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Abstract

Background: Eating disorders are associated with the highest rates of morbidity and mortality of any mental disorders
among adolescents. The failure to recognize their early signs can compromise a patient’s recovery and long-term prognosis.
Tooth erosion has been reported as an oral manifestation that might help in the early detection of eating disorders.

Objectives: The aim of this systematic review and meta-analysis was to search for scientific evidence regarding the
following clinical question: Do eating disorders increase the risk of tooth erosion?

Methods: An electronic search addressing eating disorders and tooth erosion was conducted in eight databases. Two
independent reviewers selected studies, abstracted information and assessed its quality. Data were abstracted for meta-
analysis comparing tooth erosion in control patients (without eating disorders) vs. patients with eating disorders; and
patients with eating disorder risk behavior vs. patients without such risk behavior. Combined odds ratios (ORs) and a 95%
confidence interval (Cl) were obtained.

Results: Twenty-three papers were included in the qualitative synthesis and assessed by a modified version of the
Newcastle-Ottawa Scale. Fourteen papers were included in the meta-analysis. Patients with eating disorders had more risk
of tooth erosion (OR=12.4, 95%Cl=4.1-37.5). Patients with eating disorders who self-induced vomiting had more risk of
tooth erosion than those patients who did not self-induce vomiting (OR = 19.6, 95%Cl = 5.6-68.8). Patients with risk behavior
of eating disorder had more risk of tooth erosion than patients without such risk behavior (Summary OR=11.6, 95%Cl = 3.2—
41.7).

Conclusion: The scientific evidence suggests a causal relationship between tooth erosion and eating disorders and purging
practices. Nevertheless, there is a lack of scientific evidence to fulfill the basic criteria of causation between the risk behavior
for eating disorders and tooth erosion.
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chemical process without bacterial involvement. It is clinically
detectable as thinner enamel with chamfered ridges, cupped cusp

The incidence o.f eating disorders (EDs) has 1ncreased' over the tips and grooved incisal edges, sometimes with dentine exposure
past decade, both in males and females [1]. These conditions are [7.,8]
,8].

associated with significant functional impairment and serious

Introduction

Dentists usually monitor their patients on a regular basis,
sometimes throughout their childhood and adolescence. There-
fore, they may be the first health professionals to suspect EDs, due
to their oral implications, contributing to the patient’s early
referral to specific treatment [3,9]. Nevertheless, even with the

physical and psychological consequences due to an excessive
preoccupation with body weight or shape. The mortality and
morbidity rates associated with EDs are among the highest of any
mental disorders [2].

Medical complications from EDs may affect any organ and be
life-threatening [3]. Tooth erosion (TE) has been considered an
oral manifestation of EDs associated with vomiting practices [3-6].
TE is a complex and multifactorial condition characterized by a
progressive and irreversible loss of tooth structure due to a
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increasing prevalence of EDs, the causal effect between these EDs
and TE has not been thoroughly discussed in literature.

Hill’s criteria of causation [l10] must be considered in
contemporary epidemiology and consist of nine items: strength
of association, consistency, specificity, temporality, dose response,
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experimental evidence, biological plausibility, coherence, and
analogy [11].

An evaluation of Hill’s criteria of causation applied to the
possible causal relationship between EDs and TE suggests
specificity between both conditions (patients who suffer from
EDs may present TE), temporality (the cause — EDs — occur before
the consequence — TE), biological plausibility (vomiting practices
related to the EDs causes an acid attack to tooth enamel),
coherence (one cause is specific to one effect), and analogy (other
diseases or exposures, such as acidic food or gastroesophageal
reflux can cause TE).

Nevertheless, all the points raised before have to be systemat-
ically discussed and analyzed before drawing inferential causal
conclusions. Furthermore, it is important to evaluate the strength
of evidence of such an association and of the dose-response
relationship, and search for experimental evidence. The aim of the
present systematic review and meta-analysis was to search for
scientific evidence of the following clinical question: Do EDs
increase the risk of TE?

Materials and Methods

Search Strategy

The inclusion criteria for this systematic review were: epidemi-
ological studies (cross-sectional, case-control, cohort and clinical
trials) concerning etiological factors and/or the prevalence of TE
and its association to any type of EDs (bulimia, anorexia, binge-
eating, dysmorphic body disorder, vomiting, hyperphagia) in
humans (Checklist S1 presents the PRISMA checklist for
systematic reviews).

The exclusion criteria were: unrelated epidemiological studies
(other outcome rather than TE), reviews, studies reporting
vomiting habits not related to eating disorders, case reports/case
series/letters to the editor, laboratorial studies (in vitro studies,
extracted teeth, fossils), studies reporting dental treatment, dental
materials, knowledge concerning TE, epidemiological studies that
did not associate EDs with TE, studies with self-report of TE and
infeasibility of extracting data.

The search was conducted in May 2011 and updated in June
2014 by three reviewers (APH, PADO and CCM) in eight
different databases: MEDLINE through Pubmed (http://www/
pubmed.gov), Web of Science (http://www.isiknowledge.com),
Cochrane Library (http://www.cochrane.org/index.htm), Clinical
Trials (http://www.clinicaltrials.gov), Current Controlled Trials
(http://www.controlled-trials.com), The National Institute for
Health and Clinical Excellence (http://www.nice.org.uk), and
Lilacs and the Brazilian Library of Dentistry (BBO) through
Virtual Health Library (Bireme, Latin America) (www.bireme.br).
No restrictions were placed on language or year of publication.

