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Abstract 

Every year, 32 million infants are born preterm (PTB) or with intrauterine growth 

restriction (IUGR), predisposing them to a high risk of mortality and morbidity. 

Most of these infants are born in low-income countries. Maternal malnutrition and 

infections are among the most important interlinked risk factors for adverse 

pregnancy outcomes. Therefore, nutritional supplementation with multiple 

micronutrients during pregnancy is increasingly recommended in low-resource 

settings. Periodontitis, i.e. infection in the tooth-supporting tissues, has been 

extensively investigated as a risk for poor pregnancy outcomes, but the role of dental 

caries and its sequel, periapical infection (PAI), is almost unknown. As with 

periodontitis, the pathway between PAI and adverse pregnancy outcomes is 

biologically plausible. 

The aim of this thesis was to investigate the interlinkage between nutrition 

supplementation, oral diseases and pregnancy outcomes in a rural Malawian 

population. The thesis was based on three studies: Study I assessed whether 

supplementation with multiple micronutrients (MMN) or lipid-based nutrient 

supplement (LNS) influence dental caries development or periodontal health when 

compared with commonly used iron and folic-acid supplementation (IFA). Study II 

investigated the associations between maternal caries, PAI or periodontitis and 

pregnancy duration and birth size of the infant. Study III explored two possible 

causal mechanisms underlying the association between PAI and adverse pregnancy 

outcomes detected in Study II: spread of periapical bacteria to the fetoplacental unit 

(direct pathway) and systemic inflammation (indirect pathway).  

For the study, 1391 pregnant women were enrolled before their twentieth 

gestational week. They were provided with a daily capsule of IFA or MMN or a 

sachet of LNS containing proteins, carbohydrates, essential fatty acids and 21 

micronutrients. Maternal blood and salivary samples were collected at enrollment 

and at 36 gestational weeks, and placental tissue after delivery. Infant weight, length 

and head circumference were measured after birth. Of the enrolled participants, 1024 

underwent clinical and radiological oral health examination within six weeks after 

delivery and were included in the analysis. 



When comparing the nutrition supplement groups, the prevalence of caries was 

significantly higher in the MMN and LNS groups than in the IFA group (69.1%, 

63.3% and 56.7% respectively; P = 0.004). When assessing the birth outcomes by 

infection group, the mean (95% CI) pregnancy duration was 0.4 weeks (0.1–0.8) 

shorter and infants’ mean birth weight 79 g (13–145) lower and length 0.5 cm (0.2–

0.9) shorter in women who had PAI compared to those without. PTB incidence was 

3.5% (95%; CI 1.1–8.1%) and prevalence of stunting 9.0% higher (95% CI 2.7–

15.2%) in women who had PAI. No significant differences in the periodontal disease 

parameters were seen between supplementation groups or in birth outcomes 

between groups of women with or without periodontitis. PAI was associated with c-

reactive protein (CRP), alpha-1-acid glycoprotein (AGP) and cortisol concentrations 

in a dose-dependent manner at 36 gestation weeks. When CRP, AGP or cortisol 

concentration was added into regression models, the association between PAI and 

duration of pregnancy or infant birth weight and length was attenuated, suggesting 

that AGP, CRP and cortisol were on the causal pathway between PAI and birth 

outcomes. 

In conclusion, maternal diet supplementation with multiple micronutrients 

during pregnancy in low-resource environments in which malnutrition and oral 

diseases are common may enhance caries development. PAI, the common sequel of 

caries, elevates systemic inflammation, which can lead to PTB and IUGR. This study 

thus suggests that PAI is a common, previously unidentified and relatively easily 

modifiable risk factor for adverse pregnancy outcomes. Caries prevention should be 

considered, especially when planning nutrient intervention programs for pregnant 

women in low-resource environments.  

 
  



Tiivistelmä 

Vuosittain 32 miljoonaa lasta syntyy ennenaikaisesti tai liian pieninä 

raskausviikkoihin nähden, pääasiassa matalan tulotason maissa. Näillä lapsilla on 

suuresti kohonnut riski sekä kuolemalle että pitkäaikaiselle sairastavuudelle. Äidin 

aliravitsemus ja infektiosairaudet ovat eräitä tärkeimpiä, tunnistettuja riskitekijöitä, 

jotka myös altistavat toinen toiselleen. Monipuolista lisäravinteiden antamista 

raskauden aikana suositellaankin enenevässä määrin etenkin matalan tulotason 

maissa. Hampaiden kiinnityskudossairautta parodontiittia on tutkittu runsaasti 

ennenaikaisen synnytyksen riskitekijänä mutta hammaskarieksen ja sen 

seurannaissairauden, periapikaali-infektion rooli on lähes tuntematon. Kuten 

parodontiitin, periapikaali-infektion ja raskauskomplikaatioiden yhteys on 

biologisesti mahdollinen. 

Tämän väitöskirjatyön tavoitteena oli tutkia raskaudenaikaisen rasvitsemuslisän, 

suusairauksien ja raskauskomplikaatioiden välisiä yhteyksiä Malawin maaseudulla, 

eteläisessä Afrikassa. Väitöskirjatyö perustuu kolmeen osatutkimukseen. 

Ensimmäisessä osatutkimuksessa arvioitiin sekä monipuolisen hivenaine- ja 

monivitamiinilisän (MMN) että maapähkinäpohjaisen lisäravinnon (LNS) vaikutusta 

karieksen ja parodontaalisairauksien esiintyvyyteen verrattuna yleisesti käytettyyn 

rauta- ja foolihappo-lisään (IFA). Toisessa osatutkimuksessa selvitettiin äidin 

suusairauksien yhteyttä raskauden kestoon ja lapsen syntymäkokoon. Kolmas 

osatutkimus selvitti toisessa osatutkimuksessa havaitun periapikaali-infektion ja 

lyhentyneen raskauden keston sekä lapsen pienen syntymäkoon välisen yhteyden 

taustalla vaikuttavia syy-seuraussuhteita ja kahta mahdollista mekanismia, 

hammasperäisten bakteerien aiheuttamaa kohdunsisäistä inflammaatiota (suora 

mekanismi) sekä systeemistä inflammaatiota (epäsuora mekanismi).  

Tutkimukseen rekrytoitiin 1391 raskaana olevaa naista ennen 20 raskausviikkoa. 

Heidät satunnaistettiin kolmeen ryhmään, joissa tutkittavat saivat päivittäin IFA 

kapselin, MMN kapselin tai LNS annoksen, joka sisälsi proteiinia, hiilihydraatteja, 

välttämättömiä rasvahappoja sekä 21 hivenainetta. Äidiltä kerättiin veri- ja 

sylkinäytteet ennen 20 raskausviikkoa sekä 36 raskausviikolla. Synnytyksen jälkeen 

kerättiin istukka ja sikiökalvonäytteet sekä mitattiin lapsen paino, pituus ja pään 



ympärys. Analyyseihin sisällytettiin 1024 naista, jotka osallistuivat kliiniseen sekä 

radiologiseen suuterveystutkimukseen kuuden viikon sisällä synnytyksestä.  

Karieksen esiintyvyys oli tilastollisesti merkitsevästi korkeampi MMN (69,1 %) ja 

LNS (63,3 %) ryhmissä verrattuna IFA ryhmään (56,7 %, P = 0.004). 

Keskimääräinen raskauden kesto (95 % luottamusväli) oli 0,4 viikkoa (0,1–0,8) 

lyhyempi, lapsen syntymäpaino 79 g (13–145) alhaisempi ja pituus 0,5 cm (0,2–0,9) 

lyhyempi naisilla, joilla oli periapikaali-infektio kuin naisilla, joilla ei ollut infektiota. 

Ennenaikaisuuden ilmaantuvuus oli 3,5 % (95 % luottamusväli 1,1–8,1 %) ja 

lyhytkasvuisuuden 9,0 % (95 % luottamusväli 2,7–15,2 %) korkeampi periapikaali-

infektioryhmässä. Lisäravinnon saannin ja parodontaalisairauksien tai parodontiitin 

ja syntymätulosten välillä ei havaittu yhteyttä. Periapikaali-infektioilla oli annos-

vasteyhteys c-reaktiivisen proteiinin (CRP), hapan alpha-1-glykoproteiinin (AGP)- ja 

kortisolipitoisuuksien kanssa 36 raskausviikolla. CRP:n, AGP:n tai kortisolin 

lisääminen regressiomalleihin heikensi periapikaali-infektion ja raskauden keston 

sekä lapsen painon ja pituuden välistä yhteyttä. Nämä tulokset viittaavat siihen että 

periapikaali-infektioiden ja raskaustulosten yhteys välittyy osin CRP:n, AGP:n ja 

kortisolin kautta. 

Loppupäätelmänä totean että hivenaine- ja monivitamiinilisän antaminen 

raskaana oleville naisille ympäristössä, jossa sekä aliravitsemus että suusairaudet ovat 

yleisiä saattaa lisätä karieksen esiintymistä tai etenemistä. Hoitamattoman karieksen 

aiheuttama periapikaali-infektio puolestaan aiheuttaa systeemisen inflammaation, 

joka voi johtaa ennenaikaiseen syntymään ja kohdunsisäiseen kasvuviiveeseen. 

Tämän tutkimuksen tulokset viittaavat siis siihen, että periapikaali-infektio on 

yleinen, aiemmin tunnistamaton ja suhteellisen helposti hoidettava 

raskauskomplikaatioiden riskitekijä. Karieksen ehkäisy tulisi ottaa huomioon 

erityisesti suunniteltaessa ravitsemusinterventio-ohjelmia raskaana oleville naisille 

matalan tulotason maissa. 
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1 Introduction 

Preterm birth (PTB) and intrauterine growth restriction (IUGR) compromise the 

survival of 32 million newborns every year (1). In addition to high mortality, infants 

born too early or too small have a high risk of serious short- and long-term 

morbidity, including vulnerability for infections, neurodevelopmental disorders, 

reduced cognitive ability and growth failure, and even socio-economic problems in 

adulthood (2,3). Most of these infants are born in low-income countries where 

resources for healthcare are generally scarce, and the possibility of meeting the 

special needs of these children is almost nonexistent (1). In addition to the resultant 

hardship for the children and their families, the economic consequences of PTB and 

IUGR are huge due to long-term needs for medical care, special education and other 

support, imposing a significant public health burden upon all countries in the world 

(4). 

 PTB and IUGR are consequences of a complex interplay of physiological, 

behavioral, environmental, psycho-social and genetic risk factors. Although many of 

the risk factors have been identified and targeted, the interventions applied have not 

been successful in reducing the incidence of the poor birth outcomes noticeably. 

This implies that some of the risk factors and underlying mechanisms leading to PTB 

or IUGR are yet not known or fully understood. (5)  

Two major and well-known risk factors for PTB and IUGR are poor maternal 

nutritional status and maternal infections, which are also interlinked, one 

predisposing to the other (5). Because of the known importance of maternal 

nutrition to the development of the fetus, supplementation of pregnant women’s 

diet with iron and folic acid (IFA) has long been recommended all over the world (6). 

Recently, even more comprehensive diet supplementation with multiple 

micronutrients (MMNs) – preferably combined with protein, essential fatty acids and 

other macronutrients – is increasingly utilized in many low-resource environments 

for its better impact on maternal mortality reduction and improved birth outcomes 

(7-9). Nutrient interventions may, however, have also other, unknown health effects, 

for example in the oral cavity. 

Oral health and disease pathology are closely related to nutrition, which affects 

the oral microflora, saliva flow and composition, and local immunological reactions 
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(10-12). The effects may be even more pronounced in pregnancy due to the impaired 

immune responses (13). Therefore, nutrition interventions may have considerable 

effects, also on oral health and disease development. Oral diseases may in turn have 

an impact on pregnancy, especially in resource-poor environments due to their high 

prevalence (14,15), combined with lack of preventive methods and treatment 

options (16,17). Of the oral diseases, periodontitis – infection in the tooth-

supporting tissues – has been associated with PTB and IUGR in several studies, 

although contradictory results also exist (18). Nevertheless, studies on dental caries 

and its sequel periapical infection (PAI) are almost non-existent (19), although caries 

is among the most common chronic infectious diseases globally (15), and the 

pathway between PAI and adverse pregnancy outcomes is biologically plausible. It 

is thus possible that caries and PAI form previously unidentified, modifiable risk 

factors for adverse pregnancy outcomes. 

The present study was designed to evaluate the role of dental caries, periapical 

infection, and periodontal disease in adverse pregnancy outcomes and to explore 

possible underlying mechanisms linking these conditions in low-resource 

environments. In addition, the study assessed the effect of multiple micronutrient 

invention on the oral health of the pregnant women.  
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2 Review of the Literature 

2.1 Approach to the Literature Review 

The purpose of the literature review is to provide background information on the 

research presented in this thesis. The review includes a description of the oral 

diseases studied and the adverse pregnancy outcomes, in addition to their global 

epidemiology and risk factors. It also discusses the effects of pregnancy on oral 

health, along with the possible interrelations and underlying mechanisms linking oral 

infections and pregnancy outcomes. 

The literature was searched electronically using mainly Medline Ovid and 

PubMed interfaces, and to a lesser extent Google Scholar. The key words used were 

periodontitis, caries, periapical infection, apical periodontitis, nutrient supplement, 

nutrient intervention, micronutrient, pregnancy duration, preterm birth, low birth 

weight, infant length, stunting, and head circumference. The reference lists of 

relevant literature were then further reviewed to identify additional literature. The 

last searches were done in March 2018. When discussing other studies in this field, 

the literature review was limited to those published before 2015, when the first 

articles included in this thesis were published. More recent findings are included in 

the discussion chapter.  

2.2 Etiology, Epidemiology, and Treatment of Dental Caries, 

Periapical Infection, and Periodontal Diseases 

2.2.1 Structure of Teeth and Supporting Tissues 

Adult dentition comprises 32 teeth that are embedded in the tooth-supporting 

tissues, the periodontium. The crown of the tooth consists of three layers: enamel, 

dentine, and the pulp that extends to the dental roots and contains nerves and blood 

vessels. The pulp is connected to the rest of the body through the apical foramen at 
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the apex (tip) of the roots. The periodontium comprises gingiva (gums), alveolar 

bone that surrounds the roots, and periodontal ligaments that attach the root 

cementum to the alveolar bone. The dental crown is surrounded by free gingiva 

leaving a 1-3 mm deep “pocket”, sulcus, between the tooth and the gingiva. At the 

bottom of the sulcus, the junctional epithelium attaches to the enamel at a distance 

of 1 mm. This junctional epithelium layer forms the main barrier between the oral 

cavity and the rest of the body. (20) 

2.2.2 Oral Microbiota and Oral Cavity Defense Mechanisms 

The oral cavity has a rich and diverse microbiome that comprises more than 600 

identified bacterial species (21) and other microorganisms such as viruses, fungi, 

protozoa and archaea in smaller amounts (22). One oral cavity may harbor 100 to 

200 different bacterial species at a time with great variation within and between 

individuals and over a lifetime (22). However, the richness of the oral microbiome 

may even be much greater: new high-throughput sequencing techniques have 

suggested that the microbiome may be made up of more than 19,000 phylotypes 

(23). Because of this diversity, it is impossible to define a core microbiome that is 

associated with oral health.  

All intra-oral surfaces are covered with a biofilm formed by microbes embedded 

in the extracellular polymeric matrix. The composition of this biofilm varies between 

healthy and diseased oral sites, even within one oral cavity. (24) The bacteria in the 

biofilm are highly organized and live in symbiosis with the host. They interact with 

each other in a synergistic or antagonistic manner, for example by providing 

nutrients, communicating chemically and exchanging genetic information. The oral 

biofilm is generally non-pathogenic, i.e. it does not cause disease in the host. (25) 

However, the biofilm is also essential in the development of oral infections. The 

balance in the biofilm may be disturbed, e.g. by poor oral hygiene, too-frequent 

carbohydrate intake, weakened immune responses or lack of saliva, which favor the 

growth of pathogenic bacteria leading to disease development (26).   

The oral cavity is the main entry point for bacteria in the human body. The host 

defense – comprising physical barriers, e.g. enamel on teeth and the mucosal 

epithelium – and the host response, which includes innate and adaptive immunity, 

prevent the microbes from entering the body. The innate host response is a local, 

immediate and non-specific response to microbial challenge, whereas adaptive 

immunity is an acquired response to specific microbes. In addition, the “healthy” 
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biofilm prevents non-oral micro-organisms from colonizing the oral cavity and 

restricts the growth of oral disease-associated microbes. (25)  

2.2.3 Dental Caries  

The anatomy of a tooth with dental caries and periapical infection is presented in 

Figure1.  

 

Figure 1.  Anatomy of a tooth with dental caries and periapical infection (apical periodontitis) (27). 
Reprinted with permission from J. Liljestrand. 

Caries is a contagious chronic disease that destroys the hard tissues of teeth. It is 

usually transmitted from parents to young children when their first teeth have 

erupted (28). Caries is a multifactorial disease whose development entails three 

prevailing factors: host (teeth and saliva), microflora and favorable diet (29). If 

dietary sugars are frequently present, the biofilm becomes cariogenic and has an 

overrepresentation of saccharolytic, acidogenic (acid-producing) and aciduric (acid-

tolerant) species. The two major groups of bacteria traditionally associated with 

caries development are the lactobacilli and streptococci, especially Streptococcus mutans 

and Streptococcus sorbinus (24). However, the current understanding is that bacterial 

complexes rather than individual species are responsible for caries development (24) 

and many other bacteria are involved, e.g. some strains of non-mutans streptococci, 
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actinomyces, bifidobacteria and yeasts (23). The acidogenic bacteria metabolize the 

dietary carbohydrates and excrete acids that dissolve calcium, phosphate and 

carbonate from the tooth surfaces. Saliva buffers the acids, prevents 

demineralization and facilitates remineralization with its “supersaturated” calcium 

and phosphates, and also has antibacterial effects. If the periods of acidity are too 

frequent, the extent of demineralization exceeds that of remineralization, and a cavity 

begins to develop. The process is usually slow and takes anywhere from several 

months to years. (30-32) 

Caries development can be restricted and even reversed to some extent by 

limiting the use of dietary sugars, by proper removal of the biofilm (dental plaque), 

and through adequate use of fluoride, which hardens the tooth surface and makes it 

resilient to acids (30-32). Caries causes only mild symptoms until it reaches and 

infects the pulp. Pulpitis is extremely painful until the pulp becomes necrotic and the 

pain eases. An untreated caries will progress until the tooth is completely destroyed. 

Caries is usually diagnosed by visual inspection combined with radiographs (33). The 

cavity can be treated by professional removal of the carious tissue and replacement 

with a filling. If the cavity reaches the dental pulp, either a root canal treatment or 

tooth extraction must be performed (33). The key protective and pathological factors 

that determine whether or not caries develop are presented in Figure 2.  

 

Figure 2.  The caries balance. The key factors that influence the development of caries. Modified 
from Featherstone et al. (34). 
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2.2.4 Periapical Infection 

Periapical infection (PAI), called also apical periodontitis, is an inflammatory 

response of the periapical tissues to endodontic infection, i.e. infection in the dental 

pulp and root canals (35). Healthy and intact pulp is sterile. A deep caries lesion or 

crack in the tooth allows commensal oral bacteria to enter the pulp chamber, after 

which a polymicrobial community that thrives in the endodontic environment 

establishes itself (36). The host defense in the apex surrounding tissues is not capable 

of eliminating the infection from the root canal, but only forming a barrier between 

the bacteria and the host tissues that manifests as a periapical lesion (37). The 

reaction is two-faceted: inflammatory cells accumulating in the periapical lesion 

prevent the bacterial invasion, but they also destroy the tissue, resulting in bone 

abrasion (38). The progression of a periapical lesion is characterized by long inactive 

and spontaneous active periods. During the acute phase, macrophages appear at the 

infection site and produce mediators, of which pro-inflammatory cytokines 

interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α), 

as well as chemotactic cytokine interleukin-8 (IL-8), are among the most important. 

The cytokines intensify local immune responses and bone and extracellular matrix 

degradation and may also be disseminated systematically (39). The dominant defense 

cells in active PAI lesions are polymorphonuclear leukocytes (PMNs). PMNs are an 

important source of prostaglandins, hormones that regulate pregnancy and have 

physiological effects even at very low concentrations (40). During the inactive times, 

activated T-cells produce cytokines that downregulate the pro-inflammatory 

cytokines, which in turn suppresses the osteoclastic activity and the bone destruction 

(38).  

More than 400 bacterial species have been detected in infected root canals, 10 to 

20 of which are usually found in one individual tooth. PAIs are dominated by Gram-

negative and -positive anaerobic bacteria in mixed communities. The bacteria 

frequently found in infected root canals include Fusobacterium, Dialister, Porphyromonas, 

Prevotella, Tannerella, Treponema, Campylobacter, Veillonella, Parvimonas, Filifactor, 

Pseudoramibacter, Olsenella, Actinomyces, Peptostreptococcus, Streptococcus, Propionibacterium, 

and Eubacterium species (41). The endodontic bacteria interact synergistically with 

each other, have the ability to resist the host defense, produce lipopolysaccharides 

(LPSs) and other bacterial modulins, and synthetize enzymes that can damage the 

host tissues and advance the spread of the organisms (19). LPSs are released from 

the cell walls of Gram-negative bacteria during their multiplication and death. They 
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play important role in the formation of periapical lesions by activating macrophages 

to produce molecular mediators such as TNF-α ILs. (42)  

A tooth with PAI is sometimes painful to bite with, and occasionally swelling and 

pus develops in the infected apical area (43). In rare cases, the infection may spread 

through the fascial spaces, leading to a life-threatening generalized infection (19). 

However, most often a necrotic tooth with PAI is asymptomatic, and the patient is 

thus not aware of the infection. The diagnosis is typically based on radiographic 

findings, in which the infection manifests as radiolucent areas surrounding the root 

tip (44). Development of a periapical lesion is relatively slow (44), but the actual time 

frame from initiation of an infection and appearance of a detectable lesion is not 

established in humans (45). PAI is not self-healing, nor can it be eliminated with 

medication. Adequate treatment of PAI includes chemo-mechanical cleaning and 

disinfection of the root canals followed by obturation (placing root fillings) or by 

extraction of the tooth. In cases of severe infection, antibiotics may be needed (43). 

2.2.5 Periodontal Diseases 

The most common periodontal diseases are gingivitis and periodontitis. Gingivitis is 

a non-destructive inflammation in the soft tissues of the periodontium (gums), and 

it is reversible if proper oral hygiene is practiced. Periodontitis is a chronic infection 

in the periodontium, where a complex interplay of bacterial infection and host 

response causes destruction in the tooth connective tissues and the alveolar bone. 

(46) Gingivitis does not always progress to periodontitis, but periodontitis is always 

preceded by gingivitis (47). Periodontitis has a progressive nature, although the 

progression rate varies between patients (48). Figure 3 illustrates healthy periodontal 

tissues on the left side of the tooth and periodontitis on the right. 
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Figure 3.  Anatomy of a tooth and periodontal tissues, healthy periodontium on the left and 
periodontitis on the right (27). Reprinted with permission from J.Liljestrand.  

Periodontal diseases are caused by vast variety of pathogens that are, in small 

amounts, also present in a healthy mouth (49). When periodontitis starts developing, 

the entire microbial population structure and function in subgingival plaque changes 

(50). The pathogenic bacteria are usually present in clusters of proteolytic (capable 

of degrading proteins) and obligately anaerobic and anaerobic species that can live 

in the deepened gingival pockets (51). LPSs and other virulence factors of the 

pathogens cause a local inflammatory reaction that activates the innate immunity 

system. As part of the immune response, pro-inflammatory cytokines such as TNF-

α, ILs and prostaglandin E2 (PGE2) are produced. (52) This immune response is 

normally protective, but, in the presence of a constant microbial challenge combined 

with other risk factors, it leads to hypo- or hyper-responsive defense mechanisms 

and destruction of the periodontal tissues (53,54). Periodontal bacteria are present 

in complexes, some of which are associated with disease and some with health. The 

so-called red complex is most strongly associated with the disease and comprises 

Porphyromonas gingivalis, Treponema denticola and Tannerella forsythia. The orange complex, 

which is also highly pathogenic, consists of Prevotella intermedia, Prevotella nigrescens, 

Parvimonas micra and Fusobacterium nucleatum (55). P. gingivalis, although usually present 

only in small numbers, is a key pathogen which is hypothesized to be capable of 

remodeling a healthy microbiota to a dysbiotic one (56).  
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The inflamed gingiva is red, swollen and bleeds easily. However, periodontitis as 

such is usually asymptomatic until its advanced stage, when it causes tooth mobility, 

an impaired ability to chew, and eventually tooth loss (57). The disease prevalence 

and progression varies according to teeth and tooth sites: diagnosis requires a 

thorough clinical and radiological assessment (58). Periodontal diseases can be 

prevented by targeting and controlling their causal and risk factors, especially oral 

hygiene (59). Periodontitis is treated by the mechanical removal of calculus and 

granulation tissue from the deepened periodontal pockets (60). Local antibiotics and 

systemic low-dose doxycycline are used infrequently (61). 

2.2.6 Risk Factors for Dental Caries, Periapical Infection and Periodontal 
Diseases 

The most important risk factors for dental caries and periodontal diseases are 

presented in Table 1. Caries and periodontal diseases share many risk factors, such 

as diet and tobacco and alcohol use, which are also risk factors for many other 

chronic diseases (17,62). Some individuals are more prone to caries; gingivitis 

progresses to periodontitis in some but not in everyone, which underlines the 

multifactorial nature of the diseases. Behavioral and environmental factors, genetics 

and the function of the host defense mechanisms determine a person’s susceptibility 

to these diseases and their progression (63,64) In resource-poor environments, a 

complex web of interrelationships prevails between oral diseases, poor sanitation 

and hygiene, poverty, malnutrition, impaired immune functions and many 

inflammatory diseases (65).  
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Table 1.  Risk factors for dental caries (DC), periapical infection (PAI) and periodontal diseases (PD); “x” indicates a risk factor relating to the disease. 

Risk Factor DC PAI PD                             Mechanisms Ref. 

Poor oral hygiene x x x Accumulating plaque prerequisite for the diseases. Differs among populations and 
genders. 

(66,67) 

Low fluoride 
consumption 

x x  Fluoride strengthens the enamel structure and enhances the remineralization process.  (12,68) 

Diet and food 
consumption habits 

x x x Too-frequent consumption of fermentable carbohydrates results in demineralization 
and plaque formation. Malnutrition affects tissue development and immune responses. 

(34,69-71) 

Smoking x x x Strong dose-effect relationship. Weakens blood circulation in the gingiva, impairs local 
immune responses, inhibits growth of periodontal ligament fibroblasts, and alters 
microflora. 

(72,73) 

Age x x x Physiological changes in periodontium cause more rapid development of periodontal 
inflammation. Altered saliva flow. More time to develop cavities. 

(66,74) 

Genetic factors x x x Race and ethnicity. Heritage syndromes, gene polymorphism: defects in host immune 
responses or production of inflammatory cytokines or matrix metalloproteinases, 
decreased chemotaxis of neutrophils. 

(75-77) 

Geographic region x x x Differences in genotypes and in demographic, environmental and ecologic 
characteristics. 

(15,78,79) 

Saliva flow and 
composition 

x  x Diet, age, diseases and medications affect secretion and composition and its 
antimicrobial activity, buffer capacity and clearance. 

(80) 
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Risk Factor DC PAI PD                             Mechanisms Ref. 

Presence of specific 
bacteria in biofilm 

x x x Prevalence of certain pathogens in the biofilm, e.g. P. gingivalis, A. 
actinomycetemcomitans and B. forsythus. 

(81,82) 

Host immune 
response 

 x x Hypo- or hyperactive response promotes periodontal tissue destruction. Deficits in 
response affect pathogenesis of periodontitis, e.g. HIV associated with suppression. 

(83,84) 

Viral infections   x Cytomegalo- and other herpesviruses release cytokines, promote growth of 
periodontal pathogens, and initiate cytotoxic and immunopathogenic reactions. 

(85) 

Local conditions in 
oral cavity  

x x x Tooth morphology, quality of restorations, calculus formation, and occlusion may affect 
disease initiation and development. 

(86,87) 

Diabetes x x x Stimulates phagocytes and release of cytokines that promote tissue destruction, 
altered pathogenesis, and exaggerated inflammatory responses, which induce caries 
development. 

 (88,89) 

Osteoporosis   x Reduces bone density, which predisposes to alveolar bone loss. (90) 

Medications x x x Medications that weaken saliva flow affect its buffer capacity, anti-infective agents and 
sugar clearance. 

(91,92) 

Socio-economic 
factors 

x x x Low education and income, rural residence, poor housing and sanitation, poor access 
to healthcare, limited ability for proper self-care, and general health issues. 

(17,93) 

Psychological factors x x x Stress downregulates cellular immune response, promoting tissue destruction. 
Depression affects self-care behavior and medication weakens saliva flow. 

(91,94) 
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2.2.7 Global Epidemiology and Consequences of the Oral Diseases 

Oral diseases are among the most prevalent diseases globally. According to the 2010 

Global Burden of Disease (GBD) study (15), 3.9 billion people suffer from untreated 

dental caries, severe periodontitis and severe tooth loss. Every year, 15 billion healthy 

life years, measured in disability-adjusted life-years (DALYs), are lost due to these 

diseases. Between 1990 and 2010, the global burden of these diseases increased by 

21%, mostly due to population growth and aging. The highest increase was in 

Eastern (52%) and Central (51%) Sub-Saharan Africa and Oceania (47%). The 

distribution and severity of the diseases vary within the same region and between 

populations and sub-groups of the same population. (15) 

Of the 291 conditions assessed in the GBD study, dental caries was the most 

prevalent, affecting 35.3% (2.4 billion) of the total global population and 36.2% of 

women (15). The age-standardized prevalence varied globally between 19.9% in 

Australasia and 47.3% in Central Europe. Prevalence in Africa varied between 31.0% 

in Western Africa and 36.9% in Southern Sub-Saharan Africa. With an increase in 

developing countries and decrease in developed countries, the global prevalence 

remained stable between 1990 and 2010. The incidence of caries in 2010 was 

noticeably lower in all African regions (variation between 16.2 in Western Africa and 

29.0 in Southern Africa) than it was, for example, in high-income areas in North 

America (62.6), Western Europe (49.3) or the Asia Pacific region (50.2) (95). Severe 

periodontitis was in turn was the sixth-most prevalent condition, globally affecting 

10.8% (743 million) people (15). Prevalence peaked at 40 years of age and remained 

stable at older ages. Prevalence in Africa varied between 9.2% in Southern Africa 

and 20.1% in Eastern Sub-Saharan Africa. As with caries, the global age-standardized 

prevalence of severe periodontitis remained static between 1990 and 2010. (96) In 

addition to a lack of data, heterogeneity in periodontitis definition and questionable 

reliability in the disease measures hinder estimations of global prevalence (97).   

