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Introduction

Abstract

Background: Dental caries, as a multi-factorial problem, is prevalent among children. The aim
of this review was to assess the association between dietary free sugars (DFS) consumption and
dental caries in 6- to 12-year-old children in the recent longitudinal evidence.

Methods: In this systematic review, data base search was performed in PubMed, Embase, ISI
Web of Science and Scopus using the keywords “diet”, “dental caries” and “school children”.
We considered the articles published in English from 2004 to 2019. After duplicate removal,
title, abstract, and full text of all included papers were assessed by two independent reviewers.
The quality of included papers was assessed using the Newcastle-Ottawa scale.

Results: From 2122 papers, ten longitudinal studies were included. In the included studies,
the consumption of 100% juice (daily), candy (more than once a week), and soft drink and
sweet drinks (at bedtime) were highly associated with caries in children. In few studies, daily
consumption of water and dairy products was reported to be protective. However, some studies
reported non-significant association between consumption of different sugary items and dental
caries. The quality of included studies was moderate. Heterogeneity was observed in the
measurement of caries outcome, and data collection tool for diet assessment, and statistical
measure, which impeded the meta-analysis of data.

Conclusion: The methodology and results in the longitudinal studies on the association of
dietary free sugar consumption and dental caries in schoolchildren were heterogeneous, which
urge the need for further standard research protocols in this area.

emphasized as a risk factor for heart disease, obesity,

Dental caries is a multi-factorial disease, and several
risk factors and risk indicators influence its incidence
and progression. The main risk factors for dental caries
are reported to be diet, saliva, fluoride exposure and
cariogenic bacteria, which are in contribution to the
context of social, behavioral and economic factors. Risk
indicators such’ as socio-demographic factors, oral health
related knowledge, attitude, and behavior play also
important roles on the caries process.! According to the
ecological plaque hypothesis, demineralization of tooth
structure occurs in dental biofilm as a result of ecological
disturbances in response to the external factors such as
sugar exposure, inadequate salivary flow and inadequate
fluoride exposure.! In the context of “Common Risk
Factor” approach to control chronic diseases, diet is

stroke, cancer, diabetes, as well as dental caries.”

In 2001, the strong evidence supporting the relationship
between sucrose intake and development of dental caries
became weaker in the fluoride era.’ Based on the evidence,
dietary free sugars (DFS), refer to “all monosaccharides
and disaccharides added to foods and sugars naturally
present in honey, syrup, fruit juices and concentrates’,
increase the risk of dental caries.* Accordingly, reducing
the level of free sugars intake to less than 5%-10% of the
total energy intake is recommended for better health
outcomes.” In 2014, the dose-response relationship
between dietary sugars and dental caries was further
confirmed, suggesting a very low sugars intake as low as
2%-3% of the total energy throughout life, regardless of
the community fluoride level.®
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A recent review study has shown that children tend to
have energy-dense, nutrient-poor snacks in the past few
decades which have resulted to an increase in the risk of
overweight and obesity, diabetes and dental caries.” In
recent years, several studies have been reported on the
determinants of dental caries in children and adults. In
2014, Moynihan and Kelly* conducted a review on the
impact of sugar on dental caries in children and adults.
They included the studies published from 1950 to 2011
with cross-sectional, non-randomized interventional,
cohort and population-based designs. However, there is
a scarcity in the review studies on longitudinal evidence
assessing the relationships between sugar consumption
and dental caries in children. Our aim in this systematic
review was to assess the recent longitudinal evidence on
the association between DFS consumption and dental
caries in 6-12 years old children.

Methods

This systematic review was conducted using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses guideline (PRISMA)® and was registered in the
PROSPERO (Registration ID: CRD42020167627). The
PICO question of our study defined as: What is the dental
outcome (considering incidence and/or progression) of
high intake of DFS in comparison with low intake of DFS
in schoolchildren?

Table 1. Search strategy for databases included in the review

Search strategy

Electronic databases including Embase, PubMed, Scopus,
and IST Web of Science were searched for articles published
on the association between “diet” and “dental caries” in
“school children” between January 1, 2004 and September
22,2019.

The search strategy is presented in Table 1. Endnote
Reference Manager Software version X8 was used for
the management of the articles. Removing the duplicate
references, two reviewers (AP and ZM) reviewed the title
and abstract of the papers and the full text of the included
studies, independently. In the case of disagreement
between the reviewers, consensus was reached through
discussion.

