3.1 Micronutrients  

Adequate micronutrient intakes ensure healthy development and function during periods of 

rapid development in early infancy (40). Micronutrient malnutrition is a significant problem 

among infants in both high- and low-income countries and often presents as multiple 

micronutrient deficiencies (40). On a global scale, infants consume complementary foods 

that are low in iron, vitamin D, arachidonic acid (ARA), docosahexaenoic acid (DHA) and 

iodine (40). Each of these micronutrients has a unique role in the normal physiology and 

function of the human body.  

 

Iron  

Infants require iron to produce and maintain haemoglobin for the transport of oxygen by red 

blood cells, brain development, and proper development of several organ systems (40). 

Globally, iron-deficiency anaemia is one of infants' most common micronutrient deficiencies 

(40). Infants accumulate hepatic iron stores in utero (40). Iron stores in infancy are 

influenced by the timing of umbilical cord clamping at birth (40). Due to rapid growth and 

development, infants start to rapidly deplete and exhaust iron stores accumulated during 

gestation at approximately six months postpartum (40). Breastfed infants typically require 

more iron from complementary foods when compared to formula-fed infants, as breastmilk 

is naturally low in iron (40). 

 

It has been suggested that the iron status of healthy full-term infants could benefit from an 

earlier introduction of complementary foods by preventing the depletion of iron stores (41). 

Indeed, a study of 305 Finnish infants aged 6 and 12 months found that the timing of 

commencing complementary feeding was associated with iron levels (42). Additionally, 

breastfed infants were at a bigger risk of developing iron deficiency when compared to 

formula-fed infants (42). Further, a randomised controlled trial (n=100) of healthy, breastfed 

Icelandic infants found that starting complementary feeding at four months of age had a 

small and positive effect on iron status at six months, as also measured by serum ferritin 

levels (43).  

 

On the contrary, a systematic review by Obbagy et al. found that introducing complementary 

foods at four months instead of 6 months offers neither advantages nor disadvantages to iron 

status in healthy full-term infants (44). Further, the European Food Safety Authority (EFSA) 

has stated that only infants at risk of iron depletion (exclusively breastfed infants born to 
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mothers with low iron status, or with early umbilical cord clamping, or born preterm, or born 

small-for-gestational-age, or with high growth velocity) might benefit from introducing solid 

foods that are sources of iron before 6 months (36).   

 

Vitamin D  

Vitamin D has a key role in infant skeletal health, and vitamin D deficiency causes rickets, 

intellectual disabilities, and impaired immune and endocrine function (40). A recent 

systematic review was conducted on the timing of complementary feeding and the types and 

amounts of complementary foods and beverages on bone health (45). Based on this review, 

there is currently insufficient evidence to determine the relationship between the timing of 

commencing complementary feeding on bone health and infant vitamin D status. In Finland, 

it is recommended that the infant is given a daily vitamin D supplement of 10 µg, starting 

from 2 weeks of age.  

 

2.1.3.2 Obesity  

The timing of starting complementary feeding and its possible effects on obesity in infancy 

and childhood has also been a point of interest. In a systematic review that gathered data 

from over 34 000 healthy participants in developed countries, no clear association was found 

between the age of introduction of solid foods and obesity (46). Adding to this, another 

systematic review by Pearce et al. concluded that there was no clear association between the 

timing of the introduction of complementary foods on overweight/obesity, but there was 

some evidence that very early (earlier than four months of age) may increase the risk of 

childhood overweight (47). This is also supported by the findings of a longitudinal birth 

cohort study, where the introduction of complementary feeding at 4-5 months compared with 

0-3 months was negatively associated with being overweight or obese in the fourth year of 

life (5). On the contrary, cross-sectional data from children 2-9 years (n=10 808) residing in 

8 European countries found that early solid food introduction (earlier than four months of 

age) was associated with a lower prevalence of overweight/obesity among children who 

were no longer exclusively breastfed after four months (48). Late solid food introduction (> 

7 months of age) was associated with an increased prevalence of childhood 

overweight/obesity among exclusively breastfed children (48). Children who were 

exclusively breastfed for six months, started complementary feeding at six months and 
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continued complementary breastfeeding for more than 12 months of age were less likely to 

become overweight or obese compared to children that discontinued breastfeeding (48).  

 

2.1.3.3 Asthma and allergic diseases  

Early dietary exposures during the 4–6-month age range seem to be important in the 

development of immune tolerance (22). Thus, a diet with limited diversity during infancy 

might lead to delayed development of immune tolerance (49). On the contrary, a systematic 

review suggested that there is moderate evidence to support that there is no association 

between the timing of complementary feeding and the risk of developing food allergy, atopic 

dermatitis or childhood asthma (50). However, in this review, there were several 

methodological limitations that could reduce confidence in the findings, such as using non-

validated tools or unreliable measures in the studies. Further, the results could only be 

applied to the US population. In contrast, a birth cohort study of Finnish children (n=3781) 

found that early introduction of complementary foods (including wheat, rye, oats and barley 

cereals, fish and egg) seemed to decrease the risk of allergic rhinitis, atopic sensitisation and 

asthma in childhood (51). Within this same cohort, an association between decreased dietary 

diversity during the first year of life and an increased risk of asthma and allergies in later 

childhood was found (52). Further, in the context of food allergies, a randomised trial (n=640 

infants) found that early introduction of allergenic foods significantly decreased the 

likelihood of developing peanut and egg allergies (53). These findings are also supported by 

a systematic review where it was found that early introduction of peanuts and eggs decreased 

the likelihood of developing allergies to them (49).  

 

2.2 Parent-child influences in the development of eating behaviour and food 

variety in childhood  

2.2.1 Breastfeeding vs formula in relation to flavour acceptance       

In addition to a spectrum of health-protective effects (33,54), it has been suggested that 

breastfeeding affects the development of dietary patterns (1). Studies suggest that the milk 

feeding mode (breast milk vs formula) during infancy is associated with a differential 

acceptance of foods at later ages (1,3-4,57). The nutritional composition of breast milk varies 

during lactation, and the flavour composition is likely altered by maternal diet quality, thus 

resulting in a more varied flavour variety experienced by the infant (1,55). On the contrary, 

the flavour of formula remains fairly constant. However, the flavours of formula may differ 

according to their types, also resulting in flavour preference differences at a later age (56,57). 
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For example, it was found that children who were fed hydrolysate (n=50) or soy formulas 

(n=27) during infancy were significantly more likely to prefer broccoli at 4- to 5-years of 

age when compared to children who were fed milk formulas (n=27) (57). However, due to 

the small sample sizes, no definite conclusions from this study can be drawn.  

 

Having been breastfed has been associated with a higher acceptance of a new food at the 

onset of complementary feeding, especially when combined with a high variety of new foods 

(58). The duration of breastfeeding might also influence flavour acceptance at a later age: in 

a study of 122 infants, it was found that infants who were breastfed for a longer duration 

were more likely to accept a more umami-tasting solution at six months, possibly due to 

exposure to a higher glutamate content of breast milk than formula (59). However, one study 

suggested that the differences in food acceptance between breastfed and bottle-fed infants 

could be evened out with a 2-week dietary experience, suggesting that the positive effect of 

breastfeeding might only be limited to the start of complementary feeding (55). However, 

many studies suggest that the positive effects of breastfeeding persist; for example, a 

longitudinal German study of two populations (n=147 mother-infant dyads, of which 75 

attended all three follow-ups) found that babies who were breastfed were more likely to eat 

initially disliked vegetables at 15 months, three years and six years when compared to 

formula-fed children (4). Similarly, a longitudinal birth cohort study (n=5217) found that 

children who were ever breastfed were more likely to have a positive eating pattern at 45-48 

months of age when compared to children who had never been breastfed (5). Additionally, 

breastfeeding duration was positively associated with food variety in children up to 8 years 

(6). Similarly, a study that analysed data from four European birth cohorts found that never 

being breastfed or having been breastfed for a short duration was associated with children 

eating a lower variety of healthy foods at 2, 3 and 4 years of age (7).  

