Letter to the Editor

Atopic dermatitis and early
childhood caries: Results
of the GUSTO study

To the Editor:

Atopic dermatitis (AD) is a chronic, relapsing form of
inflammatory skin disease, affecting approximately 10% of
children in the United States." AD has been associated with sleep
disturbances, along with various comorbid allergic conditions,
resulting in poor quality of life. In the last decade, studies have
demonstrated an epidermal skin barrier defect, caused by various
genetic mutations, to be an additional predisposing factor.” Early
childhood caries (ECC), a chronic diet-mediated infectious oral
disease, has been reported to be the most common chronic
childhood disease in the United States.” ECC has a multifactorial
etiology, with one of the risk factors being genetic mutations in
tooth-formative stages, resulting in structural defects,* thereby
increasing dental caries susceptibility. Duverger et al’
demonstrated hair keratin mutations in tooth microstructures to
significantly increase the risk of dental caries, thus linking
structural defects in hair follicles and caries risk. Because both
dental caries and AD are associated with defects in structural
genes, we hypothesized that there may be a potential link between
them (structural defect hypothesis). Our study aimed to assess
whether the occurrence of AD during the first year of life is
associated with the risk of ECC at age 2 and 3 years. A second
objective was to assess whether AD is associated with the
development of new ECC lesions between age 2 and 3 years.

Data were collected from the Growing Up in Singapore
Towards healthy Outcomes (GUSTO) study cohort, which
recruited pregnant women (>18 years) during their first trimester
(<14 weeks’ gestation).® Ethical approval was obtained from the
Centralized Institutional Review Board of SingHealth (reference
2009/280/D) and the Domain Specific Review Board of
Singapore National Healthcare Group (reference D/09/021). An
interviewer-administered questionnaire was provided to parents
at 3, 6, and 12 months to identify children who had been
diagnosed with AD. AD was assessed in part by parent-
reported, physician-diagnosed AD, as previously reported,’ based
on a positive answer to the written question: “Has your child ever
been diagnosed with eczema?” The determination of AD was not
solely based on parental report of AD; skin prick tests (SPTs)
were performed to improve the specificity of the diagnosis.
Children underwent SPTs for common inhalant allergens (house
dust mites Dermatophagoides pteronyssinus, D farinae, and
Blomia tropicalis) and food allergens (egg, peanut, and cow’s
milk) at the 18-month visit. All the allergens were obtained
from Greer Laboratories (Lenoir, NC), except for B tropicalis,
which was obtained from our in-house laboratory. SPT results
were categorized as positive if the wheal size was at least 3 mm
to any allergen, along with a positive response to histamine and
a negative response to saline. On the basis of responses to both
the questionnaire and SPTs, individuals were categorized into 3
groups, AD-SPT(+ve), AD-SPT(—ve), and non-AD groups.

Oral examinations were carried out at 2-year and 3-year visits by
trained calibrated dental professionals (intraclass correlation co-
efficient, >0.80). ECC status was evaluated using modified
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FIG 1. Flowchart describing the study protocol.

International Caries Detection and Assessment System criteria,®
grouping the children into caries-affected and caries-free groups.
Surface-level, tooth-level, and individual-level increase in ECC
was defined as newly affected surfaces, teeth or children,
respectively, between 2- and 3-year visits. A flow chart of the study
design is illustrated in Fig 1. Data analysis was carried out using
SPSS version 23.0 (IBM SPSS Statistics, Armonk, NY). Chi-
square tests were used to assess the association between AD and
ECC. Logistic regression was used for multivariable analyses to
adjust for potential confounding variables, including sex, ethnicity,
maternal education, household income, maternal smoke exposure
during pregnancy, and postnatal smoke exposure in the first year.
Participants’ characteristics are described in Table 1. After
categorization of AD into 3 groups, 4.9% (35 of 709) of children
developed AD with a positive SPT result, AD-SPT(+ve); 11.1%
(79 of 709) of children developed AD but had a negative SPT result,
AD-SPT(—ve), while 84% (595 of 709) of the children were not
diagnosed with AD. Oral examinations were performed in 535
and 721 children at 2- and 3-year visits, respectively. Out of the
examined children, 17.8% (95 of 535) had ECC at the 2-year visit,
which substantially increased to 42.9% (309 of 721) at the 3-year
visit. Of the 397 caries-free children at 2 years who were reexamined
at 3 years, 35.8% developed new ECC lesions at the 3-year visit. In
addition, the presence of new decayed surfaces and teeth between 2-
and 3-year visits was shown to be 42.1% and 40.8%, respectively.
The findings of the present study demonstrated higher ECC risk
in the AD-SPT(+ve) group, at both age 2 years (adjusted odds
ratio [OR], 3.29; 95% (I, 1.06-10.17) and 3 years (adjusted OR,
3.09; 95% CI, 1.24-7.17), compared with the non-AD group
(Table IT). However, no difference in ECC risk was observed be-
tween the AD-SPT(—ve) group and non-AD groups at both 2- and
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TABLE I. Participants’ characteristics
Total, N (% of those with characteristic)

