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Abstract — Objectives: Molar incisor hypomineralization (MIH) is a common

developmental dental defect of permanent teeth, which can increase the risk

of dental caries, infection and hospitalization. The etiology is currently
unclear although prenatal or early childhood health factors are suspected.
The aim of this systematic review was to assess the strength of evidence
linking etiological factors with MIH. Methods: A systematic search was
conducted using the Medline and Embase electronic databases for studies
investigating environmental etiological factors of MIH. Two reviewers assessed
the eligibility of studies. The level of evidence and bias was determined for all
eligible studies according to Australian National Health and Medical Research
Council guidelines for systematic reviews of etiology and the Newcastle—
Ottawa Scale. Results: From a total of 2254 studies identified through electronic
and hand searching, 28 were eligible for inclusion. Twenty-five of these
investigated MIH and three investigated a related condition in primary teeth,
hypomineralized second primary molars (HSPM), and these were analysed
separately. A limited number of studies reported significant associations
between MIH and pre- and perinatal factors such as maternal illness and
medication use in pregnancy, prematurity and birth complications. Early
childhood illness was implicated as an etiological factor in MIH in several
studies, in particular fever, asthma and pneumonia. The studies investigating
HSPM revealed an association with maternal alcohol consumption, infantile
fever and ethnicity. However, the validity of these findings is impaired by
study design, lack of adjustment for confounders, lack of detail and consistency
of exposures investigated and poor reporting. Conclusions: Childhood illness is
likely to be associated with MIH. Further prospective studies of the etiology of
MIH/HSPM are needed.
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Molar incisor hypomineralization (MIH) is charac-
terized by demarcated, qualitative defects of
enamel of systemic origin affecting one or more
first permanent molars with or without incisor
involvement'. More recently, the term ‘hypominer-
alized second primary molars (HSPM) has been
used to describe similar lesions in the second
primary molars®. The affected enamel in both con-
ditions is porous and weak, often leading to rapid
breakdown upon eruption and exposure to

masticatory forces’.
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The prevalence of MIH has been reported to
range from 2.4% to 40.2%®. From a limited number
of studies, the prevalence of HSPM is reported to
be 4.9-6.9%"°. Both MIH and HSPM are associated
with a high burden of disease, due to a range of
unique clinical challenges that predispose to treat-
ment failure®. Given their high prevalence and bur-
den of disease, the cost of these conditions to the
general community is substantial.

Based on the distribution and structure of MIH
lesions, disruption to ameloblast function during
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the late maturation stage of amelogenesis is
thought to contribute to qualitative defects that
characterize these conditions’. Since the criteria
for MIH were developed, a number of observa-
tional studies have tried to determine the associ-
ated etiological factors®. Although pre-, perinatal
or early life illnesses or events have been impli-
cated, the systemic causes have not been identi-
fied. There have been two systematic reviews
conducted on this topic, both of which reported a
lack of evidence to enable any clear conclusion,
with lack of standardized outcome measurement
being a major limitation”'". The use of alternative
criteria such as the modified Developmental
Defects of Enamel (mDDE) Index has led to inac-
curacies in the determination of the prevalence of
the condition because these criteria do not
include severe presentations of MIH such as
post-eruptive  enamel  breakdown,  atypical
restorations and atypical extractions''. However,
as there have been a number of recent studies
using MIH-specific criteria®, creating some com-
parability between studies, an updated systematic
review is warranted.

Therefore, the aim of this systematic review was
to assess the strength of evidence linking etiologi-
cal factors for MIH and HSPM.

Methods
Eligibility criteria

Cohort and case—control studies performed on chil-
dren that were reported in English were eligible
for inclusion in this review. Based on NHMRC
levels of evidence, study designs below level III
evidence such as cross-sectional studies, case
series, case reports and studies without control
groups were excluded .

All exposures were eligible for inclusion in the
review.

The outcome measure of interest was binary:
presence or absence of MIH and/or HSPM for each
patient. To this end, studies using MIH/HSPM-
specific criteria and any studies that reported on
demarcated opacities on the FPM were included.
Studies that combined demarcated and diffuse
opacities as the outcome measure or that combined
teeth other than the FPM, permanent incisors or
SPM in the outcome measure were excluded. The
severity of MIH/HSPM was not considered in this
review.
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Search strategy

An electronic search was conducted in February
2015 using the Medline (Ovid and PubMed) and
Embase (Ovid) Databases. The search terms were
developed with the assistance of an experienced
librarian and were sufficiently broad to include
studies reporting on MIH under a range of other
names (Appendices S1 and S2). In addition, hand
searching of the reference lists of selected studies
and two pediatric dental journals (International
Journal of Pediatric Dentistry, European Archives
of Pediatric Dentistry) was performed. Unpub-
lished studies were sought by contacting experts in
the field and by searching the Proquest Disserta-
tions and Theses global database.

