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Acute health events in adult patients with genetic
disorders: The Marshfield Epidemiologic Study Area
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Purpose: We ascertained and reviewed acute health events occurring in 2003 among patients age 18 and greater
with well-defined single gene, chromosomal, and selected multifactorial conditions within the Marshfield Epidemi-
ologic Study Area. Methods: Of 47,077 adult Marshfield Epidemiologic Study Area Central cohort members, 1831
(3.9%) had been given at least one of 71 ICD-9 codes appropriate for genetic diagnoses of interest. Physician
review narrowed this to 591 (1.3%) validated patients for the study. Of the 591, 527 (89.2%) patients registered
6,849 visits, which were manually reviewed to delineate acute, relevant health events in the urgent care and
primary care provider setting. Results: A total of 244 acute relevant health events among 126 patients corre-
sponding to 58 different genetic conditions were observed. Acute relevant health events corresponded to 3.4% of
the total health events in patients identified with genetic problems. Categories of genetic conditions with the highest
frequencies of acute relevant health events included chromosomal and microdeletion syndromes (21.3%), hematologic
disorders (11.5%), muscular dystrophies (8.6%), and connective tissue disorders (10.2%). Conclusions: These data
have multiple applications and implications in addressing the natural history, long-term medical needs and financial

impact of adult patients with genetic conditions. Genet Med 2006:8(8):474-490.
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Patients with genetic conditions constitute an important
portion of the world population with special health care needs.
Estimates indicate an incidence of 3.8 per 1,000 for chromo-
somal disorders, 20 per 1,000 for single gene disorders, and
646.4 per 1,000 for multifactorial disorders.! Previous studies
during the past three decades have quantified the frequency of
genetic disorders among patients especially children, admitted
to the hospital.>® In general patients with genetic problems
have more admissions, longer hospital stays, and increased
morbidity and mortality.'->° These studies have not addressed
specific reasons relating to a given diagnosis which led to hos-
pital admission.

A patient with an underlying genetic disorder may present
to an urgent care setting or health provider’s office with onset
of acute symptoms that require immediate attention and/or
further evaluation. A prior study'? described pediatric patients
with known genetic conditions presenting to an emergency
department (ED) in a municipal hospital. That study reviewed
paper records obtained from ED visits and relied on reporting
of genetic diagnoses in the ED encounter form filled out by the
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ED physician. There was no linkage of the ED encounter with
the patient’s hospital chart which would be important in the
inclusion of/or verifying the genetic diagnosis. To date, the
burden of genetic disorders among adults in ambulatory set-
tings remains poorly characterized.

The study described in this report delineates acute health
events identified in the ED, urgent care, and primary care set-
ting among a cohort of 527 adult patients with single gene,
chromosomal, and syndromic conditions within a geographi-
cally defined, population-based cohort. A goal of the study was
to initiate a means of collecting data about the ongoing health
effects of genetic diseases among adults in a general popula-
tion. It was expected that such information could provide in-
sight into the natural history of adult genetic conditions and
improve transitional care for genetic diseases. It could be used
to help foster physician, patient, and family education.

METHODS

This study was conducted in the Marshfield Epidemiologic
Study Area (MESA),'! aresource for population-based surveil-
lance and research within the context of an integrated health
care delivery system. Covering a region where nearly all resi-
dents receive their care from the Marshfield Clinic and affili-
ated hospitals, MESA has been particularly useful for quanti-
tying the occurrence of illness and studying the full clinical
spectrum of disease in a general population.'> MESA is divided
into two main subareas, MESA Central which contains about
54,000 people in 14 ZIP codes surrounding the Clinic’s main
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campus in the city of Marshfield, and MESA North which con-
tains about 23,000 people in 10 ZIP codes surrounding several
of the Clinic’s regional centers in northern Wisconsin. The
main campus of the Clinic is adjacent to St. Joseph’s Hospital
in Marshfield, the only major rural referral medical center in
Wisconsin. Marshfield Clinic physicians staff the hospital and
the two institutions share a common electronic medical record
system. MESA Central was selected for this project because of
the greater utilization of emergent care at the main campus in
Marshfield by MESA Central residents.

Individual residency status and follow-up time have been
tracked for the cohort since 1991. Research is initiated through
linking MESA residency data with the Marshfield Clinic’s ex-
tensive archive of medical information, which includes a full
electronic medical record dating back to the early 1990s and a
file of more than 100 million patient diagnoses dating back to
1960. Mobility in the MESA region is quite low, resulting in
greater capture of a patient’s full medical history in the Clinic’s
medical records. Only about 3% per year of the original 1991
cohort is lost to out-migration.

The high population and health event coverage in MESA are
validated periodically through random sample surveys and
comparisons with state and national data sources. The most
recent validation indicates that Marshfield Clinic data systems
capture more than 97% of the residents, 99% of the deaths,
95% of hospital discharges, and 90% of outpatient visits in
MESA Central.!?

Institutional Review Board approval for the study was ob-
tained. Identifiable data from the electronic study files were
removed after the data were collected. Data collection for this
study occurred in two stages, which is outlined in Figure 1.
First, adults currently residing in the MESA Central region
were screened for past evidence of selected underlying genetic
conditions using ICD-9 diagnostic codes, and the medical
records of those potentially affected were reviewed in order to
validate and properly classify their underlying conditions. Sec-
ond, the cohort of adults with confirmed genetic conditions
were followed historically over the course of calendar year
2003, and all ED, urgent care, and primary care visits were
catalogued for further review by clinical geneticists (PFG, EM,
SFW) to identify and classify acute, relevant health events.

For the first stage of data collection, potential underlying
genetic diagnoses under consideration were classified based on
Hall’s study® as follows: Group A) multifactorial conditions
(i.e., hypercholesterolemia), Group B) conditions that are sug-
gestive of an underlying genetic diagnosis but not proven (i.e.,
hearing loss), and Group C) well-defined single gene, chromo-
somal or multifactorial conditions (e.g., cystic fibrosis, Down
syndrome, spina bifida).

