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Abstract
Background: Cleft lip and/or palate (CL/P) is one of the most frequent craniofacial disorder which could associate with a wide range of
craniofacial complication. In order to perform comprehensive care of CL/P patients, it is crucial to elucidate the link of CL/P and
general clinical conditions. This study aims to elucidate the relationships between medical history of different CL/P types and
infectious diseases to serve as a reference for the comprehensive care of patients with CL/P.
Methods: We investigated the association between a history different types of CL/P and the risk of infectious diseases among 1-year
old children in the Japan Environment and Children’s Study (JECS). Among the 104,065 registered fetal records, 92,590 eligible
participants were included in the analysis.
Results: The multivariable-adjusted risk ratios (95% confidence intervals) for otitis media were increased in cleft lip and palate (CLP)
and cleft palate only (CPO) groups by 3.81 (2.73–5.31) and 2.27 (1.22–4.22), respectively. The prevalence of Upper respiratory
inflammation (URTI) was not associated with CLP, cleft lip only, or CPO. However, analysis in all groups showed a higher risk of
URTI compared with the control group (1.31 [1.04–1.66]).
Conclusions: CL/P care requires additional attention to prevent airway infectious diseases such as URTI before 1 year of age. Further
research is warranted to elucidate the relationship between CL/P and general medical conditions.
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Introduction

Orofacial cleft, which includes cleft lip and/or palate (CL/
P), is one of the most common congenital disorders and
leads to a variety of craniofacial malformations, such as
midfacial deficiency [1]. Its etiology is multifactorial; var-
ious genetic and environmental factors are associated with
the condition [2]. Embryonic cellular and molecular de-
fects can result in CL/P; these common mechanistic prob-
lems influence the development of other tissues or organs,
causing a wide range of congenital diseases [3–5]. Another
important aspect to consider when providing comprehen-
sive care to patients with CL/P are the possible sequelae.
The general condition of patients with CL/P is influenced
by disrupted craniofacial structures and the outcome of
multiple surgeries, such as lip and palate closure. Cranio-
facial deformities and malocclusion due to maxillary
growth retardation are well known issues in patients with

CL/P [1]. Other oral functions such as speech and inges-
tion are also affected [6, 7]. However, knowledge of the
relationship between CL/P and various general diseases
remains limited. One of the most common general medical
conditions in CL/P is otitis media, caused by inadequate
eustachian tube ventilation [8]. A recent study showed that
1-year-old infants with orofacial clefts have a potentially
high incidence of lower respiratory tract infections [9].
Otitis media and lower respiratory tract infections are in-
flammatory diseases; we hypothesized that patients with
CL/P may be more sensitive to infections in general.
Moreover, CL/P frequently results in physical connection
between the oral and nasal cavities, which could be asso-
ciated with complications in oral pharyngeal functions
such as vocalization and swallowing [6, 7]. These features
can also promote infection and inflammation of the respi-
ratory tract. However, few studies have focused on the
relationship between CL/P and risk of infectious diseases.
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Therefore, we investigated the association between the
history of CL/P and risk of infectious diseases before 1
year of age in a large-scale cohort of Japan Environment
and Children’s Study (JECS) [10].

Methods

Study cohort
The details of the JECS, a nationwide birth cohort study,
including its protocol, have been described previously
[11, 12].
Briefly, a self-administered questionnaire was distribut-

ed to all participants when they were registered during
pregnancy. A second questionnaire survey was conducted
during the second or third trimester of pregnancy, followed
by surveys at 1 month and every 6 months after delivery.
Information on infectious diseases occurring in infants till 1
year after delivery was collected using 6-month and 1-year
questionnaires. Demographic information, including socio-
economic status, medical and obstetric history, physical
and mental health, and lifestyle factors, was obtained. Writ-
ten informed consent was obtained from all participants.
The JECS protocol was reviewed and approved by the

Institutional Review Board on Epidemiological Studies of
the Ministry of the Environment and the ethics committees
of all participating institutions.

