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Abstract — In this paper, we utilise an approach drawn from the field of epidemiology to explore
what is known and unknown about young children with Down syndrome and their families. After
describing what we mean by an epidemiological approach, we review basic findings for children
with intellectual disabilities, as well as challenges to performing such research. In considering the
epidemiology of Down syndrome, we note that most studies to date have focused on prevalence,
mortality-life expectancy, and rates of diseases and syndrome-related health-physical problems,
while neglecting many other important issues. In considering potential advances in the epidemi-
ology of Down syndrome, then, we first overview the process of linking two or more separate
administrative records, before reviewing several of our own recent studies. We end this paper by
discussing four challenges to future epidemiological studies of children with Down syndrome and

their families.
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Within the world of disability research, Down syndrome
is unique in that it is both known and unknown. On one
hand, Down syndrome features a long, illustrious research
history. From the late 19" and early 20™ centuries, workers
such as Langdon Down and Lionel Penrose studied physi-
cal, psychological, and other aspects of individuals with this
syndrome. Almost 30 years ago, enough was known that
David Gibson (1978) could devote one or more chapters
apiece of his masterwork on the syndrome to early psycho-
logical development, intelligence, personality, socialisation,
learning, speech-language, and behaviour management.
Since the late 1970s, research has continued, with new
emphases on how persons with the syndrome are affected
throughout the life cycle. To this day, the syndrome has
probably been the subject of more research than all other
genetic intellectual disability conditions combined, with
over 1,200 studies appearing on behavioural aspects of
Down syndrome during the 1990s alone (Hodapp &
Dykens, 2004).

As more is learned about the syndrome, however, large
and important gaps remain. Consider the fundamental
issue of how many persons have Down syndrome. Cur-

rently in the United States, approximately 350,000 people
are thought to have Down syndrome. But this number is
based on extrapolations, given estimates of the U.S. popu-
lation (nearing 300 million), of incidence rates among all
live births (1/800 to 1,/1000), and of life-expectancy. Each
of these estimates, in turn, depends on its own sampling
design and set of assumptions. Other key demographic
findings, especially those that depend on or interact with
age, family, or health status, are harder to pin down. Even
within the context of a 140-year research history, then, we
continue to lack data about many of the basic demographic,
health, family, and other characteristics that are associated
with having Down syndrome.

This article presents one approach that may help to fill such
gaps. This approach involves using large-scale, epidemio-
logical databases to attain basic information about individu-
als with Down syndrome. First, we define what we mean by
an epidemiological approach and discuss the strengths and
challenges of using such an approach to examine both intel-
lectual disabilities and Down syndrome. We then describe
recent computer and methodological advances, before sum-
marising a series of recent and ongoing studies that out-
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line the possibilities of this method. In the final section,
we reflect on epidemiological methods more generally and
their potential for future advances.

Epidemiology

Before describing the main characteristics of epidemiology,
it is instructive to recount the well-known story of John
Snow and the Broad Street pump, arguably the beginning
of the field itself. This story begins in the summer of 1854,
when what Snow called “the most terrible outbreak of chol-
era which ever occurred in the kingdom” broke out in the
Soho neighbourhood of London (Summers, 1989). Dr.
John Snow, a successful surgeon and anaesthesiologist, had
carlier published a paper speculating that cholera was trans-
mitted through contaminated water, a view discounted by
most within the medical profession. But in a painstaking
study in which he interviewed the families of over 600 vic-
tims, Snow demonstrated that every death could be linked
to drinking water from a popular water pump on the corner
of Broad and Cambridge streets. Moreover, removing the
handle from that water pump (along with the evacuation
from the neighbourhood by many of the residents) resulted
in the end of the epidemic (Cameron & Jones, 1983;
Paneth, 2004).

Definitional issues

Given the story of John Snow and the Broad Street pump,
the definitions provided in Table 1 nicely illustrate the main
ideas in the field of epidemiology. Granted, the field has
changed somewhat over the years, and epidemiology now
focuses on both health and disease, and increasingly exam-
ines environments that are more social in nature (Susser
& Susser, 1996). Still, the definitions provided in Table 1,
along with the story of John Snow, highlight the following
tenets of epidemiology.

1) Population focus. Epidemiology examines outcomes
from a population perspective. In many epidemiologi-
cal studies, geographic populations are the unit of inter-
est, whether these involve populations of a country, state,
city, or neighbourhood (e.g., Snow’s study of Soho). But
as epidemiology is concerned with the occurrence of ill-
ness in populations, the concept of population can be inter-
preted as any group at risk: females, children, or persons
with Down syndrome. Because the concept of risk within
a population is essential both in defining and interpreting
epidemiological studies and results, enormous attention is
paid to the gender, ethnic, racial, familial, socioeconomic,
urban-suburban-rural, and other characteristics of the
sample under study.

