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Abstract

Background: Dental caries is a serious health condition in children. Poor diet, poor oral hygiene, and unique anatomy of the primary
teeth can all contribute to the development of caries in primary teeth. Developmental structural defects in teeth during the fetal period
and the first year after birth are believed to increase caries susceptibility. This study aimed to assess the correlation of the Apgar score
with dental caries in 3- to 5-year-old Iranian children.

Methods: This retrospective, descriptive, cross-sectional study was conducted at the Pediatric Dental Clinic of Tehran Dental School
in 2022. A total of 123 eligible children between 3-5 years were enrolled. The parents were requested to fill out a checklist regarding the
information of demographics, birth and infancy condition and Apgar score of children. The children underwent clinical dental
examination, and their dmft was recorded. Data were analyzed by the Pearson and regression tests. P values < 0.1 were considered
statistically significant.

Results: The Pearson test showed that the 1-minute (P = 0.000) and 5-minute (P = 0.000) Apgar scores had a significant correlation
with dmft. The regression analysis of demographic and birth factors revealed significant correlations between duration of breastfeeding
(P =0.066) and age of initiation of toothbrushing (P = 0.019) with dmft. Also, birth weight (P = 0.026) and mother’s educational level
(P =0.090) had significant correlations with the Apgar score.

Conclusion: The results indicated a significant correlation between the Apgar score and dental caries. Thus, newborns with lower
Apgar scores are recommended to receive more regular oral and dental care services.
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Introduction

Dental caries is a serious health problem for children. It
is five times more common than asthma (1, 2). Poor diet
and oral hygiene, increased load of cariogenic bacteria, and
unique anatomy of the primary teeth can all contribute to
the development of caries in primary teeth (1).

Diet and oral health of children after birth are among the
responsibilities of parents and healthcare workers. None-
theless, perinatal conditions (before and after the birth) of
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infants can also affect the anatomy and structure of enamel
and dentin in developing teeth and affect their caries sus-
ceptibility (3, 4).

Tooth development is initiated during the fetal period.
Impairment of the function of ameloblasts under any con-
dition would result in structural defects in developing teeth.
Enamel defects and reduction of enamel thickness have

1t What is “already known” in this topic:

Perinatal conditions of infants, such as nutrition and birth
conditions, affect the developing tooth. Apgar score as an index
for conditions, has been identified as a correlate of enamel
defects of primary dentition.

— What this article adds:

Through this cross-sectional study, we tried to find any relevant
evidence about the relation of Apgar score with dental caries in
the early childhood years. Our results confirmed this issue. So,
it is recommended that more preventive services should be
provided for these children.
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been observed in children with chromosomal defects, pre-
term birth, low birth weight, Rh hemolytic disease, respir-
atory distress at birth, neurological disorders, rickets, met-
abolic disorders, infectious diseases, hepatic and renal dis-
eases, severe nutritional deficiencies, and toxicities (5, 6).

Apgar is a clinical assessment test for newborns that is
performed at 1 and 5 minutes after birth. It was first intro-
duced by Dr. Apgar in 1953 and is a basis for the primary
care for newborns. It includes assessment of the skin color,
heart rate, muscular tone, reflex irritability, and respiratory
efforts of the neonate in the first 1 and 5 minutes after birth.
Each physiological parameter is scored 0 to 2, and the sum
of scores is calculated and reported as the Apgar score. An
Apgar score equal to 10 is optimal. The scores between 7-
10 are normal. Scores equal to or smaller than 6 at 1 minute
and 8 at 5 minutes indicate that the neonate should receive
intensive care (7, 8).

The Apgar score has not been designed for long-term pre-
diction of the condition of newborns. Instead, it provides
primary evidence regarding the general and neurological
development of newborns. It is mainly used for a clinical
assessment right after birth and needs assessment for inten-
sive care for neonates who show low scores. Although it is
not an exact indicator of developmental disorders in the fu-
ture, some limited evidence shows that infants with low
Apgar scores, especially at 5 minutes after birth, have a
higher risk of disorders such as cerebral palsy, autism, and
seizures during childhood, and more frequently develop
asthma at 3 years of age, leukemia at 14 years of age, psy-
chosis at 12 years of age, and cardiac diseases (9-16).

From the point of view of dental development, its corre-
lation with the Apgar score has been the topic of several
investigations. Animal studies indicated decreased activity
of ameloblasts and enamel defects due to hypoxia (17, 18).
A higher number of enamel defects has also been reported
in children with a low Apgar score at 1 minute (19-21).