Potentially eligible studies were uploaded onto a
reference management system (EndNote X4; The
Thompson Corporation, New York, NY, USA), and
duplicate records of the same study were then
removed. The first stage of study selection was
conducted by two reviewers (MS and NK) to elimi-
nate obviously irrelevant studies based on title and
abstract. The same reviewers then independently
and in duplicate performed the second stage of
study selection after reading through the full
reports (Fig. 1).

Data extraction was performed by one reviewer
(MS) and checked by a second reviewer (KS), with
any disagreements resolved by consensus. Subse-
quently, a total of three amendments were made.
Information about study methodology, participant
characteristics and findings was entered into a
pro-forma spreadsheet. Adjusted (aOR) and unad-
justed odds ratios (uOR), P-values and 95% confi-
dence intervals (CI) were obtained from the
studies and, if not provided, were calculated
where possible using Stata 14 (Stata Statistical
Software: Release 14; StataCorp, 2015, College Sta-
tion, TX, USA). The Woolf method with a continu-
ity correction delta = 0.5 (also known as the Gart
method) was applied to calculate these when a
group had a cell count of zero'. The studies on
MIH and HSPM were analysed separately. Strati-
fied outcomes, where applicable, were reported
separately.

Corresponding authors of 18 of the 28 studies
were contacted by email to resolve matters requir-
ing clarification with replies received from 16. The
authors of a further four studies could not be
contacted.

A meta-analysis was not performed because too
few studies had adjusted for confounding.
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[ 2243 records identified 11 Additional records
£ through database identified through other
= searching sources
= Medline (Ovid) 1481
= Embase 721
§ Pubmed 41
2254 records before 5| 147 duplicates excluded
duplicates removed
I
=)
3
5 2107 records screened 1997 records excluded
(%]
[ 110 records assessed for 83 records excluded
eligibility with reasons:
63 Non-MIH
2 \L 7 Prevalence studies
= 3 No control group
%n 3 Cross sectional
= 27 reports eligible and 2 Genetic studies
= scored for strength of 2 merged
evidence and bias 2 reviews
\l/ \l/ 1 older than 1996

25 Studies of MIH

Fig. 1. PRISMA Flow Chart.

Level of evidence and risk of bias

The level of evidence was determined using
Australian  National Health and Medical
Research  Council (NHMRC) guidelines for
reviews of etiology'>. Risk of bias assessment
was conducted in duplicate and independently
by two reviewers (MS and NK) using a modi-
fied version of the Newcastle-Ottawa Scale
(NOS) (Appendix S3)"*. Discrepancies were
resolved by consensus. The NOS is a star rating
system that allocates a maximum of nine stars
across three categories — participant selection
(four stars), comparability (two stars) and mea-
surement of exposure in case—control studies or
outcome in cohort studies (three stars). Studies
with fewer than six stars were considered to be
at high risk of bias; however, no studies were
excluded.

Results

The initial search yielded a total of 2254 results,
which was ultimately reduced to a total of 28 stud-
ies (Fig. 1).
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3 Studies of HSPM

Level of evidence and risk of bias

Of the 28 studies, 25 reported on MIH and three on
HSPM. Of the studies on MIH, 16 were cohort
studies and nine were case—control (Table 1). Four
cohort studies'”'® and one case—control study'’
were prospective. One report'® included two stud-
ies, a prospective cohort (Study 1) and a case—con-
trol (Study 2). All prospective studies were linked
with existing medical cohorts that had been estab-
lished for other studies. Overall, three case—con-
trol***? and four cohort studies'>'®***** had a high
risk of bias, as indicated by the NOS rating system
in Table 1. Two of the three studies on HSPM were
based on the same cohort, with data collected
prospectively®2°. The third study was a retrospec-
tive cohort study and was based on the same
cohort as one of the MIH studies™®.

Measurement of exposures and outcomes

Most studies investigated a broad range of expo-
sures with information about those exposures
obtained mostly from parental report through
interviews or questionnaires. Only a small number
of studies used registries, databases or medical
records®***** 33 MIH-specific criteria were clearly



Etiology of molar incisor hypomineralization

Table 1. Level of evidence and risk of bias of included studies

References Country

Number of participants

Newcastle-Ottawa Scale

Selection Comparability Outcome

MIH - prospective cohort studies
Study 1, Alaluusua et al.,'®  Finland

Alaluusua et al.,® Finland
Kuhnisch et al.,'” Germany
Laisi et al.,'® Finland

MIH - retrospective cohort studies

Allazzam et al.,> Saudi Arabia
Arrow*’ Australia
Brogardh-Roth et al.,” Sweden
Ghanim et al.,?” Iraq
Jalevik et al., ! Sweden
Kuscu et al.,*° Turkey
Kuscu et al.,** Turkey
Laisi et al.,*! Finland
Pitiphat et al.*® Thailand
Sonmez et al.,*” Turkey
Souza et al.,*® Brazil
Wogelius et al.’® Denmark
MIH - case—control studies
Study 2, Alaluusua et al,'® Finland
Beentjes et al.,*° Holland
Dietrich et al.,*! Germany
Durmus et al.,** Turkey
Fagrell et al.,'’ Sweden
Loli et al.,?? Italy
Lygidakis et al.*? Greece

