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ABSTRACT 

Background Globally excess weight and dental caries are highly prevalent 

chronic conditions both in children and adults, suggested as sharing risk 

factors, amongst them dietary sugar. Notably, sugar intake in children and 

adolescents appears high in many developed countries. The oral microbiota – 

that is, the microbial communities in the oral cavity – contribute to oral 

health as well as contributing to systemic health, and changes to the saliva 

microbiota might depend upon sugar consumption. 

 

Aims This doctoral thesis aimed to 1) examine the relationship between the 

consumption frequency of foods and drinks generally high in added sugar 

(‘sweet treats’) and the risk of excess weight, 2) examine changes in sweet 

treat consumption patterns during early adolescence and whether these 

changes associate with changes in weight status and central obesity or the 

risk of developing excess weight or central obesity, 3) examine the 

relationship of sweet treat consumption frequency and other dietary factors 

to the risk of caries experience and 4) assess the diversity, composition and 

functional capacities of the saliva microbiota in children with low and high 

frequency levels of sweet treat consumption.  

 

Materials and methods The studies in this doctoral thesis consist of four 

original research publications and utilise material from the Finnish Health in 

Teens (Fin-HIT) study. The Fin-HIT is an ongoing prospective cohort of over 

11 000 children aged mostly 9–12 years at enrolment. Baseline data 

collection was conducted between 2011 and 2014, and children were followed 

for nearly three years. Study I (n = 8461), study III (n = 6660) and study IV 

(n = 453) utilised cross-sectional data, whereas study II (n = 4237) was 

longitudinal. The research data includes self-reported questionnaire data on 

the consumption of indicative food items and other lifestyle factors, 

measured and self-reported anthropometrics as well as saliva samples. Sweet 

treats consisted of chocolate and sweets, sweet pastries, biscuits and cookies, 

ice cream, sugary soft drinks and sugary juice drinks. A sweet treat index 

(STI) was calculated to indicate the sum of the weekly consumption 

frequencies of sweet treats. Based on the STI and change in STI, children fell 

into low, medium and high as well as decreased, stable and increased STI 

groups, respectively. Weight status was defined as thin, normal weight, 

overweight or obese (that is, excess weight) using age- and sex-specific cut-

offs, and as without central obesity and with central obesity based on the 

waist–height ratio (WHtR). The decayed, missing and filled teeth (DMFT) 

index for permanent teeth was used to indicate a history of cavitated caries 

lesions (caries experience). The saliva microbiota was characterised using 

16S rRNA gene sequencing. We performed statistical analyses using the chi-
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square test, t-test, analysis of variance (ANOVA), logistic regression, Cox 

regression, permutational multivariate analysis of variance (PERMANOVA) 

and general linear model.  

 

Results Less than one in six children had excess weight. Children with a low 

consumption frequency of sweet treats were at an increased risk of having 

excess weight, whereas children with a high consumption were at an 

increased risk of thinness. On average, STI decreased during early 

adolescence, although the consumption frequency of chocolate and sweets 

increased in girls and boys, and that of sugar-sweetened soft drinks increased 

in boys. Similarly, decreasing trends in the mean STI were observed in 

groups of children who developed excess weight or central obesity. A 

decrease in the STI was associated with the risk of developing excess weight. 

Two-thirds of children had no caries experience. A high sweet treat 

consumption associated with an increased risk of a caries experience, whilst a 

low consumption associated with a decreased risk. Diversity in the saliva 

microbiota did not differ between a low and high sweet treat consumption, 

although differences in the composition and functional capacities were 

observed; several bacterial genera were differentially abundant, and 

pathways relating to nitrate reduction and gondoate biosynthesis were 

enriched in the saliva of children with the highest consumption frequency of 

sweet treats. 

 

Conclusions The highest consumption frequency of sweet treats did not 

associate with excess weight cross-sectionally nor longitudinally, suggesting 

that sugary product consumption alone may not be relevant as a target of 

obesity prevention programmes amongst school-aged children. Although the 

overall sweet treat consumption frequency decreased during early 

adolescence, the increase in the consumption frequency of chocolate and 

sweets and sugary soft drinks requires attention. Specifically, we observed 

differences between girls’ and boys’ consumption patterns. A high 

consumption frequency of sweet treats associated positively with the risk of 

caries experience, highlighting the need to focus on sugar consumption to 

prevent caries even in an affluent Nordic country. Moreover, findings 

regarding the different saliva microbiota profiles in children with the lowest 

and highest sweet treat consumption frequencies can be utilised in future 

studies to further our knowledge about the influence of sugary diets on the 

saliva microbiota and, consequently, on oral and systemic health.  
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TIIVISTELMÄ 

Tausta Ylipaino ja hampaiden reikiintyminen eli karies ovat hyvin yleisiä 

kroonisia terveyshaasteita sekä lapsilla että aikuisilla ympäri maailman. 

Yhtenä niiden yhteisenä riskitekijänä on pidetty runsasta sokerinkäyttöä. 

Lasten ja nuorten liiallista sokerinsaantia on raportoitu useissa kehittyneissä 

maissa. Suun mikrobisto eli suussa elävät mikrobiyhteisöt osallistuvat sekä 

suun että koko elimistön terveyden ylläpitoon, ja sokerinkäyttö saattaa 

muokata syljen mikrobistoa. 

 

Tavoitteet Tämän väitöskirjan tavoitteena oli 1) tutkia sokeristen ruokien ja 

juomien eli ns. makeiden herkkujen käyttötiheyden yhteyttä ylipainon riskiin 

kouluikäisillä lapsilla, 2) selvittää, muuttuuko lasten makeiden herkkujen 

käyttötiheys varhaisessa nuoruusiässä ja onko muutos yhteydessä 

painoindeksin ja pituus-vyötärösuhteen muutoksiin tai ylipainon tai 

keskivartalolihavuuden kehittymiseen, 3) tutkia makeiden herkkujen 

käyttötiheyden sekä muiden ruokavaliotekijöiden yhteyttä karieksen riskiin, 

ja 4) tutkia, eroaako syljen mikrobiston monimuotoisuus, koostumus ja 

toiminnallinen potentiaali lapsilla makeiden herkkujen käyttötiheyden 

mukaan. 

 

Menetelmät Väitöstutkimus koostuu neljästä osatyöstä, jotka pohjautuvat 

Hyvinvointi Teini-iässä (Fin-HIT) -tutkimuksen aineistoon. Fin-HIT on 

seurantatutkimus, johon kuuluu yli 11 000 lasta ympäri Suomen. Lapset 

olivat pääasiallisesti 9–12-vuotiaita osallistuessaan tutkimuksen 

ensimmäiseen vaiheeseen vuosina 2011–2014. Seuraavan kerran lapsilta 

kerättiin tietoa keskimäärin kolme vuotta myöhemmin. Osatyö I (n = 8461), 

osatyö III (n = 6660) ja osatyö IV (n = 453) ovat poikkileikkaustutkimuksia, 

kun taas osatyö II hyödynsi pitkittäisasetelmaa. Aineisto sisälsi 

itseraportoitua kyselytietoa ruoankäytöstä ja muista elintavoista, 

tutkimushenkilöstön mittaamia sekä itseraportoituja antropometrisiä mittoja 

ja sylkinäytteen. Pääaltiste herkkuindeksi (sweet treat index, STI) 

muodostettiin laskemalla yhteen makeiden herkkujen (=suklaa ja makeiset, 

makeat leivonnaiset, keksit, jäätelö, sokeroidut virvoitusjuomat ja sokeroidut 

mehut) viikoittaiset käyttötiheydet. Herkkuindeksin perusteella lapset 

luokiteltiin matalan, keskimmäisen ja korkean käytön sekä pienentyneen, 

stabiilin ja lisääntyneen käytön ryhmiin. Ikä- ja sukupuolivakioidun 

painoindeksin (BMI) perusteella lapset ryhmiteltiin ali-, normaali- tai 

vähintään ylipainoisiksi, sekä vyötärö-pituussuhteen perusteella niihin, joilla 

ei ollut keskivartalolihavuutta ja niihin, joilla oli keskivartalolihavuutta. 

Kariesta mitattiin DMFT-indeksillä (engl. decayed, missing or filled teeth eli 

reikiintynyt, poistettu tai paikattu hammas), jonka perusteella lapset 

luokiteltiin niihin, joilla ei ole ollut hoitoa vaativaa kariesta pysyvissä 
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hampaissa ja niihin, joilla oli. Syljen mikrobisto sekvensoitiin käyttäen 16S 

rRNA-geenimenetelmää. Työssä käytettiin seuraavia tilastollisia menetelmiä: 

khiin neliötesti, t-testi, varianssianalyysi, logistinen regressio, Coxin 

regressio ja yleistetty lineaarinen malli.  

 

Tulokset Ylipainoa esiintyi alle kuudesosalla lapsista. Matala herkkuindeksi 

oli yhteydessä ylipainon riskiin, kun taas korkea indeksi alipainon riskiin. 

Makeiden herkkujen yhteenlaskettu käyttötiheys keskimäärin pieneni 

seurannan aikana, mutta sokeristen virvoitusjuomien käyttötiheys suureni 

pojilla ja suklaan ja makeisten käyttötiheys suureni sekä tytöillä että pojilla. 

Korkean herkkuindeksin yhteyttä BMI:n tai vyötärö-pituussuhteen 

muutoksiin ei havaittu. Herkkuindeksin pieneneminen oli yhteydessä 

suurentuneeseen ylipainon kehittymisen riskiin. Kahdella kolmasosalla 

lapsista ei ollut kariesta. Korkea herkkuindeksi oli yhteydessä 

suurentuneeseen karieksen riskiin, kun taas matala herkkuindeksi yhdistyi 

pienentyneeseen riskiin. Syljen mikrobiston monimuotoisuus ei eronnut 

matalimman ja korkeimman käyttötiheyden ryhmien välillä, kun taas 

mikrobiston koostumuksessa ja toiminnallisessa potentiaalissa havaittiin 

eroja: useiden bakteerien runsaus erosi ryhmien välillä, ja lisäksi korkean 

käyttötiheyden ryhmässä nitraatin pelkistykseen ja gondoaatin biosynteesiin 

liittyvät aineenvaihduntareitit olivat aktivoituneempia kuin matalan 

käyttötiheyden ryhmässä. 

 

Johtopäätökset Makeiden herkkujen korkein käyttötiheys tai käytön 

tihentyminen ei ollut yhteydessä ylipainon tai sen kehittymisen riskiin. Täten 

kouluikäisten lasten ylipainon ehkäisyssä ei kannattane keskittyä pelkästään 

sokeristen tuotteiden käyttöön. Vaikka makeiden herkkujen 

kokonaiskäyttötiheys pieneni seurannan aikana, suklaan, makeisten ja 

virvoitusjuomien käyttötiheys lisääntyi. Tyttöjen ja poikien 

käyttötottumusten välillä havaittiin eroja. Makeiden herkkujen korkein 

käyttötiheys yhdistyi suurentuneeseen kariesriskiin, mikä kielii siitä, että 

rajoittamalla sokeristen tuotteiden käyttötiheyttä voidaan edistää 

hammasterveyttä. Syljen mikrobistoa koskevia löydöksiä voidaan hyödyntää 

tulevien tutkimusten kohdentamiseksi, jotta saadaan lisää tietoa sokeristen 

ruokavalioiden vaikutuksesta syljen mikrobistoon ja sitä kautta suun ja koko 

elimistön terveyteen. 
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1 INTRODUCTION 

Sugar is a common component of our diets, found in foods both naturally 

(e.g., in fruits and milk) and as an added ingredient (e.g., in sugar-sweetened 

beverages, candies and cereals).1 Sugar may influence health and diet quality 

adversely, especially if consumed in excessive amounts. Excessive sugar 

consumption in childhood and adolescence is a global cause for concern. 

According to reports from several countries, a majority of youth consume 

sugar above recommended levels.2–4 Sugar has been considered a shared risk 

factor for two chronic conditions: excess weight and dental caries, two major 

global public health problems affecting both children and adults with several 

individual and societal implications.5  

Excess weight is common in both adults and children. In the European 

region, almost two-thirds of adults and one in three children are estimated to 

live with excess weight, affecting males more often than females.6 Worldwide 

close to 340 million (18%) children and adolescents aged 5–19 years old were 

estimated to live with excess weight in 2016.7 Early signs indicate that the 

rates of excess weight or the mean body mass index (BMI) increased during 

the COVID-19 pandemic,6,8 and increasing trends have been observed in 

Finland in recent years as well,9 highlighting the fact that childhood obesity 

remains a public health problem as yet unsolved. Furthermore, excess weight 

in childhood is likely to track into adulthood and increase the risk of several 

chronic diseases such as cardiometabolic diseases and cancer in later life.6  

In addition, caries is considered the most common chronic disease in 

childhood.10 The global prevalence of untreated caries in permanent teeth, 

including amongst both children and adults, was estimated at 2 billion in 

2019.11 In Finland, the prevalence of caries is low likely due to, for instance, 

wide exposure to fluoride and good dental hygiene habits.12 Caries is a 

multifactorial, albeit sugar-driven and biofilm-mediated condition that 

develops already at a young age and tracks into adulthood.10 Caries can cause 

a considerable burden on the individual through a worsened nutritional 

status and lower quality of life, eventually impacting society through, for 

instance, lowering work productivity, absences from school and treatment 

costs.13 

Sugar is a key player in the development of caries, which results from the 

bacterial fermentation of sugar and a subsequent drop in pH, possibly 

leading to the demineralisation of dental tissue.10 For example, Streptococcus 

mutans has been identified as a cariogenic bacterium,14 although caries is no 

longer considered a single organism disease but resulting from shifts in the 

microbial community.15 Indeed, the microorganisms living in and on the 

body, called the microbiota, play an important role in human health.16 

Different body sites have their own microbiota, and the oral cavity alone 

harbours several distinct, diverse microbial communities.17 The oral 
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microbiota participates in the maintenance of both oral and systemic health, 

but also serves as a source of pathogens. The saliva microbiota reflects the 

different oral microbial communities of the oral cavity, and may depend on 

sugar consumption. 

