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ABSTRACT

BACKGROUND: Individuals with Down syndrome (DS) experience various 
comorbidities in excess of the prevalence seen among the non-DS popula-
tion. However, the extent of the excess burden of comorbidities specifically 
within commercially and publicly insured DS populations aged < 21 years is 
not currently known.

OBJECTIVES: To (a) describe the most common diagnoses among individuals  
with DS who have either commercial or Medicaid insurance and (b) com-
pare the prevalence of those diagnoses between DS cases and non-DS 
controls. 

METHODS: This was a longitudinal, retrospective study using health care 
claims of commercially insured and Medicaid-insured individuals in the 
Truven Health MarketScan Databases from 2008 to 2015. Individuals aged 
< 2, 2-5, 6-11, and 12-20 years with a DS diagnosis (cases; commercial: 
n = 15,948; Medicaid: n = 11,958) were matched to individuals without DS 
(controls; commercial: n = 47,844; Medicaid: n =   35,874) using a 1:3 ratio. 
The annual number of diagnoses was compared between cases and con-
trols within age groups using t-tests, and the prevalence of the most com-
mon diagnoses was compared using chi-square tests. 

RESULTS: Cases in all age groups in both databases had more diagnoses 
annually than controls (mean =9-17 per year vs. 4-10 per year, P < 0.001), 
and the number of diagnoses decreased with age for cases and controls. 
Among the most common case diagnoses were upper respiratory infections 
(28.9%-59.1% vs. 19.5%-52.9%); suppurative otitis media (25.1%-56.8%  
vs. 8.7%-51.2%); nutrition/metabolic/developmental symptoms  
(37.9%-50.4% vs. 7.7%-10.6%); delays in development (22.8%-52.8% vs. 
4.1%-10.9%); and general symptoms (35.1%-47.2% vs. 22.1%-37.2%), and 
the prevalence of each was greater among cases versus controls in all age 
groups in both databases (P < 0.001). The most common diagnoses among 
controls included some of the same as among cases, as well as acute phar-
yngitis (18.7%-31.8% vs. 19.2%-30.5%); allergic rhinitis (19.9%-24.3% vs. 
15.3%-20.7%); viral/chlamydial infections (24.2%-26.6% vs. 17.7%-23.5%); 
and joint disorders (11.6% vs. 16.6%), and most were significantly more 
prevalent among cases (P < 0.05). 

CONCLUSIONS: Commercially insured and Medicaid-insured individuals 
aged < 21 years with DS experience a greater number and prevalence of 
concomitant diagnoses compared with non-DS individuals. Awareness of 
these common diagnoses could help facilitate the optimal care of these 
individuals by the pediatric health care community.
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RESEARCH

Down syndrome (DS) is the most common genetic cause 
of intellectual disability, accounting for nearly 15% of 
cases with a genetic cause.1 Individuals with DS expe-

rience varying degrees of medical, behavioral, and cognitive 
symptoms and are at increased risk for Alzheimer’s disease 
and dementia as they age.2-4 Although there are currently no 
approved targeted treatments for DS, early diagnosis and treat-
ment of comorbid medical conditions have contributed to dra-
matic increases in the life expectancy of individuals with DS.5

In 2011, the American Academy of Pediatrics (AAP) released 
age-specific recommendations for the clinical supervision and 
assessment of individuals with DS that include screening for 
specific comorbidities at particular times over the life course.6 
These guidelines also cite high prevalence of several diagnoses 
in the DS population, such as hearing and vision problems, 
sleep disorders, heart defects, and otitis media. In addition, 
previous studies have identified these and several other con-
ditions as occurring frequently in DS individuals, and some  

• Individuals with Down syndrome (DS) aged < 21 years are known 
to experience several comorbid conditions at a greater rate than 
non-DS individuals, including problems with hearing and vision, 
heart defects, sleep disturbances, and dementia.

• It is recommended that health care providers routinely start early 
screening for their patients with DS for common comorbidities in 
order to improve quality of life and life expectancy.

What is already known about this subject

• This study describes the most common diagnoses across the 
entire health care experience of children and young adults 
with DS and compares the number and frequency of diagnoses 
between those with DS and matched controls.

• Individuals with DS with commercial and Medicaid insurance 
are included in the study sample, providing a comparison of the 
2 populations that has not been examined to date.

• Study results may help payers and case managers proactively 
manage important concomitant diagnoses common among indi-
viduals with DS.

What this study adds
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were included in the analysis. We focused on this population 
to highlight common non-DS conditions among the pediatric 
population aged < 21 years who are likely to experience differ-
ent conditions than older DS populations. The control sample 
without DS was drawn from all individuals in each respective 
database who had no claims containing a diagnosis of DS or 
any other chromosomal anomaly (ICD-9-CM 758.1x-758.9x) 
between January 1, 2008, and December 31, 2014. All cases 
and controls were followed for a minimum of 12 months. The 
evaluation period (follow-up time) for each case began with 
January 1 of their index year and ended with December 31 
of the last consecutive full calendar year during which they 
were continuously enrolled and aged < 21 years on January 1  
of that year. 

