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Abstract

Background The effects of maternal use of medicines

during pregnancy on tooth development has scarcely been

studied; only negative effects of tetracycline on tooth

germs are known (irreversible tooth discoloration and

enamel hypoplasia).

Objective The aim of this study was to investigate whe-

ther antibacterials and anti-allergic and anti-asthma medi-

cines, being the most frequently used medicines during

pregnancy, are associated with deciduous molar hypo-

mineralisation (DMH) and, if so, which specific medicines.

Materials and Methods To clarify this possible associa-

tion, the participants of the Generation R Study, a popu-

lation-based prospective cohort study from fetal life until

young adulthood, were studied. Data on medicine use

during pregnancy were retrieved from pharmacies. Clinical

photographs of the second primary molars, which were

scored for DMH, were taken with an intra-oral camera in

6,690 children (mean age 6.2 years, standard deviation

[SD] ± 0.53; 49.9 % girls).

Results During pregnancy, 20.3 % of the mothers used

antibacterials, 12.3 % anti-asthma medicines and 5.4 %

anti-allergic medicines. The prevalence of DMH was

9.0 % in the study group. There was no association

between the use of anti-asthma medicines, anti-allergic

medicines (odds ratio [OR]: 0.97 [95 % CI 0.61–1.54];

OR: 1.04 [0.54–2.03]) or antibacterials (OR: 0.73

[0.49–1.09]) during pregnancy and DMH (all p-values

[0.05). The study had sufficient power (80 %) to detect

significant associations.

Conclusion Maternal use of antibacterials, anti-allergic

medicines or anti-asthma medicines during pregnancy is

not associated with the development of DMH in the

offspring.
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1 Background

Certain medicines are known to induce changes in the

teeth, such as discoloration and physical damage to the

tooth structure [1]. Extrinsic tooth discoloration is often

seen when chlorhexidine, amoxicillin with clavulanic

acid, essential oils and oral iron salts in liquid form are

used [1]. Intrinsic tooth discoloration, which is permanent,

occurs when the medicine has been used during tooth

formation. The most common minerals and medicines

causing intrinsic tooth discoloration are fluorides, tetra-

cyclines (including minocycline) and ciprofloxacin [1].

However, in animal studies more antibacterials have been

demonstrated to affect the amelogenesis [2, 3]. Antibac-

terials were associated with early childhood caries and

probably also with tooth fluorosis [4, 5]. Amoxicillin, the

most commonly prescribed antibacterial [6], has been

associated with molar incisor hypomineralisation (MIH)

[3, 7]. Anti-asthma medicine and severe demarcated

opacities, which are part of MIH, also seemed to be

associated [8]. Anti-allergic medicines, also frequently

used [6], are known to give a dry mouth [9], which can

negatively influence the caries progression. The influence

of its maternal use on the development of the teeth of the

child is not known [9].

MIH is a disturbance of the enamel of 1–4 first perma-

nent molars, sometimes in combination with hypominera-

lised incisors [10]. MIH is the most prevalent dental

developmental disturbance in the permanent dentition: in

The Netherlands, the prevalence is 14.3 % [11].

Deciduous molar hypomineralisation (DMH) is a

common hypomineralisation disturbance in the deciduous

dentition in 1–4 second primary molars [12]. Its occur-

rence is related to the occurrence of MIH [12, 13]. For

DMH and MIH, the same possible causes (perinatal

problems and common childhood diseases) were sug-

gested, although occurring somewhat earlier in life for

DMH than for MIH [7, 12, 14–21]. The tooth develop-

ment period of second primary molars starts around the

18th week of pregnancy and continues in the first year of

life of the child, while for the first permanent molar the

development starts around birth and continues until the

age of 3 years [22]. Consequently, it is possible that

exposure to asthma, anti-allergic and/or antibacterial

treatment in utero may induce the development of DMH.

However, the influence of antibacterials and asthma and

anti-allergic medicines taken during pregnancy on DMH

has not been studied before.

Therefore, the objective of this study was to investigate

whether antibacterials and asthma and anti-allergic medi-

cines used during pregnancy are associated with DMH in a

prospective population-based study.

