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INTRODUCTION: A small number of literature has posited a link between prenatal exposure to gestational diabetes mellitus and an
increased risk of developmental defects in the enamel of offspring. However, the evidence remains inconclusive.
AIMS: This study examined the relationship between the diabetes status of mothers and the use of dental services by offspring to
that pregnancy.
MATERIAL AND METHODS: Anonymised data from a cohort of mothers who carried a child to term in Northern Ireland between
2012 and 2017 and service use by the child were taken from administrative databases from March 2015 to September 2021.
Descriptive statistics, differences in means and regression analyses were used to examine the relationship between service use and
maternal diabetes status, controlling for covariates.
RESULTS: In multivariate analyses that controlled inter alia for age and deprivation, diabetes status was negatively related to
restoration, extraction, prevention, and total service use. In the analysis of the COVID period, pre-COVID prevention was negatively
related to extractions, restorations, prevention and services in general.
CONCLUSION: The relationship between maternal diabetic status and aspects of offspring use of dental services was contrary to
that suggested in previous studies and warrants more detailed investigation using this valuable data resource.
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INTRODUCTION
Odontogenesis begins from the sixth week of foetal life and
continues through gestation and after birth [1]. As a part of
odontogenesis, amelogenesis can be altered by local and systemic
factors [2]. Systemic factors include changes to and reduction of
tissue oxygenation, exposure to gamma rays, fever, infections,
vitamin A & D deficiency and gestational diabetes [3]. These
factors can influence odontogenesis and cause enamel hypoplasia
or other amelogenesis defects [2]. Gestational diabetes mellitus
(GDM)—defined as carbohydrate intolerance of variable severity
with onset or first recognition during pregnancy [4]—rates have
increased in recent years [5–9]. Several studies have suggested
that it increases the risk of childhood diseases, [10–13] including
the tooth development process, by affecting tooth eruption and
mineralisation [14–16]. However, the effects of maternal diabetes
on tooth development and the associated underlying mechanisms
have not been thoroughly investigated [17]. Epidemiologic and
animal model studies have shown that hyperglycaemia changes
may negatively affect oral health and aesthetics and cause tooth
sensitivity and malocclusion [18, 19]. They have also been
identified as risk factors for carious lesions and erosion in
children’s teeth [20].
While caries is a largely preventable disease, it is one of the

most common diseases of childhood [21]. It affects 23% of
children aged five years in England, and there exists evidence of

steep socioeconomic inequalities in prevalence [22]. The few
available studies that have examined the relationship between
glycaemic control and caries, focus on diabetes mellitus, have
small sample sizes, have exhibited heterogeneous results and are
consequently inconclusive with respect to the role of diabetes
[23–25]. We hypothesise that gestational dysglycaemia—whether
from GDM or pre-existing diabetes—may affect enamel formation
and, consequently, the subsequent risk of dental caries and use of
dental services for restorative care [26, 27]. This study aimed to
examine the relationship between the diabetes status of mothers
during pregnancy and the use of dental services by offspring to
that pregnancy.

MATERIAL AND METHODS
Study design and data
The design of this an exploratory longitudinal cohort study followed the
guidelines published by “Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement”, 2007 [28]. This study uses
anonymised data secured from three sources: the Northern Ireland
Maternity System (NIMATS), the Enhanced Prescribing Database (EPD),
and the Dental Payment System (DPS). NIMATS is the regional adminis-
trative data repository for demographic and clinical information collected
on mothers and their infants during antenatal check-ups, labour and
delivery, and the postnatal period in Northern Ireland. The main source of
data for NIMATS is the PatieAlsnt Administration System which captures
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details of hospital service use by patients [29]. The data provides full
coverage of births in Northern Ireland with the mother’s and child’s unique
health and care numbers allowing linkage of mother to offspring from a
pregnancy. Data from NIMATS used in this study included the outcome of
antenatal tests, such as maternal GDM status, measures, and outcomes
such as birth weight and vital status. Data extracted covered pregnancies
from 2012 to 2017. These data were linked to prescription data for mothers
held in the EPD [30].
The EPD, uniquely in the UK, captures details of prescriptions filled in the

community for individuals identifiable by their unique health and care
number. The EPD takes data from the NHS Business Services Organization
(BS0), which operates an electronic system that allows prescriptions
successfully scanned on presentation to the dispensing pharmacist to be
linked to the patient’s health and care number. It is estimated that
~85–90% of all prescriptions scanned at the BSO result in usable data [31].
Prescriptions in the database are coded using British National Formulary
(BNF; a standard drug reference text in the UK) codes that allow drug types
to be identified in broad classes as well as by specific types such as
Metformin or Insulin. In this analysis, we were interested only in those
drugs for which prescriptions were filled during the pregnancy.
EPD and NIMATS data were, in turn, linked to those related to the use of