We chose to focus primarily on group C conditions in order
to delineate acute health events occurring among patients with
well-defined, single gene, chromosomal or selected multifac-
torial conditions such as spina bifida and Hirschsprung dis-
ease. We suspected that these conditions could have long-term
sequelae, which could be associated with acute health events in
adulthood. Following an in-depth review of the ICD-9 coding
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47,077 adult patients in MESA Central during 2003

Apply 71 ICD 9 codes inclusive for underlying genetic diagnoses

v

1,831 patients with at least 1 selected
ICD-9 diagnosis at any point since 1979

Manual review

v

610 charts with underlying genetic conditions validated

591 unique patients in cohort

v

64 patients with no emergency room/urgent care
or other outpatient events in 2003

527 unique patients with one or more emergency room/
urgent care or other outpatient visits in 2003

Fig. 1. Flow diagram illustrating ascertainment of 527 adult patients with underlying
genetic conditions in MESA in 2003.

manual and consultation with the Clinic’s health information
management coders, abroad array of 71 ICD-9 diagnostic code
groupings was selected to enhance our capture of adults who
may have clinically recognized genetic conditions of interest.
These ICD9 codes included more generalized conditions, such
as “conduction disorders-426” and “hereditary and degenera-
tive diseases of the central nervous system-330-337,” as well as
specific genetic conditions, such as “polycystic kidney disease-
753” and “cystic fibrosis-277.”

The Clinic’s data warehouse archive was queried to identify
any instances of the 71 selected diagnostic codes being given
since 1979 to the 47,077 adult members of the MESA Central
cohort as of January 1, 2003. Validation review of the corre-
sponding medical charts applied established clinical criteria to
determine whether patients classified in a particular diagnostic
category likely had the conditions of interest. The majority of
the charts were reviewed by clinical geneticists (PFG, EM,
SFW), although charts for a small number of conditions (dis-
orders of iron, magnesium, phosphorous, and calcium metab-
olism, and hemoglobinopathies, not elsewhere classified) were
prescreened by trained medical abstractors to first determine
whether an identified Mendelian disease may be present (e.g.,
hemochromatosis, Hallervorden-Spatz, Aceruloplasminemia
and Friedreich ataxia). Review of the paper chart was necessary
for approximately 37.5% of the diagnoses when validation of a
patient’s possible genetic diagnosis was not possible with the
electronic record. In some instances review of X-rays was per-
formed in order to clarify the diagnosis of a skeletal dysplasia.
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Ten percent of the records were randomly selected for inde-
pendent review by a separate geneticist co-investigator in order
to ensure the accuracy of the final genetic diagnoses. The geneti-
cists met periodically to collectively review the genetic diagnoses
that were assigned and adjudicate ambiguous cases. A corre-
sponding Online Mendelian Inheritance in Man (OMIM) code
was assigned to each genetic diagnosis, when applicable, in order
to facilitate database management. Diagnosis validity and final
classifications were recorded by the reviewers on paper abstrac-
tion forms and entered into an electronic database by trained staff
using standard double data entry procedures to reduce entry errors.

In the second stage of data collection, the patients with con-
firmed genetic conditions identified in stage 1 were assessed for
presence of ED, urgent care, or primary care visits during cal-
endar year 2003. Those with visits in 2003 underwent medical
record review to: 1) establish the specific diagnoses given in the
encounter, 2) determine whether each diagnosis was patho-
genically relevant to the underlying genetic condition, and 3)
assess whether the event was acute or not. Relevance was ascer-
tained by means of verification of associated complications in
standard clinical genetics reference books and Internet re-
sources (e.g., “Smith’s Recognizable Patterns of Human
Malformation,”"® “Emery and Rimoin’s Principles and Prac-
tice of Medical Genetics,”! “The Metabolic and Molecular Ba-
sis of Inherited Disease,”'* Online Mendelian Inheritance in
Man (OMIM),!> Gene Clinics'®) and literature review. Acute
events were defined as those which required urgent scheduling
of a diagnostic evaluation, immediate pharmacologic, antibiotic,
or surgical intervention, or hospitalization for treatment. Acute
health events were those that stood apart from routine care or
monitoring that would occur during a general practice visit. The
health visits associated with each underlying genetic diagnosis cat-
egory were assigned to one of three clinical geneticists (PFG, EM,
SFW). In addition to acuity and relevance, abstraction forms cap-
tured information on whether the health event required hospital-
ization. Also, the reviewing geneticist assigned relevant events to
the appropriate organ system affected. Attempts were made to
classify the organ system involved based on the known pathogen-
esis of a given condition. For example, one patient with achondro-
plasia and clinical symptoms of a progressive myelopathy, includ-
ing paresthesias and loss of voiding sensation, was ultimately
admitted for a C7-T1 discectomy and fusion for a herniated disc.
Since the pathologic etiology for this patient’s acute and relevant
problem was in the spinal column, the acute and relevant events
were classified under the “musculoskeletal” heading. Another pa-
tient with Down syndrome and Eisenmenger syndrome was diag-
nosed as having secondary polycythemia. This was included un-
der the cardiovascular system, since the polycythemia was
secondary to her underlying congenital heart disease. Meetings
between the clinical geneticists were held regularly to review
health events and discuss classification of acuity, relevance, and
organ system classification.

The health event review data were then appended to the
study data file using double data entry procedures. Analysis of
the resulting data were descriptive, with summary tabulation
and careful consideration of result implications.
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RESULTS

We identified that 1831 (3.9%) of the 47,077 MESA Central
adults had been given atleast one ICD-9 code since 1979 within
the 71 selected code ranges appropriate for the genetic diag-
noses of interest. Validation review narrowed this to 591 pa-
tients (1.3%) with confirmed genetic conditions for further
study (Fig. 1). Of those, 64 (10.8%) registered no outpatient
health events in 2003 resulting in 527, corresponding to 1.2%
of the total adult patients in MESA. Among the remaining 527,
7139 visits were distributed between ED, urgent care, and other
primary care departments (mean of 13.0 visits per patient; me-
dian number of 9 visits per patient). This was 1.8% of the total
outpatient visits in 2003 among the adult MESA Central co-
hort. These visits resulted in 19,288 diagnosis records (mean
2.8 diagnoses per patient per visit) and 1,702 unique condi-
tions diagnosed.

Table 1 displays the selected genetic diagnoses and corre-
sponding OMIM codes within categories generally defined by
the affected organ system. For each underlying diagnosis, the
number of affected patients within the cohort, the number of
health events occurring in 2003, and the number and propor-
tion of those events determined to be acute and relevant to
their underlying diagnosis are shown. Sixteen patients had
more than one underlying genetic diagnosis, and so are repre-
sented in the table more than once. A total of 244 acute relevant
health events occurred among 126 patients, corresponding to
58 different genetic conditions. Of the acute relevant events,
190 (77.9%) occurred in the urgent care/ED setting and 54
(22.1%) occurred in the primary care or specialty provider’s
office. Acute relevant health events accounted for 3.6% of the
total health events among patients identified with genetic
problems. Overall, nearly 1 in 4 patients in the cohort who had
an outpatient visit in 2003 (126/543) presented with at least
one acute health event that was relevant to their underlying
genetic diagnosis.