Using an exact match, each DS case was then matched to  
3 controls of the same age (on January 1 of the case’s index 
year), sex, type of insurance plan, and number of consecutive 
full calendar years in the evaluation period. Also, cases and 
controls in the commercial sample were matched on geographic 
region (only available in the commercial data), and Medicaid 
cases and controls were matched on state of residence and race 
(only available in the Medicaid data). The 3 controls included 
in the analyses for a given case were randomly selected from all 
controls within the respective database that met all matching 
criteria for that case.

Variables
The main independent variable examined in this analysis 
was the presence of a DS diagnosis (i.e., cases vs. controls). 
Comparisons were also made between clinically relevant age 
groups (< 2, 2-5, 6-11, and 12-20 years) and between commer-
cial and Medicaid cases. These age groups were chosen based 
on key periods for growth and human development: infancy 
(< 2 years), early childhood (2-5 years), middle childhood (6-11 
years), and adolescence/young adulthood (12-20 years).

The following 3 outcome variables were measured: (1) annual  
number of diagnoses per patient; (2) most common diagnoses 
among the combined sample (commercial and Medicaid) of 
cases and separately for cases in each database; and (3) most 
common diagnoses in the combined sample (commercial and 
Medicaid) of controls. All diagnoses were captured at the 
3-digit level of the ICD-9-CM classification system. Primary 
and secondary diagnoses on inpatient and outpatient claims 
were evaluated.

Each outcome variable was assessed for each calendar year 
of an individual’s evaluation period, and individuals could con-
tribute data to multiple age groups if they crossed into subse-
quent age groups during their evaluation periods. The number 
of diagnoses was annualized for each individual within the age 
groups included in their evaluation period, and the presence 
of each diagnosis of interest was assessed across all calendar 
years in a given age group for each individual. For example, 

studies have also compared the prevalence of certain condi-
tions between DS and non-DS populations.7-10 However, no 
study to date has taken a comprehensive look at all of the diag-
noses received by individuals with DS in a health care setting 
and compared the frequency of those diagnoses with individu-
als who do not have DS. 

The purpose of this study was to describe the number and 
type of concomitant diagnoses observed in 2 large health 
care claims databases of commercially insured and Medicaid-
insured children, adolescents, and young adults (aged < 21 
years) with DS. This study also aimed to compare the preva-
lence of common diagnoses in this population between indi-
viduals with DS and individuals who do not have DS.

■■  Methods
Data Sources
This was a longitudinal, retrospective cohort study using the 
health care claims of individuals with DS (cases) and without 
DS (controls) contained in the Truven Health MarketScan 
Commercial Claims and Encounters (commercial) and Truven 
Health Medicaid Multi-State (Medicaid) Databases. The com-
mercial database is a large, primarily employer-based health 
care claims database that includes inpatient admissions, 
outpatient visits, and outpatient prescription drug claims of 
employees and their dependents covered under various types 
of commercial health care plans. The Medicaid database con-
tains the inpatient admissions, outpatient visits, and outpatient 
prescription drug claims of Medicaid enrollees from approxi-
mately 10 geographically dispersed states across the United 
States. Because of data agreements, the specific states repre-
sented in the Medicaid database cannot be reported. Managed 
and fee-for-service plans are included.

Both databases satisfy the conditions set forth in Sections 
164.514 (a)-(b)1ii of the Health Insurance Portability and 
Accountability Act of 1996 privacy rule regarding the deter-
mination and documentation of statistically de-identified data. 
Because this study used only de-identified patient records and 
did not involve the collection, use, or transmittal of individu-
ally identifiable data, institutional review board approval to 
conduct this study was not required. 

Patient Selection
The sample of DS cases for this study was drawn from all indi-
viduals in the commercial and Medicaid databases who had at 
least 1 nondiagnostic medical claim (i.e., not a laboratory or 
radiology claim) with an International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis 
code for DS (758.0x) between January 1, 2008, and December 
31, 2014. Individuals with DS who were aged < 21 years on 
January 1 of the year of their first qualifying DS diagnosis 
(index year) and who were continuously enrolled in their insur-
ance plans from January 1 through December 31 of that year 
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if an individual was age 3 years at index and the evaluation 
period was 5 years long, he or she contributed 3 years of data 
(ages 3, 4, and 5 years) to the 2-5 age group and 2 years of data 
(ages 6 and 7 years) to the 6-11 age group. The total number 
of diagnoses was then quantified within each of those calendar 
years separately, and an age group average was calculated for 
that individual for each of the 2 age groups. The individual 
would also be assessed for the presence of the most common 
diagnoses among those aged 2-5 years any time while in that 
age group and for the most common diagnoses among those 
aged 6-11 years while in that age group. Statistical comparisons 
were made with t-tests and chi-square tests for continuous and 
categorical variables, respectively. P values < 0.05 were con-
sidered statistically significant. Analyses were conducted with 
SAS version 9.3 (SAS Institute, Cary, NC).