Muratbegovic et al.,®®

Whatling and Fearne®

HSPM - prosgective cohort s

Elfrink et al.,®®
Elfrink et al.,?®

Bosnia and Herzegovina

UK

tudies

Holland
Holland

HSPM - retrosgective cohort studies

Ghanim et al.,*®

Iraq

102 * ok ok k * %
97 ok * %k

692 %k k *k * &
167 %k k * %
267 * ok * &k
550 ok k * ok ok k
164 %k k * * &k
832 ok k * ok * ok k
516 ok k * * * &k
153 %k ok * &k
147 * & ok k
141 %k k * &k
282 ok k * ok ok k

3827 * Kk k * * * &k
903 %k ok * * ok ok
647 ok kK * ok k

40 cases %k ok * Kok ok
40 controls

24 cases * * ok ok
21 controls

31 cases *k * ok
31 controls

54 cases * ok k ok ok
53 controls

224 cases Kk k * Kk * ok k
253 controls

91 cases * * ok ok
91 controls

360 cases %k ok * ok k
360 controls

34 cases ok k ok ok
41 controls

57 cases ok k * ok ok
52 controls

6690 ok kK %k ok k

6690 ok k * % &k
691 ok k * ok ok k

cited by 13 studies as the tool for identifying partic-
ipants affected by MIH'"2>2%27:29303238 " A fyrther
seven studies used similar criteria (demarcated
opacities and post-eruptive breakdown) without
clearly stating inclusion of atypical restorations
and/or extractions'>'*'#21313% Two studies added
further restrictions to the criteria, with one report-
ing only on severe demarcated opacities and
another including only patients with two or more
teeth with demarcated opacities'**”. Two studies
reported on demarcated opacities only*>*! and one
study*? did not explain the index used. All studies
on HSPM modified the criteria to apply these to

second primary molars with two studies™?®

including atypical caries as an additional measure
of HSPM. Dental examinations were conducted
either in dental clinics or school settings by one to
seven examiners. Six studies did not report on the
number of examiners nor on training or
calibration'>1620-223,

Prenatal exposures

As indicated in Fig. 2, there was little evidence
of an association between the most frequently-
investigated prenatal factors and MIH. The
association between maternal smoking during
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pregnancy and MIH was investigated in six
studies'®!719363840 three of which were prospec-
tive'®'”1%. All six studies failed to find a signifi-
cant association. For three of the four studies
that performed multiple logistic regression,
maternal smoking was not eligible for inclusion
in the model due to high P-values (low signifi-
cance) in the simple model*?**. No studies
examined dose-response effects of smoking. Ten
studies assessed the association between mater-
nal illness during pregnancy and MIH, one' of
which was prospective. Although four studies
found a crude (or unadjusted) association”*” %,
the only study to perform multiple logistic
regression”’ found that once adjusted for con-
founding, the association was not significant
(@OR 1.13, 95% CI 0.84-2.12, P = 0.221). There
was considerable variability in the terms used to
describe maternal illness during pregnancy, with
some specific to pregnancy-related disease and
others reporting more broadly in terms of mater-
nal illness (Table S2). Maternal medication use
was investigated in seven studies, six of which

failed to find an association although multiple
logistic regression was not performed in any of
the studies. In addition, maternal stress was
associated with higher odds of MIH in one
study (aOR 3.24, 95% CI 1.33-7.88) but has not
been investigated by other studies to enable any
comparison®’.

Perinatal exposures

Similarly, there was little evidence of an associa-
tion between MIH and perinatal factors such as
prematurity, low birthweight, cesarean delivery
and birth complications (Fig. 3). Of the seven
studies'®*’?*%* investigating the relationship
between cesarean delivery and MIH, one’®, which
conducted multiple logistic regression, found a sig-
nificant positive association. Clarification of the
definition of ‘birth mode” was sought from several
authors as this variable was often reported
ambiguously under term such as delivery type or
normal delivery. Nine studies'? ?"?%273436,37,39
evaluated the association between birth complica-
tions and MIH, with one®® of the two that used a