Within the studied cohort, chromosomal and microdeletion
syndromes accounted for about 11% of the underlying genetic
conditions and a similar proportion (9%) of the total outpa-
tient visits in 2003, but comprised the greatest percentage
(21.3%) of the acute and relevant health events. This group was
largely represented by patients with Down syndrome and sex
chromosome abnormalities. A very high proportion (43.1%)
of patients with chromosome abnormalities had at least one
acute relevant event during the year, suggesting that patients
within this category were at a relatively high risk for an acute
health event. Other genetic disease categories observed to have
a high risk of acute, relevant health events were immunologic
conditions (65%), well-known non-chromosomal conditions,
including Klippel-Trenaunay-Weber syndrome (44%), mus-
cular dystrophy (42%), and genodermatoses (35%). Hemato-
logic disorders made up the largest group of patients in the
study cohort (21.7%), mostly represented by Factor V Leiden
and von Willebrand disease, and contributed a similar propor-
tion of total outpatient visits (24.4%). They also accounted for
a sizable proportion of total acute relevant events (11.5%), and
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Table 1

Health events in patients with genetic disorders

Genetic diagnoses and health events for 2003

Number of events

Number of acute/  Total patients with

Category of Number of patients among patients relevant events 1 or more acute/
diagnosis Genetic diagnosis OMIM code (% of total) (% of total) (% of total) relevant events
Cardiac 1(0.18) 1 (0.01%) 0 0
arrhythmia
syndromes
Long QT syndrome 1 192500 1(0.18) 1 0 0
Chromosomal and 58 (10.68%) 643 (9.0%) 52 (21.3%) 25 (43.1%)
microdeletion
syndromes
Angelman syndrome 105830 1(0.18) 11 1 1
Prader-Willi syndrome 176270 2(0.37) 34 2 1
Velocardiofacial syndrome 192430 1(0.18) 7 2 1
Williams-Beuren syndrome 194050 1(0.18) 2 0 0
Down syndrome 32 (5.89) 354 34 16
Sex chromosome (Klinefelter, 8 (3.31) 187 11 5
Turner, XX male)
Other chromosomal abnormality 3 (0.54) 48 2 1
(3p monosomy, Del 5q,
marker chromosome 15)
Connective tissue 31 (5.71%) 578 (8.1%) 25 (10.2%) 8 (25.8%)
disorders
Stickler syndrome, type I 108300 2(0.37) 8 2 1
Dupuytren contracture 126900 1(0.18) 34 0 0
Ehlers-Danlos syndrome, type I1I 130020 1(0.18) 108 9 1
Ehlers-Danlos syndrome, type IV 130050 1(0.18) 18 0 0
Marfan syndrome 154700 12 (2.21) 226 6 3
Mitral valve prolapse, familial 157700 1(0.18) 38 0 0
Pseudoxanthoma elasticum 177850/ 2(0.36) 16 2 1
dominant/recessive 264800
MASS syndrome 604308 9 (1.66) 97 1 1
Connective tissue disorder 2 (0.36) 33 5 1
unspecified
Dermatologic 14 (2.58%) 180 (2.5%) 3 (1.2%) 2 (14.3%)
Ichthyosis (vulgaris, lamellar, 146700/ 12 (2.21) 173 3 2
X-linked) 146750/
242300/
308100
Cutis Laxa, X-linked 304150 1(0.18) 6 0 0
Incontinentia pigmenti 308300 1(0.18) 1 0 0
Ear, nose, throat 4 (0.74%) 51 (0.7%) 1 (0.4%) 1 (25%)
Choanal atresia, posterior 214800 2(0.37) 3 0 0
Pendred syndrome 274600 1(0.18) 30 1 1
Usher syndrome, type IA 276900 1(0.18) 18 0 0
Eye 66 (12.15%) 734 (10.3%) 8 (3.3%) 3 (4.5%)
Blepharochalasis, superior 110000 1(0.18) 4 0 0
Corneal dystrophy, epithelial 121820 1(0.18) 1 0 0

basement membrane

(Continued on next page)
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Table 1

Genetic diagnoses and health events for 2003, continued

Number of events

Number of acute/

Total patients with

Category of Number of patients among patients relevant events 1 or more acute/
diagnosis Genetic diagnosis OMIM code (% of total) (% of total) (% of total) relevant events
Duane retraction syndrome 1 126800 18 (3.31) 128 0 0
Keratoconus 148300 1(0.18) 1 0 0
Lattice degeneration of retina 150500 2(0.37) 39 0 0
Macular dystrophy, vitelliform/ 153700/ 10 (1.84) 115 0 0
Stargardt disease 248200
Optic atrophy 1 165500/ 4(0.73) 70 0 0
605290
Pigmentary retinopathies 169150/ 14 (2.57) 191 0 0
180100/
215500/
268010
Retinal cone degeneration/ 180020/ 8(1.47) 81 0 0
cone-rod dystrophy 2 120970
Oculocutaneous albinism, type I 203100 1(0.18) 8 0 0
Alstrom syndrome 203800 1(0.18) 32 1 1
Norrie disease 310600 1(0.18) 10 0 0
Kearns-Sayre syndrome 530000 2(0.37) 49 7 2
Leber optic atrophy 535000 2(0.37) 5 0 0
Gastrointestinal 21 (3.87%) 273 (3.8%) 6 (2.4%) 3 (14.3%)
disorders
Hirschsprung disease 142623 3 (0.55) 32 1 1
Adenomatous polyposis of the 175100 1(0.18) 10 0 0
colon
Peutz-Jeghers syndrome 175200 1(0.18) 28 0 0
Biliary atresia, extrahepatic 210500 1(0.18) 60 4 1
Hemochromatosis 235200 14 (2.58) 112 1 1
Wilson disease 277900 1(0.18) 31 0 0
Genodermatoses 17 (3.13%) 141 (2.0%) 8 (3.3%) 6 (35.3%)
Basal cell nevus syndrome 109400 1(0.18) 9 2 1
Neurofibromatosis, type I 162200 10 (1.84) 87 2 2
Tuberous sclerosis 191100 6 (1.10) 45 4 3
Gynecologic 1 (0.18%) 5 (0.07%) 0 0
disorders
Uterine anomalies 192000 1(0.18) 5 0 0
Hematologic 118 (21.73%) 1,744 (24.4%) 28 (11.5%) 18 (15.3%)
disorders
Antithrombin III deficiency 107300 1(0.18) 19 0 0
Macroglobulinemia, 153600 1(0.18) 11 0 0
Waldenstrom
Ovalocytosis, hereditary 166900 1(0.18) 27 0 0
hemolytic
Pelger-Huet anomaly 169400 1(0.18) 1 0 0
Protein C deficiency 176860 3 (0.55) 71 0 0
Protein S, alpha 176880 2(0.37) 21 2 1

