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Associations of dietary patterns with common infections and antibiotic use among Finnish preschoolers
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Abstract

Background: Preschoolers suffer frequently from infections. Although nutrition plays a key role in immune function, very little is known about the impact of overall diet on preschoolers’ infections.

Objective: To assess the associations between dietary patterns, common infections and antibiotic use among Finnish preschoolers.

Design: The study included 721 3–6-year-old preschoolers participating in the cross-sectional DAGIS survey. Parents retrospectively reported the number of common colds, gastroenteritis episodes and antibiotic courses their children had acquired during the past year. Food consumption outside preschool hours was recorded using a food frequency questionnaire. Dietary patterns were derived from the consumption frequencies using principal component analysis. Associations between the thirds of the dietary pattern scores and the outcomes were analysed using logistic and negative binomial regression models.

Results: Prevalence of common colds was lower in moderate and high adherence to the sweets-and-treats pattern than in low adherence (prevalence ratio [PR]: 0.89, 95% confidence interval [CI]: 0.80–1.00, and PR: 0.88, 95% CI: 0.79–0.99, respectively) and higher in high adherence to the health-conscious pattern than in low adherence (PR: 1.13, 95% CI: 1.01–1.27) after adjusting for age, sex, number of children living in the same household, frequency of preschool attendance, family’s highest education and probiotic use. The risk of ≥1 gastroenteritis episode and the prevalence of antibiotic courses were lower in moderate adherence to the sweets-and-treats pattern than in low adherence (odds ratio [OR]: 0.63, 95% CI: 0.44–0.92 and PR: 0.77, 95% CI: 0.59–1.00, respectively).

Conclusions: The results were unexpected. Parents who were most health-conscious of their children’s diet might also have been more aware of their children’s illness.
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Popular scientific summary


	We analysed cross-sectional associations between dietary patterns, common infections and antibiotic courses in Finnish preschoolers.

	Based on parents’ reports, a healthier dietary pattern was positively associated with the prevalence of common colds. An unhealthier dietary pattern was inversely associated with the prevalence of common colds and antibiotic courses, as well as the risk of gastroenteritis.

	Our unexpected results suggest that longitudinal designs and objective measures for assessing infections should be considered when investigating the subject.



Children attending preschool are at higher risk of contracting infections than children cared for at home (1–4). Upper respiratory tract and gastrointestinal infections are common and frequently experienced by preschoolers (5), although the common cold appears to be the most prevalent and recurrently encountered illness (5, 6). In addition to discomfort caused by infectious conditions, preschool-attributable illnesses often lead to parental absence from work, deficient utilisation of preschool, visits to physicians and prescriptions of antibiotics (2, 7). In the Netherlands, societal costs for care and treatment of gastroenteritis and influenza-like illnesses experienced by children attending preschool were estimated to be twice as high as those experienced by children not attending preschool (4). A similar trend may exist in other Western countries, where most young children attend preschool (8). It is therefore important to identify risk factors related to infections in preschoolers.

Nutrition has the potential to modify preschoolers’ predisposition to infections. Appropriate immune defence relies on sufficient intakes of energy (9) as well as numerous nutrients, such as protein (9), polyunsaturated fat (10), fibre (11), vitamin A (12), vitamin D (12), vitamin C (13), zinc (14) and iron (15), and their deficiencies can lead to a predisposition for recurrent infections (12, 16). However, diets high in sugar and saturated fat are common among children in Western countries (17), and these diets may interfere with mucosal immune defence (18–20). It is also known from previous research that the consumption of dairy containing probiotics or lactoferrin may prevent preschoolers’ infections (21–25), but nonsignificant results have also been reported (26–28). However, nutrients share complex interactions in immune function (29), and each food item contains multiple nutrients. As a diet is usually characterised by a mixture of different foods, it may not be meaningful to look at the separate effects of nutrients and food items (30, 31). Instead, a whole-diet approach such as dietary pattern analysis may be the most predictive in investigating the association between nutrition and infections among preschoolers (30–32). To the best of our knowledge, only one study to date has examined the importance of the whole diet for acquiring infectious diseases in preschoolers. In this study among Finnish preschoolers, a dietary pattern emphasising fruit and berry consumption was inversely associated with the prevalence of acute otitis media, while a dietary pattern emphasising biscuit and sweet pastry consumption was linked to higher odds of pneumococcal carriage (33).

To address the knowledge gap, we aimed to investigate whether data-derived dietary patterns are associated with common infections, namely common colds and gastroenteritis, among Finnish preschoolers using a validated food frequency questionnaire (FFQ) designed to assess the children’s diet as a whole. We also examined whether dietary patterns are associated with antibiotic use. We hypothesised that a healthier dietary pattern would be inversely associated with the infectious outcomes while an unhealthier dietary pattern would have a positive association.

Materials and methods

Study design and participants

This study was part of the Increased Health and Wellbeing in Preschools (DAGIS) research project. The overall aim of the project was to diminish socioeconomic differences in preschoolers’ energy balance-related behaviours. The study sample and the protocol have previously been described in detail (34, 35). Briefly, the cross-sectional survey was conducted between September 2015 and April 2016 in eight municipalities located in Southern and Western Finland. Families having 3–6-year-old children were recruited via contacting municipal or private preschools from whom the municipalities purchased education services. Eligible preschools had ≥1 group of children aged 3–6 years, were Finnish- or Swedish-speaking and provided day care only during the daytime. Of the contacted preschools, 86 (56%) were eligible and consented. Of the consenting preschools, all children in the age group 3–6 years (N = 3,592) and their families were invited to the survey. Altogether 864 children (24% of those invited) and their families from 66 preschools (43% of those invited) consented to participate, provided some data and formed the final survey sample. The study was conducted in accordance with the Declaration of Helsinki and was approved by the University of Helsinki Ethical Review Board in the Humanities and Social and Behavioural Sciences in February 2015 (Statement 6/2015).

Dietary assessment

Children’s food consumption was measured using a nonquantitative FFQ designed to estimate the usual frequency of consumption. The FFQ included 47 food items from the following seven food groups: vegetables, fruits and berries; dairy products; fish; meat and eggs; cereal products; drinks; and others (i.e., sweets and snacks). The parents reported how many times during the past week their child had consumed these foods outside preschool hours. The FFQ was intentionally restricted to not cover food consumption during the preschool hours since the parents would not have been able to reliably report it. For each food item, there were three answer options: ‘not at all’, ‘X times per day’ and ‘X times per week’. The parents were instructed to use the ‘not at all’ column or write the number in one of the other two answer columns that appeared more appropriate.