The lack of PAI prevalence data is striking. According to some cross-sectional 

studies conducted in high- and middle-income countries, the prevalence of primary 

PAI (at least one lesion, no root canal treatment applied) in adults at an individual 

level varied by country and population, between 10% in a Finnish population and 

56% in a Spanish population, with a median of 20.5%. The prevalence at tooth level 

varied from 1% to 13%, with a median of 3.5%. (98) 
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Oral diseases cause not only discomfort and pain, but also nutritional, functional 

and psycho-social problems, lower quality of life, heavy burden on the healthcare 

system and even premature death (99,100). Huge amounts of school and working 

days are lost every year, leading to lowered productivity and adverse economic 

consequences (101).  

2.2.8 Oral Healthcare in Developing Countries 
 

Caries is globally the fourth-most expensive disease to treat. The direct treatment 

costs attributed to caries, periodontitis and tooth loss have been estimated to be 

USD 298 billion annually, which accounts for 4.6% of total global health 

expenditure. With indirect costs, the total global economic impact of the diseases 

reaches USD 442 billion. Of the total direct treatment expenditure, 82% occurs in 

developed countries and only 1% in Sub-Saharan Africa. (102)  

In addition to funding, most developing countries lack national oral health 

policies, implementation strategies and training. As a result, they also lack oral 

healthcare personnel, facilities, equipment and materials. The dentist-to-population 

ratio in Africa is approximately 1:150,000 compared to 1:2000 in developed 

countries (103). Most personnel are located in big cities, and in rural areas only 

emergency care such as pain relief and tooth extraction is available. In addition, the 

general level of oral health knowledge is low, especially in rural areas, and thus oral 

self-care is not regularly or adequately performed (104).  

2.3 Role of Nutrition in Oral Health and Diseases 

Micronutrients such as vitamins, minerals, trace elements, amino acids and poly-

unsaturated fatty acids are inevitable for health and metabolism. Nutrition also plays 

a significant role in oral health, influencing the development and homeostasis of the 

oral cavity. For instance, vitamins A and C are important components in mucosal 

tissue formation; protein, calcium and phosphorus are needed for development of 

the teeth and the alveolar bone; and omega fatty acids, magnesium and many 

vitamins participate in immune functions (105). Malnutrition may in turn affect the 

oral microbiota, saliva volume and composition, inflammatory and immune 

responses in the oral cavity, and the healing capacity of the tissues, all of which 
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contribute to the development of dental caries and periodontal diseases 

(11,12,106,107).  

The development of caries is directly related to the ingested diet of the host. 

Except for the well-known adverse effect of sugars (69), mostly protective effects 

on caries development have been reported with optimal levels of fluorides and 

various other micronutrients such as calcium, phosphate, vitamin A, vitamin B 

complex, vitamin D, iron, magnesium and biotin (108-114). Moreover, zinc has been 

found to decrease tooth predisposition to caries by increasing enamel 

remineralization (115) and affecting parotid salivary gland function (116). 

Intervention studies have been published on multiple micronutrient intake on dental 

caries, but only in children with primary or mixed dentition. A meta-analysis on the 

effects of vitamin D supplementation concluded that the risk of caries decreases by 

half if given before 13 years of age, but is ineffective after that, especially in girls. 

The results also suggest that there was a significant publication bias towards studies 

that found vitamin D was not effective (110). A cross-sectional questionnaire-based 

study on nutrition intake in South-African children aged five years suggests that 

calcium, vitamin B12, vitamin B6, vitamin A, riboflavin, magnesium, and biotin 

intake is significantly and negatively associated with caries prevalence (117). Another 

questionnaire-based study that assessed nutrient intake in junior high school students 

in Seoul, however, indicated that a high niacin intake may enhance caries 

development (118).  

The health of the periodontium is essentially related to nutrition (10) through its 

effects on the tissue formation and on the complex immune system (119). Several 

earlier studies, conducted mostly in high-income countries, suggest various degrees 

of associations between micronutrient intake and periodontal status. For instance, 

periodontitis is associated with low plasma levels of vitamin D, vitamin C, and other 

antioxidants (120), and low vitamin B complex, vitamin C, and calcium intake is 

associated with the progression of periodontal diseases (10,121). Similar effects have 

also been detected with Omega-3 fatty acids (122,123) and magnesium (124). Despite 

the large number of studies published, the results regarding the effects of single 

nutrients on periodontal health remain elusive (107). This discrepancy could be 

explained by the fact that the association between single nutrient and disease may 

also be interlinked with the level of another nutrient or even multiple nutrients (125).   

Malnutrition affects oral health in many ways. During tooth development, 

malnutrition can lead to enamel hypoplasia, which predisposes the teeth to dental 

caries in later life (70). The effects of malnutrition on permanent dentition and 

periodontal tissues are related to altered microbiota, modulated inflammatory and 
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immune responses, and diminished salivary gland function, which in turn affects the 

composition, buffering capacity and volume of saliva (11,106). Especially protein-

energy malnutrition diminishes the production and actions of cytokines and weakens 

acute-phase immune responses to infections (65). The salivary gland functions are 

affected particularly by a lack of proteins, vitamins, zinc and iron (70), which 

contribute to the decreased levels of lysozyme, lactoperoxidase and 

immunoglobulins, which in turn diminish salivary defense mechanisms (126). 

Malnutrition also alters the oral microbiota, enhancing the growth of several oral 

pathogens. One suggested mechanism behind the shift may be the increased 

availability of arginine in saliva in malnourished individuals, which favors an 

overgrowth of pathogens (127). Nevertheless, an increased micronutrient intake 

does not always have purely beneficial effects on health. For example, iron treatment 

has been associated with exacerbation of infectious diseases, particularly malaria 

(128) 

2.4 Pregnancy and Its Adverse Outcomes 

2.4.1 Normal Pregnancy 

Normal pregnancy duration from conception to delivery is 38-42 gestational weeks, 

with a mean of 280 days calculated from the first day of the last menstrual period 

(129). Pregnancy is divided into three trimesters, and each have their unique 

characteristics and risks. The first trimester includes conception and ends after 12 

weeks, during which the fertilized egg attaches to the uterus, and the placenta and 

umbilical cord form. After eight weeks, the developing embryo is called a fetus, and 

it has a beating heart, primitive brain activity and the ability to move. The highest 

risk of miscarriage is during the first trimester: 30-40% of conceptions end in 

pregnancy loss.(130) The second trimester covers weeks 13 to 28 and is characterized 

by the development of the organs and physiological body functions. More than 90% 

of infants can survive if born after 28 weeks and provided with intensive medical 

care.(131) The third trimester covers weeks 29 to delivery, during which the organs 

mature and the fetus gains length and most of its weight (132).  

Due to the increased secretion of the main female sex hormones, estrogen and 

progesterone, from the placenta and the ovaries, several functional changes occur in 

a pregnant woman’s body. Insulin resistance and enhanced lipogenesis develop to 
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allow sufficient glucose transfer to the fetus, and the mother becomes 

hypercoagulable to prepare for hemostasis after delivery.(133,134) Estrogen 

maintains the pregnancy and fetal development and regulates progesterone 

production, while progesterone guides the development of the endometrium and 

prevents uterine contractions by restricting its estrogen sensitivity (135). The sex 

hormones also modulate an immunological sift to a more tolerant state, ensuring 

that a genetically incompatible fetus is not rejected by the maternal immune system 

(133,134). As an adverse consequence, limitations in T-cell, natural killer cell and B-

cell activity; antibody production (136); and neutrophil functions (137) increase 

susceptibility to infection and change the disease pathogenesis (138).  

The actual factors that initiate labor remain partly unknown. It has been 

proposed, however, that decreased levels of progesterone, increased levels of 

estrogen, and oxytocin production stimulate uterine contractions, and decidual 

activation initiates a cascade of events that lead to cervical dilatation, chorio-amniotic 

membrane rupture and delivery (135,139,140). Fetal cortisol – the secretion of which 

increases as labor approaches due to the activation of the fetal-adrenal axis – plays 

an important role in the process by stimulating changes in sex hormone secretion 

(140). In addition, an increased expression of inflammatory cytokines such as TNF-

α and IL-1, proteinases such as MMP-8 and MMP-9, and chemokines participate in 

the process (141,142). 

In 2012, approximately 213 million recognized pregnancies were initiated, 89% 

of them in developing countries and 40% unintended. Of all pregnancies, 120 million 

occurred in Asia, 54 million in Africa, 19 million in Europe, 18 million in Latin 

America and Caribbean and 1 million in Oceania. (143) 

2.4.2 Anthropometry in Postnatal Health Assessment 

Birth size is a reflection of the conditions in which a fetus has developed in the 

uterus, and it is therefore used as a proxy for the health of the newborn. Fetuses 

from healthy and well-nourished mothers who have no environmental constraints 

grow at a similar rate all over the world. (144) Subnormal anthropometric 

measurements at birth thus predict mortality, morbidity and development outcomes 

of the infant. Birth weight data is usually collected after delivery at health facilities 

worldwide. Birth length and infant head circumference are, however, rarely 

measured, although especially birth length would be a better indicator of overall 

health and a better predictor of morbidity risk. (145-147)  
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2.4.3 Epidemiology, Risk Factors and Consequences of Adverse 

Pregnancy Outcomes 

Preterm Birth 

Preterm birth (PTB) is defined as birth before 37 completed gestational weeks. The 

major risk factors associated with PTB are listed in Table 2. Both term and preterm 

labor are believed to have common pathways but, in spontaneous PTB, a 

combination of pathological stimuli activates some components of the pathway, 

causing the uterus to shift from quiescence to contractions and too-early labor. 

(148,149) During the second trimester, pregnancy loss is usually related to fetal 

abnormalities, maternal anatomic and immunologic factors, and infections (131). 

Although several PTB risks have been identified, many contributing factors are still 

unclear (5,150). Only intra-amniotic infection has been shown to have a causal 

relationship with spontaneous PTB, due to mechanisms related to activation of the 

innate immune system. Such infection has been detected in 25% of mothers who 

deliver too early, but it may be involved in more than 40% of cases. (149,151) 

 

Table 2.  Major risk factors with preterm delivery (5,150). 

 Previous preterm delivery  Multiple gestation  Low and high 
maternal age 

 Low maternal body-mass 
index 

 Short proximity to 
previous delivery 

 Black race 

 Micronutrient deficiencies 
(iron, folate, zinc) 

 Anatomical factors in 
the uterus 

 Vaginal 
bleeding 

 Chronic diseases (e.g. 
diabetes, hypertension, 
asthma, thyroid disease) 

 Maternal infections 
(e.g. malaria, syphilis, 
bacterial vaginosis 
and periodontitis) 

 Male fetus 

 Low socioeconomic 
status 

 Psychological and 
social stress 

 Depression 

 Smoking  Drug and alcohol use 
 Genetic 

factors 

 

 

The annual global incidence of PTB is 15 million, of which 60% occurs in Asia 

and Sub-Saharan Africa. The incidence is lowest (5%) in many Northern European 

countries and highest (18%) in some African countries, such as Malawi. (152) 
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Approximately 30-35% of preterm deliveries emerge spontaneously and the rest are 

by induction or by cesarean section. About 5% are extremely premature, occurring 

before 28 weeks; 15% are severely premature at 28-31 weeks; 20% are moderately 

premature at 32-33 weeks; and 60-70% occur near term at 34-36 weeks. The PTB 

rate is increasing in many countries, despite the advances in knowledge on its causes 

and the use of several public health and medical interventions. (5)  

Infants born preterm have an increased risk of mortality, serious morbidity, 

growth failure and other adverse developmental consequences. Prematurity is the 

leading cause of death in newborns and the second-most common cause in children 

under five years. Out of the annual 3.1 million neonatal deaths, more than 1 million 

are caused by PTB complications. (153) In high-income countries, 50% of infants 

born at 24 weeks may survive, often with disabilities. In many low-income countries 

where no intensive care is available, only 30% of infants born at 28–32 weeks survive, 

and almost all of those born earlier die. (154) Premature birth contributes to 75% of 

all perinatal morbidity and 50% of long-term morbidity (2,3). Common 

consequences related to immature organ development and physiological functions 

in premature infants include cerebral palsy; respiratory and gastrointestinal 

complications; neurodevelopmental problems such as learning difficulties, cognition 

and developmental delays; emotional and social problems; visual and hearing 

impairment; and an increased risk of chronic diseases and socioeconomic problems 

in adulthood (155). The economic costs of preterm birth are high due to the long-

term need for medical care, special education and other support, and this imposes a 

significant public health burden in all countries (4). The annual costs related to 

preterm birth in the United States alone is estimated to be at least USD 26.2 billion 

a year and rising (150). 

Low Birth Weight, Small for Gestational Age, and Stunting 

Low weight and stunting (short stature for age) that develop during the fetal period 

have their own underlying mechanisms and risk factors although they share some 

determinants (145). Timing, duration and severity of the insult in the fetal period 

determine the type of the IUGR that develops. Length gain retardation relates to the 

first and second trimesters of pregnancy while low weight develops during the last 

months when the fat stores deposit. (156) The global incidence of impaired fetal 

growth is approximately 10% of all live births (157). 

Low birth weight (LBW) is defined as birth weight below 2500g, very low birth 

weight as weight below 1500g and severely low birth weight as weight below 1000g. 

LBW can be a consequence of PTB, IUGR or both. These two causes of LBW have 
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different underlying mechanisms and health risks. Small for gestational age (SGA) is 

a proxy measure of IUGR. It is defined as infants <10th centile of a birthweight for 

gestational age, compared to the gender-specific reference population. Infants who 

are SGA can be born either at term or preterm. (1) According to a study that 

evaluates the situation in 138 low- and middle-income countries in 2010, 32.4 million 

(27%) live births were SGA. A total of 18 million infants were born with LBW: 59% 

were term SGA, 16% preterm SGA and 25% preterm but appropriate size for 

gestational age. The highest prevalence of SGA births was in south Asia (44.5%), 

sub-Saharan Africa (25.5%) and south-east Asia (24.3%). These estimates are only 

directional, since less than 50% of infants born in low- or middle-income countries 

are weighed at birth, and the available data is biased because it is collected only from 

infants born alive in health facilities. (1) 

Stunted stature is another manifestation of IUGR, and it is defined as length 

below -2SD of the growth standard median of the same sex. Global estimates of 

newborn stunting are missing because birth length is not routinely measured in low-

income countries, where stunting is common. Nonetheless, it is estimated that there 

are approximately 161 million stunted children in the world: 50% in Asia and 30% 

in Africa. Linear growth faltering usually begins during the fetal period and continues 

for the first two years of the child’s life. (158)  

Risks Factors for IUGR 

Some major risk factors for IUGR are presented in Table 3. Although many risk 

factors have been identified, its etiology and the pathologic mechanisms that inhibit 

the growth of the fetus are not fully understood. The strong association between 

maternal nutritional status and fetal growth is mediated partly by hormonal and 

metabolic changes during pregnancy. Impaired utero-placental blood flow and 

increased levels of maternal stress hormone cortisol lead to placental insufficiency; a 

reduced nutrient and oxygen supply to the fetus are among other suggested 

mechanisms. (159)  
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Table 3.  Major maternal and fetal risk factors associated with intra-uterine growth restriction 
(145,159,160). 

Maternal Risk Factors 

 Short height 

 Placental insufficiency 

 Low BMI or weight, low weight gain in 

pregnancy 

 Pre-eclampsia 

 Primiparity 

 Low birth weight or preterm delivery in 

previous pregnancy 

 Short interpregnancy interval 

 Poor nutritional status, malnutrition 

 Low education, low socioeconomic 

status and poverty  

 Smoking, alcohol and illicit drug use 

 Hypertension  

 Hypoglycemia 

 Epilepsy 

 Cardiopulmonary diseases, hypoxia, 

 TORCH (toxoplasmosis, syphilis, 

varicella zoster, parvovirus, rubella, 

cytomegalovirus and herpes infections) 

 Periodontitis 

 Other infections and disorders (?) 

 Stress 

 Race 

 

Fetal Risk Factors 

 Multiple pregnancy 

 Genetic disease 

 Congenital malformations 

 Fetal infections 

 

 

IUGR is a major risk factor for perinatal mortality, short and long-term 

morbidity, growth failure, and cognitive and neurodevelopmental disorders (158). 

Newborns with a low weight have a higher risk of short-term mortality than those 

with a short stature, probably relating to a lower level of fat deposits (145). Stunting, 

however, is a marker of multiple pathological disorders that have irreversible long-

term consequences. Early life stunting is associated with poorer cognitive and 

socioeconomic outcomes even later in life: outcomes such as weaker academic 

performance, lower wages, increased probability of living in poverty, and lower age 

at first pregnancy. (161) 
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2.5 Oral Infections and Adverse Pregnancy Outcomes 

2.5.1 Effects of Hormonal Changes in Pregnancy on Oral Health 

The higher sex hormone levels occurring during gestation also affect the oral cavity. 

Estrogen and progesterone receptors have been detected in gingiva (162,163): thus 

their increased levels may affect the periodontium directly, for instance by enhancing 

vascular permeability and the growth of gingival fibroblasts (164). In addition, sex 

hormones may affect oral health indirectly by stimulating the production of PGE2 

in monocytes, which enhances inflammatory reaction (165), and by downregulating 

IL-6 production in gingiva, thus restricting immune responses (166).  

Some periodontal pathogens can metabolize these sex hormones, which may 

favor their growth (167). As an example of such pathogens, increased levels of 

Prevotella intermedia, Prevotella nigrescens (168) and Porphyromonas gingivalis (169) have 

been associated with gingivitis in pregnancy. Although pregnancy as such does not 

cause gingivitis, pregnant women have an increased susceptibility to gingival bleeding 

and deepened periodontal pockets if bacterial plaque is present. However, these 

changes reverse after delivery and do not predispose to the development of 

periodontitis. (170) This phenomenon may be related to the immunological shift, 

which includes reduced expression and activity of several tissue-degrading 

proteinases such as MMPs in the periodontium and saliva during pregnancy, which 

in turn hinders the destruction of tissue (171).  

2.5.2 Results from Previous Studies Associating Oral Infections and 

Adverse Pregnancy Outcomes 

Most previous studies assessing the association between oral diseases and birth 

outcomes have concentrated on periodontitis, PTB and LBW. The first study 

suggesting an association was conducted by Offenbacher et al. in 1996 (172), and an 

extensive number of studies have been published since. Most of the studies were 

conducted in high-income countries among affluent populations (173-176), but 

some also in low-resource settings such as the African countries of Uganda and 

Madagascar (177-179). In 2012, a review identified 62 relevant studies suggesting 

that periodontitis may be an independent risk factor for poor pregnancy outcomes 

(180). Due to the accumulative evidence, a consensus statement was issued in 2013 
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by an international working group of experts concluding that periodontitis is 

modestly associated with PTB and LBW, although the strength of the association 

seems to vary between populations and to depend on the periodontal disease 

assessment methods and classification (181). Underlining the uncertainty, several 

studies have also failed to find the association (182-186), indicating that the 

underlying mechanisms are not yet fully understood. Nevertheless, periodontitis has 

been associated independently also with several other diseases and conditions (187), 

e.g. infective endocarditis (188), diabetes (189), metabolic syndrome and 

cardiovascular diseases (190), chronic kidney disease (191), respiratory infections 

(192,193) and obesity (194). 

Regarding dental caries, four papers were identified that reported results of 

studies designed to assess the association between maternal dental caries and PTB 

or low birth weight (182,195-197). Two other studies assessed the association 

between decayed missing and filled teeth (DMFT) index score and preterm birth or 

low birth weight (198,199). Two additional papers reported results on studies 

designed to assess periodontitis and preterm delivery, but also provided some results 

on dental caries (183,200). All studies based their assessment solely on clinical 

examination without x-rays and only one, a study from Tanzania, considered carious 

pulpal exposure based on clinical symptoms. A study conducted in Jordan among 

100 mothers who had delivered recently found a significantly higher DMF score in 

preterm mothers compared to those who delivered full term (199). The other studies 

found no significant associations between caries variables and birth outcomes. 

Although an association between PAI and systemic diseases such as diabetes 

(201) and coronary heart disease (202) has been suggested, no studies investigating 

the association between PAI and birth outcomes in humans had been published at 

the time this study was conducted. An association between periapical infection and 

the health of developing offspring was, however, discovered by Bain et al. in 2012 

when they found a significant association between induced periapical abscesses in 

pregnant rats and brain inflammation in their pups (203).  

2.5.3 Suggested Mechanisms Linking Oral Infections and Birth Outcomes 

Two major pathways, direct and indirect, have been suggested to mediate the 

association between periodontitis and pregnancy outcomes, although the pathways 

are not mutually exclusive (204,205). These two pathways are presented in Figure 4.  
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In the direct pathway, oral bacteria or their byproducts are disseminated through 

the blood circulation to placental tissues, chorioamniotic membranes, amniotic fluid 

or fetal circulation, where they induce local inflammation, suppress local growth 

factors, or cause tissue damage or changes in placental function. In addition to 

hematogenous dissemination, the bacteria may access the fetoplacental unit from the 

genitourinary tract. (204) Increased vascular permeability facilitates the transmission 

of pathogens and their byproducts from the periodontium in pregnancy, and it has 

been unequivocally shown that bacteria can translocate from mouth to placenta 

(206). As good evidence, Fusobacterium nucleatum is the most commonly found 

bacterium in the amniotic fluid in preterm labor and its antibodies have also been 

found in cord blood (207,208). F. nucleatum is known to stimulate decidual necrosis 

that may lead even to the death of the fetus (209). Another periodontal bacterium, 

Campylobacter rectus, has been shown to induce major alterations in the parts of 

placenta that are responsible for the exchange of nutrients between mother and 

fetus. These structural alterations may lead to restricted nutrient transmission, but 

also to disrupted blood flow between the mother and the fetus, predisposing to 

IUGR. (210) Other periodontal bacteria often associated with poor pregnancy 

outcomes are Tannerella forsythia, Porphyromonas gingivalis, Actinobacillus 

actinomycetemcomitans and Treponema denticola (172). P. gingivalis, F. nucleatum and 

A. actinomycetemcomitans have been shown to elevate cytokine levels such as IL-2, IL-

6 and TNF-α in the placenta in cases of IUGR (211).   

In the indirect pathway, bacterial infection in the oral tissues releases 

inflammatory mediators such as cytokines and TNF-α that circulate to the liver, 

inducing acute-phase protein production and a systemic inflammatory response, 

which affect the pregnancy (204,205). Increased concentrations of the major acute-

phase proteins CRP and AGP have been associated with both periodontitis and 

shortened duration of gestation and IUGR (212-214). CRP and AGP differ from 

each other: serum concentration of CRP increases within hours after the onset of an 

infection and also falls rapidly after the infection has been resolved, whereas AGP 

concentration rises more slowly, over 24h, and continues to be detectable for weeks 

(215,216). The inflammatory mediators can be transmitted to the fetoplacental unit 

also directly from the periodontium or from the vagina (205,208,217,218). In 

addition, production of the prostaglandins that participate in the induction of labor 

is stimulated in infected oral tissues by microbial endotoxins and pro-inflammatory 

cytokines (149). Another biomarker that could link oral infections and adverse birth 

outcomes is cortisol. Cortisol is a steroid hormone that is released from the adrenal 

glands in response to emotional, physical or immunological stress, e.g. infections, 
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and it also regulates the maintenance of pregnancy and the timing of parturition 

(219-221). 

   

 

 

Figure 4.  Possible biological pathways associating periodontitis and pregnancy complications (205). 
Reprinted with permission from John Wiley and Sons.  

2.6 Justification for the Present Study 

As the literature review has shown, data on the effect of nutrient interventions on 

the oral health of adults are generally scarce, and there are no published trials that 

enrolled pregnant women in developing countries. Because multiple micronutrient 

interventions are increasingly recommended for pregnant mothers in low-resource 

settings, their impact on oral health must be studied so that their possible adverse 

effects can be prevented. In addition to poor nutrition, maternal infections such as 

periodontitis are among the most important identified risk factors for PTB and 

IUGR, whose prevention is a global priority. Despite of large number of studies, the 

risk factors and underlying mechanism are not yet completely understood, which 

hinders the development of preventive interventions. Previously unidentified and 

modifiable risk factors may include dental caries and its sequela PAI, which are very 



 

40 

common, especially in the areas where most adverse pregnancy outcomes occur. 

Therefore, the present study is warranted because it fills in some gaps in the evidence 

related to the effects of micronutrient intervention on oral health in low-resource 

settings and in the association between oral diseases and adverse pregnancy 

outcomes and the possible underlying mechanisms. 
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3 Aims of the Study 

The main aim of this research was to assess whether poor maternal oral health is a 

risk factor for adverse pregnancy outcomes in a food-insecure, rural sub-Saharan 

African setting where oral diseases and poor pregnancy outcomes are common.  

 

 

The specific aims were: 

 

1. To examine whether food supplementation with multiple micronutrients or 

small-quantity lipid-based nutrients affects oral health, especially the 

development of dental caries or periodontal diseases, in pregnant women in 

low-resource conditions (Study I). 

 

2. To assess whether maternal dental caries, periapical infections and 

periodontal diseases are associated with duration of pregnancy or infant birth 

size (Study II). 

 

3. To investigate whether the associations between periapical infection and 

shortened duration of pregnancy, lower birth weight and smaller neonatal 

size are mediated through spread of periapical bacteria to the fetoplacental 

unit (direct pathway) or systemic inflammation (indirect pathway) (Study III). 

 

The hypotheses of the research were that supplementation of the maternal diet with 

micronutrients affects oral health and that maternal oral infections affect pregnancy 

outcomes. 
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4 Materials and Methods 

4.1 Approach to the Study  

The oral health study that underlies this thesis was nested in a larger nutrition 

intervention trial, iLiNS-DYAD, which tested the effect of nutrient supplements on 

the health of pregnant women and the health and growth of their infants in rural 

Malawi. In total, 1391 pregnant women were enrolled in the iLiNS-DYAD trial 

before 20 gestational weeks and randomized into three nutrition supplement groups. 

The mothers were followed throughout pregnancy and the mother-infant dyads after 

delivery. For this study, the mothers underwent an oral health examination soon 

after delivery, aimed at investigating whether the nutritional intervention provided 

during pregnancy affected the participants’ oral health and whether their oral 

infections contributed to the birth outcomes. This thesis consists of three sub-

studies referred to as Study I, Study II and Study III (Figure 5). All three studies used 

data from the same 1024 included participants. 

The overall study approach is presented in Figure 5. Study I was a randomized 

controlled trial assessing the oral self-care habits, self-reported oral health problems 

and clinical oral health status of the participants after delivery, by nutrition 

intervention group. Study II investigated cross-sectionally whether the maternal oral 

diseases assessed in Study I were associated with the duration of pregnancy or the 

birth size of the infants. Study III investigated whether there was evidence of two 

biologically plausible pathways, spread of the periapical bacteria to the fetoplacental 

unit (direct pathway) or systemic inflammation (indirect pathway), linking periapical 

infections (PAI) and adverse pregnancy outcomes. Study III combined oral health 

data from Study I and pregnancy outcome results from Study II with data from 

several biological samples collected during pregnancy and after delivery. 
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Figure 5.   Overall study design of the thesis research. 

Oral health status and effect 
of MMN and LNS on 
oral disease prevalence 

Association between oral 
infections and pregnancy 

outcomes 

Direct and indirect pathways 
linking periapical infections 
and adverse 

pregnancy outcomes 
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RCT. Mothers randomized to IFA, 
MMN and LNS groups at early 
pregnancy. Oral health status 

after delivery. 

In PAI groups: 
• Prevalence of intervillositis and 

chorioamnionitis 
• Bacterial prevalence and load in placenta and 

membranes 
• CRP, AGP and cortisol concentrations 
• Duration of pregnancy, infant weight, length 

and head circumference after adjustment for 
systemic inflammatory and placental infection 

markers 

Study III 
Cross-sectional. Placental 
infection and systemic 
inflammation assessed in PAI 
groups. Birth outcomes after 
adjusting for inflammatory and 

infection markers. 

Study II 
Cross-sectional. Oral infection 
status compared with duration of 
pregnancy and infant size. 

Duration of pregnancy and infant weight, length 
and head circumference in PAI and periodontitis 
groups 
 

• Oral health-care behavior and reported 
problems during past 6 months 

• Prevalence and severity of caries, PAI and 

periodontal diseases in intervention groups 

Aim Study Main Outcomes 
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4.2 Study Area 

The study was conducted in the Mangochi district in Southern Malawi. Malawi is a 

land-locked country located in southeast Africa with area of 118,484 km2, of which 

24 000 km2 is covered with water, mainly Lake Malawi (222). The estimated 

population of Malawi is 17.2 million (223), with an annual population growth rate of 

2.8%, and 48% of the population is below 15 years of age. Of the population, 85% 

inhabit rural areas, earning their living mainly by rain-fed subsistence farming and 

fishing. In 2014, life expectancy at birth for women was 56.6 years and the literacy 

rate 64%. Approximately 51% of the population live below the poverty line, and 

60% of households suffer from moderate to severe hunger. (224) Although Malawi 

has high child and maternal mortality rates, the situation has been steadily improving. 

As an example, infant mortality decreased from 135 deaths per 1000 live births in 

1992 to 42 in 2015-16 and under-five mortality from 234 to 63 deaths per 1000 live 

births during the same period. Yet, one in every 16 children do not survive to their 

fifth birthday. (224) More demographic and health indicators are shown in Table 4. 

 

Table 4.  Key socioeconomic and health indicators for Malawi. 

Indicator Measure 

Households with improved sanitation 52% 

Households with electricity 11% 

Proportion of women aged 15-49 with primary education 62% 

Proportion of women who are thin (BMI<18.5) 7% 

Proportion of women who are overweight (BMI>25.0) 21% 

HIV prevalence among women aged 15-49 11% 

Prevalence of anemia in pregnant women  45% 

Total fertility rate (average number of children per woman)  4.4 

Maternal mortality ratio (deaths per 100,000 live births)  439 

Median age at first delivery, in years 19 
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Indicator Measure 

Antenatal care coverage, at least one visit 95% 

Proportion of births attended by skilled health personnel  90% 

Cesarean section rate (% of live births)  6% 

Neonatal mortality rate (per 1000 live births)  27 

Infant mortality rate (per 1000 live births)  42 

Under-5 mortality rate (per 1000 live births) 63 

Proportion of infants with low birth weight (<2.5kg) 12% 

Percentage of children under 5 stunted 37% 

Percentage of children under 5 wasted 3% 

Percentage of children under 5 underweight 12% 

Source: Malawi demographic and health survey 2015-16 (224). 