(Continued on next page)
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Table 1

Genetic diagnoses and health events for 2003, continued

Number of events ~ Number of acute/ ~ Total patients with

Category of Number of patients among patients relevant events 1 or more acute/
diagnosis Genetic diagnosis OMIM code (% of total) (% of total) (% of total) relevant events
Coagulation factor II 176930 1(0.18) 57 0 0
Spherocytosis, hereditary 182900 5(0.92) 42 0 0
Factor V Leiden 188055 52 (9.58) 913 10 10
Von Willebrand disease 193400 32 (5.89) 239 6 4
Factor VII deficiency 227500 3 (0.55) 102 0 0
Hageman factor deficiency 234000 6 (1.10) 49 0 0
Hemophilia A 306700 3 (0.55) 35 0 0
Paroxysmal nocturnal 311770 1(0.18) 24 3 1
hemoglobinuria
Homocystinemia 603174 5(0.92) 99 3 1
Sickle cell anemia 603903 1(0.18) 34 4 1
Immunologic 17 (3.13%) 181 (2.5%) 23 (9.4%) 11 (64.7%)
disorders
Immunoglobulin A deficiency 137100 8 (1.47) 91 10 7
susceptibility 1
Mast cell disease 154800 4(0.74) 19 0 0
Common variable 240500 5(0.92) 71 13 4
immunodeficiency
Mental retardation 10 (1.84%) 149 (2.1%) 7 (2.9%) 3 (30%)
(no recognizable
syndrome)
Multiple congenital anomalies/ 10 (1.83) 149 7 3
mental retardation
Metabolic 37 (6.81%) 414 (5.8%) 8 (3.3%) 5 (13.5%)
disorders
Complex I, subunit Nd1 516000 1(0.18) 3 0 0
Diabetes-Deafness syndrome, 520000 1(0.18) 26 2 1
maternally transmitted
Glyceraldehyde-3-phosphate 138400 1(0.18) 13 0 0
dehydrogenase
Gilbert syndrome 143500 5(0.92) 22 0 0
Hypercholesterolemia, familial 143890 9 (1.66) 89 1 1
Hyperlipoproteinemia, type II 144400 1(0.18) 4 0 0
Hyperlipoproteinemia, type IV 144600 1(0.18) 1 0 0
Hypocalciuric hypercalcemia, 145980 1(0.18) 11 0 0
familial, type I
Porphyria cutanea tarda 176100 5(0.92) 119 2 1
Cystinuria 220100 7 (1.29) 52 2 1
Homocystinuria 236200 1(0.18) 50 1 1
Phenylketonuria 261600 3 (0.55) 13 0 0
Solute carrier 604148 1(0.18) 11 0 0
Multiple congenital 6 (1.10%) 53 (0.7%) 0 0
anomaly (MCA)
syndrome -
unclassified
MCA 6 (1.10) 53 0 0
Muscular 24 (4.42%) 342 (4.8%) 21 (8.6%) 10 (41.7%)
dystrophy

(Continued on next page)
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Table 1

Genetic diagnoses and health events for 2003, continued

Number of events

Number of acute/  Total patients with

Category of Number of patients among patients relevant events 1 or more acute/
diagnosis Genetic diagnosis OMIM code (% of total) (% of total) (% of total) relevant events
Facioscapulohumeral muscular 158900 1(0.18) 4 0 0
dystrophy 1A
Limb girdle muscular dystrophy 159000/ 7 (1.28) 83 4 3
253600
Myotonia congenita, Autosomal 160800 3(0.55) 33 1 1
dominant
Dystrophia myotonia 1 160900 10 (1.84) 160 10 5
Emery-Dreifuss muscular 181350 1(0.18) 13 0 0
dystrophy, Autosomal
dominant
Dystrophia myotonia 2 602668 2(0.37) 49 6 1
Neurologic 27 (4.97%) 333 (4.7%) 10 (4.1%) 8 (29.6%)
conditions
Mental retardation, dominant 156200 1(0.18) 8 0 0
Neurofibromatosis, type II 101000 1(0.18) 17 0 0
Charcot-Marie-Tooth disease, 118220 1(0.18) 10 1 1
type 1A
Arnold Chiari malformation, 118420/ 6 (1.11) 67 1 1
type I 207950
Huntington disease 143100 1(0.18) 18 1 1
Amyotrophy, Scapuloperoneal 181400 1(0.18) 18 0 0
Spina bifida 182940 11 (2.03) 157 6 4
Syringomyelia 186700 1(0.18) 20 1 1
Microcephaly, primary 251200/ 2 (0.36) 7 0 0
251270
Spinal muscular atrophy III 253400 1(0.18) 2 0 0
Familial polyneuropathy 1(0.18) 9 0 0
Pulmonary 21 (3.87%) 270 (3.8%) 6 (2.5%) 5 (23.8%)
conditions
Protease inhibitor 1 107400 13 (2.39) 176 1 1
Cystic fibrosis 219700 5(0.92) 68 4 3
Kartagener syndrome 244400 3(0.55) 26 1 1
Renal conditions 39 (7.18%) 592 (8.3%) 19 (7.8%) 8 (20.5%)
Alport syndrome, Autosomal 104200 2(0.37) 26 1 1
dominant
Adult polycystic kidney disease 173900 33 (6.08) 515 18 7
Medullary cystic kidney disease 1 174000 1(0.18) 2 0 0
Alport syndrome, X-linked 301050 1(0.18) 1 0 0
Renal malformation 2(0.37) 48 0 0
Skeletal dysplasia/ 12 (2.21%) 168 (2.4%) 9 (3.7%) 3 (25%)
skeletal
conditions
Achondroplasia 100800 1(0.18) 26 3 1
Acrodysostosis 101800 1(0.18) 2 0 0
Epiphyseal dysplasia, multiple, 1 132400 1(0.18) 16 0 0
Fibrodysplasia ossificans 135100 1(0.18) 1 1 1
progressiva
Hypochondroplasia 146000 2(0.37) 18 0 0
(Continued on next page)
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Table 1

