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ABSTRACT
Objective To compare school grades of adolescents 
in Norway born with isolated cleft with those of their 
unaffected peers.
Design Population- based cohort study.
Setting Norway.
Patients A total of 347 419 individuals born in Norway 
between 1986 and 1992, including 523 isolated cleft 
cases which were identified using data from Norway’s two 
treatment centres. Individuals were followed from birth 
through compulsory school.
Main outcome measures Grade point average (GPA) 
from middle school graduation (around the age of 16). 
Specific subject grades were also investigated.
Results Using a grade scale from 1–6, the observed 
mean GPA for the reference group was 3.99. Both cleft 
lip only (CLO) and cleft lip with cleft palate (CLP) had a 
mean GPA similar to the reference group (adjusted GPA 
differences from the reference with 95% CIs of 0.06 
(−0.04 to 0.16) and −0.08 (−0.19 to 0.03), respectively). 
Cleft palate only (CPO) had a marginally lower GPA 
(adjusted GPA difference: −0.18 (−0.28 to −0.08)). These 
comparisons were consistent across specific subjects. 
Overall, the evidence suggests a larger difference in GPA 
between cases and controls in males compared with 
females. Females with CLO even had a higher estimated 
GPA than females in the reference group (adjusted GPA 
difference: 0.19 (0.013 to 0.36)). Grades were similar 
regardless of laterality of cleft lip (CLO or CLP).
Conclusion In Norway, individuals born with isolated CLO 
or CLP did not have lower average school grades when 
graduating from middle school. Individuals born with 
isolated CPO had marginally lower grades.

INTRODUCTION
Oral clefts affect 1 in 700 livebirths world-
wide1 and are broadly categorised by 
whether the cleft lip only (CLO), the cleft 
palate only (CPO) or both lip and cleft 
palate (CLP) are affected. The occur-
rence of clefts is highly associated with the 
occurrence of other congenital anomalies, 
including a wide spectrum of diagnoses 
with functional implications.2 Since the 
presence of accompanying conditions may 
be crucial for both aetiology and clinical 

follow- up, research on oral clefts often 
distinguishes between clefts occurring with 
accompanying conditions (non- isolated 
clefts) and clefts occurring without accom-
panying conditions (isolated clefts).

Education is important for a prosperous 
life in modern society, and parents of 
affected children are often concerned for 
the future educational prospects of their 
child.3 Several studies have reported poor 
academic attainment in children born with 
isolated oral cleft compared with their 
unaffected peers.4–7 A longitudinal cohort 
study from Iowa, tracking children’s 
academic achievement from elementary 
through high school, showed that children 
born with oral cleft are at higher risk for 
persistent, low achievement in school.8 
Previous research has suggested that lower 
school performance is more pronounced 
for females with cleft than males with 
cleft,6 9 and that children with isolated left- 
sided cleft lip are more likely to have lower 
academic attainment than children with 
isolated right- sided cleft lip.10 Compar-
isons across these studies are, however, 
hampered by differences in sample size, 
study recruitment, educational measures, 
age group of participants, adjustment for 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study covers the entire population of Norway 
with practically complete follow- up of the cohort 
through national registries.

 ⇒ Norway has uniform treatment of children born with 
oral cleft as well as a uniform educational system.

 ⇒ This study had extensive data that helped identify 
isolated cleft cases, which is the target group of this 
study.

 ⇒ Still, identification of children with defects may have 
been incomplete.

 ⇒ We were not able to adjust for maternal lifestyle fac-
tors during pregnancy.
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potential confounder variables and insufficient exclu-
sion of non- isolated clefts.4

A Norwegian study found that, compared with their 
unaffected peers, individuals born with isolated oral cleft 
did not have lower socioeconomic status as adults, nor 
lower chances of becoming a parent.11 This contrasts 
with what might be expected based on previous reports 
on low educational attainment and its adverse effects 
on a number of physical and mental health outcomes in 
addition to socioeconomic status.12 A study from Sweden 
reported lower academic attainment across all cleft 
groups compared with the general population,13 whereas 
a study from Denmark reported lower grades only for 
isolated CPO.14

In Norway, a uniform public school system makes great 
efforts to optimise chances of normal development. 
The clinical treatment of oral clefts is given by multidis-
ciplinary teams which are centralised in two treatment 
centres. A centralised treatment service has been shown 
to improve functional outcomes related to clefting.15 It 
also enables large and representative samples, which is a 
central element of high- quality research. We, therefore, 
aimed to assess school grades of individuals born with 
isolated oral cleft in Norway. Analyses of cleft types (CLO, 
CLP and CPO) were performed to identify any groups 
that may benefit from additional support. Sex differences 
in school performance and the effect of cleft laterality 
were also examined. The identification of isolated clefts 
is not a trivial task16 but is largely facilitated through 
comprehensive Norwegian registry data. These data also 
allow for adjustment for several potential confounder 
variables.