The following search strategy was used in the MEDLINE, Web
of Science and Cochrane: ((non-carious cervical lesions OR non-
carious cervical lesions OR non-carious cervical lesions OR tooth
wear [Mesh] OR dental wear OR tooth erosion [Mesh] OR tooth
erosion* OR dental erosion OR dental enamel [Mesh] OR dental
enamel OR enamel erosion) AND (anorexia [Mesh| OR anorexia
OR anorexia nervosa [Mesh] OR anorexia nervosa OR bulimia
[Mesh] OR bulimia OR bulimic eating disorder* OR bulimia
nervosa [Mesh] OR eating disorders [Mesh] OR eating disorder*
OR binge-eating disorder [Mesh] OR body dysmorphic disorders
[Mesh] OR hyperphagia [Mesh] OR binge-eating/vomiting OR
vomiting [Mesh] OR vomiting OR risk factors [Mesh] OR
pathology [Mesh] OR eating habits) NOT (“animals”[Mesh]
NOT “humans”[Mesh])). In MEDLINE, the search was limited to
“humans”.
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In Lilacs, BBO, Clinical Trials, Current Controlled Trials and
The National Institute for Health and Clinical Excellence the
search was conducted using combined keywords: “tooth erosion”,
“dental erosion”, ‘“‘enamel erosion”, “‘anorexia”, “bulimia’,
“eating disorder”.

The electronic search retrieved 1094 abstracts and titles
(Figure 1). Reference Manager Software (Reference Manager,
Thomson Reuters, version 12.0.3) was used to organize the
studies. After the duplicate references were removed, a total of 822
abstracts and titles were read and analyzed by two independent
and calibrated reviewers (APH and PADO). As a calibration
exercise, the reviewers thoroughly discussed the criteria and
applied them to a sample of 20% of the retrieved studies to
determine inter-examiner agreement. After adequate agreement
was achieved (Kappa: 0.72 to 0.77) all the studies were read by the
reviewers independently. Disagreements were resolved by consen-
sus and by the supervision of the gold standard (CCM). If relevant
data was missing or if the paper was not available, the primary
authors were contacted for additional information/article request.

Systematic reviews, theoretical reviews and additional articles of
potential relevance were also manually searched. Grey literature
was searched from BBO, which retrieved thesis and monogra-
phies, and from MEDLINE, which retrieved abstracts recently
presented in congress. During the abstracts’ analysis all studies
addressing risk factors for TE were selected, even when EDs were
not mentioned, in order to search for relevant data not reported in
the abstract. The exclusion criteria for abstract and title selection
are detailed in Figure 1. Among the 822 records screened, 159
were selected for full text analysis (Table SI presents excluded
studies from full text analysis).

Data Extraction

Data extraction was conducted by two independent reviewers
(APH and PADO) and supervised by the gold standard (CCM).
The data analysis is described in Tables 1 and 2. The main
analyzed outcome was that TE and EDs were extracted as
categorical variables based on authors’ descriptions. Extraction
was based on non-exposure to risk factor vs. exposure, as follows:

- Control (no EDs) vs. anorexia

—

- Control (no EDs) vs. bulimia

- Control

—

no EDs) vs. bulimia with self-induced vomiting (SIV)
no EDs) vs. bulimia without SIV

- Control (no EDs) vs. any type of EDs

- EDs without SIV vs. EDs with SIV

- Control (no ED risk behavior) vs. ED risk behavior

- Control

—

Not all studies described all variables. Confounders were
extracted and described as if they were evaluated in multivariate
analysis.

Methodological Quality Assessment

The quality of the studies was peer-reviewed by APH and
PADO using a modified version of the Newcastle-Ottawa Scale for
observational studies. Disagreements were resolved by consensus.
No cohort study was selected during the analyses as they did not fit
the inclusion criteria. No clinical trials were found by electronic
and manual search.

A system of points (stars) was given to the eligible categories:
sequence generation entries, allocation concealment, blinding,
incomplete outcome data, and sample losses. The scale scores
varied depending on the study design: for cross-sectional studies it
ranged from O (lowest grade) to 6 (highest grade) and for
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Figure 1. Screening of articles. Four-phase PRISMA flow-diagram for study collection [38], showing the number of studies identified, screened,

eligible, and included in the review and meta-analysis.
doi:10.1371/journal.pone.0111123.g001

case-control studies it ranged from O to 10. Studies with scores
above the median were classified as high quality studies [12] : >3
for cross-sectional studies and >5 for case-control studies.

Each cross-sectional study could be awarded a maximum of one
point for each numbered item, except for the ‘Comparability’
criteria, in which a maximum of two stars could be scored. When
referring to the case-control studies, one star could be awarded for
cach numbered item, except for the items ‘control for confounders’
and ‘diagnosis of tooth erosion’, in which a maximum of two stars
could be scored (Tables 3 and 4).

Statistical Methods and Data Synthesis

The Comprehensive Meta-Analysis program, Version 2 [13]
was used for meta-analysis. Heterogeneity between studies was
evaluated using I? statistics [14]. Meta-analysis was conducted
when 1% was below 50% and the sensitivity test was conducted
when heterogeneity ranged from moderate to high, in order to
exclude studies that would increase the heterogeneity. Random
effect model was used when heterogeneity was high and fixed
effect model for low heterogeneity (0.0%) [14,15]. Risk measures,
95% confidence interval (CI) and p-value were described in forest
plots, and summary risk measures were calculated. Publication
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bias was not evaluated as there were not enough studies to be
grouped in a funnel plot [16,17].

Results

Studies Characteristics

The study selection process is presented in Figure 1. After full
text analysis, 23 studies were included in the qualitative synthesis
of this systematic review (13 case-control and 10 cross-sectional)
and 14 were included in the quantitative synthesis (meta-analysis).
A summary of included studies with details including the studies’
outcomes as reported and quality appraisal scores is shown in
Table 1 and 2.