Contrast this population-based strategy to the approach
usually adopted in psychological studies. In most such
studies, researchers examine small numbers (20-40) of
children or adults. Such small numbers of subjects, while
acceptable for answering many types of ‘main effects’ ques-
tions, are usually inadequate to examine various interac-
tion effects. Such studies also generally involve so-called
samples-of-convenience, individuals who, on the basis of

Table I. Definitions of epidemiology

“Epidemiology is the study of the distribution and determinants
of health-related states or events in specified populations, and the
application of this study to control health problems (Last, 1995).”
(Yeargin-Allsopp & Boyle, 2002, p. 113).

“Mental disorder epidemiology is the quantitative study of the
distribution and causes of mental disorder in human populations.
This definition has several important components, including a
population focus and a reliance on statistical methods to assess
significant differences among population groups in their risk for
developing mental disorders” (Reigier & Burke, 2000, p. 500).

“Epidemiology: The study of the distribution and size of

disease problems in human populations, in particular to identify
aetiological factors in the pathogenesis of disease, and to provide
the data essential for the management, evaluation and planning
of services for the prevention, control and treatment of disease”
(Everitt, 1995, p. 88)

“Epidemiology is the fundamental medical science that focuses on
the distribution and determinants of disease frequencies in human
populations.” (Greenberg, Daniels, Flanders, Eley & Boring, 2001,

p. ).

“An emerging concept of epidemiology presents this discipline
as the study of health and disease as a full spectrum across the
human life span with a population approach, including etiological
factors, phenomenology, comorbidities, and the uses and
outcomes of clinical care.” (Mezzich & Ustin, 2005, p. 656).

advertisements or word of mouth, volunteer to participate
in any given study. Of particular concern to epidemiologists
(with their population-based focus) is whether these small
samples truly represent the larger population in terms of
their subject or family characteristics. If not, then epidemi-
ologists cannot later infer from this sample the actual risk
of occurrence of illness or other health-related events in the
larger population.

2) Health-related outcomes. In contrast to psychological
studies of stress, coping, or other more nebulous outcomes,
most epidemiological studies examine the presence and
predictors of more concrete events. Many epidemiological
studies observe the occurrence of illnesses, deaths, hospi-
talisations, or other health-related outcomes. Recent stud-
ies also examine divorce, employment, and other outcomes
that involve real-life events, albeit events that do not neces-
sarily involve physical health.

Within this focus on health-related outcomes, researchers
expend large amounts of energy and thought to providing
exact definitions of a case. Exact definitions and diagnos-
tic criteria are derived for various disease and other health-
related outcomes. Snow, for example, was interested only
in the cases of Soho deaths caused by cholera; deaths from
other causes were outside of his scope of interest. More
recently, researchers have worked hard to define low-birth-
weight in newborns; disease states such as pneumonia,
AIDS, or cancer; or conditions such as intellectual disabili-
ties or autism. Although issues involving the consistent use
and application of ‘case-ness’ arise in all epidemiological
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studies, they are especially noteworthy when examining
intellectual disabilities.

3) Focus on causes or probable causes. Epidemiological
studies are designed to describe, explain, and predict the
occurrences of the outcomes; the ultimate goal is to con-
nect outcomes with their predictors. The epidemiologist,
however, is not focused specifically on the outcome of a
particular individual. Instead, epidemiologists think about
outcomes in population terms: how to reduce risk across
the population so that the proportion of cases in a popu-
lation diminishes. Thus, predictors may include individual
risk behaviours (e.g., riding in a car without seatbelts) or
more broadly-based social risk factors (e.g., low socioeco-
nomic status, lack of access to health care). In all cases,
epidemiology has as its goal connections between outcomes
and predictors that provide clues as to possible cause(s) of
the final outcome.

Such clues sometimes relate to already-specified disease
mechanisms, sometimes to less well understood societal
processes. In the example of the Broad Street pump, John
Snow had specifically rejected the miasma view of disease
— that disease was somehow ‘in the air’ — and was instead
convinced that contaminated well-water was responsible for
the outbreak of cholera. His subsequent study supported
this view. In other instances, however, researchers begin
with so-called ‘risk indicators’ and then attempt to proceed
to the ‘risk mechanisms’ by which such indicators produce
outcomes (Rutter, Pickles, Murray & Eaves, 2001).

A good example might involve one’s socioeconomic status,
or SES. Many conditions and diseases occur more often
in low SES individuals. Within this sample of low-income
people, an epidemiologist would test hypotheses to identify
which specific characteristics might indicate a direct path-
way, or risk mechanism, for the outcome. For example, the
epidemiologist might examine diet, environment, low edu-
cation, or lack of health insurance for each factor’s relation-
ship to the cause or progression of a disease. It is in these
studies that the epidemiologist’s population-based data and
toolkit of statistical techniques make up a usetul — and dif-
ferent — approach from the small-scale studies.

4) Focus on intervention and public health. The Snow
story ends with officials removing the handle from the
Broad Street pump, thereby ensuring that no other Soho
citizens would die from drinking contaminated water. In a
similar way, epidemiology’s focus on determining amounts
and correlates of diseases within populations has as its goal
the prevention, amelioration, or treatment of those dis-
eases.