This doctoral study aims to deepen our understanding of the role of 

sugary product consumption in excess weight, caries and the saliva 

microbiota in early adolescence by examining a cohort of Finnish school-

aged children (9–12 years old at recruitment) using both cross-sectional and 

longitudinal data. In this study, ‘children’ refers to persons under 18 years of 

age. Early adolescence refers to the period of 10–14 years of age and late 

adolescence refers to 15–19 years of age.18  
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2 REVIEW OF THE LITERATURE 

2.1 DIETARY SUGAR IN CHILDHOOD AND 
ADOLESCENCE 

2.1.1 DEFINITION 

Sugar — that is, monosaccharides (e.g., glucose, fructose and galactose) and 

disaccharides (e.g., sucrose and lactose) — is a common component of our 

diets. Sugar is found both naturally in foods such as in fruits, vegetables and 

milk, and added to foods during preparation and manufacturing such as in 

soft drinks, candies, jams and desserts. Sugars provide sweetness and are a 

source of energy. A few distinct definitions based on food sources have been 

suggested for characterising sugars.1 Free sugars include mono- and 

disaccharides added to foods and beverages either by the manufacturer, cook 

or consumer as well as sugars found naturally in honey, syrups, fruit juices 

and fruit juice concentrates. Added sugars mirror the definition of free 

sugars, but generally do not include sugars from fruit juice or juice 

concentrates; however, there are slight variations in the definitions used by 

different organisations. Total sugar also includes sugars naturally occurring 

such as those in fruits and milk. Typical estimates of sugar consumption rely 

either on the intake of sucrose, added sugar, free sugar or total sugar as the 

absolute intake or as a percentage of total energy (E%) or the intake or 

consumption frequencies of foods or drinks containing these.  

 

2.1.2 ASSESSMENT OF FOOD CONSUMPTION 

Different methods for assessing dietary intake and food consumption exist.19 

One such method, the food frequency questionnaire (FFQ), is often used in 

large epidemiological studies. The FFQ is a retrospective, typically self-

administered dietary assessment tool that measures habitual food intake 

during the preceding weeks, months or even years.20 The average long-term 

diet is considered a better indicator of exposure compared with food intake 

over a few days. Moreover, it is usually easier to describe the frequency of 

consuming a food rather than what foods were eaten during a specific meal 

in the past. FFQs can assess parts of the diet, such as specific nutrients, or 

the entire diet, whilst the length can vary from a handful of food items to 

more than 100. In general, FFQs are used to rank participants according to 

their food consumption. The information collected through an FFQ is less 

detailed than that collected with other measurement tools, such as food 

records or food recall interviews. In addition, FFQs rely on memory. One 
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advantage to the FFQ includes its low respondent burden.19 Moreover, they 

do not alter dietary habits and are relatively quick and inexpensive to 

administer.  

A food recall interview represents another commonly used retrospective 

method, often focused on the previous 24-hour period and administered by a 

trained interviewer.19 Interviews are expensive to conduct and rely on 

memory, but they carry a low respondent burden, do not require literacy or 

numeracy skills, do not alter a participant’s habitual diet and yield detailed 

information about one’s diet. By contrast, food records are self-administered 

and examine an individual’s current diet during time periods ranging 

generally from three to seven days in a prospective manner. Food records 

are, however, burdensome on the individual and require motivation as well 

as literacy and numeracy skills. Moreover, food records may alter habitual 

dietary habits and are expensive to administer. In terms of advantages, they 

provide detailed information on an individual’s diet and do not rely on 

memory. 

The choice of a suitable assessment method depends on the specific 

interest in the dietary outcome and the characteristics of the target 

population.19 Moreover, literary and numeracy skills, memory, attention 

span and cognition depend on the age of the children. Food records are not 

suitable for use amongst young children since they are beyond their skills 

and capacities. However, FFQs can be administered to children as young as 

nine years old.  

  

2.1.3 SUGAR CONSUMPTION 

Humans have an innate preference for sweet-tasting foods,21 a preference 

strongest during childhood, which could reflect higher energy needs during 

growth.22 Despite decreases in free sugar intake and the consumption of 

sugary soft drinks in recent decades,23,24 children and adolescents appear to 

consume sugar in excess amounts.2–4 To decrease the risk of obesity and 

dental caries, the World Health Organisation (WHO) recommends not 

exceeding an intake of 10E% of free sugars, with a limit of 5E% suggested.25 

According to reports spanning several European countries, the intake of free 

sugars ranges from around 15–19E% in children and adolescents aged 2–18 

years,2–4 with 94% of 13–18-year-olds exceeding the 10E% limit.4 Similar 

levels have been reported outside Europe as well. For example, in the US, the 

intake of added sugars amongst 9–18-year-old children reached 16E%, and 

even those children in the lowest quintile exceeded the limit of 10E%.26 A 

literature search identified no studies reporting added or free sugar intake 

amongst Finnish school-aged children. Before school age (<6–7 years), the 

intake of added sucrose was 11E% amongst 3-year-old children,27 and the 

intake of added sugar  reached 9–10E% amongst 3–6-year-old children.28 In 

a sample of 6–8-year-old children, roughly 85% drank sugar-sweetened 
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beverages (SSBs) at least twice a week and over one-quarter drank them 

daily.29 Amongst seventh graders (13–14 years old), the intake of sucrose 

(including both naturally occurring and added sucrose) was 12–13E%.30 

According to a recent report, approximately 14% of eighth and ninth graders 

consumed candy, chocolate or sugary juices and soft drinks daily or almost 

daily.31 The Health Behaviour in School-aged Children (HBSC) study from 

2017–2018 reported that 3% of Finnish children aged 11, 13 and 15 years ate 

sweets and chocolate daily.32 

Changes in sugar consumption have been observed during adolescence. 

According to a systematic review and meta-analysis consisting of 24 

longitudinal studies, declining trends were observed in the consumption of 

added sugar or sucrose, SSBs  and confectionery items during adolescence 

through to adulthood (from 13 to 30 years).33 In a Swedish cohort amongst 

children aged 9, 11 and 14 years (n = 813) followed for two years, the 

consumption frequency of soft drinks increased whilst the consumption of 

sweets remained stable.34 Amongst 1232 German children, no change was 

observed in the consumption of sugar-sweetened foods (cakes and biscuits, 

chocolate, sweets and sugars and sugar-sweetened dairy products) between 

the ages of 10 and 15.35 In general, sex influences food consumption such that 

boys consume more SSBs than girls.36 

Common sources of free or added sugars amongst children and 

adolescents are products such as SSBs, bakery products, chocolate, candies, 

ice cream and sugary sweeteners.3,26 According to a review of research from 

several European countries, children get 40–50% of added sugars from sweet 

products (such as confectioneries, chocolate, cakes, biscuits, sugar and jam), 

20–34% from SSBs and 6–18% from milk products (such as yoghurt and 

dairy desserts).37 

 

2.1.4 SUGAR AND HEALTH 

Sugar has been suggested as precipitating several adverse health outcomes 

already during childhood and adolescence, although the evidence remains 

inconsistent and the associations may result from excess energy and not 

sugars per se.38 Excess sugar consumption may dilute the nutrient content 

and worsen the overall quality of one’s diet, and lead to a positive energy 

balance.39–42 Moreover, sugar associates with several markers and conditions 

of poor health. The role of sugar in the biological process of caries 

development is well established.10 Furthermore, a higher added sugar intake 

associates with cardiovascular risk factors, such as worsened lipid profiles 

and dyslipidemia43,44 as well as with metabolic syndromes independent of 

energy intake during childhood.45 A great deal of the research regarding 

sugar and various health risks appears to focus on examining SSB 

consumption. For instance, a narrative review stated that the consumption of 

SSBs might associate with adverse markers of glucose metabolism,46 and 
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according to meta-analyses, a high SSB intake associates with worsened lipid 

profiles,47 increased systolic blood pressure and hypertension48 and with 

higher levels of inflammation markers.49 A higher SSB consumption 

associated with a higher risk for a metabolic syndrome and abdominal 

obesity amongst Chinese youth.50 The suggested adverse effects of sugar on 

obesity and other metabolic diseases could result from either a direct or an 

indirect pathway of fructose.51 In a direct pathway, fructose (which combined 

with glucose makes up sucrose) dysregulates carbohydrate and lipid 

metabolism, leading to an increased risk of obesity and metabolic 

disturbances. In an indirect pathway, sugar promotes a positive energy 

balance, which in turn dysregulates carbohydrate and lipid metabolism. 

As mentioned above, the majority of the research on sugar and excess 

weight has focused on SSBs, whereby the role of SSBs play in weight gain 

appears robust. According to two systematic reviews and meta-analyses of 32 

prospective cohorts and eight randomised controlled trials (RCTs) amongst 

nearly 57 000 children under 18 years of age,52,53 SSB consumption promotes 

weight gain. Similar findings were observed in another meta-analysis that 

included 21 prospective cohort studies,54 whereby a positive relationship 

between a higher versus lower intake of SSBs and the risk of being 

overweight was observed in a majority of studies. The sample sizes in these 

studies ranged from less than 100 to nearly 11 000 participants, the age of 

the children at baseline ranged from infancy to 18 years old and the duration 

of follow-up ranged from 1 to 30 years. That meta-analysis also included 

findings based on five intervention trials including nearly 3000 school-aged 

children and adolescents <19 years old, and, by contrast, advice regarding 

reducing the consumption of SSB or other sugar-containing foods did not 

associate with changes in body fatness measurements. A majority of the 

studies included in that meta-analysis examined SSB exposure.  

The relationship between added sugar as E% or sugar-containing foods or 

food groups and excess weight was studied to a lesser extent than that of SSB. 

Moreover, the research and comparison between studies are complicated by, 

for instance, the heterogeneity of the methodologies and possible exposures 

as well as anthropometric outcomes. A meta-analysis of cross-sectional 

studies reported an inverse relationship between chocolate and non-

chocolate confectionery consumption and the risk of excess weight amongst 

2–18-year-old children.55 The meta-analysis included 11 studies with 

~177 000 participants primarily from European countries. The studies 

analysed reported either frequencies or units of confectionery consumption 

based on FFQs or other self-reported surveys, a precoded food diary or a 24-

h dietary recall. Moreover, potential confounders were considered in the 

analyses by some studies but not by all. A majority of the results stemmed 

from a paper by Janssen et al.56, who reported the relationship between the 

consumption frequency of sweets and chocolate and excess weight amongst 

nearly 138 000 children aged 10–16 years old in the 2001–2002 WHO HBSC 

study conducted in 34 countries. The frequency of sweets and chocolate 
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consumption inversely associated with the risk of being overweight in a 

majority of countries, including Finland.56 A majority of the other studies 

included in that meta-analysis reported an (either significant or 

nonsignificant) inverse relationship regardless of the form of confection 

(chocolate or nonchocolate) or whether consumption was examined as 

frequencies or units. In one of those studies, only a statistically significant 

positive association was observed between sweets consumption more than 

once a day (vs. daily) and the risk of being overweight amongst 1418 Spanish 

boys aged 6–12 years.57 That same study observed a positive association 

between more than daily versus daily consumption of muffins and donuts 

and the risk of being overweight amonsgt 1396 Spanish girls. Findings from 

the abovementioned meta-analysis were supported by the WHO European 

Childhood Obesity Surveillance Initiative study amongst nearly 16 000 

children aged 6–9 years old from four European countries.58 In that study, 

the consumption of pastries such as biscuits, cakes, donuts or pies more than 

three times a week associated with a decreased risk of excess weight after 

adjusting for relevant confounders. Furthermore, no relationship was 

observed for the consumption of foods like candy bars and chocolate or for 

the consumption of sugary soft drinks. In a study amongst 1165 Greek 

children and adolescents aged 2–18 years old, both total sugar and added 

sugar intakes above the study median E% as well ≥10E% associated with an 

increased risk of being overweight/obese when adjusted for total energy 

intake.59 

In addition to having different possible exposures and outcomes, 

longitudinal studies vary based on study design, age at baseline, the duration 

of follow-up and sample size amongst other characteristics. The intake of 

added sugars in liquid form associated with an increase in waist 

circumference after controlling for total energy amongst 9–10-year-old US 

girls (n = 2021) after a 1-year follow-up.60 In addition, the relationship 

between the increased intake of added sugars from solid sources and an 

increase in waist circumference was observed, but only amongst girls who 

had excess weight. In a study amongst 585 Belgian children, no association 

was observed between the consumption of sweets and a change in the BMI z-

score (BMIz).61 Children were 10 years old at baseline and followed for four 

years. In a randomised intervention trial including samples from five 

European countries (n = 809), an increase in total sugar intake associated 

with a decrease in anthropometric measurements.62 Children were 2 years 

old at baseline and were followed until the age of 8. Amongst 380 German 

children who were 2 years old at baseline and followed until the age of 7, no 

relationship was observed between added sugar intake and body composition 

development.63 In a study with a follow-up of 21 years amongst 3–18-year old 

Finnish children (n = 2139), the consumption or a change in the 

consumption of sweets did not associate with being overweight.64 
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2.2 EXCESS WEIGHT IN CHILDHOOD AND 
ADOLESCENCE 

2.2.1 DEFINITION AND PREVALENCE 

Excess weight refers to an excessive or abnormal fat accumulation in the 

body. Body mass index (BMI) — calculated as weight in kilograms divided by 

the square root of height in metres — is a widely used measure to define 

weight status both amongst children and adults. Adult cut-offs cannot be 

used when defining excess weight in paediatric populations because they do 

not consider age- and sex-specific growth.6 For children under 18, commonly 

used BMI cut-offs used to define thinness, normal weight, overweight and 

obesity in epidemiological studies are provided by the International Obesity 

Task Force (IOTF).65 In addition, WHO and local reference growth curves are 

used, possibly leading to slightly different prevalence rates.66 BMI associates 

with health risks including cardiovascular disease.67 However, it does not 

distinguish differential body fat distribution or between fat and fat-free 

mass.68 The waist—height ratio (WHtR) is calculated based on an 

individual’s height and waist circumference, reflecting the accumulation of 

fat deposits on the waist, and thus serving as an indicator of central obesity,69 

which can be used in a similar manner in all age groups.70 Children with 

excessive intra-abdominal adiposity may be at an elevated risk for adverse 

health outcomes such as cardiovascular disease.67,71,72 

Childhood excess weight is a serious public health challenge with 

alarming prevalence rates both globally and in Finland. Estimates for the 

prevalence of excess weight from the past decade paint a grim picture: in 

developed countries, the prevalence of being overweight and obesity was 23% 

in girls and 24% in boys aged 2–19 years in 2013.73 In the WHO European 

region, approximately 23% of girls and 27% of boys aged 10–19 years were 

affected by being overweight or obesity in 2016.6 In Finland, estimates from 

2011–2015 indicate a prevalence of being overweight or obesity varying from 

15% to 28% in 7–12-year-old children.74,75 Excess weight is more common in 

boys than girls. For example, in 2020, 30% of Finnish boys and 19% of girls 

aged 7–12 years were estimated as being at least overweight.76 If current 

trends related to increasing obesity continue, the estimated global prevalence 

of obesity alone in children is expected to reach 25% by 2050.77 

 

