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Nutrient supplementation may adversely affect
maternal oral health — a randomised controlled trial
in rural Malawi
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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.
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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 ez 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
etal. 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 etal. 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 efal. 2005;
Marcenes et al. 2013). The scarcity of preventive inter-
ventions and available dentistry services (Petersen
2005; Beaglehole ef 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.

Key messages

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 ef 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 iLiINS-DYAD-M (trial
registration: www.clinicaltrials.gov, trial identification
NCT01239693). The primary outcomes of the

* 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
XP?, 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 Romexis™) and a

© 2015 John Wiley & Sons Ltd Maternal and Child Nutrition (2016), 12, pp. 99110
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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 iLiINS-DYAD trial
(Ashorn ez 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 IT + IIT), pulpal caries
(grade IIT) 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-1II 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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9310 approached

Exclusions 7919

- 3780 not interested/available

- 2760 out of area

- 1333 >20 gest weeks or unknown duration
—> - 9 underage

- 1 earlier participation

- 30 medical condition
v - 6 other

1391 enrolled participants

y v v

LNS - 462 women

IFA - 463 women MMN — 466 women

Exclusions 119

- 1 death

- 57 loss to follow-up
- 7 twin pregnancy

- 54 visited >6wk

Exclusions 120

- 4 deaths <—
- 56 loss to follow-up

- 1 twin pregnancy

- 59 visited 6wk

Vv vV

346 included in the study

Exclusions 128

- 3 deaths <—
- 42 loss to follow-up

- 3 twin pregnancy

- 80 visited >6wk

335 included in the study 343 included in the study

Fig. 1. Participant flow in CONSORT-recommended form.

Table I. 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 39(34) 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™?) 4.8% 5.0% 6.4%
Proportion of anaemic women (Hb <110 g L) 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.

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-11T caries (Table 2) or other oral health outcomes
(Supporting Information Table S3).
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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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Table 4. Oral health characteristics, oral health-related behaviour and reported oral health problems by intervention group

Characteristic IFA MMN LNS P-value
(n=335) (n =346) (n=343)
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
Proportion of women (n) using tooth paste daily
Proportion of women (n) who experienced toothache*

90.8% (304) 91.6% (317) 87.8% (301) 0.213
442% (148) 43.4% (150) 41.4% (142) 0.756
182% (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 () who limited food consumption due to oral health problems*
Proportion of women (n) who visited health care provider due to oral health problems*

Proportion of women (n) who had tooth extracted*
Proportion of women (n) who had used painkillers due to toothache*

18.0% (60) 17.8% (61) 162% (55) 0.806

6.0% (20)  55% (19)  53% (18) 0.403
33% (11)  2.6% (9)  15%(5) 0244
78% (26)  93% (32) 102% (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.

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 etal. 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
etal. 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 eral. 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 eral. 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.
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