On the other hand, a study on permanent molar-incisor
hypomineralization found no significant difference in this
regard between children with Apgar scores < 5 and those
with normal scores (16). The reason is believed to be the
compensatory mechanism to preserve cellular activity at
the minimum level by secretion of hypoxia-inducible fac-
tor-1A (22). It appears that this effect is observed when a
low Apgar score is associated with acidosis.

Delayed eruption of primary teeth in children with Apgar
scores < 7 at 1 minute (23), and a significant increase in the
incidence of dental caries in children with Apgar scores <
8 at 5 minutes have been reported as well (24).

Considering all the above, this study aimed to assess the
correlation between clinical conditions at birth based on the
Apgar score and dental caries in 3-5-year-old Iranian chil-
dren.

Methods

In this retrospective, descriptive, cross-sectional study,
the sample size was calculated to be 123 children according
to a study by Aminabadi et al, (20), assuming o. = 0.05, =
0.2, number of independent variables to be 6, and R2=0.1,
with 95% confidence interval using multiple regression
power analysis.
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Inclusion and Exclusion Criteria

Three- to five-year-old children with no syndromes, sys-
temic or metabolic diseases, or developmental or mental
disorders were selected using simple random sampling.

The study objectives were explained to the parents, and
their written informed consent was obtained. The parents
were assured of the confidentiality of their information and
informed that participation in the study was voluntary.

Children whose parents did not consent to their participa-
tion in the study, those whose birth records were not avail-
able, and those who had dental developmental defects at the
phase of examination were excluded.

Questionnaire completion and dental examination

The parents were then requested to fill out a checklist that
asked for 1) demographic information (age, gender, and
birth order of child in the family, maternal age at the time
of child birth, level of education of the parents, mother’s
occupation, and family income), and 2) birth and infancy
information (birth weight, preterm birth, duration of breast-
feeding, and age of initiation of toothbrushing).

Clinical Examinations

The children then underwent clinical dental examination,
and their dmft (decayed, missed, and filled teeth) index was
calculated according to the World Health Organization cri-
teria (25) to assess their oral health status. A trained, cali-
brated dental student performed the clinical oral examina-
tions. To assess the intra-examiner agreement, clinical oral
examination was randomly repeated for 30 children, and
the reproducibility of the results was calculated to be 100%.
Dental examinations were performed after cleaning and
drying of the teeth with sterile gauze by using a dental mir-
ror and a dental explorer under adequate lighting on the
dental chair. For each child, a clinical examination was
started by assessing the buccal, lingual, palatal, and occlu-
sal surfaces of the teeth in the maxillary right quadrant, fol-
lowed by the maxillary left quadrant, mandibular left quad-
rant, and mandibular right quadrant, and the dmft of each
child was recorded.

Finally, the parents were asked to find the 1-minute and
S-minute Apgar scores of their children in their children’s
birth records and report it over the phone.

Statistical analysis

Data were analyzed using SPSS version 25. Pearson’s
correlation test was used to analyze the correlation of the
Apgar score with the dmft score. Also, the correlation of
demographic variables with the Apgar score and dmft, and
the effect of demographic factors on the Apgar score and
dmft were analyzed by the multiple linear regression test. P
values < 0.1 were considered statistically significant.

Results

A total of 156 children between 3 and 5 years were ini-
tially selected according to the inclusion criteria. After ap-
plying the exclusion criteria, 123 children (43 girls and 80
boys) remained in the study. The children had a mean age
of 4.18+0.78 years. With respect to age distribution, there
were 26 three-year-olds, 44 four-year-olds, and 53 fifth-
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year-olds children. Table | presents the demographic infor-
mation of the participants, and Table 2 shows the infor-
mation regarding the infancy period of children.

Dental clinical examination as the minimum, maximum,
and mean number of decayed teeth (d), missed teeth due to
caries (m), filled teeth (f), dmft, 1-minute Apgar score, and
5-minute Apgar score are presented in Table 3.

The Pearson test showed that the 1-minute and 5-minute
Apgar scores had a significant correlation (low to moder-
ate) with the number of decayed teeth (d), missed teeth due
to caries (m), and also with dmft. However, the 1-minute
and 5-minute Apgar scores had no significant correlation
with the number of filled teeth (f). the amount of P values
and correlation Coefficient are presented in Table 4.