 

 

 

The study area is presented in Figure 6. The data collection was conducted in the 

catchment areas of four health facilities in Mangochi district, namely the Mangochi 

district hospital and the health centers of Malindi, Lungwena and Namwera. The 

Mangochi district hospital is located in the town of Mangochi, which is semi-urban, 

and the health centers are located in rural areas. The estimated population of 

Mangochi district was 797 000 according to the latest census, which was conducted 

in 2008 (222). The Mangochi district hospital outpatient clinic served a population 

of 100 000 people and the health centers populations of 30 000 each. The main 

languages spoken in the study area are Chichewa and Chiyao. 
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Figure 6.  Map of Malawi with the study sites. Modified from National Statistical Office of Malawi, 
2016 (222). 

4.3 Study Participants 

All pregnant women who visited antenatal clinics in the four study sites during the 

enrollment period were approached, and those who met the enrollment criteria of 

the iLiNS-DYAD trial and were interested in participating were recruited. The 

inclusion criteria were ultrasound-confirmed pregnancy of no more than 20 

gestational weeks (gw), resident of the catchment area of the study clinic, availability 

during the study period, and signed or thumb-printed informed consent. The 

exclusion criteria were age less than 15 years, need for frequent medical care due to 

a chronic health condition, severe illness requiring hospital referral, allergy to peanuts 

or serious allergic reaction to any other substance, pregnancy complications evident 

at enrollment visit (edema, blood hemoglobin of <50 g/L, systolic blood pressure 

of >160 mmHg or diastolic of >100 mmHg), earlier participation in the iLiNS-
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DYAD trial or concurrent participation in another clinical trial. Participants who had 

a singleton pregnancy were eligible for the oral health studies. 

4.4 Nutritional Intervention 

Study I investigated the effect of the nutrient supplements on participants’ oral 

health and analyzed the outcomes by intervention group. In Studies II and III, the 

intervention group was used as a co-variate in multivariate analyses. 

The iLiNS-DYAD trial had three arms. Participants in the iron-folic acid (IFA) 

group received capsules that contained 60 mg of iron and 400 mg of folic acid, similar 

to normal Malawian antenatal care. Participants in the multiple-micronutrient 

(MMN) group received capsules that contained IFA and 16 additional 

micronutrients. Participants in the lipid-based nutrient supplement (LNS) group 

received 20 g sachets of paste that contained the same nutrients as the MMN 

capsules plus four additional minerals, protein, fat and 1.2 g of sucrose. The raw 

ingredients of the LNS were soybean oil, dried skimmed milk, peanut paste, a mineral 

and vitamin mix, and sugar (225). The iron content in the MMN and LNS 

supplements was lower (20 mg) than in the IFA ones (60 mg) because the MMN and 

LNS supplements were provided also six months postpartum, when the 

recommended dose of iron is lower than during pregnancy. One IFA or MMN 

capsule or LNS sachet mixed with a small amount of any food was consumed as one 

daily morning dose. All participants received also one dose of intermittent preventive 

malaria treatment with sulfadoxine pyrimethamine at enrollment and another dose 

between 28 and 34 gw as per standard Malawian antenatal care. The detailed nutrient 

and energy content of the supplements are provided in Supplementary Table 1 of 

Article I. 

4.5 Data Collection 

4.5.1 Enrollment and Follow-Up 

Participant enrollment for the iLiNS-DYAD trial took place between February 2011 

and August 2012. A randomizer allocated the eligible participants into control and 

intervention groups by asking them to choose one envelope from a set of identical-
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looking opaque envelopes that contained a participant number and a group 

allocation code. Details of the enrollment and randomization are published in 

Ashorn et al. 2015 (226). The code linking the participant numbers and intervention 

groups was not disclosed to the outcome assessors or researchers until the data 

collection, entry and cleaning was completed. 

The participants were provided with mobile phones so that they could 

immediately inform the study personnel about the child´s birth. The oral health visit 

took place at Mangochi Hospital study clinic where the participants were transported 

from other sites in the research group vehicles. The follow up and data collection 

plan regarding the data that was used in this thesis is presented in table 5. 

Table 5.  Follow-up and data collection plan.  

Visit Time Place Collected Data 

Enrollment 14-20 gw Clinic Health and obstetric history, 

weight, height, MUAC, HIV and 

malaria status, saliva for cortisol, 

blood sample for AGP and CRP, 

duration of pregnancy 

Post enrollment 2 wks after enrollment Home Demographic, social and 

economic background 

Supplement follow-up Bi-weekly Home Supplement usage, possible 

adverse events 

28 gw at 28 gw Home Saliva for cortisol 

36 gw at 36 gw Clinic Obstetric examination, saliva for 

cortisol and blood sample for 

AGP and CRP 

Delivery Within 48 h after 

delivery 

At delivery 

site 

Delivery time and events, 

placental tissue samples, infant 

birth weight 

Postnatal  1-2 wks post delivery Clinic Neonatal weight, length and head 

circumference 

Oral health At postnatal visit or 

soon afterwards 

Mangochi 

clinic 

Questionnaire, clinical oral health 

status, panoramic x-ray 
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4.5.2 Hematological and Salivary Measurements  

Hemoglobin concentration was measured with cuvettes and readers and peripheral 

blood malaria parasitemia was checked using rapid tests from a finger prick on site. 

HIV infection was tested by using a whole-blood antibody rapid test, and if positive, 

by another rapid test on site. C-reactive protein (CRP) and alpha-1-acid glycoprotein 

(AGP) were measured from venous blood samples at the laboratory by 

immunoturbidimetric assay (Study III). Cortisol concentration was measured from 

saliva at the laboratory using the ELISA method. Saliva was collected after a 30-

minute fast with a polymer swab placed under the tongue (Study III). 

4.5.3 Placental Tissue Collection and Analysis 

Placenta and membranes were placed in a sterile container at delivery and collected 

and transported in a timely fashion to the study clinic for sample preparation. Two 

chorionic and amniotic membrane samples were taken from the edge of the rupture 

site and two placental tissue samples from near the umbilical cord insertion. One 

placental and one membrane sample were prepared and analyzed for histology by 

microscopy. The other two samples were analyzed for bacterial DNA using a 16S 

rDNA broad-range SYBR green quantitative PCR assay (Study III). 

4.5.4  Anthropometric Measurements 

The anthropometric measurements collected from the mothers were weight, height 

and MUAC, and those collected from infants were birth weight, neonatal weight, 

length, and head circumference. The weights were recorded to the nearest 0.05 kg in 

mothers and 0.01 kg in infants, and the height, length, MUAC and head 

circumference to the nearest 0.1 cm. All measurements were taken and recorded in 

triplicate. Sex-age standardized anthropometric indices, weight-for-age (WAZ), 

weight-for-length (WHZ), length-for-age (LAZ) and head circumference-for-age 

were calculated for the infants using WHO Child Growth Standards (227) (Studies II 

and III). 
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4.5.5 Oral Health Examination  

The oral health examination was conducted within the six-week puerperal period 

after delivery between June 2011 and August 2013 by three experienced dental 

therapists who spoke the local languages. The collected data are presented in Table 6 

below. 

Table 6.  Collected oral health data. 

Data Collection 

Method 

Collected Data Additional Information 

Questionnaire with 

multiple choice 

questions 

 Oral healthcare habits 

 Perceived oral health problems 

 Received treatment 

Self-reported, during the past 6 

months 

Clinical examination  Gingival bleeding on probing By dental arch sextants 

  Periodontal pocket depth At deepest point from six sites 

of each tooth excluding third 

molars, in mm 

 
 Dental caries status full-mouth status 

Panoramic X-ray  Number of teeth  

  Caries extending to dentine or 

pulp 

 

  Periapical lesions  

  Horizontal and vertical alveolar 

bone level 

Measured from dento-enamel 

junction  

4.5.6 Training and Quality Control 

The data were collected according to standard operating procedures (SOPs) and visit 

guides, using standardized data collection forms. Data collection forms were 

translated into the local languages, Chichewa and Chiyao, from English and back-

translated to identify translation errors. The staff members involved in the data 

collection were trained and their measurement reliability verified at the beginning of 

the study and at four- to six-month intervals thereafter. The equipment used for the 

anthropometric measurements were calibrated daily using standard weights and 
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length rods. The study coordinator and researchers made regular site monitoring 

visits, and an external monitor conducted one visit during the data collection. 

4.6 Outcome Variable Definitions 

Definitions used in the analysis are presented in Table 7. For periodontitis, several 

different definitions were tested, but they did not change the results markedly. 

Radiographs were diagnosed jointly with an experienced oral radiologist based on 

pre-planned criteria and using structured forms, and disagreements were mutually 

settled. A radiographic view of periapical infection and vertical bone loss related to 

periodontitis is shown in Figure 7. 

 

Table 7.  Outcome variable definitions. 

Variable Definition Study 

Caries lesion Caries extending to dentine in clinical or radiological analysis I, II 

Deep caries lesion Caries exposing dental pulp in radiological analysis I, II 

Periapical infection Osteolytic finding surrounding the apex (tip) of the dental root I, II, III 

Mild to moderate 

periapical infection 

1-3 periapical lesions III 

Severe periapical 

infection 

4 or more periapical lesions III 

Gingivitis Profound bleeding from at least one dental arch sextant after 

probing 

I, II 

Tooth with 

periodontitis 

>3mm pocket measured clinically or alveolar bone at cervical 

root level or lower in radiological analysis 

I 

Participant with 

periodontitis 

At least three teeth with periodontitis or one dental arch 

sextant with horizontal alveolar bone loss at least at root 

cervical level, and gingivitis present 

I, II 

Participant with caries At least one caries lesion diagnosed I, II 

Participant with deep 

caries 

At least one deep caries lesion diagnosed I, II 
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Variable Definition Study 

Participant with 
periapical infection 

At least one periapical infectious lesion diagnosed I, II, III 

Preterm birth Birth before 37 gestational weeks II 

Low birth weight Birth weight < 2500g II 

Underweight WAZ< -2 II 

Stunting LAZ<-2 II 

Small head 
circumference 

Head circumference for-age z-score <-2 II 

High CRP CRP > 5 mg/L III 

High AGP AGP>1 g/L III 

High cortisol Cortisol concentration >75th centile of all cortisol 

concentrations at that time point 
III 

Chorioamnionitis ≥ 5 neutrophil granulocytes on average per 10 high-power 

fields present in either the chorionic plate or the amniotic 

membrane 

III 

Severe 
chorioamnionitis 

≥ 25 neutrophil granulocytes on average per 10 high-power 

fields present in either the chorionic plate or the amniotic 

membrane 

III 

Acute intervillositis ≥ 5 neutrophils on average per 10 high-power fields in the 

placental intervillous space 
III 

Chronic intervillositis ≥ 5 lymphocytes or monocytes on average per 10 high-power 

fields in the placental intervillous space 
III 

Positive for bacterial 

DNA 

Ct value lower than 28 ± 3 cycles, depending on variation 

between runs 
III 
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Figure 7.  On left: Radiographic view of periapical lesion related to carious left lower first molar. On 
right: Deep periodontal pocket caused by periodontitis in lower right first molar (adapted 
from Article II). 

4.7 Statistical Approach 

4.7.1 Sample Size Calculation 

A target sample size of 1400 participants was originally calculated for the iLiNS-

DYAD trial. The calculation was based on the trial’s primary outcomes, birth weight 

and newborn length, aiming to detect differences between the three intervention 

groups and to study the interaction between the intervention and potential effect 

modifiers (226). 

In the oral health studies, participants who delivered a singleton infant and 

completed the oral health examination within the six weeks puerperal period after 

delivery were included in the analysis. For Study I, the acquired sample size of 

approximately 340 participants per intervention group provided 90% power to 

detect differences between the groups in the continuous oral disease outcomes at a 

5% two-sided type I error rate, assuming an effect size of 0.25 (mean difference 

between the groups divided by the pooled SD). For Studies II and III, the attained 

sample size of 1024 participants provided 93% power to detect differences between 

the continuous birth outcome groups at a 5% two-sided type I error rate, expecting 

an oral infection prevalence of 25% and an effect size of 0.25. 

 

 

 



 

54 

4.7.2 Data Management and Analysis 

All data were collected on paper forms and entered into a tailormade database using 

the scanning and electronic character recognition of a Cardiff-Teleform system, 

version 10.5 (Digital Vision, Highland Park, IL, USA). Pre-defined critical variables 

and all suspicious and missing values were verified manually on entry and by logic 

checking during the cleaning processes. The statistical analysis was conducted using 

Stata software version 12.1 (Stata-Corp, College Station, TX, USA) according to 

written statistical analysis plans. For Study I, the analysis plan was published at the 

trial website (www.ilins.org) before the intervention code was opened. 

In Study I, the global null hypothesis of the supplement groups being identical in 

relation to the oral diseases was tested using Fisher’s exact test for binary outcomes 

such as the prevalence of caries, and using ANOVA for continuous outcomes such 

as the number of caries lesions. After that, pairwise comparisons between the 

supplement groups were made with log-binomial regression models for binary 

outcomes and ANOVA for continuous outcomes. Risk ratios (RR) were calculated 

for the comparison of binary outcomes, and risk differences and differences in 

means for the comparison of continuous outcomes to investigate whether nutrient 

supplementation increased or decreased the risk of oral diseases.  

In Study II, pairwise comparisons between binary birth outcomes such as preterm 

birth by oral infection group were conducted by Fisher’s exact test and continuous 

birth outcomes such as duration of pregnancy by Student’s t-test. Risk ratios, risk 

differences and differences in means were calculated to investigate whether oral 

diseases increased or decreased the risk of adverse birth outcomes.  

In Study III, all analysis, except the bacterial load and prevalence analysis, was 

conducted using multivariable models based on the Study II results. Missing data in 

each variable, except 16S rRNA results, were replaced with multiple imputed (50 

times) values. The mean bacterial loads (number of 16S rRNA copies) were 

compared using the Mann-Whitney U test and prevalence using Fisher’s exact test 

by PAI group. Twenty-one commonly found periapical pathogen genera (228-230) 

were selected for the analysis: Actinomyces, Anaeroglobus, Atobobium, Bacteroides, Dialister, 

Enterococcus, Eubacterium, Filifactor, Fusobacterium, Mogibacterium, Olsenella, Parvimonas, 

Peptostreptococcus, Porphyromonas, Prevotella, Propionibacterium, Pseudoramibacter, 

Streptococcus, Tannerella, Treponema and Veillonella. To test whether the associations 

between periapical infection and birth outcomes were mediated by an intermediate 

variable, i.e. if that variable was on a causal pathway between the infection and birth 
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outcome, each potential intermediate variable was added to regression models one 

by one. 

In all three studies, log-binomial or log-poisson models were used for binary 

outcomes and linear regression models for continuous outcomes to determine 

whether the exposure variables were associated with the primary outcomes. In the 

multivariate analysis, the following relevant and available covariates were applied 

using the forced-entry method: maternal age, height, BMI, socioeconomic score, 

parity, time between delivery and oral health examination, number of teeth, study 

site, nutrition intervention group, anemia status, HIV status, malaria status, 

periodontitis (when analyzing periapical infection) and periapical infection status 

(when analyzing periodontitis). There were some exceptions: 1) the nutrition 

intervention was used as a predictor variable in the first study but as a covariate in 

Studies II and III; 2) in the stratified analysis by HIV and malaria status in Study II, 

the variable with which the analysis was stratified was removed from the model; 3) 

in Study III, the time between wake-up and saliva collection and the time between 

the latest meal and the saliva collection were used as covariates in cortisol analysis 

models. Smoking was not used as a covariate, since all participants reported that they 

had never smoked. Before conducting the multivariate analysis, interactions between 

the intervention, oral infection outcomes and selected covariates were tested using 

the likelihood ratio test, and collinearity between the covariates was tested using 

variance inflation factor analysis.  

In Study II, the covariate-adjusted population-attributable risk fraction (PAR%) 

was calculated for the binary outcomes. PAR% represents the reduction in the 

incidence of an outcome if the whole population was unexposed, e.g. how many 

preterm births could theoretically be avoided if there was no PAI in the population. 

4.8 Ethical Aspects 

The studies were conducted according to International Conference of 

Harmonization-Good Clinical Practice guidelines and the Ethical Guidelines of the 

2008 World Health Association’s Declaration of Helsink i (231). The College of 

Medicine Research and the Ethics Committee of the University of Malawi and the 

Regional Ethics Committee of the Pirkanmaa Hospital District in Finland reviewed 

and approved the iLiNS-DYAD study protocol with the oral health study 

amendment. Key details of the iLiNS-DYAD protocol were published at 

ClinicalTrials.gov with the identifier NCT01239693. Participating women signed or 
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thumb-printed informed consent forms before they were enrolled in the study. The 

participants received small incentives such as two bars of soap or one kilogram of 

rice after each data collection visit, subsidized healthcare and complimentary dental 

treatment after the oral health examination.  

 

4.9 Author’s Role 

The author designed the iLiNS-DYAD oral health study entity, planned the data 

collection methods considering oral health, drafted the data collection forms and 

guides, purchased the data collection and dental treatment equipment and organized 

their shipment from Finland to Malawi. She also trained the research assistants who 

collected the data, and she organized regular standardization sessions throughout the 

data collection period, followed the data collection quality and completeness, 

maintained the data quality manual for the iLiNS-DYAD trial, cleaned the data and 

reported progress regularly to the study funders. Panoramic x-rays taken at the study 

site were sent electronically to the author, who analyzed them at the Tampere 

University Hospital department of radiology together with an oral and maxillofacial 

radiologist. The author also equipped the Mangochi district hospital dental clinic to 

provide good-quality dental treatment for those study participants who were 

diagnosed with oral diseases. The same services were provided also for other patients 

approaching the clinic during the study period. The author was present at the study 

site at the onset of the study and regularly throughout the data collection and 

cleaning period. While not at the research site, she was overseeing the data collection 

remotely on daily basis. The author analyzed the data and drafted all the three articles 

as first author, with the assistance of comments from the co-authors. 
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5 Summary of the Results 

5.1 Enrollment and Follow-Up 

The flow of participants in the studies included in this thesis is presented in Figure 8. 

A total of 9310 women were approached in the iLiNS-DYAD trial enrollment 

process. A total of 1391 participants were enrolled in the trial and randomized into 

IFA, MMN and LNS supplement groups. The enrolled mothers gave birth between 

May 2011 and February 2013, after which 1229 (88.4%) of them completed the oral 

health examination. After exclusions, 1024 participants were included in the oral 

health study analysis. Of those, 335 belonged to the IFA group, 346 to the MMN 

group and 343 to the LNS group. The reasons for exclusion were maternal death 

(n=8), twin pregnancy (n=14), oral health visit completed after the six-week 

puerperal period (n=193), and loss to follow-up (n=155).  
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Figure 8.  Participant flow in the three studies. 
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5.2 Background Characteristics of the Participants 
 

At enrollment, the included participants had a mean (SD) age of 25 years (6.2), 

weight of 53.9 (7.7) kg and BMI of 22.1 (2.7) kg/m2 and they had completed an 

average of 3.9 (3.4) years of education. The proportion of primiparous women was 

17.8% and HIV positive women 14.1%. The prevalence of anemia was 19.8% and 

malaria 21.4%. There were slightly fewer participants in the IFA group than in the 

MMN or LNS groups, but their baseline characteristics were well in balance. The 

first column in Table 8 shows the background characteristics for all the included 

study participants combined, and the three following columns show the values by 

intervention groups 

Table 8.  Background characteristics of the included participants. 

Characteristic All combined IFA MMN LNS 

Number of participants 1024 335 346 343 

Mean (SD) age, years 25 (6.2) 25 (6) 25 (6) 26 (6) 

Mean (SD) education, completed 

years 

3.9 (3.4) 3.9 (3.4) 4.0 (3.4) 3.9 (3.4) 

Mean (SD) score for socio-

economic status* 

-0.13 (1.68) -0.22 (1.59) -0.07 (1.73) -0.11 (1.72) 

Primiparous women, % of total 17.8 18.0 18.6 16.9 

Mean (SD) weight, kg 53.9 (7.7) 54.1 (7.2) 54.0 (8.1) 53.7 (7.8) 

Mean (SD) BMI (kg/m²) 22.1 (2.7) 22.1 (2.5) 22.1 (2.9) 22.0 (2.7) 

Percentage of anemic women 

(Hb < 110 g/l) 

19.8 21.5 18.2 19.8 

Percentage with positive HIV test 14.1 15.0 11.6 15.7 

Percentage with positive malaria 

test (RDT) 

21.4 21.2 20.9 22.2 

*Combining information on building material of home, source of water, sanitary facility, source of 
electricity, and type of cooking fuel. Table modified from Table 1 of Article I and Table 1 of 
Article II. 
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5.3 Oral Health Characteristics  

Among the participants, the mean (SD) time between delivery and the oral health 

data collection visit was 16.0 (8.0) days. The mean (SD) number of teeth was 31.3 

(1.6) and the prevalence (n) of caries 63.1% (646), deep caries exposing the pulp 

27.8% (285), gingivitis 85.5% (876), periapical infection 23.5% (241) and 

periodontitis 31.9% (400) (Supplementary Table 1 of Article II). Only five 

participants had fillings in their teeth. 

5.4 Oral Healthcare Habits and Self-Reported Oral Health 
Problems (Study I) 

Most of the women (90.0%, n=922) reported that they used a toothbrush to clean 

their teeth, but less than half of them (43.0%, n=440) used toothpaste. Other 

cleaning devices mentioned were a finger (8.8%, n=90), stick (0.1%, n=1), sponge 

(0.1%, n=1) or nothing (0.8%, n=8), and cleaning materials were water only (41.2%, 

n=422), soap (6.2%, n=64), sand (5.1%, n=52), salt (1.7%, n=17), ash (1.7%, n=17) 

or nothing (0.8%, n=8). Of the women, 20.1% (n=205) indicated that they had 

experienced toothache, and 17.3% (n=176) had limited either the type or amount of 

food consumed due to oral health problems during the past six months. However, 

only 5.2% (n=53) had visited any healthcare provider to seek treatment, and only 

11.0% (n=113) had received any treatment, including painkillers. The self-care habits 

or perceived oral health problems were similar in all the intervention groups (Table 4 

in Article I). 

5.5 Effect of the Nutrition Intervention on Maternal Oral Health 
(Study I) 

At the end of the nutrition intervention period (after delivery), there was a statistically 

significant difference between the supplement groups in the prevalence of caries 

lesions. Grade II and Grade III caries lesions combined were 56.7% (n=190) in the 

IFA group, 69.1% (n=239) in the MMN group and 63.3% (n=217) in the LNS 

group, p=0.004). Grade II caries prevalence when the lesions were analyzed 

separately was 51.6% (n=173) in the IFA group, 63.1% (n=218) in the MMN group 

and 58.9% (n=202) in the LNS group (p=0.010). In contrast to the caries prevalence, 
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the prevalence of periodontitis was slightly higher but statistically non-significant 

among the IFA group women, compared with the MMN or LNS group women 

(34.9%, n=117; 29.8%, n=103; and 31.2%, n=107 respectively; p=0.338). In two 

group comparisons, the relative risk (95% CI) of having any caries at all was 1.22 

(1.08-1.37, p=0.001) and of having Grade II caries was 1.22 (1.06-1.39, p=0.003) in 

the MMN group when compared with the IFA group. No other significant 

differences were found in any of the two group comparisons in any of the 

dichotomous disease outcomes. The disease prevalence and the significant risk ratios 

are shown by intervention group in Figure 9 below and in more detail in Table 2 of 

Article I.  

 
* The p-value for three-group comparison with Fisher’s exact test. 
** Risk ratio, comparison between MMN and IFA groups. Figure based on Table 2 of Article I. 

Figure 9.  Prevalence (95% confidence interval) of oral diseases by intervention group.  

 

Similar to disease prevalence, the mean number of caries-related continuous 

disease outcomes were higher and periodontal-disease-related outcomes lower in 

women in the MMN and LNS groups compared with those in the IFA group. The 

differences in pairwise comparisons were, however, statistically significant only in 

the number of any caries lesions when comparing the MMN and IFA groups or the 

LNS and IFA groups, and only in the number of Grade II caries lesions when 

comparing the MMN and IFA groups or the LNS and IFA groups. The means and 

significant differences are presented in Figure 10 and in greater detail in Table 3 of 

Article I. 
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* The p-value for three group comparisons with ANOVA. 
** Difference in means between the MMN and IFA groups. 
*** Difference in means between the LNS and IFA groups. 
Figure based on Table 3 of Article I. 

Figure 10.  Mean number of oral disease findings by intervention group.  

5.6 Pregnancy and Birth Outcomes (Studies II and III) 

Data on the duration of pregnancy was obtained from all the participants, and birth 

weight from 956 (93.3%) and neonatal size – including weight, length and head 

circumference – from 957 (94.4%) of their infants (Figure 2 of Article II). Mean 

pregnancy duration, infant birth weight, neonatal length and neonatal head 

circumference are presented in Table 9. The incidence (n) of preterm birth was 7.9% 

(81) and low birth weight 12.0% (115), and prevalence of stunting 15.7% (152) and 

small head circumference 3.8% (37) among the participants.   
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Table 9.  Summary statistics of the pregnancy and birth outcomes of the 1024 participants. 

Birth Outcome Mean (SD)  Min Max 

Duration of pregnancy, wks 39.4 (2.3) 17.7 45.0 

Birth weight, g 2979 (430) 1200 4300 

Neonatal length, cm 49.7 (2.2) 40.8 56.8 

Head circumference, cm 35.2 (1.4) 29.8 39.2 

WAZ -0.54 (0.99) -5.65 2.42 

LAZ -0.99 (1.09) -6.23 2.13 

Head circumference-for-age z-score -0.13 (1.07) -6.25 3.13 

5.7 Associations between Oral Infections and Adverse 
Pregnancy and Birth Outcomes (Study II) 

When analyzed by disease group, the continuous birth outcomes were essentially 

similar, with no statistically significant differences in means for participants without 

caries, with shallow caries or with deep caries when periapical infection was not 

present. Therefore, these three groups were combined into one “no periapical 

infection” group and, in subsequent analysis, compared with the group of 

participants who had at least one periapical lesion (PAI group). Continuous birth 

outcomes are organized into caries-related disease groups in Table 10.  

Table 10.  Continuous birth outcomes by caries-related disease group. 

Birth Outcome No Caries 

n=370 

Grade II Caries 

n=354 

Grade III Caries 

n=59 

p-value* 

Mean duration of 

pregnancy, wks (SD) 

39.5 (2.1) 39.5 (2.2) 39.3 (2.2) 0.758 

Mean birth weight,           

g (SD) 

2977 (436) 3009 (428) 3029 (500) 0.534 

Mean neonatal length,  

cm (SD) 

49.8 (2.1) 49.8 (2.2) 49.8 (2.7) 0.975 

* The p-value from ANOVA for comparison of groups of participants with no caries, Grade II caries 
and Grade III caries, all without periapical infection (PAI). 
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When analyzing continuous birth outcomes by PAI group, there were significant 

differences in all other analyzed outcomes except in mean neonatal WAZ and head 

circumference-for-age z-score. After adjusting the analysis with the selected 

covariates, the differences were significant in each birth outcome: the mean (95% 

CI) pregnancy duration for women with PAI was 0.4 weeks (0.1 to 0.8) shorter, and 

their infants had a 79 g (13 to 145) lower birth weight, 0.5 cm (0.2 to 0.9) shorter 

neonatal length, 0.27 units (0.11 to 0.44) lower LAZ and 0.18 units (0.01 to 0.35) 

smaller head circumference-for-age z-score than women without periapical 

infection. No statistically significant differences were seen between participants with 

or without periodontitis in any of the assessed continuous birth outcomes in non-

adjusted or covariate adjusted analysis. The covariate-adjusted differences in mean 

birth outcomes are presented in Table 11 by infection group. 

 

Table 11.  Adjusted comparison of mean birth outcomes between groups of participants with or 
without periapical infection (PAI) and with or without periodontitis.  

Birth Outcome 

Difference in Means 
(95% CI),  
PAI vs. No PAI 

p-value 

Difference in Means 
(95% CI),                
Periodontitis vs. No 
Periodontitis 

p-value 

Duration of 

pregnancy, wks 
-0.4  (-0.8 to -0.1) 0.014 0.2  (-0.1 to 0.5) 0.174 

Birth weight, g -79  (-145 to -13) 0.019 28  (-32 to 88) 0.360 

Neonatal length, cm -0.5  (-0.9 to -0.2) 0.002 0.1  (-0.2 to 0.4) 0.525 

Neonatal WAZ -0.14  (-0.29 to -0.00) 0.057 0.01  (-0.12 to 0.15) 0.839 

Neonatal LAZ  -0.27  (-0.44 to -0.11) 0.001 0.06  (-0.08 to 0.21) 0.396 

Neonatal Head-Z  -0.18  (-0.35 to -0.01) 0.033 -0.08  (-0.23 to 0.07) 0.310 

Analysis adjusted for maternal age, maternal height, BMI, HIV status, malaria status and anemia at 
enrollment, number of previous pregnancies, study site, socioeconomic score, number of teeth, time 
between delivery and examination, nutrition intervention group, and periodontitis status when 
analyzing PAI and PAI status when analyzing periodontitis. 

Table modified from Table 2 and Supplementary Table 2 of Article II. 

 

The prevalence of adverse binary birth outcomes was also higher in women with 

PAI than in women without PAI, and lower in women with periodontitis than in 
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women without periodontitis. However, the only statistically significant associations 

were between PAI groups in stunting and small head circumference. The non-

adjusted prevalence is presented in Table 3 and Supplementary Table 3 in Article II. 

The results were essentially similar after adjusting for the selected covariates. 

After adjustment, the risk (95% CI) of stunting was 9.0% (2.7-15.2, p=0.007) and 

risk of small head circumference 4.5% (0.3-8.6, p=0.012) higher in women with PAI 

compared with those without. The population-attributable risk fraction (PAR%), i.e. 

the fraction of the adverse birth outcomes that would theoretically be avoided if the 

infection was eliminated from the target population, varied from 1.8% for low birth 

weight to 26.3% for small head circumference. The covariate-adjusted risk ratios and 

risk differences between the infection groups are presented in Table 12. 
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Table 12.  Risk of adverse birth outcomes in women with periapical infection or periodontitis. 