2 Materials and Methods

2.1 Participants

The study is embedded in the Generation R Study, a pop-

ulation-based prospective cohort study from early preg-

nancy until young adulthood. The Generation R Study,

designed to identify early environmental and genetic

determinants of growth, development and health, has been

described in detail previously [23, 24]. The cohort included

9,897 children and their mothers living in Rotterdam, the

Netherlands. Enrolment of mothers was performed at early

pregnancy (gestational age \18 weeks). All children were

born between April 2002 and January 2006. Of all eligible

children in the study area, 61 % participated at birth in the

study [24]. The study was approved by the Medical Ethics

Committee of the Erasmus Medical Centre, Rotterdam;

from all participants written informed consent was

obtained. Approximately half of the mothers (51.0 %) and

children were of Dutch origin (54.8 %) [24]. At the age of

5–6 years, the children were invited for a check-up visit at

the Erasmus Medical Centre. From March 2008 to January

Assessed for eligibility  
Pregnancies (n = 9,778) 

Children (n = 9,901) 

Excluded (n = 152) 
♦ fetal death (n = 107) 
♦ loss to follow-up (n = 45) 

Analysis 

Live births (n = 9,749) 

Availability 

Excluded (n = 473) 
♦ died (n = 52) 
♦ loss to follow-up (n = 315) 
♦ withdrawn (n = 106) 

Postnatal participants (n = 
9,276) 

Excluded  (n = 2,586) 
♦ not visited research centre (n = 2,586) 

Eligible for analysis (n = 
6,690) 

Fig. 1 Flow chart participants
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2012, 6,690 children (including 88 twins) visited the

Erasmus Medical Centre. As part of this visit, intra-oral

photographs of their teeth were taken. A flow chart of the

study population is shown in Fig. 1.

2.2 Measures

Assessments included questionnaires, physical examina-

tions and fetal ultrasound examinations and were planned

in early pregnancy (gestational age \18 weeks), mid-

pregnancy (gestational age 18–25 weeks) and late preg-

nancy (gestational age [25 weeks). Data on maternal

medicine use during pregnancy were retrieved from phar-

macy records. These data were available for 5,613 preg-

nancies of 5,654 children. The medicines studied were (1)

antibacterials (e.g., broad- and small-spectrum penicillin,

cephalosporin, tetracycline), (2) anti-asthma medicines

(e.g., inhalation sympathomimetics, corticosteroids) and

(3) anti-allergic medicines (e.g., antihistamines).

At time of birth, Apgar scores and other birth parameters

such as weight and length were measured. Ethnicity [25],

education level [26], household income, additional use of

folic acid, and health of the mother and child were col-

lected by questionnaires at the ages of 2, 6 and 12 months.

At ages of 5–6 years, children visited the research centre

for hands-on measurements and photographs of their teeth.

After brushing their teeth, photographs of clean, moist

teeth were taken by trained nurses and dental students

(excess saliva was removed with a cotton ball). Taking

approximately ten photographs of all the teeth took

1–2 min for each child. In cases in which a few teeth could

not be scored, only the teeth visible in the photographs

were used in the analysis. An intra-oral camera (Poscam

USB intra-oral autofocus camera (Digital Leader PointNix)

or SOPRO life 717 intra-oral autofocus camera, 640 9 480

pixels) was used for the pictures of the teeth, with a min-

imal scene illumination of 1.4 and 30 lx. In an earlier

study, the validity of this camera for clinical recognition of

DMH was shown to be high [27]. From the intra-oral

photographs, DMH was scored using the criteria of the

European Academy of Paediatric Dentistry (EAPD) (see

Table 1) [10, 27].

A second primary molar was diagnosed as having DMH

when at least one of these criteria was found. The tooth was

scored as ‘no judgement possible’, if the tooth or the place

where the tooth should be was not shown on the photo-

graphs. The photographs were displayed on a computer in

full-screen mode and scored by a single dentist (ME). To

test the inter-observer agreement in this study, the data of

648 children (9.7 %) were scored independently by another

dentist (JV). The two dentists were previously calibrated by

scoring photographs, not belonging to this study, The

Cohen’s kappa score in this study was 0.73 for DMH. In

case of disagreement, the photographs were studied again,

and a consensus decision was made. At least 6 weeks after

the first scoring, a separate group of 649 children were

scored again by the first dentist (ME). The intra-observer

agreement reached the following Cohen’s kappa score for

DMH of 0.82 [13].