A posteriori data-derived dietary patterns were identified based on the FFQ data of 47 food groups using principal component analysis in our previous study (36). Principal component analysis combined the consumption of foods and beverages that correlated with each other (37). Briefly, three dietary patterns were identified based on the eigenvalue of ≥1.5, scree plot inspection and the reasonability of the pattern contents. Rerun with the three patterns was performed with an orthogonal Varimax rotation. Standardised pattern scores were calculated for each child. The dietary patterns were labelled ‘sweets-and-treats’, ‘health-conscious’ and ‘vegetables-and-processed meats’ and explained 16.7% of the variance in total (Table 1). The pattern score distributions were divided into groups of thirds that were labelled ‘low’, ‘moderate’ and ‘high’ adherence groups and used as predictors in this study.

 


Table 1.Description of the three dietary patterns identified in Finnish preschoolers participating in the DAGIS survey (2015–2016)


	Sweets-and-treats pattern
	Health-conscious pattern
	Vegetables-and-processed meats pattern





	Sweet biscuits and cereal bars (0.54)
	Plain nuts, almonds and seeds (0.59)
	Fresh vegetables (0.54)



	Chocolate (0.53)
	Natural yoghurt and quark (0.52)
	Cold cuts (0.51)



	Ice cream (0.50)
	Berries (0.47)
	Fresh fruit (0.40)



	Sweets (0.47)
	Egg (0.44)
	Flavoured yoghurt and quark (0.40)



	Soft drinks (0.47)
	Wholegrain porridge, nonsweetened breakfast cereals and muesli (0.43)
	Wholemeal bread (0.39)



	Sugar-sweetened juice drinks (0.42)
	Dried fruits and berries (0.41)
	High-fat cheese (0.36)



	Sweet pastries (0.38)
	Wholegrain rice and pasta (0.40)
	Fruit juice (0.36)



	Crisps and popcorn (0.37)
	Peas, beans, lentils and soya (0.33)
	Sausages, frankfurters and luncheon meats (0.33)



	Sugar-sweetened breakfast cereals and muesli (0.37)
	Cooked and canned vegetables (0.32)
	Berries (0.30)



	Flavoured nuts, almonds and seeds (0.35)
	Commercial baby foods and smoothies (0.31)
	



	Sausages, frankfurters and luncheon meats (0.31)
	
	



	Eigenvalue: 3.2
	Eigenvalue: 2.8
	Eigenvalue: 1.8



	Percentage of total variance explained: 6.8%
	Percentage of total variance explained: 6.1%
	Percentage of total variance explained: 3.8%



	Only food items loaded with an absolute value of ≥0.30 are shown. Absolute values are indicated in parentheses. For more detailed descriptions, see (36).





The FFQ has shown acceptable reproducibility (38) and validity against 3-day food records (39); it produced dietary patterns consistent with those derived from the food record data, and 72–73% of the children were classified into the same or adjacent quarters of the dietary pattern scores when the two methods were compared (39).

The FFQ also collected information on supplement use. The parents were instructed to specify which supplements, if any, their children had consumed during the past month. In the present study, we considered the supplemental intakes of vitamins A, C and D in addition to zinc, iron and probiotics. For each dietary supplement as well as for probiotic supplements, the children were divided into users (i.e., received more than 0 g/month of a particular nutrient or more than zero colony-forming units/month of any probiotics) and nonusers (i.e., received 0 g/month of a particular nutrient or zero colony-forming units/month of any probiotics).

Outcome assessment

We had three outcomes: the number of common colds (hereafter colds), gastroenteritis episodes and antibiotic courses that the children had experienced during the past year. The outcomes were retrospectively reported by the parents completing the survey questionnaire (see Supplementary Table 1 for more detailed information). Neither definitions for the outcomes nor other detailed reporting guidelines were provided. In the descriptive analyses, each outcome was divided into two categories based on their frequency distributions and reasonability: for colds, into frequently affected (≥5 episodes) and less affected (<5 episodes) children; for gastroenteritis, into affected (≥1 episode) and unaffected (0 episodes) children; and for antibiotic courses, into consumers (≥1 course) and nonconsumers (0 courses). In multivariable modelling, colds and antibiotic courses were kept in count form due to their wide frequency distributions. Gastroenteritis remained classified into unaffected and affected children due to its narrow frequency distribution and the abundance of values 0 and 1 (47 and 42% of all observed values, respectively).

As the families attended the survey at different times of the year, we took into account the date on which the parents reported the outcomes, hereafter termed as the research season. We divided the research season into three categories: September–October, November–December and January–April.

Covariates

Information about the following background factors was collected via the survey questionnaire completed by the parents: children’s age, sex and frequency of preschool attendance (days/week), as well as the number of children living in the same household, family’s highest education and family’s relative net incomes (euros/month). Age and family’s relative net incomes were used as continuous variables. The number of children living in the same household was divided into the following three categories in the descriptive analyses: (1) 0 children, (2) 1 child and (3) ≥2 children living in the same household. In multivariable modelling, this variable was used in countable form. Frequency of preschool attendance was divided into the following two categories in the descriptive analyses: (1) <5 days/week and (2) 5 days/week. In multivariable modelling, this was used as a countable variable. The parents reported their highest educational level among the following options: (1) comprehensive school, (2) vocational school, (3) high school, (4) bachelor’s degree or college, (5) master’s degree or (6) licentiate/doctor. These were further classified into the following three categories, the highest of which in the family was used in the analyses: (1) secondary school or lower, (2) bachelor’s degree or equivalent and (3) master’s degree or higher.

In the preschools, trained researchers measured children’s weight and height. Weight was measured using CAS portable bench scales (CAS PB-100/200) such that the children were without shoes and heavy clothing. Height was measured using stadiometers (SECA 217). Body mass index (BMI) was calculated as bodyweight (kg)/height2 (m). We used BMI as a continuous variable in the analyses. We also considered BMI as a categorical variable using extended international BMI cut-offs for weight status (underweight, normal weight, or overweight or obese) (40).

