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Abstract

Spatial analyses of disease rates are increasing as the hardware and software used in disease surveillance and cluster
investigations become more accessible and easier to use. The results of these analyses should be interpreted with caution
since inconsistencies in health outcome reporting and population estimates may lead to erroneous conclusions. In this
report we provide an example, using data on congenital malformations in New York State, to show how under-reporting
of malformations by some New York City hospitals can lead to apparent clusters of malformations in other areas of the
state where reporting is more complete. We illustrate how spatial analysis techniques can be used to locate under-reporting
problems and determine the extent to which the problem exists. © 2002 Elsevier Science Ltd. All rights reserved.
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Introduction

Geographical information systems (GIS) are being
used with increasing frequency to analyze the spatial
distribution of disease (Richards et al., 1999a, 1999b;
Higgs and Gould, 2001). As mapping and spatial
analysis software become easier to use, public health
professionals increasingly employ these tools to aid in
disease surveillance and cluster investigations. However,
caution must be taken when interpreting maps of disease
and the results of spatial analyses. Errors in health
outcome data, vital statistics data and population
estimates used in calculating rates of disease, may lead
health researchers to draw erroneous conclusions
regarding the spatial distribution of a disease. Too
often, these types of routinely collected data are taken at
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face value with little attention paid to possible errors in
the data. Researchers must be prepared to critically
evaluate the quality of the data used in mapping rates of
disease and determining areas of statistically significant
excesses or deficits.

Health outcome data available to researchers come
from a variety of sources including disease and vital
statistics registries, managed care data, and hospital
admission and discharge records. Under-reporting or
misreporting of health outcome data often leads to
inaccuracies in local disease rates. Other types of
geographic bias can be introduced through the use of
automated geocoding software, since the success of the
software in locating an address is not equally distributed
throughout a population (Gregorio et al., 1999). Health
outcomes may also appear to cluster due to the presence
of medical care facilities in an area (Goodman et al.,
1997; Gregorio et al., 2000). For instance, proximity to
hospitals has been shown to influence the rate of
hospital utilization among nearby residents (Goodman
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et al., 1997). Furthermore, availability of sophisticated
diagnostic equipment, physician judgment, and differ-
ences in screening rates, may also cause variations in
local disease rates. Whether undertaking cluster exam-
inations or conducting routine surveillance using spa-
tially referenced data, these sources of potential bias
should be taken into consideration.

Errors in underlying population or denominator
estimates may also create problems when examining
rates of disease. To calculate disease rates, health and
population data are often aggregated into areal units
such as postal zones, census areas or political sub-
divisions. The population counts for these areas are
often calculated based on census counts or on inter-
censal population estimates. Since census counts are not
taken every year, error can be introduced into rates due
to inaccuracies of these intercensal population estimates.
There is also a seasonal variation of populations in some
communities that can lead to inaccurate estimation of
disease rates (Boscoe and McLaughlin, 2000). In
addition, systematic miscounts of certain populations
can also result in bias when calculating rates. It has been
well documented that the under count of inner city,
minority populations is far greater than for the general
population (Fein, 1990; Hahn, 1992; Raleigh and
Balarajan, 1994).

While classic incidence and mortality analyses have
focused on areas with elevated disease rates it is also
important to examine areas with lower than expected
rates. Deficiencies in reporting of disease in one area
may lead, not only to a perception of lower rates in that
area, but also to an incorrect inference of high rates in
other geographic areas where reporting and case
ascertainment are more complete. This paper provides
an example of how the quality of data can have an
impact on disease patterns. We evaluate congenital
malformation data in New York State using spatial
analysis to determine if the quality of the data varies
across the state and how this affects local rates. We also
show how GIS and spatial analysis techniques can be
used to detect potential deficiencies in health outcome
surveillance systems. This analysis was conducted as
part of a New York State Department of Health
(NYSDOH) initiative to enhance birth defect surveil-
lance through data quality improvements and more
comprehensive reviews of the spatial patterns of birth
defects in New York State.