2.2.2 AETIOLOGY 

Obesity is a complex, multifactorial condition resulting from several 

individual, socioeconomic and environmental factors.78 Ultimately, excess 

weight results from a surplus of calories created by an energy imbalance 

between caloric consumption and expenditure, driven by the current 

obesogenic environment. Key factors influencing the energy imbalance are 
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food consumption and physical activity.7 The modern food environment 

encourages choices that may have harmful health effects, whereby energy-

dense, yet nutrient-poor products are heavily marketed and easily available.79 

At the same time, physical activity is increasingly replaced by sedentary 

behaviours including digital media use.79 Dietary patterns, such as the 

Mediterranean diet and the Nordic diet, characterised by the frequent 

consumption of plant-based foods, appear to associate with a decreased risk 

of excess weight or lower measures of weight.77 Additionally, regular 

breakfast and frequent meals may protect individuals from excess weight.77 

Alongside modifiable lifestyle factors, genetics, a family history and ethnicity 

influence the risk of excess weight.78 In particular, genetic factors may 

explain up to 80% of the variation in body weight in paediatric populations.80 

Obesity associates with socioeconomic status (SES), such that lower SES and 

educational attainment appear to inversely associate with weight status in 

affluent countries.78 

 

2.2.3 HEALTH RISKS ASSOCIATED WITH EXCESS WEIGHT 

Childhood excess weight predicts excess weight both during adolescence and 

during adulthood; in fact, children and adolescents with obesity were more 

than five times more likely to be obese as adults compared with children 

without obesity.68 In addition to the strong likelihood of persisting into 

adulthood, excess weight in childhood associates with adult morbidity for 

noncommunicable diseases such as type 2 diabetes, cardiometabolic diseases 

and some cancers.79,81,82 Excess weight increases the risk of musculoskeletal 

conditions such as osteoarthritis.83 Moreover, at least in adults, the 

relationship between central obesity and health risks is stronger than that of 

general adiposity.81 Furthermore, adipose tissue is considered a metabolically 

active endocrine organ, secreting hormones and proinflammatory 

adipokines,79 and intra-abdominal adipose tissue plays an important role in 

the development of insulin resistance and metabolic syndrome.72 Specifically, 

central obesity is an independent risk factor for several diseases such as 

hypertension and coronary heart disease72 and may be a better measure for 

metabolic disturbance than BMI.84 Notably, health hazards are not limited to 

adult morbidity; several conditions and risk factors such as hypertension, 

dyslipidemia, impaired glucose tolerance, insulin resistance, low-grade 

chronic inflammation and nonalcoholic fatty liver disease associate with 

obesity already in youth.79,80,85  

In addition to the possible risks posed to physical health, excess weight 

carries psychosocial and economic consequences. Specifically, children with 

excess weight may suffer from a lowered quality of life due to social 

discrimination and the accompanying poor self-esteem and depression which 

in turn may lead to lower academic and economic achievement in the long-

term.86 Relatedly, children and adolescents with excess weight may be more 
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prone to mental health issues such as symptoms of depression and 

anxiety.87–89 Once excess weight has developed, it seems difficult to 

normalise weight or reverse the progress of weight gain.68 

 

2.3 DENTAL CARIES IN CHILDHOOD AND 
ADOLESCENCE 

2.3.1 DEFINITION AND PREVALENCE 

Dental caries or tooth decay is a common chronic disease that starts at an 

early age and accumulates during one’s life.13 A common method to 

determine caries status in epidemiological studies is the decayed, missing 

and filled teeth index in deciduous teeth (dmft) or permanent teeth 

(DMFT).10,13 DMFT counts the number of teeth which are decayed, missing 

or filled, and reflects the history of cavitated caries lesions (caries experience) 

in a cumulative manner at the time of examination.13  

The global prevalence of untreated caries in permanent teeth, including 

both adults and children, stood at 35% in 2010.90 In developed countries 

including Finland, caries prevalence has dropped in recent decades; for 

instance, in 12-year-old Finns, the mean DMFT index has fallen from nearly 

7 to ~1 from 1975 to 2000.91 This positive development has resulted from 

measures such as the increased use of fluoride toothpaste and improvements 

in oral hygiene.92 Teeth are specifically susceptible to caries when new tooth 

surfaces erupt during childhood;93 deciduous teeth are replaced with 

permanent teeth from the age of 6 years onwards until early adolescence.94 

During adolescence, caries often develops due to an increased consumption 

of sweets and soft drinks.93 If a cavitated caries lesion is left untreated, it will 

grow in size, which reduces the function of dentition in mastication, and may 

lead to a compromised nutritional status, a low self-esteem and quality of life 

as well adversely impact one’s general health status.93 

 

2.3.2 AETIOLOGY 

Caries is a multifactorial, biofilm-driven disease, which develops as a 

consequence of the interplay between microbial communities, host factors 

and substrates.95 The primary dietary determinant of caries is the intake 

frequency of fermentable carbohydrates, particularly sugar. More 

specifically, the development of caries lesions is driven by the acidic 

byproducts of the bacterial fermentation of sugar, leading to an acidic 

environment in the dental biofilm and, consequently, to the demineralisation 

of the dental hard tissues.13 Streptococcus mutans is a well-known cariogenic 

(e.g., bacteria or food that promotes the development of caries) species 
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associated with caries development.15 However, caries is no longer thought to 

result from only one pathogen, but represent the consequence of a shift in the 

dental biofilm from a balanced state to an aberrant state in which the 

abundance of pathogenic bacteria increases. Oral hygiene and saliva modify 

the interplay between sugar and bacteria, whereas fluoride in substances 

such as toothpaste is more of a therapeutic agent that enhances 

remineralisation.96 Caries is a dynamic process, where the demineralisation 

and remineralisation fluctuate throughout the day.10 Caries lesions vary from 

early, nondetectable mineral loss from the enamel to lesions extending into 

the dentine and ultimately to cavities that destroy the tooth tissue.97 The 

early stages of lesions may remineralise through the precipitation of salivary 

minerals if the pH of the dental biofilm becomes neutral between meals, 

whereas a long-lasting imbalance between demineralisation and 

remineralisation leads to deeper lesions.10,94  

In addition to fermentable carbohydrates, behavioural, social and 

biological factors influence the caries process. Some caries risk factors 

consist of hyposalivation and smoking, as well as insufficiently controlled 

diabetes, rheumatoid arthritis and obesity.93 In addition, genetics also 

contribute to a susceptibility to caries.98 Caries has a socioeconomic gradient 

and both its prevalence and severity associate strongly with SES.13 Globally, 

an estimated 130 million cases of untreated caries occured in 2019 largely 

due to social inequality.11 

 

2.4 SALIVA MICROBIOTA 

2.4.1 DEFINITION AND ASSESSMENT 

The human microbiota is defined as microorganisms (bacteria, archaea, 

viruses, protozoa and fungi) living in and on a host. Humans have several 

different sites with distinct microbial communities, such as the gut, oral 

cavity, skin and vagina. The oral cavity harbours the second most diverse 

microbiota after the gut — the majority being bacteria — with 700 known 

species.99 Microbiotas are organised as different communities residing on 

different locations of the hard tissues of the teeth and soft tissues of the oral 

mucosa.100 Oral microbial communities can adhere to tissues within the oral 

cavity that best serve their physiological needs.101  

Saliva – secreted by the salivary glands – participates in several important 

physiological processes including mastication, swallowing and speech.102 

Saliva plays a crucial role in the health of the oral cavity, helping to maintain 

a favourable pH, washing out exogenous substrates and providing substrates 

for microbes.103 For example, an adequate saliva flow is needed since saliva 

provides a buffer from the effects of acids and, thus, protects the dentition 

from caries. Saliva consists of several different components such as proteins, 
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mucins, inorganic ions and antimicrobial and immune factors. Importantly, 

saliva is also rich in microbes, but it does not have its own resident 

microbiota; the saliva microbiota comprises microbes derived from oral 

surfaces, especially from the tongue.  

Sequencing the 16S ribosomal ribonucleic acid (rRNA) gene is the most 

frequently used method to analyse the microbiota, and specifically provides 

information on which bacteria exist in a community.104 The hypervariable 

regions of the bacterial 16S rRNA gene are amplified and sequenced, and the 

sequences are clustered into operational taxonomic units (OTUs), which are 

generally analysed at the phylum or genus level.105 Consequently, compared 

with shotgun sequencing which sequences the whole genome, 16S rRNA 

marker gene sequencing is less accurate in predicting species-level 

taxonomy, whilst simultaneously being cheaper and requiring less extensive 

data analysis.105,106 The shotgun sequencing method can predict taxa to 

species or even to the strain level, and analyse the functional potential of the 

taxa.107 However, the functionality of the bacterial communities can also be 

predicted based on OTUs from the 16S rRNA gene sequencing using methods 

such as the Phylogenetic Investigation of Communities by the Reconstruction 

of Unobserved States (PICRUSt).108 

 

2.4.2 SALIVA MICROBIOTA AND HEALTH 

The oral cavity is a gatekeeper for food and other substances entering the 

body. The oral microbiota are considered relatively stable over time in 

healthy individuals,102,109 but, as a response to microenvironmental changes 

in the oral cavity, the commensal taxa can shift from a balanced to an 

unbalanced state.99,101 Commensal oral bacteria remain in homeostasis with 

the human host, but also function as a source of pathogens for diseases such 

as caries and periodontitis.101 These diseases are polymicrobial, meaning that 

they are not a consequence of individual pathogens, but due to networks of 

bacteria.99  

Microbes associated with the oral cavity have been found in other sites of 

the body.99 The components of the oral microbiota link to systemic health, 

with different primary mechanisms: the spread of infectious agents via 

transient bacteremia, circulating microbial toxins and systemic inflammation 

induced by adverse immunological responses. Ingested in the saliva, oral 

bacteria can reach the stomach and colonise the gut, possibly associating 

with the pathogenesis of gastrointestinal diseases amongst others.17 Saliva 

has been shown to mirror microbial alterations of oral diseases, and the 

saliva microbiota associates with both oral diseases such as caries and 

periodontitis and with systemic diseases and conditions such as type 2 

diabetes, obesity and HIV.102 The observed relationship between the oral 

health status and systemic disease may emerge through low-grade 

inflammation. Then again, systemic diseases like diabetes and cancer may 
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also impact the oral microbiota. The saliva microbiota associates with several 

nonoral diseases, although at a lower degree than the gut microbiota, 

suggesting that it carries potential as a diagnostic or prognostic tool.110 

  

2.4.3 SALIVA MICROBIOTA AND DIET 

Saliva provides nutritional substrates to microbial communities in the oral 

cavity.99,111 The relationship between diet and the oral microbiota has been 

scarcely studied, particularly in children and adolescents. Generally, the oral 

cavity is exposed to food only for limited periods of time during the day.111 

During the evolutionary history of humans, a shift in the commensal 

microbiota due to major transitions in diet likely occurred as evidenced by 

differences in the abundance of core species between populations of hunter–

gatherers, traditional farmers and individuals living on a Western diet,109 

suggesting that long-term dietary patterns affect the oral microbiota. In one 

study, adult vegans and omnivores exhibited different compositions of the 

saliva microbiota,112 whereas another study observed no difference in the 

saliva microbiota when comparing adult omnivores, vegans or ovo-lacto-

vegetarians.113 The homeostasis of the oral ecosystem may be disturbed by 

factors such as the excessive and frequent intake of dietary sugar, leading to 

opportunistic pathogens dominating bacterial communities and to an altered 

composition of the microbiota.114 Scarce data appear to exist on the 

relationship between dietary sugars and the oral microbiota, especially 

amongst children.115–118 In a small study of 11 adults, frequent sucrose 

consumption led to a decreased richness and an increased abundance of 

streptococci in the supragingival microbiota.115 Another study compared 

plaque and the saliva microbiota amongst 70 young adults consuming free 

sugars at rates of either <5E% or ≥5E%; only marginal differences were 

found in the relative abundance.118 In youth aged 17 to 21 years (n = 176), 

sucrose intake associated with different saliva microbiota profiles.116 In that 

study, the saliva microbiota was clustered into groups, which were then 

associated with different dietary factors. Interestingly, the group with the 

highest sucrose intake exhibited the lowest species richness. In 180 children 

aged 11 years, daily SSB consumption associated with a differential diversity 

and relative abundance in the oral microbiota compared with children 

reporting a less frequent consumption.117  

 

2.5 SUMMARY 

Sugar has been put forth as the culprit behind the obesity epidemic.  As 

such, evidence of SSB consumption contributing to weight gain appears 

robust. The role of sugar from solid foods, however, appears less clear. 
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Comparing studies is complicated by factors such as the abundance of 

different study designs and varying exposures and outcomes. Furthermore, 

sugar is a necessary factor in the caries process. Microbial communities in 

tooth biofilms play a key role in the caries process and are reflected in the 

saliva microbiota. The oral microbiota may play an essential role in not only 

oral health, but systemic health as well and likely reflect different sugar 

consumption levels. Yet, the influence of sugar on the oral microbiota 

profiles has been studied far more scarcely. This doctoral thesis utilises a 

sum score combining several different types of sugary foods and drinks. In 

doing so, this provides a more holistic view on the relationship between sugar 

consumption and health outcomes than through an examination of the 

nutrients or single food items alone. To my knowledge, a similar estimate of 

sugar consumption behaviour has not been previously employed. Thus, this 

doctoral thesis provides novel knowledge on the relationship between sweet 

treat consumption, excess weight, caries and the saliva microbiota during 

early adolescence. 
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3 AIMS OF THE STUDY 

This doctoral dissertation aims to examine the relationships between sweet 

treat consumption frequency, excess weight, dental caries and the saliva 

microbiota. The specific aims were as follows: 

 

1. To examine the relationship between sweet treat consumption 

frequency and the risk of excess weight in a cross-sectional study 

setting (study I). 