Statistical methods

We used independent samples t-tests to compare continuous covariates and chi-square tests for independence to compare categorical covariates across the groups of binary outcomes (see the section ‘Outcome assessment’). Chi-square tests were used to compare the total number of infectious outcomes across the thirds of the dietary pattern scores. Logistic regression models were applied to assess the associations between thirds of the dietary pattern scores and the risk of experiencing gastroenteritis, with results shown as unadjusted and adjusted odds ratios (ORs) and their 95% confidence intervals (CIs). Negative binomial regression models were applied to assess the associations between thirds of the dietary pattern scores and the prevalence of colds and antibiotic courses, with results shown as unadjusted and adjusted prevalence ratios (PRs) and their 95% CIs. We chose negative binomial models because the preplanned Poisson models demonstrated overdispersion, a higher range of residuals, and higher values of Akaike’s and Bayesian information criteria. We also tested zero-inflated regression models for antibiotics due to a plethora of zeros in the distribution, but the negative binomial model tended to have a lower range of residuals and lower values of Akaike’s and Bayesian information criteria. The unadjusted models simultaneously included the thirds of all three dietary patterns of which low adherence groups were set as the reference. The adjusted models additionally included the following covariates: age, sex, frequency of preschool attendance, number of children living in the same household, family’s highest education and use of probiotic supplements. Details of these covariates are summarised in Supplementary Table 1. We tested but did not include the following covariates in the final models since their effects on the estimates were not substantial in magnitude (Supplementary Tables 2–4) and included plenty of missing values: the research season, dietary supplement use (nutrients), BMI, weight status and family’s relative net income. We performed sensitivity analyses using continuous natural log-transformed dietary pattern scores as predictors since the dietary pattern score distributions were not normally distributed (data not shown). We also fitted separate models for the thirds of each dietary pattern and obtained comparable results to the joint models (data not shown). All statistical analyses were performed at the 5% level of significance using RStudio version 2022.07.1 and R version 4.2.1. The functions glm and glm.nb from the package MASS were used for the logistic and negative binomial regression analyses, respectively.

Results

Participant characteristics

The current study included 721 children (83% of the final survey sample) with complete data on food consumption and gastroenteritis episodes. Compared with the excluded children who did not report the complete data (n = 143), the current study sample comprised a higher proportion of children who came from higher educated families and did not attend preschool 5 days a week (Supplementary Table 5). No other differences between excluded and included children were observed in terms of the examined variables.

Median number of gastroenteritis episodes was one (range: 0–5, interquartile range [IQR]: 0–1), of colds two (range: 0–15, IQR: 2–4) and of antibiotic courses zero (range: 0–11, IQR: 0–1). Nearly one-sixth of the children were affected by ≥5 colds during the past year (Table 2). Roughly half of the children were affected by ≥1 gastroenteritis episode, and nearly half had consumed ≥1 antibiotic course. The children affected by ≥5 colds and consuming ≥1 antibiotic course were younger on average than their less affected and nonconsuming peers. The children affected by ≥1 gastroenteritis episode and consuming ≥1 antibiotic course more likely attended preschool 5 days/week than their unaffected and nonconsuming peers. The children affected by ≥5 colds more likely used probiotics and came from the high-educated families than their less affected peers, but the latter difference did not reach statistical significance.

 


Table 2.Background information by the prevalence of common infections and antibiotic use among Finnish preschoolers (n = 706–721) participating in the DAGIS survey (2015–2016)


	Background factors
	All
	Episodes of gastroenteritis during the past year
	Episodes of common colds during the past year
	Courses of antibiotics during the past year



	0
	≥1
	P
	0–4
	≥5
	P
	0
	≥1
	P





	n (%)
	721 (100)
	342 (47)
	379 (53)
	
	602 (83)
	116 (16)
	
	394 (55)
	325 (45)
	



	 Boys, n (%)
	368 (51)
	178 (52)
	190 (50)
	0.608
	302 (50)
	64 (55)
	0.323
	193 (49)
	173 (53)
	0.257



	Age, years



	 Mean ± SD
	4.7 ± 0.89
	4.7 ± 0.93
	4.8 ± 0.86
	0.239
	4.8 ± 0.90
	4.4 ± 0.82
	<0.001
	4.8 ± 0.90
	4.6 ± 0.88
	0.012



	Preschool attendance, n (%)



	 5 days/week
	454 (63)
	198 (58)
	256 (68)
	0.008
	379 (63)
	73 (63)
	0.979
	235 (60)
	218 (67)
	0.044



	 Missing
	1 (0.14)
	1 (0.29)
	0 (0)
	
	1 (0.16)
	0 (0)
	
	1 (0.25)
	0 (0)
	



	Highest educational level in the family, n (%)
	
	
	
	0.908
	
	
	0.058
	
	
	0.462



	 Secondary school or lower
	151 (21)
	71 (21)
	80 (21)
	
	126 (21)
	24 (21)
	
	80 (20)
	70 (22)
	



	 Bachelor’s degree or equivalent
	304 (42)
	147 (43)
	157 (41)
	
	264 (44)
	39 (34)
	
	175 (44)
	129 (40)
	



	 Master’s degree or higher
	262 (36)
	122 (36)
	140 (37)
	
	208 (35)
	53 (46)
	
	138 (35)
	124 (38)
	



	 Missing
	4 (0.55)
	2 (0.58)
	2 (0.53)
	
	4 (0.66)
	0 (0)
	
	1 (0.25)
	2 (0.62)
	



	Number of children living in the same household, n (%)
	
	
	
	0.179
	
	
	0.256
	
	
	0.069



	 0
	95 (13)
	52 (15)
	43 (11)
	
	77 (13)
	18 (16)
	
	45 (11)
	50 (15)
	



	 1
	400 (55)
	179 (52)
	221 (58)
	
	329 (55)
	69 (60)
	
	213 (54)
	186 (57)
	



	 ≥2
	226 (31)
	111 (32)
	115 (30)
	
	196 (33)
	29 (25)
	
	136 (35)
	89 (27)
	



	Used probiotic supplements, n (%)



	 Yes
	80 (11)
	40 (12)
	40 (11)
	0.632
	57 (9.5)
	22 (19)
	0.003
	38 (9.6)
	41 (13)
	0.197



	 Missing
	7 (0.97)
	3 (0.88)
	4 (1.1)
	
	6 (1.0)
	1 (0.86)
	
	3 (0.76)
	4 (1.2)
	



	Age was compared between the outcome categories using independent samples t-test. Categorical covariates were compared between the outcome categories using chi-square independence test. Missing observations are shown if they were present. Significant differences (P < 0.05) are indicated in boldface.



	SD, Standard deviation.





Characteristics of the children also differed by adherence to the dietary patterns (Supplementary Table 6). For example, the children with low and moderate adherence to the sweets-and-treats pattern more likely came from high-educated families than their peers with high adherence (40, 40 and 29%, respectively; P = 0.038). Moreover, the children with high and moderate adherence to the health-conscious pattern more likely came from high-educated families than their peers with low adherence (44, 39 and 27%, respectively; P = 0.001).