Study population
This study was based on the JECS-an-20180131 dataset
released in March 2018. Among a total of 104,065 fetuses
registered in the JECS study in 2014, we excluded still-
births or miscarriages (n = 3,921), registrations lacking
information on the newborn’s sex (n = 11), multiple births
(n = 1,889), lack of information on the morbidity of in-
fections (n = 5,636), and registrations with chromosomal
aberrations including 22q11.2 deletion syndrome (n =
122). Finally, 92,486 fetuses were included in the analyses
(Fig. 1).

Orofacial cleft
The presence of cleft lip only (CLO), cleft lip and palate
(CLP), and cleft palate only (CPO) was determined by a
review of medical record transcripts at birth and 1 month
after delivery. CL/P refers to all cases of cleft lip and/or
palate.

Main study outcome
Infectious disease was the main outcome of this study.
Information about infectious diseases was obtained from
self-administered questionnaires at 6 months and 1 year
after delivery. At these timepoints, we collected informa-
tion regarding the children’s history of otitis media, upper
respiratory inflammation, and influenza. History of these
diseases was assessed using the following question: “Has
your child been diagnosed with a disease (by a doctor)
after birth? (Check all that apply).” The infectious disease
section included checkboxes for “Otitis media,” “Upper

respiratory tract infection (including cold),” and “Flu.”
We defined a check in one of these boxes in either ques-
tionnaire (6 months or 1 year) as the presence of infectious
diseases until 1 year of age and a check in the box in the 6
months questionnaire as the presence of infectious diseases
until 6 months of age.

Confounding variables
The confounding variables were maternal age, study area,
alcohol habits (never, former drinker, current drinker, or
missing data), smoking habit (never, former smoker but
quit before discovering current pregnancy, former smoker
but quit after discovering current pregnancy, current smok-
er, or missing data), daily folate intake, folate supplements
(yes, no, or missing data), educational level of the mother
(junior high school, high school, career college or voca-
tional school, university or graduate school, or missing
data), breast feeding (Breastfeeding until 6 months of age
(exclusively or mixed feeding), switched to formula milk
at some point, or missing data) and infant food use for 6
months after birth.
Information on alcohol consumption habits, smoking

habits, daily folate intake, and folate supplement use was
collected from questionnaires administered during the first
trimester [13]. Information on the mother’s educational lev-
el was collected from questionnaires administered during
the second or third trimester. Information of breast feeding
was collected from questionnaires for 6 months of age.

Statistical analyses
Numbers and proportions of participants’ demographic

Fig. 1 Flowchart of participant selection.
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characteristics, including children’s nutritional intake and
mothers’ lifestyle habits, socioeconomic status, and folate
intake from food and supplements, were calculated sepa-
rately for patients with and without an orofacial cleft. We
also performed robust multivariable Poisson regression
analyses to estimate the adjusted risk ratios (RRs) (95%
confidence interval [CI]) according to the presence or ab-
sence of orofacial cleft, adjusting for potential confound-
ing variables which are considered to influence the etiol-
ogy of both CL/P and infectious diseases (smoking habit,
alcohol intake, folate intake, folate supplement use before
pregnancy, educational level, and use of infant food).
In Table 2, “Model a”was adjusted for maternal age and

study area while “Model b” was adjusted further for ma-
ternal education level, folic acid intake and supplementa-
tion, alcohol intake, smoking status, and use of baby food.
The distribution of missing values was estimated using

multiple imputation with 25 imputations, where the multi-
ple imputation models included orofacial cleft and all the
adjusted variables.

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). All reported
p-values were two-sided, and significance was set at
p < 0.05.