In general, for case-control studies, cases were recruited from
reference centers of EDs and controls were recruited from
universities and dental services [4,18-24]. Data for comparison
of TE experience among patients suffering from bulimia and
anorexia patients was provided by 2 studies [23,24].

Other studies [25-27] compared TE in bulimics with self-
induced vomiting and non-vomiting groups. There was only one
case-control study [28] that selected patients based on outcome
(with TE vs. patients without TE). Three cross-sectional studies

November 2014 | Volume 9 | Issue 11 | e111123



Tooth Erosion and Eating Disorders: Systematic Review

NOISO¥3 HLOO1 40 NOILVYNTVA3I

s1012e}
Buipunojuod Joy siskjeue jusawisn(pe

2yl 01 paiejas uondudsap oN (2

¢ SI9PUNOJUOD BIOW JO OM] Jo) paishipe

S (UOISOJD U3003) 152I93Ul JO dInsodxd dY|

(9 % J9PUNOJUOD U0 3Y) J0j palsnipe

S| (UOISOJD Y1001) 153491Ul JO Insodxd

xx 9y] (e s1I9punojuod 1o} [0U0) (L

SISATVYNVY dO NDIs3a
JHL 40 SISvE 3HL NO STOYLNOD
/S3SVYD 40 ALITIaVHYdWOD

siapiosip Bunes jo uodai-y9s /Aylesy

sem jualed ayi JI pa1eIs 10U /32IN0S JO
uondudsap ou (q x (19piosip Bunes) aseasip

x Jo K015y ou (e sjosauod jo uoniuyaq (v

uondudsap

ON (2 (e) Med ul syuswaiinbas Buikysires

JON (g » uonendjed sjdwes ‘sjdwes

wopuels Jo S3UUNWWOD ‘edle Juswydied

pauyap e woij pa1d3[as syuedidinied

(e (sjo13u0d) siapaosip bunes

x noyum syuedmnnied jo uondses (€

uondudssap oN

( (e) wed ur suawaiinbai buikysies jou o

S9selIq UOIID3IS IO [eIIUSIOJ (4 ¥ Uolie|ndjed
o|dwes ‘s|dwes wopuel 1O SINUNWWOD
‘uonjezjuebio sdueuUIRW YIBIY DIUl]d

Jo [eudsoy paulyap e ul ‘edle JusWYdIed

paulSp e WOl Pa1I3I3S SI9PIOSIP

Bunes yum syusneq (e (sased) siapiosip

Bunes woay buridyns syuaned ayy jo

x uoId33s pue ssaudAneyuasaIday (Z

uondudsap oN

(2 spodal-J|as uo paseq JO ‘UOIIRUILIEXD

[e21U1]> INOYUM(G ¥ [eudsoy e woy

Pa.19)21 1O ‘JUBWINIISUI PIIEPI_A YHM

40234 |EDIPAW JO UOIIRUIWEXD [BDIUl]D

x (e saapJiosip Bunea jo sisoubeiq (L

VId3Lidd NOILD3T3S I1dINVS

[ve] €661
“le 3
zAno}

[0€] 8861
“le 33
poom

-usain

[e€]
000T
“le 3@
ej9|
-oAls

[8L]
0661
“le 32
jemoH

[LE]
6861
‘sauor
-uoy
-e3|D 3
sauor

[z€l

6861
‘Spejs 3
JIA3SOJIN

[6L] [oz] [zel [yl zioz [82] [s€]

S661L 8661 800C “le 3@ L661L 6661

“le 13 “le 13 “le 13 uoss “le 3@ “le 33

qqoy eewoiy uewpad -ueyor  uauiader wyo
-ijpowy

SONILYY LNIJWSSASSY dIFHL ANV S3IANLS TOYLNOD-IASYD

[LZ] 800T
“le 3@
uasaukqg

'S9IPN3S |0JIU0D-9SED 10) 3D BMBRIIO-D|ISEIMIN JO UOISIDA Paljipow e YBnoayl SaIpNIs [BUOIIDDS-SSOID 104 Pasn BLIDIUD JUSWSSasse ANend *L ajqeLl

November 2014 | Volume 9 | Issue 11 | e111123

PLOS ONE | www.plosone.org



Tooth Erosion and Eating Disorders: Systematic Review

L00¥€ZLLLLOduOd [eUINO/LLEL'OL:IOP

‘sisAjeue 21eLRAI}NW Ul PS3eN|eAS 219M ASY} §i SB PagLDSIP pue PaldeIIXd dI9M SISPUNOJUOD) "SI|GRLBA ||B PIGUISIP S3IPNIS ||& 10N

(mo)) (moy) (moy) (U6 (U6 (CLE) (CLE) (CLB) (CLB) (ubw) (U6 (U6 (ubw)
oL/€ oL/s oL/s 0L/9 oL/8 oL/t oL/t oL/8 oL/8 oL/8 oL/6 0L/6 0L/6 (s1e35) IHODS AYVIWINNS
paiels 10N
(© %0z< sso| 3jdwies Jo ey (q ¥ %0T=
x X X X X X X X X X x X x $s0| d|duwies jo ajey (e d3es asuodsay (€
ON (g ¥ SIA (B S|O43U0d pue sased
X ¥ ¥ ¥ X x x X X ¥ ¥ ¥ x 10} uonEN|EAS JO poyIdW dwes (Z
uondudsap oN (p (g/e) Med ul spuswaainbal
Buiysies 1ou 1o syodal-jjas uo paseg
(> ¥ SN1e)S |04IU0D /3SeD O} Papullq Sem
Jaulwexe syl pue (e) ued ur syuswalinbas
paysnes (q x eddey — juswaaibe
J3AI95qO JO 1odas /xapul UOISOID
41001 e Jo asn 8y} Huiuodas uoneujwexa
> > > > X xx X Xxx Xxx X X X X [e21Ul]D (e UOISO4d Y300} jo sisoubeiq (L
[ve]l €661 [0€] 8861 [e€] [8L] [L€] [zel [6L] [oz] [zel [yl zioz [82] [s€] [LZ] 800T
“le 3® “le 3® 000T 0661 6861 6861 S661 8661 800¢C “le 3® L661L 6661 “le 39
zAnoy poom “le 39 “le 39 ‘ssuor  ‘spe|s B “le 33 “le 32 “le 32 uoss “le 3@ “le 39 uasauig
-usaun eq9| jemMoH -uo} DIAISOlIN qqoy eewolly uewpidad -ueyor  uauinser uiyo
-OAlS -e’D B -lpow3
sauof