Eligibility criteria

The inclusion criteria were (i) prospective cohort studies,
(i) exposure to each type of sugary items, (iii) having
tooth decay as an outcome measure, and (iv) children
aged 6 to 12 years, as study population. The studies
published in English in the past 15 years (2004 to 2019)
were included. Letters and conference abstracts were
included. Publications were excluded if the study subjects
had systemic disease and/or disorders. The publications
reporting in non-English languages, as well as editorials,
reviews, unpublished and grey literature, theses and the
papers not fulfilled the inclusion criteria were excluded.

(‘diet'/exp OR 'cariogenic diet'/exp OR 'carbohydrate diet'/exp OR ‘carbohydrate loading diet'/exp OR 'free
sugar*':ti,ab,kw OR 'added sugar*':ti,ab,kw OR 'sucrose'/exp OR 'sugar'/exp OR 'drinking behavior'/exp OR
'sugar intake'/exp OR 'eating habit'/exp) AND ('dental health'/exp OR 'dmf* index'/exp OR 'dental caries'/
Embase 361 exp) AND (2004:py OR 2005:py OR 2006:py OR 2007:py OR 2008:py OR 2009:py OR 2010:py OR 2011:py
OR 2012:py OR 2013:py OR 2014:py OR 2015:py OR 2016:py OR 2017:py OR 2018:py OR 2019:py) AND
(‘article'/it OR ‘article in press'/it OR 'conference abstract'/it OR 'letter'/it) AND ([preschooll/lim OR [school]/

lim) AND [English]/lim

Search ((("Diet"[Mesh]) OR "Diet, Cariogenic"[Mesh]) OR "Diet, Carbohydrate Loading"[Mesh])) OR (("Dietary
Sugars"[Mesh]) OR "Dietary Sucrose"[Mesh])) OR (("added sugar"[Title/Abstract]) OR "free sugar"[Title/Abstract]))

PubMed 357

OR drinking behavior[Title/Abstract]) OR eating habit[Title/Abstract])) AND (((("Dental Caries"[Mesh]) OR
"Tooth Demineralization"[Mesh])) OR "DMF Index"[Mesh]) OR "Oral Health"[Mesh]) OR Caries[Title/Abstract])

OR "Tooth decay"[Title/Abstract]) Filters: Congress; Journal Article; Letter; Publication date from 2004/01/01;

English; Child: 6-12 years

((TITLE-ABS-KEY(diet) OR TITLE-ABS-KEY("cariogenic diet") OR TITLE-ABS-KEY("carbohydrate diet") OR TITLE-
ABS-KEY("sugar*") OR TITLE-ABS-KEY (sucrose) OR TITLE-ABS-KEY("eating habit") OR TITLE-ABS-KEY("drinking
behavior") OR TITLE-ABS-KEY("added sugar") OR TITLE-ABS-KEY("free sugar"))) AND ((TITLE-ABS-KEY("dental
caries") OR TITLE-ABS-KEY("tooth demineralization") OR TITLE-ABS-KEY("tooth decay") OR TITLE-ABS-KEY("DMF
index") OR TITLE-ABS-KEY(caries) OR TITLE-ABS-KEY("oral health") OR TITLE-ABS-KEY("dental health"))) AND
( LIMIT-TO ( PUBYEAR,2019) OR LIMIT-TO (PUBYEAR,2018) OR LIMIT-TO (PUBYEAR,2017) OR LIMIT-TO

Scopus 269

(PUBYEAR,2016) OR LIMIT-TO (PUBYEAR,2015) OR LIMIT-TO (PUBYEAR,2014) OR LIMIT-TO (PUBYEAR,2013)

OR LIMIT-TO (PUBYEAR,2012) OR LIMIT-TO (PUBYEAR,2011) OR LIMIT-TO (PUBYEAR,2010) OR LIMIT-TO
(PUBYEAR,2009) OR LIMIT-TO (PUBYEAR,2008) OR LIMIT-TO (PUBYEAR,2007) OR LIMIT-TO (PUBYEAR,2006)
OR LIMIT-TO (PUBYEAR,2005) OR LIMIT-TO (PUBYEAR,2004) ) AND ( LIMIT-TO ( DOCTYPE,"ar" ) OR LIMIT-TO
(DOCTYPE,"cp" ) OR LIMIT-TO ( DOCTYPE,"le" ) ) AND (LIMIT-TO (EXACTKEYWORD,"Children" ) OR LIMIT-TO
(EXACTKEYWORD,"School Child")) AND ( LIMIT-TO (LANGUAGE,"English" ) )