 

2.2.2 Determining child exposure to food   

In the development of eating behaviour, one of the most important learning phases is 

considered to be between ~four months and two years of age (25). After two years of age, 

most children enter a neophobic phase during which previously liked foods are no longer 

accepted, and the introduction of new foods becomes difficult (12,23-25). Hence, prior to 

entering the neophobic phase, it is important that the child gets repeated exposure to a variety 

of foods. Repeated neutral exposures to foods increase their familiarity (13,23-24), hence 
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making the child more likely to eat them (13,23). Research has found that children can 

require up to 15 exposures to a new food before it is trusted and tasted, and a further 10–15 

exposures to start liking the food (12,13). In a longitudinal German study of two populations 

(n=147 mother-infant dyads, of which 75 attended all three follow-ups), it was found that 

offering infants a great variety of vegetables at weaning increased the acceptance of new 

foods and vegetables (4). Offering an initially disliked vegetable at eight subsequent meals 

clearly increased acceptance for that vegetable. Repeated exposure improves the acceptance 

of both healthy (e.g. fruits and vegetables) and unhealthy (high fat and/or sugar, low nutrient) 

foods (12,23).  

 

Habits of eating a variety of foods acquired prior to the neophobic phase (24,25) and before 

the age of 4 (60,61) have been found to track further on into childhood, adolescence and 

early adulthood (24,25). This effect has also been recorded in a Finnish prospective cohort 

study (n=1768, aged 3-18 years) with a 21-year follow-up (62). In this study, baseline 

information on food consumption was obtained using a 48h dietary recall method, and the 

interviews were repeated after 6 and 21 years (n=1200 and n=1037, respectively). Similarly, 

in a 2012 longitudinal birth cohort study, it was found that dietary patterns emerged from 

infancy (at six months and 15 months) and reflected the sociodemographic factors of the 

family, where higher maternal education level was associated with a healthier dietary pattern 

(62). In this study, questionnaires included information on the mode of milk feeding (breast 

milk vs formula), feeding behaviours and difficulties, and whether the child was fed 

commercially made baby foods or home-cooked foods. The questionnaires were designed 

by an experienced dietitian but had not been directly validated. Dietary patterns were 

identified via principal component analysis (PCA). Similarly, a study (n=1434 infants aged 

6 and 12 months) found that the key influence on an infant’s diet was the quality of the 

maternal diet (64). In this study, dietary patterns were defined using PCA. It was found that 

mothers who complied with dietary recommendations were more likely to have infants 

eating a similar diet pattern. Conversely, mothers with more energy-dense diets were more 

likely to have infants with similar diet patterns.  

  

The earlier and broader the child's dietary experience, the healthier the child's diet will likely 

be (13,23-25). This is also supported by a prospective analysis of three European birth 

cohorts, where it was found that children with eating difficulties and food neophobia 
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presented lower fruit and vegetable intake and less dietary variety at 4-5 years of age (65). 

These associations were consistent across all the investigated birth cohorts. 

 

2.2.3 Mealtime interaction and role modelling  

The way children are fed predicts the formation of their eating habits (8,10). It is the 

caregiver’s responsibility to be responsive to the child and create a comfortable mealtime 

atmosphere. This includes 1) making sure that feeding is developmentally appropriate; 2) 

being sensitive to the child's signs of hunger and satiety; 3) not forcing the child to eat; 4) 

minimising distractions during meals; 5) being receptive, and 6) talking to the child and 

maintaining eye contact (8-11). When caregivers misinterpret or ignore their child's refusal 

to eat, the mealtime may become stressful, potentially leading to the child's feeling of 

frustration, inattention to internal cues, and lack of interest in communicating these cues to 

the caregiver (9).   

 

The benefits of a “parents provide, children decide” approach, where the parents decide what 

and when to feed their child while the child decides how much they want to eat, is supported 

by research (10-12, 66-69). The skill to self-regulate food intake in response to hunger and 

satiety cues is innate in infancy but is easily overridden by social and emotional cues from 

adults (10,12). The level of parental control over early feeding (e.g., explicit encouragement, 

praise, pressure) has been associated with the child's dietary outcomes and weight status over 

time (12, 23, 69-72). For instance, in a 2020 study (n=205), a positive association was found 

between a higher degree of toddler food neophobia and maternal practice of coaxing the 

child to eat at refusal, unpleasant emotions at mealtime (e.g., stressful or hectic for mothers, 

or tearful for children), and mothers’ own degree of food neophobia (11). The mother not 

worrying when confronted with a child’s food refusal was negatively associated with 

toddlers’ food neophobia (11). Further evidence on the importance of mealtime atmosphere 

was recorded in a study (n=244 mother-infant dyads) by Cassell et al., where greater 

maternal concern about the infant becoming underweight or the infant under-eating at four 

months was associated with higher child food neophobia at two years (73). Similarly, lower 

awareness of the infant’s satiety and hunger cues was associated with a higher incidence of 

child food neophobia (73). Both associations were significantly mediated by pressuring the 

child to eat (73).  
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In light of this evidence, it should be noted that there might be a bidirectional relationship at 

play during mealtimes; parental feeding behaviour and infant eating behaviour might 

mutually reinforce each other (4,14,73). A study of pretest data from a large longitudinal 

randomised controlled trial (n=246 mother-infant dyads) investigated the association 

between maternal feeding practices and infant vegetable intake and liking (14). It found that 

the more sensitively and positively and the less negatively the infant was fed, the more grams 

of vegetables (s)he consumed and the more (s)he seemed to like them (14). The authors 

hypothesised that this association might have been due to an overall positive atmosphere, 

where the mother responded to the infant’s needs in not only dietary but emotional terms as 

well (14). The authors continued that after every positive mealtime experience, it might have 

been easier for the mother to remain positive and relaxed and keep responding sensitively to 

an infant who was actively eating and showing enjoyment (14). Hence, positive experiences 

during weaning may lead to a positive feedback loop in the context of mealtime associations 

in both parent and infant (14) and on the contrary, a negative atmosphere could lead to more 

negative mealtime experiences (11,73). More research on this bidirectional nature is still 

needed. For instance, inter-individual differences in temperament and sensory sensitivity 

might also amplify or attenuate feelings of stress during mealtimes in both the child and the 

parent (25).  

 

 

  

  

 

Figure 1: Parental feeding behaviour and infant eating behaviour might mutually reinforce each 
other (11,14,73).  

   

Children learn by imitating and can easily pick up their parent’s feelings about foods (10). 

Positive role modelling by the parent has been found to be positively associated with average 

daily servings of fruits and vegetables consumed by children, as well as overall diet quality. 

For instance, a study of parent-child dyads (8-12 years old; n=160) compared the effects of 

the directive (e.g. food restriction and pressure-to-eat) and non-directive (e.g. home food 

environment and role modelling) control on child weight and dietary outcomes (66). In this 

study, it was found that positive parental role modelling of healthy food intake was positively 

associated with average daily servings of fruits and vegetables, as well as overall diet quality 

(66). An obesogenic home food environment was inversely associated with average daily 

Parental feeding behaviour Infant’s eating behaviour 
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servings of fruits and vegetables (66). However, no associations were observed between 

positive role modelling or an obesogenic home food environment and child BMI (66). These 

cross-sectional findings support the notion that parents can promote their children's healthy 

dietary intake through food availability and role modelling positive eating behaviour (66). 

Although these results may not be directly applicable to the context of this thesis due to the 

children’s age range, the importance of a home food environment swiftly increases as the 

child gets older. Also, as the food environment is largely dependent on the caregiver's efforts, 

early recognition of influencing factors is important.  

  

When conducted in an appropriate manner, mealtime is an opportunity for learning and love 

and adds to a pleasurable eating experience for the child. The role of food pleasure in eating 

is central, especially during childhood when cognitive drivers for food choices are less 

prominent than later in life (25). Measuring and defining food pleasure in early childhood is 

difficult. However, it is possible to identify certain characteristics of the eating experience 

which make eating more enjoyable for the infant and may shape food preferences. These 

include food sensory properties, food rewarding properties and the social context of eating 

(25). Simply put, “having an overall good time” during mealtimes is important in the early 

development of eating behaviour.   