2. To examine whether changes occur in sweet treat consumption 

patterns during early adolescence, and if these possible changes 

associate with the development of excess weight or central obesity in a 

longitudinal study setting (study II). 

3. To examine the relationship of sweet treat consumption frequency and 

other dietary factors to the risk of caries experience in a cross-

sectional study setting (study III). 

4. To examine the relationship between sweet treat consumption 

frequency and the diversity, composition and functional capacities of 

the saliva microbiota in a cross-sectional study setting (study IV).  
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4 MATERIALS AND METHODS 

4.1 COHORT DESCRIPTION AND RECRUITMENT 

This doctoral thesis utilised data from the Finnish Health in Teens (Fin-HIT) 

study, a large, prospective cohort consisting of more than 11 000 children 

and adolescents as well as their guardians, conducted at the Folkhälsan 

Research Center. The majority of children were 9–12 years old at the time of 

recruitment. The primary objectives of the Fin-HIT study are to examine the 

determinants and underlying molecular mechanisms of excess weight and 

weight gain from childhood through adulthood. Data were collected in large 

cities and their surrounding areas across Finland, including both urban and 

semirural areas. Figure 1 shows the geographical distribution of the 

participants in comparison with the population density of Finland. The 

baseline data collection was conducted between 2011 and 2014, and the first 

active follow-up was completed in 2015 and 2016. The detailed sampling 

procedure and the study protocol are available elsewhere.74 
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Figure 1 Georaphical distribution of Fin-HIT participants. A Population density in Finland in 
2011 (data from Statistics Finland). B Residence of Fin-HIT participants at baseline 
data collection, 2011–2014. 

The baseline data collection took place during two phases. In 2011, a pilot 

study began with a population-wide home recruitment process. Based on 

information from the Population Register Centre (currently, Population 

Information System), invitations were sent to all 11-year-old children living 

in Finland and born during a specific period in spring 2000. After consenting 

to participate, families were sent a questionnaire alongside a measuring tape 

and a saliva kit. Children answered a questionnaire which included questions 

regarding their diet, physical activity and mental health along with other 

lifestyle factors either in Finnish or Swedish depending upon their native 

language. Families were instructed to measure the weight, height and waist 

circumference, as well as to provide a saliva sample from the child. The 

participation rate in the pilot study was 14%, motivating the research group 

to seek another way to continue with data collection. Consequently, the main 

study relied on a school-based recruitment process, which was conducted in 

2013 and 2014 consisting of children in grades 3 through 6. In the main 

study, fieldworkers went to schools to deliver invitations and subsequently 

conducted measurements. In schools, children answered the questionnaire, 

provided a saliva sample according to instructions of fieldworkers who 

A Finland’s population density 2011 B Residence of Fin-HIT participants 

Inhabitants/km2 Participants 
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measured children’s weight, height and waist circumference. The 

participation rate for the main study increased to 36%.  This thesis utilised 

data almost entirely collected through the main study given the slight 

modifications to the FFQ following the pilot study. Only study III included 

participants from the pilot study. In addition, the first active follow-up was 

conducted in 2015 and 2016, when those children who participated in the 

baseline data collection and had either a baseline BMI or a saliva sample 

available were sent invitations and instructions to participate at home. This 

questionnaire included questions about diet, physical activity and other 

lifestyle factors amongst others. The participation rate in the follow-up study 

reached 54%. 

 

4.2 STUDY MEASURES 

4.2.1 SOCIODEMOGRAPHIC CHARACTERISTICS 

We verified the age and sex of participants based on their social security 

numbers, and register linkage relied on these unique personal identifiers. 

Maternal occupation at the time of child's birth was used to indicate the 

socioeconomic status (SES) of the mother and was determined from the 

Medical Birth Register maintained by the Finnish Institute of Health and 

Welfare (THL).119 Mothers were categorised as upper-level employees (in 

administrative, managerial, professional and related occupations), lower-

level employees (in administrative and clerical occupations), manual 

workers, students or other (self-employed, housewives, unemployed and 

pensioners). 

 

4.2.2 FOOD CONSUMPTION AND SWEET TREAT INDEX 

Children completed a self-administered, 16-item food frequency 

questionnaire (FFQ) at baseline and at follow-up. The FFQ concentrated on 

foods and drinks indicative of the overall diet quality and indicating food and 

drink choices generally considered either healthy or unhealthy. The items 

consisted of dark bread (in Finland, generally, rye bread), milk or buttermilk, 

vegetables (cooked or fresh), fruits and berries, fresh juice, salty snacks, 

pizza, hamburgers and hot dogs, water, sugary soft drinks, sugary juice 

drinks, ice cream, chocolate and candies, sweet pastries and cookies and 

biscuits. Children rated their consumption frequency for each item during 

the preceding month on a seven-point scale, ranging from ‘not at all’ to 

‘several times a day’. Participants’ item rankings were recoded to better 

capture weekly consumption frequencies: ‘not at all’ as 0, ‘less than once a 

week’ as 0.5 (assuming an average consumption of twice a month), ‘once a 
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week’ as 1, ‘2–4 times a week’ as 3, ‘5–6 times a week’ as 5.5, ‘once a day’ as 7 

and ‘several times a day’ as 14 (assuming an average consumption of twice a 

day). This recoding was done for items used in the sweet treat index and the 

plant consumption index (see next paragraphs). 

The FFQ included six foods and drinks that are typically key sources of 

added sugar: sugary soft and juice drinks, sweet pastries, ice cream, biscuits 

and cookies and chocolate and candies. Amongst these, a sweet treat 

index (STI) was calculated as the sum of the weekly frequencies, ranging 

from 0 to 84. In studies I and III, the STI was used as a categorical variable: 

based on quartiles (Q), children were categorised into low STI (first Q cut-off 

<4.0), medium STI (second and third Qs, range 4.0–10.5) and high STI 

(fourth Q cut-off >10.5). In study II, the STI was used as a continuous 

variable, which was calculated for the follow-up data as well. Moreover, in 

study II, a difference in the STI was calculated to indicate the change 

between baseline and follow-up, based upon which children were categorised 

into three groups according to quartiles: first Q ranged from -3.5 to -29.0 

(decreased STI), second and third Qs from -3.0 to 2.0 (stable STI) and fourth 

Q from 2.50 to 19.0 (increased STI).  

In study IV, the STI was used as a categorical variable, but the 

categorisation relied on tertiles (T) instead of quartiles, with the aim of 

comparing the extreme ends of sweet treat consumption, whilst including as 

many participants in the groups as possible. As observed in study II, girls’ 

and boys’ sweet treat consumption patterns differed,120 whereby girls and 

boys were categorised separately. For girls, the cut-offs were ≤3.5 (low STI, 

first T) and >8.0 (high STI, third T), whilst for boys these cut-offs were ≤5.5 

and >10.0, respectively. In a similar manner as in study I, a plant 

consumption index (PCI) was derived based on the consumption of 

cooked and fresh vegetables as well as fruit and berries121 and categorised 

into Qs: low PCI (first Q cut-off ≤7.0), medium PCI (second and third Qs, 

range >7 to 18) and high (fourth Q cut-off >19). The PCI was used in study 

III. 

In study III, we also used data on meal and snacking patterns. Children 

were asked how often they usually eat lunch or dinner during a school week 

and, similarly, how often they snack between meals. The meals considered 

included breakfast, lunch, an afternoon snack, dinner and an evening snack. 

A regular meal pattern was defined as eating lunch and dinner five days a 

week, whilst an irregular meal patterned consisted of eating these meals less 

frequently.122 Snacking between meals five days a week was defined as 

frequent snacking, whilst infrequent snacking was considered snacking less 

often. 
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4.2.3 ANTHROPOMETRIC MEASUREMENTS 

Fieldworkers measured participants’ height, weight and waist circumference 

during school days using calibrated tools in a standardised manner. Height 

was measured with a portable stadiometer (Seca model 217) to the nearest 

0.1 cm and weight was determined using a portable scale (CAS model PB) to 

the nearest 0.01 kg. These were performed without shoes and wearing light 

clothing. Each clothing item was assigned an average weight, and the weight 

of the clothes was subtracted from the measured weight. Waist 

circumference was measured using a measuring tape midway between the 

hip bone and the lowest ribs to the nearest 0.1 cm. In the follow-up study, 

measurements were performed at home with instructions to be taken by an 

adult using a measuring tape sent to participants and using a scale either at 

home or in the school nurse’s office. The at-home measurements were 

previously validated in a sample of 113 children, resulting in a lower mean 

BMI but leading to a misclassification of the BMI category for only 2 (1.8%) 

participants.123 

BMI was calculated as weight in kilograms divided by height in metres 

squared, based upon which children were categorised as thin (grades I, II 

and III), normal weight, overweight and obese using cut-offs suggested by 

the IOTF.65 Overweight and obesity were grouped together (= excess weight). 

The waist–height ratio (WHtR) was calculated as the waist circumference in 

centimetres divided by height in centimetres, and children were categorised 

as without central obesity (WHtR < 0.5) or with central obesity (WHtR ≥ 

0.5). Table 1 summarises the anthropometric variables and their 

categorisation in studies I–IV.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

34 

Table 1. Description of anthropometric variables and their categorisation in studies I–IV. 

 

Study 

Anthropometric 

measurement 

 

Groups 

I BMI categorised Thin 

Normal weight 

Excess weight (includes overweight and obesity) 

II BMI categorised 

WHtR categorised 

 

 

 

 

 

 

 

 

BMI categorised 

Weight gainers: children who were thin/normal weight at 

baseline and obtained excess weight by follow-up 

Waist gainers: children who were without central obesity 

(WHtR < 0.5) at baseline, but who became centrally obese 

(WHtR ≥ 0.5) by follow-up 

Weight normalisers: children who had excess weight at 

baseline, but who became normal weight at follow-up 

Waist normalisers: children who were centrally obese (WHtR 

≥ 0.5) at baseline, but who normalised their waist 

circumference (WHtR < 0.5) by follow-up 

Thin 

Normal weight 

Excess weight (includes overweight and obesity) 

III BMI categorised Thin 

Normal weight 

Excess weight (includes overweight and obesity) 

IV WHtR — 

4.2.4 ORAL HEALTH 

Information on oral health (caries experience and periodontal health status) 

was obtained from the nationwide Register of Primary Healthcare Visits 

maintained by THL.124 This register includes data from dental examinations 

to which all Finnish children are invited regularly (i.e., during first, fifth and 

eighth grades, where children begin first grade in the year they turn 7). 

Examinations were conducted by dentists or dental hygienists within one 

year prior to or after the Fin-HIT baseline data were collected. Based on the 

number of decayed, missing, and filled teeth in the permanent teeth, the 

DMFT index was calculated to indicate the history of cavitated caries lesions 

(caries experience).125 Based on the assessment of periodontal status 

(gingival bleeding upon probing, supra- or subgingival calculus and 

periodontal pockets), the community periodontal index of treatment needs 

(CPITN) was calculated to indicate the periodontal health status.126 Children 

were categorised into two groups based on the DMFT: DMFT > 0 indicating 

caries experience and DMFT = 0 indicating no caries experience. Similarly, 

children were categorised into groups based on CPITN, where 0 indicated 

good periodontal health and CPITN > 0 indicated poor or other than good 
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periodontal health. Caries experience was used as the primary variable in 

study III and as a covariate in study IV. Periodontal health status was used as 

a covariate in studies III and IV.  

 

4.2.5 OTHER BACKGROUND INFORMATION 

Sleep duration was calculated based on children’s responses to questions 

regarding when they go to bed and wake up on weekdays. Children were 

categorised based on age-specific recommendations,127 falling into a group of 

those who sleep less than the recommended amount of time, those who sleep 

the recommended amount and those who sleep more than recommended. 

Physical activity was assessed by asking the children how many hours a week 

they exercise or do sports during their leisure time either in a club or a team, 

by themselves or with friends or family. Based upon their responses, children 

were categorised into those who exercise 7 hours or more and those who 

exercise less than 7 hours per week. This cut-off was chosen based on the 

recommendation of at least 1 hour of daily moderate- or vigorous-intensity 

physical activity.128 Sleep duration and physical activity were used as 

covariates in studies I and II. 

 

4.2.6 SALIVA SAMPLING AND 16S RRNA SEQUENCING 

Sample preparation and RNA sequencing are described in detail 

elsewhere.129 Briefly, unstimulated saliva samples were collected with 

Oragene® DNA self-collection kits (OG 500) at baseline data collection 

during school days, primarily in the morning after breakfast, but before 

lunch. However, the timing of sample collection was not standardised and 

whether the participant had eaten breakfast in the morning of saliva 

sampling was not recorded. The Oragene® kits included a stabilising 

reagent, and, after sampling, tubes were stored at room temperature until 

DNA extraction. An intensive lysis protocol including a cocktail of lysozyme 

as well as bead-beating to disrupt the bacterial cells was employed, after 

which the total DNA was extracted using the Chemagic MSM1 nucleid acid 

extraction robot (PerkinElmer). Primers (S-D-Bact-0341-b-S-17 (5′ 

CCTACGGGNGGCWGCAG ′3) and S-D-Bact-0785-a-A-21 (5′ 

GACTACHVGGGTATCTAATCC 3′) were used to amplify the V3–V4 variable 

regions of the 16S rRNA gene,130 and the TruSeq (TS)-tailed one-step 

amplification protocol was used for amplification.131 Polymerase chain 

reaction (PCR) amplicons were sequenced using the Illumina HiSeq 1500 

instrument (Illumina Inc., San Diego, CA, USA). High-quality sequences 

were processed on the MiSeq SOP in the mothur pipeline (version v.1.35.1)132 

and the reads were aligned with the Silva 16S rRNA database (V119).133 To 

identify OTUs, the reads were clustered at >98% homology, after which the 
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bacterial taxa were identified at the genus level. Alpha-diversity indices 

(Shannon index, inverse Simpson index and Chao1 index) were calculated to 

examine the richness and diversity of the saliva microbiota. Beta diversity 

was calculated using the Bray–Curtis dissimilarity index to estimate the 

difference in the composition between low and high sweet treat consumption 

groups. The metabolic pathways of the saliva microbiota were predicted 

using the PICRUSt2 (version 2.0.0-b.2).134 MetaCyc was used as the 

reference database for the pathways.135 

 

4.3 STATISTICAL METHODS 

The data from studies I–IV are summarised in Table 2, and the statistical 

methods and study designs used in studies I–IV are summarised in Table 3. 