publicly funded dental services in the community by children born to
mothers captured in NIMATS using the child’s unique health and care
number held in the DPS. In Northern Ireland, General Dental Practitioners
(GDPs) are reimbursed in part on a fee-for-service basis [32] that provides
specific payments for specific activities, including restorations, preventions,
examinations and extractions of deciduous teeth. GDPs submitted payment
claims on a monthly basis to the business services organisation, which
manages claims on behalf of the regional health service commissioner. The
system categorises specific services provided to the patient by type of
treatment. All claimable treatments are represented in the statement of
dental remuneration by a code, and each code has an associated fee. All
payment claims detail the tooth/teeth treated along with the treatment code.
[30]. The latter sets out terms and conditions under which payments for
specific services are made and the fee that service attracts from the health
service. Care used by children was examined from March 2015 to September
2021—children born in 2012 likely only using services from 2015 onward.
Data were linked through the Northern Ireland Honest Broker Service

(HBS). The HBS is the Trusted Research Environment for Health and Social
Care (HSC) in Northern Ireland and is hosted within the HSC Regional
Business Services Organisation (RBSO/BSO). It provides anonymised
individual-level data for the purposes of research, with access only permitted
in a controlled fashion via a safe research environment [30]. In addition to the
information identified in NIMATS, EPD and DPS, the HBS can link a patient’s
health and care number to their address and use the associated postcode to
ascribe an area-based measure of deprivation using the Northern Ireland
Multiple Deprivation Index [33]. To help preserve anonymity, areas are
ranked no lower than by decile in terms of relative deprivation.

Methods
Statement of Dental Remuneration (SDR) codes were used to group
treatments into restorations, extractions, preventive care, and

examinations. Details of the codes used for this are detailed in Appendix
1 in the Supplementary Information. Using EPD data, BNF codes were used
to identify mothers who had filled a prescription for using Metformin or
Insulin during their pregnancy. Mothers’ GDM or diabetes status, age,
socioeconomic status, and their child’s age measured in September 2021
were taken from NIMATS. Full details of the specification of all variables are
provided in Appendix 2 in the Supplementary Information. Descriptive
statistics (mean, standard error and 95% confidence interval), t-tests for
differences in means and regression analyses were used to examine the
relationship between service use and maternal diabetes status, controlling
for covariates. In multivariable analyses that examined service use, Zero-
Inflated Poisson (ZIP) regression models were used to explore the
relationship between service use and maternal diabetes status. The ZIP
model takes account of the count nature of dental service use and over-
dispersion in the data, i.e. the existence of large numbers of non-users and
small numbers of heavy users. Persistent non-service users—defined as
individuals who had made no contact with the service before March
2021—were used as the inflation factor in the ZIP models. Diabetes status
was defined as present if the mother was diagnosed within NIMATS as
having GDM or if EPD data identified her as filling a prescription for
Metformin or Insulin during the pregnancy.
Northern Ireland is split into 890 spatial areas known as Super Output

Areas (SOAs), with an average population of around 2100. The Index of
Multiple Deprivation (IMD) is the official measure of relative deprivation for
small areas, ranking each area from the most deprived to the least
deprived based on the rates of income, employment, health and disability,
education, skills and training, barriers to housing and services, living
environment and crime [34] This study uses the latest IMD released from
the Northern Ireland Index of Multiple Deprivation (NIMDM) 2017 [35]. The
ranked scores of the IMD were transformed into IMD quintiles, ranging
from the 20% of people living in the most deprived areas to the 20% least
deprived areas.
The COVID pandemic resulted in a significant disruption to dental

services in Northern Ireland in 2020 and subsequent to that. This is clearly
seen in (Fig. 1) by the sharp fall in claims from week 12 (week ending
March 20th) onward in 2020 compared to 2019 and the subsequent slow
recovery in claims in 2021. To accommodate the disruption to services
arising from the COVID-19 pandemic, relationships were examined across
time periods differentiated by the “lockdown”, i.e. the introduction of stay-
at-home orders—as it applied to Northern Ireland on March 24th. The pre-
Lockdown (Pre-LD) period was from January 2015 to March 2020, a total of
63 months, and the post-lockdown (Post-LD) was from April 2020 to
September 2021, a total of 27 months. The actual lockdown period was
excluded from the analysis. To explore relationships further, we examined
the impact of maternal diabetes status controlling for pre-lockdown
consumption of prevention on post-lockdown consumption of treatment
services. Consumption of services was measured as the cumulative total
monthly claims, and pre-lockdown prevention was calculated as the
number of preventive items claimed for a child. To help sharpen focus, we
restricted comparison to the oldest group of children in our study—those
born in 2012—for whom follow-up was longest and excluded those who
had made no contact with the service prior to March 2020, who might be
seen as habitual non-users and different in nature to other patients—