 

2.3 Parent-perceived stress  

Transitioning into parenthood transforms everyday life and self-identity and is accompanied 

by a myriad of physical, psychological and social changes (74). The literature on parenting 

stress, however, is limited. Further, the effects of stress can be difficult to measure in a 

specific time point, as stress can be chronic or momentary, positive or negative, the levels 

can fluctuate depending on the time of day, and measurement methods vary from biomarker 

measurement to a range of surveys, with studies of parental stress using biomarker 

measurement being very rare, if non-existent.   

 

2.3.1 The spillover hypothesis  

Although parent-perceived stress is an understudied factor in the context of child health, 

there is a recurring theme in the literature, the spillover hypothesis, which illustrates how a 

person's emotions can “spillover” into the family dynamics and affect the overall home 

environment (75). To illustrate, a study of Finnish couples (n=103 couples) who had at least 



 

13 
 

one child between the age of one and eight years found that stressful interpersonal 

interactions in the workplace resulted in less positive parenting behaviours at home (75). 

Especially mothers reported more negative parenting practices on days that included 

stressful work experiences. Received spousal support seemed to moderate these effects, 

resulting in less negative parenting practices in fathers and more positive practices in 

mothers. Similarly, in another study (n=203), reported marital quality seemed to be 

positively associated with reported parent-child relationship quality, also supporting the 

spillover hypothesis (76). Further, both maternal and paternal depressive symptoms seemed 

to moderate the association between marital quality and the other parent’s relationship with 

their child (76) 

 

2.3.2 Prenatal mental health and postpartum stress  

In addition to interpersonal interactions, prenatal depression and anxiety might also affect 

postpartum parenting stress. In a study of 94 pregnant women, depression and anxiety were 

monitored during the third trimester and 3- and 6-months postpartum (16). Depression and 

anxiety were measured using the Hamilton Depression Rating Scale (HDRS) and Hamilton 

Anxiety Rating Scale. Parenting stress was assessed using the Parenting Stress Index (Short 

Form) at 3- and 6-months postpartum. Both depression and anxiety during the third trimester 

were significant predictors for 3- and 6-month postpartum parenting stress, even after 

controlling for maternal age, the number of children and the prenatal use of antidepressants 

(16). Similarly, another study aimed to explore associations between prenatal mood and 

postpartum parenting stress (17). Data from 1073 first-time pregnant mothers who 

participated in a longitudinal study was assessed. Maternal mood was assessed using the 

State-Trait Anxiety Inventory (STAI), Pregnancy-Related Anxiety Questionnaire-revised 

(PRAQ-R), and Beck Depression Index (BDI). Three months postpartum, a parenting stress 

questionnaire was filled out. It was found that trait anxiety and pregnancy-specific anxiety 

were both positively associated with postpartum parenting stress, suggesting that mothers 

worrying during pregnancy continue to worry as a parent, thus being more susceptible to 

parenting stress (17). Similar findings were recorded in a longitudinal Finnish study, where 

low-risk couples (n=214 couples) filled in questionnaires on their marital relationship, social 

support, child's temperament and self-evaluated competence in routine caretaking (15). It 

was found that pregnancy-related anxiety, depression, general anxiety, neuroticism, and 

vulnerability in early pregnancy predicted parental stress at both 2-3 months and 2-3 years 
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postpartum (15). Adequate social support, adaptive social strategies, high self-esteem, 

vaginal birth, enjoying breastfeeding, and spousal support of breastfeeding predicted less 

stress 2-3 years postpartum (15). In a Swedish longitudinal survey of a one-year cohort 

(n=783 women and 671 male partners), parenting stress data was measured using the 

Swedish Parental Stress Questionnaire (SPSQ) (18). In this study, women reported higher 

levels of parental stress in three out of five subscales of the SPSQ; role restriction, social 

isolation and spouse relationship (18). These subscales were strongly correlated with 

prenatal feelings (18). Further, prenatal negative feelings regarding pregnancy, upcoming 

birth and the first weeks with a newborn were strongly correlated with parental stress in 

mothers and fathers (18). Pre- and postnatal depressive symptoms might also have an 

adverse effect on the duration of exclusive breastfeeding, as suggested by a Finnish 

prospective follow-up of a cohort sample (n=873 families) (77). Further, parenting stress 

might lead to consequent health problems, such as difficulty falling asleep and remaining 

asleep, thus leading to less positive parenting behaviours, even when controlling for maternal 

age, employment and family size (78).   

 

2.4 Parent-perceived stress and feeding practices  

Parental stress can have an effect on family dynamics, parenting behaviours (78) and thus, 

parental feeding practices (19). Consequently, negative family dynamics resulting from 

work-life stress have been identified as a factor in children’s dietary challenges (19). The 

evidence on parent-perceived stress and its effect on feeding practices is very limited, 

especially during infancy. Also, the available studies differ in their methodologies and may 

not be directly comparable to the cohort studied in this thesis, especially as the children’s 

age ranges in the available literature are vastly different.  

 

It has been found that parents with high perceived stress are likely to report more child fast-

food consumption (79,80). In a study of 202 mother-child dyads (child age range 8-12 years), 

mothers and their children responded to randomly prompted ecological momentary 

assessment surveys via their phone up to seven times a day over eight days, excluding time 

at school (80). Each time, they reported their current negative affect, positive affect, ability 

to cope with stress and the foods consumed in the past two hours. It was found that maternal 

momentary ability to cope with stress predicted their own and their child’s pastries and 

sweets intake (80). On the flip side, positive maternal affect (i.e., a range of positive emotions 
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and expressions such as joy, cheerfulness and enthusiasm) predicted their fruit and vegetable 

intake (80). To explain these associations, the authors hypothesised that making healthier 

decisions is easier when experiencing positive affect, or people with positive affect might 

consciously make healthy decisions to maintain the positive affective state, further 

suggesting that negative affect, such as momentary stress, might lead to unhealthier food 

choices (80).   

 

In a mixed-method study of multi-ethnic families and their children ages 5-7 (n=150), high 

levels of parental stress experienced earlier in the day were associated with parental feeding 

practices later that night (81). Within food insecure households, this was presented as using 

restrictive feeding practices and serving more pre-prepared foods at the evening meal. In 

food secure households, parents who reported high levels of stress earlier in the day were 

more likely to pressure the child to eat, serve fast food, and have children experience picky 

eating during the evening meal (81). Further, in a population-based study that utilised data 

from Project F-EAT, a socio-demographically diverse sample of 3709 parents of adolescents 

living in the US was examined for cross-sectional associations between parents' employment 

status, work-life stress and the family food environment (82). Higher work-life stress among 

mothers and fathers was associated with less frequent family meals and more frequent fast 

food and sugar-sweetened beverage consumption by the parents (82).   

 

In a study of parents (n=284) of 4-6-year-old children, associations between parenting stress 

during the COVID-19 pandemic and parental feeding practices were investigated (83). A 

cross-sectional online survey was used. It was found that perceived increases in parenting 

stress were associated with more frequent use of food as a reward and for emotional 

regulation (83). Higher overall levels of parenting stress were also associated with using 

food as a reward and for emotional regulation, as well as pressuring feeding practices (83). 

Further, higher overall levels of parenting stress were associated with greater child food 

fussiness, enjoyment of food and satiety responsiveness (83).   

 

As illustrated in Figure 1, there may be a bidirectional relationship at play in the parent-child 

interaction; thus, it could be hypothesised that the spillover hypothesis might extend to 

mealtimes. There is a clear gap in the literature regarding the interplay between parent-

perceived stress and parental feeding practices, especially during infancy.  
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2.5 Current situation of infant feeding in Finland  

The National Institute for Health and Welfare (THL) conducted a nationwide survey in 2019 

on infant feeding in Finland (84). Information regarding breastfeeding and complementary 

feeding was obtained prospectively using a structured 24-hour dietary recall. Primarily, a 

public health nurse interviewed the family during their scheduled child health clinic visit. 