2.3 Statistics

Statistical analyses were performed with SPSS version 18.0

(SPSS Inc., Chicago, IL, USA). To test for any association

between medicine use and DMH, a logistic regression

analysis was used with adjustment for potential con-

founders. Selection of potential confounders was based on

factors associated with MIH in the literature. First, we

tested the association between the medicines and DMH

with a univariate logistic regression analysis. The potential

confounder was kept in the final multivariate model if it

changed the b-coefficient by 10 % or more. To reduce

potential bias associated with missing data, we used mul-

tiple imputation according to the Markov Chain Monte

Carlo (MCMC) method (assuming no monotone missing

pattern) [28]. Data were analysed in each data set sepa-

rately and the results of the ten imputed analyses were

pooled and reported in this paper along with the original

data. A p-value of \0.05 was considered statistically

significant.

Power calculation was used to establish if the size of the

study population was adequate. With a power of 80 % (at

an a of 0.05), our study was able to detect an odds ratio

(OR) of at least 1.3 and 1.6 on DMH for exposure to an-

tibacterials and anti-allergic medicines or anti-asthma

medicines, respectively [29–31].

Table 1 Criteria for the diagnosis of deciduous molar hypomineral-

isation (based on the EAPD criteria [10])

Mild:

• Opacity: a defect that changes the translucency of the enamel,

variable in degree. The defective enamel is of normal thickness

with a smooth surface and can be white, yellow or brown. The

demarcated opacity is not caused by caries, ingestion of excess

fluoride during tooth development or amelogenesis imperfecta

Severe:

• Post-eruptive enamel loss: a defect that indicates surface

enamel loss after eruption of the tooth, e.g., hypomineralisation-

related attrition. Enamel loss due to erosion was excluded, and/or

• Atypical caries: the size and form of the caries lesion do not

match the present caries distribution in the child’s mouth, and/or

• Atypical restoration: the size and form of the restoration do not

match the present caries distribution in the child’s mouth, and/or

• Atypical extraction: absence of a molar that does not fit in the

dental development and caries pattern of the child

EAPD European Academy of Paediatric Dentistry
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3 Results

Among the 6,690 participating children (mean age 6.2 years,

SD ± 0.53; 49.9 % girls), photographs of good quality were

made in 94.5 %, only one photograph was made in 3.2 % and

no photographs were made in 2.3 % of the children. The

prevalence of DMH was 9.0 % (n = 515), when calculated at

the child level. Of all eligible second primary molars

(n = 24,347), DMH was present in 4.1 % (n = 987) of those

molars. During pregnancy, 569 mothers used antibacterials

(20.3 %); anti-asthma medicines (e.g., inhalation sympat-

homimetics, corticosteroids) were used by 344 mothers

(12.3 %), and anti-allergic medicines (antihistamines) by 151

mothers (5.4 %). Of those who used amoxicillin, 85 % did so

once, 11 % twice and the remaining 4 % three to five times

during pregnancy. The most frequently used daily dose of

amoxicillin was 1,500 mg (84 %), with the prescribed daily

doses varying between 750 and 2,500 mg. A further dose

response correlation could not be assessed.

The mean age of the mothers was 30.6 years

(SD ± 5.2), and 63.2 % were of Dutch-Caucasian origin.

The study population is described in Table 2. First, we

tested the association between antibacterials, anti-asthma

medicines and anti-allergic medicines and DMH with an

unadjusted logistic regression analysis. Then, the associa-

tion was adjusted for different groups of confounders using

a logistic regression analysis (see Table 3). In Table 3, we

chose a p-value of B0.20 to show that most of the studied

relationships were not even close to statistical significance.

The ORs for the association between DMH and antibac-

terials, anti-asthma medicines and anti-allergic medicines

differed slightly between the different multivariate models.

Overall, no statistically significant associations were found.