Genetic diagnoses and health events for 2003, continued

Number of events ~ Number of acute/ ~ Total patients with

Category of Number of patients among patients relevant events 1 or more acute/
diagnosis Genetic diagnosis OMIM code (% of total) (% of total) (% of total) relevant events
Metachondromatosis 156250 1(0.18) 57 5 1
Osteogenesis imperfecta, type I 166200 2(0.37) 21 0 0
Roberts syndrome 268300 1(0.18) 3 0 0
Polydactyly 603596 1(0.18) 3 0 0
Skeletal dysplasia 1(0.18) 21 0 0
Vascular 3 (0.55%) 60 (0.8%) 0 0
conditions
Hereditary hemorrhagic 187300 2(0.37) 26 0 0
telangiectasia
AV malformation 1(0.18) 34 0 0
Well-known 16 (2.95%) 227 (3.2%) 10 (4.1%) 7 (43.8%)
non-
chromosomal
conditions
Cardiofaciocutaneous syndrome 115150 1(0.18) 3 0 0
Sotos syndrome 117550 1(0.18) 27 0 0
Holt-Oram syndrome 142900 1(0.18) 19 1 1
Klippel-Feil syndrome 148900 2(0.37) 18 1 1
Klippel-Trenaunay-Weber 149000 3(0.55) 61 4 3
syndrome
Noonan syndrome 163950 3 (0.55) 29 0 0
VATER association 192350 1(0.18) 3 0 0
Von Hippel-Lindau syndrome 193300 1(0.18) 21 1 1
Hemihypertrophy 235000 2(0.37) 45 3 1
Hypomelanosis of Ito 300337 1(0.18) 1 0 0
Totals — All 543 7139 244 126
categories

“This represents 527 unique patients of whom 16 have 2 diagnoses.

their individual risk of presenting with an acute, relevant event
was 15% (calculated by dividing 18 [total patients with 1 or
more acute/relevant event] by 118 [total number of patients]).

In addition to chromosomal and hematologic disorders,
other categories of genetic conditions contributing substantial
proportions of acute relevant health events included connec-
tive tissue disorders (10.2% of total) and muscular dystrophies
(8.6% of total). On the other hand, other genetic conditions
contributed only modestly to the burden of acute relevant
health events. For example, the 66 patients with genetic condi-
tions affecting the eyes accounted for only 3.3% of the total
acute relevant events, and their individual risk of such an event
was only 4.5% (calculated by dividing 3 [total patients with 1 or
more acute/relevant event] by 66 [total number of patients]).

Table 2 describes the nature of the acute relevant health
events identified among the 527 unique patients with underly-
ing genetic conditions. The organ system that was responsible
for the presenting problem and the specific diagnosis corre-
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sponding to the acute visit are indicated. Fifty-three hospital
admissions were required for management of some of these
acute relevant events (21.7% of total acute relevant events),
and these are summarized in Table 3. Health events related to
Down syndrome, followed by adult polycystic kidney disease,
sickle cell anemia, and myotonic dystrophy (types 1 and 2) in
descending order respectively, accounted for the greatest fre-
quencies of relevant hospital admissions.

The large majority (34/52 total events = 65%) of the acute
relevant events among patients with underlying chromosomal ab-
normalities occurred in patients with Down syndrome. Nearly
50% of the acute relevant events and 3 of 8 hospital admissions
among patients with Down syndrome were attributed to immune
system dysfunction. Down syndrome accounted for the greatest
number of acute relevant events observed in association with im-
mune system defects in all genetic conditions identified. Three
osteoporosis-related events, including pathologic fracture and
foot pain, were identified in our chart review. A soft-tissue hema-
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Table 2

Description of acute relevant events among the 527 unique patients

Genetic diagnosis

Organ system

CNS CV

Derm

Endo ENT

Eye

Chromosomal and microdeletion
syndromes

Angelman syndrome
Prader-Willi syndrome

Velocardiofacial syndrome

Down syndrome

Klinefelter syndrome

Turner syndrome

3p Monosomy

Connective tissue disorders
Stickler syndrome, type I
Ehlers-Danlos syndrome, type III

Marfan syndrome

Pseudoxanthoma elasticum
dominant/ recessive

MASS syndrome

Connective tissue disorder
unspecified

Dermatologic

Ichthyosis, Lamellar, Autosomal
dominant form

ENT

Pendred syndrome
Eye

Alstrom syndrome

Kearns-Sayre syndrome

Gastrointestinal disorders

Biliary atresia, extrahepatic

Hirschsprung disease
Hemochromatosis
Genodermatoses

Basal cell nevus syndrome

Tremor —

Hematoma,
Secondary

polycythemia

Early dementia,
Somulence

— Cellulitis (2)

Dysphagia —

— Chest pain,
Arrhythmia

— Coronary infarct

— Varicose veins

Impacted cerumen,
Rash, Cellulitis

Basal cell
carcinoma (2)

Goiter, —_
Hypothyroidism,
Osteoporosis

— Otitis media (2) —

— Vertigo

Diabetes —

Diabetes —

Corneal ulcer,
Myogenic ptosis
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Table 2

Description of acute relevant events among the 527 unique patients, continued

Organ system

Total
GI GU Heme Imm MS Psych Resp events
— — — — — — — 1
— — — — Chest pain Pain obsession — 2
— — — — — Depression, Suicide — 2
attempt
Cholelithiasis (2), Ulcer, Dialysis shunt — Otorrhea, Sinusitis (2), Pathologic Mood disorder Sleep apnea 34
Ileostomy bleeding, dysfunction, UTI Bronchiectasis, fracture (2)
Crohn disease Cellulitis (3), URI,
Pneumonia (5),
Mononucleosis,
Ringworm, Otitis
externa
— Impotence — — — Somatization (3), — 9
Depression,
Anxiety (2)
— UTI — — Foot pain — — 2
— — — — — Extrapyramidal side — 2
effects
— — — — — — — 2
GE reflux — — — Hand pain, — — 9
Arthralgias, Back
pain (3), Joint
trauma (2),
Intractable pain
— — — — Chest pain (2) Depression (2) — 6
GERD — — — — — — 2
Intestinal obstruction — — — — — — 1
— — — — Sprain, Osteoarthritis, — — 5
Limb pain (2)
— — — — — — — 3
— — — — — — — 1
— — — Cellulitis — — — 1
GERD — — — Myopathy, Fall — Pneumonia 7
GI bleed — Anemia Cellulitis, — — — 4
Pseudomonal sepsis
Irritable colon — — — — — — 1
— — — — — — — 1