Birth Outcome 

PAI Group Comparisona Periodontitis Group Comparisona 

RR  

(95%CI) 

Risk Differenceb 

(95% CI) 

p-value PAR% RR  

(95%CI) 

Risk Differenceb 

(95% CI) 

p-value PAR% 

Incidence of preterm 

birth 

1.52 

(0.93-2.47) 

3.5%  

(-1.1 to 8.1) 

0.092 9.7% 0.74 
(0.45 to 1.22) 

2.4%  

(-0.6 to 0.1) 

0.236 -8.9% 

Incidence of low birth 

weight 

1.08 

(0.67-1.72) 

- 0.5%  

(-6.1 to 5.2) 

0.785 1.8% 0.94 
(0.60 to 1.46) 

1.0%  

(-5.9 to 3.8) 

0.786 -1.8% 

Prevalence of 

neonatal underweight 

1.52 

(0.83-2.75) 

2.9%  

(-1.5 to 7.3) 

0.166 10.5% 1.02 
(0.58 to 1.81) 

0.1%  

(-3.5 to 3.3) 

0.936 0.8% 

Prevalence of 

neonatal stunting 

1.68 

(1.15-2.46) 

9.0%  

(2.7 to 15.2) 

0.007 12.8% 1.03 
(0.71 to 1.48) 

0.0%  

(-5.2 to 5.2) 

0.895 0.8% 

Prevalence of small 

head circumference 

2.52 

(1.23-5.16) 

4.5%  

(0.3 to 8.6) 

0.012 26.3% 1.95 
(0.99 to 3.83) 

2.5%  

(-0.4 to 5.4) 

0.053 23.2% 

a Adjusted for maternal age, maternal height, BMI, HIV status, malaria status and anemia at enrollment, number of previous pregnancies, study site,  
socioeconomic score, periodontitis, number of teeth, time between delivery and examination, and nutrition intervention group. 
b The difference is expressed in percentage points. 
PAR%= population attributable risk fraction. 

Table modified from Table 3 and Supplementary Table 3 of Article II.  
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5.8 Placental Infection and Systemic Inflammation Markers 
(Study III) 

Placental tissue samples were collected from 819 participants and chorioamniotic 

membrane samples from 807 participants. CRP and AGP concentrations were 

analyzed from 1017 participants at enrollment and 888 participants at 36 gw, and 

cortisol from 999 participants at enrollment and 863 at 36 gw (see Supplementary 

Figure 1 of Article III). The percentage (n) of women with evidence of histological 

inflammation or bacterial infection in the placenta or chorioamniotic membranes 

was as follows: chronic placental intervillositis 1.9% (19), acute placental 

intervillositis 21.2% (217), chorioamnionitis 19.9% (204), bacterial DNA in 

chorioamniotic membranes 59.2% (606) and bacterial DNA in placental tissues 

38.5% (394). Thirteen of the selected, commonly mentioned PAI bacteria genera 

were found in both the placental tissues and membranes. The percentage (n) of 

women with evidence of systemic inflammation was as follows: elevated serum CRP 

concentration at 14-20 gw 39.1% (400) or 36 gw 29.7% (304), elevated serum AGP 

concentration at 14-20 gw 8.2% (84) or 36 gw 4.5% (46) and elevated salivary cortisol 

concentration at 14-20 gw 23.8% (244) or 36 gw 23.6% (242) (see Table 1 of 

Article III). 

5.9 Interrelations Between Periapical Infection, Systemic 
Immune Response, Bacteremia and Adverse Pregnancy 
Outcomes (Study III) 

Two biologically plausible pathways that could mediate the association between PAI 

and adverse pregnancy outcomes were investigated: the spread of periapical bacteria 

to the fetoplacental unit (direct pathway) and systemic inflammation (indirect 

pathway). Since periodontitis was found not to be associated with birth outcomes in 

Study II, the effects of periodontitis were not explored further. 
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5.9.1 Direct Pathway Markers 

There were no statistically significant differences (p>0.05) in the prevalence of 

intervillositis or chorioamnionitis between participants with no PAI (n=783), mild-

to-moderate PAI (n=215) or severe PAI (n=26) in the covariate-adjusted analysis 

(Table 2 of Article III). Similarly, the prevalence of any bacteria (bacterial 16S rRNA 

copies) in the placenta or membrane did not differ between the PAI categories 

(healthy 66.7%, n=523; mild-to-moderate 74.0%, n=159; severe 58.5%, n=15; and 

p=0.242; and healthy 44.8%, n=351; mild-to-moderate 53.7%, n=115; severe 38.6%, 

n=10; and p=0.470). Consistently, no statistically significant differences were 

detected between the groups of women with or without PAI in the mean bacterial 

loads (mean number of 16S rRNA copies) (Table 3 of Article III) or in the 

prevalence of different genera of bacteria in the placental tissues or membrane 

(Supplementary Table 3 of Article III). The findings were similar when analyzing the 

selected PAI genera of bacteria only or any bacteria genera that were found in at least 

ten participants. 

5.9.2 Indirect Pathway Markers 

When the mean CRP, AGP and cortisol concentrations were analyzed by PAI 

severity category, a positive dose-dependent association was seen at 36 gw with each 

of the inflammation markers. No such association was seen at 14-20 gw (Figure 11). 

The patterns of elevated concentrations of CRP, AGP or cortisol in the various PAI 

categories were similar to the mean concentrations, but the only statistically 

significant difference was seen in high cortisol at 36 gw (healthy 21.3%, n=168; mild-

to-moderate 28.7%, n=62; severe 45.8%, n=12; and p=0.033). 

5.9.3 Mediation of PAI: Birth Outcome Association by Systemic Markers of 
Inflammation and Cortisol 

In the primary analysis (Study II), the mean duration of pregnancy was 0.4 weeks 

shorter (p=0.005), mean infant birth weight 90 g lower (p=0.009) and mean neonatal 

length 0.56 cm shorter (p=0.002) in women with PAI compared to those without. 

When the regression model was adjusted for AGP concentration at 36 gw, the 

difference in means was reduced by 0.1 weeks in the duration of pregnancy, 15 g in 

birth weight and 0.08 cm in neonatal length. Adjustment for CRP at 36 gw did not 
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affect the mean duration of pregnancy but it reduced the difference in mean birth 

weight by 5 g and neonatal length by 0.02 cm. When adjusting for cortisol 

concentration at 36 gw, the difference in means was reduced by 0.1 weeks in duration 

of pregnancy, 10 g in birth weight and 0.02 in neonatal length. The p-values of each 

of the models increased after each adjustment, i.e. the association weakened, 

indicating that the inflammation marker was at least partly on the pathway between 

PAI and the birth outcome (Table 5 of Article III). The results after adjustment by 

combinations of AGP, CRP and cortisol did not differ substantially from adjustment 

only by AGP, i.e. the effects were not additive.
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Figure 11.  Mean CRP, AGP and cortisol concentrations at 14-20 weeks and at 36 weeks of pregnancy by maternal periapical infection severity.  

Models adjusted for HIV status, malaria status, height, body-mass index, age, study site, number of teeth, nutritional intervention group, anemia, 
periodontitis status, household assets, and oral health examination visit time. Cortisol adjusted also for saliva collection time and time since last meal. 

Figures based on Table 4 of Article III. 

 

0

2

4

6

8

10

12

14

16

14-20gw, p=0.740 36gw, p=0.048

m
g/

L
Mean CRP Concentration

no PAI mild to moderate PAI severe PAI

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

14-20gw, p=0.926 36gw, p=0.040

g/
L

Mean AGP Concentration

no PAI mild to moderate PAI severe PAI

0
1
2
3
4
5
6
7
8
9

10

14-20gw, p=963 36gw, p=0.006

nn
M

/L

Mean Cortisol Concentration

no PAI mild to moderate PAI severe PAI



 

71 

6 Discussion 

The aim of Studies I-III, which underlie this thesis, was to evaluate the effect of 

supplementing pregnant women’s diets with MMNs or LNS on their oral disease 

prevalence, and the association between the oral diseases and birth and pregnancy 

outcomes, as well as the possible pathways linking PAI and adverse pregnancy 

outcomes. The hypotheses were that supplementation of the maternal diet during 

pregnancy affects oral health and that oral infections affect pregnancy outcomes. 

The results suggest that maternal diet supplementation with multiple micronutrients 

during pregnancy in resource-poor environments may enhance caries development. 

PAI, the common sequela of untreated caries, may in turn affect pregnancy adversely 

through elevated systemic inflammation.  

In this chapter, the strengths, weaknesses and limitations of the studies in meeting 

their aims are reviewed. After that, the findings of the three studies are discussed 

separately in context of other published studies, and, lastly, general conclusions 

based on the findings and earlier literature are presented. 

6.1 Strengths and Weaknesses of this Research 

The three studies had several common strengths. Firstly, data collection and quality 

assurance were conducted rigorously according to structured forms, user guides, and 

standard operating procedures during the visits, and by performing regular reliability 

checks and retraining. Secondly, gestational age was measured by ultrasound at 

enrollment, which allowed prompt calculation of duration of pregnancy. Also, the 

anthropometric measurements were collected in triplicate by two experienced 

anthropometrists. Thirdly, the oral disease diagnostics were based on both a 

comprehensive clinical examination and a radiological assessment that permitted 

precise diagnostics. 

 The individual studies had also specific strengths. In Study I, a major strength 

was the participants’ random allocation to the three supplement groups that led to 

similarity in a wide range of baseline characteristics, even after the oral health analysis 

exclusions were made. Furthermore, the data collectors and researchers were blinded 
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to the group allocation until after the data collection was finished and the database 

was cleaned. In Study III, one specific strength was the various biological samples 

that were collected during pregnancy and after delivery, which made it possible to 

investigate the biological pathways in several ways.  

There were also limitations that should be considered when interpreting the 

results. The main limitation of all the studies was the lack of baseline oral health data 

and the varying length of time between delivery and the oral health examination. The 

reason for not collecting baseline data was the radiological examination; such 

examination is not ethical for asymptomatic pregnant women. What is more, 

diagnosing and treating the diseases at the beginning of the study would have 

thwarted the aims of the study. The time gap between delivery and the examination 

was due to the difficulties that the mothers would encounter in having to travel from 

their villages to Mangochi study site along rough roads immediately after delivery. 

Another limitation was the 26.4% loss in follow-up between enrollment and the oral 

health examination, some differences between the baseline characteristics of the 

included and excluded participants, and some missing biological sample data. In 

addition, there might have been some underestimation in the prevalence of PAI due 

to lesions being obstructed by other anatomical structures in the x-rays. A further 

limitation in Study III was that placental tissue was mostly not collected from 

mothers who delivered very preterm, nor were biological samples collected at 36 

weeks if the delivery took place before 36 gw. In addition, because the biological 

sample collection was planned with the iLiNS-DYAD study entity in mind, the 

biological samples were not collected at the same time as the oral health examination 

took place. 

To overcome these limitations, several adjusted analyses were conducted that 

included the baseline characteristics that differed between the included and excluded 

participants together with the time between delivery and examination. Because the 

results of the adjusted and unadjusted analyses were similar, it is unlikely that there 

was much selection or follow-up bias involved. The limitation of missing biological 

sample data in Study III was handled by imputing the missing data points with 

multiple imputations that led to full datasets. Finally, it is unlikely that the prevalence 

of periapical lesions changed markedly between enrollment and the examination, 

since the lesions were almost entirely related to deep caries lesions, which take many 

months to years to develop (34). Sensitivity analyses that included missing teeth in 

the number of deep caries lesions confirmed this assumption, since the only available 

treatment for dental infections in this environment was tooth extraction.  
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6.2 Prevalence of Caries and Periodontitis 

The overall prevalence of untreated caries, 63.1%, was very high in this study 

population compared with the global prevalence of 36.2% in women and the 

prevalence in Eastern Sub-Saharan Africa of 36.4% that combined both genders in 

the GBD study (15). The differences may be at least partly explained by the varying 

diagnostic methods. Caries diagnosis in epidemiological studies is typically based 

only on clinical examination, whereas the present study also utilized x-rays to detect 

invisible lesions between teeth and under thick layers of enamel, which improved the 

accuracy.  

Another explanation for the high caries prevalence might be high fluoride levels 

in drinking water which is seen sporadically in this study area located in the Rift 

Valley (232). Although optimal fluoride intake is beneficial in caries prevention, 

excess amounts during tooth development cause fluorosis, which changes the 

structure of the enamel, predisposing it to hypomineralization (233). As an example, 

the fluoride level in the groundwater in the Mangochi hospital area is reported to be 

2.45 mg/L, which is considered toxic and far above the safe limit of 1.50 mg/L (232). 

In addition, malnutrition during the infancy and childhood of these mothers may 

have affected the development of their tooth and salivary gland structures (70). As 

presented in Table 4 above, the prevalence of stunting and underweight, which are 

measures of chronic undernutrition, is high in childhood in Malawi. Also, 

malnutrition in later life may have altered their salivary gland functions (70) or caused 

the oral microbiota to become more pathogenic, predisposing these mothers to 

caries development (127).  

Because of the high prevalence of caries, it is not surprising that one in every five 

women had experienced toothache and limited their food intake due to the 

problems. The finding is important, since a reduced ability to eat could possibly 

contribute to malnutrition in areas where the availability and variety of food is 

limited. The fact that only about 5% of the mothers had visited any healthcare 

provider supports the assumptions that treatment is not available when needed, as 

seen also in many other African countries where oral diseases are very common (16).  

Regarding periodontitis, comparison between disease prevalences is rather 

difficult due to different methods and definitions used in various studies, including 

the GBD study, which reported only data on severe periodontitis (96). In a 

comprehensive review of studies from many African countries conducted in 2002, 

the periodontitis prevalence varied between 2% and 9% in Malawi, depending on 

the age group, and reached almost 100% in some sub-Saharan African countries 
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(234). The prevalence of periodontitis 31.9% in the present study was thus much 

higher than in the other Malawian studies, but much lower than the average in the 

other African countries. 

6.3 Effects of Nutrient Interventions on Oral Health 

The purpose of Study I was to explore whether the nutrient interventions during 

pregnancy had any effect on the oral health of the mothers. Considering the usually 

slow development of dental caries, it is somewhat unexpected that the prevalence of 

caries and the mean number of caries lesions were found to be significantly higher 

in mothers who had received MMNs or LNS compared to those who had received 

IFA. In contrast, those who had received IFA had a slightly higher prevalence of 

gingivitis and periodontitis and mean number of periodontal pockets compared with 

the other groups, but these differences were not statistically significant. The self-care 

behavior or other background characteristics could not explain the differences in the 

oral disease parameters because they were similar in all groups.  

Earlier studies exploring the relationship between nutrients and oral health 

concentrate on non-pregnant populations mostly in high-income countries, 

assessing intake of single nutrients using food frequency questionnaires or measuring 

serum or plasma nutrient concentrations cross-sectionally (105,120). Because no 

other trials assessing the effect of multiple micronutrient supplementation on caries 

levels or periodontal health in pregnant women could be identified, straight 

comparisons with other studies cannot be made as such. 

Since sugar intake is the most important risk factor for caries (69), it is possible 

that the small amount of sucrose in LNS enhances caries development. However, 

the prevalence of caries was the highest in the MMN group, which did not contain 

any sugar, indicating that the difference is not likely to be related to sugar intake. 

Explanations for the differing caries levels must then be sought from the systemic 

effects of micronutrient intake and from the potential effects of certain nutrients on 

the oral microbiota. One explanation could relate to iron, whose concentration was 

higher in the IFA supplement than in the MMN and LNS supplements. It is possible 

that the higher level of iron intake suppressed caries development in the IFA-

supplemented mothers by reducing their enamel demineralization, which has also 

been seen in other studies (111,235,236).  

Another possible explanation for the differing caries prevalence relates to the 

nonlinear relationship between micronutrient availability and the growth of 
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cariogenic bacteria (125). The pattern in which an increasing nutrient supply 

exacerbates the growth of S. mutans to a certain threshold, only after which the effect 

is inhibitory, has been demonstrated in some in vitro studies on iron, manganese, 

magnesium, zinc, cobalt, tin, copper and calcium (237-239). Although not 

confirmed, the same pattern may apply to other acidogenic bacteria as well. In 

addition, a higher dietary protein content has been shown to have direct effects on 

caries-related oral microbiota in a murine model (240).  

Based on these findings, it seems plausible that, in low-resource conditions with 

a high prevalence of both malnutrition and untreated caries lesions, nutrient 

supplementation with MMNs or LNS might increase the pathogenicity and amounts 

of cariogenic bacteria, thus enhancing caries development. Altered salivary gland 

functions, hypoplastic enamel structure and pregnancy-related immune suppression 

may further reinforce the effects (241). Whether the effect of the supplementation 

would be protective after a longer intervention period remains to be confirmed.  

In the case of periodontitis, the only multiple-micronutrient supplement 

intervention study conducted on adults that could be identified has a very small 

sample size. In that study, two groups comprising respectively 31 and 32 adults with 

moderate periodontitis received either a tablet containing seven vitamins or placebo, 

and their periodontal status was assessed at baseline and again after 60 days. In that 

study, a significant reduction was seen in the periodontal pocket depth and gingival 

index in the intervention group compared with the controls. (242)  

Also, many other studies assessing single nutrients such as vitamins B, C, or D or 

calcium, magnesium or fatty acids have concluded that their low intake or low plasma 

concentration is associated with the progression of periodontal diseases or improved 

periodontal health (10,120,121,124,243). These beneficial effects most probably 

relate to enhanced immune functions and tissue formation and repair in the 

periodontium. Although not confirmatory, the findings of the present study 

somewhat support the results of these studies, suggesting that an increased 

micronutrient intake may have beneficial effects on periodontal health.  

One explanation for the small, non-significant intergroup differences in this study 

between the supplementation groups in periodontal parameters could be in the 

pregnancy-related hormonal changes in the periodontium. Those changes, which 

include increased bleeding and swelling (170), may to some extent have masked the 

effects of the interventions. Another potential explanation is the rather short 

intervention period compared with the slow appearance of x-ray-detectable changes 

in alveolar bone (244). With a longer intervention period, the changes might have 

been more pronounced. In addition, differences between the periodontal-health-
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related findings in this study and in the previous studies might be explained by the 

differing baseline levels of nutrients and the diseases, which were not recorded.  

Based on the findings presented above and from the literature review, the 

somewhat contradictory findings of enhanced caries development and improved 

periodontal health, even in one individual mouth, that followed MMN and LNS 

intake most probably relates to the differing nutrient intake mechanisms of the 

cariogenic and periodontal bacteria and different immune mechanisms related to the 

diseases. 

6.4 Association Between Oral Diseases and Birth Outcomes 

Study II concluded that women with PAI had a shorter pregnancy duration and 

delivered infants with a lower birth weight, shorter stature and smaller head 

circumference than mothers without PAI. In addition, the prevalence of PTB and 

stunting were significantly higher in mothers with PAI compared with those without 

PAI. No difference was found in parameters of caries or periodontitis between the 

women with and without PAI. 

A recent review and meta-analysis summarized all the published studies of 

sufficiently high quality on dental caries and PTB (245). In addition to the present 

study, the review included nine studies conducted in Finland, France, India, Jordan 

and Mexico. Some of them were presented above in the literature review. All the 

individual studies and the meta-analysis reached the conclusion that there is no 

association between uncomplicated caries (no pulp exposure) and preterm birth. The 

meta-analysis on the risk for PTB yielded an OR of 1.16 (95% CI, 0.90 to 1.49, 

p=0.25) and a number of decayed (carious), missing or filled teeth (DMFT index) 

that was no different in women with PTB than in those with a normal pregnancy 

duration.  

Since publication of the results of the present study, two other studies have also 

been published that examine PAI and pregnancy outcomes and support this 

association. In 2015, Leal et al. conducted a study among 63 postpartum mothers in 

Brazil using periapical radiographs. They concluded that mothers with PAI had 3.52 

times higher odds for delivering preterm and LBW than mothers who did not have 

PAI. They also found a dose-dependent association with their PAI score and 

duration of pregnancy and birth weight (246). The other study, conducted by 

Khalighinejad and co-authors in 2017 (247), investigated the association between 

maternal PAI and pre-eclampsia among 100 pregnant women, utilizing panoramic 
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radiographs taken prior to pregnancy. They found a significantly higher prevalence 

of PAI in mothers who had pre-eclampsia, with 2.23 times higher odds for 

development of the condition. The explanation for why caries does not seem to 

associate with birth outcomes but PAI does relates most probably to systemic 

dissemination: bacteria in uncomplicated caries do not have access to the systemic 

circulation, but, in the case of PAI, the pathway exists. 

Interestingly, the differences in birth weight and in prevalence of stunting and 

wasting between the PAI groups in the present study were very similar to what was 

detected in a study that tested the effect of maternal azithromycin and sulfadoxine-

pyrimethamine (SP) treatment during pregnancy on improvement of birth size of 

Malawian infants (248). Azithromycin is a broad-spectrum antibiotic used to treat 

sexually transmitted and other reproductive tract infections, but is also effective 

against many oral pathogens (249), whereas SP is an antimalarial drug. It is therefore 

possible that at least part of the improvement in birth size in that study was 

accounted for by the elimination of the oral-pathogen-mediated inflammation. A 

recently published five-year follow-up on those children showed that the positive 

effects of azithromycin and SP treatment were sustained and may have also reduced 

mortality and improved the cognitive development of the children (250).  

The seemingly small differences between the PAI groups in birth outcome 

variables are remarkable at a population level. According to the results, if PAI was 

eliminated from this population, it would reduce the incidence of PTB by 9.7%, 

underweight by 10.5%, stunting by 12.8% and small head circumference by 26.3%. 

Although based only on mathematical calculations, the figures indicate that maternal 

PAI poses a marked risk to infant health. A pathway analysis that was conducted in 

this same study population reinforced these conclusions (251). The analysis – which 

included several maternal constitutional, nutrition status, and infection status 

variables – concluded that PAI was one of the most important risk factors of all the 

studied factors for shortened duration of pregnancy and lower LAZ of the infant. 

The contradiction that periodontitis was not associated with any birth outcomes 

in this population, but PAI was, most probably stems from the multifactorial nature 

of the diseases. Mechanisms of periodontitis and PAI resemble each other in many 

ways: both are chronic polymicrobial infections with a similar Gram-negative-

dominated microbiota (26,252) that can be disseminated through circulation, causing 

transient infections (208). Both diseases also activate the innate immunity that 

upregulates the production of inflammatory mediators that elevate systemic 

inflammatory responses (253). Nevertheless, there is an array of factors in the 

processes with a range of effects and significance that may contribute and modulate 
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the association between the infections and the birth outcomes, either potentiating or 

decreasing it. These factors include local conditions in the mouth, systemic factors 

related to the host, and external (environmental) factors (62).  

An important difference between the diseases is the epithelial barrier, which is 

present in the periodontium but missing between the infected root canal and the 

highly vascular granulomatous tissue in the periapical lesions. This missing barrier 

could allow the bacteria and their byproducts to disseminate more easily into the 

systemic circulation in mothers with PAI (254). Hypothetically, in this kind of a low-

resource environment, in which other infections are also common, the effects of 

low-grade periodontal infection may be “masked” by the cumulative infection 

burden, while the association between the more “aggressive” PAI and adverse birth 

outcomes may be present. Pregnancy, nutrition deficiencies and the nutrition 

supplements may also contribute to the processes modulating the oral microbiota 

and the immune functions. Other population characteristics such as race and gene 

polymorphism may also contribute to the susceptibility and adverse effects of these 

diseases (64,255,256). 

6.5 Interrelations Between Dental Periapical Infections, 
Systemic Immune Response and Adverse Pregnancy 
Outcomes 

Study III was designed to explore the possible causal mechanisms underlying the 

associations between periapical infection and adverse birth outcomes that were 

detected in Study II. Because periodontitis was found not to be associated with birth 

outcomes in this population, periodontal status was used in Study III only as a 

covariate in the multivariate analyses. The study concluded that the association was 

at least partly mediated through the indirect mechanism of elevated systemic 

inflammation as measured by CRP, AGP and cortisol levels. No evidence of the 

direct mechanism of bacterial dissemination into the fetoplacental unit was found. 

 

Direct Mechanism 

Although several pathogens that are commonly found in infected root canals were 

detected in the placental tissues of the mothers in this study, no difference was 

observed between the mothers with or without PAI in any of the histological 

inflammation or bacterial DNA variables. One explanation for this may be the 
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missed very early preterm births and miscarriages, in which oral pathogens have been 

shown to be commonly involved (208). Without exemptions, those births occurred 

at home, where the fetal and placental tissues were immediately discarded.  

Furthermore, it is possible that bacterial presence differed in locations that were 

not analyzed in this study, such as in other parts of the placenta or membranes, in 

amniotic fluid, in cord blood or even in the fetus itself. For example, it has been 

shown that oral bacteria can enter the fetus, whose immune response against the 

pathogens induces local production of pro-inflammatory cytokines, resulting in 

placental inflammation, which in turn may lead to IUGR (205). 

 

Indirect Mechanism 

The present study’s findings that PAI elevates the acute phase protein CRP and AGP 

concentrations in a dose-dependent manner are supported by several earlier studies 

(253,257). The induction of a systemic immune response relates to the release of 

inflammatory modulators such as pro-inflammatory cytokines and MMPs from the 

infected periapical tissues (37,253,258), which induces the production of CRP and 

AGP in the liver (259,260). Although other studies associating PAI and salivary 

concentrations of cortisol were not found, the findings that cortisol concentrations 

rise in a dose-dependent manner in response to other infections such as periodontitis 

are in line with the results of the present study (221,261).  

The fact that the elevated inflammatory response was seen only in the 36th-week 

samples and not earlier is most likely connected with the pregnancy-related down-

regulation of the immune responses. At early gestation, innate immunity can restrict 

the effects of chronic low-grade infections, but the susceptibility increases in later 

pregnancy, leading to a systemic response (262). 

In the present study, the association between PAI and shortened duration of 

pregnancy and smaller infant size was found to be mediated partly by CRP, AGP 

and cortisol. It has been shown earlier that maternal infections during pregnancy can 

lead to preterm birth and IUGR through various inflammatory pathways that are 

also active in the presence of PAI (263,264). Elevated levels of CRP and AGP can 

amplify the inflammatory response in the fetoplacental unit through complement 

activation, tissue damage and induction of pro-inflammatory cytokines, affecting 

fetal growth and the continuity of pregnancy (212-214). Placental inflammation also 

downregulates the expression of genes related to the growth and development of the 

placenta and fetus, possibly leading to IUGR (205). In addition, cytokines such as 



 

80 

IL-6 and TNF-α regulate the nutrient transfer between mother and fetus by altering 

the expression and activity of placental nutrient transporters (265).  

Elevated salivary cortisol concentrations have in turn been associated with 

increased growth and virulence of oral pathogens (266) and with poor pregnancy 

outcomes (220). Suggested mechanisms include inhibition of nutrient transport 

through the placenta, resulting in IUGR (160,267), and stimulation of placental 

corticotropin-releasing-hormone production, whose release into the maternal and 

fetal circulations contributes to the induction of labor (268).  

The results of the present study explain the mediation between PAI and birth 

outcomes only partly: there are clearly also other inflammation-related mechanisms 

involved that could not be investigated due to limited data. One of the possible 

mechanisms relates to PMNs that are the dominant defense cells in active PAI 

lesions (40). PMNs are an important source of PGE2, which has been found in high 

levels in PAI lesions. In addition, IL-1, IL-6 and TNF-α produced in PAI lesions can 

further stimulate the production of PGE2 (269-271). In normal pregnancy, amniotic 

fluid concentrations of PGE2, TNF-α, IL-1 and IL-6 rise until they reach a threshold 

level that is believed to induce labor (272). Hence, elevated levels of these biomarkers 

in maternal serum have been associated with early ripening of the cervix, premature 

rupture of the membranes, and uterine contractions, leading to PTB and LBW (269-

271).  

Another possible “missed” mechanism relates to insulin-like growth factors 

(IGFs) that the placenta and the fetus secrete and that participate in fetal length 

growth regulation. Maternal systemic inflammation and placental infection have 

been associated with downregulation of IGFs and increased concentrations of their 

binding and inactivating proteins in the fetus (160,273). 
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7 Conclusions 

The main conclusions of this study can be summarized as follows: 

 

1. Complementary food supplementation with MMNs or LNS may enhance 

dental caries development in pregnant women in low-resource conditions. It 

may have some beneficial effects on periodontal health, but the differences 

between the intervention groups were statistically non-significant in this 

study. 

 

2. Maternal periapical infection is associated with a shortened duration of 

pregnancy and intra-uterine growth restriction in low-resource conditions. 

No evidence of association between dental caries or periodontitis and adverse 

pregnancy outcomes was detected in this study population.  

 

3. Periapical infection activates systemic inflammation and may affect 

pregnancy adversely through this indirect pathway. No evidence was found 

on a direct pathway in which periapical bacteria cause a local infection in the 

placenta or amniotic membranes that affects the pregnancy.  
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8 Public Health Implications and Future Research 
Needs 

The main findings of this PhD research – increased caries prevalence due to 

micronutrient intervention and an association between PAI and adverse birth 

outcomes – have not previously been widely studied and are thus novel. For this 

reason, the findings should be approached with caution and investigated further to 

determine whether these associations are seen also in other populations and 

environments and did not occur simply by chance. However, if the findings are 

confirmed in other studies, they will have important public health impacts.  

Given the high overall prevalence of oral diseases and their direct and indirect 

effects on general health and well-being, the seemingly small impact of micronutrient 

intervention on oral diseases may actually be quite considerable at a public-health 

level. This is especially important in low-income settings, where dental care resources 

are scarce and other risk factors prevalent. Thus, this risk should be taken into 

account when planning a nutrition intervention program: preventive oral health 

measures such as self-care education, toothbrush and toothpaste distribution, or 

fluoride supplementation in deficient areas (274) should be included in such a 

program.  

To investigate this issue further, a follow-up study with oral health examination 

conducted at baseline and after intervention is warranted. In such a study, initial 

caries lesions should also be recorded to see whether the intervention enhances the 

development of new caries lesions or whether it simply advances the existing ones. 

One innovative idea would be to add xylitol to the LNS supplements. Xylitol is a 

polyol sweetener that increases saliva flow and reduces S. Mutans in the dental 

biofilm, thus preventing caries development (275). 

Regarding adverse birth outcomes, the prevention of PTB and IUGR is a global 

priority, especially in low-resource settings, which is where most of the cases and 

their consequences occur (5). An important target in such prevention efforts is 

infections, since it has been suggested that the health consequences of PTB and 

LBW are even more severe when they relate to maternal infections during pregnancy 

(276). 
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Preventing dental caries, which usually precedes PAI, is relatively easy and 

inexpensive, even in low-resource environments, because it is based mostly on 

knowledge and correct self-care habits. In addition, preventive programs that 

incorporate these factors have also been found to be effective (277,278). 

Furthermore, it can be predicted that the incidence of the already “omnipresent” 

caries may increase exponentially in the future due to changing dietary patterns from 

traditional to cariogenic “Western” diets in low-income countries (14). It would thus 

be beneficial to target especially girls and young women as part of other public health 

programs and health services. The outreach should also involve professionals other 

than dentists, for example at antenatal clinics or at schools, since this would reach 

an even wider audience and would be cost-effective as well.  