When considered in this sense, epidemiology is one among
many ‘mixed’ disciplines. Like the field of child develop-
ment — which historically mixes basic research with appli-
cations of that research to children’s development (Sears,
1975) —so too is epidemiology both basic and applied. Epi-
demiology has a basic-science orientation in that its studies
examine the prevalence and correlates of disease in different
human populations. Its methods, which often lead the way
among the biological and social sciences, involve compli-

cated statistical and methodological procedures to describe,
explain, and predict health events. At the same time, how-
ever, the outcomes are inherently human. People die, get
sick, are hospitalised or experience any number of events
that affect their well-being. Epidemiological results often
produce knowledge that reduces or prevents the numbers
of people adversely affected. In epidemiology, as in other
mixed disciplines, the distance between basic research and
application of research results is very short indeed.

Epidemiology within developmental
disabilities

Given this sense of epidemiology overall, it is instructive
to examine the sub-field that has applied epidemiology
to developmental disabilities. Over the past 10-20 years,
numerous studies have examined the prevalence, distribu-
tion, and correlates of developmental disabilities. For the
most part, these studies have been performed in Great
Britain, the United States, the Scandinavian countries, and
Australia and New Zealand. Most studies have considered
intellectual disabilities as the outcome; correlates of intel-
lectual disabilities (ID) have included the child’s gender,
age, and race-ethnicity, as well as the parents’ educational
levels and family socio-economic status (SES).

For example, many studies have now been performed con-
cerning the prevalence rates of severe (usually, IQ < 50) and
mild (IQ 50-69) intellectual disabilities (Leonard & Wen,
2002). For individuals with severe intellectual disabilities,
levels mostly converge on 3-4 children per 1000; for mild
ID, rates range wildly from 5.4 to 10.6 children per 1000
(see also Roeleveld, Zielhuis & Gabreels, 1997). Studies
also examine such correlates as gender, age, and SES. More
boys than girls have intellectual disabilities and rates of ID
are generally low in the early years, peak at around 10-14
years, and decrease slightly in the late-school years and
markedly during adulthood. Individuals of lower SES and
of ethnic minority groups (in several cultures; e.g., Kearns,
2000) also show higher-than-expected rates of intellectual
disability.

Although researchers justifiably highlight such findings
(Yeargin-Allsopp & Boyle, 2002), the sub-field of epidemi-
ology of intellectual disabilities also confronts several dif-
ficult problems. The most salient involves the definition of
a case. As mentioned above, in order for epidemiologists to
decide how many persons have a particular condition — or
which child, parent, or family characteristics are associated
with the condition’s occurrence — one needs an explicit
definition of the outcome. But what constitutes intellectual
disabilities?

Answering this question is more difficult than it seems. In
the United States, the American Association on Mental
Retardation (1992, 2002) has promulgated recent defini-
tions of mental retardation (the American term for intellec-
tual disabilities) that combine IQ levels (below 70 or 75),
adaptive deficits in numerous areas, and onset during the
childhood years. The American Psychiatric Association’s
(2000) Diagnostic and Statistical Manual, 4” edition Text
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Revised (DSM-IV-TR) also provides diagnostic criteria
based on IQ, adaptive deficits (in slightly different areas),
and childhood onset. The International Statistical Clas-
sification of Diseases and Related Health Problems, 107 edi-
tion (ICD-10; World Health Organisation, 1992) provides
similar but not quite identical criteria. Given that IQ cut-off
scores and criteria for adaptive deficits vary from definition
to definition, wide discrepancies may exist in prevalence
rates depending on which definition is used (MacMillan,
Gresham & Siperstein, 1993). In reviewing this issue,
Leonard and Wen (2002) concluded that “Taxonomy in
this field is particularly difficult because professionals and
consumers come from a range of backgrounds and have dif-
ferent purposes such as advocacy, education, medical care
and service provision” (p. 120).

In epidemiological studies, intellectual disabilities have
been diagnosed mostly using an ‘IQ-only definition.” In
most studies, all individuals who have IQs below 70 are
considered to have an intellectual disability. In a well-
known study, Yeargin-Allsopp, Murphy, Oakley and Sikes
(1992) used only the IQ-criterion (i.e., IQ < 70) to identify
those Atlanta schoolchildren considered to have intellec-
tual disabilities. Were Yeargin-Allsopp et al., (1992) to have
added adaptive deficits, fewer children would have been
diagnosed, as children with IQs below 70 but who showed
higher levels of adaptive behaviour would not have qualified
for the ID diagnosis.

Another noteworthy issue involves whether those with
intellectual disabilities are considered as the outcome or the
population. In most existing epidemiological studies, intel-
lectual disabilities constitute the outcome. Questions then
centre on how many persons have intellectual disabilities,
how many new cases occur each year, and what the preva-
lence rates are within different age groups, genders, ethnic,
or minority groups. Increasingly, however, epidemiologi-
cal researchers are turning the equation around. Instead of
considering intellectual disabilities as the outcome, these
researchers consider the group with intellectual disabilities
as the population. They then examine other disecases as out-
comes within the ID population.