Statistical analyses were performed using the SPSS software program 

versions 22, 25, 26 and 28 (IBM Corp., Chicago, IL, USA), and the R software 

program version 1.4.1106. The level of statistical significance in all analyses 

was set to p < 0.05.  
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Table 2. Description of data analysed in studies I–IV. Studies IIa and IIc refer to the entire 
cohort and study IIb refers to the subgroups. 

Study 

 
Population Exposure  Outcome Covariates  

I n = 8461 STI   Weight status  Age, sex, 
maternal 
SES, sleep 
and physical 
activity 

 
IIa 
 
 
 
 
IIb 
 
 
 
 
 
 
 
IIc 
 

n = 4237 
 
 
 
 
 
 
 
n = 162 
n = 193 
n = 199 
n = 110 
 
n = 3451 
n = 3661 

Time 
between 
baseline and 
follow-up 
 
Change in 
STI 
 
 
 
 
 
 
Change in 
STI 

 Change in STI 
 
 
 
 
Change in antropometric 
measurements 
 
Weight normalisers  
Weight gainers 
Waist normalisers 
Waist gainers  
 
Development of excess 
weight and central 
obesity 

Age at 
baseline and 
follow-up 
duration 
 
Age at 
baseline and 
follow-up 
duration 

 
 
 

Age, sex, 
maternal 
SES and 
physical 
activity 

 
III 

 
 
 
 
 
 

 
n = 6660 

 
STI 
PCI 
Meal pattern 
Snacking 
pattern 

  
Caries experience 

 
Age, sex, 
maternal 
SES, weight 
status, STI, 
PCI, meal 
pattern, 
snacking 
pattern and 
periodontal 
health status 

 
IV n = 453 STI   Alpha diversity, beta 

diversity, relative 
abundance and 
functional capacities 

Age, sex, 
maternal 
SES and 
central 
obesity 

Abbreviations: PCI, plant consumption index; SES, socioeconomic status; STI, sweet treat index. 
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Table 3. Summary of study designs and statistical analyses used in studies I–IV. 

Study Study design  Statistical analysis 

I Cross-sectional Multinomial logistic regression 
II Longitudinal Paired samples t-test 

Cox regression 
III Cross-sectional χ2 test / Fisher’s exact test 
  Independent samples t-test 

Binary logistic regression 
IV Cross-sectional Analysis of variance (ANOVA) 
  Analysis of covariance (ANCOVA) 
  Permutational multivariate analysis of variance 

(PERMANOVA) 
  General linear model with negative binomial distribution 

 

4.3.1 STUDY I 

Study I examined the cross-sectional relationship between sweet treat 

consumption and the risk of thinness and excess weight. Children for whom 

information on BMI, food consumption, age, sex, maternal SES, physical 

activity and sleep duration was available were included in the analysis (n = 

8461). To examine the risk of being thin or having excess weight according to 

low and high sweet treat consumption, we calculated the odds ratios (ORs) 

with 95% confidence intervals (CIs) using multinomial logistic regression 

where children with thinness and excess weight were compared to children 

with a normal weight. We used medium STI as the reference category. In the 

adjusted analysis, the regression model controlled for relevant factors that 

may confound the association between sweet treat consumption and excess 

weight. 

 

4.3.2 STUDY II 

In study II, we investigated the sex-specific changes in sweet treat 

consumption during adolescence and their associations with weight- and 

waist-phenotype groups. Children for whom information on age, sex, BMI 

and food consumption were available at both baseline and follow-up were 

included in the analysis (n = 4237). STI was used as a continous variable 

after removing outliers with a standard deviation (SD) of <3 or >3 (n = 157). 

The paired samples t-test was used to identify longitudinal changes in the 

sweet treat consumption separately amongst girls and boys both in the entire 

sample as well as in the four phenotype groups. The Cox regression was used 

to examine the risk of developing excess weight or central obesity according 

to a change in STI (decreasing, stable and increasing) in a crude model. 

Children who had excess weight or central obesity, respectively, at baseline 

were excluded from the analysis. In addition, the adjusted analysis was 
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controlled for relevant factors in a manner similar to that employed in study 

I. 

 

4.3.3 STUDY III 

In study III, the relationship of sweet treat consumption and other dietary 

factors (plant consumption, meal pattern and snacking pattern) to caries 

experience was examined using the independent samples t-test, the Fisher’s 

exact test or the chi-square test, where appropriate, and using a binary 

logistic regression model. Children for whom information on age, sex, 

maternal socioeconomic status, weight status, plant consumption, meal 

pattern, snacking pattern and periodontal health were available were 

included in the regression analysis (n = 5600). The crude association was 

examined between sweet treat consumption and caries experience. In the 

multivariate analysis, the model included all other exposures simultaneously. 

 

4.3.4 STUDY IV 

In study IV, the relationship of sweet treat consumption to the saliva 

microbiota and its functional capacities was examined. Children for whom 

information on age, sex, WHtR, the saliva microbiota and sweet treat 

consumption was available were included in the analysis (n = 453). The alpha 

diversity measured through the Shannon index, the inverse Simpson index 

and the Chao1 index between low and high sweet treat consumption were 

compared using the analysis of variance (ANOVA) and analysis of covariance 

(ANCOVA), after controlling for sex, age, WHtR, and maternal SES. These 

analyses were performed using the R package ‘stats’ (version 4.0.3). In 

addition, the permutational analysis of variance (PERMANOVA) was used to 

compare the beta diversity (microbial community composition) between low 

and high sweet treat consumption both with and without controlling for 

possible confounders (sex, age, central obesity and maternal SES), using the 

R package ‘vegan’ (version 2.5-7). A sensitivity analysis of the alpha and beta 

diversities was conducted amongst those for whom oral health data were 

available (caries experience and periodontal health status, n = 324). In the 

entire sample, a general linear model using a negative binomial distribution 

was performed to identify differentially abundant OTUs at the genus level. 

We performed this analysis using the DESeq2 function in the R package 

‘phyloseq’ (version 1.34.0). We also corrected p values using the false 

discovery rate (FDR).  Differentially present metabolic pathways between low 

and high sweet treat consumption were predicted using PICRUSt2 (version 

2.0.0-b.2) and identified with STAMP (version 2.1.3) using the Welch’s test 

and employing the Bonferroni correction. 
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4.4 ETHICAL CONSIDERATIONS 

The Fin-HIT study was conducted in accordance with the Declaration of 

Helsinki, and the Coordinating Ethics Committee of the Hospital District of 

Helsinki and Uusimaa approved the study protocol (169/13/03/00/10). Each 

child and one guardian of each child provided their written informed consent 

for study participation and the use of their registry data. A data protection 

statement is available on the website of the Fin-HIT study (www.finhit.fi). 
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5 RESULTS 

5.1 PARTICIPANT CHARACTERISTICS 

Table 4 summarises the key characteristics of the participants in each 

substudy. 

 

Table 4. Participant demographic characteristics, anthropometric measurements and 
mean sweet treat index at baseline in studies I–IV.  

Demographic 
characteristic 

Study I Study II Study III Study IV 

Sex, n (%) 
Girls 
Boys 
Missing 

Age, in years 
Mean (SD) 
Missing 

Maternal SES, n (%) 
       Upper-level 
       Lower-level 
       Manual workers 
       Students 
       Other  
       Missing 
Weight status 
       Thin 

 
4444 (52.5) 
4017 (47.5) 

0 
 

11.1 (0.9) 
0 
 

2556 (30.2) 
3334 (39.4) 
989 (11.7) 
922 (10.9) 
660 (7.8) 

0 
 

1025 (11.4) 

 
2271 (53.6) 
1966 (46.4) 

0 
 

11.1 (0.9) 
0 
 

1398 (33.0) 
1595 (37.6) 

392 (9.3) 
383 (9.0) 
279 (6.6) 
190 (4.5) 

 
515 (12.2) 

 
3473 (52.1) 
3187 (47.9) 

0 
 

11.2 (0.8) 
33 

 
1905 (28.6) 
2456 (36.9) 
735 (11.0) 
667 (10.0) 
473 (7.1) 
424 (6.4) 

 
734 (11.0) 

 
241 (53.2) 
212 (46.8) 

0 
 

11.7 (0.3) 
0 
 

197 (43.5) 
170 (37.5) 

36 (7.9) 
31 (6.8) 
19 (4.2) 

0 
 

73 (16.1) 
       Normal weight 6628 (73.7) 3154 (74.4) 4660 (70.0) 328 (72.4) 
       Overweight 1109 (12.3) 482 (11.4) 783 (11.8) 43 (9.5) 
       Obese 228 (2.5) 86 (2.0) 164 (2.5) 9 (2.0) 
       Missing 
 Central obesity 
       No  
       Yes 
       Missing 
Sweet treat index 
       Mean (SD) 
       Missing 

0 
 

8265 (91.9) 
725 (8.1) 

0 
 

8.7 (7.6) 
0 

0 
 

3893 (91.9) 
334 (7.9) 
10 (0.2) 

 
7.8 (5.4) 

0 

319 (4.8) 
 

5772 (86.7) 
605 (9.1) 
283 (4.2) 

 
8.8 (7.8) 

634 

0 
 
418 (92.3) 

35 (7.7) 
0 
 

9.2 (8.3) 
0 

Abbreviations: SD, standard deviation; SES, socioeconomic status. 
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5.2 SWEET TREAT CONSUMPTION AND THE RISK OF 
EXCESS WEIGHT (STUDY I) 

Study I examined the relationship between sweet treat consumption and 

excess weight as well as the risk of thinness. Figure 2 summarises the 

results from our analysis, expressed as odds ratios (ORs) with 95% 

confidence intervals (CIs). In a crude model (Figure 2A), we observed no 

association with a low STI (OR 1.1, 95% CI 0.92–1.30) or a high STI (OR 1.51, 

95% CI 0.98–1.35) and the risk of being thin. After controlling for age, sex, 

maternal SES, physical activity and sleep duration (Figure 2B), children 

with a high STI exhibited an increased risk for thinness (OR 1.2, 95% CI 

1.02–1.41). We detected no relationship between a low STI and being thin 

(OR 1.05, 95% CI 0.89–1.25). 

By contrast, children with a low STI exhibited an increased risk of having 

excess weight (OR 1.27, 95% CI 1.09–1.47) and children with a high STI 

exhibited a decreased risk of excess weight (OR 0.85, 95% CI 0.73–0.99) in a 

crude model (Figure 2C). Similarly, in the adjusted model (Figure 2D), 

children with a low STI exhibited an increased risk of having excess weight 

(OR 1.32, 95% CI 1.14–1.53), whereas children with a high STI exhibited a 

decreased risk of having excess weight (OR 0.79, 95% CI 0.67–0.92). 
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Figure 2 Odds ratios (ORs) with 95% confidence intervals (CIs) for being thin and having 
excess weight according to low and high levels of sweet treat consumption, 
compared with being normal weight and in the group reporting a medium level of 
sweet treat consumption. A and C Crude models (unpublished results), B and D 
analyses adjusted for age, sex, maternal SES, physical activity and sleep duration. 
*p < 0.05. 
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5.3 CHANGES IN SWEET TREAT CONSUMPTION AND 
WEIGHT DEVELOPMENT DURING EARLY 
ADOLESCENCE (STUDY II) 

STI decreased in girls and boys across the entire sample during the 2.3-year 

follow-up time (standard deviation [SD] ±0.3). In general, boys’ STI was 

higher than girls’: at baseline, boys consumed sweet treats an average of 8.5 

(SD ±5.8) and girls 7.1 (SD ±4.9) times per week, whereas at follow-up the 

corresponding figures were 7.8 (SD ±3.7) and 6.0 (SD ±4.6), respectively. 

Figure 3 displays the changes in the components of the STI; although the 

consumption of other sweet treats decreased, both girls and boys increased 

their consumption of chocolate and sweets, and boys specifically increased 

their consumption of sugar-sweetened soft drinks. 
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Figure 3 Means with 95% confidence intervals (CIs) for baseline and follow-up values of the 
sweet treat index and its components, separately for girls and boys, indicating the 
change from baseline to follow-up. *p < 0.05. 
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When examining the four phenotype groups (weight/waist 

gainers/normalisers; Figure 4), the overall trend for the STI appeared to 

decrease. Statistically significant decreases were observed in girls who 

became overweight (from 7.7 to 5.7 times a week, p < 0.001), were centrally 

obese (from 6.7 to 5.0, p = 0.002) and who normalised their waist 

circumference (from 7.0 to 5.5, p = 0.029) and in boys who became centrally 

obese (from 9.1 to 7.7, p = 0.043).  

 

 
 

 

Figure 4 Means with 95% confidence intervals (CIs) for baseline and follow-up values of the 
sweet treat index, separately for girls and boys, in groups of waist and weight 
gainers as well as waist and weight normalisers, indicating the change from 
baseline to follow-up. *p < 0.05. 
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An additional analysis for this dissertation was performed to examine the 

risk of developing excess weight and central obesity during a two-year follow-

up according to a decrease and increase in sweet treat consumption. Figure 

5 illustrates the results, shown as hazard ratios (HRs) and 95% confidence 

intervals (CIs). A decrease in sweet treat consumption associated with an 

increased risk of developing excess weight in a crude model (HR 1.73, 95% CI 

1.24–2.41) and in a model adjusted for baseline age, sex, maternal SES, 

baseline physical activity and baseline sleep duration (HR 1.56, 95% CI 1.11–

2.18). Similarly, we observed an association between a decrease in STI and 

the development of central obesity (HR 1.40, 95% CI 1.01–1.95) in a crude 

model, but not in an adjusted model. We observed no association between an 

increase in the STI and the development of excess weight or central obesity. 
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Figure 5 Hazard ratios (HRs) with 95% confidence intervals (CIs) for developing excess 
weight (A and B) and central obesity (C and D) during a two-year follow-up 
according to a change in sweet treat consumption (decreased and increased). A 
and C Crude models, and B and D analyses adjusted for age, sex, maternal SES, 
physical activity and sleep duration. Additional, unpublished results. *p < 0.05. 