Characteristic n (%) AD Positive SPT result ECCat2y ECCat3y
Ethnicity

Malay 193 (26.8) 24 (16.7) 28 (16.3) 27 (19.1) 94 (48.7)

Indian 120 (16.6) 10 (13.3) 7 (6.9) 8 (9.6) 39 (32.5)

Chinese 408 (56.6) 66 (19.5) 45 (12.8) 48 (18.4) 176 (43.1)
Sex

Male 373 (51.7) 61 (21.6) 45 (14.1) 46 (19.2) 156 (41.8)

Female 348 (48.3) 39 (14.2) 35 (11.5) 37 (15.4) 153 (44.0)
Maternal education levels

Primary or less 28 (3.9) 4 (21.1) 2 (8.0) 4 (19.0) 13 (46.4)

Secondary 262 (36.6) 33 (16.9) 31 (13.4) 37 (20.7) 125 (47.7)

Preuniversity 176 (24.6) 20 (13.8) 19 (11.9) 17 (13.5) 75 (42.6)

University 249 (34.9) 43 (21.8) 28 (13.7) 24 (16.0) 94 (37.8)
Household income (SGD)

0-1999 110 (16.4) 15 (18.3) 13 (13.5) 13 (17.1) 58 (52.7)

2000-3999 200 (29.8) 24 (16.1) 18 (10.3) 23 (16.2) 86 (43.0)

4000-5999 168 (25.0) 25 (18.7) 23 (15.1) 22 (18.8) 73 (43.5)

>6000 194 (28.8) 33 (20.6) 20 (12.1) 23 (21.1) 76 (39.2)
Maternal smoke exposure during pregnancy

Yes 261 (38.2) 31 (15.9) 22 (9.8) 34 (19.2) 124 (47.5)

No 423 (61.8) 63 (18.9) 56 (15.1) 45 (16.7) 166 (39.2)
Postnatal smoke exposure

Yes 37 (5.4) 9 (29.0) 4 (12.5) 3 (12.5) 14 (37.8)

No 652 (94.6) 84 (16.3) 75 (13.0) 80 (17.5) 285 (43.7)

SGD, Singapore dollar.

TABLE Il. Association of AD in the first year of life and the risk of
ECC

Crude Adjusted*
Presence of ECC N OR (95% Cl) N OR (95% Cl)
ECCat2y
Parent-reported physician-diagnosed AD
Yes 73 1.30 (0.70-2.42) 60 1.57 (0.78-3.15)
No 350 1 [Reference] 267 1 [Reference]

Presence of AD
AD-SPT (+ve) 18
AD-SPT (—ve) 45

2.25 (0.81-6.23) 16
0.97 (0.43-2.19) 38

3.29 (1.06-10.17)f
1.01 (0.40-2.51)

Non-AD 330 1 [Reference] 253 1 [Reference]
ECCat3y
Parent-reported physician-diagnosed AD
Yes 100 0.92 (0.59-1.43) 85 1.16 (0.71-1.88)
No 458 1 [Reference] 400 1 [Reference]

