Research Articles

Children with Orofacial Clefts:
Health-Care Use and Costs Among a
Privately Insured Population

Sheree L. Boulet, DrPH,
MPHa,b
Scott D. Grosse, PhDa
Margaret A. Honein, PhDa
Adolfo Correa-Villaseñor,
MD, PhDa

SYNOPSIS
Objectives. Orofacial clefts are common birth defects that often require
multiple surgeries and medical treatments during childhood. We used healthcare insurance claims data to estimate health-care expenditures for infants and
children 10 years of age with an orofacial cleft.
Methods. The data were derived from the 2000–2004 MarketScan® Commercial Claims and Encounters databases, which include person-specific
information on health-care use, expenditures, and enrollment for approximately
50 large employers, health plans, and government and public organizations.
Health insurance claims data from 821,619 children 10 years of age enrolled
in employer-sponsored plans during 2004 were analyzed. Expenditures for
inpatient admissions, outpatient services, and prescription drug claims were
calculated for children with and those without an orofacial cleft.
Results. The difference in annual mean costs (i.e., incremental costs) between
children aged 0 through 10 years with an orofacial cleft and those without an
orofacial cleft was $13,405. The mean and median costs for children 10 years
of age with an orofacial cleft were eight times higher than for children of the
same age without an orofacial cleft. Mean costs for infants with a cleft and
another major, unrelated defect were 25 times higher than those for an infant
without a cleft, and five times higher than for infants with an isolated cleft.
Conclusion. These findings document substantially elevated medical care
costs for privately insured children with an orofacial cleft. Additional study of
the economic burden associated with this condition should include a broader
range of economic costs.
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Orofacial clefts are common birth defects that occur
when the tissues of the lip or palate do not join properly
during embryologic development.1 National estimates
adjusted for maternal race/ethnicity indicate that
the prevalence of cleft palate in the U.S. is 6.4 per
10,000 live births, and the prevalence of cleft lip with
and without cleft palate is 10.5 per 10,000 live births.2
Treatment for orofacial clefts often includes multiple
surgeries and medical treatments during childhood.1,3
In addition to long-term morbidity, an increased risk of
mortality has been noted among children and adults
with cleft lip and palate.4,5
Little information is currently available concerning the economic effect of orofacial clefts on children, families, and society. With regard to orofacial
clefts, cost analyses are important for estimating the
benefits of primary prevention, allocating resources
for research, assessing expenditures associated with
secondary conditions among affected children, and
evaluating treatment methodologies.6 The most recent
estimate of the lifetime costs associated with cleft lip or
palate—$101,000 per each new case—is based on data
from a 1988 cohort.7 Snowden et al. used data from
four national and two state data systems to estimate
the costs of medically treated craniofacial conditions
and reported an estimated cost of $11,350 per case of
craniofacial congenital anomaly, which included cleft
lip and palate.8 Finally, the findings of a recent report
indicated that the mean neonatal hospital charges were
$33,387 for an infant with cleft palate and $15,387 for
an infant with cleft lip with or without cleft palate.9
In addition to a general paucity of data on healthcare expenditures for children with an orofacial cleft,
the available studies are limited in that the cost estimates were not specific to cleft phenotype (e.g., cleft
lip, cleft palate, and cleft lip and palate), nor did they
take into account whether the defect occurred in isolation; in combination with another major, unrelated
defect; or as part of a syndrome. Because use and
expenditure data are essential for monitoring trends
in health and evaluating current and future health-care
needs, we used health-care insurance claims data from
a privately insured population in the U.S. to estimate
health-care expenditures for infants and children #10
years of age with an orofacial cleft. We evaluated medical care expenditures according to the type of cleft and
whether the cleft was an isolated defect or occurred
in combination with another major, unrelated defect
or syndrome.
METHODS
The data used for this analysis were obtained from
the 2000–2004 MarketScan® Commercial Claims and