In addition, Table 5 shows the change in the STI components for the 

phenotype groups. A majority of the observations were not statistically 

significant. Specifically, boys in the weight gainer group increased their 

consumption frequency of chocolate and sweets, and girls in the same group 

decreased their consumption frequency of sugary juice drinks. Boys in the 

waist gainer group decreased their consumption frequency of sweet pastries. 
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All groups except girls in the weight normaliser group (no change) decreased 

their consumption frequency of biscuits and cookies. 

 

Table 5. Change in the consumption frequency of components of the sweet treat index 
for girls and boys separately in the four phenotype groups based on a change in 
weight status (BMI) and central obesity. 0 refers to no statistically significant 
change during the follow-up time, + indicates an increase in the consumption 
frequency and – represents a decrease in the consumption frequency. 

 STI component 
Weight  

normalisers 
Weight  
gainers 

Waist 
 normalisers 

Waist 
 gainers 

 Girls Boys Girls  Boys Girls Boys Girls Boys 

Chocolate and sweets 0 0 0 + 0 0 0 0 

Sweet pastries 0 0 0 0 0 0 0 – 

Biscuits and cookies 0 – – – – – – – 

Sugary juice drinks 0 0 – 0 0 0 0 0 

Sugary soft drinks 0 0 0 0 0 0 0 0 

Ice cream 0 0 0 0 0 0 0 0 

 

5.4 SWEET TREAT CONSUMPTION, OTHER DIETARY 
FACTORS AND THE RISK OF CARIES EXPERIENCE 
(STUDY III) 

Study III examined the relationship between sweet treat consumption as well 

as other dietary factors with caries experience. Amongst the children in the 

study, 68.4% had no caries experience and the mean DMFT was 0.7 (SD 

±1.5). Table 6 summarises the characteristics of children with and without 

caries experience. 

  

Table 6. Participant characteristics by caries status as numbers and proportions, unless 
otherwise stated. 

  Caries status   

 No caries Caries  

  n (%) n (%) pa 

Age, mean (SD) 11.2 (0.8) 11.3 (0.7) <0.001 

   missing, n 19 14  

Sex 

   girl 2361 (51.8) 1112 (52.8) 0.460 

   boy 2194 (48.2) 993 (47.2)  

   missing, n 0 0  
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Maternal socioeconomic status 

   upper-level employees 1412 (32.8) 493 (25.5) <0.001 

   lower-level employees 1671 (38.9) 785 (40.5)  

   manual workers 460 (10.7) 275 (14.2)  

   students 462 (10.7) 205 (10.6)  

   other 294 (6.8) 179 (9.2)  

   missing, n 256 168  

Weight status 

   thin 542 (12.5) 192 (9.6) <0.001 

   normal weight 3206 (73.8) 1454 (72.8)  

   excess weight 596 (13.7) 351 (17.6)  

   missing, n 211 108  

Central obesity 

   no  4007 (91.8) 1765 (87.6) <0.001 

   yes 356 (8.2) 249 (12.4)  

   missing, n 192 91  

Sweet treat consumption 

   low  1007 (24.4) 372 (19.6) <0.001 

   medium 2084 (50.5) 938 (49.4)  

   high 1038 (25.1) 587 (30.9)  

   missing, n 426 208  

Plant consumption 

   low  1174 (26.8) 559 (27.7) 0.328 

   medium 2077 (47.5) 975 (48.3)  

   high 1125 (25.7) 484 (24.0)  

   missing, n 179 87  

Meal pattern 

   irregular 1018 (23.3) 566 (28.0) <0.001 

   regular 3354 (76.7) 1456 (72.0)  

   missing, n 183 83  

Snacking pattern 

   not frequent 3866 (88.3) 1759 (86.9) 0.108 

   frequent 510 (11.7) 265 (13.1)  

   missing, n 179 81  

Periodontal health 

   good 1486 (32.6) 553 (26.3) <0.001 

   poor 3069 (67.4) 1552 (73.7)  

   missing, n 0 0   

aResults from independent samples t-test for continuous variables and from the Fisher's exact test or 

chi-square test for categorical variables. 

 

Results expressed as odds ratios (ORs) with 95% confidence intervals 

(CIs) appear in Figure 6 for the relationship between sweet treat 

consumption and the risk of caries experience. In a crude model (Figure 

6A), children with a low STI exhibited a decreased risk of caries experience 

(OR 0.81, 95% CI 0.70–0.94), whereas children with a high STI had an 
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increased risk of caries experience (OR 1.23, 95% CI 1.07–1.40) compared 

with children without caries experience. Accordingly, in a model adjusted for 

age, sex, maternal SES, weight status, plant consumption, meal pattern, 

snacking pattern and periodontal health status (Figure 6B), children with a 

low STI exhibited a decreased risk of caries experience (OR 0.80, 95% CI 

0.68–0.93) and children with a high STI had an increased risk for caries 

experience (OR 1.23, 95% CI 1.01–1.41).  

 

 
 

Figure 6 Odds ratios (ORs) with 95% confidence intervals (CIs) of having caries experience 
according to low and high levels of sweet treat consumption compared with having 
no caries experience and amongst children in the middle sweet treat consumption 
group. A Crude model and B analysis adjusted for age, sex, maternal 
socioeconomic status, weight status, plant consumption, meal pattern, snacking 
pattern and periodontal health. Unpublished findings. *p < 0.05. 

In addition, the results for the relationship between other dietary factors 

(plant consumption, meal pattern and snacking pattern) and the risk of 

caries experience appear in Table 7. Analyses were adjusted for sweet treat 

consumption and other dietary factors, as well as age, sex, maternal SES, 

weight status and periodontal health status. No statistically significant 

relationship emerged between plant consumption or snacking behaviour and 

the risk of caries, whilst a regular meal pattern associated with a decreased 

risk of a caries experience. 
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Table 7. Odds ratios (ORs) with 95% confidence intervals (CIs) for a caries experience 
according to dietary factors other than sweet treat consumption, compared with 
no caries experience. Model controlled for all other dietary factors and sweet 
treat consumption as well as age, sex, maternal socioeconomic status, weight 
status and periodontal health status. Unpublished analysis. 

  OR 95% CI 

Plant consumption  

   low 0.96 0.83–1.10 

   mediuma 1  

   high 0.95 0.82–1.09 

Meal pattern   

   irregulara 1  

   regular 0.84 0.74–0.96 

Snacking pattern   

   not frequenta 1  

   frequent 1.02 0.85–1.22 

aReference category. 

Abbreviations: OR, odds ratio; CI, confidence interval. 

 

 

5.5 SWEET TREAT CONSUMPTION AND THE SALIVA 
MICROBIOTA (STUDY IV) 

No differences emerged in the alpha-diversity indices (the Shannon, inverse 

Simpson, and Chao1) between low and high sweet treat consumption. We 

examined this relationship both with possible confounders and without 

confounders (sex, age, maternal SES and WHtR; p > 0.05 for all). By 

contrast, the composition of the beta diversity differed between low and high 

sweet treat consumption both before and after controlling for possible 

confounders (p = 0.001; Figure 7). Consequently, differences emerged in 

the relative bacterial abundance. Figure 8 illustrates the distribution of the 

genera in the low and high consumption groups. Differentially abundant 

OTUs at the genus level or nearest taxa appear in Figure 9, which shows the 

statistically significant differences between the low and high consumption 

groups observed in a total of 37 OTUs. 
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Figure 7 Principal coordinates analysis (PCoA) using the Bray–Curtis distances (beta 
diversity) between low (n = 227) and high (n = 226) sweet treat consumption. 
Results based on PERMANOVA. The adjusted p value obtained from a model 
adjusted for sex, age, the waist–height ratio and maternal socioeconomic status. 
Reprinted from Lommi, Manzoor, Engberg, et al. Front. Nutr. 9:864687 (open 
access, Creative Common Attribution 4.0 International License, 
https://creativecommons.org/licenses/by/4.0/). 

 

https://creativecommons.org/licenses/by/4.0/
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Figure 8 Distribution of the genera or nearest taxa in the low and high sweet treat 
consumption groups.  
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Figure 9 Summary of differentially abundant OTUs at the genus level (or nearest taxa) 
according to the high vs. low sweet treat consumption groups. Only statistically 
significant results are shown (Benjamini–Hochberg corrected p < 0.05).  
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The analysis of the functional pathways using PICRUst identified two 

differentially active metabolic pathways between groups: the nitrate 

reduction IV and anaerobic gondoate biosynthesis pathways occurred at a 

higher rate in the high sweet treat consumption group compared with the low 

sweet treat consumption group (p < 0.05; Figure 10). 

 

 

 

 
 

Figure 10 The proportions of differentially exhibited metabolic pathways according to the low 
and high sweet treat consumption groups, predicted using PICRUSt2 and analysed 
through STAMP. The differences in the mean proportions are shown with the 95% 
confidence intervals. Results are based on Welch’s test, and p values are reported 
following the Bonferroni correction. Only pathways with adjusted p < 0.05 are 
shown. PWY490-3 refers to nitrate reduction IV (assimilatory) and PWY-7663 refers 
to gondoate biosynthesis (anaerobic) from MetaCyc (https://metacyc.org/). 
Reprinted from Lommi, Manzoor, Engberg, et al. Front. Nutr. 9:864687 (open 
access, Creative Common Attribution 4.0 International License, 
https://creativecommons.org/licenses/by/4.0/). 

The sensitivity analysis (limited to those for whom oral health data were 

available) verified the results on the alpha and beta diversity for the entire 

sample, indicating that oral health did not impact the relationship between 

sweet treat consumption and the saliva microbiota in this sample. Thus, no 

further analyses on the abundance and metabolism were conducted in this 

subsample. 

  

https://metacyc.org/
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6 DISCUSSION 

6.1 PRIMARY FINDINGS 

Obesity and caries represent major chronic diseases globally. Although these 

conditions are multifactorial, diet remains a key predictor for both. 

Specifically, excess sugar consumption has been suggested as one of the 

leading causes of both obesity and caries. This doctoral thesis aimed to study 

the relationships between sweet treat consumption frequency and excess 

weight and caries experience, as well as to define the role of sweet treat 

consumption in the diversity, composition and functional characteristics of 

the saliva microbiota. Study I identified the relationship between a low, 

rather than high, consumption frequency of sweet treats and the increased 

risk of excess weight. As shown in study II, during early adolescence, 

children decreased their overall sweet treat consumption frequency. 

Moreover, a high sweet treat consumption frequency did not associate with 

becoming overweight or developing central obesity, and a decreased sweet 

treat consumption frequency associated with a risk of gaining excess weight. 

Study III detected a relationship between a high sweet treat consumption 

frequency and an increased risk of caries experience. Finally, study IV 

identified differences in the composition and functional capacity of the saliva 

microbiota according to low and high sweet treat consumption frequencies. 

 

6.2 SWEET TREAT CONSUMPTION AND EXCESS 
WEIGTH DURING EARLY ADOLESCENCE 

Cross-sectional associations between the sweet treat consumption frequency 

and weight status were investigated in study I. For study I, we defined the 

STI, which was used in studies I–IV. The STI is a score that summarises the 

weekly consumption frequencies of several sugar-rich foods and drinks and, 

consequently, reveals behaviour related to consuming sweet treats. Study II 

aimed to define changes in the sweet treat consumption frequency during 

early adolescence (discussed further in Chapter 6.3) as well as examine 

whether those possible changes associate with changes in one’s weight status 

and central obesity. In addition, the risk of developing excess weight or 

central obesity during the two-year follow-up according to a decrease or 

increase in the STI was also examined.  

Study I revealed that children consuming sweet treats at a low frequency 

had a 32% higher risk of having excess weight than children with a normal 

weight and, conversely, children in the high STI group had a 20% higher risk 

of being thin and a 21% lower risk of having excess weight. This finding is 
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consistent with a meta-analysis consisting of approximately 177 000 children 

and adolescents55 as well as with a European study among 16 000 6–9-year-

old children.58 Those studies showed that the risk of having excess weight 

decreased amongst individuals reporting an increased consumption or 

consumption frequency of confections and sugary pastries. By contrast, 

amongst 1165 Greek children and adolescents aged 2–18 years, higher total 

and added sugar consumptions associated with an increased risk of having 

excess weight.59 A positive relationship between sweets consumption (daily 

vs. more than once a day) was observed in a Spanish study amongst 1418 

boys aged 6–12 years, and similarly between the consumption of muffins and 

donuts amongst 1396 girls in the same study.57 These findings are based on 

cross-sectional analyses; thus, causation cannot be determined. The inverse 

relationship between sugar consumption and excess weight could be 

explained through a reverse causation. As such, the parents of children with 

excess weight may express a greater concern for a child’s weight and restrict 

their consumption of high-sugar foods and drinks.136 Moreover, children 

with excess weight may engage in dieting behaviours and restrict their food 

consumption.137 Then again, sucrose or fructose may have a satiating effect 

instead of stimulating an appetite.138,139 Depending upon the type of sweet 

treat, it may also contain fat, protein or fibre possibly increasing satiety. 

Study II examined changes in sweet treat consumption and an 

individual’s weight status and central obesity in a longitudinal setting. We 

observed a decreasing trend in the total STI in all four weight and waist 

phenotype groups, although the change was significant only amongst girls in 

the weight gainer and waist normaliser groups and amongst girls and boys in 

the waist gainer group. The analysis here examined also the development of 

excess weight and central obesity according to a decrease and increase in the 

STI, which verified these results and revealed more about the associations. 