Results

Table 1 shows the participant characteristics based on the
presence of an orofacial cleft. We observed a similar prev-
alence of current drinkers, smokers before pregnancy, uni-
versity or higher education, and folate intake before preg-
nancy between the orofacial cleft and control groups.
However, the ratio of breastfeeding at 6 months of age
was lower in the CLP (20.4%) and CPO (29.6%) groups
than in the control (72.2%) and CLO (63.5%) groups.
A significantly higher incidence of otitis media was ob-

served in the CLP and CPO groups, with age-adjusted and
multivariable-adjusted relative risks (RRs) of 3.81 (2.73–
5.31) and 2.27 (1.22–4.22), respectively. In contrast, the
CLO group did not show a significant difference with age-

Table 1 Characteristics of participants according to with or without orofacial cleft.

Control group (reference) CLP CLO CPO
Maternal factors
Age, mean (SD) 30.8 (5.0) 30.2 (5.4) 30.7 (4.7) 30.5 (4.7)
Educational levels, N (%)
Junior high school 4028 (4.4) 3 (3.2) 2 (3.2) N.A.
Highschool 28261 (30.6) 36 (38.7) 19 (30.2) 16 (36.4)
2-year college, vocational school, or technical college 38668 (41.9) 27 (29.0) 30 (47.6) 21 (47.7)
University 20087 (21.8) 24 (25.8) 10 (15.9) 7 (15.9)
Missing 1242 (1.4) 3 (3.2) 2 (3.2) N.A.

Folate intake during pregnancy, %
T1 (Low) 30559 (33.1) 29 (31.2) 16 (25.4) 16 (36.4)
T2 30560 (33.1) 29 (31.2) 18 (28.6) 14 (31.8)
T3 (High) 30547 (33.1) 33 (35.5) 27 (42.9) 14 (31.8)
Missing 620 (0.7) 2 (2.2) 2 (3.2) N.A.

Folate supplyment intake during pregnancy, %
Yes 82945 (89.9) 83 (89.3) 57 (90.5) 36 (81.8)
No 7595 (8.2) 8 (8.6) 2 (3.2) 7 (15.9)
Missing 1746 (1.9) 2 (2.2) 4 (6.4) 1 (2.3)

Smoking status during pregnancy, %
Non 53759 (58.3) 50 (53.8) 33 (52.4) 26 (59.1)
Ex- before pregnancy 21614 (23.4) 21 (22.6) 18 (28.6) 11 (25.0)
Ex- after pregnancy 11688 (12.7) 17 (18.3) 6 (9.5) 6 (13.6)
Current 3978 (4.3) 3 (3.2) 4 (6.4) 1 (2.3)
Missing 1247 (1.4) 2 (2.2) 2 (3.2) N.A.

Drinking status during pregnancy, %
Non 31674 (34.3) 34 (36.6) 24 (38.1) 15 (34.1)
Ex- before pregnancy 50558 (54.8) 52 (55.9) 33 (52.4) 23 (52.3)
Ex- after pregnancy 1105 (1.2) 2 (2.2) 1 (1.6) 2 (4.6)
Current 8077 (8.8) 3 (3.2) 3 (4.8) 4 (9.1)
Missing 872 (0.9) 2 (2.2) 2 (3.2) N.A.

Infant
Breastfeeding, %
Breastfeeding until 6 months of age (exclusively or mixed feeding) 66630 (72.2) 19 (20.4) 40 (63.5) 13 (29.6)
Switched to formula milk at some point 24468 (26.5) 74 (79.6) 22 (34.9) 29 (65.9)
Missing 1188 (1.3) N.A. 1 (1.6) 2 (4.6)

Babyfood using, %
Yes 15484 (16.8) 27 (29.0) 21 (33.3) 9 (20.5)
No 76802 (83.2) 66 (71.0) 42 (66.7) 35 (79.6)

Abbreviation: CLP, cleft lip and palate; CLO, cleft lip; CPO, cleft palate.
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adjusted and multivariable-adjusted RRs of 1.40 (0.76–
2.57) and 1.42 (0.74–2.73), respectively (Table 2). A sim-
ilar tendency for otitis media was seen in the analysis using
the samples at 6 months of age (Supplementary Table 1).
We also observed a significantly higher incidence of

upper respiratory inflammation in the CL/P group (all
types), with age-adjusted and multivariable-adjusted RRs
of 1.27 (1.05–1.53) and 1.31 (1.04–1.66), respectively.
However, we observed no significant differences between
the CL/P and control groups in the prevalence of influenza
with a multivariable-adjusted RR of 0.85 (0.44–1.63).