Dietary patterns in relation to common infections and antibiotic courses

Total number of colds and antibiotic courses differed significantly within the sweets-and-treats pattern, being highest in low adherence (Table 3), and within the health-conscious pattern, being highest in high adherence.

 


Table 3.Total number of parent-reported infection episodes and antibiotic courses by adherence to dietary patterns among Finnish preschoolers participating in the DAGIS survey (2015–2016)


	Adherence to dietary patterns
	n
	Gastroenteritis, total number of episodes during the past year
	Common colds, total number of episodes during the past year
	Antibiotics, total number of courses during the past year





	Sweets-and-treats



	Low
	240
	166
	764
	216



	Moderate
	241
	150
	679
	168



	High
	240
	152
	661
	184



	P
	
	0.614
	0.013
	0.043



	Health-conscious



	Low
	240
	167
	664
	172



	Moderate
	241
	151
	662
	178



	High
	240
	150
	778
	218



	P
	
	0.558
	0.002
	0.037



	Vegetables-and-processed meats



	Low
	240
	158
	702
	192



	Moderate
	241
	136
	701
	177



	High
	240
	174
	701
	199



	P
	
	0.097
	0.999
	0.513



	In total
	721
	468
	2,104
	568



	Total numbers of infection episodes and antibiotic courses across adherence groups were compared using the chi-square test assuming the expected proportion in each adherence group is 1/3. Significant differences (P < 0.05) are indicated in boldface.





In the unadjusted regression models, the risk of experiencing ≥1 gastroenteritis episode was lower in moderate adherence to the sweets-and-treats pattern than in low adherence (Table 4). Prevalence of colds was lower in high adherence to the sweets-and-treats pattern than in low adherence and higher in high adherence to the health-conscious pattern than in low adherence.

 


Table 4.Adherence to dietary patterns and their cross-sectional associations with common infections and antibiotic courses among Finnish preschoolers (n = 706–721) participating in the DAGIS survey (2015–2016)


	Adherence to dietary patterns
	Affected by gastroenteritis (≥1 episode) during the past year
	Prevalence of common colds during the past year
	Prevalence of antibiotic courses during the past year



	OR (95% CI), unadjusteda
	P
	OR (95% CI), adjustedb
	P
	PR (95% CI), unadjusteda
	P
	PR (95% CI), adjustedb
	P
	PR (95% CI), unadjusteda
	P
	PR (95% CI), adjustedb
	P





	Sweets-and-treats



	 Low
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	



	 Moderate
	0.68 (0.47–0.98)
	0.038
	0.63 (0.44–0.92)
	0.016
	0.90 (0.80–1.00)
	0.060
	0.89 (0.80–1.00)
	0.047
	0.80 (0.61–1.05)
	0.100
	0.77 (0.59–1.00)
	0.047



	 High
	0.78 (0.54–1.13)
	0.186
	0.75 (0.51–1.09)
	0.130
	0.86 (0.77–0.97)
	0.013
	0.88 (0.79–0.99)
	0.032
	0.86 (0.66–1.12)
	0.260
	0.89 (0.69–1.15)
	0.375



	Health-conscious



	 Low
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	



	 Moderate
	0.85 (0.59–1.22)
	0.379
	0.85 (0.59–1.24)
	0.399
	0.99 (0.88–1.11)
	0.807
	0.98 (0.87–1.10)
	0.737
	1.02 (0.78–1.34)
	0.880
	1.04 (0.79–1.35)
	0.798



	 High
	0.74 (0.51–1.06)
	0.099
	0.78 (0.53–1.14)
	0.199
	1.16 (1.03–1.30)
	0.012
	1.13 (1.01–1.27)
	0.038
	1.22 (0.93–1.59)
	0.140
	1.18 (0.90–1.54)
	0.232



	Vegetables-and-processed meats



	 Low
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	
	Ref.
	



	 Moderate
	0.79 (0.55–1.14)
	0.213
	0.75 (0.52–1.09)
	0.135
	0.99 (0.89–1.12)
	0.979
	1.01 (0.90–1.13)
	0.874
	0.94 (0.72–1.22)
	0.620
	0.93 (0.71–1.21)
	0.576



	 High
	1.23 (0.86–1.78)
	0.257
	1.26 (0.86–1.83)
	0.235
	1.00 (0.89–1.12)
	0.974
	1.02 (0.91–1.15)
	0.710
	1.03 (0.80–1.34)
	0.800
	1.09 (0.84–1.41)
	0.528



	 n
	721
	
	709
	
	718
	
	706
	
	719
	
	708
	



	Logistic regression analysis was used for gastroenteritis. Negative binomial regression analysis was used for common colds and antibiotic courses.



	Significant associations (P < 0.05) are indicated in boldface.



	aThe thirds of all three dietary patterns were entered to the model simultaneously.



	bAdjusted for age (years), sex, number of children living in the same household, highest educational level in the family (secondary school or lower, bachelor’s degree or equivalent, or master’s degree or higher), frequency of preschool attendance (days/week) and use of probiotic supplements (yes or no).



	CI, Confidence interval; OR, Odds ratio; PR, Prevalence ratio; Ref., Reference group.





After adjusting for age, sex, number of children living in the same household, frequency of preschool attendance, highest education in the family and probiotic use, the risk of experiencing ≥1 gastroenteritis episode remained lower in moderate adherence to the sweets-and-treats pattern than in low adherence (Table 4). Prevalence of colds was lower in both moderate and high adherence to the sweets-and-treats pattern than in low adherence and was higher in high adherence to the health-conscious pattern than in low adherence. Moreover, prevalence of antibiotic courses was lower in moderate adherence to the sweets-and-treats pattern than in low adherence. Prevalence of infectious outcomes did not differ significantly within the categories of adherence to the vegetables-and-processed meats pattern.

Sensitivity analyses

Sensitivity analyses using continuous log-transformed dietary pattern scores as predictors produced rather similar results. The sweets-and-treats pattern scores were inversely associated with the prevalence of colds (unadjusted PR: 0.80, 95% CI: 0.70–0.93, P = 0.003; adjusted PR: 0.83, 95% CI: 0.72–0.96, P = 0.014). Health-conscious pattern scores tended to be positively associated with the prevalence of colds (unadjusted PR: 1.19, 95% CI: 1.03–1.39, P = 0.023; adjusted PR: 1.15, 95% CI: 0.99–1.35, P = 0.078). No other significant associations were observed.