■■  Results
A total of 15,948 qualifying individuals with DS were matched 
to 47,844 controls in the commercial database, and 11,958 
qualifying DS cases were matched to 35,874 controls in the 
Medicaid database (Appendix A, available in online article). 
Commercial cases and controls were slightly older than 
Medicaid cases and controls (mean [standard deviation] 
age = 8.7 [6.0] vs. 8.1 [6.1]), and more than half of all cases and 
controls in each cohort were male. Evaluation periods in the 
commercial and Medicaid cohorts ranged from 1 to 7 years 
long, with median follow-up times of 2 and 3 years in the com-
mercial and Medicaid cohorts, respectively (Table 1).

Across all age groups in both databases, cases had signifi-
cantly more diagnoses than controls, with the annual average 

 

Commercial Medicaid

Cases Controls Cases Controls

n = 15,948 n = 47,844 n = 11,958 n = 35,874

Age at index, mean (SD)  8.7 (6.0)  8.7 (6.0)  8.1 (6.1)  8.1 (6.1)
Age group at index, years, % (n)

<2  13.7 (2,180)  13.7 (6,540)  17.1 (2,047)  17.1 (6,141)
2-5  23.0 (3,661)  23.0 10,983  23.9 (2,854)  23.9 (8,562)
6-11  29.3 (4,671)  29.3 (14,013)  28.5 (3,412)  28.5 (10,236)
12-20  34.1 (5,436)  34.1 (16,308)  30.5 (3,645)  30.5 (10,935)

Male, % (n)  53.6 (8,556)  53.6 (25,668)  54.4 (6,505)  54.4 (19,515)
Race/ethnicity, % (n)a

White - -  49.2 (5,879)  49.2 (17,637)
Black - -  15.5 (1,852)  15.5 (5,556)
Hispanic - -  7.5 (900)  7.5 (2,700)
Other - -  27.8 (3,327)  27.8 (9,981)

Geographic region, % (n)a

Northeast  17.0 (2,709)  17.0 (8,127) - -
North Central  28.5 (4,540)  28.5 (13,620) - -
South  35.6 (5,677)  35.6 (17,031) - -
West  16.9 (2,689)  16.9 (8,067) - -
Unknown  2.1 (333)  2.1 (999) - -

Insurance plan type, % (n)
Comprehensive/indemnity  1.1 (176)  1.1 (528)  53.5 (6,397)  53.5 (19,191)
EPO  1.1 (183)  1.1 (549)  0.0 (0)  0.0 (0)
POS with or without capitation  7.1 (1,122)  7.1 (3,366)  13.4 (1,598)  13.4 (4,794)
HMO  14.0 (2,235)  14.0 (6,705)  27.8 (3,320)  27.8 (9,960)
PPO  62.2 (9,923)  62.2 (29,769)  0.0 (0)  0.0 (0)
CDHP/HDHP  7.7 (1,225)  7.7 (3,675)  0.0 (0)  0.0 (0)
Unknown  6.8 (1,084)  6.8 (3,252)  5.4 (643)  5.4 (1,929)

Years of evaluation period
Minimum 1 1 1 1
Median 2 2 3 3
Maximum 7 7 7 7

aRace/ethnicity and geographic region only available in the Medicaid and commercial database, respectively.
CDHP = consumer-driven health plan; EPO = exclusive provider organization; HDHP   = high-deductible health plan; HMO = health maintenance organization; POS = point of 
service; PPO = preferred provider organization; SD = standard deviation.

TABLE 1 Demographic Characteristics at Index of Commercial and Medicaid Individuals with Down 
Syndrome (Cases) and Without Down Syndrome (Controls)
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number of diagnoses decreasing with age (Figure 1). The 
youngest DS cases in the commercial and Medicaid cohorts 
had a similar number of diagnoses, but older Medicaid cases 
had significantly more diagnoses annually than older commer-
cial cases (P < 0.001). Also, Medicaid controls had 30%-60% 
more diagnoses annually, compared with commercial controls 
(P < 0.001).

Figure 2 presents the most common case diagnoses by age in 
the combined commercial and Medicaid sample. The top 5 diag-
noses in each age group were identified, but 8 diagnoses are rep-
resented in Figure 2 because of differences in the top diagnoses  
between age groups. Acute upper respiratory infections and 
suppurative otitis media were among the 5 most common diag-
noses in all age groups for cases and controls, with a small but 
significant difference between those cases and controls aged < 2 
years and greater differences in the older age groups (P < 0.001). 

The largest differences in prevalence were observed for symp-
toms concerning nutrition, metabolism, and development (e.g., 
abnormal weight gain/loss, feeding difficulties, anorexia, and 
polydipsia) and specific delays in development. 