(Continued on next page)
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Table 2

Description of acute relevant events among the 527 unique patients, continued

Organ system

Genetic diagnosis CNS ()% Derm Endo ENT Eye
Neurofibromatosis, type I Headache — Necrotic — — —
neurofibroma
Tuberous sclerosis Agitation (2), — Angiolipoma — — —
Vomiting
Hematologic disorders
Protein S, Alpha — Cellulitis (2) — — — —
Factor V Leiden Cerebral artery  Claudication Venous — —
occlusion, pain (2) insufficiency
Left cerebral
infarct
Von Willebrand disease — — — — — —

Paroxysmal nocturnal hemoglobinuria — — — — — _

Homocystinemia Dementia Chest pain — — — —
Sickle cell anemia — — — _ _ _
Immunologic disorders

Immunoglobulin A deficiency — — — — — _
susceptibility 1

Common variable immunodeficiency — — — — — —

Mental retardation (no recognizable
syndrome)

Multiple congenital anomalies, Mental — — — — — _
retardation

Metabolic disorders

Hypercholesterolemia, familial — — — — — _
Porphyria cutanea tarda — — Rash — — —
Cystinuria — — — — — _

Homocystinuria — — — — — _

Diabetes-deafness syndrome, — — — — — _
maternally transmitted

Muscular dystrophy

Muscular dystrophy, Limb-Girdle, — — — — _ _
type 1A

Muscular dystrophy, Limb-Girdle, — — — — _ _
type 2A

Myotonia congenita, autosomal — — — — — _
dominant
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Table 2

Description of acute relevant events among the 527 unique patients, continued

Organ system

Total
GI GU Heme Imm MS Psych Resp events
— — — — — — — 2
— — — — — — — 2
— — — — — — — 4
— — — — — — — 2
— Threatened abortion Hematuria, — — — — 10
Buttock
contusion,
Lower leg
contusion,
Epistaxis
GI bleed — Preop DDAVP (4), — — — — 6
Metrorrhagia
and Preop
DDAVP
— Acute renal failure (2) Hemolytic — — — — 3
hemoglobinuria
GI bleed — — — — — — 3
— — Sickle cell crisis (4) — — — — 4
— — — Cellulitis (3), Sinusitis — — — 10
(2), Bronchiectasis,
Bronchitis, Acute
pharyngitis (2),
Otitis media
Diarrhea — — Acute sinusitis (5), — — Bronchitis (2) 13
Pulmonary fibrosis
(3), Oral candidiasis,
Otitis media
Abdominal pain, UTI (2), Urine — — Limb pain — — 7
Nausea and vomiting retention (2)
— — — — Chest pain 1
— — Fe overload — — — — 2
— Nephrolithiasis (2) — — — — — 2
— — — — — Schizoaffective — 1
disorder
Rectal bleed, — — — — — — 2
Gastroparesis
— — — — Fall — Aspiration 2
pneumonia
— — — — Muscle strain, Ankle — — 2
sprain
— — — — Neck pain — —

(Continued on next page)
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Description of acute relevant events among the 527 unique patients, continued

Table 2

Genetic diagnosis

Organ system

CNS

CV

Derm

Endo

ENT Eye

Dystrophia myotonia 1

Dystrophia myotonia 2

Neurologic

Charcot-Marie-Tooth disease, type 1A
Arnold Chiari malformation, type I
Huntington disease

Spina bifida

Syringomyelia
Pulmonary conditions
Protease inhibitor 1

Cystic fibrosis

Kartagener syndrome
Renal conditions
Alport syndrome, autosomal dominant

Adult polycystic kidney disease

Skeletal dysplasia/skeletal conditions

Achondroplasia

Fibrodysplasia ossificans progressiva

Metachondromatosis

Well-known non-chromosomal
conditions

Holt-Oram syndrome
Klippel-Feil syndrome
Klippel-Trenaunay-Weber syndrome

Von Hippel-Lindau syndrome

Hemihypertrophy

Total

Neuropathy

12

Atrial fibrillation

Congestive heart
failure

Neuropathy,
Hemangioma

17

Decubitus ulcer

Skin ulcer

11

Acute sinusitis —

486

Genetics IN Medicine



Health events in patients with genetic disorders

Table 2

Description of acute relevant events among the 527 unique patients, continued

Organ system

Total
GI GU Heme Imm MS Psych Resp events
— — — — Neck pain — — 1
— Urine incontinence — — Shoulder pain, — Asphyxia, 10
Tendonitis, Chest Pneumonia
contusion, Fall (3), Bronchitis
— — — — Fall — Pneumonia (3), 6
SOB
— — — — — — Pneumonia 1
— — — — — — 1
— — — — — — Pneumonia 1
— UTI (3) — — — — Pneumonia, 6
Upper airway
obstruction
— — — — Scoliosis — — 1
— — — — — — SOB 1
— Nephrolithiasis — — — Anxiety Pulmonary 4
exacerbation,
Pneumonia
— — — — — — — 1
— Renal failure — — — — — 1
GI bleed, Crohn UTI (2), ESRD— — — — Substance abuse, ~ Pneumothorax 18
disease, Diarrhea, symptomatic, Acute Opioid
Nausea and vomiting renal failure, Gout, dependence
Hematuria, Cyst
pain (3)
— — — — Paresthesias, Loss — — 3
voiding sensation,
Spinal stenosis
Pneumonia 1
— — — — Bursitis, Revision of — — 5
total hip, Fall, Back
pain, Osteoarthritis
— — — — Carpal tunnel — — 1
Neck injury 1
— Hematuria — — — Anxiety — 4
— Onset renal — _— — — — 1
carcinoma
— Medullary sponge — — Knee pain — — 3
kidney, UTI
22 32 16 39 43 18 23 244