The regression analysis of demographic and birth factors
revealed significant correlations between duration of

Table 1. Demographic information of children

A. Keykhaie afusi, et al.

breastfeeding (P = 0.066, standardized coefficient beta:
0.188) and age of initiation of toothbrushing (P = 0.019,
standardized coefficient beta: 0.241) with dmft. Birth
weight (P = 0.026, standardized coefficient beta: 0.209)
and educational level of the mother (P = 0.090, standard-
ized coefficient beta: 0.159) had significant correlations
with the Apgar score. Other variables had no significant
correlation with the dmft or Apgar score of children (P >
0.1).

Discussion

Early Dental caries in children causes several complica-
tions and may necessitate emergency visits or treatments
under sedation or general anesthesia (26, 27). Also, it has
been reported that severe childhood caries increase the sus-
ceptibility to caries in adulthood (28). Pediatricians do not

variable Category Number (percentage)
Child’s Birth order First 65 (52.8%)
Second 39 (31.7%)

Mother’s educational level

Mother’s occupational status

Father’s educational level

Family income

Third or more

17 (13.8%)

High-school diploma or lower 59 (48%)
Bachelor or Master’s degree 59 (48%)
Doctorate degree 5(4.16%)
Housewife 86 (69.9%)
Working 37 (30.1)

High-school diploma or lower
Bachelor or Master’s degree

Doctorate degree
< 6 Million Toomans
6-12 Million Toomans
>12 Million Toomans

63 (51.2%)
56 (45.5%)
4(3.3%)
28 (22.8%)
50 (40.7%)
41 (33%)

Table 2. Birth and infancy information of children

variable Category Number (percentage)
Birth weight <2kg 9(7.3%)
>2 kg 113 (91.9%)
Preterm/full-term birth < 28 weeks 6 (4.9%)
>28 weeks 112 (91.1%)
Maternal age 20-30 years 67 (54.5%)
30-40 years 52 (42.3%)
>40 years 4 (3.2%)
Duration of breastfeeding No breastfeeding 15 (12.2%)
< 6 months 12 (9.8%)
> 6 months 96 (78%)
Toothbrushing Yes 92 (74.8%)
No 31 (25.2%)

Initiation of toothbrushing

<2 years of age
>3 years of age

37 (30.1%)
68 (55.3%)

Consumption of sweet drinks with a nursing Yes 49 (39.8%)
bottle No 74 (60.2%)
Table 3. Measures for the dmft and its components and the Apgar score of children
Variable Minimum Maximum Mean
(std. deviation)

d 0 16 5.12 (#4.29)
m 0 3 0.25 (#0.62)
f 0 8 0.49 (£1.51)
dmft 0 16 5.88 (#4.40)
1-minute Apgar score 5 10 8.67 (£1.06)
S-minute Apgar score 6 10 9.07 (#0.97)

Table 4. The amount of P values (Correlation Coefficient) in the relation of Apgar score and dmft index using the Pearson test

dmf index

Apgar indices Decayed teeth

1- minute Apgar score
5- minute Apgar score

<0.001 (-0.363)
<0.001 (-0.352)

Missing teeth Filled teeth
due to caries
0.002 (-0.271)

0.001 (-0.287)

0.676 (-0.038)
0.191 (-0.119)
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have sufficient knowledge about preventive dentistry.
Thus, many children present to a dentist for the first time
only when there is a problem (28, 29).

Aside from the important role of genetic susceptibility of
teeth to caries (22), it is believed that if ameloblasts are ex-
posed to an abnormal condition during the fetal period and
birth, such as hypoxia and acidosis, impairments and de-
fects in enamel development would occur (18, 22). To pre-
vent dental caries, the detection of the factors that enhance
the susceptibility to caries has been a major goal for many
researchers.

The Apgar score is a clinical index for general clinical
assessment of neonates in the first minutes after birth. The
time it takes for the Apgar score to pass 7 indicates the de-
gree of asphyxia and lower maturity of the neonate. The
Apgar score <9 at 5 minutes has a high predictive value for
developmental conditions and even death of the neonate
(30, 31). Children with lower Apgar scores at birth have
shown a significantly higher number of enamel defects in
their primary (19, 20) and permanent (21) teeth. Also, a
higher rate of dental caries has been reported in children
with a low Apgar score at birth, even with no clinical diag-
nosis of enamel hypoplasia (24). The present results, simi-
lar to the study by Sanders et al. (24) (2010) showed that
children, both girls and boys, with lower Apgar scores had
significantly higher frequency of decayed and missed teeth.
It seems that the main cause of the increased prevalence of
caries is the reduction in thickness or mineralization quality
of the tooth structure (6, 32-34). Another mechanism that
can explain the higher frequency of caries in such children
is insufficient development of the immune system and col-
onization of the oral environment by Streptococcus mutans
at a lower age. Such children often have a higher frequency
of otitis media and airway infections in the first year after
birth and are susceptible to developing severe diseases,
which indicate a weaker immune system in them (35).
Moreover, children with lower Apgar scores at birth often
show impairments in their functions, behavioral coping
mechanisms, and concentration, which often result in cari-
ogenic diets containing high amounts of sugar and less co-
operation of children in oral hygiene practices such as
toothbrushing. Thus, such children often experience a
higher rate of caries (10).