Fig. 1 Service use before and after the COVID-19 pandemic.
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These are children who did not use preventive, examination or restorative
services. Comparing users and non-users across all age groups, non-user
were more likely to come from the most affluent quintile multiple
deprivation group. It is reasonable to infer that they are individuals who
likely have better oral health than users and/or that they make use of
private dental care and fail to show up in the publicly funded system.
Given the data distribution—a large number of zeros with a heavy tail—

a generalised linear regression model was used to examine the relation-
ship between diabetes status and the value of monthly claims by
controlling for previous consumption of preventive services. A Poisson
family and log link were used in the function informed by the outcome of a
modified Park test and Link test [33]. All statistical analyses were performed
using STATA SE 17.0 (Stata Corp). The P values reported are two‐tailed, and
statistical significance was set at α= 0.05. Data were collected from HBS
data resources; thus, no ethical approval was necessary. This study was
exempted from ethical approval by Queen’s University-Belfast, United
Kingdom, with reference number (QUB Ref: RGE 22_07).

RESULTS
A total of 144,599 mother-child dyads were included in this study.
Out of this, 9138 (6.31%) of the mothers were diagnosed as having
GDM or having filled a prescription for Metformin or Insulin during
their pregnancy. We also found that (80%) of children had not
used dental services (non-users) with respect to primary teeth by
September 2021. Non-users were more likely to be younger and
from a higher socioeconomic group. Descriptive statistics for the
sample (to two decimal places) are presented in Table 1.
(Appendix 1 in the Supplementary Information).
Table 2 reports mean differences in the number of claims

between the two groups of child-mother dyads (Diabetic – Non-
Diabetic) in relation to the consumption of different dental
services, separating results across the pre- and post-pandemic
periods. With respect to examinations, for example, the mean
number of claims among children born to diabetic mothers was
0.083 in the pre-lockdown period compared to 0.089 among
children born to non-diabetic mothers.
As seen from Table 2, children born to diabetic mothers showed

no differences regarding the number of claims submitted for
examinations or emergency visits pre-LD. On average, children of
mothers with diabetes were the subject of significantly (p
value < 0.000) lower claims for prevention, restorations, extraction,
and the value of all care (Total value of claims) with means
differences of 0.073, 0.240, 0.031, and £9.19, respectively.
Differences concerning the post-lockdown period are shown
through the disruption to services that must be born in mind
when interpreting results. During the post-LD period, differences
in prevention, restoration, extraction, and total use of services
were statistically significant between the two groups, with a p
value < 0.001, where children born to mothers with diabetes had
fewer associated claims for services. Post-LD, the same relation-
ships were found with restoration and extraction though no

Table 1. Study population descriptive statistics.

N= 144,599 Mean (±SD) %

Diabetes 0.0631 (±0.2433) 6.31

Child’s age (month) 95.05 (±0.10) NA

DEPRIVATION Q 1 0.2273 (±0.4190) 22.7

DEPRIVATION Q 2 0.2171 (±0.4123) 21.71

DEPRIVATION Q 3 0.2065 (±0.4048) 20.65

DEPRIVATION Q 4 0.1939 (±0.3953) 19.39

DEPRIVATION Q 5 0.1550 (±0.3619) 15.5

Non-users

Mean Population 0.8001 (±0.3998) 80

Child’s age (month) 78.46 (±0.05) NA Ta
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statistically significant difference was detected with prevention.
Differences in emergency treatment use were consistently not
significant.
The impact of the pandemic on the use of specific services

across children of diabetic and non-diabetic mothers can be seen
in Table 3. For example, allowing for the different duration of the
two periods (63 months pre-lockdown and 27 months post-
lockdown), it can be seen that among children of non-diabetic
mothers, claims for examinations per month fell by approximately
20% ((0.089/63)= 0.01413 (0.031/27)= 0.001148; 0.001148/
0.001413= 0.81), while claims for extractions increased by almost
480%. Claims for emergencies and restoration also increased
markedly, while those for prevention remained largely unchanged.
Among children of diabetic mothers, claims for examinations post-
lockdown were roughly 60% per month what they had been
before lockdown. In comparison, those for extractions rose by
almost 560% and emergency visits by over 580%.
The results of the ZIP models for claims for examinations,