Specifically, we observed a decrease in the STI associated with an increased 

risk of developing excess weight and central obesity. When controlling for 

possible confounders, only the association for excess weight and not for 

central obesity remained. Overall, these findings suggest that a high 

consumption frequency of sweet treats did not lead to excess weight or 

central obesity, thus, agreeing with the results from study I. However, it is 

possible that children decreased their sweet treat consumption only after 

becoming overweight or developing central obesity. An inverse longitudinal 

relationship between sugar intake and weight has been observed; amongst 

younger children aged 2–8 years, an increase in the total sugar intake 

(mono- and disaccharides) of 100 kcal per day associated with a lower BMI z-

score after controlling for the total energy intake.62 This study did not, 

however, differentiate between added sugar and sugar from fruits and other 

natural sources. In a sample of 9–10-year-old US girls followed for one year, 

added sugar from liquid sources associated with an increase in the waist 

circumference; similar results were observed for added sugar from solid 

sources in girls who were overweight or obese after controlling for the energy 
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intake.60 Some studies have identified no relationship between added sugar 

intake or the consumption of sweets.63,64 The role of SSB consumption on 

weight gain appears quite robust.52,54 Here, only insignificant changes were 

observed regarding sugary soft drinks and a change in the weight status or 

the central obesity status.  

Since information about amounts consumed was not available in this 

doctoral study, we cannot conclude whether children who consume sweet 

treats at a low frequency actually consumed them in larger amounts than 

children who reported a high frequency of consumption, which could 

possibly lead to a larger absolute intake of sugar. In a mouse study,140 a 

single-dose of fructose led to an increased spill-over of fructose into the 

portal circulation and a higher fructose-to-glucose conversion compared with 

the same dose divided across four feedings over a one-hour time period, 

suggesting that large amounts of sugar at once may be more harmful than 

small amounts ingested over a longer time frame. However, these results 

should be confirmed in human studies. 

Thus, the findings of the present study do not support the hypothesis 

regarding the contribution of high sugar consumption to the obesity 

epidemic. Based on the literature, most of the evidence stems from studies 

examining the consumption of SSB, with the clearest relationship emerging 

between sugar and excess weight limited to SSBs. Sugar in a liquid form may 

differentially impact the body from that consumed via solid foods; 

specifically, liquid sources may not promote satiety or may not be 

compensated for through subsequent meals, leading to an energy 

surplus.38,141 Solid food has a better satiety effect than liquid food,142 and the 

gastric emptying of liquids occurs faster than that from solid foods, leading to 

the faster uptake of sugar in the liver.51 The metabolism of excess fructose 

(from SSBs) may dysregulate appetite signaling and lead to overeating.139 In 

this light, the frequent consumption of sweet treats other than in liquid form 

might suppress the appetite and maintain an energy balance.  

Given this lack of unambiguous evidence, the WHO recommendation to 

limit the free sugar intake to 10E% has been criticised.38 Moreover, it has 

been suggested that aiming for very low intakes of sugar might dilute a diet 

since some of the added or free sugar comes from sweetened, yet nutrient-

rich foods such as breakfast cereals. However, in order to achieve a healthy 

dietary pattern within caloric limits, the intake of added sugar likely falls 

near the recommended 10% threshold.143 Even if consumed within an energy 

balance, sugar replaces nutritious foods and drinks in the diet. Yan et al.38 

suggest that studies with added or free sugar intake better approximating 

real-world diets (20–25E%) over time periods of at least six months should 

be conducted in order to determine the effects of sugar on health.  
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6.3 CHANGES IN SWEET TREAT CONSUMPTION 
DURING EARLY ADOLESCENCE 

In study II, a longitudinal analysis of sweet treat consumption patterns 

during early adolescence, we observed a decrease in the total STI amongst 

both girls and boys. This agrees with reports on decreases in added sugar 

intake during adolescence and from adolescence to adulthood,33,144 whilst 

contradicting a report amongst German adolescents whose consumption of 

added sugar increased with age but reported a decreasing free sugar 

consumption during adolescence.23 Amongst Swedish and German youth, no 

change in the consumption of sweet foods was observed from childhood to 

adolescence.34,35 In this doctoral study, on average, the follow-up time was 

just over two years. Children were 13 years old at the end of the study — the 

age when they move from elementary school (grades 1–6) to upper 

comprehensive school (grades 7–9). It is possible that further changes in 

their sugar consumption patterns still occur later during adolescence. 

Looking at the components of STI, girls and boys increased their 

consumption frequency of chocolate and sweets, whilst boys also increased 

their consumption frequency of sugary soft drinks. Boys  consume beverages 

more at one time or more frequently than girls,34,36,145 indicating boys’ higher 

energy needs as manifested during puberty. This was also reflected in the 

findings from this doctoral thesis, whereby boys consumed soft drinks more 

frequently than girls at specific data collection points. In contrast to the 

consumption of chocolate, sweets and soft drinks, the consumption of other 

STI components decreased, suggesting that sweet pastries, cookies, ice cream 

and juice drinks are components of younger children’s diets, later substituted 

with soft drinks, sweets and chocolate. These food items may be consumed in 

different portion sizes and have different energy and sugar contents. For 

example, according to the national food composition database Fineli,146 on 

average, chocolate contains around 50 g total sugar per 100 g and candy 

contains around 54 g, whereas buns contain around 11 g and chocolate 

cookies around 35 g. Correspondingly, the total intake of sugar may have 

actually increased.  

Overall, boys consumed sweet treats more frequently than girls. These 

differences in sweet treat consumption may stem from gendered norms 

influencing dietary patterns.147 Specifically, smaller portion sizes and foods 

with lower energy density are associated with a smaller body size, which have 

been associated with femininity, and girls may express a greater concern for 

body image and the health and weight effects of dietary behaviours, whereas 

boys express concern for muscle growth. Moreover, food and health literacy 

appears gendered.147,148  

In general, health behaviours appear to deteriorate during adolescence 

when fruit and vegetable consumption decreases and soft drink consumption 

increases34. Some adolescents begin experimenting with alcohol and tobacco; 

the average age at which Finnish adolescents begin smoking tobacco is 14 
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years.149 In this doctoral study, information on alcohol and tobacco use was 

not available, and thus not included in our analysis. In addition, puberty may 

be a critical period for the development of excess weight.150 Factors affecting 

adolescent eating behaviour typically include influence from peers, food 

availability, convenience and marketing.151 Adolescents’ autonomy in making 

their own decisions regarding issues such as snack purchases increases, and 

they become increasingly influenced by their peers and less influenced by 

their parents.147 However, parenting styles and practices influence food 

intake and weight-related behaviours, and the effects may be different in girls 

and boys.152–155 Moreover, there may be sex differences in biological factors 

such as gustatory system functioning,156 which could lead to differences in 

food intake patterns. Boys have reported a preference for fatty and sugary 

foods, and girls for fruits and vegetables 157. These might, however, represent 

the consequences of social pressure placed on girls to engage in gender 

normative dietary behaviours earlier than boys.147 

  

6.4 SWEET TREAT CONSUMPTION, OTHER DIETARY 
FACTORS AND THE RISK OF CARIES EXPERIENCE  

In study III, we examined sweet treat consumption alongside other dietary 

factors in children with and without caries experience. Overall, having caries 

experience was not that common, since two-thirds of children reported no 

caries experience and the mean DMFT was 0.7, suggesting that this sample 

enjoyed generally good oral health. These findings were in line with a 

population-based sample of 12-year-old Finns from 2009, whose mean 

DMFT was also 0.7.158 DMFT correlates positively with age: in a sample of 

15–17-year-old Finnish adolescents, the DMFT was 2.4,159 and, in Finnish 

male conscripts, it reached 4.1.160 The relatively low caries prevalence is likely 

due to fluoride and good dental hygiene habits: fluoride toothpaste is 

regularly used in the Finnish population,12 and children brush their teeth 

frequently. In one study, findings indicated that amongst fourth and fifth 

graders over two-thirds brush twice daily and less than 3% do not brush their 

teeth daily.161 Moreover, the coverage of Finnish public dental service is good 

and free of charge for all children under 18 years of age.158  

Excessive sugar consumption has been suggested as one of the main 

dietary factors driving both obesity and caries.162 As discussed above, the 

results from studies I and II did not support the role of a high sweet treat 

consumption frequency in excess weight. By contrast, excess weight and 

central obesity associated with caries experience, in agreement with previous 

studies.5,163 Furthermore, a high sweet treat consumption associated with an 

increased risk of caries experience and a low consumption associated with a 

decreased risk both in a crude model and in a model that considered several 

other lifestyle factors. As described in Chapter 2.3.2, caries is a sugar-driven 
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disease; however, in epidemiological studies, an association between sugar 

intake and caries is rarely found or the associations are not strong.164 The 

regular use of fluoride reduces the relationship even further; indeed, it may 

neutralise the potential hazard from a high intake of fermentable 

carbohydrates. In this study, children were not asked about their tooth 

brushing habits, although the periodontal health status was considered an 

indicator of dental hygiene habits. The relationship between STI and caries 

experience remained after considering the periodontal health status in the 

analysis, suggesting that sweet treat consumption played an independent role 

in caries experience. In this doctoral study, the STI served as a novel measure 

of sugar-rich, cariogenic foods and drinks which estimated the relationship 

between the frequency of sweet treat consumption and caries experience. 

From the standpoint of the biological caries process, the frequency of sugar 

consumption appears more relevant than the amount,164 supporting the 

finding of a relationship between the frequency of sweet treat consumption 

and caries experience observed in study III. Study IV provided a plausible 

mechanism to explain this association. Specifically, we found that the 

abundance of several bacteria and the functional capacities of the saliva 

microbiota differed between low and high sweet treat consumption, although 

the groups did not differ based on caries experience. A pathway relating to 

nitrate metabolism was enriched in those with a high consumption of sweet 

treats, possibly providing a protective factor against caries. Then again, in 

contrast to sweet treat consumption, plant consumption exhibited no 

relationship with a risk of caries experience. In our analysis, plants were 

considered cooked and uncooked vegetables in addition to fruits and berries. 

Fruit and vegetable consumption may control caries and benefit oral health 

due to the nitrate content in some plants; oral nitrate metabolism may exert 

beneficial effects on oral health due to the abundance of beneficial bacteria 

that participate in nitrate metabolism,165 which is discussed further in 

Chapter 6.5. In addition, fibrous food stimulates the salivary flow and, thus, 

interrupts the maturation of the pathogenic dental biofilm.94 Much research 

on diet and caries has focused on sugar consumption, but a relationship 

between caries and a low consumption of fruits and vegetables has rarely 

been studied.166 

We also found that a regular meal pattern associated with a decreased risk 

of caries experience, suggesting that regular eating may protect individuals 

from caries. A regular meal pattern indicates healthy eating and lifestyle 

habits in general; as such, a balanced lunch associated with more regular 

meal times and healthier snacks amongst children.167 The snacking pattern, 

however, did not associate with caries experience in this study, although 

frequent snacking appeared slightly more common amongst those with caries 

experience. In our questionnaire, we asked about snacking behaviour, 

referring specifically to the behaviour of eating small amounts of food in a 

repetitive manner, summarised as ‘napostelu’ in Finnish (no direct English 

translation exists, although ‘nibbling’ or ‘grazing’ come close as 
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approximations). In Finland, one or two healthy snacks in addition to main 

meals are recommended in order to maintain satiety between meals.168 In 

general, snacks (not limited to the snacking behaviour addressed in this 

study) are a major source of sugar.29 In the present study, the contents of 

snacks were, however, not known. 

 

6.5 SWEET TREAT CONSUMPTION AND THE SALIVA 
MICROBIOTA 

In study IV, we examined the previously unexplored relationships between 

the saliva microbiota and sweet treat consumption frequency. In doing so, we 

observed no differences in the microbial diversity of the saliva microbiota of 

children; but, by contrast, the composition and functional capacities differed 

between groups with low and high sweet treat consumption frequencies. Oral 

health (caries experience and periodontal health) appeared to play no role in 

that relationship amongst this sample. 

The diversity of the saliva microbiota did not differ according to the sweet 

treat consumption. Interestingly, only one previous study amongst children 

examining sugar intake and the oral microbiota was found; contrary to the 

findings from study IV, the oral microbiota was less diverse in 11–year-old 

Chinese children who consumed sugar-sweetened beverages daily compared 

with children who consumed them less frequently.117 That study also showed 

differences in the abundance of the microbiota. In this doctoral study, the 

abundance of a total of 37 OTUs (in terms of the bacterial genus or the 

nearest taxa), such as Prevotella, Veillonella and Streptococcus, differed, 

suggesting that sweet treat consumption plays an important role in shaping 

the saliva microbiota. Prevotella, Veillonella and Streptococcus are amongst 

the most abundant genera in the oral cavity,100,101 but may also associate with 

oral diseases.169–171 In the present study, four OTUs belonging to Veillonella, 

five to Prevotella and two to Streptococcus exhibited differential abundances 

when comparing the low and high consumption groups, with both increased 

and decreased proportions amongst children with the high sweet treat 

consumption groups compared with a low consumption.  

Streptococcus species are gram-positive bacteria, and most are acidogenic 

and/or acid-tolerant172 able to ferment carbohydrates and produce acids.170 

Specifically, Streptococcus mutans has been considered cariogenic.173 The 

biomass of the S. mutans increases following exposure to sucrose due to the 

acidic environment as well as intra- and extracellular polysaccharide 

synthesis.174 With frequent exposure to sugar, the microenvironment of the 

teeth acidifies, leading to enamel demineralisation.170 However, some 

Streptococcus species can neutralise the acidity in the oral cavity through the 

production of alkali, hydrogen peroxide or antimicrobial compounds that can 

inhibit the growth of S. mutans.  