Encounters databases, which consist of person-specific
information on health-care use, expenditures, and
enrollment for employees and dependents of approximately 50 large employers. The database is constructed
by combining and standardizing multiple databases that
Thomson Reuters builds on behalf of large employers
and health plans across the nation. Data on health services use, medical care expenditures, and enrollment
for inpatient and outpatient services and outpatient
prescription drugs are included in the database and
were evaluated for this study.
Children with clefts were identified by the presence of an International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) code
of 749.0–749.2 as any diagnosis code in an inpatient
or outpatient claim. To maximize the likelihood of
ascertaining an orofacial cleft diagnosis during any
health-care encounter, data from 2000 through 2004
were used to identify children with an orofacial cleft.
However, we only evaluated expenditures for healthcare encounters that occurred during 2004, irrespective
of when the diagnosis was noted. Because of substantial
declines in the frequency of clefts diagnosed among
older children in this data source, we restricted the
analysis to infants and children 10 years of age.
Children with codes for other birth defects (ICD-9-CM
740–759) on an inpatient admission or outpatient claim
were reviewed by a clinical geneticist and classified as
isolated (children with an orofacial cleft code with or
without the presence of minor defects) or multiple/
syndrome (children with an orofacial cleft code and
a syndrome or other major, unrelated defect). The
classification was based solely on ICD-9-CM codes,
but generally followed guidelines developed for the
National Birth Defects Prevention Study.10
We included children who were continuously
enrolled during 2004 in a fee-for-service plan and for
whom data on pharmaceutical claims were available.
The comparison group consisted of all other children
#10 years of age who were continuously enrolled in
a fee-for-service plan during 2004 with available data
on pharmaceutical claims. Age was calculated as the
age of the child as of December 1, 2004, regardless of
whether the child had an encounter during that month.
Because age in months was not available in the dataset
and efforts to restrict the infant (age 0) subgroup to a
criteria of at least 11 months of continuous enrollment
resulted in the exclusion of nearly all infants born in
2004, we identified all infants with an age of 0 recorded
in the 2004 enrollment data and followed the infant
back to 2003 or forward to 2005 to identify the first 12
months of life for which at least 11 months of continuous enrollment data were available. Thus, infants with
less than 11 months of continuous enrollment were
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excluded from the analysis. Enrollees with and those
without claims were included in the study population,
and costs for nonusers were set to $0.
The data used for this analysis were extracted from
the MarketScan Research Databases;11 analyses were
conducted using SAS® version 9.1.12 Administrative
prevalence was calculated as the number of children
with orofacial clefts divided by the total number of
children continuously enrolled during 2004. Birth hospitalizations lasting less than four days were excluded
from the inpatient admissions, but longer birth hospitalizations were included because it was assumed
that most of the costs for longer birth hospitalizations
were associated with medical complications and not
the birth itself.
Total expenditures were calculated as the sum of
insurance reimbursements and out-of-pocket expenditures by families. Total expenditures were used as
a proxy for the costs of health-care services, although
mean expenditures vary by the type of payer. Mean and
median total expenditures and expenditures for inpatient admissions, outpatient services, and prescription
drug claims were calculated for children with and those
without an orofacial cleft. Incremental costs were also
calculated and represent the difference between the
mean or median costs for children with an orofacial
cleft and the mean or median costs for those without
an orofacial cleft. Because a considerable proportion
of infants were classified as having another major, unrelated defect or syndrome, we elected to stratify these
data by infants and noninfants to reduce potential bias
due to skewed cost estimates.
RESULTS
After all exclusions were applied, a total of 821,619
children 10 years of age were continuously enrolled
in a fee-for-service plan during 2004. Of these children, 859 had a medical diagnosis of an orofacial cleft
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recorded for an inpatient or outpatient encounter
during the period 2000–2004 (Table 1). The administrative prevalence of orofacial clefts for all children
10 years of age was 10.5 per 10,000, with the highest
prevalence—12.8 per 10,000—noted among children
1 and 2 years of age. After age 6, the prevalence of
orofacial clefts declined to approximately 8.0 per
10,000. Approximately 32% of infants (aged 1 year)
with an orofacial cleft were classified as having a major,
unrelated defect or syndrome compared with only 5%
of children aged 3 through 8 and less than 2% of 9to 10-year-olds. A diagnosis of cleft lip and palate was
observed most frequently (50%) for children 10 years
of age with an orofacial cleft, followed by cleft palate
only (38%) and cleft lip only (12%). This pattern was
similar for all age groups except children 3 and 4 years
of age, for whom the most frequent diagnosis was cleft
palate only (46%).
Mean total expenditures during 2004 for children
with clefts were highest for infants ($95,819) and
decreased with increasing age to a minimum of $5,054
at 7 to 8 years of age (Table 2). Median expenditures,
which reflect the annual health-care cost for the average child with a cleft, also decreased with increasing
age: from $28,367 for infants to approximately $2,000
at 7 to 10 years of age.
Overall, the mean and median costs for children
10 years of age with orofacial clefts were eight times
higher than for children of the same age without an
orofacial cleft (Table 2). The difference in individual
mean costs (i.e., incremental costs) between children
10 years of age with an orofacial cleft and those
without an orofacial cleft was $13,405. For infants
with an orofacial cleft, mean and median costs were
11 times higher than for children without a cleft, and
the mean incremental cost per child was $87,365. In
general, the mean costs for children 1 year of age
with orofacial clefts were five to six times higher than
those for children of the same age without orofacial