In addition to reaching out to other populations and environments, further 

studies would also be needed to see whether the suggested effects of PAI would be 

more pronounced when early preterm deliveries are included. Furthermore, other 

inflammatory pathways possibly linking PAI and adverse birth outcomes, as well as 

the impact of PAI elimination on pregnancy outcomes, should be investigated in 

future studies to achieve a greater understanding in the field and the ability to target 

the preventive and therapeutic measures to the correct points in the cycle. 
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Abstract

Nutritional supplementation during pregnancy is increasingly recommended especially in low-resource settings,
but its oral health impacts have not been studied. Our aim was to examine whether supplementation with
multiple micronutrients (MMN) or small-quantity lipid-based nutrient supplements affects dental caries devel-
opment or periodontal health in a rural Malawian population. The study was embedded in a controlled iLiNS-
DYAD trial that enrolled 1391 pregnant women <20 gestation weeks. Women were provided with one daily
iron–folic acid capsule (IFA), one capsule with 18 micronutrients (MMN) or one sachet of lipid-based nutrient
supplements (LNS) containing protein, carbohydrates, essential fatty acids and 21 micronutrients. Oral exami-
nation of 1024 participants was conducted and panoramic X-ray taken within 6 weeks after delivery. The
supplement groups were similar at baseline in average socio-economic, nutritional and health status. At the end
of the intervention, the prevalence of caries was 56.7%, 69.1% and 63.3% (P = 0.004), and periodontitis 34.9%,
29.8% and 31.2% (P = 0.338) in the IFA, MMN and LNS groups, respectively. Compared with the IFA group,
women in the MMN group had 0.60 (0.18–1.02) and in the LNS group 0.59 (0.17–1.01) higher mean number of
caries lesions. In the absence of baseline oral health data, firm conclusions on causality cannot be drawn.
However, although not confirmatory, the findings are consistent with a possibility that provision of MMN or LNS
may have increased the caries incidence in this target population. Because of the potential public health impacts,
further research on the association between gestational nutrient interventions and oral health in low-income
settings is needed.

Keywords: oral health, nutritional intervention, micronutrient, pregnancy, dental caries, periodontal diseases.
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Introduction

Dietary supplementation with iron and folic acid
(IFA) is recommended to pregnant women all over
the world (WHO 2012). The rationale for such a
widespread policy is to prevent anaemia in the
mother and intrauterine growth restriction in the
fetus (Pena-Rosas & Viteri 2009). In areas with high
burden of undernutrition, the provision of IFA alone

may, however, be insufficient to ensure adequate
maternal and fetal nutrition and health. This hypoth-
esis is supported by findings from several controlled
trials suggesting reduced maternal mortality,
increased fetal growth or improved infant outcomes
when pregnant women received supplementation
with multiple micronutrients (MMN) rather than IFA
(Ramakrishnan et al. 2013). Because of these results,
several authors have suggested that at least in
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low-income settings, IFA supplementation during
pregnancy should be substituted by a more compre-
hensive dietary intervention, consisting of MMNs,
possibly coupled with protein, essential fatty acids
and other macronutrients (Haider et al. 2011; Bhutta
et al. 2013).

Besides other health effects, nutritional interven-
tions might also affect oral health, most notably the
development of periodontitis and dental caries, which
are influenced by the host’s nutritional status and its
impact on oral microflora, saliva flow and composi-
tion, and local immunological reactions (Enwonwu
1995; Stephen 1997; Neiva et al. 2003). Such an effect
might also be important for the fetus, as poor mater-
nal oral health is known to be associated with adverse
pregnancy outcomes, such as preterm delivery and
low birthweight (Heimonen et al. 2008; Ide &
Papapanou 2013). Because the development of caries
or periodontitis is usually slow, a 3- to 6-month long
dietary supplementation would not be likely to have
detectable dental effects under most situations.
However, the impact might be intensified during
pregnancy and especially among women in low-
income contexts due to the impaired immune
responses (Barak et al. 2003), and the high prevalence
of both nutritional deficiencies (Black et al. 2008)
and untreated oral diseases (Petersen et al. 2005;
Marcenes et al. 2013).The scarcity of preventive inter-
ventions and available dentistry services (Petersen
2005; Beaglehole et al. 2009) in resource-poor settings
may further reinforce the effects. The data on the
effect of nutrient interventions on oral health of
adults are scarce overall and there are no published
trials that enrolled pregnant women in low-income
settings. Because MMN interventions are increasingly
recommended in low-income countries, their impact
on oral health needs to be studied.

We conducted a randomised controlled trial in
rural Malawi in which we supplemented pregnant
women with either IFA, MMN or small-quantity
lipid-based nutrient supplements (LNS). The latter
(LNS) are a range of macro- and micronutrient-
containing products that have been proven effective
in the rehabilitation of children with severe acute
malnutrition in sub-Saharan Africa (Arimond et al.
2013) and may also be useful in the prevention of
undernutrition. The main aim of the oral health com-
ponent of the trial was to evaluate the association
between oral diseases and pregnancy outcomes.
Because we provided the participants with the nutri-
ent supplements, we found it important to assess also
whether the nutrient intervention could affect the
oral health of these mothers living in low-resource
conditions. We speculated that women provided with
LNS might have a lower prevalence of periodontitis
but higher prevalence of caries than MMN- or IFA-
supplemented women. We based these speculations
on the suggested protective effects of dietary fatty
acids (Naqvi et al. 2010), proteins and micronutrients
against periodontitis (Enwonwu 1995; Kaye 2012)
and the cariogenic potential of sucrose, which were
ingredients in LNS. In this paper we report the preva-
lence of maternal caries, periapical infections and
periodontal diseases in the three supplement groups
soon after delivery.

Materials and methods

Study design and outcomes

This study was a sub-study of a randomised, outcome
assessor-blinded clinical trial iLiNS-DYAD-M (trial
registration: www.clinicaltrials.gov, trial identification
NCT01239693). The primary outcomes of the

Key messages

• Supplementation of maternal diet during pregnancy with multiple micronutrients is increasingly recommended
due to various health benefits especially in low-income countries.

• Although not confirmatory, the findings of this study suggest that multiple micronutrient supplementation may
increase the risk for dental caries development.

• Even slightly increased caries incidence and progression may have significant public health effects, especially in
low-resource settings where dental care resources are scarce and other risk factors are highly prevalent.
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currently reported study were the prevalence of
periodontitis and dental caries, and secondary out-
comes were the prevalence of gingivitis and periapical
infections.

Study site, participants, enrolment and
randomisation

We enrolled women who came to antenatal clinics
between February 2011 and August 2012 at two hos-
pitals (Mangochi and Malindi) and two health centres
(Lungwena and Namwera) in Mangochi district,
southern Malawi. The catchment area of Mangochi
district hospital was semi-urban with an estimated
population of 100 000 while the other facilities served
rural areas with a population of 30 000 each, subsist-
ing mainly on farming and fishing.

At enrolment, research personnel recorded partici-
pants’ medical, social and obstetric history, and per-
formed anthropometric measurements and health
and antenatal examinations. Participants were eligible
for enrolment into the iLiNS-DYAD trial if they had
ultrasound-confirmed pregnancy <20 weeks, age ≥15
years, no chronic illnesses requiring frequent
medical care, no allergies and no evident pregnancy
complications.

Enrolled participants were randomly assigned to
three groups. The first group received standard
Malawian antenatal care including supplementation
with one iron–folic acid capsule a day (IFA). The
capsules of the second group contained 16 additional
micronutrients (MMN). The third group (LNS)
received a daily 20 g sachet of LNS containing the
same 18 micronutrients and four additional minerals,
protein, fat and 1.2 g of sucrose (Supporting Informa-
tion Table S1).The IFA and MMN interventions were
provided using double-masked procedures and LNS
using single-masked procedures. The IFA and MMN
capsules looked identical, but the field workers could
identify the LNS sachets. The outcome assessors and
researchers remained blind to the trial code until the
data collection and cleaning process was completed.
The enrolment, randomisation and intervention pro-
cedures have been published in details elsewhere
(Ashorn et al. 2015).

Participants were eligible for the oral health
substudy if they were enrolled in the iLiNS-DYAD
trial, had singleton pregnancies and completed the
oral health visit after delivery or miscarriage. Partici-
pants who completed the visit within 6 weeks after
delivery or miscarriage were included in the analysis
regardless of the number of teeth they had. Six weeks
was selected as the cut point because it represents the
end of the puerperal period.

Oral health examination

Participants were invited and transport provided to
Mangochi district hospital for oral health examina-
tion as soon as possible after delivery. Three
experienced and specifically trained dental therapists
conducted full-mouth dental and periodontal
examinations, took digital panoramic radiographs
(Planmega Proline XC, Planmega, Finland) and asked
multiple choice questions on the participant’s oral
health care habits, oral health problems and treat-
ment received during the previous 6 months. The par-
ticipant sat on a chair with back and arm rests and the
examiner used a head lamp for visibility (Pezl Tikka
XP2, Pezl, France). The examiners recorded caries
lesions extending unambiguously to the dentin. They
did not record superficial caries (restricted to the
enamel) because its accurate diagnosis was not fea-
sible in the study environment. They measured peri-
odontal pocket probing depth from six sites of each
tooth excluding third molars, using a World Health
Organization periodontal probe (LM-Instruments,
Parainen, Finland; reading increments at 3.5, 5.5, 8.5
and 11.5 mm) and recorded the deepest measurement
of each tooth rounded to the nearest mm. They
assessed the presence of gingivitis as profound bleed-
ing from the gums after gentle (20 g weight) probing
and recorded it by dental arch sextants (right, mid and
left upper and lower). The examiners’ measurement
reliability was assessed and verified at the beginning
and regularly during the study against the measure-
ments of an experienced dentist (U.H.) representing
the gold standard.

An oral and maxillofacial radiologist (J.J.) and a
dentist (U.H.) analysed the radiographs with digital
imaging software (Planmega RomexisTM) and a
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good-quality computer screen in a darkened room.
They calculated the number of teeth, including
impacted teeth and root remnants and number of
restorations (fillings). They recorded caries as lesions
extending to the dentin or to the pulp, and diagnosed
periapical infections if an osteolytic finding >1 mm,
surrounding the apex (tip) of the dental root, was
present. If the finding was questionable, they recorded
it as ‘not present’.They assessed alveolar bone loss by
measuring the bone level of each tooth from the
dento-enamel junction (between the crown and the
roots) to the deepest point of the bony pocket (if
present) and the mean horizontal bone level by arch
sextants, and expressed these measurements relative
to the full length of the root (normal level, cervical,
mid or apical third of root length). The X-ray analysts
re-assessed at least two earlier X-rays each week and
if any deviance between the two readings was found,
they discussed them until agreement was reached.

Definitions

We defined dentine caries (grade II) as a lesion pen-
etrating the enamel and extending to the dentine
either in clinical or radiological examination or both.
We diagnosed pulpal caries (grade III) from the
radiographs if a lesion extended to the pulp (dental
nerve chamber) with no bony layer visible in between
was confirmed. We defined gingivitis as at least one
dental arch sextant with bleeding from the gums after
probing. We considered that a tooth had periodontitis
if either a ≥4 mm pocket was measured in clinical
examination, or a vertical bony pocket was identified
at least at the cervical root level on the radiographs.
We considered that a participant had periodontitis if
she had at least three teeth with periodontitis or one
dental arch sextant with horizontal bone loss at least
at cervical level, and gingivitis present.

Statistical analysis

The sample size was originally calculated in accord-
ance with the main objective of the iLiNS-DYAD trial
(Ashorn et al. 2015). The sample size of about 340 per
group obtained for this substudy offered about 90%
power to detect differences between the three groups,

assuming an effect size of at least 0.25 [mean differ-
ence between groups, divided by the pooled standard
deviation (SD)] for continuous birth outcomes at 5%
two-sided type I error rate.

We carried out the statistical analysis with Stata
12.1 (StataCorp, College Station,TX, USA) according
to the analysis plan written and published before the
intervention code was opened (http://www.ilins.org).
We based the analysis on the principle of intention to
treat.

We created a proxy for socio-economic status with
principal component analysis by combining informa-
tion on the building material of the house, main
source of water and electricity, sanitary facility and
main type of cooking fuel used (Filmer & Pritchett
2001).

To prevent inflated type I errors caused by multiple
comparisons, we tested global null hypotheses of all
three groups being identical before doing pairwise
comparisons. We tested the global null hypothesis
either with Fisher’s exact test (for binary endpoints)
or analysis of variance (ANOVA) (for quantitative
end points) and the pairwise hypotheses with log-
binomial regression model (for binary end points) or
ANOVA (for quantitative end points). We estimated
risk ratio (RR) for comparison of binary end points
and risk difference for comparison of quantitative end
points at a single time point. With a large sample size,
parametric analysis of means is robust and valid
regardless of the shape of outcome distribution as per
the central limit theorem (Rice 1995; Cheung 2013).

To control for possible confounding and to maxim-
ise power by reducing the variance of the outcomes,
we created multivariate models using forced entry
method. All relevant and available covariates that
could confound the nutrition intervention effect on
the oral diseases were included in the model. The
covariates selected a priori were visit time (days from
delivery), maternal age, number of previous pregnan-
cies, socio-economic status, education (completed
years at school), body mass index and number of teeth
as continuous variables, HIV status, malaria status,
anaemia, tooth brush usage and tooth paste usage as
dichotomous variables and study site as a categorical
variable. Smoking was omitted as no participants
reported that they had ever smoked. All the models
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were adjusted for the same set of variables by log-
Poisson models (for binary end points) and linear
regression models (for quantitative end points).
Before using covariates in the model, we performed
tests for interaction between the intervention, oral
infection outcomes and selected variables from the
covariate list using likelihood ratio test. Tooth brush
and paste usage and number of teeth were excluded
from interaction testing because they were recorded
after the intervention was finished.

As a sensitivity analysis to explore if extraction of
diseased teeth during the intervention period might
have biased the results, we repeated the analyses after
adding extracted teeth to the number of deep caries
lesions. Because none of the participants had received
restorative treatment during the intervention period,
we did not conduct sensitivity analyses including
fillings.

Ethics

The study was conducted according to good clinical
practice guidelines and the ethical standards of the
Helsinki Declaration. The protocol was approved by
the College of Medicine Research and Ethics Com-
mittee, University of Malawi, Malawi, and the Ethical
Committee of Pirkanmaa Hospital District, Finland.
Only participants who signed or thumb printed an
informed consent form were enrolled in the study.
The participants received transport to the study clinic
and small incentives (e.g. 1 kg of rice or two bars of
soap) after each visit, subsidised health care and
complimentary dental care after the oral health
examination.

Results

Deliveries or miscarriages took place between May
2011 and February 2013. Of the 1391 women who
were enrolled into the iLiNS-DYAD study, 1229
(88.4%) completed the oral health examination.After
excluding twin pregnancies and those whose exami-
nation was performed later than 6 weeks after deliv-
ery, 1024 (73.6%) participants were included in the
analyses. Loss to follow-up was similar in all of the
supplement groups (P = 0.762) (Fig. 1).

The three study groups of participants included in
the analysis were similar at enrolment in terms of
their average demographic and socio-economic char-
acteristics and nutritional and health status (Table 1).
The 367 enrolled participants who were excluded
were similar to the included ones in terms of their
anthropometric and nutritional status but they were
slightly more often primiparous (33.3% vs. 17.8%,
P < 0.001) and malaria positive (28.1% vs. 21.4%,
P = 0.009) and had a somewhat higher mean
proxy for socio-economic status (0.46 vs. −0.13,
P < 0.001) (Supporting Information Table S2).

The mean (SD) time interval between delivery
and the dental examination was 15.1 (7.6) days in
the IFA, 16.0 (7.7) days in the MMN and 16.8 (8.6)
days in the LNS group (P = 0.020). All participants
combined, 85.8% (n = 879) had gingivitis and
31.9% (n = 327) periodontitis. The prevalences (n) of
caries exposing dentin (grade II + III), pulpal caries
(grade III) and periapical infections were 63.1%
(646), 27.8% (285) and 23.5% (241), respectively.
Overall, the participants had an average of 31.3
teeth (SD 1.6, min. 18, max. 37) and 2.1 (SD 2.8, min.
0, max. 25) carious teeth. Thirty women had
supernumerous teeth (one, two or five extra teeth
per woman). Only five participants had received
restorative treatment (fillings): one in IFA, two in
MMN and two in LNS group (one to seven fillings
per woman).

Table 2 shows the prevalence of caries, periapical
infections and periodontal diseases by intervention
group. The prevalence of grade II–III caries lesions
was 56.7% in the IFA group, 69.1% in the MMN
group and 63.3% in the LNS group (P = 0.004).
Compared with the IFA control, the relative risk
(95% confidence interval) of grade II–III caries was
1.12 (0.99–1.26) in the LNS group (P = 0.083) and
1.22 (1.08–1.37) in the MMN group (P = 0.001).
When analysed separately, there were similar
differences in the prevalence of grade II caries
while the differences in grade III caries and
periapical infections were smaller and statistically
non-significant. The prevalence of clinically or
radiologically diagnosed periodontitis was slightly
higher in the IFA group than in the MMN and
LNS groups, but the differences were statistically
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non-significant. Adjustment of the analyses for
thethree baseline variables that differed between
the included and excluded participants, the time
between delivery and the dental examination and

other potential predictors did not markedly change
the association between the intervention and grade
II–III caries (Table 2) or other oral health outcomes
(Supporting Information Table S3).

Fig. 1. Participant flow in CONSORT-recommended form.

Table 1. Baseline characteristics of participants at enrolment by intervention group

Characteristic IFA MMN LNS

Mean (range) duration of pregnancy at enrolment (weeks) 16.8 (11.6–20.0) 16.8 (12.0–20.3) 16.8 (12.3–21.0)
Number of participants 335 346 343
Mean (SD) age, years 25 (6) 25 (6) 26 (6)
Mean (SD) education, completed years 3.9 (3.4) 4.0 (3.4) 3.9 (3.4)
Mean (SD) proxy for socio-economic status* −0.22 (1.59) −0.07 (1.73) −0.11 (1.72)
Proportion of primiparous women 18.0% 18.6% 16.9%
Mean (SD) weight, kg 54.1 (7.2) 54.0 (8.1) 53.7 (7.8)
Mean (SD) mid-upper arm circumference, cm 26.4 (2.3) 26.2 (2.7) 26.4 (2.6)
Mean (SD) body mass index, BMI (kg m−2) 22.1 (2.5) 22.1 (2.9) 22.0 (2.7)
Proportion of women with a low BMI (<18.5 kg m−2) 4.8% 5.0% 6.4%
Proportion of anaemic women (Hb <110 g L−1) 21.5% 18.2% 19.8%
Proportion of women with a positive HIV test 15.0% 11.6% 15.7%
Proportion with a positive malaria test (RDT) 21.2% 20.9% 22.2%

Hb, blood haemoglobin concentration; HIV, human immunodeficiency virus; IFA, iron and folic acid supplement; LNS, lipid-based nutrient
supplement; MMN, multiple micronutrient supplement; RDT, malaria rapid diagnostic test obtained from a finger prick; SD, standard deviation.
*Combining information on building material of house, source of water, sanitary facility, source of electricity and type of cooking fuel.
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Table 3 shows the oral health variables by interven-
tion group, using continuous outcomes. There was a
between-group difference in the mean number of
grade II–III (P = 0.006) and grade II (P = 0.001)
caries lesions. Compared with women in the IFA
group, those in the LNS group had 0.59 (0.17–1.01)
and those in the MMN group 0.60 (0.18–1.02) more
grade II–III caries lesions. Signs of gingivitis or peri-
odontal disease were roughly equally distributed
between groups. Adjustment of the analyses for the
selected baseline variables did not markedly
change the results (Table 3) (Supporting Information
Table S4).

The sensitivity analyses adding extracted teeth to
the number of deep caries lesions did not lead to
markedly different results (data not shown). Tests for
interaction did not indicate a modification of the
intervention effect on oral health outcomes by any of
the tested baseline characteristics.

The mean number of teeth was equal in all the
intervention groups. The groups did not differ in the
participant-reported oral health care habits, oral
health problems or received treatment during the
preceding 6 months. Almost all women (90.0%,
n = 622) reported using a tooth brush but only 43.0%
(n = 440) reported using tooth paste daily. Tooth ache
was experienced by 20.1% (n = 205) of women and
17.3% (n = 176) had limited their food consumption
due to oral health problems within the past 6 months
(Table 4).

Discussion

The purpose of this study was to investigate whether
nutrient intervention during pregnancy with MMN or
LNS affects oral health, especially dental caries and
periodontal disease prevalence, within a deprived
population in rural Malawi. The participants who had
received either MMN or LNS had higher caries
prevalence and mean number of caries lesions but
were not significantly different in the periodontal
parameters compared with those who were sup-
plemented with IFA.

The probabilities of bias in this study were mini-
mised by the randomised study design, blinding of the
examiners to intervention groups, rigorous quality

assurance in data collection and the combination of
clinical and high-quality X-ray-based assessment that
allowed exact diagnostics, especially on dental caries.
The main weakness of the study was the lack of base-
line oral health data. The other weaknesses and
potential sources of bias were the 26.4% loss to
follow-up, our inability to document the oral health
status immediately after delivery, some inter-group
variation in the time between delivery and oral health
examination and some differences in baseline charac-
teristics between participants who were included in
analyses and those lost to follow-up. Hence, the
sample findings may be biased and not adequately
representative of the target population and therefore
no definitive conclusions on causality can be made
from the data. However, allocation to different inter-
ventions was performed randomly, the groups were
similar to each other in terms of many studied base-
line variables, loss to follow-up was balanced between
groups and various adjusted analyses gave similar
results to the main ones. Therefore, although not con-
firmatory, the results are consistent with the possibil-
ity that provision of MMN or LNS may have
increased grade II caries incidence in this target popu-
lation. Concerning the prevalence of periodontitis
and the mean number of periodontal pockets, the
data did not support the assumption that the gesta-
tional nutrient intervention would have beneficial
impacts.

Excluding the well-known detrimental effect of
sugars (Touger-Decker & van Loveren 2003) and
protective effect of fluorides (Marinho 2009) on
dental health, little is known about the effect of
other nutrients on dental caries development in
adults. With that incomplete knowledge, and also
being aware of the slow process of caries develop-
ment, we assumed that sucrose in LNS might slightly
increase the caries incidence in our study population
but supplementing with IFA or MMN would not
have any effect. Although we were not able to assess
superficial caries (grade I), which might have been a
more sensitive indicator for the possible impacts of
the intervention on enamel demineralisation, we
speculate that the intervention may advance the
development of superficial caries to grade II lesions.
Rather surprisingly, the caries prevalence and the
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mean number of lesions were similar in both MMN
and LNS groups and higher than in the IFA group.
One possible explanation for this finding is the
higher dose of iron in the IFA than in the MMN and
LNS supplements that might have suppressed caries
development for instance by reducing enamel
demineralisation (Torell 1988; Alves et al. 2011).
Another explanation might be the potential effects
of certain nutrients on the oral microbiota (Blais &
Lavoie 1990). Hypothetically, in resource-poor set-
tings where the baseline nutrient levels are low and
the prevalence of untreated caries lesions high,
nutrient supplementation might lead to increasing
bacterial amounts or virulence and thus proliferate
caries development. The effect may be even more
pronounced due to pregnancy-related changes in
the oral cavity and suppression in immune responses
(Laine 2002).

The development of periodontal diseases is indi-
rectly related to nutrition that affects the tissue
formation, the immune system in the periodontium
and the host susceptibility to the infections (Dawson
et al. 2014). Earlier studies have suggested that
periodontitis is associated with low plasma
micronutrient concentrations, especially with magne-
sium (Meisel et al. 2005), vitamins D and C and other
antioxidants (Van der Velden et al. 2011), and that low
vitamin B complex, vitamin C, calcium (Neiva et al.
2003) and omega-3 fatty acid (Naqvi et al. 2010)
intake may be related to progression of periodontal

diseases. Based on that, we expected that the group
receiving MMN might have slightly better periodon-
tal health compared with the IFA group and that LNS
might have an even more pronounced beneficial
effect due to its extra nutrients and fatty acids. A
potential explanation for not finding any significant
differences between groups may be the rather short
intervention period relative to the slow appearance of
X-ray detectable changes in alveolar bone level
(Reddy & Jeffcoat 1999).

We are aware that the lack of baseline oral health
data was a substantial limitation in this study. This
was however unavoidable because the disease diag-
nosis was mainly based on X-rays, which should not
be taken routinely during pregnancy. In addition,
treating the diagnosed diseases at the beginning of
the intervention would have distorted the study
itself, and not treating would have been unethical. In
that light, it is possible that the findings are spurious
and represent the play of chance. Yet, the probability
of a causal pathway cannot be excluded. Given the
frequency of micronutrient supplementation, the
high prevalence of oral diseases, and their impact on
general health (Linden et al. 2013), even small
changes in disease incidence may have significant
public health consequences, especially in low-income
settings where dental care resources are scarce and
other risk factors prevalent (Petersen 2003). There-
fore, further studies are warranted in other low-
resource populations.

Table 4. Oral health characteristics, oral health-related behaviour and reported oral health problems by intervention group

Characteristic IFA
(n = 335)

MMN
(n = 346)

LNS
(n = 343)

P-value

Mean (SD) number of teeth 31.4 (1.4) 31.3 (1.6) 31.3 (1.8) 0.493
Proportion of women (n) using tooth brush 90.8% (304) 91.6% (317) 87.8% (301) 0.213
Proportion of women (n) using tooth paste daily 44.2% (148) 43.4% (150) 41.4% (142) 0.756
Proportion of women (n) who experienced toothache* 18.2% (61) 21.2% (73) 20.9% (71) 0.560
Proportion of women (n) who had disturbed daily activities due to oral health problems* 15.2% (51) 16.0% (55) 15.0% (51) 0.940
Proportion of women (n) who limited food consumption due to oral health problems* 18.0% (60) 17.8% (61) 16.2% (55) 0.806
Proportion of women (n) who visited health care provider due to oral health problems* 6.0% (20) 5.5% (19) 5.3% (18) 0.403
Proportion of women (n) who had tooth extracted* 3.3% (11) 2.6% (9) 1.5% (5) 0.244
Proportion of women (n) who had used painkillers due to toothache* 7.8% (26) 9.3% (32) 10.2% (35) 0.395

IFA, iron and folic acid supplement; LNS, lipid-based nutrient supplement; MMN, multiple micronutrient supplement; SD, standard deviation.
*During the past 6 months, based on own report.
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Supplementary table 1. Nutrient and energy contents of the dietary supplements in iLiNS-DYAD trial 

Nutrient IFA MMN LNS 

Ration (g/day) 1 tablet 1 tablet 20 g sachet 

Total energy (kcal) 0 0 118 

Protein (g) 0 0 2.6 

Fat (g) 0 0 10 

Linoleic acid (g) 0 0 4.59 

α-Linolenic acid (g) 0 0 0.59 

Vitamin A (μg  RE) 0 800 800 

Vitamin C (mg) 0 100 100 

Vitamin B1(mg) 0 2.8 2.8 

Vitamin B2 (mg) 0 2.8 2.8 

Niacin (mg) 0 36 36 

Folic acid (μg) 400 400 400 

Pantothenic acid (mg) 0 7 7 

Vitamin B6 (mg) 0 3.8 3.8 

Vitamin B12 (μg) 0 5.2 5.2 

Vitamin D (IU) 0 400 400 

Vitamin E (mg) 0 20 20 

Vitamin K (μg) 0 45 45 

Iron (mg) 60 20 20 

Zinc (mg) 0 30 30 

Cu (mg) 0 4 4 

Calcium (mg) 0 0 280 

Phosphorus (mg) 0 0 190 

Potassium (mg) 0 0 200 

Magnesium (mg) 0 0 65 

Selenium (μg) 0 130 130 

Iodine (μg) 0 250 250 

Manganese (mg) 0 2.6 2.6 
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Supplementary table 2. Baseline characteristics of participants included into and excluded from the 

analysis (n=1391) 

Characteristic 

Included into 

the oral health 

study 

Excluded 

from the oral 

health study 

P-value 

Number of participants 1024 367 n/a 

Mean (SD) age, years 25 (6.2) 24 (5.7) <0.001 

Mean (SD) education, completed years at school 3.9 (3.4) 4.3 (3.6) 0.087 

Mean (SD) proxy for socioeconomic statusa -0.13 (1.68) 0.46 (2.12) <0.001 

Proportion of primiparous women (n) 17.8% (182) 33.3% (122) <0.001 

Mean (SD) weight, kg 53.9 (7.7) 54.5 (8.7) 0.224 

Mean (SD) mid-upper arm circumference, cm 26.3 (2.5) 26.5 (2.9) 0.284 

Mean (SD) body-mass index, BMI (kg/m²) 22.1 (2.7) 22.4 (3.1) 0.046 

Proportion of women with a low BMI (< 18.5 kg/m²), (n) 5.4% (55) 5.2% (19) 0.891 

Proportion of anemic women (Hb < 110 g/l), (n) 19.8% (203) 23.0% (84) 0.208 

Proportion of women with a positive HIV test (n) 14.1% (144) 12.5% (39) 0.460 

Proportion with a positive malaria test (RDT), (n) 21.4% (219) 28.1% (103) 0.009 

aCreated with principal components analysis by combining information on the building material of the house, main source 

of water and electricity, sanitary facility and main type of cooking fuel used 
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 Supplementary table 3. Oral infection prevalence by intervention groups, adjusted models 

Outcome 
Number of outcomes / women with 

outcome dataa 

Comparison 

between LNS and 

IFA group, 

adjusted modelb 

Comparison 

between LNS and 

MMN group, 

adjusted modelb 

Comparison 

between MMN and 

IFA group, 

adjusted modelb 

 IFA 

(n=335) 

MMN 

(n=346) 

LNS 

(n=343) 

P-

value 

Risk ratio 

(95 % CI) 

P-

value 

Risk ratio   

(95 % CI) 

P-

value 

Risk ratio   

(95 % CI) 

P-

value 

Prevalence of any 

(grade II-III) caries 

190 

(56.7%) 

239 

(69.1%) 

217 

(63.3%) 
0.004 

1.10     

(0.90-1.34) 
0.337 0.92         

(0.76-1.11) 
0.371  1.20         

(0.99-1.46) 
0.065 

Prevalence of grade 

II caries 

104 

(31.0%) 

133 

(38.4%) 

124 

(36.2%) 
0.121 

1.19      

(0.92-1.56) 
0.188 

1.00         

(0.78-1.29) 
0.992 

1.19          

(0.92-1.54) 
0.186 

Prevalence of grade 

III caries 

86 

(25.7%) 

106 

(30.6%) 

93 

(27.1%) 
0.330 

0.99       

(0.73-1.34) 
0.952 

0.83          

(0.62-1.10) 
0.195 

1.20          

(0.90-1.59) 
0.226 

Prevalence of 

periapical infections 

73 

(21.8%) 

87 

(25.1%) 

81 

(23.6%) 
0.584 

1.01        

(0.73-1.39) 
0.967 

0.87         

(0.64-1.19) 
0.372 

1.16        

(0.84-1.59) 
0.368 

Prevalence of 

gingivitis 

289 

(86.3%) 