Discussion

The results of this cross-sectional study among Finnish preschoolers contradicted the hypothesised outcome. The sweets-and-treats pattern was inversely associated with the prevalence of colds, while the health-conscious pattern showed a positive association. Also, the sweets-and-treats pattern tended to be inversely associated with the risk of experiencing ≥1 gastroenteritis episode and the prevalence of antibiotic courses. No significant associations between the vegetables-and-processed meats pattern and infectious outcomes were found.

Our results were not plausible from a biological viewpoint, nor were they coherent with the concept of overall health promotion. Frequent consumption of foods included in the health-conscious pattern can increase the intakes of polyunsaturated fatty acids, fibre, zinc, iron and vitamins A, D and C, all of which are essential in immune defence (10–15). Presumably, frequent consumption of sweets and snacks included in the sweets-and-treats pattern does not increase the nutrient density or fibre content of the diet but may replace healthier options. Also, sweets and snacks tend to be high in sugar and fat, particularly saturated fat. Excess sugar and fat per se may impair the mucosal epithelial barrier function in the gut (18, 19). Saturated fatty acids may additionally stimulate innate immune cells to induce unnecessary inflammation (19, 20).

Our results also contradicted previous research on preschoolers’ overall diet and infections. An earlier cross-sectional study among Finnish preschoolers demonstrated an inverse association between a dietary pattern emphasising fruit and berry consumption and the prevalence of acute otitis media (33). The study also found a positive association between a dietary pattern emphasising biscuit and sweet pastry consumption and the risk of pneumococcal carriage (33). However, the previous study extracted altogether nine dietary patterns, although the content of all of them did not seem meaningful; the proportions of variances or the absolute values of food loadings were also not presented (33). It has been recommended to retain fewer patterns to obtain meaningful pattern contents (41). Compared with the previous study’s nine dietary patterns, our study detected three dietary patterns that demonstrated reproducible contents (36). Nevertheless, the previous study found plausible associations, probably due to the fact the parents reported physician-diagnosed episodes of acute otitis media, and biological samples were taken (33). By contrast, our parents retrospectively reported the outcomes without provision of specific reporting guidelines or physician confirmation. These limitations may have affected our results.

Our main finding was that healthier dietary habits were associated with higher prevalence of colds and unhealthier diets with lower prevalence. Gastroenteritis episodes and antibiotic use tended to show similar associations. Previous studies have reported that parents’ healthy eating attitudes, nutritional knowledge and concerns about disease prevention can be related to their children’s healthier diets (42–44). Moreover, given that both recalling colds and gastroenteritis episodes and seeking antibiotics required parental effort, we presume our unexpected results might derive from parental behaviour, that is, the most health-conscious parents might recall symptoms suggesting colds and gastroenteritis and seek care for illnesses more vigorously than their less health-conscious peers. We noted that children with healthier dietary habits mostly came from high-educated families. Likewise, the children frequently sustaining colds tended to mostly come from high-educated families. In another cross-sectional study of Finnish preschoolers, both maternal and paternal academic degrees were linked to a higher risk of parent-reported recurrent respiratory illness relative to nonacademic degrees in univariable models, and the same was true for mothers in the multivariable stepwise model (45). The authors suggested that the difference was due to recall bias (45). Another Finnish study reported that higher educated parents had more positive attitudes towards using medicines for their children under 12 years of age than lower educated parents (46). Here, however, adjustment for the family’s highest education or the other covariates did not affect the estimates. On the other hand, 80% of the children in our study came from academically educated families. The corresponding proportions were 25% for mothers and 31% for fathers in the previous study finding positive relationships between parental education and respiratory illness (45). In our study, there may not have been enough variation in educational levels to detect their possible confounding role. Also, more research is warranted to determine which indicators of socioeconomic status are most consistently related to infectious outcomes. Parental working status and household’s income level have also been linked to Finnish parents’ attitudes towards using medication for their children (46). Nevertheless, to the best of our knowledge, previous research on the topic is sparse, and similar associations to ours have not been reported. Our interpretation of the results thus remains speculative. We also acknowledge the possibility that the results were due to chance since the magnitude of the associations observed was generally modest, mainly of borderline statistical significance.

We found no associations between the vegetables-and-processed meats pattern and the infectious outcomes. This dietary pattern included food items rich in micronutrients and fibre as well as those typically high in fat, particularly saturated fat. Somewhat similarly, among Dutch 1–4-year-old children suffering from recurrent upper respiratory infections, a 6-month dietary intervention aimed at frequent consumption of green vegetables, beef, whole milk and butter did not reduce the number of upper respiratory infections compared with habitual food consumption (47). In our study, habitual consumption of both beneficial and potentially harmful food items might neutralise the contribution of the vegetables-and-processed meats pattern to immunity. In fact, as a diet typically consists of both healthier and less healthy choices, one should be aware of the possibility that dietary habits may not ultimately play a significant role in preschoolers’ susceptibility to infections if well-nourished per se. We previously reported that our study population comprised mainly normal weight children (81% of 3–4-year-olds and 79% of 5–6-year-olds) (48), and here, test adjustments for BMI and weight status did not significantly modify our results. However, underweight children of Western countries may be at risk of infections, while the risk is less clear in overweight and obese children (49). Weight status may be linked to immune dysfunction through increased inflammation and impaired regulation of immune responses (50). Future studies addressing the role of weight status may aid in elucidating the relation between diet and infections in preschoolers of Western countries.

A strength of our study includes the relatively large sample size. Moreover, we focused on children’s diet as a whole, instead of single nutrients or food items. Individual dietary components might not have had the power to similarly reveal the observed associations (30, 31). Furthermore, the dietary patterns were based on the FFQ showing acceptable validity (39) and reproducibility (38). We used a 1-week reference period for our FFQ to estimate children’s usual consumption frequency. Since FFQs rely on generic rather than episodic memory (51, 52) and recalling food consumption even for the previous day can be demanding and introduce recall bias (53, 54), we considered parents’ retrospective reports for the previous week to be applicable to describe children’s usual food consumption outside preschool hours. In addition, we looked at the associations at the dietary pattern level. It has been shown that dietary patterns are relatively stable throughout childhood (55). However, since the FFQ did not cover food consumption during preschool hours, the dietary patterns did not reflect the children’s overall diet. This was intentional since the parents could not have reliably assessed their children’s food consumption during preschool hours. The previous study seemed to measure preschoolers’ overall diet using an FFQ; however, the authors did not discuss the reliability of assessing food consumption during preschool hours (33). We acknowledge that reliable measures of food consumption during preschool hours and their inclusion in the analysis can give a more accurate picture of the importance of the whole diet for infections. Nevertheless, in Finland, the municipality offers three free meals during the preschool day to all children. Daily meals are offered regularly, and each meal should consist of certain food groups (56). It is also recommended that the menus are rotated at regular intervals (56). Therefore, the greatest variation in the dietary habits of Finnish preschoolers presumably derives from foods consumed outside preschool hours. In addition, our results would have been based on a biased number of infectious episodes and antibiotic courses regardless of whether the food consumption during preschool hours had been included in the dietary pattern analysis.