Alternatively, the families were given the option to respond to the electronic form 

themselves after the visit. A total of 3418 families responded with a 22% response rate. Nine 

hundred thirteen responses were received from the public health nurses. 54% of the mothers 

were over 30 years old, of which one-in-six was highly educated. Approximately half of the 

infants were firstborns. These results should be interpreted with caution, as the response rate 

was low, and they may not account for all regional and sociodemographic differences.  

 

2.5.1 Breastfeeding at one month, four months, six months, and 11-12 months  

At one month of age or under, 57% of the infants were exclusively breastfed, and 94% were 

either exclusively or partially breastfed. At four months of age, 50% of the infants were 

exclusively breastfed, and 15% of the infants were not breastfed at all. The prevalence of 

exclusive breastfeeding at four months had grown by 26% when compared to the previous 

survey conducted in 2010 (85). At six months of age, 77% of the infants were breastfed; 

although in this report, it was not specified whether this number accounted for exclusive 

breastfeeding, partial breastfeeding or both. At around one year of age, 58% of the infants 

were partially breastfed; this number had grown by 21%. In another Finnish study (n=739), 

36% of the infants were partially breastfed at one year of age (86). Similar to global trends, 

sociodemographic and -economic factors were strongly associated with the prevalence of 

exclusive breastfeeding and partial breastfeeding in the THL study, i.e., young parents with 

a lower education level were less likely to have a breastfed infant (84). However, there had 

been a slight increase in the prevalence of young mothers with low education levels who 

breastfed. Overall, the prevalence of both exclusive and partial breastfeeding had increased 

in comparison with the 2010 survey (84,85).  

 

2.5.2 Complementary feeding: timing of introduction and dietary diversity  

In line with the Finnish recommendations, introduction to solid foods commenced within 

the range of 4-6 months of age. A rapid increase in dietary diversity was observed in infants 

over six months of age: out of 6-7-month-old infants, 39% had been introduced to foods 
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from >4 food groups, and out of 8-10-month-old infants, this number had increased to 82%. 

In a study of 1-year-old Finnish infants' (n=739) diet patterns, dietary intake and 

breastfeeding frequency were assessed with a three-day food record (86). Food records were 

administered to either parents or daycare personnel, who were given written instructions on 

how to accurately fill in the food record. The volume of ingested breast milk was not 

recorded. Food portion sizes were estimated with household measures, weighed on a food 

scale, or recorded from the food package labels. Food records were instructed to include 

dietary information from two weekdays and one weekend day. It was found that dairy milk, 

porridges, fruit and berry foods, meat dishes and infant formula were among the most 

consumed foods. 95% of the infants consumed commercial baby foods. However, the overall 

diet pattern of the infants was fairly favourable, especially for the mean vegetable, fruit and 

berry consumption. Nutrient intake was mostly adequate, apart from fat, linoleic acid, 

vitamin D and iron. Concerningly, mean protein intake was higher than recommended (16.0–

16.5 E% vs 10–15 E%), and in 19% of non-breastfed infants, mean protein intake was above 

the acceptable intake of 20 E%. However, the results of this study may not be generalised, 

as the study took place in the capital city of Finland, the participating families were recruited 

from a single maternity hospital and had higher education and income levels compared with 

the national level. Further, the authors stated difficulties in the calculations of absolute 

amounts of foods in composite foods due to restraints in the software program. The volume 

of breast milk was also unknown, thus limiting the nutrient intake results in breastfed 

infants.   

3 Aim  

This thesis aimed to study the potential associations between maternal stress indicators, the 

age of solid food introduction and dietary diversity during complementary feeding.  

4 Materials and methods  

4.1 The HELMi (Health and Early Life Microbiota) cohort  

HELMi is a longitudinal, prospective general population birth cohort that aims to identify 

environmental, lifestyle and genetic factors that modify the intestinal microbiota 

development in the first years of life and their relation to child health and well-being. Women 

with singleton pregnancies were recruited from the general population. They mainly resided 

in the capital region of Finland. Three methods were used to recruit participants: 1) by 

directly approaching the mothers at prenatal ultrasound screens and antenatal clinics, 2) by 
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advertising the study on social media and 3) via recruitment posters and flyers in antenatal 

clinics within the public healthcare system. Healthy babies born between 37-42 gestational 

weeks and without known birth defects were included in the study. A total of 1587 families 

expressed interest in participating in the study, of which 1149 (72%) families consented. 86 

families either withdrew from the study before childbirth or were excluded due to preterm 

birth or birth defect. All in all, 1063 infants fulfilling the inclusion criteria were born, of 

which 1055 completed the data for childbirth details and infant gender. In summary, 

participants in the HELMi cohort consist of 1055 healthy full-term infants born in 2016-

2018, mainly in the Finnish capital region and their parents. The parents filled in extensive 

online questionnaires prospectively. The study retention rate was over 90% (n=967) at 12 

months.  

 

4.2 Stress indicators  

Multiple stress indicators were used in this thesis. Maternal prenatal stress was measured 

with a short questionnaire during the third trimester, where the mothers were asked to answer 

based on the last trimester. The assessment was done electronically using a 100 mm visual 

analogue scale (VAS) with word anchors at each end to express the extremes of the stress 

indicators. The scale was without numbers or other markings of the scale. 

Prenatal stress was measured using the following questions:  

  

1. How much work- or study-related stress have you experienced? How much 

relationship-related stress have you experienced?  

2. How much household/childcare/family-related stress have you experienced?  

3. How much pregnancy-related stress have you experienced?  

4. How well do you think you have been supported by your nearest?  

5. During pregnancy, have you felt sad or depressed?  

  

Postpartum stress was measured with two questions that were asked at 6 and 9 months 

postpartum. The questions were as follows:  

 

1. Satisfaction level with their current life situation of the parent who mainly cares for 

the child, on a scale from 0 (not satisfied) to 100 (very satisfied)  



 

19 
 

2. For the last three months, the caregiver has been worried about the child's health 

compared to other children of the same age group, on a scale from 0 (Totally 

disagree) to 100 (totally agree)  

 

4.3 Formation of stress groups  

The mean for the prenatal stress measures (questions 1-4 and 6) was calculated for each 

participant. Due to the skewness of the distribution, a square root transformation was 

performed. This yielded scores ranging from 0 to 20.95. After this, three groups were created 

according to their levels of stress. Using the transformed mean values, the lowest 25% were 

defined as low stress group (n=271, mean=6.4, SD=1.8), highest 25% as high stress 

group (n=268, mean=16.1, SD=1.5) and the rest as moderate stress group (n=537, 

mean=11.3, SD=1.4). Differences in mean stress values between these groups were 

statistically significant (p < 0.001).  

  

The postnatal stress variables were originally continuous. For clarity, they were transformed 

into three separate groups according to their frequencies within the cohort. For question 1) 

at the 6-month time point, the lowest 25% were grouped as low to moderate 

satisfaction (n=262, mean=56.4, SD=15.8), the highest 25% as very high 

satisfaction (n=268, mean=98.6, SD=1.8), and the rest as moderate satisfaction (n=444, 

mean=84.6, SD=5.9). Differences in mean satisfaction values between these groups were 

statistically significant (p < 0.001). Similarly, for the question measuring life satisfaction at 

the 9-month time point, the lowest 25% were grouped as low to moderate 

satisfaction (n=239, mean=51.5, SD=16.4), the highest 25% as very high 

satisfaction (n=259, mean=98.0, SD=2.3), and the rest as moderate satisfaction (n=449, 

mean=83.2, SD=6.5). Differences in mean satisfaction values between these groups were 

also statistically significant (p < 0.001).  

  

For the question measuring infant health worry at the 6-month time point, the lowest 25% 

were defined as having no infant health worry (n=305, mean=0, SD=0), the highest 25% 

as high infant health worry (n=249, mean=49.5, SD=22.9), and the rest as moderate infant 

health worry (n=420, mean=7.1, SD=5.4). Differences in mean worry values between these 

groups were statistically significant (p < 0.001). For the question measuring infant health 

worry at the 9-month time point, the lowest 25% were defined as having no infant health 
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worry (n=294, mean=0, SD=0), the highest 25% as high infant health worry (n=239, 

mean=52.1, SD=23.1) and the rest as moderate infant health worry (n=414, mean=7.6, 

SD=5.8). Differences in mean worry values between these groups were statistically 

significant (p < 0.001).  