prevention, restoration, and extractions are presented in Table 4.
When we examined the effect of the use of prevention services
before the pandemic and the subsequent use of dental services
after the LD period, we found that pre-LD prevention was
negatively related to prevention (−0.1822), restoration (−0.0539)
and extraction (−0.0358) and were statistically significant.
Diabetes, in this context, did not play a significant role (Table 4).
The deprivation quintile showed disparate findings across
different services post-LD. As shown, for examinations, a socio-
economic gradient was evident, with those in a higher

socioeconomic group (based on quintile) generating a greater
number of claims for examinations than those in a lower
socioeconomic group. Concerning prevention, more claims were
evident among those from higher socioeconomic groups relative
to the lowest. However, the difference was not as marked as for
examinations compared to prevention, and the gradient was less
evident among those in higher socioeconomic groups. For
restorations, those in the highest socioeconomic group generated
significantly fewer claims post-lockdown, controlling for other
variables, than those in the lowest socioeconomic group. Table 5 A
similar result is evident concerning extractions where those in
deprivation quintiles 2, 4, and 5 were significantly lower than
quintile 1. Descriptive statistics for each model are presented in
Appendix 1 in the Supplementary Information.
When we examined the total value of claims post-LD restricted

to children born in 2012 (n= 11,116) and controlled by mother’s
age, pre-LD prevention, deprivation quintile, and diabetes, child’s
age and use of preventive services, results show that pre-LD
prevention had a negative effect on the total value of claims post-
LD. Older children had a lower value of claims, and higher
deprivation quintiles had a higher total claim value; however, this
was not statistically significant. Maternal diabetes status was
negatively related to the value of claims but was not statistically
significant, as presented in Table 6.

DISCUSSION
Normal dentition starts to develop in utero, and the developing
tooth bud has been shown to be sensitive to a wide range of
systemic disturbances, with enamel in particular, generally unable
to recover once it is damaged [36]. Enamel defects can be caused
by numerous factors, including host traits, genetic factors,
immunological responses to cariogenic bacteria, saliva composi-
tion, environmental and behavioural factors, and systemic
diseases [37]. Several studies have suggested hyperglycaemia
during pregnancy may impact enamel formation and contribute
to an increased risk of caries in childhood though these were small
and their findings inconclusive [1, 18, 19].
We studied a representative population of 144,599 mother-child

dyads captured in the maternity information system in Northern
Ireland between 2012 and 2017. Among mothers, 6.31% were
either treated for diabetes or had a diagnosis of diabetes during
the course of their pregnancy. Children of mothers with positive
diabetic status consumed significantly less prevention, restoration,
and extraction services compared to children of non-diabetic
mothers prior to the disruption of publicly funded dental services
caused by the COVID pandemic. The total value of claims for
dental care submitted on behalf of children born to mothers with

Table 3. Mean different service use before and after lockdown.

Dental Service/Time Mean (±SD) 95% Conf. Interval

Examination Pre-LD 0.089 (±0.419) 0.086 0.091

Post-LD 0.030 (±0.347) 0.029 0.0327

Prevention Pre-LD 0.221 (±1.079) 0.216 0.227

Post-LD 0.098 (±1.134) 0.092 0.104

Restoration Pre-LD 0.801 (±2.992) 0.786 0.817

Post-LD 0.642 (±2.841) 0.627 0.657

Extraction Pre-LD 0.075 (±0.588) 0.072 0.078

Post-LD 0.155 (±1.214) 0.149 0.161

Emergency Pre-LD 0.002 (±0.588) 0.002 0.002

Post-LD 0.004 (±0.132) 0.003 0.004

Total value of claims Pre-LD 31.066 (±120) 30.447 31.696

Post-LD 22.880 (±121) 22.251 23.509

Table 4. Effect of pre-LD prevention on service use post-LD (ZIP
Analysis).

Impact of Pre-LD Prevention on total value of claims

N= 144,599 Total value of claims

Variable Coef.

Child Age 0.0413a

Pre-LD Prevention −0.0393a

DEPRIVATION Q 2 0.0117

DEPRIVATION Q 3 0.0125

DEPRIVATION Q 4 −0.1462a

DEPRIVATION Q 5 −0.3654a

Diabetes 0.1082
aIndicates significant at p < 0.05.
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positive diabetic status was significantly lower during both the
period that preceded the COVID lockdown and followed the
COVID lockdown. At face value, this would appear to support the
argument that a positive maternal diabetic status does not
adversely affect offspring dental development in a manner that
necessitates subsequent additional dental care. While it may or
may not affect enamel development, it does not materially affect
treatment needs. Some caution, however, is warranted with this
interpretation. For example, while we observe the use of dental
services delivered in the community by general dental practi-
tioners, we do not observe those delivered by the Community
Dental Service (CDS) or in a hospital setting. Children with a range
of additional needs (which may be positively correlated with
maternal diabetes status) may be more likely to be treated at the
CDS. Similarly, treatments delivered in a hospital setting, such as
extraction under general anaesthetic that may be related to
maternal diabetes status, are not represented in the data
used here.
The study, by chance, allowed us to offer some intriguing