Two examples illustrate this changed approach. First,
over the past 10 years, various attempts have been made
to examine the prevalence of psychiatric disorders within
groups with intellectual disabilities (Einfeld & Tonge,
1996; Tonge & Einfeld, 2003). Granted, such studies are
difficult to perform, as one again encounters the problem
of deciding what constitutes a ‘true case’ of depression,
schizophrenia, conduct disorders, or any other psychiatric
condition among individuals with ID (see Dykens, 2000
for a discussion). Nevertheless, different studies find that
large percentages of persons with intellectual disabilities
— from 30% to 40% — also have significant emotional and
behavioural problems.

A second example concerns specific diseases such as Alzhe-
imer’s disease. Partly as an outgrowth of studies of Alzhe-
imer’s disease in adults with Down syndrome, Zigman et
al., (2004) have recently examined rates of dementia in

adults with intellectual disabilities who do not have Down
syndrome. Their findings generally mirror those of Alzhe-
imer’s disease in the general population, with persons with
(non-Down syndrome) intellectual disabilities showing
similar rates of Alzheimer’s disease during middle- and
old-age periods. Lower levels of IQ, per se, do not seem to
increase one’s risk for Alzheimer’s disease.

In considering epidemiological studies in intellectual dis-
abilities, then, the field features many achievements and
many challenges. Achievements involve the documentation
of differences in prevalence rates across genders, age-peri-
ods, racial, and ethnic groups. Challenges mostly involve
case identification and definition.

Epidemiology of Down syndrome

Down syndrome is a condition that occurs fairly frequently,
is generally diagnosed at or shortly after birth, and involves
a condition familiar to professionals and laypersons alike.
Diagnostic criteria involve trisomy 21 and diagnostic tests
involve karyotypes available in most hospitals. Most paedia-
tricians and obstetricians have seen one or more newborns
with the syndrome and are unlikely to overlook these chil-
dren. In Down syndrome studies, then, problems of case
definition and diagnosis seem less problematic than in epi-
demiological studies of persons with intellectual disabilities
in general.

And yet, even given the major definitional advantages
involved in epidemiological studies of Down syndrome,
epidemiological research in the syndrome remains in its
infancy. To date, only the following few restricted topics
have been addressed.

1) Prevalence. Although Down syndrome has long been
thought to occur once in every 800 to 1,000 births
(National Down Syndrome Society, 2005), many studies
examining these rates have appeared in recent years. Such
studies have generally been aimed at understanding if rates
have changed over the years, differ in different populations,
or vary among women of different ages.

Although a complete review is beyond the scope of this arti-
cle, prevalence rates of Down syndrome continue to hover
in the 1/800 to 1/1000 range. Rates range from highs of
1.17 per 1000 births (=1 per 854 births; Stoll, Alembik,
Dott & Roth, 1990) to lows of slightly less than 1 per
1000 (Forrester & Merz, 2002). In all cases, the amount
of selective termination — particularly among women above
35 years of age — must be taken into account. Such analyses
require diagnoses from both hospitals and perinatal offices
(Siffel, Correa, Cragan & Alverson, 2004). Since trisomy
21 occurs more often in women aged 35 and older, any
secular changes relating to women’s delayed childbear-
ing may also affect rates of Down syndrome (particularly
among women who are White and well-educated; Siffel et
al., 2004).

2) Mortality and life-expectancy. Over 70 years ago, Pen-
rose (1933) estimated that the average life expectancy for a
person with Down syndrome was 9 years, with early deaths
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due to heart, respiratory, and other conditions. Today, such
conditions are highly treatable and contribute fewer early
deaths, although persons with Down syndrome continue
to experience shorter life-spans than those in the general
population. As a result, the average life-span of persons
with Down syndrome has increased dramatically.

In one study, Yang, Rasmussen and Friedman (2002)
examined the deaths of over 17,000 individuals with Down
syndrome across the United States, over the period from
1983 through 1997. Overall, the median age at death
increased from 25 years in 1983 to 49 years in 1997. The
largest increase in age at death occurred in the early 1990s,
and few differences were noted from region to region. The
authors speculate that increased survival rates during the
1983-1997 period may relate to the lessening of institu-
tionalisation (especially of children) and better medical
practice, particularly to the more timely provision of car-
diac surgery for children with Down syndrome.

3) Rates of various diseases. Many studies provide esti-
mates for the proportion of persons with Down syndrome
who have a wide variety of diseases or physical problems (see
Cohen, 1996; Roizen, 2003; Roizen & Patterson, 2003).
Such conditions include congenital heart defects, leukae-
mia, respiratory problems, hearing or vision problems,
obesity, diabetes, seizures, obstructive sleep apnoea, coeliac
disease, hypothyroidism, and, among adults, dementia.