were retrospective'??>?34384041 Al studies multiple logistic regression model finding higher
) Study Study Design Odds Ratio, 95% Cl Risk of Blas (NOS)
% Fagrell et al., 2011 Case-Control N/A * % * * Kk Kok ok
é’ Ghanim et al., 2013 Retrospective Cohort N/A * * % * * * * *
[
s35 Durmus et al., 2013  Case-Control H— _— * * %
£ RA Souza et al., 2012 Retrospective Cohort e * % % * * *
2 Allazzam et al., 2014 Retrospective Cohort —p— * * * Kk K
s Jalevik et al., 2001 Retrospective Cohort —e— * * % **x  kok ok
UA Souza et al., 2012 Retrospective Cohort e * % % * * % *
Arrow, 2009 Retrospective Cohort o * * % * * * * *
Fagrell et al., 2011 Case-Control N/A * * % *x k kK
§ Sonmez et al., 2013* Retrospective Cohort i * % K * * * % *
£ Whatling and Fearne, 2003 Case-Control —e— * % % * * % K
= Durmus et al., 2013 Case-Control ——— * * K * * K
e RA Souza et al., 2012 Retrospective Cohort e * * % * * * *
5 Ghanim et al., 2013 Retrospective Cohort e * * % * * * * %
w Sonmez et al., 2013  Retrsopective Cohort e * % * * ok Kok ok
= Pitiphat etal., 2014 Retrospective Cohort —ro—i * % * * * * * *
Allazzam et al., 2014 Retrospective Cohort —— * * * * *
Jalevik et al., 2001 Retrospective Cohort —e—i * % * **x  kok ok
UA Souza et al., 2012  Retrospective Cohort —e— * %k * * * *
Arrow, 2009 Retrospective Cohort ... 1 S * * * * ok Kook
o Fagrell et al., 2011 Case-Control N/A * * x kK kok
é Kuhnisch et al., 2014* Prospective Cohort —o—i * * % *k kK
o Arrow, 2009 Retrospective Cohort e * % * * % * % *
© Kuhnisch et al., 2014 Prospective Cohort —p— * % * * * * *
= UA Souza et al., 2012 Retrospective Cohort * % Kk * * % *
* RA Souza et al., 2012 Retrospective Cohort * * * * * * *
= Pitiphat et al., 2014 Retrospective Cohort I i I * * * %k *
(Study 1) Alaluusua et al., 1996a Prospective Cohort k * T 1 * * %k * %
S S o N S

Q°

Fig. 2. Forest plot of the association between prenatal factors and MIH. A meta-analysis was not conducted as too few
studies adjusted for confounding. *Adjusted odds ratio. N/A = odds ratio not provided and could not be calculated.
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odds of MIH after adjustment for confounding.
Reporting of birth complications varied among
studies, with some reporting on specific delivery
complications® and others combining both compli-
cations during delivery and the neonatal period
into one variable?”” (Table S5). The relationship
between birthweight and MIH was assessed in 10
studies, with three reporting on the association
with mean birthweight®*** and a further
seven'???73673% gpecifically evaluating low birth-
weight. Apart from Ghanim et al.”’ who found
higher odds of MIH with low birthweight after
adjusting for confounding, there was little evi-
dence of an association between MIH and low
birthweight. In addition, Brogardh-Roth et al.*
found that per 100 g increase in birthweight, the
odds of MIH reduced by 0.955-fold (95% CI 0.924—
0.987). Despite being investigated widely in 14

Etiology of molar incisor hypomineralization

studies, only three studies reported an association
between prematurity and MIH, with one showing
a strongly positive link*’ and the other two®>*®
reporting prematurity to reduce the risk of MIH.
One other study” (not tabulated) reported no
association with gestational age without any fur-
ther details and without specifically reporting on
premature birth.

Early childhood illness

Illness in early childhood, up to three or four years
of age, was widely investigated (Fig. 4). In addition
to assessing the relationship between a number of
specific conditions such as asthma and fever, sev-
eral retrospective studies evaluated general health
or illness in the first three or four years of life. Of
these, six****?*?"3%41 reported a crude association,
which persisted in the one study that conducted