SONILYY LNIJWSSASSY dIFHL ANV S3IIANLS TOHLNOD-IASYD

quo) *L d|qel

November 2014 | Volume 9 | Issue 11 | e111123

PLOS ONE | www.plosone.org



Tooth Erosion and Eating Disorders: Systematic Review

Z00YETLLLLOBdUOd [ewnol/LZEL 0L 10p

(moy) 9/¢

(moy) 9/¢

x

(mo)) 9/¢

x

(moy) 9/¢

x

(mo)) 9/¢

x

(moy) 9/¢

x

(Y61Y) 9/t

x

(Yb1y) 9/

x

(Y61Y) 9/5

x

xx

(Y61y) 9/9

x

xx

(s4e15) IHODS AHVININNS

pa3e1s 10N (2 %0Z< Sso| 3jdwes jo
d1ey (q X %07= sso| s|dwes jo S3ey (e 1es asuodsay (7

uondudsap oN (2 (e) Med ul syuswaiinbal Buikysies jou Jo
suodal-J|9s uo paseg (q x (eddey) Juswaaibe JaA19sq0
J0 1odal 1o Xapul UOISOId Y100} € Jo dsh 3y} bunuodas
uoljeulwexa [ed1ul) (e UoisoJd Y100} jo sisoubelq (L

NOISO43 HLOOL 40 NOLLYNTVAT

s1010e) Bulpunojuod 10y Siskjeue jusawisnipe

31 01 paiejas uondudsap ON (2 ¥ SISPUNOJUOD 3IoW JO
0M] 10} pa1snipe si (UOISOJD Y100)) 153431l JO Unsodxa ay |
(9 ¥ J9puUNOjUOd 3UO Y} o) PaISN(pe S| (UOISOID Y1001)
15991Ul JO 2Ins0dxd By (B SISPUNOJUOD 10 [0UO0D (L

SISATYNV 40 NOSIS3d FHL 40 SISVd JHL NO ALTIGVEVdWOD

palels 10N (2 (e) wed ul syuswaiinbai

Buikysines 10N (g » uonendjed sjdwes ‘ajdwes wopues

1O sanIUNWWOoD ‘uoneziuebio sdueUSIUIRW Yl[eSY DIUl]d JO
Jexdsoy paulyep e Ul ‘eale JUIWYDIEd PIULRP B Ul SISPIOSIP
buines yum sjuaned (e siapiosip bunes woiy buuayns
sjuaned syl JO UONDSISS PUR SSBUAIIRIUSDIARY (T
uondudssp oN (2 suodal-§j9s uo paseq

JO ‘uoneujwexa [es1ul]d INOYUAN(Q ¥ [eadsoy e wouy
paLIajal JO JUBWINIISUl PIlepljeA YUM PIodal [edpaw Jo
uoleulwexa [edlul) (e siapiosip buies jo sisoubeiq (L

VI43LI-4D NOILD3TIS F1dNWVS

[€2] £86L'T
73 syaqoY

[92] £L6L
“le 32
3sinH

[£Z] Lo0T
“le 33
osuo|y

[6Z v00T
“le 1@
sauawix

[2] 800T
“e 32110

-ajueyi

[sloLoz
“le 1@
sauawix

[9€] 9861
[CET)
suowwis

[6] 800
“le 1@
Assau

-ybneys

[se] LL61L
‘wons|iPH

[9] €L0T
“le 1@
JUoWIBH

SONILVYY LNIWSSIASSY HIFHL ANV S3IIANLS TVYNOILDIS-SSOUD

"S2IPN1S [RUOIIBAIDSCO 10§ B|BIS BMBIIO-S|1SEIMIN JO UOISISA PAlIpoW e ybnoiyl saipnis [UOIIDS-SSOID 10) Pasn eLLID Juswssasse AlenD g ajgel