TOPIC: (diet) OR TOPIC: ("cariogenic diet") OR TOPIC: ("carbohydrate diet") OR TOPIC: ("sugar*") OR TOPIC:
(sucrose) OR TOPIC: ("eating habit") OR TOPIC: ("drinking behavior") OR TOPIC: ("free sugar") OR TOPIC: ("added

Web of Science 1133 sugar") Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years AND TOPIC: ("dental
caries") OR TOPIC: ("tooth demineralization") OR TOPIC: ("tooth decay") OR TOPIC: (caries) OR TOPIC: ("DMF*")
OR TOPIC: ("oral health") OR TOPIC: ("dental health")

2In the Embase database the “dmf” index included both “DMF and dmf” index.
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The authors of some selected papers were contacted.

Data extraction

The full texts of all selected papers were reviewed, and the
following characteristics for each study were extracted:
author names, publication year, sample size, participants’
age at baseline, follow up period, diet assessment tool,
caries measurement as outcome, and main results
including the reported statistical measures. For each
paper, the relevant statistics were reported as hazard ratio
(HR), odds ratio (OR), relative risk (RR), incidence rate
ratio (IRR), and the mean difference of caries in subjects
who had high intake of sugary items compared to those
with less intake. The confidence interval was reported for
the statistical measure if indicated.

Risk of bias assessment (quality assessment)

Two independent reviewers (AP and ZM) assessed
the quality of the included papers. The risk of bias
was assessed using the Newcastle-Ottawa Scale’ for
observational studies. The scorings were then checked
with the third reviewer (LA), and consensus was reached.
The Newcastle-Ottawa Scale contains three domains
including the selection of study groups (0-4 points),

adequacy of adjustment for confounding (0-2 points),
and ascertainment of the outcome of interest (0-3 points).
According to the scale guide of the checklist, the maximum
score is 9. The papers with the score of 7 and higher were
considered to be with high quality and otherwise was
considered to be with low quality."®

Results

Literature search

In total, 2120 publications were identified. Removing
574 duplicates, we assessed the title and abstract of
all remaining 1546 papers. Of these, 49 papers were
considered for full text review. The studies with cross-
sectional design were excluded. After careful review, ten
papers were included in the final analysis. The PRISMA
diagram is depicted in Figure 1.

Studies time span

The longitudinal studies with different time span were
included in the review, and are presented in Figure 2.
Due to the nature of longitudinal studies, the studies that
covered the age range of children i.e. 6 to 12 years at one
end were included. In eight studies, the initiation of study
was with 6 years old'''® children and younger, and in two

= Records identified through Additional records identified through
£ database searching other sources
g (n=2120) (n=2)
=
=
D
=
=1
v v
— Records after duplicates removed
(n=1548)
o
=
=
-
5]
= v
@
Records screened Records excluded
> (n=1499)
(n=1548)
£
E A Full-text articles
3] ; .
5 Full-text articles assessed for excluded, with retizons.
eligibility (n = 49) age range or study
design (n = 39)
=
D
<
s
2 Studies included in
qualitative synthesis (n = 10)

Figure 1. Flowchart of the study according to PRISMA
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Figure 2. A graphic view of the time span of included studies

studies, the start was with children over 6 years old."**
Three studies considered longer time spans; a study
started with the children at birth and ended at 10 years
of age,'® another study started with 3 years old children
and last for 13 years,"” and one other study started with
the children at age 2 and ended at 9 years of age.!! The
time span of participant children in the included studies is
presented in Figure 2.

Caries measurement
The dental caries as an outcome was reported using
different indices:

DMF (Decayed, Missed, and Filled Teeth/Surfaces): Six
studies reported DMFT/dmft, including the study of Ollila
and Larmas, who reported the dmft as initial vs. manifest
caries.!"'>!5171 Three studies also used the DMFS/dmfs
index.12,16,20

ICDAS (International Caries Detection and Assessment
System): Two papers claimed to use the ICDAS index."*'¢

Others: In one paper, the experience of caries was
reported by parents/guardians.'