insights into the value of prevention among the children studied
and into the disruption caused by the COVID pandemic. In a
recent publication highlighting the indirect consequences of
COVID-19, child oral health was conspicuously missing [38–41] The
recent pandemic and resulting lockdowns disrupted the provision
of care across various services, including community dental care in
the UK. While studies have demonstrated its effectiveness in terms
of activity, the impact of specific treatments or the characteristics
of the affected patients has not yet been reported, specifically in
Northern Ireland. As reported in our study, COVID-19 has led to an

overall reduction in dental services consumption by children that
have not yet recovered to pre-LD period levels. Reduction of
services, especially routine examination and prevention, will
negatively affect children’s oral health and treatment needs in
the future. This perhaps explains the significant increase by almost
double in the number of claims per month in our population
related to extractions, and emergencies post-LD. The increase in
extractions could be due to worsening in the caries condition
during the period of lockdown when access to services was
effectively cut-off and/or individuals were hesitant to visit dental
practices as it was widely publicised as a high-risk environment,
which therefore increased the risk of the tooth being un-
restorable. This may have longer-term effects not only in terms
of oral health and occlusion but in terms of dental anxiety and
behaviour.
The results of the regression analyses suggest that prevention

had a valuable effect in terms of reducing the likelihood of
subsequent extraction or restorative activity. As seen in Table 4,
pre-COVID consumption of prevention reduced the number of
claims for extraction and restorations provided post-lockdown.
This effect was not seen with respect to examinations, suggesting
it was not simply an artefact of the data. While the number of
post-lockdown claims for prevention was also negatively related
to the number provided pre-lockdown, this is to be expected
given that the need for prevention where it had already been
provided should be less.
While we examined a large number of mothers and children

cohort in NI, which is a study strength, the limitations of our
research are worth noting. For example, while we examine service
use, we do not examine the treatment of specific teeth that may
be particularly susceptible to maternal diabetes status. Similarly,
while we control for aspects of socioeconomic status known to
relate to service use, our measures are relatively crude, being area-
based rather than individual-based and thus subject to potential
ecological fallacy. This was a limitation imposed on us by the data;
however, mindful of the potential for disclosure. Moreover, this
dataset needs to contain information on dental care needs. The
need for dental treatment would allow for a fuller characterisation
of demand and the exploration of, for example, the role of
supplier-induced demand in dental treatment provision.
Finally, we also acknowledge that we used a binary interpreta-

tion of the GDM and non-GDM without accounting for the severity
of diabetes and the time of actual exposure to diabetes during
pregnancy.
Future prospective study designs controlled by age, ethnicity,

maternal health and lifestyle access to dental services and
controlling by their deprivation level would offer a more robust
design and results.

Table 5. Impact of Pre-LD Prevention on the total value of claims.

Impact of Pre-LD Prevention on Post-LD Dental Services Use

N= 144,599 Examination Prevention Restoration Extraction

Variable Coef. Coef. Coef. Coef.

Child Age 0.0167a 0.0255a 0.0051a 0.0168a

Pre-LD Prevention 0.0548 −0.1822a −0.0539a −0.0358a

DEPRIVATION Q 2 0.2789a 0.1145a 0.0115 −0.0666a

DEPRIVATION Q 3 0.3252a 0.1473a 0.0162 −0.0303

DEPRIVATION Q 4 0.3577a 0.1377a −0.0221 −0.0425

DEPRIVATION Q 5 0.3738a 0.1444a −0.0914a −0.1620a

Diabetes −0.2109 0.0323 −0.0248 −0.0517

Pre-LD non-user 0.8341a 1.1751a 1.5735a 1.6519a

aIndicates significant at p < 0.05.

Table 6. Gen. Linear Model of total post-LD Total value of claims
controlled by the child’s age, Deprivation Quantile, and Diabetes
status of children born in 2012.

Post-LD Total
value of claims

Coef. P > | z [95% Conf. Interval]

n= 11,116

Age (month) −2.618 0.002 −4.274 −0.963

Pre-LD Prevention −10.659 <0.000 −14.269 −7.050

DEPRIVATION Q 2 2.504 0.787 −15.634 20.642

DEPRIVATION Q 3 9.763 0.280 −7.957 27.4843

DEPRIVATION Q 4 15.331 0.092 −2.526 33.1893

DEPRIVATION Q 5 −5.154 0.638 −26.647 16.3386

Diabetes −10.591 0.531 −43.760 22.5777

The bold values are Statistically Significant.
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CONCLUSION
Previous studies examining the relationship between maternal
diabetic status and offspring dental caries level have produced
heterogeneous results. Considering the limitations of the current
study, it provides tentative support for the hypothesis that
treatment need is not elevated as a result of maternal diabetes
status though further work is needed. Our results also underscore
the value of prevention, especially within a context where access
to services is disrupted.

