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Background: Oral clefts are birth defects that affect 500-1,000 livebirths depending on
the geographic area. Maternal smoking increases the risk of stillbirths, prematurity, low
birth weight, and oral clefts.

Methods: In this case series, we measured the cleft palate defect of 10 children born
from mothers who smoked during pregnancy and compared with measurements of 36
children born from mothers who did not smoke.

Results: Palate defects tended to be larger in the group that the mother smoked
during pregnancy.

Conclusion:
the palate.

Smoking during pregnancy aggravates the size of the cleft defect in

Keywords: cleft palate, smoking, nicotine, altitude (MeSH), acardiac anomaly

INTRODUCTION

Oral clefts is a relatively common birth defect that shows differences in frequency depending on
geographic origin (1). Maternal smoking, including passive maternal exposure, is the only factor
that conclusively associates with cleft palate in humans (2-9) increasing its risk from 4 in 10,000
live births to 96 to 128 in 10,000 live births. For the first time, one shows that the actual cleft defect
of children born from mothers who smoked during pregnancy is larger. There is a question on
the mechanism of how maternal cigarette smoking lead to clefts. In Xenopus laevis, E-cigarette
vapors exposure reduces blood supply to the face of embryos (10). In humans, acardiac twins
(11) and living above 2,000 m in relation to the sea level (12) are scenarios that suggest hypoxia
is the mechanism leading to cleft palate. In both cases, lower oxygenation of the blood may stress
the fusion of lip and palate processes. Nicotine may also have a direct impact in cleft palate by
modifying gene expression and leading to persistence of epitelial cells in areas connective tissue
should level and fuse (13). Here, we tested the hypothesis that the cleft palate defect will be larger
among children whose mothers smoked during pregnancy.

METHODS

This analysis has Institutional Review Board approval, and parents of all participants signed a
written informed consent document agreeing with their child’s participation.
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We used 46 pre-surgical models from consecutive cases of
patients born with isolated cleft palate, without a syndrome, and a
known history of maternal smoking. These children were treated
from March 2012 to September 2016 at the Lauro Wanderley
University Hospital Cleft Lip and Palate Center.

To determine the size of the palatal defect, the pre-
surgical models were measured using a digital caliper
positioned on the maxillary tuberosity level from left
to right and registering the transversal fault (Figure 1).
Antero-posterior defects were defined as involving one-
third, two-thirds, or the complete palate (Figure2) analyzed
through occlusal photographs and pre-surgical models.
One single examiner recorded all data. The intraexaminer
agreement was assessed by a second evaluation of 10
models and photographs and after 2 weeks with a kappa
of 0.90.

The history of maternal smoking was collected from medical
records. There were no other risk factors identified, such
as diabetes and use of certain medications (i.e., topiramate

FIGURE 1 | Width of palatal defect: distance from left to right at the level of
the maxillary tuberosity. Corresponding to the distance between A and A’ at
the level of T and T’, in millimeters.

or valproic acid), that could be confounding these analyses
(Table 1).

Out of the 46 individuals studied, 10 had history of maternal
smoking. Power estimates with the sample size available (10
vs. 36), assuming similar standard deviations in each group,
suggested the ability to detect an effect size of Cohen’s D of 0.8
(alarge effect size) (14).

RESULTS

Ten out of the 46 cases studied were born from mothers who
smoked while pregnant. The size of the defect among these
10 children ranged from 3.5 to 15.46 mm (mean, 8.17 mm) in
comparison to 3.08 to 14.56 mm (mean, 8.09 mm) among the 36
children born from mothers who did not smoke. Nineteen had
one-third of the palate affected (three were born from mothers
who smoked while pregnant), 15 had two-thirds of the palate
affected (five born from mothers who smoked while pregnant),
and 12 had a complete defect in the palate (two were born from
mothers who smoked while pregnant).

No difference was found between the groups in the transverse
measurement (p = 0.33). There was a statistical significant
difference for the anteroposterior measurements (p < 0.05).

DISCUSSION

We speculate that if it is the case that nicotine is the main
factor that leads to cleft palate, there should not be a difference
in the sizes of defects of children born from mothers who
smoked vs. mothers who did not smoke while pregnant. On the
other hand, if hypoxia is the main reason for which maternal
smoking increases the chance for a child to be born with
cleft palate, we believe we should see that the defects of the
children born from mothers who smoked while pregnant are
larger. If the mother smoked while pregnant, children with
two-thirds or complete palate defects had larger clefts (p =
0.000003, Student’s t-test) with a difference of 2.88 standard
deviations (Cohen’s D test) in comparison to children born
from mothers who did not smoke. This evidence suggests that
maternal smoking causes cleft palate through hypoxia. This
inference is compatible to the suggestion that hypoxia is one
of the mechanisms underlying clefts and may be the reason

FIGURE 2 | Anteroposterior palatal defects affecting (A) one-third, (B) two-thirds, and (C) the whole extension of the palate.
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TABLE 1 | Characteristcs of the studied group.