In each case, studies generally report, as outcomes, the pro-
portions of individuals with Down syndrome who show the
relevant diseases or physical problems (e.g., poor vision).
For the most part, such studies do not stratify rates by age,
nor has much attention been paid to differences in rates
due to gender, SES, race, or ethnicity. Moreover, for cer-
tain conditions, exceptionally wide ranges of estimates have
been provided; witness Roizen and Patterson’s (2003) con-
clusion, based on the three existing studies, that “Between
38% and 78%” of people with Down syndrome have hear-
ing loss (p. 1283). Far more work is needed regarding the
basic demographics of medical and physical conditions
within this syndrome.

Considered in the aggregate, however, epidemiological
studies document how often Down syndrome occurs, how
long these individuals live, and how often they experience
many medical and physical problems. One might argue that
the field has now achieved a basic epidemiological view of
Down syndrome. The time seems ripe to extend this basic
information.

Advancing epidemiological studies
of Down syndrome

To understand epidemiological advances concerning Down
syndrome, it is first necessary to appreciate the wide variety
of information that exists. Most of this information resides
in already-collected records, often involving official admin-
istrative records that are routinely collected by governmen-
tal agencies. In most states, for example, Vital Statistics
include records of birth, death, marriage, and divorce.

Some states have records of hospitalisations and doctor’s
visits, and many have educational records. In nearly every
case, statewide administrative databases are now computer-
ised.

To consider how such records can be used to answer inter-
esting research questions, we first explore briefly some new
computer-based techniques for linking a person’s various
records. After describing the techniques themselves, we
present some examples of epidemiological studies in Down
syndrome that make use of such record-linking tech-
niques.

Technological advances involving linkage

As computing power increases, it becomes more feasible
to analyse large-scale, epidemiological data on inexpensive
desktop computers. Such computers have increased the
number of records per unit time that can be examined in
order to join together the records of the same individual.
To understand how such data linkage works, we discuss
separately issues of acquiring and cleaning data, matching,
classifying, and achieving analytic datasets. Throughout
these discussions, we rely on the early works of Howe and
Lindsay (1981), Baldwin, Acheson and Graham (1987)
and Newcombe (1988), who established the basic frame-
work for record linkage, as well as more recent extensions
(Boussy & Scott, 1993; Victor & Mera, 2001).

Acquiring and cleaning data

Before considering studies of this type, one must be aware
of the various ethical issues and guidelines necessary to
ensure confidentiality. In all large-scale epidemiological
studies — particularly those involving administrative records
— the greatest danger involves threats to subject confidenti-
ality. Specific laws and protections, variable across regions,
institutions, and datasets, exist to ensure that breaches do
not occur. In most states and localities within the United
States, for example, Birth Records are available to legitimate
research organisations with approval from the researcher’s
Institutional Review Board (IRB). Within limits set by fed-
cral laws, school and health records are also available, albeit
with significant restrictions on their uses.

In the studies described below, we utilise state-mandated
records of birth, death, marriage, divorce, and hospital dis-
charge. These computerised records, which in the state of
Tennessee involve several million individuals for periods
up to 13 years, constitute a vast, under-utilised resource to
those interested in studying the characteristics of the popu-
lation of persons with Down syndrome.

But even having acquired the data, one does not simply jump
to analyses. Once data are in hand, the most time-consum-
ing and tedious part of the process begins, as researchers
must clean and check the data. Simply stated, longitudinal
data are often not collected in the same way over time. Sim-
ilarly, when using data from different sources, researchers
must check that the coding of information is consistent. To
achieve standard data from one type of record to another,
computer experts expend enormous amounts of time
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putting data from different databases into identical formats
(Christen et al., 2004, Christen & Churches, 2005).

Matching

With multiple databases available to be linked, the next task
involves matching the records of individual persons from
one administrative dataset to another. One first decides
what entities are to be linked and how the entities are iden-
tified in each dataset. For example, if one is interested in
linking children in the Birth Records to their records in
the Hospitalisation file, one would select the variables that
uniquely identify those individuals in both the Birth and
Hospitalisation datasets. Variables likely to occur in both
records include Social Security Number (SSN), Birth Date,
Last and First Names, Race, and Gender.

Ideally, each record in the Birth dataset is compared to each
record in the Hospitalisation dataset. The problem is that,
with many different matching variables and several million
records, even the fastest, most powerful computers would
still take days or even weeks to examine all subject pairs. To
limit the number of potential comparison pairs, records are
often grouped into blocks and only records within blocks are
compared. A blocking variable is chosen to bring together
records that are similar. Unique identifiers like SSNs are the
ultimate blocking factor. If SSNs are recorded accurately in
all records, record pairs with the same SSNs are very likely
matches. By using such a unique identifier, SSNs allow one
to match two or more separate records, for thousands or
even millions of individuals, in seconds or minutes.