Study Study Design Odds Ratio, 95% Cl Risk of Blas (NOS)
i Case-Control N/A * * * Kk ok
gt ot o, 2011 CaseConro N o b S
Arrow et al.,, 2009 Retrospective Cohort * %k *hk  kokok
Sonmez et al., 2013* Re@rosgﬁve Cohort * %k *k o kok ok
Brogardh-Roth et al., 2011 Retrospective Cohort & * % Kk * * K Kk
RA Souzaet al., 2012 Refros ve Cohort * %k * * K
Dietrich et al., 2003 Case-Control * % ¥ &
Pitiphat et al., 2014 Retrospective Cohort * k ok kokok
Sonmez et al., 2013 Retrospective Cohort [ * %k * ok kokok
Allazzam et al., 2014 Refrospective Cohort 2 * %k * ok k
Kuscu et al.,, 2009 Relr ve Cohort 4~ * % Kk * K Kk
Whatlinﬂ and Fearne, 2003 Case-Control RN * % * * * K
urmus et al., 2013 Case-Control ¢ * Kk Kk * d K
Kuscu et al., 2008 Retrospective Cohort g * * ¥ K
UA Souzaet al.,, 2012 Retrospective Cohort * K * * d K
Wogelius et al., 2010 Retrospective Cohort ‘ | * % % Kk * * Kk
Fagrell et al., 2011 Case-Confrol NiA
5 Ghanim et al., 2013* Retrospective Cohort —o—1 * %k *hk Kok ok
g Sonmez et al., 2013* Refrospective Cohort HHeo— * Kk ok * ok kokok
= Ghanim et al., 2013 Eetroseedi\ﬁ Cohort —e— * %k Kk *k  kkKk
t Whatling and Fearne, 2003 Case-Contr ] * % %k * * %k *
8 itiphat et al., 2014 Retrospective Cohort f——— * * * *k  kkk
2 Sonmez et al., 2013 Retrospective Cohort [0 * Kk * *k  kkKk
S RA Souzaet al,, 2012 Retrospective Cohort —e— * * % * * ok Kk
Allazzam et al., 2014 Retrospective Cohort —e— * * * K
e il o 2 RPN . v 7 ORI * x x *  kxx
) -
c Beentjes et al., 2003 Case-Control )
8 Fagiell ot al. 2011 Case o) NA L T« %E%
.E Pitiphat et al., 2014* Retrospective Cohort * % K *k  kkk
a Sonmez et al,, 2013* Retrospective Cohort Fe— * Kk k * Kk kokok
E Pitiphat et al., 2014 Retrospective Cohort —— * %k *k  kkk
Ghanim et al., 2013 Reltrospective Cohort i * % * *hk Kk k
£ y
] Whatlingand Fearne, 2003 Case-Control ——— * %k * * kK
o ietrich et al., 2003 Case-Control —t—e—y * * * %
Sonmez et al., 2013 Retrospective Cohort —e—i * %k K *k  kokx
Allazzam et al., 2014 Retrospective Cohort & i * * * % K
Durmuset al., 2013 Case-Control l—o-—i * % Kk * * Kk
E‘ Fagrell et al., 2011 Case-Control N/A * % Kk *k  kkk
= Pitiphat et al., 2014* Retrospective Cohort —e—| * % Kk *k  kkk
b Ghanim et al., 2013* Retrospective Cohort —e— * %k *k  kokKk
Whatling and Fearne, 2003 Case-Control ———y * % & * * %k
f aitiphat et af: 2014 Refrospective Cohort H—e— * % * *k  kokk
RA Souzaet al., 2012 Retrospective Cohort E—e—{ * % * * * Kk K
S Arrow, 2009 Refrospective Cohort —e— * Kk Kk kokKk
UA Souzaet al., 2012 Retrospective Cohort t—ai— * %k * * kK
Ghanimet al., 2013 Retrospective Cohort oH * % % * ok kokok
Jalevik et al., 2001 Retrosp(lacﬁve_eCphOﬁWI —r - Kk *k  kokk
N N N o)
&) N &
Q@ Q° N

Fig. 3. Forest plot of the association between perinatal factors and MIH. A meta-analysis was not conducted as too few
studies adjusted for confounding. *Adjusted odds ratio. N/A = odds ratio not provided and could not be calculated.
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Study

Study Design

Odds Ratio, 95% CI Risk of Blas (NOS)

Ghanim et al., 2013* Retrospective Cohort —6e— * * Kk * * * * *
Sonmez et al., 2013* Retrospective Cohort e+ * * * * * * %k

Kuhnisch et al., 2014* Prospective Cohort =o—t * % Kk * Kk Kk
K Beentjes et al., 2003 Case-Control | O | * * * * Kk
S Ghanim et al., 2013 Retrospective Cohort —0— * % * * * * % *
£ RA Souza et al., 2012 Retrospective Cohort H——e— * * Kk * * * *
2 Jalevik et al., 2001 Retrospective Cohort f—0— * * * * K * * *
{ Sonmez et al., 2013 Retrospective Cohort e+ * * Kk * * * * K
UA Souza et al., 2012 Retrospective Cohort —t—— * * Kk * * * *
Pitiphat et al., 2014 Retrospective Cohort I—|_z_|—| * * * * * * % *

Kuhnisch et al., 2014 Prospective Cohort * * * * * * %
Fagrell et al., 2011 Case-Control N/A * * Kk * * * Kk Kk
Sonmez et al., 2013* Retrospective Cohort —o—i * % * * % * %k

Kuhnisch et al., 2014* Prospective Cohort —— * * Kk * Kk * *
Jalevik et al., 2001 Retrospective Cohort —_—— * %k * % * % *
Allazzam et al., 2014 Retrospective Cohort —e—q * * * * *
Kuscu et al., 2009 (Tavsancil) Retrospective Cohort t - J * Kk * * * *
Beentjes et al., 2003 Case-Control g J * * * Kk Kk
Durmus et al., 2013 Case-Control [ —a | * * * * % *
© Kuscu et al., 2009 (Bozcaada) Retrospective Cohort b ° i * * Kk * * Kk
_E Pitiphat et al., 2014 Retrospective Cohort f——o— * * Kk * * * * *
® Sonmez et al., 2013 Retrospective Cohort —e * * * * * * %k