Discussion

The results of this large-scale nationwide study revealed a
significant association between orofacial cleft and the risk
of multiple infectious diseases, such as otitis media and
URTI at 1 year of age. In addition to complications in the
oral region, patients with CL/P frequently develop otitis
media because of inadequate eustachian tube ventilation
[8]. A cross-sectional study reported that >90% of ears in
55 patients with CLP and CPO exhibited otitis media at 20
months of age, compared with a cumulative incidence of
approximately 50% in the general population before 3
years of age reported in a population-based birth cohort
study that included 50,474 children with unknown genetic
backgrounds [14, 15]. The present study detected a lower
rate of otitis media in both the orofacial cleft and control
groups than previously reported because the duration of
sample collection was limited to 1 year after delivery. We
observed a high RR of otitis media at 1 year of age in
infants with CLP and CPO. In contrast, in the CLO group,
this did not significantly differ from that in the control
group. Several studies have investigated the risk of otitis
media with different types of orofacial clefts, finding a

higher risk in patients with CLP and CPO than in those
with CLO, suggesting that a wider orofacial cleft could
increase the risk of ear infection [16, 17]. Conversely, a
case-control study of White participants <18 years old,
which included 94 probands with CLO and 183 unaffected
controls, reported a higher incidence of ear infection in
CLO patients than in controls, with a multivariable OR
(95%CI) of 3.70 (1.91–7.14) [18]. These controversial re-
sults for the incidence of otitis media in patients with CLO
could be due to the different duration of sample collection.
Altogether, this suggests that any type of orofacial cleft
will potentially increase the risk of otitis media in the long
run, a cleft in the secondary palate would increase this risk
in infants even before 1 year of age. This large-scale pro-
spective cohort study aimed to report the risk of otitis
media in patients with CL/P in Japan. Given previous re-
ports of racial diversity in the incidence of hearing loss in
cleft palate patients, continuous investigation of the rela-
tionship between CL/P and otitis media in specific races is
required [19, 20].
We also observed a high incidence of URTI in patients

with CL/P. Another result from the JECS showed a higher
incidence of lower respiratory tract infections in infants
with CLP and CLO, with an adjusted incidence risk ratio
(95%CI) of 2.38 (1.30–4.36) and 2.73 (1.40–5.33), respec-
tively [9]. One possible reason for the high incidence of
respiratory inflammation is the physical connection be-
tween the nasal and oral cavities, which may result in an
environment susceptible to infection. There is also a pos-
sibility that URTI and otitis media can occur as a contin-
uum and that CL/P patients have higher chance of devel-
oping otitis media resulting from URTI. A previous
population-based case-control study of 1,203 cases of ob-
structive sleep apnea and 6,015 controls aged ¯18 years
showed a strong association between an orofacial cleft and

Table 2 Prevalence ratios (95% CIs) of infections up to 1 year of age according to the presence or absence of orofacial cleft.

Control group (reference) CLP CLO CPO CL/P
Otitis media

No. of cases / No. at risk 10538 / 92286 35 / 93 9 / 63 10 / 44 54 / 200
RR (95% CI)a 1.00 3.68 (2.80–4.82) 1.40 (0.76–2.57) 2.27 (1.33–3.87) 2.65 (2.11–3.35)
RR (95% CI)b 1.00 3.81 (2.73–5.31) 1.42 (0.74–2.73) 2.27 (1.22–4.22) 2.71 (2.07–3.54)

Upper respiratory inflammation+Influenza
No. of cases / No. at risk 29203 / 92286 33 / 93 23 / 63 20 / 44 76 / 200

RR (95% CI)a 1.00 1.14 (0.87–1.49) 1.17 (0.85–1.62) 1.45 (1.04–2.01) 1.22 (1.02–1.45)
RR (95% CI)b 1.00 1.19 (0.85–1.68) 1.20 (0.80–1.81) 1.44 (0.93–2.24) 1.25 (1.00–1.57)