Methods
Source of data
The New York State Congenital Malformations

Registry (CMR) served as the source for congenital
malformation reports. The CMR is one of the largest

population-based birth defects registries in the United
States. The registry receives reports on approximately
10,000 children per year with major congenital mal-
formations. Major malformations are considered to be
those that have an adverse effect on an individual’s
health, functioning, or social acceptability. Hospitals
and physicians are required by law to report all children
who are diagnosed by the age of 2yr with a major
structural or functional abnormality. Approximately, 99
percent of the reports are sent by hospitals and the
remainder are sent by individual physicians.

We studied a subset of malformations reported to the
CMR in children born in New York State between 1992
and 1995. The malformations included were those
thought to be easily recognizable and consistently and
accurately diagnosed by 1yr of age by physicians (see
Appendix A). Excluded from the analysis were mal-
formations that required substantial judgment on the
part of the attending physician and those that would not
normally be identified in a standard physical examina-
tion (Holmes, 1999). The remaining subset consisted of
approximately half of all malformations reported to the
Registry, which we shall refer to as surveillance
malformations. We included only singleton births in
the analysis since multiple births are not independent
events and are widely recognized to be at increased risk
of malformations.

A total of 24,394 records were selected for analysis.
US Postal Service delivery areas, which are identified as
ZIP codes, served as the unit of analysis. Records with
invalid or missing ZIP codes were removed from the
analysis, which represented <0.03 percent of the
surveillance malformation records. Since each record
represents a single malformation, an infant with multiple
malformations will have more than one record. There-
fore, the subset was further restricted to include only one
record for each infant, leaving a total of 16,378 infants
born with one or more surveillance malformations. We
then aggregated the records by the ZIP code of the
infant’s residence at birth. The CMR routinely matches
infants’ malformation reports to their birth certificates.
Over 99.5 percent of these records had been successfully
matched to their original birth certificates. Using the
ZIP code of the infant’s residence at birth assures
consistency with the denominator data obtained from
birth certificates. This also eliminates any discrepancies
that might have resulted from reports received for
children who had changed residence between the time of
birth and time of the report.

Denominator data were obtained from the New York
State Department of Health, Bureau of Vital Statistics’
Birth Statistical File. This file contains information
found on the birth certificates with the exception of
personal identifiers such as names and addresses. ZIP
codes are, however, included in the Statistical File.
Records that had no ZIP code or had a ZIP code that
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was not a valid New York State ZIP code between the
years of 1992 and 1995 were removed from the analysis,
leaving 1,072,191 live birth records. Only 0.3 percent of
the births in New York were missing ZIP code
information. The remaining records of singleton births
from 1992-1995 inclusive were tabulated by ZIP code.
The final dataset consisted of 1601 ZIP codes with the
number of children having at least one surveillance
malformation and the number of singleton births in each
ZIP code.

Statistical analysis

We used the spatial scan statistic (Kulldorff and
Nagarwalla, 1995; Kulldorff, 1997) to determine areas
of the state, which either had statistically significant
deficits or elevations of rates, after adjusting for the
multiple testing inherent in the many possible locations
and sizes of areas. This technique has been used to
evaluate clustering of several other health outcomes
including leukemia (Hjalmars et al., 1996; Kulldorff and
Nagarwalla, 1995), brain cancer (Kulldorff et al., 1998),
breast cancer (Kulldorff et al., 1997, New York State
Department of Health, 2000), soft-tissue sarcoma and
non-Hodgkin’s lymphoma (Veil et al., 2000), systemic
sclerosis (Walsh and Fenster, 1997), low birth weight
(Talbot et al., 2000), and SIDS (Kulldorff, 1997).

This method uses overlapping circles of many
different sizes and locations to identify areas with
elevations or deficits in disease incidence. The popula-
tion-weighted centroids of the ZIP codes served as the
center for the overlapping circles beginning with a radius
of zero and increasing until a user defined maximum
population restriction is met. The test uses the likelihood
ratio test statistic. For each circle, the likelihood of
finding the observed number of malformations inside
and outside the circle, respectively, is calculated. The
circle with the rate least likely to have occurred by
chance is then determined and secondary clusters with
excesses or deficits are also located. Circles with
statistically significant (p<0.05) elevations or deficits
in malformation rates are determined through Monte
Carlo hypothesis testing. These circles, along with the
ZIP codes in the least likely (p<0.05) non-overlapping
circles, were then displayed on a map. We restricted
the number of births captured by any one circle to
be no more than 2.5 percent of all births in New York
State to enable us to better focus on geographic areas for
further evaluation of the completeness of hospital
reporting.