Table 2 compares the combined sample of cases and controls 
for the frequency of the 10 most common diagnoses among 
cases in each age group. In addition to the diagnoses shown 
in Figure 2, certain congenital heart anomalies, hearing loss, 
and digestive symptoms were commonly diagnosed among 
DS cases for most age groups. The prevalence of common case 
diagnoses was generally higher for Medicaid cases of all ages 
compared with commercial cases, including symptoms con-
cerning nutrition, metabolism, and development (Medicaid: 
21.7%-54.0% vs. commercial: 12.8%-46.9%; P < 0.001); general 
symptoms (32.0%-51.7% vs. 39.2%-43.5%; P < 0.001); respira-
tory/chest symptoms (29.3%-46.7% vs. 25.1%-33.3%; P = 0.024 

FIGURE 1 Mean (SD) Number of Unique 3-Digit ICD-9-CM Diagnoses Annually Among Individuals with and 
Without Down Syndrome Insured Through Commercial and Medicaid Plans, by Age Group
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for the age group < 2 years and P < 0.001 for age groups 2-5, 
6-11, and 12-20); and specific delays in development (36.8%-
68.0% vs. 12.2%-39.9%; P < 0.001; data not shown). Acute 
sinusitis was diagnosed more frequently among commercial 
cases (Medicaid: 20.5%-34.3% vs. commercial: 26.8%-40.7%; 
P < 0.001 for age groups < 2, 2-5, and 6-11, and P = 0.036 for the 
12-20 age group; data not shown). 

Figure 3 shows the differences between the combined 
sample of commercial and Medicaid cases and the combined 
sample of controls for the frequency of the 5 most common 
diagnoses among controls in each age group. The most com-
mon control diagnoses were similar to those most commonly 

observed among cases. Despite these being the most commonly 
observed diagnoses in controls, in general, they were sig-
nificantly more frequent among cases for all age groups (upper 
respiratory infections, allergic rhinitis, general symptoms, 
suppurative otitis media, and respiratory/chest symptoms; 
P < 0.001). Appendix B (available in online article) includes the 
10 most common diagnoses in each age group in the combined 
sample of commercial and Medicaid controls. In addition to 
the diagnoses shown in Figure 3, digestive symptoms were 
commonly diagnosed among most age groups; disorders of 
the conjunctiva were among the most common diagnoses for 
controls in the 2 younger age groups; and asthma was common 

FIGURE 2 Proportion of All Individuals with and Without Down Syndrome (Commercial and Medicaid 
Combined) in Each Age Group with the Most Common 3-Digit ICD-9-CM Diagnoses Among 
Individuals with Down Syndrome
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Most Common 3-Digit ICD-9-CM Diagnoses Among Cases During Follow-upa Casesb Controlsc
P Values from  

Chi-Square Test

Aged < 2 Years 
n = 4,227 n = 12,661

% n % n

Acute upper respiratory infections of multiple or unspecified sites (465.xx) 59.1 (2,499) 52.9 (6,705) < 0.001
Suppurative and unspecified otitis media (382.xx) 55.1 (2,327) 51.2 (6,485) < 0.001
Symptoms concerning nutrition, metabolism, and development (783.xx) 50.4 (2,129) 10.6 (1,338) < 0.001
Specific delays in development (315.xx) 48.9 (2,066) 8.4 (1,061) < 0.001
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 46.8 (1,980) 37.2 (4,709) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 44.9 (1,899) 28.6 (3,625) < 0.001
Nonsuppurative otitis media and Eustachian tube disorders (381.xx) 44.7 (1,889) 19.2 (2,434) < 0.001
Bulbus cordis anomalies and anomalies of cardiac septal closure (745.xx) 42.9 (1,815) 1.6 (204) < 0.001
Symptoms involving digestive system (787.xx) 37.1 (1,567) 20.8 (2,636) < 0.001
Hearing loss (389.xx) 34.3 (1,451) 4.2 (538) < 0.001
Acute bronchitis and bronchiolitis (466.xx) 32.0 (1,352) 19.6 (2,487) < 0.001
Acute sinusitis (461.xx) 24.5 (1,035) 12.9 (1,639) < 0.001

Aged 2-5 Years
n = 8,955 n = 26,865

% n % n

Suppurative and unspecified otitis media (382.xx) 56.8 (5,089) 37.5 (10,081) < 0.001
Acute upper respiratory infections of multiple or unspecified sites (465.xx) 56.0 (5,012) 42.0 (11,272) < 0.001
Specific delays in development (315.xx) 52.8 (4,728) 10.9 (2,929) < 0.001
Nonsuppurative otitis media and Eustachian tube disorders (381.xx) 48.4 (4,336) 14.5 (3,900) < 0.001
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 47.2 (4,230) 29.9 (8,029) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 41.9 (3,755) 28.1 (7,539) < 0.001
Symptoms concerning nutrition, metabolism, and development (783.xx) 37.9 (3,393) 7.7 (2,076) < 0.001
Acute sinusitis (461.xx) 37.8 (3,385) 16.0 (4,292) < 0.001
Symptoms involving digestive system (787.xx) 36.4 (3,257) 16.2 (4,354) < 0.001
Hearing loss (389.xx) 32.6 (2,923) 5.0 (1,346) < 0.001
Bulbus cordis anomalies and anomalies of cardiac septal closure (745.xx) 29.4 (2,635) 0.9 (251) < 0.001
Disorders of refraction and accommodation (367.xx) 24.0 (2,146) 8.2 (2,206) < 0.001