Diet assessment

For diet assessment, a variety of scales including diet
questionnaires,'>'>? the 24-hour recall questionnaire,'*
the 3-day diet diary,'>" the 4-day food record,"” and the
Food Frequency Questionnaire (FFQ)'®'® were used.
One paper” did not report the diet assessment tool. In
one study,” two dietary instruments were used to collect
dietary data. The details extracted from the selected
papers are presented in Table 2.

Main findings

Among 10 selected studies, two studies showed non-
significant associations between DFS consumption
(food/drink) and dental caries development.'>*

Several studies showed a mix of significant and non-
significant associations between DFS intake and dental
caries,'">1416171% one indicated a borderline association,'
and one showed a significant relationship between sucrose
intake and dental caries onset.”® The statistics used to
report the association between caries outcome and sugar
consumption were: (i) hazard ratio (HR) ,''»'7 (ii) odds
ratio (OR),"'>' (iii) prevalence ratio (PR),” and (iv)
incidence rate ratio (IRR).!* The summary of findings are
presented as follow.

Association between DFS and dental caries in children
presented as HR

Ghazal et al conducted a study on 98 African-American
school-aged children in a non-fluoridated community.
They reported that daily consumption of 100% fruit juice
had marginally significant association with a shorter
time of caries experience in the permanent dentition,
after adjusting for the consumption of milk and sugary
beverages (HR=1.54; 95% CI: 0.99-2.40; P=0.053), though
its impact was marginally significant.'?

In a 7-year follow-up study conducted by Ollila and
Larmas on Finnish children, the consumption of candies
and inadequate oral hygiene at the age of two was reported
as risk factors for caries development in both primary
and permanent molars. In this study, the children eating
candies more than once a week had higher HR on the
development of new caries in deciduous molar teeth (tooth
55 [HR=6.83, P<0.05] and 75 [HR=8.18, P<0.05]), and
permanent teeth (tooth 16) (HR=3.13, P<0.05)."

Association between sugar consumption and dental
caries in children presented as OR

Chankanka et al,® Levine et al,”” and Hooley et
al" reported OR for the association between sugar
consumption and dental caries. In the former study, on a

274 | Health Promot Perspect, 2021, Volume 11, Issue 3



Mahboobi et al

SN ‘[(239 ‘sa1j002) Je3ns Yiim ydIels pasjeq ‘(219 “1edns umolq ‘Asuoy ‘1edns
a|qe)) te3ns pappe ‘Apued ‘suassap paseq-iedng tuajem pue ‘syullp suods ‘dod epos je1p

(uoneyined)