November 2014 | Volume 9 | Issue 11 | e111123

PLOS ONE | www.plosone.org



Tooth Erosion and Eating Disorders: Systematic Review

(sor0<d)
sdnoib Bupiwoa-uou
pue Buiiwon buowe
9a169p | 31 usamiaq

9OUIBYIP Oou (s|o1uod g EBIIEIN]
sem a1dy] (L00°0>d) pue sased |ewusq jo
S|0J3u0> ueyy (9€-81) LO'EF 6/ :LTL)  |00YdS :s|onuod
1431 Jo 23163p saybiy (ou) 85T :S|0)u0) S|0JIU0D 0S 191U SI9PIOSI]
pey sdnoub buniwon 1591 s,Avn | pue (,4N) SONa3 (,4N) (S€-81) ¥S'E pue sased Bune3 pue (ysnbu3z) [¢z] 800z “Ie 33
(oL)8 -uou pue buniwopn  YAONY ‘@ienbs-1y) ‘N tNV (€661) ‘|2 19 uossueyor T Op'ET sase) Slewa4 98 9¢| AV[SJETVIREH-S) [EIIH] uewad-lpows
(6'TT—€'L =10%S6
'S'G=Y0) ;3L yum
pa1e1d0sse siolAeyaq
bunes abuiq 11D
/BuniWwon (v - 1'T YesH [eusQ
1D%S6 ‘S'8:HO) e (a6e) uoissaibal A.&zv SONQ3 (pawuoyiad sem $]0U0d HS ol|qnd :sjosuo)
yum pajeposse  d1sibo| [euonipuod ‘++Ng uoneiqied pue bujuiely) JUN s|ouod Slewsy pue sased Sl Japiosig (ysnbu3) [¥] ZL0T “Ie 19
(o1)8 siapiosip bunes ‘s1s21 ajeleAlg ‘HZ< payipow (6/61) s9|223 (0S-0L1)S"Lg:sased pue sjew S 801 buney :sased) uspams uossueyor
(ooe-€
=12%56 ‘LE=HO)
1AL yum pajedosse
sem Buniwon jo
ao110e4d Y3 |9pow
21s160] Y1 uj NV (31 noyum)
woyj buuayns asam sjoJu0d eaJe PuIs|9H
dnoub-ased ay3 woly (€8-£1) 00l pue (31 ueyjodonsy
syuaned syl Jo %/ (19puab ‘abe) (,4N) €°9¢€ :s|osuo) Slewsay Yyum) sased :S|oJ3u0d (ys1|6u3) [82] L661
(ol)e ‘g3 Jo ddudjeAdld  uoIssaiBbai dnsIboT - (P£61) supjuar pue s9|233 (€£-€1) L'€€E 1s95€D pue e 901 90T pue sase) puejui4 “le 39 uauinler
(Lo'0>d) (s1apuosip
1AL yum pajedosse Bunes wouy (sjonu0d 5
sem bunes-abuiq wouy Buliayns sieak pue sased
Bunsyns pouad sy JO J1aquinu ‘abe) 18 :€€1) buisinu
(1000>) Aanss | 31 uolssaibal dnsibo) (gl S]0JU0D 7§ Jo 9b3||0D
UM pP33eID0Sse 1M pue 1531 Asunym WSQ) SONa3 (L4N) "2 39 (L-61) ¥T :s]01u0D Slewsy pue sased :5]043U0D DIl (ysnbu3) [s€] 6661
oL)6 siapiosip bunes ay) -uue 15811 “+sNg 1NV 1ssn Aq payipow s9|213 (Lt—L1) ST :saseD pue sjew 00L :ZSL  duIRIYdASY :sased) uspams “le 1@ Wyo
(6100=9)
dnoub -jonuod (Suup Ausiaaiun
9yl yum pasedwod JIpide pue 9)el jo;uoD
dnoib . Ng ul Moy} Kienijes (0£-02) ZF1L'€T S]0J13U0d Ausianiun
18ybIy Apuedyiubis ‘abe) uolssaibas (4440l (F90=X) 's|joi3uo) (€€-81) 0z pue (ys1bu3) [12] 800T
(oL)6 Sem 3103s | 3| aydnnyy WSQ) ++Ng payipow ‘e 19 uasie YF8ET SaseD) dlewd{  $3sed 07 (0  dMIeIYdAsd :sased) ylewuaqg “le 19 uasaukg
al10ds (enjea-d) (saapunojuod (era310 (eddeyj/uoneiqijed) (saeak ui abues) s|dwes (sjdwes Bunyes |exo (ebenbue| Apms
fjenp 10 (1D %S6 10} paisnfpe) Jisoubelp) X3pul UoIS0Jd Y300] uoneulwexs ay) jo Jeuy) uonedl|qngd)
{40) sswomnnQo sonsniels JapJaosip |ejusp e abe 19pusn s|dwes Anuno>
bunes ueaw sjusaned leniu|
Jo adAyL

'9102s Aujenb J19y3 01 Huiplodde pajuasaid mainas direwslsAs

SIY1 Ul papnjpul SSIPNIS [0J1U0-3SE)) *E d|gel

November 2014 | Volume 9 | Issue 11 | e111123

PLOS ONE | www.plosone.org



ic Review

Systemat

Tooth Erosion and Eating Disorders:

11 NIS oum syusned
IV suaned 4.Ng
Buowe 90¢ syuaned

4N isjo1uod
(s€-61) :dnoib

yeis [endsoy

$]03u0> AMSISAIUN :S]0JIUOD)