METHODS
We established a cohort from mandatory, national 
registries covering all children born in Norway 
between 1986 and 1992, a total of 404 212 children 
(figure 1). The Norwegian national identity number 
was used by all registries and facilitated accurate 
record linkage.

The Medical Birth Registry of Norway17 has regis-
tered information on all births in Norway since 1967. 
Our analyses were based on information on congen-
ital malformations and syndromes, parity, maternal 
age and mother’s marital status.

Cleft cases were identified using clinical data with 
national coverage. In Norway, treatment of oral clefts 
is carried out at one of two national treatment centres 
(Haukeland University Hospital, Bergen and Oslo 
University Hospital, Rikshospitalet, Oslo). Patients 
who died before referral to surgery were not included 
in the clinical files. Altogether, 845 children born with 
oral clefts in the period 1986–1992 were referred for 
treatment. Follow- up details are provided in figure 1.

We aimed to isolate the impact of the cleft and its 
treatment from the effects of accompanying syndromes 
or more severe conditions. Individuals with congenital 

anomalies other than clefts were, therefore, excluded, 
as well as those born prior to 28 completed weeks of 
gestation. We also excluded individuals who received 
financial benefits for expenses due to chronic medical 
conditions.18 Financial benefits are not granted due 
to the cleft itself and would therefore indicate the 

Figure 1 Details of the identification and follow- up of the 
cohort. CLO, cleft lip only; CLP, cleft palate; CPO, cleft palate 
only.
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presence of a separate or accompanying chronic 
medical condition.

The National Education Database19 was the main 
source of outcome data for the cohort. Before 1997, 
9 years of primary schooling was compulsory for all 
children in Norway from the year they turned 7. Since 
then, 10 years of primary schooling has been compul-
sory from the year they turn 6. We had access to the 
final grades of pupils graduating in the period 2002–
2008. The vast majority graduate from middle school 
the year they turn 16, and individuals graduating 
before or after the year they turned 16 were excluded 
from the study cohort. The National Education Data-
base also provided data on parents’ educational level 
at the time when cohort members were 16 years old.

A six- level grade scale was used throughout the 
study period, where 1 is the lowest grade and 6 the 
highest. Grade point averages (GPAs) were calculated 
by summing all numerical grades, including exams, 
and then dividing by the number of grades. In addi-
tion to the GPA, we studied grades in four specific 
subjects–Norwegian (written and oral), Mathematics, 
English (written and oral) and Physical Education–in 
line with the main outcome measures of Persson et 
al.13

Individuals referred for treatment for oral clefts 
were invited to participate in the study and had the 
opportunity to withdraw at any time. Data were deiden-
tified and stored on a secure server. The authors are 
not able to share data obtained from the national 
registries.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of this study.

Statistical methods
Our main outcome variable was GPA, and kernel density 
plots were used as a descriptive tool to display the unad-
justed GPA distribution of individuals in each cleft group 
and the reference group of unaffected individuals. We 
used multiple linear regression to estimate differences in 
GPA between groups as well as differences in mean grades 
for each specific subject. Logistic regression models were 
used to estimate differences in proportions of particularly 
low or high grades (grades 1 or 2 vs 3 or 4, and grades 5 or 
6 vs 3 or 4) (online supplemental analyses). The combina-
tion of the linear and logistic regression models makes it 
possible to detect a general shift in mean grades between 
groups, as well as differences that are more pronounced 
for high or low grades.

All analyses were adjusted for sex, maternal age, parity, 
mother’s relationship status and parent’s highest level of 
education at the time when study participants were 16 
years old. All covariates were grouped according to the 
categories shown in table 1, except for maternal age, 
which was included as a continuous variable. To account 

for correlation between maternal siblings, we clustered 
on the mother to obtain robust variance estimates.

We performed additional linear regression analyses of 
the GPA separately for males and females. For unilateral 
cleft lip, we also compared the GPA between right- sided 
and left- sided clefts. Finally, we repeated the main anal-
ysis but did not exclude individuals that had other birth 
defects or chronic conditions.

The logistic regression analyses were also repeated 
using siblings as reference. These matched and fixed 
effect analyses with conditional logistic regression aim 
to adjust for unobserved confounders that are shared 
between siblings, and the analyses were further adjusted 
for sex, parity and maternal age.