Some other birth-related factors that can increase the sus-
ceptibility to caries include preterm labor, birth weight, and
maternal age. Labor earlier than 37" pregnancy week, in-
trauterine growth retardation, and birth weight < 2000 g,
and particularly 1500 g, inadequate breast feeding, and un-
derweight can all adversely affect enamel development,
and increase the susceptibility to caries (36-38). In the pre-
sent study, preterm labor (earlier than the 28" week of preg-
nancy) was noted in 6 children, and birth weight < 2 kg was
reported in 9 children. However, statistical analysis re-
vealed no significant correlation between the above-men-
tioned parameters and increased rate of caries, which was
in agreement with the results of Sanders et al, (24); how-
ever, this result may be due to the small number of children
with such conditions in the present study and that of Sand-
ers et al, (24).

Other factors evaluated in this study included maternal
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age, duration of breastfeeding, consumption of sweet drinks
with a nursing bottle, and age of initiation of toothbrushing.
However, of all the assessed variables, only the duration of
breastfeeding and age of initiation of toothbrushing had sig-
nificant effects on the rate of caries. In other words, longer
duration of breastfeeding and initiation of toothbrushing at
an older age increased the rate of caries. The same results
were reported by Sanders et al. (24), who showed that the
age of initiation of toothbrushing was an effective factor;
however, maternal age and consumption of sweet drinks
had no significant effect on caries.

Demographic factors in different studies such as the birth
order of the child, occupation of the parents, particularly
the mother, level of education of the parents, particularly
the mother, and socioeconomic status of the family can all
affect the risk of dental caries (39-41). In the present study,
demographic factors had no significant effect on the risk of
caries, which was different from the previous findings. In
the study by Sanders et al. (24), the first children of the
family had a lower Apgar score and a higher rate of caries.
Some other studies also showed a lower rate of caries in
children with educated or working mothers (42-44). An-
other study showed a higher risk of caries in children with
educated or working mothers (45).

According to the child’s gender, the same results were
obtained in girls and boys, which was in accordance with
the findings of other studies regarding the risk of hypo-
plasia and caries (19-24), which indicates that the reported
difference in this regard between girls and boys at older
ages is attributed to their different behaviors, diet, or hor-
monal changes.

In the present study, the mother’s level of education and
birth weight had significant correlations with the Apgar
score (P <0.1) such that children whose mothers had higher
levels of education had a higher Apgar score, which high-
lights the importance of the mother’s knowledge about
pregnancy care. Also, children with lower birth weight had
a lower Apgar score, which has been previously confirmed
as well (10).

Some previous studies assessed the correlation of differ-
ent Apgar criteria with enamel defects. Nirmara et al. (19)
reported a significant correlation of reflex irritability and
heart rate with enamel defects. Hegyi et al. (46) showed a
significant correlation of respiratory efforts, muscle tone,
and reflex irritability with enamel defects while heart rate
and skin color had no significant correlation with enamel
defects. In the present study, information regarding differ-
ent Apgar criteria of children was not available. Therefore,
their correlation with dental caries could not be inde-
pendently analyzed.

This study had a cross-sectional design and a relatively
small sample size. Future studies with a larger sample size
are required to assess the independent effects of different
demographic factors. Also, children with Apgar scores < 6
should be assessed in a separate study to evaluate the diag-
nostic value of this index. Moreover, the correlation of each
Apgar criterion with early childhood caries should be ana-
lyzed in future studies.
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Conclusion

The present results showed a significant correlation be-
tween the Apgar score and dental caries in 3-5-year-old Ira-
nian children. Thus, newborns with lower Apgar scores are
recommended to receive more regular oral and dental care
services through periodic follow-ups with short intervals.
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