 

The support variable was derived from the prenatal stress questionnaire (question number 

5). Support groups were formed according to their respective frequencies within the sample. 

The highest 25% were defined as high support (n=275, mean=97.6, SD=2.9), the lowest 25% 

as low support (n=275, mean=43.3, SD=13.9) and the rest as moderate support (n=526, 

mean=77.8, SD=8.3). 

 

4.4 Formation of dietary variables  

Duration of exclusive breastfeeding was obtained by matching the answers to the duration 

of exclusive breastfeeding (see Appendix) with answers regarding the start of formula use 

and the answers regarding the introduction of solid foods. The value “0” in response to the 

commencement of formula use was interpreted as “the use of formula commenced at 0 

months”. All “NA” values were interpreted as “no formula use”. The age of solid food 

introduction was obtained from the prospective questionnaire that was asked biweekly,  

starting at 18 weeks of age. The introduction of solid foods at the recommended 18-24 weeks 

(4.5-6 months) was assigned a value of 0, and the late introduction of solid foods at ≥ 26 

weeks a value of 1.   

 

Dietary diversity was calculated using the following questions:  

 

1. Estimation of the number of different dairy products the child has been eating in the 

last three months  

2. Estimation of the number of different cereal products the child has been eating in the 

last three months  

3. Estimation of the number of different meat products the child has been eating in the 

last three months  

4. Estimation of the number of different fruits and berries products the child has been 

eating in the last three months  
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5. Estimation of the number of different vegetables and roots incl. potato products the 

child has been eating in the last three months  

6. Estimation of the number of different fish products the child has been eating in the 

last three months  

  

These questions were asked at six months (25-26 weeks) and nine months (39 weeks) 

postpartum. The time limit to respond to the questionnaires was predetermined. Binary 

variables were created based on these questions; the answer “0” was classified as “food 

group has not been eaten” and everything else as “food group has been eaten”. A value of 

zero was given to the food group not eaten, and a value of one for the others. This yielded a 

scoring of 0-6, where the maximum value of 6 indicated that all food groups had been 

introduced to the infant. From this, another binary variable was created to measure dietary 

diversity. In this variable, “1” was assigned for “0 to 3 food groups” and “0” to “4-6 food 

groups”.   

5 Statistical analysis 

The IBM® SPSS® 28 was used for the analyses. Binomial logistic regression was used for 

the main research questions:  

 

1. Does parental stress predict a late introduction (later than the recommended range 

of 4-6 months) of solid foods? 

2. Does parental stress predict a less diverse diet (0-3 food groups out of 6) of the infant 

during complementary feeding? 

  

Building the final models started with the following exposure variables:  

 

1. Prenatal stress groups 

2. Life satisfaction groups at six months 

3. Life satisfaction groups at nine months 

4. Infant health worry groups at six months 

5. Infant health worry groups at nine months 

6. Dietary diversity of the infant at six months 

7. Dietary diversity of the infant at nine months 

8. Timing of solid food introduction 
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Confounding variables were obtained from a cross-check between background 

characteristics, dietary variables, and the different stress variables (Table 1 and Table 7). 

The identified confounders were maternal BMI before pregnancy, mode of delivery, number 

of siblings and perceived support. These confounders were added to each of the logistic 

regression models to identify relevant factors to be included in the final models. This 

stepwise process was done for each of the stress factors and dietary factors.  

6 Results  

6.1 Characteristics of the study population 

The aim of this study was to investigate whether maternal stress indicators were associated 

with the age of solid food introduction or the infant’s dietary diversity at six months and nine 

months. Pre-collected data from 1055 healthy full-term infants obtained from the HELMi 

cohort were analysed. The mean maternal age was 32.8 years (SD 4.1). Most of the mothers 

were university-educated and of normal weight, and almost half of the infants within this 

cohort were firstborns (Table 1). The mean age of solid food introduction was 21.8 ± 3.4 

weeks (n=1000). 78% (n=776) of the infants were introduced to solid foods within the 

recommended time frame at 18-24 weeks of age, and approximately 22% (n=224) of the 

infants were introduced to solid foods at ≥ 26 weeks. The mean number of food groups 

introduced at six months of age was 3.9 ± 1.6 (n=974) and 5.1 ± 0.7 (n=947) at nine months. 

The mean duration of exclusive breastfeeding was 3.7 ± 2.1 months (n=963). 

 

Table 1 shows the correlations between different background characteristics and dietary 

variables. Infants who had siblings or were delivered vaginally were more likely to be 

exclusively breastfed for a longer duration and to commence complementary feeding at a 

later age when compared to infants who had no siblings or were delivered via caesarean 

section (c-section). Infants whose mothers were obese pre-pregnancy were more likely to 

have more food groups introduced at 9 months of age when compared to infants with 

underweight, normal weight and overweight mothers. 
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TABLE 1. Background characteristics’ relationship to exclusive breastfeeding, age of solid food 
introduction and the number of food groups at 6 months and 9 months of age  

n (%)  Duration of 
exclusive 

breastfeeding 
in months, 
mean (SD)  

Age of solid 
food 

introduction 
in weeks, 

mean (SD)  

Number of 
food groups 
at 6 months 
mean (SD)  

Number of 
food groups 
at 9 months 
mean (SD)  

Maternal age at 
delivery 
(years) 

  
  

p = 0.811  p = 0.469  p = 0.976  p = 0.524  

< 25  22 (2)  3.7 (2.3)  21.8 (3.4)  4.2 (1.1)  4.9 (0.7)  

25-29  195 (19)  3.7 (2.1)  21.7 (3.8)  3.8 (1.7)  5.1 (0.6)  

30-34  475 (45)  3.8 (2.0)  21.8 (3.2)  3.9 (1.5)  5.2 (0.7)  

> 35  359 (34)  3.6 (2.2)  22.0 (3.4)  3.9 (1.6)  5.2 (0.7)  

Valid n (% of 

total)  

1051 (100)  963 (92)  1000 (95)  974 (93)  947 (90)  

Highest maternal 
education level 

  
  

p = 0.506  p = 0.243  p = 0.728  p = 0.345  

Primary school 
and middle 

school or high 
school 

47 (4) 3.7 (2.4) 22.7 (3.8) 3.5 (1.9) 5.0 (0.7) 

Vocational 
education  

76 (7) 3.6 (2.2) 22.2 (3.7) 4.0 (1.6) 5.2 (0.7) 

University of 
Applied Science  

321 (31) 3.7 (2.1) 22.0 (3.5) 3.9 (1.6) 5.2 (0.7) 

University  607 (58) 3.7 (2.1) 21.7 (3.3) 3.9 (1.5) 5.1 (0.7) 

Valid n (% of 
total)  

1051 (100) 963 (91.6) 1000 (95.1) 974 (92.7) 947 (90.1) 

Number of 
siblings the 
infant has¹ 

  
  

p < 0.001  p < 0.001  p = 0.200  p = 0.691  

0  535 (49)  3.2 (2.2)  21.3 (3.2)  4.0 (1.5)  5.2 (0.7)  

1  419 (39)  4.1 (1.9)  22.4 (3.5)  3.8 (1.6)  5.1 (0.7)  

Two or more  126 (12)  4.4 (1.8)  22.5 (3.6)  3.8 (1.5)  5.1 (0.8)  

Valid n (% of 

total)  

1051 (100)  963 (91.6)  1000 (95.1)  974 (92.7)  947 (90.1)  

Gestational 

weeks  

  

  

p = 0.899  p = 0.708  p = 0.291  p = 0.395  
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< 39  135 (13)  3.8 (2.0)  21.7 (3.5)  3.7 (1.6)  5.2 (0.6)  

39-40  589 (56)  3.7 (2.1)  21.9 (3.3)  3.9 (1.5)  5.1 (0.7)  