Table 1. Administrative prevalence of orofacial clefts and distribution of cleft type among children
10 years of age among a privately insured U.S. population, MarketScan® Research Database, 2004

Age (in years)
1
1–2
3–4
5–6
7–8
9–10
Total

Number
of cases
81
163
162
185
132
136
859

Prevalence
(per 10,000)
11.0
12.8
11.5
12.3
8.3
8.0
10.5

Multiple or
syndrome
N (percent)
26
18
8
9
6
2
69

(32.1)
(11.0)
(4.9)
(4.9)
(4.6)
(1.5)
(8.0)
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Cleft palate only
N (percent)
20
62
75
72
58
43
330

(24.7)
(38.0)
(46.3)
(38.9)
(43.9)
(31.6)
(38.4)

Cleft lip only
N (percent)
7
22
24
24
8
19
104

(8.6)
(13.5)
(14.8)
(13.0)
(6.1)
(14.0)
(12.1)

Cleft lip
and palate
N (percent)
54
79
63
89
66
74
425

(66.7)
(48.5)
(38.9)
(48.1)
(50.0)
(54.4)
(49.5)
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Table 2. Incremental costs and cost ratios for orofacial clefts among children 10 years of age
among a privately insured U.S. population, MarketScan® Research Database, 2004
Total cost
Age (in years)
1
1–2
3–4
5–6
7–8
9–10
Total

Incremental cost

Cost ratio

Mean

Median

Mean

Median

Mean

Median

$95,819
$10,120
$6,811
$6,354
$5,054
$5,586
$15,270

$28,367
$4,020
$2,493
$3,133
$1,993
$2,101
$3,433

$87,365
$8,032
$5,619
$5,258
$4,099
$4,654
$13,405

$25,822
$3,136
$2,102
$2,790
$1,750
$1,882
$2,999

11.3
4.8
5.7
5.8
5.3
6.0
8.2

11.1
4.5
6.4
9.1
8.2
9.6
7.9

clefts. The median cost ratios for children 1 year
of age with orofacial clefts ranged from 4.5 for 1- to
2-year-olds to 9.6 for 9- to 10-year-olds.
The Figure depicts the mean component costs
(i.e., inpatient, outpatient, and prescription drugs)
according to cleft phenotype for children with and
those without an orofacial cleft. Total mean costs for
children with cleft palate only and cleft lip and palate
were approximately 1.4 times greater than total mean
costs for children with cleft lip only. For all phenotypes,
more than half of the total mean costs were attributable
to inpatient admissions, compared with 32% for the
comparison group. Overall, prescription drug costs for
children with orofacial clefts were two to three times
higher than those for children without clefts.
Mean costs for children 1 to 10 years of age with cleft

palate only and cleft lip and palate were approximately
six times higher than mean costs for children of the
same age without an orofacial cleft, whereas mean costs
for children 1 to 10 years of age with cleft lip were three
times higher (Table 3). Mean cost ratios for infants
ranged from 8.8 for cleft lip and palate to 17.3 for cleft
palate only. The mean incremental cost for children 1
to 10 years of age with an orofacial cleft and another
major, unrelated defect or syndrome was nearly four
times higher than the incremental cost for a child of
the same age with an isolated cleft. Incremental costs
for infants with a cleft and another major, unrelated
defect were six times higher than for infants with an
isolated cleft. Mean costs for infants with a cleft and
another major, unrelated defect were 25 times higher
than those for an infant without a cleft.