1 110¢

A Aep-
£ ‘dod epos (pasedns) tejnSas ‘sodesonaq pasedns-iopmod ‘syutp 201n[ ‘s301nl 2001 “[IWI 1%anp 1e1P poos fepe v s 861 ‘e 12 euByURYD
£0°0>d “(91°91 €6°0) £8°€ TYO AW YIBUS J€ YDIeIS PISSI0IY
SN ‘saLied pue ,(mo| yim pasedwod y3iy-a|ppiw) axejul Jedns [ejop
(S0°0>d ‘96'% “P¥"1) 89°C Y| @2€HNS Paj|ly Mau Yum (dn mojjoj  0BUNS P3]|ly MON
Vi pue aul[aseq je y81y) 3uIunsuod YULIp YOS {S0°0 > d “(€7°S ‘9€°1) £9°T 24| @Ie4Ns paj|y Svapl 044 z G-¢ 69¢ 51800 ‘[B 12 Wi
MU YIIM (Y3iy 0) padueyo auijaseq je mo|) uondwinsuod YUulp Yos ‘S0°0 >4 “(+9°C ‘91°1)  ‘(dunusQ) &Ew_o
G/'1 ¥y udWaIdUl SaLed yum (ysiy o) padueyd auljaseq e moj|) uondwnsuod yuLip 1jos
SN “(s1e9A LZ°01 "SA €0°01) @SN Ou YIIM pasedwod 3am e adUO uey
asow uondwnsuod Apued YIIM UIP[IYD Ul SIBJOW | Juduewad 10) sawi) [BAIAINS UBDIN
100°0 > d ‘(s1e94 90"Q L "SA £8°/) 95N OU Y}IMm paledod 3oaMm e d0UO (dunuaq)
, uey) aow uondwnsuod Apued Y3IM UIp[Iyd Ul SIB[OW pug \rmE:\o_ 10} SOWIN} [BAIAINS UBS)N  SOLIED JSAJIUBIA anpULONSND , . cal \
S70°0=d ‘(pevodaiiou [D) @ ¢ tyH  "SA (jaweu3) 1£00T ‘e R B[O
‘9] Y100} Ul JOSUO SILIBD DY) L}IM 399M B 9DUO UBLJ} I0W SAIPURD) 100’0 > 4 ‘(pariodal SsoLIed [eniu]
10U D) 81°8 “¥H ‘SZ YI00} Ul J9SUO SILIED UM 3D9M B 9DUO UBY)} dI0W S3IpUe) 1 00°0 > d
‘(pariodal Jou D) €879 2H ‘G Y100) Ul J9SUO SOLIED YIIM }99M B 9DUO UBY) 2I0W SIIpUL)
610°0 = d ‘(parodaiiou D) 1970 HO ‘SL-L1
a8e je uondwnsuoo yonpoud Alreq LE€0°0 = 4 ‘(parodal jou D) 767 L 2O ‘PlO SiedA G- | (uoneyiAed) Areip pooy Aep-¢
9 § P ) P 0 mv _u_, o finne g DlFut ey 14 VA LEY 61£00C ‘[© 19 dUIAST]
ul saLIed Yim s1eak | |-/ 98e je yurip STAN Jo uondwinsuod awnpag 41 €0°0 = d ‘(+1°SA AW amwp % ||edd1 INOY-1¢
1>) PlO SIBIA G- | Ul 4N Yhm sIedk | -7 98 Je julp SIAN Jo uondwnsuod swipag
‘SN ‘SyuiIp uiuiejuod-1e3ns ‘SYeUS J99MS ‘SHNISIC/SIDIM Sireuuopsanb (ueauw) ‘1219 AoJo
6 SN "SYuLIp sutuley Al ) HNDSIC/S199MS pSAWA paInpNIg 9 00°/ 89¢CC 02500C ‘|e ) 1
e ——
. _ ) (£00=d 's°C oL° m £ (Aoueyu) a¥00CT
14 F6°€) LIWA+HWP se saLied Jo S Fueaw pue [Mo] 'sa ysiy] (|S) a3esul 9s01on§ (10°0 = d 1dWa-+jwp O4d 0l i e 99 12 19 usumoNy
‘I'LFS0 SA 0'CF L) JWp se saLed Jo s Fueaw pue [mo] sa ydiy] (IS) axejul 8s01ong g _ :
«21098 s)|nsa4 ure 2INnseaw awodin uawinJjsu * A) 98 oS 1e34) 1oyn
Anpend ] ey mno ) Jsuj dn-mojjoy (A) 93y ajduses (1ean) Joyny

USIP[IYD Ul S31IBD [BJUSP PUE JDIP USIMID] UOIIeID0sSe ay) Suniodas saipnis [euipnyiSuo] ay) Jo Alewwns *g ajqer

| 275

Health Promot Perspect, 2021, Volume 11, Issue 3



Mahboobi et al

"JI0Y0D |BDLIOISIH 5 ‘POOJ PI[OS D1ud30LIRY) |, {SISA[EUR SJRLIBANINIA 5 159} N ASUNYAA-UUBIA 4 D]eDS BMENIO) 9]ISBD) MAN o

‘JuedlIugis

JOU :GN {WA)SAG JUSWISSISSY pue UONIIA(] SalIeD) [BUONBUIRIUL ‘SYD)] ‘Direuuonsan®) Aouanbai pooq ‘044 ‘onel a)es aduapIdul Yy ‘0nel sppo YO ‘onel adudjerasd Y ‘ones plezey “YH suoneirdiqqy

SN ‘wn3 Jo/pue Apued jo uondwnsuod ‘uondwnsuod
wng Jo/pue Apued jo Aouanbaly Ajrep ‘sa8etanaq Jedns-pappe ‘jiw jo uondwnsuod Ajreq