The statistical analyses were performed with STATA/IC 
V.15 (StataCorp) and R V.3.2.2 (https://cran.r-project. 
org). Our conclusions are mainly based on estimated 
differences and their uncertainty. No attempts were made 
to adjust for multiple comparisons.

RESULTS
Characteristics of our study cohort are shown in table 1. 
More males than females were born with CLO and 
CLP, and more females than males were born with 
CPO. Figure 2 illustrates the smoothed distributions of 
observed GPA for all cleft groups combined, for each cleft 
group individually, as well as for the reference group. The 
mean GPA was 3.98 for CLO, 3.84 for CLP, 3.81 for CPO 
and 3.99 for the reference group.

Multiple regression analyses showed little evidence of 
differences between CLO and the reference (figure 3). 
Point estimates of mean grades were higher for CLO than 
the reference for the GPA as well as for all specific subjects 
(adjusted GPA differences with 95% CIs: 0.06 (–0.04 to 
0.16)). CLP was also similar to the reference (GPA differ-
ence: −0.08 (–0.19 to 0.03), with no apparent differences 
except for a lower mean grade in Physical education 
(grade difference: −0.18 (–0.32 to -0.05)). CPO had lower 
GPA than the reference (GPA difference: −0.18 (–0.28 to 
–0.08)). This group also had lower grades for all subjects, 
except for physical education. Note, however, that the 
differences were small in all analyses. As a comparison, 
the marginally lower GPA of 0.18 corresponds to approx-
imately half of the observed difference between females 
and males in the reference group (GPA difference: 0.38).

Logistic regression analyses, including those with 
siblings as the reference, confirmed the overall impres-
sion (see online supplemental tables 1 and 2). For CPO, 
however, the point estimate for the OR for low GPA was 
reduced from 1.61 to 0.88 when siblings were used as the 
comparison.

Like other studies, we also pooled all three cleft groups 
into one category consisting of any type of cleft (‘any 
cleft’). Across all subjects, there were no apparent differ-
ences in mean grades, except for a small decrease in GPA 
(GPA difference: −0.06 (95% CI −0.12 to -0.004)) and 
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Oral English (grade difference: −0.09 (95% CI −0.17 to 
-0.007)) (figure 3).

In the sex- stratified analyses, the GPA for females with 
CLO was higher than for females in the reference group 

(GPA difference: 0.19 (0.013 to 0.36)), whereas the GPA 
for males with CPO was lower than for males in the refer-
ence group (GPA difference: −0.25 (95% CI −0.40 to 
–0.11)) (online supplemental Figure 1). Males with CLO 
and CLP and females with CPO and CLP had similar 
GPAs as their references.

For the subgroups of CLO and CLP with unilateral 
cleft lip, we found little evidence of a difference in GPA 
between right- sided and left- sided clefts (online supple-
mental figure 2). We also repeated the main GPA analysis 
while including the cases with identified syndromes or 
chronic medical conditions that we originally excluded. 
The results are in general agreement with those of the 
isolated clefts, but with a small shift towards more nega-
tive values (online supplemental figure 3).

DISCUSSION
Children born in Norway with isolated CLO or CLP had 
similar grades as their non- affected peers when gradu-
ating from middle school. The CPO group had slightly 
lower grades, corresponding to less than half of the 
observed difference between females and males in unaf-
fected individuals. This is consistent with a study from 

Table 1 Characteristics of study cohort

Any cleft CLO CLP CPO Reference

n=523 n=180 n=170 n=173 n=346 896

Males, n (%) 316 (60.4) 123 (68.3) 121 (71.2) 72 (41.6) 175 133 (50.5)

Maternal age, mean (SD) 27.7 (5.1) 27.5 (4.9) 27.6 (5.1) 27.9 (5.2) 27.4 (5.0)

Parity, n (%)

  0 (first born) 211 (40.3) 74 (41.1) 71 (41.8) 66 (38.2) 149 056 (43.0)

  1 189 (36.1) 73 (40.6) 60 (35.3) 56 (32.4) 121 401 (35.0)

  2 78 (14.9) 19 (10.6) 24 (14.1) 35 (20.2) 56 593 (16.3)

  3 34 (6.5) 9 (5.0) 14 (8.2) 11 (6.4) 14 474 (4.2)

  ≥4 11 (2.1) 5 (2.8) 1 (0.6) 5 (2.9) 5372 (1.6)

Mothers' relationship status, n (%)