The generalisability of our results is somewhat limited since 80% of the children came from families with at least a bachelor’s degree or equivalent. In Finland overall, 39% of 30–34-year-olds, 44% of 35–39-year-olds and 47% of 40–44-year-olds have at least a bachelor’s degree or equivalent (57). Furthermore, due to our cross-sectional design, conclusions about causality cannot be drawn, and the possibility of reverse causality should be considered; parents whose children were frequently affected by infections during the preceding year might later improve the quality of their child’s diet. Also, a 1-year retrospective reporting period for the infectious outcomes might cause recall bias, and the lack of adequate reporting guidelines has likely allowed parents to interpret symptoms differently, both exposing our results to misreporting. More reliable information on the use of antibiotics would have been obtained from the national prescription register, but unfortunately, the data were not available for the children in our study. Moreover, possible contribution of other factors beyond our control must be acknowledged; the epidemiology of infections can be multifactorial (1, 2, 45, 58), and dietary patterns can have strong interactions with many lifestyle traits (37). Nevertheless, we could not record the infectious outcomes and related risk factors as comprehensively as the current topic would have required since the DAGIS study was primarily designed to evaluate factors associated with energy balance-related behaviour in preschoolers (34, 35). Other limitations include subjective decision-making being present when identifying dietary patterns and the dietary patterns combined explaining a relatively low proportion of the children’s food consumption.

Conclusions

The results of this study in Finnish preschoolers were unexpected. A healthier dietary pattern was associated with higher prevalence of colds, while an unhealthier dietary pattern showed lower associations. A similar tendency was observed for antibiotic use and gastroenteritis. Parents who were more health-conscious of their children’s diet might also be more aware of their children’s illness than less health-conscious parents.

Nevertheless, previous research on the topic appeared sparse. Further investigation is warranted to resolve whether dietary habits contribute to susceptibility to infections in preschoolers of Western countries. To obtain valid infectious outcomes, a prospective design should be implemented and objective measures or adequate reporting guidelines should be considered.

Acknowledgements

The authors thank the preschools, the preschool personnel, the families for their participation in the DAGIS study and the research staff for data collection. The authors thank the collaborating partners of the DAGIS study for providing assistance in designing the DAGIS study.

Conflict of interest and funding

The authors declare no potential conflicts of interest. This research was funded by Folkhälsan Research Center, University of Helsinki, the Ministry of Education and Culture in Finland, the Ministry of Social Affairs and Health, the Academy of Finland (Grants: 285439, 287288, 288038, 315816), the Juho Vainio Foundation, the Signe and Ane Gyllenberg Foundation, the Finnish Cultural Foundation/South Ostrobothnia Regional Fund, the Päivikki and Sakari Sohlberg Foundation, Medicinska Föreningen Liv och Hälsa, Finnish Foundation for Nutrition Research and Finnish Food Research Foundation. Open access funded by Helsinki University Library. None of the funders had any role in the design, analysis or writing of this article.

Authors’ contributions

ME, ER, NS and HV conceptualised the DAGIS survey and conducted the investigation. HP, ME, AMP and HV formulated the research questions and designed the study. HP performed the statistical analyses and wrote the manuscript. ME, AMA, MHL, ER, NS, AMP and HV critically reviewed, edited and approved the final manuscript.

References


	1. 	Kvaerner KJ, Nafstad P, Jaakkola JJ. Upper respiratory morbidity in preschool children: a cross-sectional study. Arch Otolaryngol Head Neck Surg 2000; 126: 1201–6. doi: 10.1001/archotol.126.10.1201

	2. 	Forssell G, Hakånsson A, Månsson NO. Risk factors for respiratory tract infections in children aged 2–5 years. Scand J Prim Health Care 2001; 19: 122–5. doi: 10.1080/028134301750235376

	3. 	Hagerhed-Engman L, Bornehag CG, Sundell J, Åberg N. Day-care attendance and increased risk for respiratory and allergic symptoms in preschool age. Allergy 2006; 61: 447–53. doi: 10.1111/j.1398-9995.2006.01031.x

	4. 	Enserink R, Lugnér A, Suijkerbuijk A, Bruijning-Verhagen P, Smit HA, van Pelt W. Gastrointestinal and respiratory illness in children that do and do not attend child day care centers: a cost-of-illness study. PLoS One 2014; 9: e104940. doi: 10.1371/journal.pone.0104940

	5. 	Nordlie AL, Andersen BM. Barn i barnehager – infeksjoner og bruk av antibiotika [Children in day care centers – infections and use of antibiotics]. Tidsskr Nor Laegeforening 2002; 122: 2707–10.

	6. 	Zutavern A, Rzehak P, Brockow I, Schaaf B, Bollrath C, Berg AV, et al. Day care in relation to respiratory-tract and gastrointestinal infections in a German birth cohort study. Acta Paediatr 2007; 96: 1494–9. doi: 10.1111/j.1651-2227.2007.00412.x

	7. 	Edwards CH, Bekkevold T, Flem E. Lost workdays and healthcare use before and after hospital visits due to rotavirus and other gastroenteritis among young children in Norway. Vaccine 2017; 35: 3528–33. doi: 10.1016/j.vaccine.2017.05.037

	8. 	Kumpulainen T (editor). Key figures on early childhood and basic education in Finland. Reports and surveys 3/2018. Finnish National Agency for Education. Available from: https://www.oph.fi/sites/default/files/documents/key-figures-on-early-childhood-and-basic-education-in-finland.pdf [cited 29 October 2022].