≥ 41  326 (31)  3.6 (2.2)  21.8 (3.5)  3.9 (1.6)  5.1 (0.7)  

Valid n (% of 

total)  

1050 

(~100)  

962 (91.5)  999 (95.1)  973 (92.6)  946 (90.0)  

Mode of delivery    
  

p < 0.001  p = 0.018  p = 0.270  p = 0.327  

Vaginal birth  875 (83)  3.8 (2.1)  22.0 (3.4)  3.9 (1.6)  5.1 (0.7)  

C-section  176 (17)  3.1 (2.3)  21.3 (3.4)  4.0 (1.7)  5.2 (0.6)  

Valid n (% of 

total)  

1051 (99.9)  963 (91.6)  1000 (95.1)  974 (92.7)  947 (90.1)  

Maternal BMI 

before 

pregnancy  

  

  

p = 0.670  p = 0.480  p = 0.914  p = 0.017  

< 18.5 

(underweight)  

34 (3)  4.0 (1.6)  21.0 (3.1)  3.7 (1.8)  5.1 (0.7)  

18.5-24.9 (normal 

weight)  

744 (72)  3.8 (2.0)  22.0 (3.3)  3.9 (1.5)  5.1 (0.7)  

25.0-29.9 

(overweight)  

197 (19)  3.5 (2.3)  22.0 (3.5)  3.9 (1.7)  5.2 (0.7)  

≥ 30.0 (obese)  62 (6)  3.3 (2.4)  22.2 (3.8)  3.9 (1.7)  5.4 (0.6)  

Valid n (% of 

total)  

1043 (99.2)  955 (90.9)  992 (94.4)  966 (91.9)  939 (89.3)  

¹ Siblings were defined as siblings who live under the same roof on a regular basis 
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Table 2 shows the number of infants who were introduced to food groups at 6 and 9 months 

of age. Only roughly 31% of infants had been introduced to dairy by 9 months of age. This 

was expected, as the introduction of dairy products outside of infant formula is 

recommended at 10 months of age. Over 90% of the infants had been introduced to all food 

groups by 9 months of age. Meat and fish were introduced less frequently compared to 

cereals, dairy, fruits and berries, and vegetables, roots, and legumes.  

 

TABLE 2. Number and percentage of children who were introduced to complementary foods by 

each time point during the first year of life and the number of food groups introduced at those 

time points 

Complementary food No. (%) of children 

introduced to foods at 6 

months of age¹ 

No. (%) of children introduced to foods 

at 9 months of age² 

Dairy 187 (19.2) 292 (30.8) 

Cereal 787 (80.8) 939 (99.2) 

Meat 568 (58.3) 888 (93.8) 

Fruits and berries 882 (90.6) 945 (99.8) 

Vegetables, roots, and 

legumes, including 

potatoes 

900 (92.4) 945 (99.8) 

Fish 480 (49.3) 869 (91.8) 

Number of food 

groups 

  

0 67 (6.9) 0 (0) 

1-3 264 (27.1) 23 (2.4) 

4-6 643 (66) 924 (97.6) 

¹ Percentages were obtained from valid answers only (n=974)  
² Percentages were obtained from valid answers only (n=947)   
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Table 3 shows the correlations between the stress indicators, which were all statistically 

significant at the <0.001 level. Higher levels of prenatal stress were associated with lower 

levels of reported life satisfaction and higher levels of infant health worry. Further, higher 

levels of infant health worry correlated with lower levels of life satisfaction. 

 

TABLE 3. Correlation coefficients between the stress indicators. 

 

  
Prenatal 

stress 

 
Life satisfaction 

level at 6 
months 

 
Life satisfaction 

level at 9 
months 

Infant 
health 

worry at 
6 months 

Infant 
health 

worry at 
9 months 

 
Prenatal stress 

 
1.00 

 

 
-0.40* 

 

 
-0.36* 

 

 
0.20* 

 

 
0.21* 

 
Life satisfaction 

level at 6 
months 

 

 
-0.40* 

 

 
1.00 

 
0.64* 

 
-0.20* 

 

 
-0.24* 

 
Life satisfaction 

level at 9 
months 

 

 
-0.36* 

 

 
0.64* 

 
1.00 

 
-0.24* 

 
-0.26* 

 

 
Infant health 

worry at 6 
months 

 

 
0.20* 

 
-0.20* 

 
-0.24* 

 
1.00 

 
0.51* 

 
Infant health 

worry at 9 
months 

 

 
0.21* 

 

 
-0.24* 

 
-0.26 

 
0.51* 

 
1.00 

* Correlation is significant at the <0.001 level 
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Table 4 shows the mean (SD) values for the dietary variables during complementary feeding 

grouped with the maternal stress indicators. Infants whose mothers reported lower life 

satisfaction at 9 months postpartum were likely to be exclusively breastfed for a shorter 

duration. Infants whose mothers reported higher levels of infant health worry were likely to 

commence complementary feeding at a later age and have fewer food groups introduced at 

9 months of age. 

TABLE 4. The mean (SD) values for the duration of exclusive breastfeeding, the age of solid food 

introduction and the number of food groups at 6 and 9 months, grouped according to the 

maternal stress indicators. 

Stress group  Duration of 

exclusive 

breastfeeding 

(mean SD)  

Age of solid food 

introduction in 

weeks (mean 

SD)  

Number of food 

groups at 6 

months (mean 

SD)  

Number of food 

groups at 9 

months (mean 

SD)  

Prenatal stress  p = 0.318  p = 0.828  p = 0.312  p = 0.130  

Low prenatal stress  3.8 (2.1)  21.8 (3.5)  3.9 (1.6)  5.2 (0.7)  

Moderate prenatal 

stress  

3.7 (2.1)  21.9 (3.4)  4.0 (1.5)  5.1 (0.6)  

High prenatal stress  3.5 (2.2)  21.7 (3.3)  3.8 (1.6)  5.1 (0.7)  

Total n (%)  961 (89.1)  998 (92.5)  972 (90.1)  945 (87.6)  

Life satisfaction at 6 

months 

p = 0.710   p = 0.760  p = 0.896  p = 0.759  

Low to moderate life 

satisfaction level at 6 

months  

3.6 (2.2)  21.9 (3.3)  3.9 (1.6)  5.1 (0.6)  

Moderate life 

satisfaction level at 6 

months  

3.7 (2.1)  21.9 (3.4)  3.9 (1.6)  5.2 (0.6)  

Very high life 

satisfaction at 6 

months  

3.7 (2.1)  21.7 (3.5)  3.9 (1.6)  5.1 (0.7)  

Total n (%)  939 (87)  966 (89.5)  974 (90.3)  929 (86.1)  

Infant health worry 

at 6 months 

p = 0.506  p = 0.913  p = 0.090  p = 0.025 
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Low infant health 

worry  

3.7 (2.1)  21.9 (3.5)  4.0 (1.6)  5.2 (0.7)  

Moderate infant 

health worry  

3.7 (2.1)  21.8 (3.3)  3.9 (1.5)  5.2 (0.6)  

High infant health 

worry  

3.6 (2.2)  21.9 (3.4)  3.8 (1.6)  5.1 (0.7)  

Total n (%)  939 (87)  966 (89.5)  974 (90.3)  929 (86.1)  

Life satisfaction at 9 

months  

p = 0.048 p = 0.782  p = 0.606  p = 0.180  

Low to moderate life 

satisfaction level  

3.4 (2.2)  21.9 (3.3)  3.8 (1.6)  5.1 (0.7)  

Moderate life 

satisfaction level  

3.8 (2.0)  21.9 (3.4)  3.9 (1.6)  5.2 (0.7)  

Very high life 

satisfaction  

3.7 (2.2)  21.8 (3.5)  3.9 (1.6)  5.2 (0.7)  

Total n (%)  921 (85.4)  939 (87)  929 (861)  947 (87.8)  

Infant health worry 

at 9 months  

p = 0.788  p = 0.019 p = 0.289  p = 0.001 

Low infant health 

worry  

3.7 (2.1)  21.6 (3.4)  3.9 (1.6)  5.2 (0.7)  

Moderate infant 

health worry 

3.8 (2.1)  21.8 (3.3)  4.0 (1.6)  5.2 (0.6)  

High infant health 

worry  

3.6 (2.2)  22.4 (3.5)  3.8 (1.6)  5.0 (0.7)  

Total n (%)  921 (85.4)  939 (87)  929 (86.1)  947 (87.8)  

  

6.1 Associations between maternal stress indicators and the age of solid food 

introduction 

Late introduction of solid foods at ≥ 26 weeks (> 6 months) was less likely among infants 

whose mothers reported moderate or high prenatal stress, when compared to infants whose 

mothers who reported low prenatal stress, when controlling for maternal pre-pregnancy 

BMI, number of siblings the infant had, and perceived support received by the mother during 

pregnancy (Table 5). 
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TABLE 5: Maternal stress indicators with solid food introduction at ≥26 weeks of life (≥ 6 months), 

later than the recommendation of ≤24 weeks (≤ 6 months) of life. Statistical analysis was 

performed with binomial logistic regression analysis. Cases included in the analysis n=990 (91.8%). 
 