Upper respiratory inflammation
No. of cases / No. at risk 25800 / 92286 31 / 93 21 / 63 18 / 44 70 / 200

RR (95% CI)a 1.00 1.21 (0.91–1.61) 1.21 (0.86–1.71) 1.48 (1.03–2.11) 1.27 (1.05–1.53)
RR (95% CI)b 1.00 1.28 (0.90–1.81) 1.25 (0.81–1.91) 1.47 (0.92–2.33) 1.31 (1.04–1.66)

Influenza
No. of cases / No. at risk 5051 / 92286 3 / 93 4 / 63 2 / 44 9 / 200

RR (95% CI)a 1.00 0.60 (0.20–1.84) 1.17 (0.45–3.03) 0.84 (0.22–3.26) 0.83 (0.44–1.58)
RR (95% CI)b 1.00 0.62 (0.20–1.92) 1.16 (0.44–3.09) 0.85 (0.21–3.41) 0.85 (0.44–1.63)

Abbreviation: CLP, cleft lip and palate; CLO, cleft lip only; CPO, cleft palate only; CL/P, cleft lip and/or palate.
a Adjusted for maternal age and study area.
b Adjusted further for maternal education level, folic acid intake, folic acid supplementation, alcohol intake, smoking status, breast feeding and baby
food using.
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obstructive sleep apnea (adjusted OR [95%CI] 39.7 [16.8–
93.9]) [21]. Further, a cross-sectional study reported that
a higher incidence of respiratory infections was associat-
ed with sleep disorders (multivariable OR [95%CI] 1.88
[1.39–2.53]) [22]. These results indicate that in patients
with CL/P who exhibit sleep disorders, the incidence of
URTI or otitis media could be reduced by improving the
immune reaction; this also needs to be studied in the fu-
ture. Therefore, comprehensive follow-up with a pediatri-
cian to monitor sleep status should be considered in pa-
tients with CL/P.
Although patients with CL/P may have an increased

sensitivity to certain viral infections, highly contagious
viruses, such as influenza, cause widespread outbreaks,
leading to similar infection rates between participants with
and without CL/P. Additionally, the risk of having either
URTI or influenza showed the same tendency as the risk of
having URTI alone, which again indicates limited risk of
influenza for CL/P patients compared with the control
group at one year of age.
The strength of this study was the large sample size and

prospective data, which enabled us to analyze the associ-
ation between CL/P history and risk of several infectious
diseases. This study had several limitations. First, we
could not include the severity of orofacial cleft, such as
laterality of the cleft lip (bilateral or unilateral), or the
extent to which the cleft existed (complete cleft or partial
cleft). Cases with different cleft severities and types exhibit
different clinical results, such as craniofacial growth and
nasal airway dimensions, which could influence the sensi-
tivity of patients to respiratory infections [23, 24]. Future
studies are required to include a detailed classification and
severity of orofacial clefts to better understand the mech-
anism of infection in CL/P patients [25, 26]. Second, the
outcomes of infection were reported by mothers, which
could introduce subjective bias. In particular, it is chal-
lenging to clinically distinguish between URTI and influ-
enza, which could influence the results by over- or under-
estimating the number of URTIs. Third, at 1 year of age,
some patients may have already undergone lip-and-palate
closure under general anesthesia which is associated with
complications such as respiratory infections [27]. Fourth,
although the associations were adjusted for possible con-
founding factors, unmeasured confounding factors may
have existed. Especially, factors such as posture during
feeding and gastroesophageal reflux which are shown to
increase the risk of otitis media could not be considered in
this study because of lack of questionnaire [28, 29].
In conclusion, patients with CL/P showed a higher in-

cidence of certain infectious diseases, presumably related
to craniofacial deformities. Our results indicate the need
for increased medical attention for certain infectious dis-
eases in patients with CL/P.
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