  Married 322 (62.0) 117 (65.0) 104 (61.9) 101 (59.1) 223 172 (64.5)

  Cohabitant 148 (28.5) 49 (27.2) 50 (29.8) 49 (28.7) 90 693 (26.2)

  Unmarried/single 42 (8.1) 11 (6.1) 12 (7.1) 19 (11.1) 29 640 (8.6)

  Separated/divorced/widowed 7 (1.4) 3 (1.7) 2 (1.2) 2 (1.2) 2653 (0.8)

Parents' highest education, n (%)

  Master or PhD 50 (9.6) 16 (8.9) 19 (11.2) 15 (8.7) 37 124 (10.7)

  Bachelor 146 (27.9) 57 (31.7) 47 (27.7) 42 (24.3) 107 986 (31.2)

  High school 280 (53.5) 92 (51.1) 88 (51.8) 100 (57.8) 166 142 (48.0)

  Compulsory school 47 (9.0) 15 (8.3) 16 (9.4) 16 (9.3) 35 223 (10.2)

Parents' immigrant background, n (%)

  Both parents born in Norway 488 (93.3) 166 (92.2) 156 (91.8) 166 (96.0) 315 607 (91.0)

  Both parents foreign- born 11 (2.1) 5 (2.8) 4 (2.4) 2 (1.2) 9503 (2.7)

  Only one parent born in Norway 24 (4.6) 9 (5.0) 10 (5.9) 5 (2.9) 21 786 (6.3)

*Missing information: Mother’s relationship status: 738 subjects missing from reference group, 2 from CPO, 2 from CLP; Parents’ highest education: 
421 subjects missing from reference group.
CLO, cleft lip only; CLP, cleft palate; CPO, cleft palate only.

Figure 2 Kernel density plot of the observed grade point 
average distribution of individuals born within each cleft 
group and the reference group of unaffected individuals. 
CLO, cleft lip only; CLP, cleft palate; CPO, cleft palate only.
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Denmark,14 which also found lower grades only for CPO, 
but apparently different from population- based studies 
from England, Sweden and Iowa, where lower school 
grades were reported across all cleft groups.5 13 20

Apparent differences between studies may partly be 
explained by limited statistical power, methodolog-
ical inconsistencies and differences in data quality and 
content. Our study was smaller than the studies from 
Sweden and England but comparable to the studies from 
Iowa and Denmark. In our study, we adjusted for potential 
confounding variables such as sex and parents’ education. 
Consistent with previous findings,21 there was a higher 
proportion of males with CLO and with CLP in our data 
(see table 1). Since males generally attain lower grades 
than females, confounding by sex may partly explain the 
lower grades for CLO and CLP reported from Sweden 
(the authors do not mention adjustment for this vari-
able in their analysis of GPA).13 The study from England5 
adjusted for sex but not for parent’s education, while the 
studies from Iowa20 and Denmark14 adjusted for both 
sex and parents’ education. The study from England5 
reported academic achievement at age 5, whereas our 
current study was based on school grades at age 16.

Another methodological issue is the process of exclu-
sion of cases with non- isolated clefts. A follow- up study 
from Norway found that 39.5% of oral cleft cases had 
other accompanying medical or psychological conditions 
that could affect cognitive development and learning, 
suggesting that it might be difficult to establish clear 
criteria to define the group of isolated cleft cases.22 Our 
study used available data from several registries but may 
still have failed to exclude some non- isolated cases. This 
may have biased our estimates for the CPO group, which 
is known to have a higher proportion of cases with accom-
panying defects than the CLO and CLP groups.16

Unlike a study of unilateral cleft lip from Iowa,10 we 
found no evidence that a child with left- sided cleft lip was 
more likely to perform worse in school compared with a 
child with right- sided cleft lip. However, the sample size 
is limited, and more studies are needed to examine the 
effect of cleft laterality. The tendency in England and 
Sweden that grades of females with clefts were more nega-
tively affected than grades of males with clefts6 9 was not 
replicated.