The spatial scan statistic is an extension of work done
by Openshaw et al. (1987, 1988) and that of Turnbull
et al. (1990). The advantage of spatial scan statistic is
that the test is more readily able to control for multiple
hypotheses testing caused by the generation of multiple
circles. In addition, since there are theoretically an

infinite number of circles around each point, the test is
not as limited in testing predefined areas or population
sizes.

Evaluation of reporting

To evaluate the completeness of reporting of birth
defects to the Registry by hospitals, we compared the
number of malformations reported to the Registry to the
number of malformations reported to Statewide Plan-
ning and Research Cooperative System (SPARCS).
SPARCS is a comprehensive data system established
by the NYSDOH to receive, process, store and analyze
hospital inpatient and ambulatory surgery data. All
hospital-based and freestanding ambulatory surgery
facilities in New York State are required to submit data
to SPARCS (New York State Department of Health,
1999). SPARCS data are considered reliable since they
are based on the same data processing systems as
hospital billing records. Information on number and
type of hospital admissions for each facility in the state
is available through SPARCS. Therefore, it was possible
to tabulate the number of malformations reported to
SPARCS for each hospital.

The subset of malformations examined from SPARCS
was similar to the surveillance malformations described
above except that multiple births were kept in the
analysis. This was because in the SPARCS system there
is no way to differentiate multiple births from singleton
births. In addition, whereas previously multiple reports
of the same individual were excluded, in this analysis it
was only possible to exclude multiple reports of the same
individual if they occurred in the same hospital. Thus, it
would be possible for two or more reports relating to the
same individual to be included if they came from
different hospitals. This did not bias the results greatly
as the same restrictions were applied to the CMR data
and the results re-tabulated to match the SPARCS data
for this part of the analysis.

Finally, we aggregated records of malformations by
hospital for both the CMR and SPARCS datasets.
Results were tabulated and the rate of malformations
reported to the CMR was calculated for each hospital.
The SPARCS data served as the denominator for
calculating the reporting rates since the SPARCS data
are thought to be approximately 99 percent complete
(New York State Department of Health, 1999) whereas
the reporting of birth defects to the New York State
CMR was estimated to be approximately 86 percent
complete (Honein and Paulozzi, 1999).

Results

The results of the spatial scan statistic are shown in
Fig. 1. Two large areas with elevated surveillance
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Fig. 1. Congenital malformation clusters identified using the scan statistic at p<0.05 in New York State, 1992-1995.

malformation rates are apparent in upstate New York
and one in Nassau County on Long Island, while two
areas with rates significantly lower than expected are
present in New York City. The two areas with lower
than expected rates are directly adjacent to each other
and cover much of the Harlem area in northern
Manhattan as well as a portion of the Bronx.

Although the spatial scan test used in this study will
locate only circular clusters, the actual shapes of the
clusters identified are not exactly circular. This is
because some ZIP codes whose centroids lie outside of
the circular zone but whose boundaries cross into the
circular zone would not be included while others whose
centriods are included in the circular zone may actually
extend outside the zone. In addition, two or more
clusters may be located adjacent to one another, as is the
case in the Harlem/Bronx area of New York City. While
these represent two independent areas of deficit, they
contain adjacent ZIP codes and thus appear as one
elongated area of decreased prevalence of malforma-
tions.

To determine if these areas with lower than expected
rates were due to under-reporting to the CMR by
hospitals, the number of malformations reported to the
Registry was compared to the number of malformations
reported to SPARCS. Fig.2 shows the location of
hospitals in the metropolitan New York City area and
the percent of SPARCS malformations that were

reported to the Registry. The number of malformations
reported to SPARCS is also indicated by the size of the
circle representing each hospital. Note the hospital in
northern Manhattan, which had a large number of
malformations reported to SPARCS combined with a
low reporting rate to the CMR.