Figure. Mean component costs for children 10 years of age with or without an orofacial cleft
among a privately insured U.S. population, MarketScan® Research Database, 2004
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DISCUSSION
These findings indicate that the mean and median costs
for children with an orofacial cleft were approximately
eight times greater than for children without a cleft,
and suggest a substantial economic burden associated
with orofacial clefts, particularly for those with another
major, unrelated defect or syndrome. In contrast, a
previous study based on California data from the period
1988–1989 reported that medical costs were 2.5 times
higher for children 5 years of age with a cleft and
only 1.5 times higher for children 5 through 17 years
of age with a cleft.13 These findings suggest that the
relative use of medical care by U.S. children with an
orofacial cleft has increased substantially during the
last two decades. A similar increase in relative costs has
been reported for children with Down syndrome,14 but
not for children with spina bifida.15
Although the cost estimates presented in this article
were limited to a privately insured population of children, they can contribute to a greater understanding
of the medical care costs associated with orofacial clefts
and the potential benefits of prevention strategies.
Indeed, the additional study of such costs has been
identified as a priority for future public health research
in orofacial clefts.6 It should be noted, however, that
the costs presented in this article are estimates of the
relative costs for a population of children with orofacial
clefts compared with children without orofacial clefts.
The expenditures in this study represent costs for all
health-care encounters during 2004, not just those
costs directly associated with the medical treatment
for orofacial clefts.
The national estimates of cleft palate only (6.4 per
10,000 live births) and cleft lip with or without cleft
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palate (10.5 per 10,000 live births)2 derived from birth
defects surveillance data were considerably higher than
comparable estimates based on our administrative data
(4.0 per 10,000 and 6.4 per 10,000, respectively). The
former estimates were based on data from populationbased surveillance systems, which have more complete
and accurate ascertainment than do administrative data
systems. In addition, children with an orofacial cleft
might be more likely to be covered by public health
insurance, which could have contributed to the lower
prevalence among this privately insured population.
Approximately 92% of the children in our study
population were found to have an isolated cleft.
This proportion was considerably higher than other
estimates, which indicated that 64% to 70% of clefts
were isolated.16,17 However, the proportion of infants
in this analysis found to have an isolated cleft (68%)
was consistent with the aforementioned estimates.
Because the multiple or syndrome classification used
in this analysis relied on a code-based review without
additional description, it is likely that a proportion of
cases were misclassified, particularly among older children. Underascertainment of syndromic or other major
defect diagnoses and orofacial clefts diagnoses in older
children might have been due to other factors, such
as death; incomplete notation of the ICD-9-CM code
during the health-care encounter—either because the
health-care provider felt that the additional diagnosis
was not relevant to the current treatment or because
the child entered the system at a later age and the
birth diagnosis was not noted on the claim; possible
lack of financial incentives to note the other diagnosis; or attrition, as children moved to other insurance
mechanisms as they got older. This misclassification
would have had the effect of overstating the costs for

Table 3. Incremental costs and cost ratios for orofacial clefts by type and classification among children
10 years of age among a privately insured U.S. population, MarketScan® Research Database, 2004
1–10 years of age

1 year of age
Incremental cost

Cost ratio

Incremental cost

Mean

Median

Mean

Median

Cleft type
Cleft palate only
Cleft lip only
Cleft lip and palate

$138,068
$107,227
$66,012

$83,488
$13,002
$25,766

17.3
13.7
8.8

33.8
6.1
11.1

$6,408
$2,466
$5,887

Classification
Isolated
Multiple/syndrome

$32,987
$202,397

$18,528
$116,218

4.9
24.9

8.3
46.7

$4,902
$18,758
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Mean

Median

Cost ratio
Mean

Median

$2,144
$714
$3,029

6.3
3.0
5.8

6.9
3.0
9.3

$2,069
$7,153

5.0
16.4

6.7
20.6

452  Research Articles

isolated defects; the effect on costs for children with
multiple major defects or syndromes is unknown.
Limitations
The results of this study were subject to several limitations. MarketScan® data are based on a sample of
privately insured children covered by large corporate
employee health plans; thus, the cost estimates are not
necessarily representative of all children in the U.S.
Although multiple years of data were used to identify
orofacial cleft diagnoses, it is likely that a proportion
of cases were not ascertained, particularly among older
children, because the condition was not noted during any encounter. The administrative prevalence of
orofacial clefts declined from 12.3 per 10,000 among
5- and 6-year-old children to 8.0 per 10,000 among
children 9 to 10 years of age. This suggests that, once
a cleft is repaired, the condition might be less likely to
be noted during a subsequent health-care encounter.
Accordingly, cost differences were most pronounced
among infants.
Elevated costs in older children with orofacial
clefts may be due to secondary surgeries or medical
treatments for other related or unrelated conditions.
These data were also limited because no information
was available on maternal and infant characteristics,
such as maternal age and race/ethnicity, that might
be associated with a greater risk of orofacial clefts.18
Lastly, the cost estimates derived in this analysis might
have underestimated the actual direct medical costs
associated with orofacial clefts for children who were
covered by more than one health-care plan. Because
we restricted the analysis to infants with at least 11
months of continuous enrollment, infants who died
during the first few months of life were not included
in this analysis and were therefore not included in the
cost estimates.

comes, such as behavioral and emotional difficulties,21
lower self-concept,22 and lower health-related quality of
life scores because of speech and aesthetic concerns.23
As such, additional study of the financial burden and
quality of life for children with an orofacial cleft and
their families is warranted.
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