Classification

The final step in linkage involves designating each pair of
records as a match or not a match. Two general strategies
are used for these designations: deterministic and probabi-
listic (Fellegi & Sunter, 1969; Gomatam, Carter, Ariet &
Mitchell, 2002; Jaro, 1995). Deterministic linkage strate-
gies examine the number of agreeing identifiers in a pair
of records and designate the one with the most agreements
(above a minimum number of agreements) as the matching
pair; all other pairs are non-matches. The decision process
can be a single rule (SSN only) or stepwise with multiple
stopping rules (SSN = match, or SSN, then go to name,
etc.). In contrast, probabilistic linkage processes assign
weights to each pair of variables, with positive weight for
an agreement and a negative weight for a disagreement.
Since each individual has their own, unique social security
number, SSNs constitute a variable with a very high posi-
tive weighting: when two records agree on social security
number, they most likely come from the same person. In
contrast, names (even last names) would receive less weight,
as many individuals have the same first name (e.g., John)
and, particularly in the case of common last names, the
same last name as well (Jones, Smith). Taken together, the
sum of the weights from the various matching variables for
cach pair of records constitutes the likelihood that they
are a match. Scores above an upper cutoff are considered a
match, those below a non-match.

Analysis datasets

Once all records are matched and decisions have been
made about which ones describe the same individual, the
researcher must now create datasets that both protect pri-
vacy and are easy to manage. The researcher first de-iden-
tifies all of the now-linked records, removing information
that could allow any individual record to be traced back
to a particular, identifiable individual. These linked, de-
identified datasets are then formatted for use with SPSS,
SAS, STATA, or other commonly used statistical package.
From the perspective of the researcher analysing the data,
the final step in the process has now arrived. The researcher
can now perform analyses involving thousands — sometimes
even millions — of individual subjects. Such analyses can
now be performed as easily as analysing 30 subjects from a
study in which every subject was tested individually.

Before proceeding, it is important to note that the general
linkage procedures described above can actually be per-
formed in three distinct ways. First, one can join together
different records of the same individual. As described
above, one can link the same individual’s birth with hos-
pitalisation records, or marriage with divorce records.
Second, one can join together multiple records of the same
type. Using all of the state’s hospitalisation records, one
might create ‘patient profiles’ of all of an individual’s hospi-
talisations—when, where, for how long a hospital stay, and
for which disease(s). Third, using the mother’s or father’s
social security number, one can create family records. This
last procedure, referred to as second-order linkage (Tu &
Mason, 2004), allows one to horizontally order all children
in a family. The first child might be on the left-most side
of the line, with birth date and gender, followed (moving
rightward) by the second child, then the third. In addition
to considering these linkage applications separately, one
can also join the three techniques.

Studying Down syndrome using linked
administrative records: some ongoing
studies

Several ongoing studies illustrate the uses of large-scale
epidemiological approaches to answer questions concern-
ing children with Down syndrome and their families. All of
these studies utilise linked, administrative datasets, cover-
ing the entire population of the state of Tennessee, over
periods beginning as early as 1990.

Divorce among parents of children with Down
syndrome

In the first study, Urbano and Hodapp (2006) examined
the amount, timing, and correlates of divorce among par-
ents of children with Down syndrome. We first identified
children with Down syndrome using the Birth records and
subsequent Hospital Discharge records. On the basis of
the mother’s social security number (SSN), children were
grouped into families. To these linked family-wide records
were linked information about the mother’s and father’s
marriage and, when applicable, divorce.
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Using such individual and family linkage techniques and
given the size of the state’s population (5.8 million people
overall), we were able to identify 918 births of children with
Down syndrome during the 1990-2002 time period (given
a 1/1000 prevalence rate, these constituted 86.9% of all
children likely to be born with the syndrome). Of these
children, 659 were born to married mothers. Families of
these children were compared to 463,008 families of chil-
dren who had no identified disabilities (i.e., comparison
group families).

Results indicated that parents of children with Down syn-
drome showed slightly lower amounts of divorce, and that
the timing of divorce differed markedly across the two
groups. Specifically, when parents of children with Down
syndrome did divorce, their divorces more often occurred
early on. Among all divorces within the Down syndrome
group, almost 1/3 occurred before the child turned 2
years, compared to less than 20% of such quickly-occurring
divorces in the comparison group.

We were also interested in variables that made divorce more
or less likely. In both groups, divorce occurred more often
when the parents were younger in age, but both education
and rural living status were differentially important across
the two groups. Thus, when either the mother or the father
had not completed high school (i.e., had less than 12 years
of formal schooling), divorce in both groups was more
likely to occur. The pattern, however, was much more pro-
nounced among the mothers and fathers of children with
Down syndrome.

An even more extreme finding occurred among less edu-
cated fathers who resided in rural areas. Tennessee is a pre-
dominantly rural state, with 67 of the state’s 95 counties
considered rural by the federal government. We therefore
had many families of children with Down syndrome who
resided in rural areas. Among fathers of children with
Down syndrome, the combination of being less educated
(i.e., non-high-school graduate) and living in a rural area
led to a very high risk of divorce. Among rural fathers who
had not completed high school, divorce occurred in 32%
of the group. This percentage of divorces was many times
higher than among high school graduates of children with
Down syndrome who lived in rural areas, or of non-rural
fathers of either group.