Since under-reporting was also apparent in several
other New York City hospitals, the data were separated
into two groups: one representing births to residents of
New York City and one representing births to all other
residents of the state. Table 1 shows a comparison of the
percent of SPARCS malformations that were reported
to the CMR for hospitals in the New York City area to
those in the remainder of New York State. This shows
the reporting rate of hospitals in New York City area to
be approximately 13 percent lower than hospitals in the
rest of the state (rate ratio (RR) 0.87; 95 percent
confidence interval (CI) 0.86, 0.88).

The result of under-reporting by hospitals in the New
York City area becomes evident when examining the
malformation rate in this area compared to the rest of
the state (Table 2). CMR malformation rates for births
to New York City residents are shown to be approxi-
mately 20 percent lower than those in the remainder of
the state (RR 0.80; CI 0.77, 0.82). This has a significant
impact on the statewide rates as approximately 47
percent of all births to New York State residents occur
in New York City Hospitals.
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Fig. 2. Percent of SPARCS reports of congenital malformations reported to the New York State Congenital Malformations Registry
by hospital in the New York City area.

Table 1
Surveillance malformations reported to the CMR and to SPARCS by hospital location in New York State, 1992-1995*

Location of hospital

New York City Upstate/Long Island Entire State
Malformations reported to CMR 9,311 12,205 21,516
Malformations reported to SPARCS 12,880 14,639 27,519
Percent reported to CMR 72.29% 83.37% 78.19%
Total births 516,021 577,948 1,093,969
CMR percent® 1.80% 2.11% 1.97%
SPARCS percent® 2.50% 2.53% 2.52%

#The rates in this table are not meaningful when taken out of this context since there could be multiple malformation reports from
different hospitals regarding a birth in this table. Multiple births are included in this table.

®CMR percent=malformations reported to CMR/total births x 100.

°SPARCS percent =malformations reported to SPARCS/total births x 100.

Table 2
Prevalence of surveillance malformations reported to the Congenital Malformations Registry by area of New York State, 1992-1995%
Area
New York City Upstate/Long Island Entire State
Births with malformations 6,720 9,658 16,378
Number of births 499,286 572,905 1,072,191
Malformation rate® 1.35% 1.69% 1.53%

# Actual numbers of births and numbers of malformations differ between the two tables since different selection criteria were used for
each. Multiple births are excluded in this table. In addition, there are slight differences in the way we tabulated births.
®Malformation rate = surveillance malformations/total live births x 100.
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Actual numbers of births and numbers of malforma-
tions differ between the two tables since different
selection criteria were used for each. The rates in Table
1 are not meaningful when taken out of this context
since there could be multiple malformation reports from
different hospitals regarding a birth in this table. This is
not the case in Table 2, however. In addition, there are
slight differences in the way we tabulated births in the
two tables.

We compared the prevalence of infants with mal-
formations reported to SPARCS for NYC with the
rest of the state, since there is less under-reporting
of children with malformation to SPARCS. From
the data presented in Table 1, we see there is little
difference in the rates of malformations reported to
SPARCS for New York City compared to the remainder
of the state (2.50 percent vs. 2.53 percent). Since
substantial under-reporting of malformations was
shown to exist in several large hospitals within New
York City, malformations and births in all New York
City ZIP codes were removed and the data reanalyzed
using the spatial scan statistic. With New York City
removed from the analysis, the large areas, which
previously had statistically significant elevations in rates,
now had rates within the expected range (Fig.3).
However, with NYC data removed from the analysis,
two areas with statistically significant deficits emerged in
the Upstate New York.

Discussion

Rate maps used in conjunction with statistical tests
for clustering can be useful to health researchers for
focusing attention on areas for further investigation.
These types of maps are useful for showing general
patterns or trends of disease, and to generate hypotheses
regarding the role of environmental, genetic or lifestyle
factors in the etiology of a disease. In addition, health
administrators and planners may use maps to point
to problems of health care delivery systems and to
determine where underserved communities might exist.
However, public health professionals should first exam-
ine the completeness and misclassification of the data.
Errors in both health and population data may lead
researchers or policy makers to draw erroneous conclu-
sions regarding the spatial distribution of a disease.