The logistic regression analyses investigating low or 
high grades confirmed the overall impression from the 

Figure 3 Difference in means comparing each cleft group with the reference group from linear regression models for the grade 
point average and specific subject grades. Horizontal bars represent 95% CIs. Analyses were adjusted for sex, maternal age, 
parity, mother’s relationship status and parent’s highest level of education at the time when study participants were 16 years 
old. CLO, cleft lip only; CLP, cleft palate; CPO, cleft palate only.
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linear regression analyses. Furthermore, there were only 
marginal differences between cleft cases and their siblings. 
This is in agreement with a study from Iowa, which also 
showed that children born with oral clefts performed 
similarly to their siblings.23 Sibling analyses are assumed 
to adjust for more of the unobserved confounding and 
may provide better estimates of the impact of an oral 
cleft itself. The study from Iowa identified lower grades 
for all cleft groups when compared with reference groups 
other than their siblings. Thus, the authors suggest that 
even the grades of siblings of affected children may be 
reduced due to a common underlying vulnerability. Few 
large population studies have investigated this question, 
and future research is needed to differentiate the impact 
of a cleft from other background factors.

A Mendelian randomisation study showed that a 
genetic predisposition to non- syndromic CLO or CLP 
did not predispose to lower educational attainment or 
lower IQ.24 This supports the finding that children with 
an isolated CLO or CLP have prospects of school results 
similar to other children, provided they are given good 
clinical treatment and educational follow- up. Our study 
was also consistent with the study by Berg et al,11 showing 
that CLO and CLP performed well on social outcomes.

Oral health, hearing and speech difficulties are directly 
related to the cleft itself25–29 and have been shown to 
affect the educational attainment of individuals born 
with isolated cleft.6 Atypical brain development30 31 and 
exposure to anaesthesia during surgical treatment14 have 
also been suggested to influence their academic achieve-
ment, although observations are uncertain due to small 
sample sizes. Indirect effects such as school absence have 
been found to affect educational attainment of children 
born with cleft in England,7 whereas results from Western 
Australia showed that absence from school did not differ-
entially disadvantage these children.32 Low self- confidence 
has also been found to affect educational attainment for 
cleft children,6 and appearance, social acceptance and 
interactions, bullying and poor integration in the school 
system may also play a role.24 33–36 Several of these factors 
could be modifiable and thus important to identify.

In Norway, the clinical treatment of oral cleft is 
centralised in two treatment centres, where multi- 
disciplinary teams follow the children closely from birth 
throughout adolescence. The Norwegian school system 
is based on public schools, and the proportion of private 
educational institutions is negligible. Moreover, speech 
and language therapy for children with cleft palate is 
defined as a special educational measure and required 
by Norwegian law. Speech therapists follow the individual 
speech and language development of children with cleft 
palate at no cost for the families, starting at the time 
of palate closure. The speech therapist acts as a liaison 
between the family, school system and treatment team, 
and hence also ensures additional educational follow- up 
when necessary. These efforts may partly explain why 
children born with oral cleft in Norway seem to perform 
well in school. Unfortunately, data were not available 

in this study to identify associations between functional 
outcomes in children born with cleft and educational 
achievement.

Similarities in healthcare and educational systems 
in Scandinavian countries may explain the consistency 
between the results from our study and the study from 
Denmark.14 Although Persson et al13 conclude that 
adolescents born with an oral cleft in Sweden experience 
significant deficits in their educational achievements 
in compulsory school, the difference reported in GPA 
is small, and their conclusion does not take multiple 
comparisons into account. The poor educational attain-
ment of cleft children reported from England5 and Iowa20 
may also suggest that efforts invested to help children 
born with oral cleft in Scandinavian countries are effec-
tive, but it is difficult to make direct comparisons between 
societies with different health and school systems, and 
different sources of data.

Although our sample size was not as large as those 
from England5 and Sweden,13 we used population- based 
data with an assumed high degree of completeness, and 
we had access to extensive information on congenital 
anomalies, chronic medical conditions and social back-
ground variables. We were, however, not able to adjust 
for maternal lifestyle factors such as smoking and alcohol 
consumption during pregnancy. It is possible that the 
high ascertainment of accompanying medical problems 
for CLO contributed to an apparently higher achieve-
ment compared with the reference. When we included 
non- isolated clefts, all cleft groups had, as expected, 
lower estimated GPA. For CPO, where syndromes are 
known to be more frequent, incomplete identification of 
cases with syndromes, severe learning disabilities or other 
congenital problems affecting cognitive development 
and learning may have contributed to an underestima-
tion of achievements.

In Norway, individuals born with isolated CLO or CLP 
did not have lower average school grades when gradu-
ating from middle school. Individuals born with isolated 
CPO had marginally lower grades. This suggests that the 
universal treatment and educational systems in Norway 
may have a beneficial effect on school performance for 
children born with isolated oral clefts. The relative contri-
butions of potentially critical components of healthcare 
and educational programmes, including stimulation of 
speech and language development, could not be evalu-
ated by this study. More research is needed to assess the 
individual effects of such measures.
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