+NV Buowe %6 (,4N) +Ng (bT-S1) ¥z pue  sjusied |eydsoy [o€] 8861 “le 19
(olL)s 'L Jo dus|eAsld N +Ng MZ< N :dnoib +NY ajewsa S95eD $7 8% A)IsIaAlun sased) (ys1jbu3) pueja.) poomusain
dnoib +4Ng
buowe 986 S|01U0D
Buowe 9%9'Ly 3\ 31 JO
dudjeAld (600°0 =) 8L F S|0J3U0d /4N :s|jonuod
1131 Yyum pejerdosse (ou) 1521 (44Nl WSQ) 8S°CT 'S|0U0) 6% TL pue  [eudsoH Japiosig [€€] 000T
(o1)s 2I9M +:Ng pue NV 10exa s, aysiy4 ++Ng TNV AN ¥ 8T€C 's9seD Sewsay  sIsed y| 9¢ Buneg :sased (uerjey) Ajey “[e 33 ejI3JoAIS
(sjosquod
(ou) uonejauody oL pue (syuswnedap
(50°0<d) uosiead s9sed g :gl)  J9y3lo) ANSIDAIUN
sdnoib ay) usamiaq pue YAONY S|0J3U0d $]043U0D) O
1,31 Jo dduasaid ayy 1591 10eX3 (8- (444 0l pue Iapiosiq buney [81]1 0661
(01)9 UIIMI3Q dUBYIP ON s, Jaysi4 1593-/ SQ) 4+Ng RELN 1S|01JU0D) 9 ZiSaSeD) dlewa{  sased oL :0z  ANSISAIUN s9SRD (ysnbu3l) vsn “|e 19 1eMOoH
(L000>4)
1AL yum pajeposse
sem 44Ng sjudied
++Ng Buowe %69 S|oJ3u0d d1Jo [eudp
s|o)u0d Huowe 94/ (ou) (LHN) 6 F 6'8C :S|ouod) 7T pue 91eAlld :S|0JJU0D (ysybuz)  [L€] 6861 ‘sduor
oLz ;431 Jo ddusjeAdid asenbs-1y>y +Ng (LUN) eus3D UMQ ¥'8F8'67:595€D dewa{  sased || €€ pue sased) eJlY YINoS  -Uo1e3|) %3 SAUO[
(1000>d) ;31 yum
palelosse aidm sq3
OYL ;1 AIS YHMNG
Buowe 9,zpsiualred
11AIS INOYUM 4.Ng (8111 Aisnuag
Buowe 98z sjudned WSQ) ;. AIS 40 |ooyds
+NV Buowe o€ UM +4Ng $|0J1U0d 0§ pue jooyds
s|oi3uod Buowe 99 (ouU) VAONY ‘| ,AIS In0oyum (LHN) ybruy pue ynws (6£-G1) :sjonuod Slewsy pue sase>  |eIP3 :S|0J3U0d (ysnbu3z) [c€]l 6861 "opelS
(1972 ‘1431 Jo dudjedld ‘alenbs-1yD +Ng TNV Aq padojanap 1ML (E¥-91):s95€D pue sew 85 801 pue sase) pue|buz 3 JINSSOJIN
(500°0>0) ((HN) ££Ng siopuane
1131 yum pajepposse pue (2dAy S]0J3U0d 7Z1 |eIuP :S]0JU0D
319M 4 Ng pue (ou)  DAIDMISAI pue (LHN) ybruy pue ynws pue sased suonnsul (ysbu3) [61] S661
(ou)z (s2dAy yr00) 4NV 1591 squspnis  buibind) (NY Aq padojansp IML 1N 1N TTL WPz dMelydAsd sased puejbu3 “le 33 qqoy
dnoib Ng
Buowe 9¢c9 ‘s|o1u0d sab3||0) pue
Buowe oL 1 3,31 JO 0LF sjoJ3uod SIDIAIRS [eIuaQg
dudeAdld (L0°0>d) (¥6'0-¥£'0=M) JAT4 soL S9NISISAIUN
131 yum pajeposse (ou) 1591} (4444 ‘e 39 uduIner B :s|oJu0) 8'9 pue sased  :sjoJ3u0) |eydsoH (ys|bu3) [02] 8661
(01)8 219M 4, Ng pue asenbs-1y> |l WSA) 44Ng suBjud[ pue s3[2d3 ¥ €67 sased) dlewa4 Ge:orl  AusIdAlun sased puejui4 “le 19 eewQiAy
9402s (enjea-d) (sispunojuod (er931d (eddeyjjuoneaqijed) (s1eak ui abuea) ajdwes (edwes Bunyas |edx0 (abenbue| Apms
fjend 10 (1D %S6 10} paisnfpe) Jnsoubelp) Xapul UOIS0Jd Yj00] uoneujwexa ay3 jo Jeuy) uonedijqnd)
‘40) sswodINQ sansnpels JapJaosip |ejuap e abe J19pusn s|dwes Anuno)
punes ueaw ,sjuaned leniuj
jo adAL

Ju0) *€ 3|qel

November 2014 | Volume 9 | Issue 11 | e111123

PLOS ONE | www.plosone.org



>
2
St
=8 |2
OVI m
pf
o o=
§ o=
55_ |53
—_ el
E:d} - 9
°U2 8
OSoB® 5T
587 %2
wn
Ol (X’
- -
m —
\Sg 2
[
S%e |85
- 3
238|532
m-:?g £
- f=4
WU |(Oxs
g -
- +H
] H o
v G635 %X
OT € .= o=
PES DG s
85882 23
FeT oGS (<2
5=~
]
Ta
._%
c
sx
8
wu
P
£ 35
0= .
08 |
L=z
£ TI-5
- 51=3
o8 cog o =
gEeox> | 0®
w38 e g4
0 - =
twS o |8
o ED|Om
SRR
a s o <l
S
002 [
s 2% |
€% £ e
Yo g |
Oown |uw
—_ e)
=4
_%_ %_ o ®
[ T ©n
- []
EEEE |5
SEAER | C
o
c
£
£
]
wn
®
8 |z
a |z
c
23
2®WO | 5~
g8 |2z
£=35 |(co
529 2%
o2 S |3¢c
oes (u
o
c
o
|
. =
m c
° kL
2 A
©
[ hlR2

(p-value was not
reported)

19.1 + 3.8 Controls:

22.1 £33

15 controls

= Diagnostic and Statistical Manual of Mental Disorders, 4th Edition; NR'

AN* = anorexia nervosa; BN** = bulimia nervosa; DSM Ill- R¥+ = Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition, Revised; DSM IVFH+

not reported; TE'" = tooth erosion; SIVITT = self-induced vomiting.

doi:10.1371/journal.pone.0111123.t003
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[5,6,29] evaluated TE in adolescents with ED risk behavior, and
the others evaluated adolescents already diagnosed with EDs.

Quality assessment. The quality of cross-sectional studies
ranged from 2 to 6 (maximum: 6) and 3 to 9 (maximum: 10) for
case-control studies (Tables 1, 2, 3 and 4).