CNS, central nervous system; CV, cardiovascular; Derm, dermatology; Endo, endocrinology; ENT, ear, nose, throat; ESRD, end stage renal disease; GE, gastro-
esophageal; GERD, gastroesophageal reflux disease; GI, gastrointestinal; GU, genitourinary; Heme, hematology; Imm, immunology; MS, musculoskeletal; Psycho,
psychology; Resp, respiratory; SOB, shortness of breath; URI, upper respiratory infection; UTI, urinary tract infection.
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Table 3

Hospital admissions (53) for acute relevant events

Name of genetic condition

Emergency department diagnosis

Down syndrome

Multiple congenital
anomalies, Mental
retardation

Achondroplasia

Alport syndrome,
autosomal dominant

Alstrom syndrome

Biliary atresia,
extrahepatic

Common variable
immunodeficiency

Dystrophia myotonia 1
Dystrophia myotonia 2

Ehlers-Danlos syndrome,
type 111

Homocystinemia
Homocystinuria
Huntington disease
Kearns-Sayre syndrome
Klippel-Feil syndrome
Marfan syndrome
MASS syndrome
Metachondromatosis

Muscular dystrophy,
Limb-girdle, type 1A

Paroxysmal nocturnal
hemoglobinuria

Adult polycystic kidney
disease

Pseudoxanthoma
elasticum, autosomal
recessive

Sickle cell anemia
Spina bifida

Factor V Leiden

Tuberous sclerosis
Velocardiofacial syndrome

Von Willebrand disease

Cholelithiasis, goiter, mononucleosis, sleep

apnea, ulcer, cellulitis, somulence,
pneumonia

Nausea and vomiting

Spinal stenosis

Renal failure

Cellulitis

Cellulitis, Pseudomonal sepsis, GI bleed

Pulmonary fibrosis

Pneumonia
Atrial fibrillation, pneumonia (2)

Back pain, joint trauma

Chest pain, GI bleed
Schizoaffective disorder
Pneumonia
Pneumonia

Neck injury

Chest pain, depression
Intestinal obstruction
Bursitis

Aspiration pneumonia

Hemolytic hemoglobinuria, acute renal
failure (2)

Acute renal failure, GI bleed,
pneumothorax, opioid dependence,
substance abuse

Coronary infarct

Sickle cell crisis (4)
Pneumonia, upper airway obstruction

Cerebral artery occlusion, left cerebral
infarct

Agitation
Suicide attempt

GI bleed

toma occurred in one patient with Down syndrome who was on
anticoagulant therapy following heart surgery.

One patient with Klinefelter syndrome had two episodes of
cellulitis secondary to stasis dermatitis. Five patients with von
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Willebrand disease required vasopressin (DDAVP) prior to
surgical procedures. A gastrointestinal bleed was observed in
one patient with adult polycystic kidney disease and Crohn
disease.

Chromosome disorders were associated with 10 of 18 acute
relevant psychiatric health events observed in the 2003 calen-
dar year. Six of these relevant psychiatric events occurred in
patients with Klinefelter syndrome and the most serious event,
a suicide attempt that required hospital admission, was re-
ported in a patient with velocardiofacial syndrome.

Twenty-three of 43 acute relevant events involving the mus-
culoskeletal system were related to underlying connective tis-
sue disorders'* and muscular dystrophies.® There were eight
events associated with Ehlers Danlos syndrome type III, fol-
lowed by myotonic dystrophy types I and II with five muscu-
loskeletal events.

Fourteen of 23 acute relevant events involving the respira-
tory system were related to muscular dystrophies and neuro-
logic conditions. Myotonic dystrophy types I and IT accounted
for nine acute relevant respiratory events.

Acute relevant events associated with underlying hemato-
logic genetic disorders involved primarily the hematologic,
genitourinary, and central nervous system. The greatest pro-
portion of acute relevant events (10 of 28) were associated with
Factor V Leiden deficiency.

DISCUSSION

Through a two-tiered screening approach utilizing com-
puter based diagnostic coding and manual medical record re-
view, we identified a cohort of 591 adult patients with well-
defined single gene, chromosomal, and selected multifactorial
conditions compromising just over 1% of a geographically-
defined rural population in central Wisconsin. We also man-
ually reviewed a total of 7,139 outpatient visits among the 527
patients with health visits during calendar year 2003 in order to
delineate acute health events which were of relevance to each
patient’s particular disease. We discovered that chromosomal
and microdeletion syndromes (21.3%), hematologic disorders
(11.5%), connective tissue disorders (10.2%), and muscular
dystrophies (8.6%) together accounted for more than half of
the acute relevant health events occurring among adults in this
study cohort. We also learned that immunologic conditions,
chromosomal disorders, muscular dystrophy, genodermato-
ses, and several well-known non-chromosomal disorders con-
veyed a fairly high risk (35-65%) of presenting with an acute
relevant event in the course of a calendar year. To our knowl-
edge, this represents the first study of acute health events in a
large population-based cohort of adult patients with a broad
array of genetic diseases. Our purpose was to identify patients
with underlying genetic conditions who are vulnerable to acute
health problems so as to provide information for patients, fam-
ilies, and health care providers about the natural history of
genetic conditions, and which can support development of ap-
propriate prevention strategies.
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A substantial proportion (22.1%) of acute and relevant
health events occurred at a visit in the primary care provider or
subspecialist’s office practice as opposed to an urgent care set-
ting, highlighting a justification for continued educational ef-
forts and awareness among both primary and subspecialty care
providers of the natural history of adult genetic conditions and
their associated morbidities. This study reports on acute health
events in patients with known genetic disease. However, these
same events could also represent the initial presenting symp-
toms for patients with undiagnosed genetic conditions. There
are currently relatively few genetic conditions in which clinical
outcomes are known in adulthood, making it difficult to pro-
vide health monitoring and treatment.

These data have relevance for the clinical geneticist who of-
ten serves as an important liaison between the patient and
adult primary care provider. Providing the patient and family
with a health management plan and insight into different
health events which are associated with a given genetic condi-
tion may help reduce morbidity and mortality and promote ear-
lier recognition of acute complications of a given condition
and/or facilitate diagnosis if a relevant acute event occurs in a
previously undiagnosed patient. Although a family with a newly
diagnosed child with Down syndrome may see a geneticist to dis-
cuss associated medical issues, some adult patients with Down
syndrome may not be seen by a clinical geneticist after this initial
visit. There is little opportunity for the geneticist to provide edu-
cation to the family about the adult complications of Down syn-
drome, some of which are highlighted in Table 2. The clinical
geneticist can help to facilitate this process through periodic fol-
low-up in adult patients with selected genetic diagnoses and pro-
viding the family and primary care provider a letter summarizing
recommended health maintenance guidelines.