REFERENCES
1. Robertson PA, Sniderman SH, Laros RK Jr, Cowan R, Heilbron D, Goldenberg RL, et

al. Neonatal morbidity according to gestational age and birth weight from five
tertiary care centers in the United States, 1983 through 1986. Am J Obstet
Gynecol. 1992;166:1629–41; discussion 1641–5.

2. Dean HT, Arnold FA Jr, Jay P, Knutson JW. Studies on mass control of dental caries
through fluoridation of the public water supply. Public Health Rep.
1950;65:1403–8.

3. Zhang YD, Chen Z, Song YQ, Liu C, Chen YP. Making a tooth: growth factors,
transcription factors, and stem cells. Cell Res. 2005;15:301–16.

4. Ghapanchi J, Kamali F, Siavash Z, Ebrahimi H, Pourshahidi S, Ranjbar Z. The
Relationship between Gestational Diabetes, Enamel Hypoplasia and DMFT in
Children: A Clinical Study in Southern Iran. Br J Med Res. 2015;10:1–6. https://
doi.org/10.9734/bjmmr/2015/19574.

5. Hedderson M, Ehrlich S, Sridhar S, Darbinian J, Moore S, Ferrara A. Racial/ethnic
disparities in the prevalence of gestational diabetes mellitus by BMI. Diabetes
Care. 2012;35:1492–8. https://doi.org/10.2337/dc11-2267. Epub 2012 May 22.

6. Nguyen CL, Pham NM, Binns CW, Duong DV, Lee AH. Prevalence of Gestational
Diabetes Mellitus in Eastern and Southeastern Asia: A Systematic Review and
Meta-Analysis. J Diabetes Res. 2018;2018:6536974.

7. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of progression to
type 2 diabetes: a global perspective. Curr Diab Rep. 2016;16:7.

8. Ovesen PG, Fuglsang J, Andersen MB, Wolff C, Petersen OB, David McIntyre H.
Temporal Trends in Gestational Diabetes Prevalence, Treatment, and Outcomes
at Aarhus University Hospital, Skejby, between 2004 and 2016. J Diabetes Res.
2018;2018:5937059.

9. Dabelea D, Snell-Bergeon JK, Hartsfield CL, Bischoff KJ, Hamman RF, McDuffie RS
et al. Increasing prevalence of gestational diabetes mellitus (GDM) over time and
by birth cohort: Kaiser Permanente of Colorado GDM Screening Program. Dia-
betes Care. 2005;28:579–84.

10. Vrachnis N, Antonakopoulos N, Iliodromiti Z, Dafopoulos K, Siristatidis C, Pappa KI,
et al. Impact of maternal diabetes on epigenetic modifications leading to dis-
eases in the offspring. Exp Diabetes Res. 2012;2012:538474.

11. Wei D, Loeken MR. Increased DNA methyltransferase 3b (Dnmt3b)-mediated
CpG island methylation stimulated by oxidative stress inhibits expression of a
gene required for neural tube and neural crest development in diabetic
pregnancy. Diabetes. 2014;63:3512–22. https://doi.org/10.2337/db14-0231.
Epub 2014 May 16.

12. Wren C, Birrell G, Hawthorne G. Cardiovascular malformations in infants of dia-
betic mothers. Heart 2003;89:1217–20.

13. Yogev Y, Visser GH. Obesity, gestational diabetes and pregnancy outcome. Semin
Fetal Neonatal Med. 2009;14:77–84.

14. Villarino ME, Goya JA, Del RC, Ubios AM. Alterations of tooth eruption and growth
in pups suckling from diabetic dams. Pediatr Res. 2005;58:695–9.

15. Silva-Sousa YT, Peres LC, Foss MC. Enamel hypoplasia in a litter of rats with
alloxan-induced diabetes mellitus. Braz Dent J. 2003;14:87–93.

16. Lal S, Cheng B, Kaplan S, Softness B, Greenberg E, Goland RS, et al. Accelerated
tooth eruption in children with diabetes mellitus. Pediatrics 2008;121:e1139–43.

17. Chen G, Chen J, Yan Z, Li Z, Yu M, Guo W, et al. Maternal diabetes modulates
dental epithelial stem cells proliferation and self-renewal in offspring through
apurinic/apyrimidinicendonuclease 1-mediated DNA methylation. Sci Rep.
2017;7:40762.