Data Synthesis

Comparison of vomiting practices. Iigure 2 shows meta-
analysis of three cross-sectional studies [25-27] of patients with
EDs who SIV wvs. patients with EDs that did not SIV and its
association with TE. There is a significant association between
patients who SIV and increased risk of TE (Summary OR =19.6,
95%CI=5.6-68.8).

Comparison between types of EDs vs. control (without
EDs). A total of 9 case-control studies [4,18,20-22,30-33] were
included in this meta-analysis (Figure 3). The analysis was
performed in subgroups; twelve outcomes are presented. A
sensitivity analysis was performed to decrease heterogeneity. In
some studies [4,22,33] the types of EDs were not specified,
therefore they were grouped in a category called ‘EDs’, according
to authors’ definitions. The EDs subgroup presented a significant
association with TE (Summary OR=12.4, 95%CI=4.1-37.5).
Also, anorexia (Summary OR =7.7, 95%CI = 1.9-30.6), bulimia
(Summary OR =8.7, 95%CI = 3.4-22.0), and bulimia with SIV
(Summary OR =13.0, 95%CI = 3.8-44.7) were significantly asso-
ciated with TE; but not bulimia without SIV (Summary OR =6.3,
95%CI=0.8-46.9).

ED risk behavior and its association with TE. The meta-
analysis and sensitivity analysis of two cross-sectional studies [6,29]
showed a significant association between adolescents with ED risk
behavior and TE (Summary OR=11.6, 95% CI=3.2-41.7)
(Figure 4).

Discussion

Assessment of Bias in Included Studies

In the present paper no bias occurred due to language or year of
publication, as there was no exclusion related to these reasons.
Twenty papers were published in English [4-6,9,18-26,28,30
32,34-36], and there were also publications in Portuguese [29],
Spanish [27] and Italian [33]. The search presented papers
published from 1977 [25,26] to 2013 [6]. A manual search was
conducted on reference lists of the studies screened and literature
reviews.

Assessment of Methodological Quality

Among the cross-sectional studies, the major shortcomings
involved the data collection process and comparability issues on
the basis of the study design or analysis. One study did not
mention whether the patients suffering from EDs were diagnosed
by clinicians or if validated criteria were used to evaluate the ED:s.
It also did not mention if the patients were referred from hospitals
[25]. Only a few studies reported the criteria used to identify TE
or if the examiners had been trained and calibrated [6,9,25,36].

Another shortcoming refers to the external validity of the studies
analyzed. During the analysis it was observed that the majority of
the studies were conducted among female samples; from the 23
studies included in the meta-analysis, nine included male
participants [4,5,25-29,32,35]. Also, the studies had a broad age
range, varying from 12 [5] to 83 [28] years.

The absence of controlling for confounders was also observed.
Only two studies reported adjusted analysis for confounders, and
one controlled the association between TE and EDs for dietary
habits and oral hygiene [6]. The other study controlled salivary
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Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit p-Value
Hellstrom, 1977 [25] 17,3 32 929 0,00
Aonsoetal.,2001[27] 225 21 2448 0,01 —l—
Hurstetal., 1977 [26] 240 1,1 5052 0,04 —
19,6 56 688 0,00
0,01 10 100
Favors whodonotSIV  Favors who SIV

Figure 2. Meta-analysis of three cross-sectional studies associating tooth erosion with patients with eating disorders without self-
induced vomiting (SIV) vs. eating disorders with SIV, with statistical significance; 1> =0.0%, fixed effect model used.

doi:10.1371/journal.pone.0111123.g002

Study name Subgroup within study Statistics for each study

Milosevic & Slade, 1989 [32] anorexia
Greenwood et al., 1988 [30] anorexia

Dynesen et al., 2008 [21] bulimia
Rytomaa et al., 1998 [20] bulirmia
Jones & Cleaton-Jones, 1989 [31] bulimia
Howat et al., 1990[18] bulirmia

Milosevic & Slade, 1989 [32] bulimia SIV
Greenwood et al., 1988 [30] buiimia SIV

Milosevic & Slade, 1989 [32] bulimia without SIV

Johansson et al., 2012 [4] ED

Emodi-Periman et al., 2008 [22] ED
Sivolella et al., 2000 [33] ED

Odds Lower Upper
ratio limit limit p-Value
7.8 1,7 360 0,01
7.0 03 1863 0,25
7.7 1,9 306 0,00
7.8 23 261 0,00
13,1 53 326 0,00
2,7 37 1909 0,00
1,5 0.2 98 0,67
87 34 220 0,00
1,5 30 448 0,00
232 11 4738 0,04
13,0 38 447 0,00
6.3 08 469 0,07
6.3 08 469 0,07
85 21 344 0,00
34 20 5668 0,02
18,2 1,8 1881 0,01
12,4 41 375 0,00

Odds ratio and 95% Cl

f

jury

10 100

Favors control Favors ED

Figure 3. Meta-analysis of nine case-control studies showing twelve different outcomes associating tooth erosion with types of
eating disorders (EDs) with or without self-induced vomiting (SIV) vs. controls. Eating disorders were analyzed in subgroups according to
each type of ED. Heterogeneity: 12=0.0% (Anorexia subgroup), 12 = 44.0% (Bulimia subgroup), 12 =0.0% (Bulimia with SIV subgroup), 12=0.0% (Bulimia
without SIV subgroup), 1=0.0% (EDs subgroup), random effect model used.

doi:10.1371/journal.pone.0111123.g003
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QOdds ratio and 95%Cl

Study name
Odds Lower
ratio  limit
Hernmont et al., 2013 [6] 8,5 26
Ximenes et al., 2004 [29] 46,3 2,6
11,6 32

Upper
limit p-Value
27,6 0,00
834,6 0,01
417 0,00
001 01 1 10 100

Favors control Favors risk behav ior

Figure 4. Meta-analysis of two cross-sectional studies associating tooth erosion with eating disorder risk behavior (EDs) vs. control
groups (patients without eating disorder risk behavior), with statistical significance; 12=11.3%, random effect model used.

doi:10.1371/journal.pone.0111123.9g004

factors and the duration of oral manifestations and EDs [25]. The
studies did not clearly report whether there were sample losses,
with only one study including a written description of this aspect
[24].