Using malformation rates as an example we see how
under-reporting in one area of the state affected not only
local rates in that area but also resulted in apparent
clusters of malformations in other areas of the state. If
the CMR data were to be taken at face value one might
conclude that large clusters of malformations exist near
the cities of Syracuse, Buffalo and in Nassau County on
Long Island. Not only could this lead to poor policy
decisions, but it could also cause undue public alarm in
these areas. When these areas are compared to the rates
in New York State exclusive of New York City however

B Deficit

Fig. 3. Congenital malformation clusters identified using the scan statistic at p<0.05 in New York State excluding New York City,

1992-1995.
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as seen in Fig. 3, they fall within the expected range.
This demonstrates that the apparent clusters of mal-
formations in the Upstate and Long Island areas of the
state may actually have been artifacts of under-reporting
of malformations in New York City.

The two areas with statistically lower rates than
expected were in adjacent areas of New York City, in
Harlem and the Bronx. These areas have some of the
highest poverty rates in the state (United States Bureau
of the Census, 1992). Low socioeconomic status and
poor nutrition have been associated with elevated
prevalence of certain birth defects (Worthington-
Roberts, 1997; Wasserman et al., 1998; Vrijheid et al.,
2000). Thus, we might actually have expected an
elevated rate of birth defects in this area. However, as
Fig. 2 shows, there is one very large hospital serving
much of the population in this area with a reporting rate
to the CMR of <50 percent. The size of this hospital
combined with the low reporting rate is responsible for
the significantly decreased rates observed in this area.

Many congenital malformations are identified
through prenatal screening. The prenatal identification
of a serious malformation allows the choice to electively
terminate the pregnancy. There may be spatial variation
in screening rates, which in turn would impact the
malformation rates. Rates of prenatal diagnosis of
malformations vary among populations with blacks,
Hispanics, and persons of lower socioeconomic status
being less likely to undergo prenatal diagnosis of
malformations (Kuppermann et al., 1996; Waller et al.,
2000). In addition, even when screening results are
known, women who are black or Hispanic and women
of lower socioeconomic status are less likely to elect to
terminate a pregnancy (Velie and Shaw, 1996). The exact
effect of prenatal diagnosis and elective termination on
malformation rates in the current study is unknown.
However, the area identified with a significantly low
malformation rate covers a large minority population
with high rates of poverty. If prenatal diagnosis of
malformations and elective termination were having an
effect on the prevalence of children born with mal-
formations in this area, one would expect an elevated
malformation rate.

Based on SPARCS we found hospitals reported
approximately 78 percent of the birth defects that
occurred statewide (Table 1). These estimates are
comparable to the 86 percent CMR reporting rate that
has been reported previously (Honein and Paulozzi,
1999). The latter estimate is based on capture—recapture
methods using birth certificate data for the years
1983-1986 to estimate the completeness of reporting to
the CMR. While statewide reporting of all malforma-
tions to the Registry is incomplete, we found the
completeness of reporting is not constant across the
state. In the current evaluation, the reporting rates for
hospitals located in New York City were approximately

13 percent lower than hospitals in the rest of the state. A
previous analysis of the CMR data also indicated poorer
reporting of malformations to the Registry among cases
born in New York City during the years 1983-1986
(Olsen et al., 1996). The differences in the reporting of
birth defects by hospitals to the CMR is responsible in
part for the differences in malformation rates we see
between New York City and the remainder of the state.
This becomes apparent when we examine the SPARCS
reports of malformations (Table 1) where little differ-
ence between the upstate and New York City rates of
malformations was observed. If there were truly a lower
prevalence of malformations in New York City one
would expect this to be reflected in the SPARCS data as
well as the CMR data.

One limitation of the spatial scan statistic is that it
tests for unusual patterns within circles, though these
patterns may not be circular in nature. We are not able
with this test to determine the exact boundaries of the
area where the unusual rates occurred. Other data can
be displayed to gain a further understanding of the
geographic pattern of the disease being studied. Talbot
et al. (2000) have advocated showing smoothed health
outcome rate maps in conjunction with the spatial scan
statistic results.