 

64 

Veillonella species are nonmotile anaerobic gram-negative cocci bacteria 

and abundant in the oral cavity,175 playing an important role in the ecology of 

oral biofilms.101 Veillonella, however, are incapable of metabolising sugar, 

but use metabolites produced by other genera.101 Most Veillonella species 

prefer lactate as a source of carbon,101 and some Veillonella species are 

beneficial to oral health by converting lactic acid to weaker acids or nitrate to 

nitrite.175 Lactate participates in dental demineralisiation and is the strongest 

and most abundant acid produced by oral bacteria.101 Some Veillonella 

species have associated with oral infections, such as caries and periodontitis, 

since they may spur the growth of pathogens in the biofilm.101,169 Prevotella 

species are also gram-negative bacteria, representing a saccharolytic or 

moderately saccharolytic genus and highly abundant in the oral cavity.176,177 

In fact, amongst human body sites, the oral cavity is home to the largest 

diversity of Prevotella species currently known.176 Although no obligate 

pathogenic species are known, Prevotella has been linked to several diseases, 

including caries and periodontitis.171,176,178  

We found here that the pathway relating to nitrate reduction was enriched 

in the group with a high sweet treat consumption. Commensal oral bacteria 

promote a host’s oral and systemic health through nitrate metabolism.99,179 

Oral nitrate-reducing bacteria supply a storage pool of nitrite and nitric oxide 

via the enterosalivary circuit,111,180 which benefits the host since nitric oxide 

carries antihypertensive effects and, thus, positively influences 

cardiovascular health.99,181 In the oral cavity, nitric oxide exerts an 

antimicrobial effect and can, thus, limit the growth of some bacteria and 

affect the biofilm composition.179 In addition, nitrate present in the oral 

cavity associates with a decreased production of lactate and an increased 

production of ammonium, possibly leading to neutralised pH and protection 

from caries. An oral dose of nitrate was found to limit acidification following 

sucrose consumption.182 Speculatively, the pathway relating to nitrate 

reduction enriched in the group with a high sweet treat consumption could 

indicate a compensatory mechanism neutralising the acidity resulting from 

frequent sugar consumption, and thus protecting individuals from caries. 

The human microbiota takes part in the maintenance of the host’s energy 

homeostasis and immunity; for instance, gut bacteria can enhance energy 

production from food.183 Oral bacteria can travel down the gastrointestinal 

tract via saliva, and aberrant oral microbiota may lead to dysbiosis in the gut 

microbiota. Deviations in the gut microbiota appear to influence the risk of 

several conditions and diseases, including obesity and type 2 diabetes.184 

Moreover, gut microbes have been hypothesised as manipulating eating 

behaviours to promote their own fitness185 such as through the production of 

satiety-related gastrointestinal peptides, which could possibly increase food 

intake.183 In addition, the oral microbiota and bacterial metabolism might 

influence taste perceptions and preferences,99,186 possibly affecting food 

intake, which could have implications for weight gain.  
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6.6 METHODOLOGICAL CONSIDERATIONS 

6.6.1 STUDY POPULATION 

The Fin-HIT study cohort originates from a large, geographically diverse 

sample of school-aged children across Finland, concentrated primarily in 

large cities and their surrounding areas. This prospective cohort and the vast 

research data allow us to observe longitudinal associations during early 

adolescence. In this sample, the proportion of girls was only slightly higher 

than that of boys. Maternal upper-level employment was overpresented in 

this study compared with 25–34-year-old women in the Finnish population 

in 2010 (near the beginning of the study),187 suggesting that the 

socioeconomic status of the sample might be on average higher than that of 

the general population. The proportions of children with lower-level 

employee and manual worker mothers were, however, somewhat similar to 

the entire population. A socioeconomically lower position associates with a 

higher risk of obesity.188 The prevalence of being overweight and obesity in 

the Fin-HIT cohort at baseline were 13% and 3%, respectively,74 in 

accordance with a small sample of Finnish fifth graders in 2007–2008 from 

the LATE project.149 Based on the national Register of Primary Healthcare 

Visits (Avohilmo), in 2014–2015 the prevalence of being overweight and 

obesity amongst 7–12-year-old children were approximately 22% and 6%, 

respectively 75. The Avohilmo is a national register, but does not cover all 

communities and all children, partially explaining the rate differences. Yet, 

the Fin-HIT cohort featured a lower prevalence of being overweight and 

obesity compared with the national sample. 

A common challenge in epidemiological studies is nonparticipation, 

which we observed in the Fin-HIT study since the participation rate at 

baseline was 36%. Notably, a study with a low participation rate may not 

represent the entire base population. Moreover, attrition is common in 

follow-up studies. The participation rate in the follow-up was 54%. We 

identified some differences between those participating in the follow-up 

study and those who either did not continue during follow-up or those who 

were exluded from the analyses due to missing data. Specifically, we found 

that maternal upper-level employment was more common and excess weight 

less common amongst participants than amongst nonparticipants.120 In 

addition, the mean sweet treat index was smaller amongst participants. 

Families with a high educational attainment are more likely to continue their 

participation in studies.74 Moreover, the number of children with excess 

weight or who developed excess weight remained rather small, possibly 

resulting in an insufficient statistical power. Taken together, the low rate of 

obesity and the overall high SES suggest that the study sample may have 

been generally more health conscious than the general population. 

Associations between sweet treat consumption and excess weight may be 

more heterogenous amongst those from socioeconomically disadvantaged 
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backgrounds. Thus, our findings may not be generalisable to populations 

from deprived or less health-conscious backgrounds. 

 

6.6.2 STUDY MEASURES AND DATA 

Sweet treat consumption was estimated through the STI developed for this 

study. This index comprises several foods and drinks typically relevant as 

sources of added sugar and a common part of the diets of children and 

adolescents. Instead of focusing on individual food items, the STI captured a 

behaviour related to sweet treat consumption. However, since it lacked some 

sugar-rich food groups, such as sugar-sweetened yogurts, puddings and 

cereal, it did not capture all possible sources of added sugar. The STI was 

derived from a short FFQ, consisting of only 16 items, which makes it easy 

and feasible to use in this age group and as a part of a larger questionnaire. 

However, the FFQ only measured the frequency of consumption and not 

serving sizes. Thus, the dietary information depends upon the frequency of 

consumption alone. Regardless, FFQs not measuring quantities serve as a 

quick way to rank participants189 and compare those with low and high intake 

levels. The FFQ was adapted from an instrument used in the WHO HBSC 

study, which was validated against both a 7-day food diary and a 24-hour 

behaviour checklist, and retested in Belgium and Italy amongst a similar age 

group as that in this study.189,190 Nevertheless, the FFQ used in this study was 

itself not validated. Generally, short, child-specific self-administered FFQs 

assessing only a short time span without measuring portion sizes are thought 

to hold the highest validity,191 making them easier for younger children to 

compherend and complete. 

Due to the nature of the diet measurement, it was not possible to account 

for misreporting (such as to exclude participants with a very low energy 

intake) or to adjust for energy intake. A social desirability bias may cause 

underreporting, common in nutrition research, particularly regarding foods 

considered unhealthy as well as amongst participants who are obese.192,193 

Then again, participants who are thin or underweight may overreport.193 

However, a study amongst 11–12-year-old children discovered that the FFQ 

was valid independent of BMI.194 Older adolescents may be more prone to 

misreporting than younger adolescents due to several factors relating to, for 

instance, a high degree of eating outside the home, concerns regarding their 

self-image and rebelling against authority.195 Since no reliable biomarker for 

added sugar consumption currently exists, future studies are limited by the 

inaccuracy and bias accompanying dietary assessment methodologies.196 

To allow for the examination of the extreme ends of or decreases and 

increases in sweet treat consumption, the STI and its change were used as 

categories in a majority of the analyses, based on either quartiles or tertiles. 

It is possible that this prevented detection of the most extreme consumption 

patterns. Furthermore, categorical anthropometric measurements (BMI and 
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the waist–height ratio) were used as weight outcomes, enabling the study of 

the risk related to sweet treat consumption. Thus, those with an extreme 

weight change or severe obesity were not a focus. That said, such group sizes 

would have been extremely small since the prevalence of obesity remained 

marginal. In multivariate models, we controlled for relevant potential 

confounders between sweet treat consumption and weight outcomes, 

although residual confounding may still exist. 

Information on SES relied on data at the time of the child’s birth; thus, 

SES-specific data were approximately 11 years old, given the mean age of the 

children, and collected during the baseline study. According to employment 

statistics in 2010, the proportion of upper-level employees in Finland, for 

instance, was higher amongst 35–44-year-old women than amongst 25–34-

year-old women.197 Thus, for some mothers, SES likely changed from the 

initial status at the time of the child’s birth until the time the study was 

conducted. Roughly 10% of the mothers were students and prior to the 

beginning of the study at least some likely graduated and moved into the 

work force. To which SES group such mothers moved remains unknown. 

Since SES was used as a covariate in this doctoral thesis, the implications of 

this change likely only marginally impacted our results. 

The DMFT index employed to determine caries experience has been used 

for many decades and is considered an easy, valid and reliable method to 

determine caries experience.198 However, it does not record those initial 

lesions that can still be arrested with appropriate care. Since the DMFT 

variable was categorised and caries experience was not highly common in 

this sample, it was not possible to examine children with a larger number of 

cavitations. However, the association between sweet treat consumption and 

caries experience was logical, and we expect that the direction of the 

association would remain the same in populations with worse caries 

experience. 

This study utilised self-reported questionnaire data as well as measured 

and self-reported data on antropometry in addition to register data. 

Antropometric measurements were completed by trained fieldworkers in a 

standardised manner at baseline data collection. In the follow-up, measures 

were self-reported. Despite that, such data have been demonstrated as 

sufficiently accurate allowing us to group children into BMI categories.123 In 

addition, children were instructed to have their parents help with 

measurements. The weight status was defined based on IOTF cut-offs, which 

differ from those recommended by WHO and from Finnish reference 

values.66 IOTF underestimates the prevalence of excess weight compared 

with the WHO and the Finnish values.66 Questionnaire data (including FFQ 

and other lifestyle factors such as physical activity) were self-reported, 

whereas data on oral health status and maternal SES were obtained from 

comprehensive national registers. Self-reporting at this age appears more 

accurate than parental reports,199 and children’s cognitive ability to report 
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reliably increases during school-age years.195 In addition, recall bias may 

result in reporting errors in questionnaires focused on past events.200 

Different factors in the sequencing and bioinformatics processes may 

affect the comparability of findings between studies, such as the DNA 

extraction protocol, the targeted variable regions, the chosen primers, the 

sequencing platform, the chosen bioinformatics pipeline and the chosen 

reference database.201 Since information on the species level was available 

only for a small portion of the samples, the saliva microbiota was analysed on 

the genus level, such that no information about the differences in the 

abundance of different bacterial species was available. A bacterial genus can 

include both beneficial and pathogenic species, resulting in a rather 

speculative discussion about the possible roles of the genera that were found 

at differentially abundant levels. Despite this shortcoming, this study 

provided valuable novel knowledge on the relationship between sweet treat 

consumption and the saliva microbiota profiles in school-aged children, 

permitting further studies with different methods. Whole genome shotgun 

sequencing would provide more detailed information on the bacteria at the 

species or even strain level. Simultaneously, such sequencing would allow for 

the study of other members of the microbiota such as viruses and fungi.  

 

6.7 FUTURE PROSPECTS 

Puberty represents a critical period in human development. Poor eating 

habits as well as excess weight adopted during childhood and adolescence 

tend to track into adulthood and increase the risk of chronic diseases. 

Specifically, excess weight gained during late adolescence might be 

particularly harmful in terms of later disease risk.202 It is important to 

understand the causes of excess weight and weight gain amongst school-aged 

children and act to improve families’ and individuals’ possibilities of 

adapting a healthy lifestyle at an early age. Based on the findings 

summarised in this doctoral study and the existing literature, consumption of 

sugary products does not appear to play a crucial role in the development of 

excess weight. However, the scientific discussion regarding sugar and its 

implications on health is complicated by the fact that sugar consumption can 

be examined on the level of nutrients and food items, using different 

definitions and using various methods to collect dietary data. In doing so, the 

data produced may not be comparable. A large proportion of the evidence 

regarding sugar and health is based on studies examining SSB, which may 

influence health differently from that of sugar from solid foods, warranting 

additional research on the their impact on weight trajectories.38  

The consumption frequency of sweet treats was not particularly high on 

average. Naturally, due to the lack of information on portion sizes, as 

discussed earlier, it was not possible to determine the actual intake of added 
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sugar. This warrants population-based studies of total diets, including sugar 

intake, amongst this age group and older adolescents specifically in Finland, 

given the existing gap in knowledge. Moreover, it is likely that individuals 

from socioeconomically deprived backgrounds engage in poorer lifestyle 

habits and have a poorer health compared with people from a higher SES. 

The maternal SES amongst children studied in this doctoral thesis appeared 

on average higher than that of the Finnish population. Populations with a low 

SES specifically may be vulnerable to high intakes of sugar and the 

cumulation of risk factors such as excess weight or caries experience. Thus, 

efforts should be made to reach populations from socioeconomically 

deprived backgrounds.  

Finally, the oral microbiota plays a key role in oral health, which also 

impacts systemic health. The findings summarised in this doctoral study 

indicate the important role of sugar consumption in the saliva microbiota. 

This warrants further research to deepen our understanding regarding how 

sugar impacts oral and systemic health through oral microbial communities. 

Since the relationship between sweet treat consumption and the saliva 

microbiota was cross-sectional, longitudinal studies are warranted.  
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7 CONCLUSIONS  

This doctoral thesis aimed to expand our knowledge of the relationships of 

the consumption frequency of sugar-rich foods and drinks to excess weight, 

dental caries and the saliva microbiota in school-aged children. The primary 

conclusions are as follows: 

 

1. The highest consumption frequency of sweet treats did not associate 

with excess weight and no association was observed between an 

increase in sweet treat consumption and the development of excess 

weight or central obesity. Therefore, health promotion initiatives 

aimed at tackling obesity in children and adolescents need to focus on 

overall dietary quality, dietary behaviour and other lifestyle factors 

alongside the consumption of sugary products. At a minimum, sugar 

intake should not lie at the centre of dietary counselling; the entire 

diet needs to be considered. 

 

2. During early adolescence, the observed decrease in the total sweet 

treat consumption frequency indicates that there was an overall 

improvement in sugary food and drink consumption patterns. 

However, the consumption frequency of sweets, chocolate and soft 

drinks increased.  

 

3. The highest consumption frequency of sweet treats associated with an 

increased risk of caries experience, whilst the lowest frequency 

alongside a regular meal pattern associated with a decreased risk, 

suggesting that a low frequency of sweet treat consumption and a 

regular meal pattern could protect from caries.   

 

4. The composition and functional capacities of the saliva microbiota 

differed between the lowest and highest sweet treat consumption 

frequencies, suggesting that sweet treat consumption shapes the saliva 

microbiota.  
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