With respect to the case-control studies, one study [28] selected
the cases by the presence of TE instead of the manifestation of
EDs. Only two studies did not report whether a baseline
examination was conducted to ensure that the controls were not
suffering from EDs at the beginning of the study [33,34].
Regarding the oral examinations, four studies did not mention
the criteria used for TE diagnosis [18,30,33,34]. Details on the
blinding process were also fairly reported as only four studies
reported that the examiners were blinded concerning the ED
status of the participants during the oral examinations

[6,20,22,32].

Strength of Evidence

The evidence found in the meta-analysis of the case-control
studies indicates that patients suffering from different types of EDs,
anorexia, bulimia and bulimia with SIV have a greater risk of
exhibiting TE in comparison to individuals without such exposure
(Figure 3). It was also observed that EDs were significantly
assoclated with the severity of TE (p<<0.01) [35]. Only one study
did not show this association as TE was not detected in any patient
[9]. However, the study pointed out some limitations, such as the
small number of participants, which limited the statistical power of
the analysis performed [9]. Bulimia and anorexia were signifi-
cantly associated with TE (Figure 3). However, the authors did not
specify whether the disorders involved vomiting practices. The
assoclation of bulimia, anorexia and TE was also highlighted by
other studies [19,34].

There was a statistical association of bulimia with SIV and TE,
but not for bulimia without SIV (Figure 3). This reinforces the
hypothesis that purging techniques are crucial cofactors for the
occurrence of TE, which results from a chronically acidic oral
environment [4]. This can be reinforced by Figure 2, which shows
that patients suffering from EDs who SIV had a significant greater
risk of TE when compared to patients who did not SIV. In this
case, EDs were not specified by the authors. Such an association
was also observed in other studies [28,36].

Nevertheless, analysis from Figures 2 and 3 involved a small
number of studies. For example, in Figure 3, the subgroup of

PLOS ONE | www.plosone.org
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bulimia presented four studies and all other subgroups were
composed of fewer studies. Also, Figure 2 included only three
studies. The small number of studies analyzed can decrease the
statistical power of the tests. In this research it can be observed that
some results (Figures 2, 3 and 4) present large confidence intervals,
decreasing the statistical power and the precision of the estimated
population effect size [37]. One possible explanation for the low
statistical power resulting from such intervals may rely on the small
sample of some studies.

Furthermore, the methodological quality can influence the
meta-analysis interpretation [12]. The studies included in
Figures 2 and 3 were very heterogencous. Figure 3 included
studies with quality ranging from 5 to 9 points; Figure 2 included
two studies that scored 3 points [26,27] and one that scored 5
points [25] (Tables 2 and 4). It is well known that the type of
quality assessment scale used affects the analysis and the
conclusions of meta-analytic studies, therefore the use of other
quality scales could have resulted in different outcomes [12].

Several studies [4,19-21,31-35] which were conducted in
different settings and using different methods showed similar
findings related to the possible causal relationship between EDs
and TE. Specificity, temporality, and dose-response relationships
were also observed. Some studies observed that the years of
exposure to EDs and vomiting practices influenced the risk of TE
[35,36]. Nevertheless, only cross-sectional and case-control studies
were included in this systematic review. No cohort study was
found. This highlights the need of prospective cohort studies,
which could provide the highest strength of association to confirm
this scientific evidence.

The association between the ED risk behavior and the presence
of TE was investigated by three studies [5,6,29]. One of the studies
[5] did not enter the meta-analysis, as it was excluded during the
sensitivity analysis. When analyzing the forest plot it can be
observed that although the studies’ meta-analysis showed a
significant association between these variables, the confidence
mtervals were large, decreasing the statistical power [37].
Moreover, the studies’ quality assessment revealed a high degree
of heterogeneity; one study scored 3 points [29] and the other
scored 6 points [6] (Tables 2 and 4). The methodological
heterogeneity evaluated by the quality assessment scale can
influence the meta-analysis interpretation [12] and the strength
of evidence.
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Inferential causal conclusions associating the ED risk behavior
and TE cannot be drawn due to the studies’ cross-sectional design
and the limited number of studies which were evaluated in the
meta-analysis (Figure 4).

The consistency related to the possible causal relationship
between ED risk behavior and TE is weak. There are only 3
studies analyzing this issue and two of them were conducted in the
same place [5,29]. Furthermore, by analyzing the literature it is
still not possible to draw any conclusion related to the specificity,
temporality, dose-response, experimental evidence, biological
plausibility, coherence or analogy between both conditions
considering only three cross-sectional studies. Up to the present
time, there is still a lack of solid evidence for an increased TE risk
due to EDs, once there is no low risk of bias reporting a large
effect.

In the present systematic review it was not possible to evaluate
the publication bias as there were not enough studies to be
grouped in a funnel plot [17]. However, there seems to be a
tendency to report a positive association between EDs and TE.

Conclusions

Purging practices seem to increase the risk of TE. Nevertheless,
there is a significant lack of scientific evidence to fulfill the basic
criteria of causation between both conditions. Moreover, the
present systematic review does reveal that to date there is no solid
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evidence in support of the postulated causal role of EDs in the
occurrence of TE.

It is important to conduct prospective cohort studies in this area
in order to investigate such evidence. Special attention should be
given to studies on ED risk behavior, as the main goal should be to
detect subclinical cases and avoid the onset of EDs and further
comorbidities.
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