OR 95% CI P-value for significance 

Prenatal stress1   0.061 

Low prenatal stress Ref.   

Moderate prenatal stress 0.66 0.45-0.97 0.033 

High prenatal stress 0.62 0.39-0.98 0.039 

Pre-pregnancy BMI2   0.070 

Normal weight Ref.   

Underweight 0.48 0.16-1.43 0.190 

Overweight 1.46 0.99-2.14 0.050 

Obese 1.47 0.81-2.67 0.210 

Perceived support3   0.083 

High support Ref.   

Low support 1.02 0.64-1.63 0.936 

Moderate support 1.43 0.97-2.12 0.071 

Siblings   < 0.001 

No siblings Ref.   

One sibling 2.11 1.50-2.98 < 0.001 

Two or more siblings 2.91 1.81-4.67 < 0.001 

Introduction of solid foods at the recommended 18-24 weeks n=768, the introduction of solid foods 

at 26 weeks or later than 26 weeks n=222. 

1 Prenatal stress was measured during the third trimester using a short questionnaire. A sum 

variable called “prenatal stress level” was created from these questions. The range was 0-20.95. 

This variable was divided into three subgroups: the lowest 25% were defined as low stress group 

(n=271, mean=6.4, SD=1.8), highest 25% as high stress group (n=268, mean=16.1, SD=1.5) and the 

rest as moderate stress group (n=537, mean=11.3, SD=1.4). 

2 BMI groups: Underweight=under 18.5, normal weight=18.5-24.9, overweight=25-29.9, 

obese=over 30 
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3 The support variable was derived from the prenatal stress questionnaire (question number 5). 

Support groups were formed according to their respective frequencies within the sample. The 

highest 25% were defined as high support (n=275, mean=97.6, SD=2.9), the lowest 25% as low 

support (n=275, mean=43.3, SD=13.9) and the rest as moderate support (n=526, mean=77.8, 

SD=8.3). 

 

6.2 Associations between maternal stress indicators and dietary diversity 

Maternal stress indicators were not associated with low dietary diversity among infants of 

6 months of age (Table 6). Among infants with a low dietary diversity at 9 months of age, 

mothers were more likely to report high levels of prenatal stress (Table 7). Further, they 

were less likely to have mothers report low to moderate levels of life satisfaction and 

moderate levels of infant health worry (Table 7). 

 

TABLE 6. Maternal stress indicators with low dietary diversity (0-3 food groups introduced) at 6 

months of life. Statistical analysis was performed with binomial logistic regression analysis. 

Number of infants included in the analysis n=972 (90.1%). 
 

OR  95% CI P-value for 
significance 

Prenatal stress1    0.164 

Low prenatal stress Ref.    

Moderate prenatal 
stress 

0.93  0.66-1.29 0.654 

High prenatal stress 1.28  0.86-1.90 0.224 

Perceived support2    0.217 

High support Ref.    

Low support 0.70  0.47-1.05 0.082 

Moderate support 0.83  0.60-1.15 0.261 

Siblings    0.382 

No siblings Ref.    

One sibling 1.23  0.91-1.64 0.174 

Two or more siblings 1.17  0.75-1.83 0.485 
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0-3 food groups n=331, 4-6 food groups n=641 

1 Prenatal stress was measured during the third trimester using a short questionnaire. A sum 
variable called “prenatal stress level” was created from these questions. The range was 0-20.95. 
This variable was divided into three subgroups: the lowest 25% were defined as low stress group 
(n=271, mean=6.4, SD=1.8), highest 25% as high stress group (n=268, mean=16.1, SD=1.5) and the 
rest as moderate stress group (n=537, mean=11.3, SD=1.4). 

2 The support variable was derived from the prenatal stress questionnaire (question number 5). 
Support groups were formed according to their respective frequencies within the sample. The 
highest 25% were defined as high support (n=275, mean=97.6, SD=2.9), the lowest 25% as low 
support (n=275, mean=43.3, SD=13.9) and the rest as moderate support (n=526, mean=77.8, 
SD=8.3). 

 

TABLE 7. Maternal stress indicators with low dietary diversity (0-3 food groups introduced) at 9 

months of life. Statistical analysis was performed with binomial logistic regression analysis. Cases 

included in the analysis n=927 (85.9%). 

 OR 95% CI P-value for significance 
  

Prenatal stress1   0.032 
  

Low prenatal stress Ref.   
  

Moderate prenatal stress 1.61 0.46 to 5.60 0.455 

  

High prenatal stress 4.88 1.27 to 18.79 0.021 
  

Life satisfaction at 6 
months2   0.151 

  

Very high life satisfaction Ref.   

  

Low to moderate life 
satisfaction 

0.25 0.06 to 1.02 0.053 

  

Moderate life satisfaction 0.55 0.20 to 1.54 0.255 

  

Infant health worry at 9 
months3 

  0.027 

  

Low infant health worry Ref.   
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Moderate infant health 
worry 

0.18 0.05 to 0.67 0.010 

  

High infant health worry 0.96 0.36 to 2.56 0.937 

  

0-3 food groups n=22, 4-6 food groups n=905 

1 Prenatal stress was measured during the third trimester using a short questionnaire. A sum 
variable called “prenatal stress level” was created from these questions. The range was 0-20.95. 
This variable was divided into three subgroups: the lowest 25% were defined as low stress group 
(n=271, mean=6.4, SD=1.8), highest 25% as high stress group (n=268, mean=16.1, SD=1.5) and the 
rest as moderate stress group (n=537, mean=11.3, SD=1.4). 

2 Life satisfaction at 6 months was measured on a scale from 0-100. The lowest 25% were grouped 
as low to moderate satisfaction (n=262, mean=56.4, SD=15.8), the highest 25% as very high 
satisfaction (n=268, mean=98.6, SD=1.8), and the rest as moderate satisfaction (n=444, mean=84.6, 
SD=5.9). 

3 Infant health worry was measured on a scale from 0-100. The lowest 25% were defined as having 
no infant health worry (n=294, mean=0, SD=0), the highest 25% as high infant health worry (n=239, 
mean=52.1, SD=23.1) and the rest as moderate infant health worry (n=414, mean=7.6, SD=5.8).  

 

7 Discussion 

This study found an association between maternal stress indicators and the age of solid food 

introduction, and between maternal stress indicators and dietary diversity during 

complementary feeding. Most infants commenced complementary feeding during the 

recommended time frame of 4-6 months and had been introduced to a variety of foods at six 

months and nine months. The mean duration of exclusive breastfeeding was shorter than the 

Finnish recommendation of 4 to 6 months. 