< Dietrich et al., 2003 Case-Control f——— * * * *

Kuhnisch et al., 2014 Prospective Cohort —o— * % * * % * *
Kuscu et al., 2008 Retrospective Cohort ] * * * kK
Whatling and Fearne, 2003 Case-Control —— * kK * * Kk *
Fagrell et al., 2011 Case-Control N/A * * Kk * * * * Kk
Ghanim et al., 2013* Retrospective Cohort —e——r * * * * * * % *
Sonmez et al., 2013* Retrospective Cohort {ag] * % * * * * % *
Beentjes et al., 2003 Case-Control t J * * * Kk *
Allazzam et al., 2014 Retrospective Cohort —_—oc— * * * % %
Ghanim et al., 2013 Retrospective Cohort —— * * % * * * * %
Durmus et al., 2013 Case-Control H—0— * K Kk * * *
5 RA Souza et al., 2012 Retrospective Cohort H—o—1] * % * * * % *
% Kuscu et al., 2009 (Bozcaada) Retrospective Cohort t J * Kk * * *k *
w Sonmez et al., 2013 Retrospective Cohort 2] * * * * * * % *
Kuscu et al., 2008 Retrospective Cohort —t—— * * * * *
Pitiphat et al., 2014 Retrospective Cohort H—c— * % * * * * %k
UA Souza et al., 2012 Retrospective Cohort —— * * Kk * * * *
Whatling and Fearne, 2003 Case-Control —o—H * * * * * * %
Kuscu et al., 2009 (Tavsancil) Retrospective Cohort | J * % Kk * % *
Beentjes et al., 2003 Case-Control N/A * * * % *
'g Pitiphat et al., 2014* Retrospective Cohort —o— * * * * % * % *
% Allazzam et al., 2014 Retrospective Cohort —e— *ox *okox
=0 Kuscu et al., 2008 Retrospective Cohort — *x * KK
R Ghanim et al., 2013 Retrospective Cohort e * kK ok kokok
= é Pitiphat et al., 2014 Retrospective Cohort —e— * * Kk * * * * *
] RA Souza et al., 2012 Retrospective Cohort —e—i * ok x * * ok k
S Jalevik et al., 2001 Retrospective Cohort f—e—i * ok ok * ko kokok
O Kuscu et al., 2009 (Tavsancil) Retrospective Cohort f——o———| * * * * * Kk
Arrow, 2009 Retrospective Cohort = * ok k Kok ok ok ok
UA Souza et al., 2012 Retrospective Cohort e * %k * L
Kuscu et al., 2009 (Bozcaada) Retrospective Cohort b ° i * * Kk * * *

I LR T “““‘? LR LR T
ng o N o & ,\@Q

Fig. 4. Forest plot of the association between childhood factors and MIH. A meta-analysis was not conducted as too few
studies adjusted for confounding. *Adjusted odds ratio. N/A = odds ratio not provided and could not be calculated.

multiple logistic regression®. There was consider-
able variability in the definition of general health/
illness (Table S8).

Several other studies found associations between
specific illnesses and MIH. A number of retrospec-
tive studies found an association with higher odds
of MIH and early childhood fever, including both
studies that adjusted for confounding27’37 (Fig. 4).
In addition to fever, Ghanim et al.”” reported a
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significant association in cases where fever
was combined with other symptoms such as chest
and/or ear infections (aOR 3.27, 95% CI 1.09-9.82,
P =0.03). Although three retrospective stud-
ies®** found a positive association between
MIH and asthma, the one prospective study and
another retrospective study that adjusted for con-
founding did not find such an association'’’
(Fig. 4). However, Kuhnisch et al.'” did determine



an association (aOR 248; 95% CI 1.35-4.56,
P < 0.05) between respiratory disease and a more
severe variant of MIH where incisor involvement
was also present. There was variability in how
asthma was defined, with some reporting on
asthma in the first, first three and first four years of
childhood and others combining asthma with other
conditions such as allergy (Table S10). In addition
to asthma, pneumonia is another respiratory condi-
tion that has been found to increase the odds of
MIH in two studies that conducted multiple logis-
tic regression®”” (Table S11). In addition, several
other illnesses including measles”, chicken
pox37'39, renal disease?*, gastrointestinal disease™,
bronchitis?*, tonsillitis>>?’, adenoiditis®® and otitis
media®® have been implicated in the etiology of
MIH, but lack support from other studies.