L / o> i~ S9 aileuuonsan 9 6'S 86 610¢ ‘[e 19 |eze
200°0=d ‘(#2°0 '9T°0) ¥¥°0 “4H JoreM 91 SINa O FOLOTE I B2EHD
jo uondwinsuod Ajleq €50°0 = d (0¥'C '66°0) ¥S°L 24H 92Inf %001 jo uondwnsuod Ajreq
SN ‘syoeus ‘Ansed ‘sjpamg
¥0°0=d ‘(L0°0- £1"1-) 85°0- =4d (s9A "Jou) (paa) Juduewad S
[[B) SUOIS3| PIJLUARD-UOU '2PIRIIARD )M SHULIP YOS ON ‘€0°0 =d ‘(£0°0- ¥ L-) 9£°0- /(poreNALD-UOU
8 2dd (24 “Jou) (yrooy Jusuewnad [[e) SUOISS| PRIRIIARD UM SYULIP JOS ON (€0°0 = d (€00~ 0 @Bw.HSmuv (:9) AN S oL 90¢ 4810¢C - [e1oeua|]
‘€°1-) 69°0- *¥d (S9A "Jou) SUOIS3| PRYRHARD LIM ULIP 3OS ON ‘¥0°0 = d ‘(20°0- ‘0T"1-) Lwa F._m ._.&\,Um_
85°0- 2¥d (S9A “Jou) SUOISS| PRJEIIABDI-UOU X PIJEIIABD YIIM YULIP YOS ON “40°0 =d “(L0°0- P
“1°1-) 6570 “dd (SOA “Jo1) SUOISD| PAJEIABD-UOU X PAILHARD YHM uondwnsuod 39ams oN
91 CL
_ (uonejined) 15910¢C
/ ‘6 ‘9 93k Je sa11ed Jo st JayBiy yum pajeidosse sem ¢ age 1e (3 %0 1<) 9yeiul 9s04ons ydiH R p10231 pooy Aep-f €l I3 ol “e 15 usurerelie
(9%0°0 = d) dnoid-|5 mo| ueyy 1aysSiy sem dno.s-|s ySiy ut satied Jo 3§ F ueaw ay| LHwamwp ey IB[EEA
(ou/saA) (UonOBNXD
SN (T 9reM) julIp 19ams ,
L e e onem) sup pomg 0 SUllIl S0 AABD) - jje31noy-+g 4 S—¥ 6¥1y  »T10T ‘e 10 A9jooH
1000=d 1L AO (€ AUHP aouaLIadxa saue)
w1098 sj|nsaJ ure 3Jnseaw 3wod)n uawinaysu * (A) 28 oz1s (4eak) aoyn
Append i W no ¥ isul dn-mojjo4 v 9|dwreg v

panunuo) g ajqeL

| Health Promot Perspect, 2021, Volume 11, Issue 3

276



Mahboobi et al

sample of 198 Caucasian children, 37% had new carious
lesions, which were significantly associated with cavitated
and non-cavitated caries experienced at the age of 5,
frequent consumption of processed starch at snack time,
being older, and having less frequent tooth-brushing. As
a subsidiary finding, consumption of processed starch at
snack time had a marginal significant association with
dental caries (OR=3.87; 95% CI: 0.93-16.16, P=0.07). No
significant association was reported between having other
sugary snacks and dental caries.”

In the study conducted in 2007 by Levine et al, 608
children aged 7-11 years were followed up for 4 years.
The 7-11 years old children who had sugary beverages
before bedtime were 2 times more likely to develop
caries later at the age of 11-15 (OR=1.92, P=0.033). In
addition, moderate consumption of dairy products and
daily tooth brushing had protective effects against caries
development (OR=0.61, P=0.049)." Hooley et al in 2012
used the longitudinal data on 4-5 years old Australian
children, and found that the dental problems reported by
caregivers were significantly associated to consumption of
sweet drinks (OR=1.1, P=0.01).1*

Association between sugar consumption and dental
caries in children presented as PR and IRR

Other studies reported either PR or IRR. In a 5-year
historical cohort on 10-year-old children, Llena and
Calabuig found a significant relationship between dental
caries, as measured by various indices, and diet. According
to multivariate analysis on the data of 206 children aged
10 years in 2018, not having cariogenic diets particularly
soft drinks were found as significant protective factors
against dental caries, as measured by DMFT (all teeth),
and the DMFT of the first molars when both cavitated and
non-cavitated caries were considered.”