	9. 	Calder PC. Feeding the immune system. Proc Nutr Soc 2013; 72: 299–309. doi: 10.1017/S0029665113001286

	10. 	Buaud B. How fats we eat modulate our immunity? OCL 2020; 27: 22. doi: 10.1051/ocl/2020009

	11. 	Makki K, Deehan EC, Walter J, Bäckhed F. The impact of dietary fiber on gut microbiota in host health and disease. Cell Host Microbe 2018; 23: 705–15. doi: 10.1016/j.chom.2018.05.012

	12. 	Ibrahim MK, Zambruni M, Melby CL, Melby PC. Impact of childhood malnutrition on host defense and infection. Clin Microbiol Rev 2017; 30: 919–71. doi: 10.1128/CMR.00119-16

	13. 	Carr AC, Maggini S. Vitamin C and immune function. Nutrients 2017; 9: 1211. doi: 10.3390/nu9111211

	14. 	Wessels I, Maywald M, Rink L. Zinc as a gatekeeper of immune function. Nutrients 2017; 9: 1286. doi: 10.3390/nu9121286

	15. 	Cherayil BJ. Iron and immunity: immunological consequences of iron deficiency and overload. Arch Immunol Ther Exp (Warsz) 2010; 58: 407–15. doi: 10.1007/s00005-010-0095-9

	16. 	Bailey RL, Jr KPW, Black RE. The epidemiology of global micronutrient deficiencies. Ann Nutr Metab 2015; 66: S22–33. doi: 10.1159/000371618

	17. 	Rippin HL, Hutchinson J, Jewell J, Breda JJ, Cade JE. Child and adolescent nutrient intakes from current national dietary surveys of European populations. Nutr Res Rev 2019; 32: 38–69. doi: 10.1017/S0954422418000161

	18. 	Satokari R. High intake of sugar and the balance between pro- and anti-inflammatory gut bacteria. Nutrients 2020; 12: 1348. doi: 10.3390/nu12051348

	19. 	Rohr MW, Narasimhulu CA, Rudeski-Rohr TA, Parthasarathy S. Negative effects of a high-fat diet on intestinal permeability: a review. Adv Nutr 2020; 11: 77–91. doi: 10.1093/advances/nmz061

	20. 	Myles IA. Fast food fever: reviewing the impacts of the Western diet on immunity. Nutr J 2014; 13: 61. doi: 10.1186/1475-2891-13-61

	21. 	Corsello G, Carta M, Marinello R, Picca M, De Marco G, Micillo M, et al. Preventive effect of cow’s milk fermented with Lactobacillus paracasei CBA L74 on common infectious diseases in children: a multicenter randomized controlled trial. Nutrients 2017; 9: 669. doi: 10.3390/nu9070669

	22. 	Nocerino R, Paparo L, Terrin G, Pezzella V, Amoroso A, Cosenza L, et al. Cow’s milk and rice fermented with Lactobacillus paracasei CBA L74 prevent infectious diseases in children: a randomized controlled trial. Clin Nutr 2017; 36: 118–25. doi: 10.1016/j.clnu.2015.12.004

	23. 	Hojsak I, Snovak N, Abdović S, Szajewska H, Mišak Z, Kolaček S. Lactobacillus GG in the prevention of gastrointestinal and respiratory tract infections in children who attend day care centers: a randomized, double-blind, placebo-controlled trial. Clin Nutr 2010; 29: 312–6. doi: 10.1016/j.clnu.2009.09.008

	24. 	Merenstein D, Murphy M, Fokar A, Hernandez RK, Park H, Nsouli H, et al. Use of a fermented dairy probiotic drink containing Lactobacillus casei (DN-114 001) to decrease the rate of illness in kids: the DRINK study A patient-oriented, double-blind, cluster-randomized, placebo-controlled, clinical trial. Eur J Clin Nutr 2010; 64: 669–77. doi: 10.1038/ejcn.2010.65

	25. 	Tsukahara T, Fujimori A, Misawa Y, Oda H, Yamauchi K, Abe F, et al. The preventive effect of lactoferrin-containing yogurt on gastroenteritis in nursery school children – intervention study for 15 weeks. Int J Environ Res Public Health 2020; 17: 2534. doi: 10.3390/ijerph17072534

	26. 	Hatakka K, Savilahti E, Pönkä A, Meurman JH, Poussa T, Näse L, et al. Effect of long term consumption of probiotic milk on infections in children attending day care centres: double blind, randomised. BMJ 2001; 322: 1327. doi: 10.1136/bmj.322.7298.1327

	27. 	Kumpu M, Kekkonen RA, Kautiainen H, Järvenpää S, Kristo A, Huovinen P, et al. Milk containing probiotic Lactobacillus rhamnosus GG and respiratory illness in children: a randomized, double-blind, placebo-controlled trial. Eur J Clin Nutr 2012; 66: 1020–3. doi: 10.1038/ejcn.2012.62

	28. 	Prodeus A, Niborski V, Schrezenmeir J, Gorelov A, Shcherbina A, Rumyantsev A. Fermented milk consumption and common infections in children attending day-care centers: a randomized trial. J Pediatr Gastroenterol Nutr 2016; 63: 534–43. doi: 10.1097/MPG.0000000000001248

	29. 	Gombart AF, Pierre A, Maggini S. A review of micronutrients and the immune system – working in harmony to reduce the risk of infection. Nutrients 2020; 12: 236. doi: 10.3390/nu12010236

	30. 	Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin Lipidol 2002; 13: 3–9. doi: 10.1097/00041433-200202000-00002

	31. 	Willett W. Issues in analysis and presentation of dietary data. In: Willett W, ed. Nutritional epidemiology [Internet]. 3rd ed. New York: Oxford University Press; 2012. pp. 305–33.

	32. 	Theobald H. A whole diet approach to healthy eating. Nutr Bull 2004; 29(1): 44–9. doi: 10.1111/j.1467-3010.2003.00389.x

	33. 	Tapiainen T, Paalanne N, Arkkola T, Renko M, Pokka T, Kaijalainen T, et al. Diet as a risk factor for pneumococcal carriage and otitis media: a cross-sectional study among children in day care centers. PLoS One 2014; 9: e90585. doi: 10.1371/journal.pone.0090585

	34. 	Lehto E, Ray C, Vepsäläinen H, Korkalo L, Lehto R, Kaukonen R, et al. Increased health and wellbeing in preschools (dagis) study—differences in children’s energy balance-related behaviors (ebrbs) and in long-term stress by parental educational level. Int J Environ Res Public Health 2018; 15: 2313. doi: 10.3390/ijerph15102313

	35. 	Määttä S, Lehto R, Nislin M, Ray C, Erkkola M, Sajaniemi N, et al. Increased health and well-being in preschools (DAGIS): rationale and design for a randomized controlled trial. BMC Public Health 2015; 15: 402. doi: 10.1186/s12889-015-1744-z