Early childhood medication (not tabulated)

Of the studies evaluating the association between
antibiotic use and MIH, in two retrospective
studies®”*!, a significant association with antibiotic
use in the first year of life was reported. Although
Allazam et al.”® reported an association between
antibiotic use any time in early childhood and MIH
(uOR 591, 95% CI 1.85-18.86), Pitiphat et al.*
found that this association did not remain signifi-
cant when adjusted for confounding (uOR 2.5, 95%
CI 1.2-5.2, aORs not provided). Both Laisi®' (in a
prospective study, uOR 2.06, 95% CI 1.01-4.17) and
Whatling and Fearne® (retrospective study, uOR
522, 95% CI 1.11-5.89) reported a strong associa-
tion with the use of amoxicillin. However, Arrow™*’
did not find such an association when the data
were stratified according to consumption at 0-
1 years and 1-3 years. Souza et al.*® reported a
significant association when amoxicillin was com-
bined with other antibiotics, albeit only in rural
locations (UOR 1.92, 95% CI 1.02-3.62). They did
not assess the association with amoxicillin alone.
Ghanim et al.*” reported that the type of antibiotic
did not demonstrate an association although there
was no further information provided in this
regard.

In a study wusing a Danish medication
prescription database, Wogelius et al.*® found that
although anti-asthma medication was not associ-
ated with MIH (uOR 0.82, 95% CI 0.39-1.65), there
may be an association with a subset of cases
involving posteruptive breakdown (uOR 2.42, 95%
CI 0.70-7.43). Using drug histories, Loli et al.**
reported an association with aerosol therapy for
respiratory diseases (uOR 3.19 95% CI 1.72-5.9). In
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neither study was it possible to control for the ill-
ness itself, implying that asthma medication may
actually be a proxy measure of disease. In the only
other study to assess the relationship with asthma
medication, Arrow failed to find an association
(uOR 1.17, 95% CI 0.51-2.26)*".

Breastfeeding (not tabulated)

In 1996, Finnish researchers suggested an associa-
tion between breastfeeding and MIH as part of a
study investigating the adverse effects of dioxins'®.
The same group subsequently published studies
showing that an association no longer existed,
attributing this to reduction in the levels of dioxin
pollution'®. All but one of the more recent studies,
including both prospective and retrospective stud-
ies, have also failed to find any significant associa-
tion. The only exception is a Swedish case—control
study, but as multiple regression was not con-
ducted, the association may be due to confounding
by other factors'.

Hypomineralized second primary molars

As only three reports > (two of which were
from the same study) investigating the etiology of
HSPM were available, there is considerably less
evidence regarding its etiology than for MIH
(Table 1). However, because both studies have rel-
atively low risk of bias and adjust for confounding
and because one is prospective in nature’*’, the
findings are relatively robust. The Dutch studies
conducted by Elfrink et al.*>*° indicated that while
maternal antibiotic use during pregnancy is unli-
kely to be associated with HSPM, maternal alcohol
intake may be. In addition, Dutch ethnicity and
fever in the first year of life were associated with
HSPM. Ghanim et al.?® reported possible associa-
tions with a large number of factors, with perinatal
factors and neonatal illness being most common,
followed by prenatal factors.

Discussion

Observational studies provide the only means
of assessing the association between suspected
etiological factors and MIH in the population,
because randomization is impossible. However,
the absence of randomization means that con-
founders may mask the true relationship between
a factor and MIH. In the present review, three dif-
ferent tools for assessing risk of bias of individual
studies were trialled, including the NHMRC qual-
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ity criteria, the Scottish Intercollegiate Guidelines
Network  critical appraisal checklist and
NOS'"**2#3_ Consistent with the findings of Deekes
et al.,** the latter was found to be the most appro-
priate for the subject. Modification of the ratings
for some items was required to suit the nature of
the research question. Although demonstration
that the outcome was not present at the start of the
study is an item for the NOS in cohort studies, this
is not appropriate in studies of MIH where the
presence or absence of the disease can only be con-
firmed on eruption of the teeth, many years after
the exposure. As such, this category was removed.
In addition, the rating system for ascertainment of
exposure was changed to two stars for secure
records and one star for ascertainment through
questionnaire, interview (self-report) or medical
record. Similarly, the rating system for ascertain-
ment of exposure was changed for case—control
studies so that a star was allocated not just for
exposures from secure records but also question-
naires, interviews and medical records. Finally,
because this review examined the role of many
etiological factors, it was not possible to identify a
main confounder and a secondary confounder for
rating of comparability. Accordingly, the scoring
was changed to provide two stars for controlling
for confounding using multiple logistic regression
and one star for adjusting for at least one potential
confounder, including matching cases and controls
for factors such as age and gender. The NOS bias
score moves away from providing a single bias
score for each study, but instead should be consid-
ered in the context of each of the criteria. This mini-
mizes the chance that a study with a major flaw in
one aspect could be judged to be low bias because
it performs well in all other aspects of the assess-
ment criteria. Despite clear guidelines for reporting
of observational studies, many studies, including
several recently published, were let down by poor
reporting, in particular regarding non-participation
and loss to follow-up, blinding and power calcula-
tions®.