291 

(84.1%) 

299 

(87.2%) 
0.499 

1.01      

(0.86-1.19) 
0.884 

1.04          

(0.88-1.23) 
0.635 

0.97            

(0.82-1.15) 
0.744 

Prevalence of 

clinical periodontits 

68 

(20.3%) 

62 

(17.9%) 

58 

(16.9%) 
0.505 

0.85       

(0.60-1.22) 
0.379 

0.96         

(0.67-1.39) 
0.839 

0.86         

(0.62-1.26) 
0.499 

Prevalence of 

periodontits 

clinical+x-ray 

117 

(34.9%) 

103 

(29.8%) 

107 

(31.2%) 
0.338 

0.93          

(0.71-1.21) 
0.574 

1.05         

(0.80-1.38) 
0.730 

0.88          

(0.67-1.16) 
0.363 

a Crude values 
b Adjusted for age, BMI at enrollment, number of previous pregnancies, anemia, HIV status, malaria status at enrollment, education (completed years at school), socio-

economic status, study site, number of teeth, tooth brush usage and daily tooth paste usage 
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Supplementary table 4. Continuous oral health variables by intervention groups, adjusted models 

 

Result by study groupa 

Comparison between 

LNS and IFA group, 

adjusted modelb 

Comparison between 

LNS and MMN 

group, adjusted 

modelb 

Comparison between 

MMN and IFA group, 

adjusted modelb 

Outcome 
IFA 

(n=335) 

MMN 

(n=346) 

LNS 

(n=343) 
P-value 

Difference in 

means (95 % 

CI) 

P-

value 

Difference in 

means (95 % 

CI) 

P-

value 

Difference in 

means (95 % 

CI) 

P-

value 

Mean (SD) no. of any 

(grade II-III) caries 

lesions 

1.73 

(2.32) 

2.32 

(2.84) 

2.32 

(3.16) 
0.006 

0.53        

(0.13-0.94) 
0.010  

-0.04           

(-0.44-0.36) 
0.834 

0.58        

(0.17-0.98) 
0.005 

Mean (SD) no. of grade 

II caries lesions 

1.19 

(1.65) 

1.66 

(1.98) 

1.69 

(2.21) 
0.001 

0.48     

 (0.19-0.77) 
0.001 

0.04            

(-0.25-0.33) 
0.783 

0.43       

(0.15-0.72) 
0.003 

Mean (SD) no. of grade 

III caries lesions 

0.54 

(1.25) 

0.66 

(1.37) 

0.62 

(1.65) 
0.529 

0.06            

(-0.15-0.27) 
0.588 

-0.08           

(-0.29-0.13) 
0.433 

0.14           

(-0.07-0.35) 
0.185 

Mean (SD) no. of 
periapical lesions 

0.41 

(0.98) 

0.52 

(1.20) 

0.50 

(1.41) 
0.442 

0.07            

(-0.11-0.25) 
0.434 

-0.06           

(-0.24-0.12) 
0.498 

0.13            

(-0.05-0.31) 
0.144 

Mean (SD) no. of 

sextants with BOP 

3.50 

(2.08) 

3.47 

(2.17) 

3.33 

(2.12) 
0.538 

-0.13             

(-0.43-0.18) 
0.410 

-0.11           

 (-0.41-0.19) 
0.463 

-0.01         

 (-0.32-0.29) 
0.924 

Mean (SD) no. of  

periodontal pockets 

≥4mm (clinical) 

1.70 

(3.54) 

1.38 

(3.05) 

1.43 

(3.39) 
0.409 

-0.25            

(-0.73-0.24) 
0.318 

0.08          

(-0.41-0.56) 
0.753 

-0.33 

(-0.81-0.16) 
0.188 

Mean (SD) periodontal 

pocket depth, mm 

2.32 

(0.53) 

2.29 

(0.52) 

2.32 

(0.53) 
0.662 

-0.00            

(-0.08-0.07) 
0.916 

0.03         

 (-0.05-0.10) 
0.466 

-0.03          

 (-0.11-0.04) 
0.405 

a Crude values 
b Adjusted for age, BMI at enrollment, number of previous pregnancies, anemia, HIV status, malaria status at enrollment, education (completed years at school), socio-

economic status, study site, number of teeth, tooth brush usage and daily tooth paste usage 
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Abstract objectives Maternal infections are associated with intrauterine growth restriction (IUGR) and

preterm birth (PTB). Dental infections are common in low-income settings, but their contribution to

adverse pregnancy outcomes is unknown. We studied the epidemiology of dental periapical infections

among pregnant women and their association to foetal growth restriction and the duration of

pregnancy in a rural sub-Saharan African population.

methods This was a cross-sectional study on the association between maternal dental periapical

infections and birth outcomes, in Malawi, Africa. We assessed oral health clinically and radiologically

among recently delivered women with known duration of pregnancy and measured birthweight (BW),

length and head circumference of their infants.

results Of 1024 analysed participants, 23.5% had periapical infections. Mean duration of

pregnancy was 39.4 weeks, BW 2979 g and length 49.7 cm. Women with periapical infection had

mean (95% CI) pregnancy duration 0.4 weeks (0.1–0.8) shorter and delivered infants with 79 g

(13–145) lower BW and 0.5 cm (0.2–0.9) shorter neonatal length than women without periapical

infection. The incidence of PTB was 10.0% among women with periapical infection and 7.3%

among those without (adjusted difference 3.5%, 95% CI �1.1–8.1%). Corresponding prevalences for

stunting were 20.9% and 14.2% (adjusted difference 9.0%, 95% CI 2.7%–15.2%). The population-

attributable risk fraction attributable to periapical infection was 9.7% for PTB and 12.8% for

stunting.

conclusions Periapical infection was associated with shorter pregnancy duration and IUGR in the

study area; interventions addressing this risk factor may improve birth outcomes in low-income

settings.

keywords pregnant women, intrauterine growth restriction, duration of pregnancy, dental caries,

periapical infection, periodontitis

Introduction

Every year, 32 million infants are born too small, either

because they are preterm or as a result of intrauterine

growth restriction (IUGR). Most of them are born in

low- and middle-income countries [1]. These infants have

an increased risk for mortality, serious morbidity, growth

failure of early onset and different adverse long-term

consequences [2, 3]. Although several risk factors have

been identified, the actual causes and mechanisms leading

to preterm birth (PTB) or IUGR are still unresolved [4].

A recent report identified an ‘urgent need for research

into underlying mechanisms of PTBs and development of

innovative interventions’, especially in low-resource

settings where the incidence of PTB- and IUGR-related

mortality and morbidity is highest [5].
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One of the conditions most commonly associated with

adverse birth outcomes is maternal infections [4]. In low-

income settings, studies have focused mainly on sexually

transmitted diseases, bacterial vaginosis, HIV infection

and malaria [6]. Another disease that has been frequently

studied is periodontitis, an infection in tooth-supporting

tissues. Many studies have suggested that periodontitis is

associated with PTB and IUGR, although contradictory

results have also been found [7]. In contrast to the active

research on periodontitis, few data are available on the

role of periapical infection, another prominent oral dis-

ease. Periapical infection is formed mostly when a deep

dental caries exposes the pulp of a tooth allowing access

of oral microflora to the dental root canals, from where

infection then spreads to the root-surrounding tissues [8].

Considering that dental caries is the most prevalent

chronic disease globally [9], and that there is a lack of

both personnel and material resources for oral health in

low-income countries [10], it is possible that the global

health community has missed a substantial and largely

modifiable risk factor for adverse pregnancy outcomes.

We explored the influence of maternal oral health on

the duration of pregnancy and the size of the newborn

infant in low-income settings. Therefore, we embedded a

cross-sectional substudy in a controlled trial in rural

Malawi that investigated the maternal and infant health

effect of a nutritional intervention during pregnancy. We

included data from both comprehensive clinical examina-

tions conducted soon after delivery and panoramic oral

radiographs in the analysis. We tested the hypothesis that

mothers who have dental caries, periapical infection or

periodontitis would have shorter pregnancies and deliver

smaller infants than mothers who do not have these

infections.

Methods

Study design, outcomes and ethics statement

This substudy was nested as a cross-sectional study in

controlled iLiNS-DYAD-M trial in Malawi. The hypothe-

sis of the trial was that home fortification of pregnant

women’s diets with nutrient supplement would increase

birth size in an African community. The women were

provided with one daily iron-folic acid capsule, one

capsule with 18 micronutrients, or one 20 g sachet of

lipid-based nutrient supplement containing 118 kcal, pro-

tein, carbohydrates, essential fatty acids and 21 micronu-

trients during pregnancy. Details and key results of the

main trial are published elsewhere [11].

The primary outcome measures of the oral health

substudy were duration of pregnancy, birthweight (BW)

and neonatal length. The secondary outcomes were

neonatal weight and head circumference.

We performed the trial according to Good Clinical Prac-

tice guidelines and the ethical standards of the Helsinki

Declaration. The protocol was approved by the College of

Medicine Research and Ethics Committee, University of

Malawi and the Ethics Committee of Pirkanmaa Hospital

District, Finland. We published key details of the iLiNS-

DYAD protocol at ClinicalTrials.gov, identifier

NCT01239693. We enrolled only participants who signed

or thumb-printed an informed consent and provided them

with subsidised health care and complimentary dental care.

Study site, participants and enrolment

Between February 2011 and August 2012, we enrolled

1391 pregnant women who visited antenatal clinics at

two hospitals (Mangochi and Malindi) and two health

centres (Lungwena and Namwera) in Mangochi district.

The Mangochi district hospital was located in a semi-ur-

ban area and the other health facilities in rural areas with

total catchment population of 160 000 which subsisted

mainly on fishing and agriculture.

At enrolment, research personnel recorded participants’

medical and obstetric history performed health and ante-

natal examinations and assessed the duration of pregnancy

with ultrasound imagers. Participants were eligible for

enrolment into the main iLiNS-DYAD trial if they were

pregnant <20 weeks, ≥15 years old, had no chronic ill-

nesses requiring frequent medical care, no allergies, no evi-

dent pregnancy complications (oedema, blood

haemoglobin <50 g/l, systolic blood pressure >160 mmHg

or diastolic >100 mmHg), no earlier participation in this

trial and no concurrent participation in any other trial.

Enrolled participants who had singleton pregnancies and

who completed the oral health examination were eligible

for the oral health substudy.

Data collection

Research personnel recorded delivery events within 48 h

after delivery at home or clinic and measured infant’s

BW with an electronic scale with a reading increment of

20 g. BW measured within 48 h after delivery was used

as such. If the weight was first measured within 2–5 days

after delivery when infants usually lose weight, we esti-

mated BW by applying an age-dependent multiplicative

factor to the measured weight [12]. If the weight was first

measured between 6 and 13 days after delivery, we

back-calculated BW from the measured weight using

the WHO z-scores. At 1–6 weeks after delivery,

anthropometrists measured infant’s length in triplicate
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with length boards and head circumference with plastic

tapes and recorded them to the nearest millimetre, and

neonatal weight with the same scales used to measure

BW. Weight measured after 13 days, and length, head

circumference or neonatal weight measured later than

6 weeks after delivery were considered missing. All

anthropometric measurements were taken only at one

time point.

Two dental therapists conducted full-mouth examina-

tions of the mothers and took digital panoramic radio-

graphs (Planmeca Proline XC, Planmeca, Finland) as soon

as possible after delivery at Mangochi hospital. The exami-

nation was conducted after delivery for three reasons: (i)

we wanted to assess the oral health situation after the full

duration of the pregnancy; (ii) X-rays should not be taken

routinely during pregnancy; and (iii) treating the diagnosed

diseases before delivery would have distorted the main

intervention trial, and not treating would have been uneth-

ical. The dental therapists completed calibration and stan-

dardisation practices prior to the initiation of the data

collection and approximately every 4 months thereafter.

They conducted a structured interview on oral health

history, recorded caries lesions and measured periodontal

pocket probing depth from six sites of each tooth,

excluding third molars, using a WHO periodontal probe

(LM-Instruments, Parainen, Finland). They recorded the

deepest measurement of each tooth rounded to the nearest

millimetre and gingival bleeding after probing by dental

arch sextants (left, mid and right, upper and lower). An

oral and maxillofacial radiologist (JJ) and an experienced

dentist (UH) analysed the radiographs with digital imaging

software (Planmega RomexisTM, Planmeca, Finland). They

recorded number of teeth, caries lesions extending to den-

tine or pulp, periapical lesions and alveolar bone level at

each tooth from the dentino-enamel junction to the bone

margin, relative to the full root length (normal, cervical,

middle or apical third). As a standardisation practice, the

radiological analysts re-assessed at least two earlier X-rays

each week and if any deviance between the two readings

was found, they discussed them until agreement was

reached. The dental therapists and the X-ray analysts were

blinded to the birth outcomes and the intervention arms of

the main trial during the examinations. However, some of

the mothers came for the examination visit with their

infants and the dental therapists could sometimes see that

particular infant.

Definitions

We defined PTB as delivery before 37 gestation weeks

(gw) (259 days) and low birthweight (LBW) as <2500 g.

We calculated sex–age-standardised anthropometric

indices length-for-age (LAZ), weight-for-age (WAZ) and

head circumference-for-age z-scores using the WHO

Child Growth Standards [13] and considered values

below �2.0 indicative of stunting, underweight or small

head circumference, respectively. WAZ was calculated

using neonatal weight measurements.

We diagnosed dental caries and periodontitis clinically

and radiologically, and deep caries (exposing the pulp)

and periapical infections radiologically (Figure 1). We

defined periapical infection as an osteolytic finding

>1 mm surrounding the dental root apex. We considered

that a participant had caries or periapical infection if at

least one finding was recorded, and gingivitis if bleeding

occurred at least at one dental arch sextant. We consid-

ered that a tooth had periodontitis if either a ≥4 mm

pocket was measured in clinical examination, or a verti-

cal bony pocket was identified at least at the cervical root

level on the radiographs. In the absence of a standard

periodontitis definition, we considered that a participant

had periodontitis if she had at least three teeth with

periodontitis or one dental arch sextant with horizontal

bone loss at least at cervical level and gingivitis present.

Third molars were excluded from the periodontitis assess-

ment because pseudo-pockets (‘false pockets’) are often

found especially in young adults, and these pockets are

related to partial eruption of the tooth and not to

infection, thus including them would lead to false-positive

diagnoses.

Statistical analysis

We carried out statistical analysis with Stata 12.1 (Stata-

Corp, College Station, USA). Participants who completed

the oral health visit within 6 weeks puerperal period after

delivery were included in the analysis. The sample size

was originally calculated in accordance with the main

objective of the iLiNS-DYAD-M trial. The sample size of

about 1000 participants obtained for this substudy

offered approximately 93% power to detect differences

between the groups, assuming an infection prevalence of

25% and an effect size of 0.25 (mean difference between

groups divided by the pooled SD) for continuous birth

outcomes at 5% two-sided type I error rate.

To evaluate whether any stage of caries and subsequent

periapical infection development was associated with

birth outcomes, we initially categorised participants into

four groups according to the severity of the most

advanced caries lesion (healthy, shallow caries, deep car-

ies and periapical infection). We then compared the birth

outcomes in those four groups and tested a null hypothe-

sis of no difference with ANOVA. All groups were also

tested separately against each other (with t-test) and also
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in combinations according to the severity (0 vs. 1–3, 0–1
vs. 2–3, 0–2 vs. 3). As there were no differences in mean

outcomes between the groups of participants with no,

shallow or deep caries without periapical infection, we

collapsed those groups into one where the common

denominator was the absence of periapical infection. In

the final analyses, we thus compared birth outcomes

between participants with or without periapical

infections.

We tested the null hypothesis either with Fisher’s exact

test (for binary end points) or Student’s t-test (for continu-

ous end points). We calculated risk ratios (RR) for

comparison of binary end points and risk differences and

differences in means for comparison of continuous end

points at a single time point. With a large sample size,

parametric analysis of means is robust and valid regardless

of the shape of outcome distribution as per the central

limit theorem [12, 14]. We used multivariable log-bino-

mial models, or log-poisson models if the algorithm failed

to converge in the estimation, for binary end points and

linear regression models for continuous end points to con-

trol for possible confounding and to maximise power by

reducing the variance of the outcomes. All relevant and

available covariates that could confound the relationship

between oral infections and birth outcomes were included

in the model using forced entry method. The covariates

selected were maternal age, height, body mass index,

socio-economic score, parity, time between delivery and

the examination, and number of teeth as continuous vari-

ables, and study site, nutrition intervention [11], anaemia,

HIV, malaria and periodontitis status (when analysing

periapical infection) or periapical infection status (when

analysing periodontitis) as categorised variables. Smoking

was omitted because no participant reported that they had

ever smoked. All the models were adjusted for the same

set of covariates, except in the stratified analysis where the

variable by which the analysis was stratified was removed

from the model. We tested collinearity between the

covariates using variance inflation factor analysis before

conducting the multivariate analysis and found no major

collinearity. We calculated adjusted population-at-

tributable risk fraction (PAR%, the reduction in the

incidence of an outcome if the whole population was

unexposed) for the binary outcomes.

HIV and malaria infection were considered possible

confounders because of their known association with

birth outcomes and possible association with oral health.

Because a covariate can be both a confounder and an

effect modifier [12], and because HIV and malaria were

effect modifiers in an earlier antenatal intervention trial

at the same study site [11], we conducted exploratory

analysis with stratification by HIV and malaria status for

mean duration of pregnancy, WAZ, LAZ and head cir-

cumference-for-age z-score. These analyses were carried

out with linear regression modelling.

Results

Of the 1391 participants who were enrolled into the

iLiNS-DYAD study, 1229 (88.4%) completed the oral

health examination between June 2011 and August 2013.

After excluding women with twins and those who were

(a)

(c)

(b)

Figure 1 Examples of radiological
findings in the study. (a) Healthy

dentition and bone structure; (b)

Periapical infection, radiolucent lesion

surrounding the roots of first lower left
molar with deep caries lesion; (c)

Periodontitis, deep vertical bony pocket

related to first lower right molar.
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examined >6 weeks after delivery, 1024 participants were

included in the analyses. Data on the duration of preg-

nancy were available for all (100%) and BW and neona-

tal size for 93.3% and 94.4% of the included

participants, respectively (Figure 2).

The included and excluded participants had otherwise

similar baseline characteristics, but the included women

were on average slightly older (25 vs. 24 years,

P < 0.001), less often primiparous (17.8% vs. 33.3%,

P < 0.001) or malaria positive (21.4% vs. 28.1%,

P = 0.009), and had higher mean score for socio-eco-

nomic status (0.46 vs. �0.13, P < 0.001) and lower mean

BMI (22.1 vs. 22.4, P = 0.046; Table 1).

The mean (SD) time between the delivery and the oral

examination among the participants who were included in

the analysis was 16.0 (8.0) days. The mean (SD) duration

of pregnancy was 39.4 (2.3) gw; BW averaged 2979 (430)

g and length 49.7 (2.2) cm. Mean (SD) neonatal LAZ,

WAZ and head circumference-for-age z-scores were �0.99

(1.09), �0.54 (0.99) and �0.13 (1.07), respectively. The

incidence (n) of PTB was 7.9% (81) and LBW occurred in

12.0% (115); prevalence (n) of other outcomes was

15.7% (152) for neonatal stunting, 6.9% (67) for under-

weight and 3.8% (37) for small head circumference.

Of the included women, 63.1% (n = 646) had caries,

27.8% (n = 285) deep caries and 23.5% (n = 241)

periapical infection. Fifteen participants had a periapical

infection without visible carious pulpal exposure.

Periodontitis was diagnosed in 31.9% (n = 327) of the

participants. More details on the dental characteristics

are presented in Table S1.

The mean (SD) duration of pregnancy among the

groups of participants without caries or periapical infec-

tion (n = 370), those with shallow caries (n = 354), deep

caries (without periapical infection) (n = 59) or periapical

infection (n = 241) was 39.5 (2.1), 39.5 (2.2), 39.3 (2.2)

and 39.1 (2.7) gw, respectively, and the mean (SD) BW

was 2977 (436), 3009 (428), 3029 (500) and 2926 (400)

g, respectively. The mean (SD) neonatal lengths among

the same participants were 49.8 (2.1), 49.8 (2.2), 49.8

(2.7) and 49.4 (2.3) cm, respectively. As there were no

significant differences between the participants without

caries and participants with caries in any of the assessed

birth outcomes even if a pulpal exposure was present

(P = 0.758 for duration of pregnancy, P = 0.534 for BW,

P = 0.975 for length), we collapsed the first three groups

into one. In the subsequent analyses, we then compared

participants with no detectable periapical infection to

those who had at least one periapical infection.

Table 2 shows the mean duration of pregnancy and

neonatal size by maternal periapical infection status using

continuous outcomes. After adjusting for possible

1391 enrolled participants

1229 completed oral health visit

162 lost to follow-up

- 8 maternal deaths

- 154 moved away/withdrew

- 11 twin pregnancies

- 194 visited >6 wk after delivery/abortion

1024 participants included

- 1024 with data on the duration of pregnancy (100.0%)

- 956 with data on birth weights (93.3%)

- 957 with data on neonatal size (94.4%)

Exclusions

Figure 2 Participant flow.
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confounders, women with at least one periapical infection

hadmean (95%CI) pregnancy duration 0.4 weeks (0.1–
0.8) shorter and infants with 79 g (13–145) lower BW,

0.5 cm (0.2–0.9) shorter neonatal length, 0.27 units (0.11–
0.44) lower LAZ and 0.18 units (0.01–0.35) smaller head

circumference z-score compared to womenwithout the

infection.

The prevalences of all analysed adverse binary birth

outcomes were also higher in the group of women with

periapical infection than in the group without. The differ-

ences were statistically significant for the prevalence of

neonatal stunting (adjusted RR = 1.68; P = 0.007) and

small head circumference (adjusted RR = 2.52;

P = 0.012). Covariate-adjusted risk difference varied

between �0.5% (LBW) and 9.0% (stunting). The frac-

tion of various adverse outcomes theoretically attributa-

ble to periapical infections in the target population (PAR

%) varied from 1.8% (LBW) to 26.3% (small head cir-

cumference) (Table 3).

Figure 3 shows the distribution of pregnancy duration,

LAZ, WAZ and head circumference among infants born

to mothers with and without periapical infection. The

difference in the distribution patterns varied by outcome.

For neonatal length and head circumference, the differ-

ence between infants born to mothers with and without

periapical infection was seen across the entire outcome

distribution. For weight, in contrast, a difference was

only seen at the right side of the distribution, that is

among the heaviest infants.

There were no statistically significant differences

between the groups of participants without or with peri-

odontitis in any of the assessed continuous (Table S2) or

binary (Table S3) birth outcomes.

In exploratory analyses, stratified by the participants’

HIV or malaria status at enrolment, periapical infections

were associated with lower LAZ in all strata, but the dif-

ferences were largest among HIV or malaria positive par-

ticipants (Table 4). Stratified analyses using the mean

gestational age, WAZ or head circumference z-score as

an outcome showed similar point estimates as LAZ anal-

ysis but often less statistical significance than the LAZ

analysis (Tables S4–6).

Discussion

Our main findings were that mothers who had at least

one periapical infectious lesion had significantly shorter

mean pregnancy duration and they delivered infants with

lower mean BW, neonatal length and neonatal head cir-

cumference than mothers who did not have periapical

Table 1 Baseline characteristics of the included and excluded participants

Characteristic Included (n = 1024) Excluded (n = 367) P-value

Mean (SD) maternal age, years 25 (6.2) 24 (5.7) <0.001
Mean (SD) maternal education,

completed years at school

3.9 (3.4) (7 missing data) 4.3 (3.6) (58 missing data) 0.087

Mean (SD) proxy for socio-economic

status*

�0.13 (1.68) (6 missing data) 0.46 (2.12) (62 missing data) <0.001

Proportion of primiparous women (n) 17.8% (182) 33.3% (122) <0.001
Mean (SD) BMI, kg/m² 22.1 (2.7) 22.4 (3.1) 0.046
Proportion of women with a low

BMI (<18.5 kg/m²) (n)
5.4% (55) 5.2% (19) 0.891

Proportion of anaemic women
(Hb < 110 g/l) (n)

19.8% (203) 23.0% (84) 0.208

Proportion of women with a positive

HIV test (n)
14.1% (144) (3 missing data) 12.5% (39) (54 missing data) 0.460

Proportion of women with a positive
malaria test at enrolment (RDT†) (n)

21.4% (219) 28.1% (103) 0.009

Proportion of women in iron-folic acid

intervention group (n)
32.7% (335) 40.3% (83) 0.036

Proportion of women in multiple micro
nutrient intervention group (n)

33.8% (346) 29.1% (60) 0.194

Proportion of women in lipid-based nutrient

supplement intervention group (n)
33.5% (343) 30.6% (63) 0.417

BMI, body mass index; Hb, blood haemoglobin concentration; HIV, human immune deficiency virus.

*Created with principal components analysis by combining information on the building material of the house, main source of water

and electricity, sanitary facility and main type of cooking fuel used.
†RDT, malaria rapid diagnostic test obtained from a finger prick.
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infections. The proportion of preterm deliveries and

stunting that could theoretically be reduced if periapical

infections were eliminated (PAR%) was 9.7% and

12.8%, respectively.

The probabilities of bias in this study were minimised

by ultrasound-based assessment of the pregnancy dura-

tion, rigorous quality assurance in data collection and the

combination of clinical and high-quality X-ray-based

assessment that allowed exact diagnostics. The main

weaknesses and potential sources of bias were the loss to

follow-up, some differences in baseline characteristics

between the participants who were included in the analy-

ses and those excluded, our inability to document the

oral health status at baseline and immediately after deliv-

ery, and possible under detection of periapical lesions due

to obstruction by other anatomical structures. To over-

come the weaknesses, we conducted several adjusted

analyses that included the baseline characteristics that

distinguished the excluded and included participants, and

the time between the delivery and the examination. The

fact that the adjusted analyses gave similar results to the

unadjusted ones speaks against a major selection or fol-

low-up bias. While we consider confounding by other,

undiagnosed infections unlikely, we cannot positively rule

out that possibility. Exposing asymptomatic women to

diagnostic dental X-rays during first half of pregnancy

Table 2 Continuous birth outcomes in participants without and with periapical infections

Outcome

Periapical infection

Mean (SD) Adjusted group comparison*

Women without

infection (n = 783)

Women with

infection (n = 241)

Difference in

means (95% CI) P-value

Duration of pregnancy,

weeks

39.5 (2.2) 39.1 (2.7) �0.4 (�0.8 to �0.1) 0.014

Birthweight, g 2995 (437) 2926 (400) �79 (�145 to �13) 0.019
Neonatal WAZ �0.51 (0.99) �0.63 (0.98) �0.14 (�0.29 to �0.00) 0.057

Neonatal length, cm 49.8 (2.2) 49.4 (2.3) �0.5 (�0.9 to �0.2) 0.002

Neonatal LAZ �0.94 (1.08) �1.15 (1.11) �0.27 (�0.44 to �0.11) 0.001

Neonatal Head-Z �0.09 (1.06) �0.25 (1.11) �0.18 (�0.35 to �0.01) 0.033

WAZ, weight-for-age z-score; LAZ, length-for-age z-score; Head-Z, head circumference-for-age z-score.
*Adjusted for maternal age, maternal height, BMI, HIV status, malaria status and anaemia at enrolment, number of previous pregnan-
cies, study site, socio-economic score, periodontitis, number of teeth, time between delivery and examination, and intervention.

Table 3 Risk of adverse dichotomous birth outcomes in participants with periapical infection

Outcome

Periapical infection

Findings per group Adjusted group comparison*

Women without

infection† (%)

Women with

infection (%) RR (95% CI)

Risk difference‡,%
(95% CI) P-value PAR%

Incidence of preterm birth 57/783 (7.3) 24/241 (10.0) 1.52 (0.93–2.47) 3.5 (�1.1 to 8.1) 0.092 9.7

Incidence of low birthweight 86/735 (11.7) 29/221 (13.1) 1.08 (0.67–1.72) �0.5 (�6.1 to 5.2) 0.785 1.8

Prevalence of neonatal
underweight

47/747 (6.3) 20/226 (8.9) 1.52 (0.83–2.75) 2.9 (�1.5 to 7.3) 0.166 10.5

Prevalence of neonatal stunting 105/742 (14.2) 47/225 (20.9) 1.68 (1.15–2.46) 9.0 (2.7 to 15.2) 0.007 12.8

Prevalence of small head

circumference

21/742 (2.8) 16/224 (7.1) 2.52 (1.23–5.16) 4.5 (0.3 to 8.6) 0.012 26.3

PAR%, population-attributable risk fraction.

*Adjusted for maternal age, maternal height, BMI, HIV status, malaria status and anaemia at enrolment, number of previous pregnan-
cies, study site, socio-economic score, periodontitis, number of teeth, time between delivery and examination, and intervention.

†Number of women with the defined adverse outcome/total number of women who had no periapical infections but who had data on

the indicated outcome variable.

‡The differences are expressed in percentage points.
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was considered unethical, especially as treatment options

were limited both by the pregnancy and the trial setting.

However, it is unlikely that periapical infections differed

substantially after delivery from those at trial enrolment,

as they were almost entirely associated with large caries

lesions that normally take several years to develop [15].

We therefore believe that the sample findings were

reliable and sufficiently representative of the target popu-

lation to suggest that maternal periapical infections but

not periodontitis were associated with shorter pregnan-

cies and smaller infant size in the study area in general,

not only in the study sample.

On the whole, there is a paucity of published data on the

association between periapical infections and any systemic

conditions, although an association with coronary heart

diseases has been proposed [16]. Although the cross-sec-

tional nature of our study precludes drawing definitive

inferences about causality, a causal pathway from periapi-

cal infections to adverse birth outcomes is biologically

plausible. Periapical infections may affect pregnancy by

similar direct and indirect mechanisms that have been sug-

gested for periodontitis [17]. The release of inflammatory

mediators from the infected periapical tissues, such as

interleukin 1, 2 and 6, may induce systemic inflammatory

response that in turn may affect pregnancy, and periapical

infections are also associated with increased serum concen-

trations of immunoglobulin A, G and M [18]. An alterna-

tive explanation is that oral bacteria may spread through
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Figure 3 Distribution of pregnancy

duration and z-scores for weight-for-age,

length-for-age and head circumference-
for-age in groups with and without

periapical infections.