Other studies using Tennessee statewide
administrative databases

In addition to our first study of parental divorce in Down
syndrome, we are also examining several questions related
to health and families of children with Down syndrome.
Specifically, these studies are focused on the following
issues:

¢ Early hospitalisations of children with Down
syndrome

In a second study, So, Urbano, and Hodapp (2006) are

examining the amount, correlates, timing, and causes of

hospitalisation in children with Down syndrome during

their first three years of life. In this study, we are using
Tennessee’s hospital discharge records from 1997-2002 to
examine patterns of inpatient care use in all of the state’s
infants with Down syndrome who were identified in their
birth hospitalisation and who were born between 1997
through 1999, inclusive.

Our findings show a pattern of hospitalisation that might
best be described as ‘early and often.” First, half of all
infants-toddlers with Down syndrome were hospitalised
one or more times (not counting their birth hospitalisa-
tion) and this pattern was especially pronounced among
infants who had congenital heart defects. And, although we
focused on the entire 0-to-3 year period, the large major-
ity of hospitalisations occurred within the child’s first year,
often within the first three months of life. In addition to
congenital heart defects, the most common reasons for hos-
pitalisation were such respiratory illnesses as pneumonia,
bronchitis, and bronchiolitis.

e Possible connections between early hospitalisation
and early divorce

So far, we have found that, when divorce does occur within
the Down syndrome group, it more often occurs early on,
within the child’s first two years of life. In terms of the
children themselves, we noted the often-occurring, serious
health problems, experienced by roughly half of children
with Down syndrome, which mostly began within the
child’s first year of life.

Is there a connection between early health problems in the
children and parental marital difficulties? Stated more con-
cretely, might children with Down syndrome who experi-
ence early, repeated, and long hospitalisations have parents
who are more likely to divorce early on? As we can link
together hospital discharge records of the children and
divorce records of the parents, we will pursue this possibil-

ity.
e Family correlates of early hospitalisation

Another ongoing study concerns family correlates of early
hospitalisation. It is now widely known that low SES and
minority status relate to lower levels of health (Graham,
2005). This finding, which recurs across various populations
in various countries, has yet to be examined for children
with Down syndrome.

Again, our use of large numbers of linked, administra-
tive records allows us to examine these issues. At present,
very little is known in Down syndrome about effects of
low SES, lower levels of parental education, or minority or
rural status. But such variables are often routinely recorded
in administrative datasets. Once records of one type (that
might include information about SES, parental education,
or where the family resides) have been linked to hospitalisa-
tion records (that give rich information about health), one
can begin to determine if such usual correlates of health
status also predict health outcomes of persons with Down
syndrome.

Taken together, these various studies — some of which are
recently completed, others of which are only beginning —
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illustrate some of the possibilities of epidemiological studies
in Down syndrome. As noted above, some of these studies
link different records (e.g., birth, hospitalisation) for the
same individual. Others link together records within the
same dataset over time, as in the study of the early hospi-
talisations of children with Down syndrome over the first
three years of life. Still other studies mix-and-match across
people and records, as in our beginning study of whether
early, recurrent, and extended hospitalisations of children
with Down syndrome might relate to higher proportions of
early divorce among these children’s parents. In all cases,
by examining linked administrative data for an entire state
across multi-year periods, we are able to examine questions
that are beyond the reach of most research initiatives.

Epidemiological studies of Down
syndrome: prospects and challenges

In reflecting upon our own and future epidemiologically-
based studies in Down syndrome, we focus on four major
issues.

1) Need to be creative in conceptualising and using
databases

As each of us goes about our daily business, we create an
information trail documenting the events of our lives.
Many of these events are recorded and saved by us, our
families, insurance companies, schools, doctors, hospitals,
and local, state, and federal agencies. Although available
records vary from place to place, the following are just some
of the types of information that we create: birth, immu-
nisation, healthcare, school, psychological testing, income,
tax, professional licensing, ownership, warranty, purchases,
military service, marriage, divorce, travel, and death. Given
appropriate ethical safeguards, many of these records are
available to be linked and used for research.

In using such databases, we begin with research questions,
then tie such questions to available or potentially available
data. In our collaborative research so far, members of our
team have been interested in different aspects of family
functioning and health for persons with Down syndrome.
In the study of divorce among families of children with
Down syndrome, we linked together the child’s birth and
hospitalisation records to identify children with Down syn-
drome. Families were then constructed, and marriage and
divorce indicators linked to these family records. In the
carly hospitalisation study, different hospitalisations were
linked together to achieve patient records of each child with
Down syndrome. In both cases, linking across and within
different population-based datasets allowed us to answer
the research questions of interest.

2) Need for studies that extend beyond usual partici-
pants and findings

In most studies of children with Down syndrome, par-

ents and children are recruited from the local area or from

regional or national parent groups. Such studies therefore

feature parents and children who are middle- or upper-

middle class, who are suburban or urban dwellers, or who

live close to the university or clinic out of which the study is
being conducted. Given that the total numbers of subjects
in many studies range from 20-40 per group, inference
about the population’s characteristics is limited. In large-
scale, epidemiological studies, we at least know who our
subjects are, and to what degree our subjects represent the
entire population of the town, state, or country. Although
any particular state may not perfectly represent the country
as a whole, the outlines of any possible bias have been made
explicit.