Aged 6-11 Years
n = 11,810 n = 35,430

% n % n

Suppurative and unspecified otitis media (382.xx) 42.4 (5,012) 19.6 (6,939) < 0.001
Acute upper respiratory infections of multiple or unspecified sites (465.xx) 42.4 (5,003) 27.4 (9,719) < 0.001
General symptoms (e.g., fatigue fever, insomnia, syncope; 780.xx) 38.3 (4,525) 22.1 (7,829) < 0.001
Acute sinusitis (461.xx) 34.9 (4,116) 14.4 (5,090) < 0.001
Nonsuppurative otitis media and Eustachian tube disorders (381.xx) 33.7 (3,977) 7.5 (2,644) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 32.7 (3,860) 21.6 (7,646) 0.008
Acute pharyngitis (462.xx) 31.8 (3,757) 30.5 (10,808) < 0.001
Symptoms involving digestive system (787.xx) 27.3 (3,226) 12.4 (4,401) < 0.001
Disorders of external ear (380.xx) 26.2 (3,099) 9.5 (3,360) < 0.001
Hearing loss (389.xx) 26.2 (3,093) 3.2 (1,148) < 0.001
Strabismus and other disorders of binocular eye movements (378.xx) 24.8 (2,933) 3.3 (1,180) < 0.001

Aged 12-20 Years 
n = 11,984 n = 35,952

% n % n

General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 35.1 (4,209) 22.1 (7,932) < 0.001
Acute upper respiratory infections of multiple or unspecified sites (465.xx) 28.9 (3,462) 19.5 (7,018) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 26.9 (3,219) 18.4 (6,613) < 0.001
Acute sinusitis (461.xx) 26.1 (3,124) 15.1 (5,418) < 0.001
Suppurative and unspecified otitis media (382.xx) 25.0 (2,992) 8.7 (3,139) < 0.001
Disorders of external ear (380.xx) 24.6 (2,945) 6.3 (2,274) < 0.001
Acquired hypothyroidism (244.xx) 23.9 (2,859) 1.3 (463) < 0.001

TABLE 2 Number and Proportion of All Individuals with and Without Down Syndrome (Commercial and 
Medicaid Combined) with the 10 Most Common 3-Digit ICD-9-CM Diagnoses Among Individuals 
with Down Syndrome in Each Age Group

contoniued on next page
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diagnoses to be among the most common infections and causes 
of hospitalization among individuals with DS.12

The AAP guidelines also recommend that infants with DS 
between birth and 1 month of age be screened for congenital 
heart defects, given prevalence estimates of approximately 
40%-55% in this population.6,13-16 In line with these estimates 
and other previous work,9,17 up to 47% of DS cases in the cur-
rent study received a diagnosis of “bulbus cordis anomalies and 
anomalies of cardiac septal closure,” with the highest frequency 
among DS cases aged < 2 years with commercial insurance. 
The decreasing frequency of heart anomaly diagnoses across 
increasing age groups may be a result of the practice of perform-
ing echocardiogram testing for all newborns with DS, which 
generally leads to the diagnosis of congenital heart defects early 
in life. Fewer heart defect diagnoses in the older age groups 
may be a result of the conditions becoming stable with age and 
subsequent undercoding of them by physicians or, as suggested 
by Boulet et al. (2008),17 early deaths from heart defects and/or 
surgical corrections of the conditions early in life.

The current results are also consistent with the findings of 
Zhu et al. (2013) regarding hospitalizations for various causes 
among individuals with DS.18 In that study, DS cases were more 
than twice as likely as non-DS controls to be hospitalized, with 
the greatest admission rate ratios observed for congenital heart 
defects and other malformations, gastrointestinal defects, ner-
vous system and sensory disorders, and respiratory conditions. 
Although inpatient admissions were not specifically examined 
in the current study, congenital heart defects were diagnosed 
up to 33 times as often; eye and ear disorders (e.g., hearing 
loss and refraction/accommodation disorders) up to 9 times 
as often; respiratory ailments (e.g., acute upper respiratory 
infections and acute sinusitis) up to 2.4 times as often; and  

among controls aged 2-11 years, although the prevalence for 
these conditions was higher for the cases cohort. 

■■  Discussion
In this retrospective claims-based study, individuals with DS 
aged < 21 years experienced substantially greater prevalence of 
specific common concomitant diagnoses, compared with simi-
lar individuals without DS. Certain respiratory ailments, ear 
infections, and developmental conditions were among the most 
frequent diagnoses in DS cases, and even the most common 
conditions among controls were often more prevalent among 
cases (e.g., upper respiratory infections and suppurative otitis 
media). In addition, DS cases received from 30% to > 100% as 
many annual diagnoses during follow-up, compared with non-
DS controls. We also observed lower rates of hearing loss in the 
DS population than expected.