18. Hong L, Levy SM, Warren JJ, Broffitt B. Association between enamel hypoplasia
and dental caries in primary second molars: a cohort study. Caries Res.
2009;43:345–53.

19. Jalevik B, Noren JG. Enamel hypomineralization of permanent first molars: a
morphological study and survey of possible aetiological factors. Int J Paediatr
Dent. 2000;10:278–89.

20. Seow WK, Ford D, Kazoullis S, Newman B, Holcombe T. Comparison of enamel
defects in the primary and permanent dentitions of children from a low-fluoride
District in Australia. Pediatr Dent. 2011;33:207–12.

21. Kleinman DV. The future of the dental profession: perspectives from Oral Health
in America: a report of the Surgeon General. J Am Coll Dent. 2002;69:6–10.

22. Okike I, Reid A, Woonsam K, Dickenson A. COVID-19 and the impact on child
dental services in the UK. BMJ Paediatr Open. 2021;5:2020–2. https://doi.org/
10.1136/bmjpo-2020-000853.

23. Ghapanchi J, Kamali F, Siavash Z, Ebrahimi H, Pourshahidi S, Ranjbar Z. The
Relationship between Gestational Diabetes, Enamel Hypoplasia and DMFT in
Children: A Clinical Study in Southern IranBritish. J Med Med Res. 2015;10:1–6.

24. Yokomichi H, Tanaka T, Suzuki K, Akiyama T; Okinawa Child Health Study Group;
Yamagata Z. Macrosomic Neonates Carry Increased Risk of Dental Caries in Early
Childhood: Findings from a Cohort Study, the Okinawa Child Health Study, Japan.
PLoS One. 2015;10:e0133872.

25. Pascon T, Barbosa AMP, Cordeiro RCL, Bussaneli DG, Prudencio CB, Nunes SK,
et al. Prenatal exposure to gestational diabetes mellitus increases developmental
defects in the enamel of offspring. PLoS ONE. 2019;14:e0211771.

26. A review of the developmental defects of enamel index (DDE Index). Commission
on Oral Health, Research & Epidemiology. Report of an FDI Working Group. Int
Dent J. 1992;42:411–26.

27. Antoine D, Hillson S, Dean MC. The developmental clock of dental enamel: a test
for the periodicity of prism cross-striations in modern humans and an evaluation
of the most likely sources of error in histological studies of this kind. J Anat.
2009;214:45–55.

28. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.
Strengthening the Reporting of Observa- tional Studies in. Epidemiol (STROBE)
Statement: Guidel Rep Observ Stud Bull WHO. 2007;85:867–72.

29. Gillespie M, Bunting B, Sinclair M and Condell J. “Using the Northern Ireland
Maternity System (NIMATS) to determine the relationship of Body Mass Index
(BMI) in the pregnant population with other chronic conditions and with preg-
nancy and birth outcomes”. Int J Population Data Sci. 2018; 3. https://doi.org/
10.23889/ijpds.v3i2.554.

30. Honest Broker Service. Accessed August 5, 2022. https://hscbusiness.hscni.net/
services/2454.htm.

31. Bradley MC, Fahey T, Cahir C, Bennett K, O'Reilly D, Parsons C, et al. Potentially
inappropriate prescribing and cost outcomes for older people: a cross-sectional
study using the Northern Ireland Enhanced Prescribing Database. Eur J Clin
Pharmacol. 2012;68:1425–33. https://doi.org/10.1007/s00228-012-1249-y. Epub
2012 Mar 25.

32. Merkur S. United Kingdom (Northern Ireland): Health system review. Health Syst
Transit. 2012;14:1–91.

33. NI Multiple Deprivation Measures 2017. Accessed August 5, 2022. https://
www.nisra.gov.uk/news/new-ni-multiple-deprivation-measures-2017-lookup-
tool.

34. Department for Communities and Local Government. The English Index of
Multiple Deprivation (IMD) 2015 – Guidance. 2015. https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file/
464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf (accessed
October 2022).

35. Northern Ireland Statistics and Research Agency. Northern Ireland Multiple Depri-
vation Measure 2017 (NIMDM2017). 2017.https://www.nisra.gov.uk/statistics/
deprivation/northernirelandmultipledeprivationmeasure2017nimdm2017 (acces-
sed October 2022).

36. Levine RS, Turner EP, Dobbing J. Deciduous teeth contain histories of develop-
mental disturbances. Early Hum Dev. 1979;3:211–20.