4 Discussion

No associations between antibacterials, anti-asthma medi-

cines or anti-allergic medicines and DMH were found in

Table 2 Subject characteristics

Mean SD

Age of mother at intake (years) 30.6 5.2

Age of child at visit research centre (years) 6.2 0.5

N %

Deciduous molar hypomineralisation

No 5,182 91.0

Yes 515 9.0

Antibacterial use of mother (pregnancy)

No 2,230 79.7

Yes 569 20.3

Amoxicillin use of mother (pregnancy)

No 2,433 86.9

Yes 366 13.1

Tetracycline use of mother (pregnancy)

No 2,776 99.2

Yes 23 0.8

Anti-asthma medicine use of mother (pregnancy)

No 2,455 87.7

Yes 344 12.3

Anti-allergic medicine use of mother (pregnancy)

No 2,648 94.6

Yes 151 5.4

Ethnicity of mother

Dutch-Caucasian 3,919 63.2

Turkish 509 8.2

Moroccan 336 5.4

Surinamese 476 7.7

Other 959 15.5

Additional use of folic acid

No 1,138 25.0

Start first 10 weeks 1,445 31.8

Start periconceptional 1,963 43.2

Addition use of fluoride child (1st year of life)

No 4,441 98.6

Yes 62 1.4

Illnesses of mother during pregnancy

No 1,157 19.7

Yes 4,722 80.3

Fever of mother during pregnancy

No 4,895 83.5

Yes 968 16.5

Diabetes gravidarum

No 6,301 98.9

Yes 69 1.1

Gestational hypertension

No 5,448 95.8

Yes 240 4.2

Apgar score 1 min

Table 2 continued

N %

C7 5,582 94.4

\7 333 5.6

Illnesses child (1st year of life)

No 201 4.1

Yes 4,661 95.9

Fever child (1st year of life)

No 846 17.4

Yes 4,017 82.6

SD standard deviation

630 M. E. C. Elfrink et al.



our study. This finding is only partly in line with the lit-

erature available on this topic.

A power calculation revealed that the sample size is

adequate, but only for tetracycline use as the sample size

was too small.

Antibacterials are either supposed to be safe for use

during pregnancy or data about the safety of separate an-

tibacterials are lacking. Only tetracycline is contra-indi-

cated because of known effects on tooth development

[9, 32, 33]. Inhalation medicines for asthma are also

supposed to be safe to use during pregnancy [34]. For anti-

allergic medicines, data on their safety during pregnancy

are lacking [9]. For both asthma and anti-allergic medi-

cines, no data are available on their dental safety [9, 34].

In previous studies, several factors (including prenatal

factors) were associated with hypomineralisation in the per-

manent dentition (MIH). These included medical problems,

although sometimes controversial results were found [7, 18,

35–37]. Most of these studies were retrospective, creating

potential information bias by differential recall. Pharmacies

register all prescriptions in the computer before the onset of

DMH and this facilitates a prospective study design in which

differential misclassification of exposure is excluded.

Possible determinants of DMH have only been studied

scarcely [17]. In principle, the same determinants might be

expected as for MIH molars, though occurring somewhat

earlier in life (pre- and perinatal instead of postnatal) [12,

14–17]. Pre- and perinatal factors did not seem to have

much influence on the occurrence of MIH, but they were

reported to be associated with DMH [17]. This can be

explained by the period in which the teeth are developing.

The development of the second primary molars and per-

manent molars and incisors has an overlap. The develop-

ment of the second primary molar starts earlier than the

development of the first permanent molars and permanent

incisors [22].

In MIH, confounding cannot be excluded because it is

still unknown whether it is the disease or the medicines to

treat the disease that causes the hypomineralisation. The

relationship of hypomineralisation with antibacterial use,

especially for the commonly prescribed antibacterial

amoxicillin, has been demonstrated in animal experimental

research [3, 38]. In our study, the adjusted OR for tetra-

cycline use was increased, but not significantly, possibly

caused by the lack of power. Wogelius et al. [8] found a

relationship between hypomineralisation in the permanent

dentition and the use of anti-asthma medicines by the

children themselves. We did not find an association

between maternal use of anti-asthma medicine and DMH.

We presume that the dose that reached the unborn child is

very low because the medicines are mostly inhalational and

do not pass the blood–placental barrier [9, 39].