Presence of AD
AD-SPT (+ve) 25
AD-SPT (—ve) 60
Non-AD 435

Surface-level increase in ECC

Parent-reported physician-diagnosed AD
Yes 66 0.83 (0.48-1.45) 60
No 313 1 [Reference] 267

Presence of AD
AD-SPT (+ve) 17
AD-SPT (—ve) 42
Non-AD 298

2.54 (1.09-5.88) 23
0.71 (0.40-1.26) 53
1 [Reference] 380

3.09 (1.24-7.17)§
0.80 (0.44-1.48)
1 [Reference]

0.93 (0.51-1.71)
1 [Reference]

2.14 (0.79-5.80) 16
0.53 (0.25-1.10) 38
1 [Reference] 253

3.02 (1.00-9.10)#
0.55 (0.24-1.21)
1 [Reference]

SGD, Singapore dollar.
*Adjusted for ethnicity, sex, maternal education levels, household income (in SGD),
maternal smoke exposure during pregnancy, and postnatal smoke exposure during first

year of life.
P = .038.
P =.029.
§P = .015.

#P = .049.

3-year visits. In addition, the AD-SPT(+ve) group was shown to
have a higher risk of surface-level increase in ECC between the 2-
and 3-year visits, compared with the non-AD group (adjusted OR,
3.02; 95% CI, 1.00-9.10).

To our knowledge, ours is the first longitudinal study showing
an association between AD and ECC. Our results indicate that
children with AD are at an increased risk of developing tooth
decay by age 3 years. Although not all cases of AD were
associated with ECC, those with a positive SPT result were at a
higher risk of ECC at both 2- and 3-year dental examinations. The
exact mechanism behind the association still remains unclear.
A possible mechanism is through a common pathogenic pathway
underlying AD and ECC, potentially due to ectodermal defects
during tissue development (“structural defect hypothesis”). One
of the strengths of our study is its longitudinal (cohort) study
design, accounting for the noncavitated phase of ECC. Second, the
categorization of AD cases with a positive SPT result reduces the
odds of misclassification of nonallergic rashes as AD. Third,
oversampling of Malay and Indian individuals in the GUSTO
cohort provides insight into ECC risk in a multiethnic Asian
population. Although our GUSTO study cohort design did include
visits at 3-monthly time points during the first year, resources did
not permit physician examination at those visits. Further studies
are needed to validate our diagnostic measure (combined parent-
reported AD and SPT) with established criteria such as those of
Hanifin and Rajka,” which are based on physician examination.
Moreover, AD remains a clinical diagnosis; although there may
have been some misclassification of cases, this generally weakens
associations unless a systematic bias is present. Also, future
studies are needed to confirm our proposed structural defect hy-
pothesis or to uncover other mechanisms underlying the associa-
tion we observed in this study. As such, polymorphisms in certain
genes, such as MBL2 and TLR2, have been separately associated
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with both AD and ECC in the literature. The distal-less homeobox
(DIx-3) gene, which has been shown to play an important role in
both enamel formation and regulation of epidermal differentia-
tion, may be considered a target gene for future investigations.

We acknowledge Dr Pui Ling Chay, Tan Pei Ting, and Yiong Huak Chan for
their valuable contributions. The continuous and skilful help of the home
visitors and the clinical team from the National University Hospital and the
KK Women’s and Children’s Hospital, as well as the database and biostatistics
teams, is deeply appreciated.

Tosha Ashish Kalhan, MSc”*
Evelyn Xiu Ling Loo, PhD"*
Ashish Chetan Kalhan, MDS®
Michael S. Kramer, MD®*¢
Bindu Karunakaran, MSc®
Carolina Un Lam, PhD"
Hugo Van Bever, PhD"¢
Lynette Pei-chi Shek, MBBS""¢
Anne Goh, MMed"
Yap Seng Chong, MD'
Bee Wah Lee, MD%/
Peter Gluckman, KNZM, FRSNZ, FMedSci, FRS*'  REFERENCES

Kenneth Kwek, MMed, FRCOG™ 1. Shaw TE, Currie GP, Koudelka CW, Simpson EL. Eczema prevalence in the
Seang Mei Saw, PhD" United States: data from the 2003 National Survey of Children’s Health.