Table 4 Mean length-for-age z-score by infection group, stratified analyses

Sample strata

Periapical infection

Mean (SD) LAZ

without infection*

Mean (SD) LAZ

with infection*

Adjusted difference

in means† (95% CI) P-value†

Negative HIV test at
enrolment (n = 827)

�0.92 (1.08) �1.05 (1.07) �0.23 (�0.41 to �0.04) 0.015

Positive HIV test at

enrolment (n = 137)

�1.07 (1.09) �1.57 (1.17) �0.46 (�0.83 to �0.10) 0.013

Negative malaria test

at enrolment (n = 762)

�0.91 (1.05) �1.06 (1.04) �0.23 (�0.41 to �0.05) 0.011

Positive malaria test at

enrolment (n = 203)

�1.01 (1.19) �1.60 (1.37) �0.46 (�0.84 to �0.08) 0.016

LAZ, length-for-age z-score.
*Model without covariates.

†Adjusted for maternal age, maternal height, BMI and anaemia at enrolment, number of previous pregnancies, study site, socio-eco-
nomic score, periodontitis, number of teeth, time between delivery and examination, intervention and maternal malaria status (when

stratified by HIV) or HIV status (when stratified by malaria).
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the blood stream causing infection and local immune

response in the feto-placental unit, thereby triggering

labour [19]. As an example of such bacteria, Fusobac-

terium nucleatum is the most commonly found bacteria

from amniotic fluid in preterm labour [19, 20]. Consistent

with the few published studies on dental caries and adverse

pregnancy outcomes [21–25], we did not find significant

associations between uncomplicated caries (without peri-

apical infection) and any of the assessed outcomes. This

may be related to the degree of systemic inflammation. It is

plausible that only when dental infection spreads

extraradicularly (outside of the dental roots) that sufficient

systemic inflammation is induced to influence pregnancy

outcomes.

Several earlier studies have found associations between

periodontitis and adverse birth outcomes, although some

studies have found conflicting results [7]. Studies that have

found the association were often conducted in more afflu-

ent environments where mothers are otherwise relatively

healthy. We speculate that in Malawi, other infections and

inflammation are common and may override the associa-

tion between low-grade periodontal infection and adverse

birth outcomes while the association between more ‘aggres-

sive’ periapical infection and birth outcomes may be pre-

sent. Periodontal tissues have very complex local defence

mechanisms that to some extent hinder the infection from

spreading to other body parts [26] while the defence mecha-

nisms in the periapical structures are less effective. Also

other population characteristics, such as race and other

genetic factors, may contribute to the development, mani-

festation and adverse effects of these oral diseases [27–29].

Conclusions

Despite persistent attempts, the currently used interven-

tions to reduce the incidence of PTB and IUGR have not

been sufficient [5]. Recently, the reduction of stunting has

been recognised as an important global target because of

the high prevalence of stunting and its severe adverse

long-term consequences [30], but again, existing

interventions have not adequately addressed the issue. On

a global scale, only a small proportion of women have

access to proper dental care whereby asymptomatic caries

and periapical infections could be diagnosed and treated.

In South Asia and sub-Saharan Africa, which account for

almost two-thirds of the world’s preterm babies [31],

lack of preventive dental care and dentistry services is

commonplace and oral diseases remain highly prevalent

[10]. Our results suggest that periapical infections may

reduce the duration of pregnancy and account for a sub-

stantial fraction of IUGR. If the findings are confirmed in

other populations, serious attention should be paid to the

prevention and treatment of this common and largely

preventable risk factor for adverse pregnancy outcomes.
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Supplementary Material 
 
Harjunmaa et al. The association between maternal dental periapical infections and pregnancy 
outcomes - Results from a cross-sectional study in Malawi 
 

Supplementary table 1. Dental characteristics of iLiNS-DYAD oral health participants  

Characteristic Prevalence Mean (SD) Median Min Max 

Number of teeth n/a 31.3 (1.6) 32 18 37 

Filled teeth 0.5 % 0.0 (0.2) 0 0 6 

Carious teeth 63.1 % 2.1 (2.8) 1 0 25 

Deep caries (into the 
pulp) 

27.8 % 0.6 (1.4) 0 0 21 

Periapical infections 23.5 % 0.5 (1.2) 0 0 19 

Periodontitis  31.9 % n/a n/a n/a n/a 



2 
 

Supplementary table 2. Continuous birth outcomes in participants without and with 
periodontitis  

Outcome 

Periodontitis 

Mean (SD) Adjusted group comparisona 

Women without 
periodontitis  

(n=783) 

Women with  
periodontitis 

(n=241) 

Difference in 
means  

(95% CI) 
P-value 

Duration of pregnancy, 

weeks  
39.3 (2.4) 39.5 (2.1) 

0.2 

(-0.1 to 0.5) 
0.174 

Birth weight, g 2968 (427) 3003 (436) 
28 

(-32 to 88) 
0.360 

Neonatal WAZ -0.55 (1.00) -0.51 (0.96) 
0.01 

(-0.12 to 0.15) 
0.839 

Neonatal length, cm 49.7 (2.2) 49.7 (2.2) 
0.1 

(-0.2 to 0.4) 
0.525 

Neonatal LAZ  -1.01 (1.09) -0.94 (1.11) 
0.06 

(-0.08 to 0.21) 
0.396 

Neonatal Head-Z  -0.11 (1.07) -0.18 (1.06) 
-0.08 

(-0.23 to 0.07) 
0.310 

aAdjusted for maternal age, maternal height, BMI, HIV status, malaria status and aenemia at enrolment, number of 
previous pregnancies, study site, socio-economic score, periapical infection, number of teeth, time between delivery and 
examination, and intervention 

Abreviations: WAZ=weight-for-age z-score, LAZ=length-for-age z-score, Head-Z=head circumference-for-age z-score
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Supplementary table 3.  Risk of adverse dichotomous birth outcomes in participants without and 
with periodontitis  

Outcome 

Periodontitis 

Findings per group Adjusted group comparisonb 

Women 
without 

infectiona 

Women 
with 

infection 
RR (95%CI) 

Risk 
differencec 
(95% CI) 

P-value PAR% 

Incidence of preterm 
birth 

60/697 
(8.6%) 

21/327 
(6.4%) 

0.74 
(0.45 to 1.22) 

2.4%  
( -0.6 to 0.1) 

0.236 -8.9% 

Incidence of low birth 
weight 

81/652 
(12.4%) 

34/304 
(11.2%) 

0.94 
(0.60 to 1.46) 

1.0%  
(-5.9 to 3.8) 

0.786 -1.8% 

Prevalence of neonatal 
underweight 

46/662 
(7.0%) 

21/311 
(6.8%) 

1.02 
(0.58 to 1.81) 

0.1%  
(-3.5 to 3.3) 

0.936 0.8% 

Prevalence of neonatal 
stunting 

104/660 
(15.8%) 

48/307 
(15.6%) 

1.03 
(0.71 to 1.48) 

0.0%  
(-5.2 to 5.2) 

0.895 0.8% 

Prevalence of small 
head circumference 

19/657 
(2.9%) 

18/309 
(5.8%) 

1.95 
(0.99 to 3.83) 

2.5%  
(-0.4 to 5.4) 

0.053 23.2% 

aNumber of women with the defined adverse outcome / total number of women who had no periodontitis but who had data 
on the indicated outcome variable 
bAdjusted for maternal age, maternal height, BMI, HIV status, malaria status and aenemia at enrolment, number of previous 
pregnancies, study site, socio-economic score, periapical infections, number of teeth, time between delivery and 
examination, and intervention 
cThe differences are expressed in percentage points 
PAR%= population attributable risk fraction
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Supplementary table 4. Mean gestational age (GA) by infection group, stratified analyses 

Sample strata 

Periapical Infection 

Mean (SD) GA 
without infectiona 

(n=783) 

Mean (SD) GA 
with infectiona 

(n=241) 

Adjusted difference 
in meansb   
(95% CI) 

P-valueb 

Negative HIV test 
(n=847) 

39.5 (2.1) 39.1 (2.8) 
-0.52              

  (-0.90 to -0.13) 
0.009 

Positive HIV test 
(n=144) 

39.2 (2.7)  39.2 (2.1) 
-0.10 

(-0.89 to 0.68) 
0.795 

Negative malaria 
test (n=803) 

39.5 (2.1) 39.2 (2.2) 
-0.36              

 (-0.74 to 0.02) 
0.065 

Positive malaria test 
(n=219) 

39.3 (2.4) 38.4 (4.5) 
-0.85 

(-1.65 to -0.05) 
0.037 

aModel without covariates 
bAdjusted for  for  maternal age, maternal height, BMI and aenemia at enrolment, number of previous pregnancies, study 
site, socio-economic score, periodontitis, number of teeth, time between delivery and examination, intervention and malaria 
status (when stratified by HIV) or HIV (when stratified by malaria) 
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Supplementary table 5. Mean weight-for-age z-score (WAZ) by infection group, stratified 
analyses  

Sample strata 

Periapical infection 

Mean (SD) WAZ 
without 

infectiona 

(n=783) 

Mean (SD) WAZ 
with infectiona 

(n=241) 

Adjusted difference 
in meansb   
(95% CI) 

P-valueb 

Negative HIV test 
(n=847) 

-0.50 (0.98) -0.57 (0.94) 
-0.13              

  (-0.29 to 0.04) 
0.127 

Positive HIV test 
(n=144) 

-0.61 (1.05) -0.88 (1.07) 
-0.21 

(-0.55 to 0.12) 
0.204 

Negative malaria 
test (n=803) 

-0.47 (0.98) -0.56 (0.88) 
-0.12              

 (-0.29 to 0.04) 
0.129 

Positive malaria test 
(n=219) 

-0.66 (1.03) -1.02 (1.31) 
-0.24 

(-0.58 to 0.10) 
0.163 

aModel without covariates 
bAdjusted for maternal age, maternal height, BMI and aenemia at enrolment, number of previous pregnancies, study site, 
socio-economic score, periodontitis, number of teeth, time between delivery and examination, intervention and malaria 
status (when stratified by HIV) or HIV (when stratified by malaria) 
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Supplementary table 6. Mean head circumference z-score by infection group, stratified 
analyses 

Sample strata 

Periapical infection 

Mean (SD) head 
circumference z-

score without 
infectiona (n=783) 

Mean (SD) head 
circumference z-

score with 
infectiona (n=241) 

Adjusted difference 
in meansb   
(95% CI) 

P-valueb 

Negative HIV test 
(n=847) 

-0.09 (1.03) -0.20 (1.09) 
-0.15              

  (-0.34 to 0.03) 
0.103 

Positive HIV test 
(n=144) 

-0.14 (1.20) -0.47 (1.17) 
-0.30 

(-0.68 to 0.07) 
0.113 

Negative malaria 
test (n=803) 

-0.09 (1.05) -0.14 (1.00) 
-0.09             

 (-0.27 to 0.09) 
0.337 

Positive malaria test 
(n=219) 

-0.13 (1.09) -0.88 (1.40) 
-0.65 

(-1.04 to -0.27) 
0.001 

aModel without covariates 
bAdjusted for  maternal age, maternal height, BMI and anemia at enrolment, number of previous pregnancies, study 
site, socio-economic score, periodontitis, number of teeth, time between delivery and examination, intervention and 
malaria status (when stratified by HIV) or HIV (when stratified by malaria) 
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Objectives:	Maternal	 dental	 periapical	 infections	 are	 associated	with	 preterm	birth	
and intrauterine growth restriction. This study investigates whether the association is 
mediated	through	bacterial	spread	from	periapical	lesions	to	placenta	(direct	pathway)	
or	systemic	inflammatory	reaction	(indirect	pathway).
Materials and Methods:	We	compared	birth	outcomes	in	Malawian	mothers	with	and	
without	periapical	infection.	As	markers	of	a	direct	pathway,	we	identified	placental	
bacteria	using	a	16S	rDNA	approach	and	assessed	histological	evidence	of	inflamma-
tion	in	the	placenta	and	amniotic	membranes.	We	measured	C-	reactive	protein,	alpha-	
1-	acid	glycoprotein,	and	salivary	cortisol	as	markers	of	an	indirect	pathway.	We	used	
regression	models	to	associate	the	predictor	variables	with	duration	of	pregnancy	and	
newborn size.
Results:	Of	1,024	women,	23.5%	had	periapical	infection.	There	was	no	association	of	
periapical	infection	with	either	bacterial	DNA	or	histological	inflammation	in	placenta	
or	membranes.	Periapical	 infection	was	associated	with	C-	reactive	protein,	alpha-	1-	
acid	 glycoprotein,	 and	 cortisol	 concentrations	 in	 a	 dose-	dependent	 manner	 at	
36	weeks.	Addition	of	alpha-	1-	acid	glycoprotein	or	cortisol	concentration	into	regres-
sion	models	attenuated	the	association	between	periapical	 infection	and	pregnancy	
outcomes.
Conclusion:	There	was	no	evidence	of	direct	spread	of	periapical	bacteria	to	the	pla-
centa.	 Periapical	 infections	 and	 adverse	 pregnancy	 outcomes	 are	 in	 part	mediated	
through systemic inflammation.

K E Y W O R D S

apical	infection,	birth	size,	duration	of	pregnancy,	placental	infection,	systemic	inflammation

1  | INTRODUCTION

Every	 year,	 32	million	 infants	 are	 born	 too	 early	 or	 too	 small	 for	
their	 gestational	 age	 (Lee	 et	al.,	 2013).	 Of	 the	 3.1	million	 annual	
global	 neonatal	 deaths,	 35%	 are	 related	 to	 preterm	 birth	 (PTB)	

complications	(Liu	et	al.,	2012).	The	survivors	are	at	risk	of	severe	
long-	term	morbidity	and	development	delay	(Saigal	&	Doyle,	2008).	
Current	interventions	have	largely	failed	to	substantially	impact	the	
frequency	of	 PTB	 and	 intrauterine	 growth	 restriction	 (IUGR),	 and	
indeed,	PTB	rates	are	still	increasing	in	many	countries	(Chang	et	al.,	
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2013).	Several	risk	factors	for	PTB	and	IUGR	have	been	identified	
of	which	maternal	infections	are	among	the	most	important.	Yet	the	
actual	mechanisms	by	which	these	risk	factors	affect	pregnancy	are	
unclear	(Goldenberg,	Culhane,	Iams,	&	Romero,	2008)	which	ham-
pers	the	development	of	new,	effective	preventive	approaches.

Our	 previous	 study	 results	 from	 Malawi	 indicated	 an	 associa-
tion	between	maternal	dental	periapical	infections	(PAI)	and	shorter	
pregnancy	duration	and	smaller	birth	size	 (Harjunmaa	et	al.,	2015).	
PAI	commonly	develops	when	a	deep	caries	lesion	exposes	the	pulp	
of the tooth allowing oral bacteria to enter the dental root canals, 
from	where	the	infection	eventually	spreads	to	the	bone	surrounding	
the	 root	 (Nair,	2004).	A	causal	 relationship	between	PAI	and	preg-
nancy	outcomes	could	be	through	both	direct	and	indirect	pathways,	
which	are	not	mutually	exclusive.	Firstly,	a	direct	pathway	could	exist	
whereby oral bacteria are disseminated through the bloodstream to 
placental	 and	 fetal	 tissues,	 influencing	birth	outcomes	 through	 the	
generation	of	 local	 inflammation,	tissue	damage,	or	changes	 in	pla-
cental	function	(Han	&	Wang,	2013;	Romero,	Dey,	&	Fisher,	2014).	
Secondly, bacteria within the oral cavity could induce a systemic 
inflammatory	 response	 that	 could	 affect	 the	 pregnancy	 indirectly.	
Although earlier studies have shown that bacteria can translocate 
from	mouth	to	placenta	(Aagaard	et	al.,	2014),	and	it	is	known	that	
PAI	may	 lead	 to	 systemic	 inflammation	 (Gomes	et	al.,	 2013),	 there	
is	no	evidence	that	pathways	from	PAI	to	pregnancy	complications	
actually	exist.	If	they	do,	prevention	and	treatment	of	dental	caries,	
the	most	common	chronic	disease	globally	that	usually	precedes	PAI	
(Marcenes	et	al.,	2013),	would	be	a	new	and	feasible	intervention	for	
prevention	of	PTB	and	IUGR.

This study aimed to assess whether there is evidence of these 
two	 biologically	 plausible	 pathways	 between	 PAI	 and	 adverse	
pregnancy	 outcomes	 in	 a	 cohort	 of	 pregnant	 women	 from	 the	
iLiNS-	DYAD	 study	 in	 Malawi	 (Harjunmaa	 et	al.,	 2015).	 Our	 main	
hypothesis	was	 that	 the	associations	between	PAI	 and	 shortened	
duration	of	pregnancy,	lower	birthweight,	and	smaller	neonatal	size	
are	mediated	through	spread	of	the	periapical	bacteria	to	the	feto-	
placental	 unit	 (direct	 pathway)	 or	 systemic	 inflammation	 (indirect	
pathway).	We	examined	the	direct	pathway	by	assessing	the	preva-
lence and quantity of histological inflammation and bacteria in the 
placenta	and	chorioamniotic	membranes.	The	indirect	pathway	was	
assessed	by	measuring	concentrations	of	serum	C-	reactive	protein	
(CRP)	 and	 alpha-	1-	acid	 glycoprotein	 (AGP)	 and	 salivary	 cortisol	
during	pregnancy.	CRP	and	AGP	are	acute	phase	proteins,	produced	
in	the	liver	in	response	to	inflammatory	stimuli,	and	have	been	as-
sociated	with	 shortened	duration	of	 gestation	and	 IUGR	 (Pitiphat	
et	al.,	 2005;	 Tjoa	 et	al.,	 2003).	 Cortisol	 is	 a	 steroid	 hormone	 re-
leased	from	the	adrenal	glands	in	response	to	emotional,	physical,	
or	 immunological	 stress	 (Bellavance	 &	 Rivest,	 2014),	 and	 it	 also	
regulates	the	maintenance	of	pregnancy	and	the	timing	of	parturi-
tion	(Giurgescu,	2009;	Voltolini	&	Petraglia,	2014).	In	this	study,	we	
investigated	whether	 the	 shortened	duration	of	 pregnancy,	 lower	
infant	birthweight,	and	neonatal	size	in	women	with	PAI	were	medi-
ated	through	these	pathways.

2  | METHODS

2.1 | Study design, outcomes, and ethics statement

This	 study	 represents	 continued	 analysis	 of	 a	 cross-	sectional	 oral	
health substudy that was nested within a randomized, controlled 
intervention	 trial,	 iLiNS-	DYAD-	M,	 in	 Malawi,	 sub-	Saharan	 Africa	
(ClinicalTrials.gov,	identifier	NCT01239693).	The	trial	was	designed	to	
examine	the	impact	of	home-	fortification	of	pregnant	women’s	diets	
with	 lipid-	based	 nutrient	 supplements	 on	 pregnancy	 outcomes	 and	
maternal	and	child	health	 in	a	 rural	African	community.	Participants	
were	enrolled	prospectively	into	the	main	trial	and	followed	through-
out	pregnancy.	The	oral	health	examination	to	assess	the	association	
between oral infections and birth outcomes was conducted after 
delivery.

The	outcome	measures	for	this	study	were	duration	of	pregnancy,	
birthweight, neonatal length, and neonatal head circumference. The 
potential	intermediary	variables	were	CRP,	AGP,	and	cortisol	concen-
trations	at	14–20	weeks	and	at	36	gestational	weeks	(gw),	prevalence	
of	any	or	severe	chorioamnionitis,	prevalence	of	placental	 intervillo-
sitis,	bacterial	 load,	and	prevalence	of	common	periapical	bacteria	in	
placental	tissues	and	fetal	membranes.

Written	or	 thumb-	printed	 informed	consent	was	 taken	 from	the	
participants	 at	 enrollment.	 Ethical	 approval	 was	 obtained	 from	 the	
College	 of	Medicine	 Research	 and	 Ethics	 Committee,	 University	 of	
Malawi	 and	 the	 Ethics	 Committee	 of	 Pirkanmaa	 Hospital	 District,	
Finland	(Protocol	Number	P.08/10/972,	date	of	approval	January	31,	
2011).

TABLE  1 Proportion	of	women	with	evidence	of	histological	
inflammation	or	bacterial	infection	in	placenta,	or	systemic	
inflammation

Outcome
Proportion of 
women (n)

Direct	pathway

Chronic	placental	intervillositis 1.9%	(19)

Acute	placental	intervillositis 21.2%	(217)

Chorioamnionitis 19.9%	(204)

Bacterial	DNA	detected	in	chorioamniotic	
membranes

59.2%	(606)

Bacterial	DNA	detected	in	placental	tissues 38.5%	(394)

Indirect	pathway

Elevated	CRP	concentration	at	14–20	weeks 39.1%	(400)

Elevated	CRP	concentration	at	36	weeks 29.7%	(304)

Elevated	AGP	concentration	at	14–20	weeks 8.2%	(84)

Elevated	AGP	concentration	at	36	weeks 4.5%	(46)

Elevated	cortisol	concentration	at	14–20	weeks 23.8%	(244)

Elevated	cortisol	concentration	at	36	weeks 23.6%	(242)

PAI,	periapical	infection;	CRP,	C-	reactive	protein;	AGP,	alpha-	1-	acid	glyco-
protein;	DNA,	deoxyribonucleic	acid.
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2.2 | Participants, enrollment, and data collection

Details	of	the	main	trial	(Ashorn	et	al.,	2015)	and	the	oral	health	sub-
study	 (Harjunmaa	 et	al.,	 2015)	 have	 been	 published	 previously.	 In	
brief,	we	enrolled	1,391	pregnant	women	attending	antenatal	care	be-
fore	20	gestational	weeks	between	February	2011	and	August	2012	
through	four	health	facilities	 in	Mangochi	District,	southern	Malawi.	
Participants	received	intermittent	preventive	malaria	treatment	with	
sulfadoxine–pyrimethamine	at	their	first	antenatal	visit	and	between	
28	and	34	gw	as	part	of	standard	Malawian	antenatal	care.	Research	
personnel	assessed	the	duration	of	pregnancy	with	ultrasonography,	
performed	 health	 and	 antenatal	 examinations	 and	 recorded	 partici-
pants’	medical	and	obstetric	history	and	socioeconomic	background.	
Participants,	who	were	enrolled	in	the	main	trial,	had	singleton	preg-
nancies,	and	completed	the	oral	health	examination,	were	eligible	for	
the	oral	health	substudy.	Two	dental	therapists	conducted	full-	mouth	
oral	health	examinations	of	 the	mothers	and	 took	digital	panoramic	
radiographs	of	 their	 jaws	as	 soon	as	possible	 after	delivery.	A	 radi-
ologist	and	an	experienced	dentist	analyzed	 the	 radiographs	 jointly.	
Research	personnel	recorded	delivery	events	within	48	hr	after	deliv-
ery	and	measured	infant’s	birthweight	(BW).	At	1–6	weeks	after	deliv-
ery,	anthropometrists	measured	infant’s	 length,	head	circumference,	
and neonatal weight.

2.2.1 | Saliva and blood collection and processing

Research	 nurses	 collected	 saliva	 and	 venous	 blood	 samples	 at	 the	
study	 clinic	 at	 baseline	 (14–20	gw)	 and	36	gw.	 Saliva	was	 collected	
after	 30	min	 fast	 with	 a	 polymer	 swab	 placed	 under	 the	 tongue.	
Laboratory technicians measured salivary cortisol concentrations 
using	an	ELISA	method	and	plasma	CRP	and	AGP	by	 immunoturbi-
dimetry.	Details	of	the	saliva	collection	and	processing	are	published	
elsewhere	(Stewart	et	al.,	2015).

2.2.2 | Placental tissue and fetal membrane 
collection and processing

Two	pieces	of	the	chorionic	and	amniotic	membranes	were	cut	from	
the	edge	of	the	rupture	site	and	two	full	thick	pieces	of	placental	tis-
sue	 from	 near	 the	 umbilical	 cord	 insertion.	 One	 placental	 and	 one	
membrane	 sample	were	 fixed	 in	10%	 formalin,	 embedded	 in	paraf-
fin	wax,	cut,	and	stained	with	hematoxylin	and	eosin	on	glass	slides	
for	 histological	 analysis.	 The	 remaining	 two	 samples	were	 used	 for	
bacterial	 DNA	 analysis	 as	 published	 earlier	 (Doyle	 et	al.,	 2017).	 In	
brief,	 all	 DNA	 extracted	 from	 the	 samples	 was	 screened	 for	 bac-
terial	 DNA	 using	 a	 qPCR	 targeting	 the	 V5-	7	 regions	 of	 the	 16S	
rRNA	 gene	 (785F:	 5′-	GGATTAGATACCCBRGTAGTC-	3′,	 1175R:	
5′-	ACGTCRTCCCCDCCTTCCTC-	3′).	 Samples	 with	 detectable	
amounts	 of	 bacterial	 DNA	 were	 multiplexed,	 pooled,	 cleaned,	 and	
sequenced.	Paired-	end	sequenced	reads	were	demultiplexed	and	as-
signed	OTUs	at	97%	similarity	against	a	small	custom	database	of	full-	
length	16S	rDNA	sequences.	Any	sequences	that	failed	to	match	at	
97%	were	assigned	against	the	full	Greengenes	database.T
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2.3 | Definitions

We	diagnosed	PAI	 if	 an	unambiguous	osteolytic	 finding	 (>1	mm)	
related	 to	 the	 dental	 root	 apex	 was	 seen	 in	 the	 radiographs.	
We	 graded	 PAI	 as	 not	 present	 or	 present.	 We	 considered	 that	
a	 participant	 had	 PAI	 if	 at	 least	 one	 finding	 was	 recorded.	 We	
determined	 mild-	to-	moderate	 PAI	 as	 one	 to	 three	 lesions	 and	
severe	 PAI	 as	 four	 lesions	 or	more.	We	 calculated	 infants’	 sex–
age-	standardized	 length-	for-	age	 (LAZ),	 weight-	for-	age	 (WAZ),	
and	 head	 circumference-	for-	age	 z-	scores	 using	 the	 WHO	 Child	
Growth Standards.

We considered high CRP concentration as CRP > 5 mg/L, high AGP 
concentration as AGP>1 g/L, and high cortisol concentration as >75th 
centile	 of	 all	 cortisol	 concentrations	 at	 that	 time	point.	We	defined	
histological	chorioamnionitis	as	≥5	and	severe	chorioamnionitis	as	≥25	
neutrophil	granulocytes	on	average	per	10	high-	power	fields	present	
in	either	the	chorionic	plate	or	the	amniotic	membrane.	We	defined	
acute	intervillositis	as	≥5	neutrophils	and	chronic	intervillositis	as	≥5	
lymphocytes	 or	monocytes	 on	 average	 per	 10	 high-	power	 fields	 in	
the	placental	intervillous	space.	We	assessed	the	presence	of	bacteria	
in	the	placental	or	fetal	membranes	by	16S	rDNA	broad-	range	SYBR	
green	quantitative	PCR	assay.	A	result	was	positive	for	bacterial	DNA	
if	their	Ct	value	was	lower	than	28	±	3	cycles	(equivalent	to	40	CFU/
μl)	depending	on	variation	between	runs	and	determined	using	cali-
bration	curves	generated	from	serial	dilution	of	a	known	amount	of	
Escherichia coli culture.

2.4 | Statistical analysis

We	 performed	 statistical	 analysis	 with	 Stata	 12.1	 (StataCorp,	
College	 Station,	 USA).	 We	 included	 in	 the	 analyses	 participants	

who	completed	 the	oral	health	visit	within	 the	6-	week	puerperal	
period.	The	sample	size	was	originally	calculated	for	the	main	ob-
jective	of	the	iLiNS-	DYAD-	M	trial.	In	the	current	analyses,	we	used	
the	same	sample	of	1,024	women	as	 in	our	previous	analyses	on	
oral	infections	and	birth	outcomes	that	offered	approximately	93%	
power	to	detect	differences	between	the	groups,	assuming	an	in-
fection	prevalence	of	25%	and	an	effect	size	of	0.25	for	continuous	
birth	outcomes	at	5%	two-	sided	type	I	error	rate	(Harjunmaa	et	al.,	
2015).

We used multivariate linear regression to estimate adjusted means 
for continuous outcomes, and modified Poisson regression models 
(Zou,	2004)	to	estimate	adjusted	proportions	for	binary	outcomes,	and	
to	estimate	the	associations	between	PAI	and	inflammation	or	infec-
tion	variables	(except	bacterial	prevalence	and	mean	loads)	and	corti-
sol.	The	same	covariates	that	were	considered	potential	confounders	
of	the	relationship	between	oral	infections	and	birth	outcomes	in	our	
previous	 study	 (Harjunmaa	 et	al.,	 2015)	were	 used	 in	 this	 study	 for	
all	outcomes	to	make	the	estimates	comparable.	We	considered	that	
these	covariates	were	also	biologically	plausible	confounders	for	the	
inflammation outcomes. The covariates were included in the models 
using forced entry method. The included covariates were maternal 
age,	 height,	 body	 mass	 index,	 socioeconomic	 score	 (household	 as-
sets),	parity,	time	between	delivery	and	the	oral	health	examination,	
and number of teeth as continuous variables, and study site, nutrition 
intervention	group,	anemia,	HIV,	malaria,	and	periodontitis	status	as	
categorical	 variables.	 In	 addition,	 time	 between	wake-	up	 and	 saliva	
collection, and time between last meal and saliva collection were used 
in cortisol analysis models as continuous variables. We added square 
terms	for	maternal	height,	BMI,	age,	and	socioeconomic	score	into	the	
models	to	test	the	assumption	of	linear	relationships	between	contin-
uous	outcomes	and	covariates.	Because	adding	nonlinear	covariates	

TABLE  3 Comparison	of	bacterial	loads	from	selected	genera	that	are	commonly	found	in	periapical	infectious	lesions,	in	the	placenta	and	
fetal	membranes,	presented	by	periapical	infection	status	groups

Bacterial genera in 
placental tissues

Mean log 10 16S rRNA copies (SD) in placental tissues Mean log 10 16S rRNA copies (SD) in fetal membranes

No PAI n = 641 PAI n = 188 p- value No PAI n = 687 PAI n = 200 p- value

Actinomyces 0.10	(0.53) 0.03	(0.27) .070 0.02	(0.26) 0	(0) .242

Bacteroides 0.08	(0.53) 0.04	(0.37) .351 0.12	(0.72) 0.06	(0.40) .206

Dialister 0.02	(0.22) 0.02	(0.21) .938 0.08	(0.52) 0.07	(0.54) .893

Enterococcus 0.21	(0.92) 0.16	(0.81) .559 0.35	(1.20) 0.23	(0.98) .173

Fusobacterium 0.17	(0.76) 0.08	(1.01) .120 0.14	(0.76) 0.11	(0.72) .605

Parvimonas 0.01	(0.09) 0.09	(0.50) <.001 0.12	(0.67) 0.17	(0.80) .394

Peptostreptococcus 0.16	(0.69) 0.16	(0.69) .952 0.32	(1.11) 0.47	(1.36) .131

Porphyromonas 0.13	(0.63) 0.09	(0.49) .418 0.04	(0.36) 0.01	(0.18) .253

Prevotella 0.72	(1.42) 0.82	(1.56) .398 1.18	(1.86) 1.20	(1.89) .869

Propionibacterium 0.25	(0.03) 0.35	(0.07) .197 0.13	(0.59) 0.07	(0.45) .135

Streptococcus 0.52	(1.23) 0.59	(1.34) .481 1.02	(1.83) 1.08	(1.94) .680

Treponema 0.06	(0.41) 0.06	(0.42) .959 0.15	(0.73) 0.15	(0.73) .922

Veillonella 0.25	(0.89) 0.18	(0.76) .311 0.48	(1.33) 0.39	(1.12) .347

PAI,	Periapical	infection.
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did	 not	 markedly	 improve	 the	 adjusted	 R-	square,	 we	 excluded	 the	
nonlinear terms from the final models. To assess whether an inflam-
mation	variable	was	on	a	pathway	between	PAI	and	birth	outcomes,	
we	added	those	variables	that	were	associated	with	PAI	severity	one	
by	one	in	the	models.	We	used	White’s	general	test	for	heteroscedas-
ticity	to	test	for	unequal	variances	using	non-	imputed	data.	The	null	
hypothesis	of	homoscedasticity	was	not	rejected.