Several of the diagnoses observed among DS individuals in 
this study are among those mentioned in the AAP guidelines for 
health care supervision of children with DS, such as respiratory 
conditions and congenital heart disease.6 In this study, acute 
upper respiratory infections, bronchitis/bronchiolitis, and other 
respiratory and chest symptoms were diagnosed significantly 
more frequently in DS cases than controls, which is consistent 
with other reports of higher incidence of various respiratory 
conditions among individuals with DS.7,11 For example, Schieve 
et al. (2009) observed > 100% increased odds of respiratory aller-
gies among DS children aged 3-10 years (P < 0.05),7 compared 
with those without DS. Stagliano et al. (2015) reported a > 200% 
increased risk of hospitalization for respiratory syncytial virus 
associated with a DS diagnosis among children aged 0-3 years 
(P < 0.05).11 In addition, several studies have reported respiratory 

Most Common 3-Digit ICD-9-CM Diagnoses Among Cases During Follow-upa Casesb Controlsc
P Values from  

Chi-Square Test

Aged 12-20 Years 
n = 11,984 n = 35,952

% n % n

Specific delays in development (315.xx) 22.8 (2,728) 4.1 (1,461) < 0.001
Acute pharyngitis (462.xx) 22.5 (2,697) 24.1 (8,647) < 0.001
Disorders of refraction and accommodation (367.xx) 21.5 (2,571) 15.1 (5,412) < 0.001
Allergic rhinitis (477.xx) 19.9 (2,379) 15.3 (5,508) < 0.001
Hearing loss (389.xx) 18.8 (2,250) 2.1 (751) < 0.001
Bulbus cordis anomalies and anomalies of cardiac septal closure (475.xx) 17.8 (2135) 2.5 (913) < 0.001
Unspecified mental retardation (319.xx) 12.6 (1,507) 2.3 (827) < 0.001
aMore than 10 diagnoses on each list because of differences in top 10 diagnoses between commercial and Medicaid; all unique diagnoses in the top 10 for each age group in 
each cohort are listed.
bCases = with DS.
cControls = without DS.
DS = Down syndrome; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

TABLE 2 Number and Proportion of All Individuals with and Without Down Syndrome (Commercial and 
Medicaid Combined) with the 10 Most Common 3-Digit ICD-9-CM Diagnoses Among Individuals 
with Down Syndrome in Each Age Group (continued)
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gastrointestinal symptoms about twice as often among DS 
cases versus non-DS controls (Table 2).

Recently, Kageleiry et al. (2016) reported significantly higher 
out-of-pocket and third-party medical expenditures during 
childhood (birth to 18 years) among DS cases, compared with 
matched controls without chromosomal anomalies.19 In that 
claims-based study, total costs to families of patients aged over 
18 years were over $18,000 greater for DS cases, compared 
with controls, and insurer payments were more than $230,000 
greater for DS cases during the same time period.19 Although the 
current study does not report health care costs, Kageleiry et al.’s 
results are consistent with the significantly greater number and 
prevalence of comorbid conditions seen among DS cases in this 
analysis, which likely result in higher health care expenditures.

The prevalence of some diagnoses among DS cases in this 
study, however, were lower than expected based on previous 
work. For example, newborn screening for hearing problems 
is recommended (consistent with universal newborn screening 
guidelines) in infants with DS because of reported estimates of 
hearing loss from the AAP of up to 75% in this population.6 

This study, however, showed that only up to 38% of DS cases 
had received a diagnosis of hearing loss during follow-up. 
Although this result is less than expected based on the AAP 
estimate, it is consistent with results from Roizen et al. (2014), 
in which 39% of parents indicated that their child with DS 
had been diagnosed with a hearing problem.9 A case series by 
Park et al. (2012) also reported estimates lower than the AAP, 

a

a
a

FIGURE 3 Proportion of All Individuals with and Without Down Syndrome (Commercial and Medicaid 
Combined) in Each Age Group with the Most Common 3-Digit ICD-9-CM Diagnoses Among 
Individuals Without Down Syndrome
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finding that 26.2% of infants failed their newborn hearing 
screenings.20 Discrepancies in prevalence may be due to lack of 
routine hearing testing, different data sources, or hearing loss 
not always being coded on claims. 

Similarly, the AAP recommends that health care provid-
ers discuss with caregivers the potential for and symptoms of 
sleep disturbances in the first 6 months of life in children with 
DS, given estimates of > 50% prevalence of obstructive sleep 
apnea (OSA) in individuals with DS, particularly young chil-
dren (aged approximately 2-5 years).6,21,22 In the current study, 
however, the 3-digit ICD-9-CM diagnosis of “organic sleep dis-
orders” did not appear among the 25 most common diagnoses 
in DS cases aged < 12 years. More specifically, OSA was diag-
nosed in only 8%-16% of DS cases, depending on cohort and 
age group, and “other sleep disorders” were diagnosed in only 
1%-3% of DS cases (data not shown). The discrepancy between 
expected prevalence of sleep disturbances in individuals with 
DS and the frequency of such diagnoses observed in this study 
may point to a deficit in screening for these conditions in the 
DS population. It may also be a result of the underreporting of 
these conditions or undercoding on health care claims. 

A strength of this study is the large sample size, represent-
ing nearly 28,000 individuals with DS and over 83,000 similar 
individuals without DS, as well as relatively large samples of 
cases and controls in the separate age groups. These samples 
included individuals with commercial and Medicaid health 
care coverage, representing individuals with diverse socioeco-
nomic backgrounds. In addition, this study conducted direct 
comparisons of concomitant diagnoses between individuals 
with DS and non-DS individuals who were matched on impor-
tant characteristics likely to be associated with the number and 
types of diagnoses received. This study design allowed for an 
estimate of the excess prevalence of comorbidities associated 
with a DS diagnosis.