37. Shuler CF. Inherited risks for susceptibility to dental caries. J Dent Educ.
2001;65:1038–45.

38. Lynn RM, Avis JL, Lenton S, Amin-Chowdhury Z, Ladhani SN. Delayed access to
care and late presentations in children during the COVID-19 pandemic: a
snapshot survey of 4075 paediatricians in the UK and Ireland. Arch Dis Child.
2021;106:e8. https://doi.org/10.1136/archdischild-2020-319848. Epub 2020
Jun 25.

39. Duncan EM, Goulao B, Clarkson J, Young L, Ramsay CR. “You had to do some-
thing”: prescribing antibiotics in Scotland during the COVID-19 pandemic
restrictions and remobilisation. Br Dent J. 2021:1–6. https://doi.org/10.1038/
s41415-021-3621-8.

40. UK Government. Tackling antimicrobial resistance 2019–2024: The UK’s five-year
national action plan. 2019. https://www.gov.uk/government/publications/uk-5-
year-action-plan-for-antimicrobial-resistance-2019-to-2024 (accessed August
2021).

41. Dolk FCK, Pouwels KB, Smith DRM, Robotham JV, Smieszek T. Antibiotics in pri-
mary care in England: which antibiotics are prescribed and for which conditions?
J Antimicrob Chemother. 2018; https://doi.org/10.1093/jac/dkx504.

ACKNOWLEDGEMENTS
Authors would like to thank and acknowledge Honest Broker Services (HBS) in
Northern Ireland, UK, for their continued support and for providing us with the data.

A. Salami et al.

6

BDJ Open            (2023) 9:14 

https://doi.org/10.9734/bjmmr/2015/19574
https://doi.org/10.9734/bjmmr/2015/19574
https://doi.org/10.2337/dc11-2267
https://doi.org/10.2337/db14-0231
https://doi.org/10.1136/bmjpo-2020-000853
https://doi.org/10.1136/bmjpo-2020-000853
https://doi.org/10.23889/ijpds.v3i2.554
https://doi.org/10.23889/ijpds.v3i2.554
https://hscbusiness.hscni.net/services/2454.htm
https://hscbusiness.hscni.net/services/2454.htm
https://doi.org/10.1007/s00228-012-1249-y
https://www.nisra.gov.uk/news/new-ni-multiple-deprivation-measures-2017-lookup-tool
https://www.nisra.gov.uk/news/new-ni-multiple-deprivation-measures-2017-lookup-tool
https://www.nisra.gov.uk/news/new-ni-multiple-deprivation-measures-2017-lookup-tool
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464430/English_Index_of_Multiple_Deprivation_2015_-_Guidance.pdf
https://www.nisra.gov.uk/statistics/deprivation/northernirelandmultipledeprivationmeasure2017nimdm2017
https://www.nisra.gov.uk/statistics/deprivation/northernirelandmultipledeprivationmeasure2017nimdm2017
https://doi.org/10.1136/archdischild-2020-319848
https://doi.org/10.1038/s41415-021-3621-8
https://doi.org/10.1038/s41415-021-3621-8
https://www.gov.uk/government/publications/uk-5-year-action-plan-for-antimicrobial-resistance-2019-to-2024
https://www.gov.uk/government/publications/uk-5-year-action-plan-for-antimicrobial-resistance-2019-to-2024
https://doi.org/10.1093/jac/dkx504


AUTHOR CONTRIBUTIONS
AS: Primary Investigator and corresponding autho.r CO’N: Primary Supervisor of PhD
project and reviewed the paper and help in data analyses. IEK: Co-Supervisor of PhD
project and reviewed the paper and help in designing the study. FL: Co-Supervisor
and helped in designing the study and reviewed the paper and helped writing the
discussion section. TL: Co-Supervisor and helped in designing the methodology and
reviewed the paper. MD: Data owner of BSO and helped in getting the ethical
approval and data analysis and interpretation of the results.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL
This study was exempted from ethical approval by Queen’s University-Belfast, United
Kingdom, with reference number (QUB Ref: RGE 22_07). Data were collected from
HBS data resources; thus, no ethical approval was necessary. Consent to participate
was not required as this was a retrospective study.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41405-023-00140-0.

Correspondence and requests for materials should be addressed to Anas Salami.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

A. Salami et al.

7

BDJ Open            (2023) 9:14 

https://doi.org/10.1038/s41405-023-00140-0
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	An exploratory study of maternal diabetes and offspring use of dental services—Northern Ireland national cohort study
	Introduction
	Material and methods
	Study design and data
	Methods

	Results
	Discussion
	Conclusion
	Acknowledgements
	ACKNOWLEDGMENTS
	Author contributions
	Competing interests
	Ethics approval
	ADDITIONAL INFORMATION