We	used	multiple	imputed	data	(50	imputations)	based	on	chained	
equation	methods	(van	Buuren,	Boshuizen,	&	Knook,	1999)	for	all	mul-
tivariable	model	analyses.	We	 imputed	missing	data	 for	all	variables	
that	were	 included	 in	 the	 analyses,	 except	 for	 the	 16S	 rRNA	 data.	
Cortisol	 concentration	 at	 28	weeks	was	 used	 in	 the	 imputation	 but	
not in the analyses themselves. The number of originally missing val-
ues	that	were	substituted	with	values	obtained	by	multiple	imputation	
ranged	from	0	to	371	(0.0%	to	36.2%)	per	variable	(Table	S1).

We	assessed	the	prevalence	of	any	bacteria	 (bacterial	16S	rRNA	
copies)	in	the	placental	and	fetal	membrane	tissues	by	the	PAI	severity	
categories	 (no,	mild-	to-	moderate,	and	severe	 infection).	Comparison	
between	the	groups	was	made	with	Fisher’s	exact	test.

We	selected	twenty-	one	periapical	pathogen	genera	that	are	com-
monly	mentioned	in	the	literature	(Fujii	et	al.,	2009;	Siqueira	&	Rocas,	
2009;	 Somma,	 Castagnola,	 Bollino,	 &	Marigo,	 2011)	 and	 compared	
their	mean	loads	(mean	number	of	16S	rRNA	copies)	and	prevalence	
in	 the	 placental	 and	 fetal	 membrane	 tissues	 between	 participants	
who	 did	 not	 have	 and	who	 had	 PAI.	 The	 selected	 bacteria	 genera	
were Actinomyces, Anaeroglobus, Atopobium, Bacteroides, Dialister, 
Enterococcus, Eubacterium, Filifactor, Fusobacterium, Mogibacterium, 
Olsenella, Parvimonas, Peptostreptococcus, Porphyromonas, Prevotella, 
Propionibacterium, Pseudoramibacter, Streptococcus, Tannerella, 
Treponema, and Veillonella.	Bacterial	OTUs	were	first	filtered	at	0.01%	
mean	relative	abundance	across	samples	and	then	clustered	by	genus.	
Tables	of	the	particular	genera	were	produced	for	women	with	both	
sample	and	the	dental	assessment	data.	In	the	group	comparisons,	the	
Mann–Whitney	U	test	was	used	for	the	means	and	Fisher’s	exact	test	
for	the	prevalence.

We	assessed	also	the	mean	bacterial	loads	(mean	number	of	16S	
rRNA	gene	copies)	of	each	bacteria	genera	found	in	the	placentas	or	
membranes	of	 the	mothers	without	or	with	PAI.	Comparison	of	 the	
mean	 values	 between	 the	 infection	 groups	was	 made	with	Mann–
Whitney U	 test.	The	 analysis	was	 adjusted	 by	 Benjamini–Hochberg	
equation to control the false discovery rate due to the number of 
comparisons.

3  | RESULTS

A	total	of	1,391	participants	were	enrolled	in	the	iLiNS-	DYAD	study.	Of	
those,	1229	(88.4%)	completed	the	oral	health	examination	between	
May	2011	and	August	2013.	After	excluding	mothers	with	twins	and	
those	who	completed	 the	oral	examination	 later	 than	6	weeks	after	
delivery,	 1024	 (79.6%)	 participants	 were	 included	 in	 the	 analyses	
(Figure	S1).	The	baseline	characteristics	of	the	included	and	excluded	
participants	 were	 similar	 except	 that	 the	 included	women	were	 on	T
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average	slightly	older	(25	vs	24	years),	less	often	primiparous	(17.8%	
vs	33.3%)	or	malaria	positive	(21.4%	vs	28.1%),	and	had	a	higher	mean	
score	for	socioeconomic	status	(0.46	vs	−0.13)	and	lower	mean	BMI	
(22.1	vs	22.4)	(Table	S2).	The	participant	flow	and	the	baseline	charac-
teristics	have	been	published	earlier	(Harjunmaa	et	al.,	2015).

Among	the	included	participants,	the	mean	(SD)	duration	of	preg-
nancy	was	39.4	(2.3)	gw,	birthweight	was	2979	(430)	g,	and	neonatal	
length	was	49.7	(2.2)	cm.	The	prevalence	of	PAI	was	23.5%	(n	=	241).	
Mean	(SD)	time	between	delivery	and	oral	examination	was	16.0	(8.0)	
days. The mean values for the laboratory measurements, histology 
findings,	and	bacterial	DNA	of	the	participants	are	presented	in	Table	1.

3.1 | Markers of a direct pathway

There	were	 no	 statistically	 significant	 differences	 between	 the	 PAI	
categories	 in	 any	 of	 the	 placental	 or	 fetal	 membrane	 histology-	
based	 inflammation	 markers.	 However,	 although	 statistically	 non-	
significant,	 the	 relative	 risk	was	usually	higher	when	comparing	 the	
severe	PAI	group	to	 the	mild-	to-	moderate	or	no	PAI	groups,	or	 the	
mild-	to-	moderate	group	 to	 the	no	PAI	group	 (Table	2).	Similarly,	no	
statistically	 significant	 differences	 were	 detected	 between	 the	 PAI	
categories	in	the	prevalence	of	any	bacteria	in	the	placental	(healthy	
66.7%,	mild-	to-	moderate	74.0%,	and	severe	58.5%	p	=	.242)	or	mem-
brane	 (healthy	 44.8%,	 mild-	to-	moderate	 53.7%,	 and	 severe	 38.6%	
p	=	.470)	samples.

Of	 the	 selected	21	bacteria	 genera	 that	 are	 commonly	 involved	
in	PAI,	13	were	found	 in	both	the	fetal	membranes	and	the	placen-
tal tissues. However, there were no statistically significant differences 
between	 the	 groups	 of	 women	with	 and	without	 PAI	 in	 the	 mean	
bacterial	loads	(mean	number	of	16S	rRNA	copies)	(Table	3)	or	in	the	
prevalence	of	any	of	those	bacteria	genera	(Table	S3)	that	were	found	
in	at	least	10	participants	in	the	placental	tissues.	Similarly,	no	statis-
tically	significant	differences	between	the	PAI	groups	were	found	 in	
the mean bacterial loads even when any bacteria genera that were 

found	 from	 the	 placental	 or	membrane	 tissues	were	 analyzed	 (data	
not	shown).

3.2 | Markers of an indirect pathway

There	was	a	positive,	dose-	dependent	association	between	PAI	sever-
ity	and	the	mean	plasma	concentrations	of	CRP	and	AGP,	and	salivary	
concentration	of	cortisol	at	36	gw.	Compared	 to	 the	no	PAI	group,	
women	in	the	severe	PAI	group	had	8.07	(0.40–15.75)	mg/L	higher	
mean CRP and 1.90 nmol/L higher mean cortisol concentration, and 
women	 in	 the	mild-	to-	moderate	 PAI	 group	 had	 0.84	nmol/L	 higher	
mean	cortisol	concentration	at	36	weeks.	No	association	was	found	
with	the	14-		to	20-	week	samples	(Table	4).	No	association	was	found	
with	the	14-		to	20-	week	samples	(Table	4).

The	patterns	in	the	prevalence	of	elevated	CRP,	AGP,	and	cortisol	
by	PAI	categories	were	similar	to	those	for	the	continuous	variables,	
except	that	the	differences	were	statistically	significant	only	for	high	
cortisol	 at	 36	 gw	 (healthy	 21.3%,	 mild-	to-	moderate	 28.7%,	 severe	
45.8%,	p	=	.033)	(data	not	shown).

3.3 | Mediation of PAI–birth outcome association by 
systemic inflammation markers and cortisol

In	the	primary	analyses,	women	with	PAI	had	0.4-	week	shorter	mean	
pregnancy	duration	(p	=	.015)	and	infants	with	90	g	lower	mean	BW	
(p	=	.009)	and	0.56	cm	shorter	mean	neonatal	length	(p	=	.002)	com-
pared	to	those	who	did	not	have	PAI.	Adjustment	of	the	regression	
model	for	maternal	AGP	concentration	at	36	weeks	reduced	the	dif-
ference	in	means	by	0.1	weeks	in	the	duration	of	pregnancy,	15	g	in	
BW,	and	0.08	cm	in	neonatal	 length,	and	 increased	the	p-	values	for	
each of the models. Adjustment for salivary cortisol concentration at 
36	weeks	reduced	the	difference	in	pregnancy	duration	by	0.1	weeks,	
BW	 by	 10	g,	 and	 neonatal	 length	 by	 0.02	cm.	When	 adjusting	 for	
both AGP and cortisol at the same time, the results did not differ 

TABLE  5 Continuous	birth	outcomes	by	periapical	infection	status,	adjusted	for	AGP,	CRP,	cortisol,	or	both	AGP	and	cortisol	at	36	gw,	or	 
chorioamnionitis

Outcome

Primary analysisa Adjusted for AGP Adjusted for CRP Adjusted for cortisol Adjusted for AGP and cortisol
Adjusted for severe 
chorioamnionitis

Women without PAI 
(n = 783)

Women with 
PAI (n = 241)

Difference in means 
(95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value

Pregnancy duration (SD),	
gw

39.5	(2.05) 39.1	(2.60) −0.4	(−0.8	to	−0.1) .015 −0.3	(−0.7	to	−0.0) .049 −0.4	(−0.8	to	−0.1) .021 −0.3	(−0.7	to	0.0) .056 −0.3	(−0.7	to	0.1) .097 −0.4	(−0.7	to	−0.1) .022

Birthweight	(SD),	g 2,982	(426) 2,891	(415) −90	(−157	to	−22) .009 −75	(−142	to	−8) .028 −85	(−153	to	−17) .014 −80	(−149	to	−10) .024 −70	(−139	to	−2) .043 −86	(−153	to	18) .013

WAZ	(SD) −0.56	(1.03) −0.73	(1.07) −0.19	(−0.35	to	−0.02) .026 −0.14	(−0.31	to	0.02) .077 −0.17	(−0.34	to	−0.01) .040 −0.17	(−0.34	to	−0.00) .047 −0.14	(−0.31	to	−0.02) .086 −0.18	(−0.34	to	−0.01) .035

Neonatal	length,	cm	(SD) 49.7	(2.19) 49.2	(2.28) −0.56	(−0.92	to	−0.21) .002 −0.48	(−0.83	to	−0.13) .007 −0.54	(−0.90	to	−0.18) .003 −0.54	(−0.90	to	−0.17) .004 −0.49	(−0.84	to	−0.13) .008 −0.54	(−0.89	to	−0.19) .003

LAZ	(SD) −0.98	(1.10) −1.27	(1.12) −0.29	(−0.47	to	−0.11) .001 −0.25	(−0.42	to	−0.07) .005 −0.27	(−0.46	to	−0.10) .002 −0.28	(−0.47	to	−0.10) .002 −0.26	(−0.43	to	−0.08) .005 −0.28	(−0.46	to	−0.10) .002

Head	Z	(SD) −0.15	(1.15) −0.38	(1.24) −0.22	(−0.41	to	−0.04) .017 −0.18	(−0.37	to	0.00) .051 −0.21	(−0.41	to	−0.03) .024 −0.22	(−0.41	to	−0.03) .026 −0.19	(−0.41	to	−0.03) .049 −0.21	(−0.5	to	−0.03) .022

PAI,	Periapical	infection;	AGP,	alpha-	1-	acid	glycoprotein;	CRP,	C-	reactive	protein;	WAZ,	weight-	for-	age	z-	score;	LAZ,	length-	for-	age	z-	score;	Head	Z,	 
head	circumference-	for-	age	z-	score.
aAdjusted	for	HIV	status,	malaria	status,	height,	body	mass	index,	age,	study	site,	number	of	teeth,	nutritional	intervention	group,	anemia,	periodontitis	 
status,	household	assets,	oral	health	examination	visit	time.
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substantially from the AGP only adjustment; that is, the effects were 
not	additive.	Adjustment	 for	plasma	CRP	concentration	or	maternal	
severe	chorioamnionitis	did	not	markedly	affect	 the	strength	of	 the	
association	with	any	of	the	outcomes	(Table	5).

4  | DISCUSSION

We	aimed	to	investigate	whether	infection	in	placenta	or	within	the	
chorioamniotic	membranes	(direct	pathway)	or	systemic	inflammation	
(indirect	 pathway)	 mediates	 the	 association	 between	 maternal	 PAI	
and	shortened	pregnancy	duration,	lower	birthweight,	or	smaller	neo-
natal	size.	We	did	not	find	any	evidence	of	a	direct	pathway	linking	
periapical	infection	and	pregnancy	outcomes.	However,	PAI	was	asso-
ciated	with	CRP,	AGP,	and	cortisol	at	36	weeks	of	gestation	in	a	dose-	
dependent	manner.	 The	 associations	 between	PAI	 and	 the	 adverse	
pregnancy	outcomes	were	partially	mediated	by	AGP	and	cortisol.

4.1 | Strengths and weaknesses

Strengths	 of	 this	 study	 include	 a	 large	 sample	 size,	 rigorous	 quality	
control,	multiple	 biological	 samples	 collected	 at	 various	 time	 points	
during	pregnancy	and	after	delivery,	and	clinical	and	X-	ray-	based	oral	
health	 assessment	 that	 allowed	 high-	quality	 diagnostics.	 The	 main	
weaknesses	were	 some	missing	biological	 sample	data,	 some	differ-
ences	 in	baseline	characteristics	between	the	participants	who	were	
included	in	analyses	and	those	lost	to	follow-	up,	for	example,	primipar-
ity, and our inability to document the oral health status at baseline and 
immediately after delivery, that is, at the same time as the biological 
sample	collection,	due	to	ethical	restrictions	(e.g.,	exposure	to	X-	rays)	
and	complexity	of	the	study	logistics	in	this	low-	resource	context.	In	
addition,	the	placental	tissue	of	mothers	who	delivered	very	preterm	
was	mostly	not	available,	and	naturally	they	did	not	undergo	the	36	
gw	sample	collection.	To	reduce	bias	due	to	the	lost	to	follow-	up,	we	

conducted adjusted analyses that included the baseline characteristics 
that	distinguished	the	excluded	and	included	participants,	and	imputed	
the	missing	data	with	multiple	imputations	(excluding	bacterial	DNA).	
PAI	was	almost	entirely	related	to	large	caries	lesions	that	take	several	
years	 to	develop	and	are	 rarely	 treated	 in	 this	 low-	resource	setting;	
thus,	it	is	unlikely	that	their	prevalence	after	delivery	differed	substan-
tially	from	that	at	enrollment	or	36	gw.	Finally,	as	the	research	team	
did	not	have	 the	 responsibility	of	providing	 the	 intermittent	malaria	
treatment	to	the	mothers,	it	was	not	possible	to	confirm	whether	some	
participants	received	less	than	the	standard	amount	of	three	doses.

4.2 | Placental infection

In	 previous	 studies,	 bacteria,	 unequivocally	 demonstrated	 to	 have	
originated from infected root canals, have been isolated from blood 
(Debelian,	Olsen,	 &	 Tronstad,	 1996),	 (Debelian	 et	al.,	 1996)	 and,	 in	
many	studies,	 found	 in	the	feto-	placental	unit,	especially	 in	preterm	
births	(Han	&	Wang,	2013).	While	we	did	detect	bacteria	in	placental	
tissue,	previously	reported	to	have	originated	from	the	oral	cavity,	we	
did not see any differences between those who did or did not have 
PAI.	Furthermore,	no	differences	were	found	in	placental	 inflamma-
tion.	This	may	be	explained	by	the	lack	of	samples	from	the	pregnan-
cies	that	ended	in	miscarriage	and	very	early	deliveries	that	took	place	
at home where the tissues were discharged.

4.3 | Systemic inflammation

Our	study	supports	the	earlier	findings	that	PAI	may	induce	systemic	
inflammatory	 responses	 (Gomes	 et	al.,	 2013;	Marton	&	Kiss,	 2000;	
Somma	 et	al.,	 2011),	 with	 elevated	 concentrations	 of	 CRP	 (Gomes	
et	al.,	2013)	and	AGP	(Glurich	et	al.,	2002;	de	Soet	et	al.,	2003).	We	
could	not	find	any	earlier	studies	linking	PAI	and	cortisol	concentra-
tions,	 but	 cortisol	 concentrations	 have	 previously	 been	 associated	
with	increased	growth	and	virulence	of	oral	pathogens	(Jentsch,	Marz,	

TABLE  5 Continuous	birth	outcomes	by	periapical	infection	status,	adjusted	for	AGP,	CRP,	cortisol,	or	both	AGP	and	cortisol	at	36	gw,	or	 
chorioamnionitis

Outcome

Primary analysisa Adjusted for AGP Adjusted for CRP Adjusted for cortisol Adjusted for AGP and cortisol
Adjusted for severe 
chorioamnionitis

Women without PAI 
(n = 783)

Women with 
PAI (n = 241)

Difference in means 
(95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value Diff. in means (95% CI) p- value

Pregnancy duration (SD),	
gw

39.5	(2.05) 39.1	(2.60) −0.4	(−0.8	to	−0.1) .015 −0.3	(−0.7	to	−0.0) .049 −0.4	(−0.8	to	−0.1) .021 −0.3	(−0.7	to	0.0) .056 −0.3	(−0.7	to	0.1) .097 −0.4	(−0.7	to	−0.1) .022

Birthweight	(SD),	g 2,982	(426) 2,891	(415) −90	(−157	to	−22) .009 −75	(−142	to	−8) .028 −85	(−153	to	−17) .014 −80	(−149	to	−10) .024 −70	(−139	to	−2) .043 −86	(−153	to	18) .013

WAZ	(SD) −0.56	(1.03) −0.73	(1.07) −0.19	(−0.35	to	−0.02) .026 −0.14	(−0.31	to	0.02) .077 −0.17	(−0.34	to	−0.01) .040 −0.17	(−0.34	to	−0.00) .047 −0.14	(−0.31	to	−0.02) .086 −0.18	(−0.34	to	−0.01) .035

Neonatal	length,	cm	(SD) 49.7	(2.19) 49.2	(2.28) −0.56	(−0.92	to	−0.21) .002 −0.48	(−0.83	to	−0.13) .007 −0.54	(−0.90	to	−0.18) .003 −0.54	(−0.90	to	−0.17) .004 −0.49	(−0.84	to	−0.13) .008 −0.54	(−0.89	to	−0.19) .003

LAZ	(SD) −0.98	(1.10) −1.27	(1.12) −0.29	(−0.47	to	−0.11) .001 −0.25	(−0.42	to	−0.07) .005 −0.27	(−0.46	to	−0.10) .002 −0.28	(−0.47	to	−0.10) .002 −0.26	(−0.43	to	−0.08) .005 −0.28	(−0.46	to	−0.10) .002

Head	Z	(SD) −0.15	(1.15) −0.38	(1.24) −0.22	(−0.41	to	−0.04) .017 −0.18	(−0.37	to	0.00) .051 −0.21	(−0.41	to	−0.03) .024 −0.22	(−0.41	to	−0.03) .026 −0.19	(−0.41	to	−0.03) .049 −0.21	(−0.5	to	−0.03) .022

PAI,	Periapical	infection;	AGP,	alpha-	1-	acid	glycoprotein;	CRP,	C-	reactive	protein;	WAZ,	weight-	for-	age	z-	score;	LAZ,	length-	for-	age	z-	score;	Head	Z,	 
head	circumference-	for-	age	z-	score.
aAdjusted	for	HIV	status,	malaria	status,	height,	body	mass	index,	age,	study	site,	number	of	teeth,	nutritional	intervention	group,	anemia,	periodontitis	 
status,	household	assets,	oral	health	examination	visit	time.
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&	Kruger,	2013).	In	our	study,	the	associations	between	PAI	and	the	
inflammatory	markers	 and	 cortisol	were	 stronger	 at	 36	weeks	 than	
earlier in gestation. We believe that this finding relates to the altera-
tion	in	the	immune	system	during	pregnancy.	 In	early	gestation,	the	
host	immune	responses	are	able	to	control	local,	low-	grade	infections,	
but	pregnancy-	related	attenuation	in	the	immune	response	increases	
the	susceptibility	to	and	consequences	of	infections	in	later	gestation	
(Kourtis,	Read,	&	Jamieson,	2014).	The	underlying	mechanisms	include	
limited	T-	cell	activity	(Taylor,	Sullivan,	Eblen,	&	Gercel-	Taylor,	2002),	
decreased	neutrophil	functions	and	antibody	production	(Zachariasen,	
1993),	and	hormonal	changes	which	contribute	to	increased	vascular	
permeability	and	bone	resorption	(Komm	et	al.,	1988).

Systemic inflammation, measured by elevated CRP concentration 
(Pitiphat	et	al.,	2005;	Tjoa	et	al.,	2003),	and	salivary	cortisol	concentra-
tions	(Giurgescu,	2009)	during	pregnancy	have	previously	been	associ-
ated	with	shortened	duration	of	gestation	and	IUGR.	In	line	with	those	
results,	 inflammation	was	 associated	with	 pregnancy	 outcomes	 also	
in	our	study	sample.	We	also	found	that	the	association	between	PAI	
and	adverse	pregnancy	outcomes	was	attenuated	modestly	when	AGP	
or cortisol concentration was added in regression models, suggesting 
partial	mediation	of	the	association	by	the	inflammatory	pathway.	The	
modest association may be related to the missed “before delivery” sam-
ples	from	those	who	delivered	very	early	and	who	may	have	had	more	
marked	inflammation.	Another	important	consideration	is	that	our	anal-
yses	were	 limited	to	the	available	markers,	which	may	not	have	fully	
reflected	 systemic	 inflammation.	 Some	 oral	 diseases-	related	 salivary	
interleukins,	 immunoglobulins,	 or	 metalloproteinases,	 released	 from	
infected	periapical	tissues	(Gomes	et	al.,	2013;	Javaid,	Ahmed,	Durand,	
&	Tran,	2016)	and	known	to	be	associated	with	adverse	pregnancy	out-
comes	(Romero	et	al.,	2014),	might	have	been	more	sensitive	markers.

5  | CONCLUSIONS

The	study	findings	suggest	that	PAI	causes	adverse	pregnancy	out-
comes	partially	via	an	indirect	pathway	of	systemic	inflammation	but	
not	 through	 a	 direct	 pathway	 of	 local	 placental	 infection.	 Further	
studies are needed to investigate whether the associations between 
PAI,	elevated	inflammatory	markers,	and	adverse	birth	outcomes	are	
more	pronounced	when	very	early	preterm	deliveries	are	included.	
It	 is	also	 important	to	study	other	 inflammatory	pathways	and	the	
impact	of	PAI	elimination	on	pregnancy	outcomes	in	future	studies.
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Periapical infection may affect birth outcomes via systemic inflammation 1 

Supplementary figures and tables 2 
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Supplementary figure 1. Participant flow in the iLiNS-DYAD Oral Health study. 5 
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CRP= C-reactive protein, AGP= alpha-1-acid glycoprotein  23 
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1391 enrolled women 

1229 completed oral health visit 

  162 loss to follow up 

1024 included in analyses 

205 excluded 

(11 twins, 194 visited>6wk) 

CRP  
1017 14-20wk 
888  36wk 

AGP 
1017 14-20wk 
888  36wk 

Cortisol 
999 14-20wk 
863  36wk 

Membranes 
807 birth 

Placenta tissue 
819 birth 
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Supplementary table 1. Variables used in the analyses of the 1024 included participants 

Variable Variable type # imputed % imputed 

Acute intervillositis dichotomous 205 20.0% 

Anemia dichotomous 1 0.0% 

AGP 14-20 weeks continuous 7 0.7% 

AGP at 36 weeks continuous 137 13.4% 

Periapical infections categorical 0 0.0% 

Birth weight continuous 68 6.6% 

Chorioamnionitis dichotomous 217 21.2% 

Chronic intervillositis dichotomous 205 20.0% 

Cortisol 14-20 weeks continuous 25 2.4% 

Cortisol at 28 weeks continuous 286 27.9% 

Cortisol at 36 weeks continuous 161 15.7% 

CRP  14-20 weeks continuous 7 0.7% 

CRP at 36 weeks continuous 137 13.4% 

Gestational age at delivery continuous 0 0.0% 

Head circumference continuous 58 5.7% 

HIV status dichotomous 3 0.3% 

Intervention group categorical 0 0.0% 

Length of the infant continuous 57 5.6% 

Length-for-age z-score continuous 57 5.6% 

Maternal age continuous 0 0.0% 

Maternal bmi continuous 6 0.6% 
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Maternal height continuous 4 0.4% 

Maternal malaria dichotomous 2 0.2% 

Number of 16S rRNA copies in 

membranes 
continuous 137 13.4% 

Number of 16S rRNA copies in placentas continuous 195 19.0% 

Number of previous pregnancies continuous 2 0.2% 

Number of teeth continuous 1 0.0% 

Periodontitis status dichotomous 0 0.0% 

Research site categorical 0 0.0% 

Severe chorioamnionitis dichotomous 217 19.0% 

Socioeconomic score continuous 6 0.6% 

Time between delivery and oral health 

visit 
continuous 0 0.0% 

Time between meal and saliva collection 

at 28 weeks continuous 371 36.2% 

Time between meal and saliva collection 

at 36 weeks continuous 263 25.7% 

Time between meal and saliva collection 

14-20 weeks continuous 117 11.4% 

Time between waking up and saliva 

collection at 28 weeks continuous 371 36.2% 

Time between waking up and saliva 

collection at 36 weeks continuous 262 25.6% 

Time between waking up and saliva 

collection 14-20 weeks continuous 116 11.3% 

Weight-for-age z-score continuous 51 5.0% 

Years of education completed continuous 7 0.7% 
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Supplementary table 2. Baseline characteristics of the included and excluded participants 

Characteristic 
Includedb 

(n=1024) 

Excluded 

(n=367) 
P-value 

Mean (SD) maternal age, years 25 (6.2) 24 (5.7) <0.001 

Mean (SD) maternal education, 

completed years at school 
3.9 (3.4)                   

(7 missing data) 
4.3 (3.6)                  

(58 missing data) 
0.087 

Mean (SD) proxy for socioeconomic 

statusa 
-0.13 (1.68)             
(6 missing data) 

0.46 (2.12)        

(62 missing data) 
<0.001 

Proportion of primiparous women, (n) 17.8% (182) 33.3% (122) <0.001 

Mean (SD) BMI, kg/m² 22.1 (2.7) 22.4 (3.1) 0.046 

Proportion of women with a low BMI 

(< 18.5 kg/m²), (n) 
5.4% (55) 5.2% (19) 0.891 

Proportion of anemic women (Hb < 

110 g/l) (n) 
19.8 % (203) 23.0% (84) 0.208 

Proportion of women with a positive 

HIV test, (n) 

14.1 % (144) 

(3 missing data) 

12.5 % (39) 

(54 missing data) 

0.460 

Proportion of women with a positive 

malaria test at enrollment (RDT), (n) 
21.4% (219) 28.1% (103) 0.009 

Abbreviations: BMI=body-mass index, Hb=blood hemoglobin concentration, HIV=human immune deficiency virus, 

RDT=malaria rapid diagnostic test obtained from a finger-prick 
aCreated with principal components analysis by combining information on the building material of the house, main 

source of water and electricity, sanitary facility and main type of cooking fuel used 
bIncluded = visited<6wk after delivery, singleton pregnancy, data on at least one presented outcome 

Published earlier on: Harjunmaa U et al.  
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Supplementary table 3. Comparison of prevalence of selected bacteria that are commonly found in PAI lesions, in the placenta and 

fetal membranes, presented by periapical infection status groups 

Bacterial genera in 

placental tissues 

Prevalence (n) in placental tissues 
Bacterial genera in 

fetal membranes 

Prevalence (n) in fetal membranes 

No PAI  

n=641 

PAI  

n= 188 

P-value      

(chi-squared) 

No PAI  

n=687 

PAI  

n= 200 

P-value     

(chi-squared) 

Actinomyces 3.6% (23) 1.1% (2) 0.090 Actinomyces 0.7% (5) 0.0% (0) 0.593 

Bacteroides  2.2% (14) 1.1% (2) 0.546 Bacteroides 3.2% (22) 2.0% (4) 0.480 

Dialister 0.6% (4) 0.5% (1) 1.000 Dialister 2.3% (16) 2.0% (2) 1.000 

Enterococcus 5.3% (34) 4.3% (8) 0.706 Enterococcus 8.4% (58) 5.5% (11) 0.229 

Fusobacterium 5.3% (34) 2.7% (5) 0.170 Fusobacterium 3.5% (24) 2.5% (5) 0.652 

Parvimonas 0.2% (1) 3.2% (6) 0.001 Parvimonas 3.2% (22) 4.5% (9) 0.384 

Peptostreptococcus 5.0% (32) 5.3% (10) 0.851 Peptostreptococcus 8.6% (59) 11.5% (23) 0.213 

Porphyromonas 4.1% (27) 3.2% (6) 0.745 Porphyromonas 1.5% (10) 0.5% (1) 0.472 

Prevotella 21.2% (136) 22.9% (43) 0.616 Prevotella 30.3% (208) 30.0% (60) 1.000 

Propionibacterium 8.7% (56) 11.7% (22) 0.255 Propionibacterium 5.2% (36) 2.5% (5) 0.126 

Streptococcus 15.8% (101) 17.0% (32) 0.653 Streptococcus 25.5% (175) 25.5% (51) 1.000 

Treponema 2.0% (13) 2.1% (4) 1.000 Treponema 4.4% (30) 4.0% (8) 1.000 

Veillonella 7.5% (49) 5.3% (10) 0.334 Veillonella 12.4% (85) 10.5% (21) 0.537 

PAI=Periapical infection 