Keith Godfrey, PhD"? J Investig Dermatol 2011;131:67-73.

Chin-Ying Hsu, PhD* 2. Boguniewicz M, Leung DYM. Atopic dermatitis: a disease of altered skin barrier
) . R ) ) ) ) ) and immune dysregulation. Immunol Rev 2011;242:233-46.
From ‘the Discipline of Oral Sciences, Faculty of Dentistry, National University of 3. US Surgeon General report. Oral health in America: a report of the Surgeon Gen-
Singapore, Singapore; "Singapore Institute of Clinical Sciences, Agency for Science, eral. J California Dent Assoc 2000:28:685-95.
Technology and Research (A*STAR), Singapore; Departments of “Pediatrics and 4. Vieira AR, Gibson CW, Deeley K, Xue H, Li Y. Weaker dental enamel explains
YEpidemiology and Biostatistics at McGill University, Faculty of Medicine, Montreal, dental decay. PLoS One 2015;10:¢0124236.

Quebec, Canada; °the Department of Epidemiology, Biostatistics & Occupational 5. Duverger O, Ohara T, Shaffer JR, Donahue D, Zerfas P, Dullnig A, et al. Hair
Health, The Montreal Children’s Hospital, Montreal, Quebec, Canada; Khoo Teck
Puat-National University Children’s Medical Institute, National University Hospital,

keratin mutations in tooth enamel increase dental decay risk. J Clin Investig
: e " 1l M h 2014;124:5219-24.
Singapore; “the Department of Paediatrics, National University of Singapore, 6. Soh SE, Tint MT, Gluckman PD, Godfrey KM, Rifkin-Graboi A, Chan YH, et al.

Singapore; "Allergy Service, Department of Paediatrics, KK Women’s and Children’s
Hospital, Singapore; ithe Department of Obstetrics and Gynaecology, Yong Loo Lin
School of Medicine, National University of Singapore, Singapore; ‘Mount Elizabeth
Medical Centre, Singapore; “the Growth, Development and Metabolism Programme,
Singapore Institute for Clinical Sciences, Agency for Science, Technology and
Research (A*STAR), Singapore; 'Liggins Institute, University of Auckland,
Auckland, New Zealand; ™the Department of Maternal Fetal Medicine, KK Women’s
and Children’s Hospital, Singapore; "Saw Swee Hock School of Public Health,
National University of Singapore, Singapore; °NIHR Southampton Biomedical
Research Centre, University of Southampton and University Hospital Southampton
NHS Foundation Trust, Southampton, United Kingdom; and PMedical Research
Council Lifecourse Epidemiology Unit, Southampton, United Kingdom. E-mail:
denhsus @nus.edu.sg.

*Co-first authors.

Cohort profile: Growing Up in Singapore Towards healthy Outcomes (GUSTO)
birth cohort study. Int J Epidemiol 2014;43:1401-9.

7. Bertelsen RJ, Brantsaeter AL, Magnus MC, Haugen M, Myhre R, Jacobsson

B, et al. Probiotic milk consumption in pregnancy and infancy and
subsequent childhood allergic diseases. J Allergy Clin Immunol 2014;133:
165-71, el-8.

8. Ismail AI, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, et al. The

International Caries Detection and Assessment System (ICDAS): an integrated
system for measuring dental caries. Commun Dentist Oral Epidemiol 2007;35:
170-8.

9. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta

Dermato-Venereol (Suppl) 1980;92:44-7.

http://dx.doi.org/10.1016/j.jaci.2016.10.038


Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_surname
mailto:denhsus@nus.edu.sg
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref1
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref1
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref1
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref2
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref2
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref3
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref3
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref4
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref4
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref5
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref5
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref5
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref6
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref6
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref6
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref7
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref7
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref7
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref7
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref8
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref8
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref8
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref8
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref9
http://refhub.elsevier.com/S0091-6749(16)31456-7/sref9
http://dx.doi.org/10.1016/j.jaci.2016.10.038

	Atopic dermatitis and early childhood caries: Results of the GUSTO study
	References