Overall, there are three major problems with the
studies of MIH. The first is the lack of adjustment
for confounding. As randomization is impossible,
the ability of confounders to exaggerate or dimin-
ish the importance of some factors is a recognized
flaw of observational studies. This is generally
overcome through various statistical methods,
most commonly multiple regression, which are
almost mandatory in such studies. However, a
large number of studies in this review made no
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attempt to adjust for potential confounders. Even
where some form of adjusting was performed, this
was reported poorly with confounders often not
listed nor explained, and unadjusted and adjusted
P-values not provided. Ideally, selection of con-
founders should be based on existing evidence and
the plausibility of a putative association with both
the exposure of interest and the outcome, in this
case, MIH.

The retrospective nature of most studies is
another major problem with studies of MIH. As
most are case—control or retrospective cohort stud-
ies, the level of evidence for the findings in this
review is low. As discussed previously by Alalu-
usua’, retrospective studies rely on parent recall,
often many years after the event. There is strong
evidence to indicate that mothers accurately recall
perinatal factors such as gestational age, birth-
weight and mode of delivery, even many years
after the events*®. However, some aspects of mater-
nal health during pregnancy, recall of breastfeed-
ing duration, child illness and medication use are
less likely to be reliable”*®. A number of studies
cited the difficulty in obtaining medical records
and even these, unless kept in a standardized way,
may lack the consistency and detail needed. There
are many barriers to conducting prospective stud-
ies, including cost, loss to follow-up and non-
participation. As such, using existing medical
cohorts provides a practical means of conducting
prospective studies. Nevertheless, the compatibil-
ity of such cohorts, and specifically their inclusion
and exclusion criteria, with a study of MIH needs
to be considered to ensure that all or at least most
relevant exposures are included. These problems
could be overcome with closer collaboration
between oral and medical research and early
engagement in both the planning and implementa-
tion of birth cohorts.

Finally, the lack of detail and consistency with
the exposures investigated limits comparisons
between studies. Further, it is likely that the study
participants, often the mothers completing ques-
tionnaires regarding exposure to various environ-
mental factors, were also given similarly basic
details about the exposures and so the accuracy of
their responses are questionable. This may be
partly due to the large number of exposures
assessed in many studies; however, to ensure the
accuracy of the data collected, clear definitions of
exposures investigated are recommended.

In addition to the limitations of the studies
included in this review, the exclusion of studies



written in languages other than English may have
resulted in important findings being omitted.
Despite the limitations of the present review, there
appears to be considerable evidence for an associa-
tion between early childhood illness and MIH. Fur-
ther prospective studies are needed to investigate
the role of medications, and whether the relation-
ship changes with the type, number and severity of
illnesses. A number of biological mechanisms for
the association have been suggested and are sup-
ported by laboratory and animal studies. Amelo-
blast function is highly sensitive to changes in their
surrounding environment, including changes
induced by systemic illness*’. The mechanism for
how such factors lead to the specific changes in
ameloblasts that then result in MIH is still unclear
although several possibilities have been suggested.
Recent in vitro rat studies show that prenatal expo-
sure to endocrine disrupting chemicals (EDCs) can
result in MIH-like lesions™. The authors suggest
that EDCs may increase expression of enamel pro-
teins, reduce expression of the kallikrein four gene
and lead to the accumulation of albumin, which
hampers crystal growth. However, there are no
observational studies investigating this link.
Altered expression of genes important in enamel
formation has also been suggested as the link
between fever and enamel defects®’. Alternatively,
the etiology may relate to a metabolic disturbance
such as described in rat studies showing that acidic
conditions (a result of both localized inflammation
and hypoxia) can prevent crystal growth due to the
build-up of hydrogen ions™. Another possible
mechanism may be morphological alterations in
ameloblasts that then lead to changes in enamel
prism structure, although the lesions in MIH are
more complex*. Further laboratory studies regard-
ing the protein composition, structure and
ultrastructure of hypomineralized enamel will
compliment observational studies in establishing a
clear pathogenesis for MIH. Further to this, genetic
predisposition and epigenetic influences are also
likely to play a part in the putative multifactorial
etiology of the condition, and further investiga-
tions of these factors are also needed.

Conclusion

Prenatal and perinatal factors are infrequently
associated with MIH. However, despite a lack of
prospective studies, early childhood illness (in par-
ticular fever) appears to be associated with MIH.

Etiology of molar incisor hypomineralization

Further prospective studies that adjust for con-
founding based on biological principles, as well as
genetic and epigenetic studies, are needed because
the etiology is likely to be multifactorial.
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