But also important is the related issue of missing subjects.
Who, exactly, avoids participating in one’s study? Here we
return to our findings concerning the high rates of divorce
among fathers who were less educated (<12 years formal
schooling) and who lived in rural areas. Earlier studies had
hinted that lower levels of parent education might relate to
higher rates of troubled marriages among Down syndrome
families (Gath & Gumley, 1986; Sloper, Knussen, Turner
& Cunningham, 1991). Until now, however, few studies
had the numbers of less educated, rural fathers to examine
the effects of the interaction of the two on parental divorce.
Other hard-to-access groups — including single parents,
minority groups and low SES groups — might also be exam-
ined using large-scale, epidemiological approaches.

Just as we need to go beyond the ‘usual suspects’ in the
participants in our studies, so too do we need to include
hypotheses of different types. In studies of Down syndrome,
it would seem that different types of hypotheses exist. The
first involves the degree to which findings already shown in
non-disabled children (or in their families) apply to chil-
dren with Down syndrome. Among non-disabled children
and adults, for example, poorer levels of health are found in
persons who come from low-SES families (Graham, 2005).
To what extent do low-SES children with Down syndrome
also show poorer levels of health?

The second type of hypothesis relates to what has been
called the “Uniqueness Question” (Pennington, O’Connor
& Sudhalter, 1991). Simply stated, to what degree is any
finding noted for children with intellectual disabilities in
general also found among children with Down syndrome
and vice-versa? Taking an example from our own studies,
to what extent are children with other types of disabilities
hospitalised in their first year of life, and, when children do
have other disabilities, what proportion of divorces in their
families occur when children are younger: Clearly, more
work is needed in this area.

3) Need to go beyond disability, health, and even clas-
sical epidemiological perspectives
In Table 1, virtually every definition of epidemiology high-
lights disease or characterises outcomes that are related to
health. However, outcomes more distantly related to health
are also of interest. Large-scale, linked, administrative
datasets also provide rich information on family structure,
income, and service use. Many of epidemiology’s statisti-
cal techniques can then be applied to study these other
outcomes. In the first study, for example, we used as our
outcome divorce of parents of children with versus without

© 2006 The Down Syndrome Educational Trust. All Rights Reserved. ISSN: 0968-7912

http://www.down-syndrome.info/library/periodicals/dsrp/10/02/



Down Syndrome Research and Practice 10(2), 83-93

R.M. Hodapp, R.C. Urbano and S.A. So * Using an epidemiological approach

Down syndrome. Similarly, one might examine as outcomes
whether or not one is employed, has graduated high school,
is using welfare or other social services, is living independ-
ently, or owns a car or a house. Some of these outcomes
(e.g., divorce) may contribute to a broader understanding
of what constitutes risks to and contributors to states of
health and well-being, broadly defined. Using an epidemio-
logical framework, then, might help us to understand how
to improve the quality of life for people with Down syn-
drome in all of the many aspects of their well-being.

4) Need to dovetail large-scale and small-scale per-
spectives

Given their predilection toward entire

populations, epidemiologists have often been likened to

airplane pilots. The epidemiologists’ viewpoint, so the met-

aphor goes, is from 30,000 feet, as they notice that a moun-

tain exists in one direction, a town or highway in another.

examining

As with any single perspective, however, this high-in-the-
sky view is also limited. In most cases, epidemiologists are
limited in that they find one or another ‘blip’ on the screen,
but cannot immediately determine why that blip occurred.
In our case, for example, we know that, when they do
divorce, parents of children with Down syndrome divorce
proportionately more often during the first two years of the
child’s life. But why are early divorces disproportionately
present in Down syndrome? Does early divorce relate to
the shock of having a child with Down syndrome, an added
stressor on an already weak marriage, or the result of a long
series of the child’s hospitalisations? At present, we do not
know.

We now need to combine the high-above and the close-up
perspectives. Granted, the perspective from 30,000 feet is
necessary, in that it tells the field if indeed the phenomenon
is occurring — with large numbers of subjects and through-
out an entire population. But this large-scale approach is
not sufficient by itself. Follow-up studies are badly needed
to move from risk indicators to risk mechanisms (Rutter et
al., 2001).

In some sense, then, we have returned to John Snow and
his pump on Broad Street. Faced with a horrific outbreak
of cholera and conflicting ideas about what was causing
that outbreak, Snow engaged in what has been called ‘shoe
leather epidemiology.” He went out and interviewed his
600+ families and determined that each victim did indeed
drink from the contaminated water-pump. So too do we
need to join the high-in-the-sky and the up-close-and-per-
sonal viewpoints when examining children with Down syn-
drome and their families. We need the 30,000 foot view
to determine many basic facts and connections that, until
now, have been hard to determine, but we also need more
shoe leather to identify causes of disease and other real-life
outcomes. In short, only by joining a broadly based epide-
miological viewpoint with our current, more microscopic
perspectives can we truly make progress in understanding
that unique syndrome that for 140 years has remained both
known and unknown.
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