Limitations
The limitations of this study include those inherent in any 
retrospective health care claims-based analysis. This study 
was limited to only those individuals with commercial health 
coverage or coverage by Medicaid. Consequently, results of this 
analysis may not be generalizable to individuals with other or 
additional insurance or those without health insurance cover-
age. There is also potential for misclassification of diagnoses 
or study outcomes, since individuals were identified through 
administrative claims data, which are subject to data coding 
limitations and data entry error. 

Differences within age groups were not detected because 
ages were grouped together. For example, differences between 
individuals aged 2 and 3 years were not detected because in 
this analysis they were part of the 2-5 years age group. There 
may be systematic differences between the study cohorts that 
account for differences found in diagnoses. While match-
ing cases and controls on important characteristics mitigated  
differences between cohorts, matching was limited to those char-
acteristics that could be measured from administrative claims.

Finally, the process of matching cases to controls on specific 
variables, as well as the specific inclusion/exclusion criteria for 
selecting the study sample, may have resulted in the exclusion 
of individuals who may have had different outcomes from those 
selected for the study. Future research should build on recently 
published health care cost data among individuals with and with-
out DS, specifically the financial impact of non-DS diagnoses, 
since differences in concomitant diagnoses may result in differ-
ences in health care costs between DS and non-DS individuals 
aged < 21 years. Also, research should describe the average age 
when long-term conditions affecting individuals with DS are first 
diagnosed and categorize conditions as acute conditions versus 
chronic conditions because chronic conditions may have a larger 
effect clinically and financially.

■■  Conclusions
This study shows that children and young adults with DS with 
either commercial or Medicaid insurance experience a substan-
tially greater overall number and prevalence of many concomi-
tant diagnoses, compared with similar individuals without DS. 
An overview is also offered of some of the specific diagnoses 
that are consistently more common among individuals with DS. 
Case managers may use these comorbidity measures to identify 
individuals in need of targeted quality-of-care management, and 
understanding the associated comorbidities of individuals with 
DS may be useful when forecasting expenditures and estimat-
ing potential savings provided by improved care management 
programs in this population. In addition, the differences in 
diagnosis patterns between commercially insured and Medicaid-
insured individuals with DS may suggest differences in screen-
ing for various conditions between the 2 populations and/or 
real differences in the occurrence of comorbid conditions based 
on sociodemographic differences between the 2 cohorts. These 
results may warrant consideration by payers and case managers 
in order to provide better and equitable care for individuals with 
DS regardless of insurance plan and to be cognizant of the effect 
of concomitant diagnoses in that population.
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APPENDIX A Patient Attrition

Individuals with a diagnosis code for Down syndrome  
(ICD-9-CM 758.0x) January 1, 2008-December 31, 2014

(earliest date = index date)
Commercial, N =47,791

Medicaid, N = 34,913

Continuous enrollment for entire calendar year  
(January through December) in which index date occurred

Commercial, n = 24,375
Medicaid, n = 16,810

Aged < 21 years on index date
Commercial, n =15,953

Medicaid, n = 12,351

Matched (1:3) to individuals without Down syndrome
Commercial, n =15,948

Medicaid, n = 11,958

Matched (1:3) to individuals with Down syndrome
Commercial, n =47,844

Medicaid, n = 35,874

Individuals without a diagnosis of Down syndrome or another 
chromosomal anomaly (ICD-9-CM 758.xx)

Commercial, n =99,280,768
Medicaid, n = 12,672,744

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.



770b Journal of Managed Care & Specialty Pharmacy JMCP July 2017 Vol. 23, No. 7 www.jmcp.org

A Retrospective, Longitudinal, Claims-Based Comparison of Concomitant  
Diagnoses Between Individuals with and Without Down Syndrome

Most Common ICD-9-CM Diagnoses Among Controls During Follow-upa Casesb Controlsc
P Values from  

Chi-Square Test

Aged <2 Years 
n = 4,227 n = 12,661

% n % n

Acute upper respiratory infections of multiple or unspecified sites (465.xx) 59.1 (2,499) 52.9 (6,705) < 0.001
Suppurative and unspecified otitis media (382.xx) 55.1 (2,327) 51.2 (6,485) < 0.001
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 46.8 (1,980) 37.2 (4,709) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 44.9 (1,899) 28.6 (3,625) < 0.001
Viral and chlamydial infections (079.xx) 26.6 (1,125) 23.5 (2,981) < 0.001
Symptoms involving digestive system (787.xx) 37.1 (1,567) 20.8 (2,636) < 0.001
Acute bronchitis and bronchiolitis (466.xx) 32.0 (1,352) 19.6 (2,487) < 0.001
Nonsuppurative otitis media and Eustachian tube disorders (381.xx) 44.7 (1,889) 19.2 (2,434) < 0.001
Acute pharyngitis (462.xx) 18.7 (791) 19.2 (2,426) 0.521
Disorders of conjunctiva (372.xx) 24.4 (1,031) 17.1 (2,164) < 0.001
Atopic dermatitis and related conditions (691.xx) 13.2 (556) 16.8 (2,132) < 0.001