	36. 	Vepsäläinen H, Korkalo L, Mikkilä V, Lehto R, Ray C, Nissinen K, et al. Dietary patterns and their associations with home food availability among Finnish pre-school children: a cross-sectional study. Public Health Nutr 2018; 21: 1232–42. doi: 10.1017/s1368980017003871

	37. 	Zhao J, Li Z, Gao Q, Zhao H, Chen S, Huang L, et al. A review of statistical methods for dietary pattern analysis. Nutr J 2021; 20: 37. doi: 10.1186/s12937-021-00692-7

	38. 	Määttä S, Vepsäläinen H, Lehto R, Erkkola M, Roos E, Ray C. Reproducibility of preschool personnel and guardian reports on energy balance-related behaviors and their correlates in Finnish preschool children. Children 2018; 5: 144. doi: 10.3390/children5110144

	39. 	Korkalo L, Vepsäläinen H, Ray C, Skaffari E, Lehto R, Hauta-alus H, et al. Parents’ reports of preschoolers’ diets: relative validity of a food frequency questionnaire and dietary patterns. Nutrients 2019; 11: 159. doi: 10.3390/nu11010159

	40. 	Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr Obes 2012; 7: 284–94. doi: 10.1111/j.2047-6310.2012.00064.x

	41. 	Fransen HP, May AM, Stricker MD, Boer JMA, Hennig C, Rosseel Y, et al. A posteriori dietary patterns: how many patterns to retain? J Nutr 2014; 144: 1274–82. doi: 10.3945/jn.113.188680

	42. 	Romanos-Nanclares A, Zazpe I, Santiago S, Marín L, Rico-Campà A, Martín-Calvo N. Influence of parental healthy-eating attitudes and nutritional knowledge on nutritional adequacy and diet quality among preschoolers: the SENDO project. Nutrients 2018; 10: 1875. doi: 10.3390/nu10121875

	43. 	Peters J, Dollman J, Petkov J, Parletta N. Associations between parenting styles and nutrition knowledge and 2–5-year-old children’s fruit, vegetable and non-core food consumption. Public Health Nutr 2013; 16: 1979–87. doi: 10.1017/S1368980012004648

	44. 	Gibson EL, Wardle J, Watts CJ. Fruit and vegetable consumption, nutritional knowledge and beliefs in mothers and children. Appetite 1998; 31: 205–28. doi: 10.1006/appe.1998.0180

	45. 	Hatakka K, Piirainen L, Pohjavuori S, Poussa T, Savilahti E, Korpela R. Factors associated with acute respiratory illness in day care children. Scand J Infect Dis 2010; 42: 704–11. doi: 10.3109/00365548.2010.483476

	46. 	Hämeen-Anttila K, Halonen P, Siponen S, Holappa M, Ahonen R. Parental attitudes toward medicine use in children in Finland. Int J Clin Pharm 2011; 33: 849. doi: 10.1007/s11096-011-9549-3

	47. 	van der Gaag E, Brandsema R, Nobbenhuis R, van der Palen J, Hummel T. Influence of dietary advice including green vegetables, beef, and whole dairy products on recurrent upper respiratory tract infections in children: a randomized controlled trial. Nutrients 2020; 12: 272. doi: 10.3390/nu12010272

	48. 	Bäck S, Skaffari E, Vepsäläinen H, Lehto R, Lehto E, Nissinen K, et al. Sustainability analysis of Finnish pre-schoolers’ diet based on targets of the EAT-Lancet reference diet. Eur J Nutr 2022; 61: 717–28. doi: 10.1007/s00394-021-02672-3

	49. 	Dobner J, Kaser S. Body mass index and the risk of infection – from underweight to obesity. Clin Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect Dis 2018; 24: 24–8. doi: 10.1016/j.cmi.2017.02.013

	50. 	Bourke CD, Berkley JA, Prendergast AJ. Immune dysfunction as a cause and consequence of malnutrition. Trends Immunol 2016; 37: 386–98. doi: 10.1016/j.it.2016.04.003

	51. 	Willett W. Food frequency methods. In: Willett W, ed. Nutritional epidemiology. 3rd ed. New York: Oxford University Press; 2012, pp. 70–95.

	52. 	Thompson FE, Kirkpatrick SI, Krebs-Smith SM, Reedy J, Schap TE, Subar AF, et al. The National Cancer Institute’s dietary assessment primer: a resource for diet research. J Acad Nutr Diet 2015; 115: 1986–95. doi: 10.1016/j.jand.2015.08.016

	53. 	Macdiarmid J, Blundell J. Assessing dietary intake: who, what and why of under-reporting. Nutr Res Rev 1998; 11: 231–53. doi: 10.1079/NRR19980017

	54. 	Shim JS, Oh K, Kim HC. Dietary assessment methods in epidemiologic studies. Epidemiol Health 2014; 36: e2014009. doi: 10.4178/epih/e2014009

	55. 	Northstone K, Emmett PM. Are dietary patterns stable throughout early and mid-childhood? A birth cohort study. Br J Nutr 2008; 100: 1069–76. doi: 10.1017/S0007114508968264

	56. 	National Nutrition Council. Health and joy from food – meal recommendations for early childhood education and care. Helsinki, Finland: National Institute for Health and Welfare; 2018. Available from: http://urn.fi/URN:ISBN:978-952-343-033-4 [cited 18 March 2023].

	57. 	Official Statistics of Finland (OSF). Educational structure of population [e-publication]. Helsinki: Statistics Finland. Available from: https://www.stat.fi/til/vkour/2017/vkour_2017_2018-11-02_tie_001_en.html [cited 29 October 2022].

	58. 	Enserink R, Mughini-Gras L, Duizer E. Risk factors for gastroenteritis in child day care. Epidemiol Infect 2015; 143: 2707–20. doi: 10.1017/S0950268814003367



*Henna Peltonen
Department of Food and Nutrition
University of Helsinki
PO BOX 66
FI-00014 Helsinki
Finland
Email: henna.peltonen@helsinki.fi

OPS/CoverDesign.jpg
1SSN 16546628

food & nutrition

research

Associations of dietary patterns with common nfections
and antibiotic use among Finnish preschoolers

Henna Peltonen, Maijalisa Erkkolo, Anna M. Abdollahi,
Mag H. Leppénen, Eva Roos, Nina Scjariern,

Anne-Maria Pajari and Henna Vepsélinen