Lim et al conducted a longitudinal study on 369 low
socio-economic status African-American children aged
3-5 years in Detroit, and reported IRR for the associations.
The results of their two-year follow-up showed a significant
relationship between the intake of soft drink, as a risk
factor, and the development of new cavitated lesions. They
found that the children who changed the pattern of soft
drink consumption from low, at baseline, to high, after 2
years, experienced a higher incidence rate of dental caries
[IRR=1.75; 95% CI: 1.16-2.64]. For those who changed
from low consumption of soft drink to high, the IRR for
new filled surfaces was 2.67 (95% CI: 1.36-5.23), and for
those who the consumption level was reported as high at
baseline, and remained high at the follow up, the IRR for
new filled surfaces was 2.68 (95% CI: 1.44-4.96).'

Ruottinen et al'® and Karjalainen et al'” reported mean
(SE) for dental caries. In 2004, Ruottinen et al conducted
their analysis on the data obtained from the STRIP (Special
Turku Coronary Risk Factor Intervention Project) study,
within which sixty-six children were followed up for 10
years. Their results indicated that the mean score for caries
was significantly higher in children with higher sucrose

intake, compared to those with low sucrose intake. Similar
tindings were reported by Karjalainen et al in 2015.

Non-significant association between DFS and dental
caries

In some studies, insignificant association was reported
between having sugary items (including sweet drinks,
sweets/candy and added sugar) and dental caries.'>!>*
The 6-year follow up study by Leroy et al in 2005 on 7
years old children showed no association between dental
caries development and consumption of sweets, biscuits,
sweet snacks and sugar-containing drinks.* In the study
conducted by Chankanka et al, no association was reported
between added sugars intake and dental caries.”” In the
study performed by Ghazal et al, the positive relationship
between 100% fruit juice and the shorter time to caries
development was marginally significant (P=0.053),
and no significant association was found between the
other dietary items with DFS and caries development.'?
However, in the most of included studies, a mixture of
significant and non-significant association was reported
between the consumption of foods and drinks with DFS
and dental caries.'!!>1416:17:19

Risk of bias

The risk of bias in the included papers were evaluated
according to the Newcastle-Ottawa scale, and is presented
as quality score in Table 2. Except two studies,'®" all
longitudinal studies were scored as high quality.

Discussion

In the current review, we reported the longitudinal
evidence on the impact of DFS on dental caries in
children. The more consumption of sugary foods and
drinks, particularly before bedtime, was associated with
higher risk of dental caries. However, some studies did
not show any significant association between having sweet
food and dental caries in children. In some studies, the
consumption of processed starch was highly cariogenic.
The consumption of water and dairy products showed to
be with protective effects against dental caries development
in children.

Although our review confirmed significant association
between sweet consumption and dental caries, some
studies reported no significant association in this regard.
It is noteworthy that the quality of studies with non-
significant results’>* was scored as “high” according to
the scale used. In the studies that reported a significant
association, the frequent sweet consumption, especially
more than 10% of total energy intake, was associated with
caries."”'® This finding was in line with the recent health
recommendation to limit the sugar consumption to less
than 5% of the total energy intake.? Other longitudinal
studies on 6-12 years old children showed that soft drink
consumption was associated with high level of caries in
deciduous dentition'*'® and permanent teeth.” In the
longitudinal studies started on the children with 6 years of
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age and older, having frequent consumption of candy was
significantly associated with caries development. Sweet
beverage consumption especially before bedtime was
associated with higher caries.”

This review study confirmed the impact of sugar-
sweetened beverages on caries development.'>'*!% The
review study conducted by Bleich and Vercammen on the
unhealthy effects of sugary drinks on children’s general
and oral health, sweet drinks were found to increase the
chance of overweight/obesity and development of dental
caries.” However, a recent review by Lueangpiansamut
et al,”? showed no association between sugar-sweetened
beverage consumption, including soft drinks and other
sugary drinks, and caries development in the primary and
permanent dentition. A large body of evidence suggests
that sugar-sweetened beverage consumption should be
decreased to promote the children’ dental health.?!