Aged 2-5 Years 
n = 8,955 n = 26,865

% n % n

Acute upper respiratory infections of multiple or unspecified sites (465.xx) 56.0 (5,012) 42.0 (11,272) < 0.001
Suppurative and unspecified otitis media (382.xx) 56.8 (5,089) 37.5 (10,081) < 0.001
Acute pharyngitis (462.xx) 30.1 (2,693) 30.1 (8,077) 0.989
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 47.2 (4,230) 29.9 (8,029) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 41.9 (3,755) 28.1 (7,539) < 0.001
Allergic rhinitis (477.xx) 24.3 (2,180) 20.0 (5,373) < 0.001
Viral and chlamydial infections (079.xx) 24.2 (2,170) 17.7 (4,743) < 0.001
Streptococcal sore throat and scarlet fever (034.xx) 22.8 (2,038) 17.6 (4,728) < 0.001
Disorders of conjunctiva (372.xx) 31.0 (2,772) 16.3 (4,383) < 0.001
Symptoms involving digestive system (787.xx) 36.4 (3,257) 16.2 (4,354) < 0.001
Acute sinusitis (461.xx) 37.8 (3,385) 16.0 (4,292) < 0.001
Asthma (493.xx) 25.0 (2,235) 15.6 (4,187) < 0.001
Specific delays in development (315.xx) 52.8 (4,728) 10.9 (2,929) < 0.001

Aged 6-11 Years
n = 11,810 n = 35,430

% n % n

Acute pharyngitis (462.xx) 31.8 (3,757) 30.5 (10,808) 0.008
Acute upper respiratory infections of multiple or unspecified sites (465.xx) 42.4 (5,003) 27.4 (9,719) < 0.001
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 38.3 (4,525) 22.1 (7,829) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 32.7 (3,860) 21.6 (7,646) < 0.001
Allergic rhinitis (477.xx) 23.5 (2,779) 20.7 (7,331) < 0.001
Suppurative and unspecified otitis media (382.xx) 42.4 (5,012) 19.6 (6,939) < 0.001
Streptococcal sore throat and scarlet fever (034.xx) 22.1 (2,611) 16.8 (5,968) < 0.001
Disorders of refraction and accommodation (367.xx) 27.1 (3,198) 15.4 (5,449) < 0.001
Hyperkinetic syndrome of childhood (314.xx) 12.9 (1,519) 15.0 (5,309) < 0.001
Asthma (493.xx) 20.1 (2,374) 14.8 (5,249) < 0.001
Acute sinusitis (461.xx) 34.9 (4,116) 14.4 (5,090) < 0.001
Other symptoms involving abdomen and pelvis (789.xx) 14.2 (1,681) 14.2 (5,046) 0.982

Aged 12-20 Years
n = 11,984 n = 35,952 

% n % n

Acute pharyngitis (462.xx) 22.5 (2,697) 24.1 (8,647) 0.001
General symptoms (e.g., fatigue, fever, insomnia, syncope; 780.xx) 35.1 (4,209) 22.1 (7,932) < 0.001
Acute upper respiratory infections of multiple or unspecified sites (465.xx) 28.9 (3,462) 19.5 (7,018) < 0.001
Symptoms involving respiratory system and other chest symptoms (786.xx) 26.9 (3,219) 18.4 (6,613) < 0.001
Other and unspecified disorders of joint (719.xx) 11.6 (1,396) 16.6 (5,976) < 0.001
Other symptoms involving abdomen and pelvis (789.xx) 15.1 (1,815) 15.6 (5,626) 0.187

APPENDIX B Number and Proportion of All Individuals with and Without Down Syndrome (Commercial 
and Medicaid Combined) with the 10 Most Common 3-Digit ICD-9-CM Diagnoses Among 
Individuals Without Down Syndrome in Each Age Group

continued on next page
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Most Common ICD-9-CM Diagnoses Among Controls During Follow-upa Casesb Controlsc
P Values from  

Chi-Square Test

Aged 12-20 Years
n = 11,984 n = 35,952 

% n % n

Allergic rhinitis (477.xx) 19.9 (2,379) 15.3 (5,508) < 0.001
Symptoms involving head and neck (784.xx) 15.7 (1,882) 15.3 (5,506) 0.307
Acute sinusitis (461.xx) 26.1 (3,124) 15.1 (5,418) < 0.001
Diseases of sebaceous glands (706.xx) 12.5 (1,503) 14.4 (5,175) < 0.001
Disorders of refraction and accommodation (367.xx) 21.5 (2,571) 13.4 (4,812) < 0.001
Symptoms involving digestive system (787.xx) 19.4 (2,321) 12.4 (4,463) < 0.001
aMore than 10 diagnoses on each list because of differences in top 10 diagnoses between commercial and Medicaid; all unique diagnoses in the top 10 for each age group in 
each cohort are listed.
bCase s =with DS.
cControls= without DS.
DS = Down syndrome; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

APPENDIX B Number and Proportion of All Individuals with and Without Down Syndrome (Commercial 
and Medicaid Combined) with the 10 Most Common 3-Digit ICD-9-CM Diagnoses Among 
Individuals Without Down Syndrome in Each Age Group (continued)
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