Psychiatric problems occurred in a variety of chromosomal
disorders, and were particularly more frequent in Klinefelter
syndrome as compared to Down syndrome. Previous literature
gives little evidence of acute psychiatric events in Klinefelter
syndrome although psychosocial adjustment problems among
males with Klinefelter syndrome appear to be increased.'” An
evaluation of 12 boys with prenatally diagnosed Klinefelter
syndrome indicated significant delays in expressive language
(91.7%) and emotional disturbances in 50% including with-
drawal, depression, anxiety, social problems, delinquency, and
aggressive behavior.'® Reporting of psychiatric illness in adults
with Klinefelter syndrome has been limited. Periodic behavior
assessment and monitoring may help to avoid serious psychi-
atric events. Another surprisingly significant problem was nar-
cotic dependence among patients with adult polycystic kidney
disease. This is another area in which prevention strategies and
intervention could be of benefit. We have not been able to find
any reported studies that address this health issue.

As children with genetic conditions enter adulthood, ade-
quate health coverage is an important issue that needs to be
addressed. Longevity has improved for many genetic condi-
tions including Down syndrome, cystic fibrosis, and Marfan
syndrome, and practitioners are facing health concerns of
adult patients with these, as well as other genetic conditions.
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Improvement in our ability to track and define health out-
comes in patients with genetic conditions is important in order
to enable the medical community to learn what health prob-
lems pose a significant risk for a patient with a specific genetic
condition. For example, immune defects have been reported in
patients with Down syndrome.!2° Recent evidence indicates
that children with Down syndrome have a 30% increased risk
of fatality due to sepsis as compared to patients without Down
syndrome.?® Further epidemiologic studies for adults with
Down syndrome are needed to more completely characterize
sepsis fatality risks in adult Down syndrome patients. Osteo-
porosis has previously been identified to be a health problem in
adults with Down syndrome.?! As survival of Down syndrome
patients increases, pathologic fractures may become an impor-
tant and potentially preventable cause of morbidity.

The relevance of two acute relevant health events reported
for adult polycystic kidney disease patients in Table 2 requires
clarification. Crohn disease was previously reported in a pa-
tient who underwent renal transplantation for adult polycystic
kidney disease although the mechanism of association is not
entirely clear.22 Pneumothorax and cystic lungs have also been
previously reported in adult polycystic kidney disease.?3-2>

It is noteworthy that greater than half of the acute relevant
musculoskeletal events were due to connective tissue protein
abnormalities and neuromuscular abnormalities. These con-
ditions can render an affected individual more susceptible to
loss of balance, sprains, and falls.

As applications of the Human Genome Project provide more
information about the genetic etiologies of disease, genetic mark-
ers will be defined for an increasing number of clinical conditions.
Through the use of comparative genomic hybridization, new mi-
croduplication and microdeletion syndromes are being defined.
Our long-term knowledge of these conditions is far more limited
than many of the clinical conditions that we view as common,
such as Turner syndrome. Additional efforts are necessary to track
these conditions and obtain information about associated health
risks.

Although this study was population-based and followed the
acute health events of a cohort of patients with well-defined
genetic conditions over one year, there are several limitations.
Our study was limited to follow-up of individuals with selected
genetic conditions who reside in the MESA population. Many
genetic conditions were not studied because they were not dis-
covered within the underlying MESA population. For some
conditions, the ICD-9 codes selected as a screening tool may
not capture all patients with those conditions. Also, we did not
follow individuals with commonly occurring multifactorial
conditions, such as hypertension, asthma, or diabetes. Had we
used a broader array of genetic conditions, our sample size
would have been much larger. Since we performed follow-up
for one year, the number of health events was limited and not
all inclusive of the various possibilities for acute health events
associated with a particular syndrome. It is possible that acute
relevant health events that did not occur within the Marshfield
Clinic system were not identified, although previous validation
studies suggest such events are quite uncommon. Assessment
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of relevance was difficult for some events and was based on the
known pathophysiology of the genetic condition. We may have
excluded some events that were causally related but unsup-
ported by current knowledge. Since the group of subjects with
any given diagnosis was reviewed by the same geneticist, any
unusual pattern would have been recognized, even if it was not
a previously recognized complication. Our study only focused
on acute health events with a given genetic condition. We did
not include relevant non-acute health events for a particular
genetic condition. We anticipate that future studies can ex-
pand on our initial study and complement our findings, and
address the limitations that we have identified.

For instance, additional studies could focus more closely on
health outcomes in a specific issue such as psychiatric illness in
adults with Klinefelter syndrome, opioid dependency in adult
polycystic kidney disease, or related connective tissue prob-
lems in adult polycystic kidney disease. These efforts can in-
clude establishment of a national database that would include
multicenter pooling of health event data for genetic diseases. A
recent study?® surveying family practice physicians regarding
genetic issues encountered in practice indicated that 35% of
those physicians surveyed addressed conditions with abnor-
mal numbers of chromosomes. Twenty-eight percent of those
physicians surveyed addressed conditions with congenital ab-
normalities, 27% of those physicians surveyed addressed con-
ditions with mental retardation, 25% of those physicians sur-
veyed addressed conditions with neurofibromatosis, 16% of
those physicians surveyed addressed conditions with Marfan
syndrome, and 12% of those physicians surveyed addressed
conditions with phenylketonuria and metabolic disorders.
These data support the view that the range of genetic problems
encountered in adult practice is significant and information
regarding adult complications of genetic disease could be ben-
eficial for optimal case management.

In summary we have utilized a population-based cohort to
identify acute health events in a cohort of adult patients with
genetic disease. Ongoing educational efforts for primary care
providers are necessary in order to optimize diagnosis and care
for patients with genetic disorders. More widespread efforts
are needed in order to help obtain long-term follow-up data on
adults with genetic conditions in order to help obtain natural
history data, guide preventative health care strategies, and ad-
dress the economic impact on adult patients with genetic dis-
eases. These efforts have the potential to improve transitioning
for adult diseases from adolescence to adulthood.
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