Moreover, bedtime consumption of sugary foods and
drinks is reported to serve as a risk factor for dental
caries. There is evidence that sugar consumption before
bedtime increases the risk of caries, which is due to the
reduced saliva flow and sustained low plaque pH. The
study of Levine et al also found similar results, indicating
that bedtime consumption of sweet drinks (non-milk
extrinsic sugars) at the age of 7-11 years was significantly
associated with caries in 11-15 years of age.'” This finding
was in line with those reported in a recent systematic
review performed by Baghlaf et al who investigated
the relationship between dental caries experience and
consumption of foods and drinks, containing free sugars
at bedtime in children aged 3-16 years.”® They found a
positive association between dental caries and free sugars
consumption at bedtime in children. In 2018, Taqi et al
also found that the children who consumed cariogenic
foods and drinks between the main meals and within
two hours before bedtime had significantly higher mean
caries, as measured by the DMFT index, compared to the
children without such habits.**

In one study, marginally significant association was
reported between the consumption of processed starch
in the snack time and dental caries among 6 years old
children and younger."”” The effect of starch on dental
caries was further emphasized in a recent review study.”
These findings was in line with those reported in a
narrative review conducted by Hujoel and Lingstrom in
2017. They found that the fermentable carbohydrates were
responsible for caries development. The susceptibility
of teeth to dental caries in the presence of fermentable
carbohydrates, including sucrose, glucose, fructose,
lactose, maltose and starch, has been discussed in the
literature.” As starch is not included in the DFS definition,
this finding may be considered as subsidiary.

Some of the included studies showed no significant
association between having various sugary items and
dental caries,'>'>*° mainly those conducted among children
in minority groups and low socio-economic settings. One
justification for such non-significant relationships may be

the nature of caries development, which is time consuming
and multi-factorial. The impact of diet on dental caries
might be influenced by some predisposing factors such
as fluoride exposure, oral hygiene practice, and saliva
secretion. Moreover, as shown by a review study,” oral
health is deteriorated in low-income communities.
Considering the multi-factorial nature of dental caries,
there is a necessity for diet advice along with other
preventive measures to control caries in schoolchildren,
which is in line with those reported in other review studies
on dental caries progression in children.”

Studies included in our review were heterogeneous
in terms of indices used to measure the caries outcome
(i.e., DMFS, dmfs, DMFT, dmft, and ICDAS/BASCD
criteria). In addition, various dietary tools were used
such as 24-hour recall, FFQ, 4-day food record, 3-day
diary, and diet questionnaire, to assess diet status. There
was also heterogeneity between the studies in terms of
study subjects and follow up periods. Besides, due to
data variability in the type and quantity of sugary items,
settings and units of outcome measures, any comparison
between the outcome measures was difficult, and thus
meta-analysis was not possible.

One of the strengths of our review was the selection
of the longitudinal studies to clarify the impact of sugar
consumption on dental caries in children. Although
several review studies found associations between diet
and dental caries, there was a scarcity in the review studies
on the longitudinal evidence, especially in recent years. In
the present study, the Newcastle-Ottawa scale was used to
assess the risk of bias in the included studies.

Moreover, the findings extracted from included studies
showed a magnitude of association between having sugary
food and/or drink and dental caries. A novelty of our
review was the presentation of different statistics used in
the longitudinal studies based on risk indicators, such as
OR, PR, IRR and HR. In order to facilitate the comparison,
it is important to consider that PR is equivalent to risk
ratio in cohort studies, when the outcome is common.”
Two other indicators, including HR and IRR, report the
chance of occurring an event, after adjusting for time in
the longitudinal studies.

We acknowledge that due to huge amount of
information on this topic, in this study we only reviewed
the recent longitudinal evidence. However, our review is
valuable especially in the fluoride era to assess the impact
of sugar on dental caries in children. Due to the nature
of longitudinal studies, we included the studies that both
started in early childhood and initiated after this period.
Therefore, the results of our review should be interpreted
with caution. For future studies, it is suggested to use a
standardized set of measurement tools, including diet
assessment specific for sugary snack consumption and
dental caries.

Conclusion
Our findings indicated that the daily consumption of
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100% juice, candy use more than once a week, and soft
drink and sweet drink at bedtime were all associated
with higher risk of dental caries. The non-significant
association between the consumption of sweet food and
dental caries was reported in some of the included studies.
Other subsidiary findings indicated that having processed
starch increase the risk of caries, while the consumption
of water and dairy products have some protective effects.
As the type of sugary items was not standardized across
the studies, and dental caries were measured applying
different indices, the findings our review should be
interpreted with caution. Further research is needed to
assess the magnitude of association between common
sugary items and dental caries using a standardized tool.
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