Infants whose mothers reported moderate or high levels of prenatal stress were more likely 

to be introduced to solid foods within the recommended range of 4-6 months when compared 

to infants whose mothers reported low prenatal stress. It was initially hypothesised that the 

effect would be the opposite. Within this cohort, stress probably encouraged the mothers to 

adhere to the recommended guidelines. In a longitudinal Finnish study, pregnancy-related 

anxiety predicted parental stress postpartum (15). It could be further hypothesised that this 

type of stress over the infant, especially among first-time mothers, could ensure that infant 

care is carried out according to the official recommendations. On the contrary, infants with 

a low dietary diversity at nine months were more likely to have mothers with high levels of 

prenatal stress. However, the sample size for low dietary diversity at nine months was small 



 

33 
 

(n=22) compared to infants with high dietary diversity. This might explain the large 

confidence interval for the association between prenatal stress and dietary diversity at nine 

months.  

As an additional finding, it was found that infants who had siblings were up to three times 

more likely (p < 0.001) to commence complementary feeding later than the recommended 

4-6 months when compared to infants with no siblings. This may be explained by the 

mother’s growing demands of having multiple children and seeing breastfeeding as an easier 

option to feed the infant. These findings are in line with earlier findings among another 

Finnish cohort (n=5991), where the presence of siblings predicted a late introduction of solid 

foods (87). 

Stress indicators used in this study were not associated with a less diverse diet of the infant 

at six months postpartum. However, as this was when most infants were starting to be 

introduced to solid foods for the first time, it would be expected that they had not yet been 

introduced to a great variety of foods. On the contrary, some stress indicators were associated 

with a less diverse diet of the infant at nine months postpartum. In addition to the previously 

discussed prenatal stress, life satisfaction was also associated with dietary diversity at nine 

months. More specifically, infants with low dietary diversity at nine months were less likely 

to have mothers report low to moderate levels of life satisfaction. Perhaps being highly 

satisfied could reflect a form of carefreeness, where ensuring adequate dietary diversity is 

not the biggest priority? Further, infants whose mothers reported moderate infant health 

worry were less likely to have low dietary diversity. It could be hypothesised that these 

mothers worried over some common infant health issues, such as potential food allergies 

and/or gastrointestinal issues, which might have led the mothers to try out many different 

foods in the hopes of finding a suitable diet for their infant. The use of elimination diets, for 

instance, could present a seemingly large dietary diversity, as recorded in a recent study 

(n=96) by Frizzo et al. (88). However, it should be noted that these findings might be due to 

subpar dietary assessment methods that do not necessarily reflect the infants’ dietary 

patterns. To illustrate, in this thesis, dietary diversity was measured by whether an infant had 

been exposed to specific food groups at specific time points or not. This method does not 

account for day-to-day variation in the diet, hence making it impossible to draw definite 

conclusions about the infants’ dietary patterns. 
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This is the first study to look at the associations between maternal stress indicators and 

complementary feeding outcomes. A high response rate and a big sample size were the main 

strengths of this study, as well as prospective dietary data obtained via extensive online 

questionnaires. Regarding the limitations: firstly, the cohort was not necessarily 

representative of the mean Finnish socio-demographics. The children were mostly breastfed, 

and the mothers were mostly highly educated. Hence, the families in this cohort were more 

likely to adhere to official dietary guidelines, be health-conscious and have healthy dietary 

patterns (63). Moreover, the mothers reported high levels of perceived support, which may 

also not be representative of the mean socio-demographics. Further, as the cohort resided in 

the Finnish capital region, the results might not replicate in other areas in Finland.  

Second, there is no universal, validated tool to measure stress that could account for 

fluctuations in stress levels throughout the days, weeks, and months, that could have been 

used in this study. Rather, different indicators were chosen from pre-collected data obtained 

from online questionnaires, with the hypothesis that they would add to parenting stress 

within this cohort. However, as there were no specific cut-offs available from the literature, 

the subgroups for “low”, “moderate”, and “high” had to be created according to the cohort’s 

quartiles. The data were very skewed towards most of the mothers answering “0” to infant 

health worry and “100” to life satisfaction. Considering this, as life satisfaction and infant 

health worry did predict dietary diversity at nine months in this study, it should not be ruled 

out that this association may have been a proxy. Further, infant health worry in this study 

was not controlled for questions regarding the infant’s health symptoms, such as 

gastrointestinal symptoms or colic. In later thought, this could have provided more insight 

into the study. Further, the sample size for low dietary diversity at nine months was small 

(n=22) compared to infants with high dietary diversity.  

This study has laid the groundwork for researching the complex associations between parent-

perceived stress and complementary feeding. Due to prenatal stress’s measurement time 

points preceding the dietary outcomes’ measurement time points, it could be assumed that 

this is the direction of this specific association. On the other hand, the direction of association 

is less clear for the other stress indicators. This study built upon the pre-existing literature 

on parenting stress itself, where prenatal stress and anxiety have been positively associated 

with postpartum parenting stress, suggesting that mothers who worry during pregnancy 

continue to worry after the baby has been born (16-18). This phenomenon was repeated in 
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this study as well, as the prenatal stress indicators correlated significantly with the postnatal 

stress indicators (Table 6).  

For future research, validated tools for the collection of dietary and psychological data 

should be used with a multi-disciplinary research approach. Further, additional factors that 

could affect the mealtime atmosphere and child health outcomes, such as parental control 

over early feeding (e.g., explicit encouragement, pressure, praise) (12, 23, 69-72), unpleasant 

emotions at mealtime (11) and worrying about the child’s eating habits (11,73) should be 

considered. Additionally, identifying momentary factors that could influence parent food-

related practices should be considered.  

Health practitioners and family clinic workers should be aware of the possible long-lasting 

effects of prenatal stress and its effects on feeding practices during complementary feeding. 

Further, especially families with more than one child should be guided about the importance 

of introducing solid foods during the recommended time frame of 4 to 6 months. 

8 Conclusions 

This is the first study to look at the associations between maternal stress indicators and 

dietary outcomes during complementary feeding. Maternal stress indicators were associated 

with the age of solid food introduction and the infant’s dietary diversity at 9 months, but not 

at 6 months. Infants whose mothers reported higher levels of prenatal stress during the third 

trimester were more likely to commence complementary feeding during the recommended 

time range of 4-6 months and have a less diverse diet at 9 months. In future studies on this 

topic, a more socio-demographically representative sample should be recruited, and 

validated tools should be used to collect dietary and psychological data. Also, additional 

factors that could affect the mealtime atmosphere, such as parental control over early 

feeding, unpleasant emotions at mealtime, and the mother worrying about the child’s eating 

habits should be considered. Health practitioners and family clinic workers should be made 

aware of the possibly long-lasting effects of prenatal stress and consider its possible effects 

on dietary outcomes during complementary feeding. 
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Appendix  

Type of 

data 

Variables of interest from the questionnaire Frequency of 

questionnaire 

Dietary o Estimation of number of different dairy products the 

child has been eating in the last 3 months 

o Estimation of number of different cereal products the 

child has been eating in the last 3 months 

o Estimation of number of different meat products the 

child has been eating in the last 3 months 

o Estimation of number of different fruits and berries 

products the child has been eating in the last 3 

months 

o Estimation of number of different vegetables and 

roots incl. potato products the child has been eating 

in the last 3 months 

o Estimation of number of different fish products the 

child has been eating in the last 3 months 

Every 3 

months 

postpartum 

Dietary o Number of months where the child was exclusively 

breastfed 

o Start of the period in which the child has or will 

receive formula 

Once at 12 

months 

postpartum 

Mental 

health 

o Satisfaction level with their current life situation of 

the parent who mainly cares for the child, on a scale 

from 0 (not satisfied) to 100 (very satisfied) 

o For the last 3 months, the caregiver has been worried 

about the child's health compared to others children 

of the same age group, on a scale from 0 (Totally 

disagree) to 100 (totally agree) 

Every 3 

months 

postpartum 

Mental 

health 

A 6-item stress questionnaire that included the following 

questions: 

o How much work- or study-related stress have you 

experienced? 

o How much relationship-related stress have you 

experienced? 

Once during 

the third 

trimester 
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o How much household/childcare/family-related stress 

have you experienced? 

o How much pregnancy-related stress have you 

experienced? 

o How well do you think you have been supported by 

your nearest? 

o During pregnancy, have you felt sad or depressed? 

  

  

  

  

 