While the scan statistic is useful in identifying areas of
low as well as elevated incidence of disease, it cannot
identify why a particular area is high or low. In the
current study, data from a second data source was used
to discover that the areas identified with low prevalence
of birth defects were due to under-reporting rather than
having a truly low prevalence rate. We show how
thematically representing reporting rates of hospitals
also provides useful information on how the quality of
the data may vary spatially and impact statistical
inference.

Spatial analysis can be a valuable tool in the quality
control of disease and vital statistics registries. This
analysis illustrates, through the use of maps, where
deficiencies in hospital reporting of birth defects exist.
These tools provide the registry with an additional way
to monitor birth defect reporting statewide and to target
hospitals for site visits and audits. By displaying the data
on a map, hospital staff will recognize the value of
providing complete and accurate data to the CMR.
Once the completeness and accuracy of CMR data has
been improved, spatial analysis techniques can be used
as a proactive tool in the surveillance of birth defects.

There are bound to be some errors in all routinely
collected data. However, the impact that these errors
have on the final product can be minimized through the
use of rigorous and thorough data cleaning and
checking techniques. Traditional methods of quality
control often focus on using descriptive statistics to
identify outliers and data anomalies. Many times
inconsistencies may remain hidden in the data until
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they are viewed in a different fashion such as on a map.
In the current study we use a combination of spatial
techniques, both descriptive and analytical, to illustrate
how spatial analysis can be used for data quality control.
This is not only important in subsequent spatial
analyses, but also for routine quality control of registry
and surveillance data.

Appendix A

Malformations included in analysis are shown in
Table 3.

Table 3
Malformation ICD-9
Amniotic bands 658.8
Anencephalus 740.X*
Spina bifida with/without hydrocephalus 741.0X/741.9X
Encephalocele 742.0
Congenital hydrocephalus 742.3
An/microphthalmus 743.0X/.1X
Congenital cataract 743.3X
Coloboma of lens/iris 743.3X/.4X
Aniridia 743.45
Anomalies of ear causing impairment 744.0X

of hearing
Common truncus 745.0
Transposition of great vessels 745.1X
Tetralogy of fallot 745.2
Common ventricle 745.3
Endocardial cushion defects 745.6X
Atresia/stenosis of pulmonary valve 746.01/.02
Insufficiency of pulmonary valve 746.09
Tricuspid atresia/stenosis/hypoplasia 746.1
Ebstein’s anomaly 746.2
Congenital stenosis of aortic valve 746.3
Hypoplastic left heart syndrome 746.7
Coarctation of aorta 747.10
Interruption of aorta 747.11
Total/partial anomalous pulmonary venus 747.41/.42
connection
Choanal atresia 748.0
Agenesis/hypoplasia, of lung 748.5
Oral clefts 749.0X/.1X/.2X
Tracheoesophageal fistula, etc. 750.3
Congenital hypertrophic pyloric stenosis 750.5
Atresia/stenosis of small intestine 751.1
Atresia and stenosis of rectum or anus 751.2
Hirschsprung’s disease 751.3
Biliary atresia 751.61
Hypospadias/epispadias 752.6X
Indeterminate sex 752.7
Renal agenesis and dysgenesis 753.0
Cystic kidney disease 753.11-19
Obstructive defects renal pelvis and ureter 753.2753.4

Exstrophy of urinary bladder 753.5
Atresia/stenosis urethra and bladder neck 753.6
Reduction deformities of upper limb 755.2X

Table 3 (continued)

Malformation ICD-9
Reduction deformities of lower limb 755.3X
Chondrodystrophy 756.4
Osteodystrophies 756.5X
Diaphragmatic hernia 756.6
Omphalocele/gastroschesis 756.7X
Down syndrome 758.0
Patau syndrome 758.1
Edwards syndrome 758.2
Gonadal dysgenesis 758.6
Klinefelter’s syndrome 758.7
Fetal alcohol syndrome 760.71
Congenital rubella 771.0
Congenital cytomegalovirus infection 771.1
Other congenital infections 771.2

“Where X = 1-9, in these cases the 4 digit code will be
sufficient.
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