Table 3 Odds ratios found for the association between medicine use during pregnancy and deciduous molar hypomineralisation

Univariate Adjusted for

general factorsa
Adjusted for

lifestyle factorsb
Adjusted for

health mother c
Adjusted for

health childd

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Antibacterials

Original 0.73* 0.49–1.09 0.81 0.53–1.22 0.93 0.57–1.53 0.71* 0.47–1.09 0.74 0.46–1.19

Pooled 0.98 0.56–1.73 0.99 0.57–1.74 0.98 0.55–1.73 0.98 0.56–1.73 0.99 0.56–1.74

Amoxicillin

Original 0.64* 0.38–1.07 0.69 0.41–1.17 0.79 0.41–1.51 0.63* 0.36–1.08 0.70 0.39–1.26

Pooled 1.16 0.39–3.49 1.16 0.38–3.56 1.16 0.38–3.51 1.16 0.39–3.49 1.16 0.39–3.50

Tetracycline

Original 1.15 0.27–4.95 2.00 0.45–8.97 5.04* 0.90–28.33 1.39 0.32–6.10 2.18 0.47–10.13

Pooled 0.86 0.25–2.96 0.86 0.25–2.99 0.85 0.24–3.00 0.85 0.23–3.10 0.86 0.24–3.02

Anti-asthma medicine

Original 0.97 0.61–1.54 1.06 0.67–1.70 0.95 0.53–1.71 0.95 0.58–1.54 1.15 0.69–1.91

Pooled 1.05 0.69–1.58 1.05 0.70–1.60 1.04 0.68–1.59 1.04 0.68–1.58 1.05 0.69–1.60

Anti-allergic medicine

Original 1.04 0.54–2.03 1.11 0.57–2.18 1.26 0.56–2.84 1.08 0.54–2.18 1.25 0.61–2.55

Pooled 1.23 0.59–2.57 1.25 0.58–2.68 1.23 0.58–2.60 1.24 0.59–2.60 1.24 0.58–2.64

CI confidence interval, OR odds ratio, * p B 0.20
a General factors: age and ethnicity of the mother
b Lifestyle factors: the use of folic acid during pregnancy and the use of additional fluoride tablets during the first year of life by the child
c Health problems of the mother during pregnancy: illnesses, fever, gestational diabetes and hypertension
d Health problems of the child: the Apgar score at 1 min, infectious diseases and fever of the child in the first year of life

DMH and Medicine Use during Pregnancy 631



Many different factors that could influence tooth

development have been reported. In animals, specific

relationships between one type of medication and its

influence on amelogenesis have been investigated [2, 3]. In

such studies, many medications, especially antibacterials,

were found to be associated with disturbances in amelo-

genesis. In future research, medication use of the child and

possible effects on the developing teeth have to be studied.

In addition, the way the medication is taken (systemic,

inhalation, topical) and the extent of the use has to be taken

into account. Therefore, more research is needed to deter-

mine if the disease or the treatment influences amelogen-

esis, thereby being one of the factors influencing DMH.

4.1 Limitations of the Study

Our study had a power of 80 % (at an a of 0.05) to detect

an OR between 1.3 and 1.6 on DMH for exposure to an-

tibacterials, anti-allergic medicines and anti-asthma medi-

cines, respectively. This effect size is the same or higher

than that of other studies [5, 36, 37], suggesting that we had

sufficient power to detect significant associations.

This study only describes the data on medication use and

if the medication is prescribed or not. No conclusions can

be made about the influence of the dosage of the

medication.

The percentages of mothers from different ethnicities

and/or with lower socioeconomic statuses were lower

among the participants than expected for the overall pop-

ulation from Rotterdam [24]. Generalizing the results

might be influenced by the selection of our study towards a

more healthy and affluent population. However, the asso-

ciations studied are not expected to be different in the

participating population compared with the non-partici-

pating population [40]. As a result of the number of

missing values, the missing data were imputed. There were

no significant differences in the outcome of the analyses on

the original data and on the imputed data (see Table 3).

Photographs were difficult to take in some of the young

children. Unsuccessful pictures were generally seen in

cases in which the child was not able to breathe nasally,

e.g., because of the common cold, thus creating moisture

on the lens of the camera. Despite this, the overall number

of missing photographs was low (5.5 %).

5 Conclusion

The use of antibacterial, anti-asthma and anti-allergic

medication taken by mothers during pregnancy was not

associated with DMH in their offspring. Conclusions about

tetracycline use cannot be drawn because of a lack of

power. In addition, after correction for general lifestyle and

health factors, no relationships with anti-asthma and anti-

allergic medication and antibacterial use during pregnancy

were found. These findings suggest that these medicines,

used during pregnancy, do not play an important role in the

aetiology of DMH in children.
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