Case Agein Consanguinity  Family Cleft Maternal Paternal Maternal Maternal Maternal Maternal Size of cleft

months history completeness age age alcohol smoking exposure exposure defect

of clefts (years) (years) use during to other to (millimeters)
during pregnancy substances radiationb
pregnancy

1 10 No No Complete 20 23 No No No No 14.56
2 17 No Yes Two-thirds 22 29 No No No No 6.26
3 12 No Yes Two-thirds 17 18 No No No No 12.26
4 20 No No One-third 27 27 No No No No 6.63
5 12 No No One-third 20 20 No No No No 5.26
6 10 No No One-third 24 26 No Yes No No 4.41
7 16 Yes No Two-thirds 22 35 No No No No 8.04
8 16 No Yes Complete 34 32 No No No No 8.24
9 24 No No One-third 26 21 No No No No 6.18
10 12 No No Two-thirds 43 36 No No No No 8.63
11 12 No Yes Two-thirds 19 21 No Yes No No 8.51
12 10 No No Two-thirds 18 18 Yes Yes No No 6.54
13 14 No Yes One-third 28 33 No Yes No No 3.5
14 17 No Yes Two-thirds 27 28 Yes Yes No No
15 14 No No One-third 33 32 No No No No
16 12 No No Two-thirds 41 28 No No No No 12.29
17 16 No No Complete 27 26 No No Yes No 12.92
18 18 Yes Yes Complete 31 32 No Yes No No 6.5
19 24 No No Two-thirds 38 37 No No No No 8.4
20 24 No Yes One-third 18 20 No No No No 7.05
21 12 No Yes One-third 28 23 No No No No 5.63
22 10 No No Two-thirds 26 20 Yes Yes Yes No 11.02
23 24 No No One-third 21 22 No No No No 9.67
24 16 No Yes Complete 21 22 No No No No 719
25 32 No No Complete 27 18 No No No No 8.12
26 60 No No One-third 30 20 No No Yes No 8.29
27 192 No Yes Two-thirds 43 38 No No No No 9.38
28 21 No No One-third 33 21 No No No No 5.39
29 156 No No Complete 20 27 Yes Yes No No 15.46
30 36 No No One-third 29 17 No No No No 8.16
31 14 No No One-third 33 29 No No No No 3.08
32 24 No No Complete 32 30 No No No No 12.23
33 12 No No Two-thirds 21 18 No No No No 8.37
34 13 No No One-third 24 21 No No No No 5.17
35 20 No Yes One-third 43 40 No Yes No No 7.38
36 16 No No Two-thirds 31 30 No No Yes No 9.05
37 14 No No Two-thirds 30 34 No No No No 9.48
38 12 No No Two-thirds 38 35 No Yes No No 10.4
39 17 No Yes One-third 26 24 No No No No 6.81
40 28 No No One-third 34 34 No No No No 6.48
41 19 Yes No Complete 32 34 No No No No 8.06
42 21 No Yes One-third 38 37 No No No No 4.44
43 14 No No Complete 22 21 No No No No 7.82
44 25 No No Complete 28 27 No No No No 8.71
45 48 No No One-third 26 22 No No No No 5.16
46 14 No No Complete 30 27 No No No No 9.16
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for the findings related to associations with maternal cigarette
smoking during pregnancy, differences in frequency of clefts
depending on altitude, and the frequency of occurrence of clefts
in acardiac twins. Frequency of clefts in high altitude places and
acardiac twins is not compatible with the idea that nicotine is
the reason risks for cleft lip and palate are increased among
mothers who smoked during pregnancy. It is true that genetic
variation in detoxification genes appears to modulate risks for
clefts (4, 15), but activation of these mechanisms could also be
in response to stress consequence of low oxygenation. Despite
the perceived limitation of a small sample, our study showed
for the first time that maternal cigarette smoking leads to larger
palatal cleft defects. Another perceived limitation of our study
aside from the sample size was not obtaining measurements using
computational approaches. However, the use of digital models in
comparison to plaster dental casts, although saving clinical steps,
showed that the accuracy of the software for space analysis on
digital models is comparable with traditional plaster study model
analyses (16).

We suggest that future cleft research needs to incorporate
more sophisticated definitions beyond just calling individuals
affected or not affected, if the goal is to wunveil the
etiological mechanisms underlying multifactorial cleft lip
and palate.

CONCLUSION

Mothers who smoked while pregnant were more likely
to have children with defects involving two-thirds of the
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