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Abstract:
Research on sickle cell disorder has not focused attention on the socioeconomic background and geographic
distribution of people with the disease. This study examines 1,189 persons with sickle cell disorder in North
Carolina during 1991 to 1995. Three indices were developed using clients' medical, psychosocial and
socioeconomic characteristics for the purpose of analyzing the urban-rural difference in treatment for sickle cell
disease. The study observed a wide disparity in these indices between urban and rural population groups. Also,
differences were observed in the utilization of services and clients' health status. The findings suggest that
utilization of services is directly related to socioeconomic condition facing clients and clinic distance front
clients. They further suggest that people in rural areas who have high distress levels and are far from clinics
have limited access to health care. The limited availability of medical and health care in rural areas, as well as
other support systems calls for an increase in community based healthcare services. These findings should be of
particular interest to the state level sickle cell disorder program in North Carolina and other areas with a large
rural population. Enhanced support for all persons with sickle cell disorder in North Carolina, particularly those
in rural areas, is critical.
Article:
Sickle cell disease (SCD) is an autosomal recessive disorder characterized by the production of abnormal
hemoglobin and sickle shaped erythrocytes. The most common types of SCDs are hemoglobin SS
(homozygous) disease hemoglobin SC disease and the beta thalassemia syndromes (the heterozygous types;
Reid, et al., 1994). An estimated 72,000 Americans have been diagnosed with SCDs, most younger than 21
years of age (Reid, et al., 1994). In the United States, 95 percent of all SCD cases occur among blacks. It is the
most common genetic disorder in this population group; the national incidence is 1 in every 400 live births
(Rooks and Pack, 1983), in North Carolina the incidence is 1 in 475 (Whitworth, 1992). Approximately 1,900
people in North Carolina have an SCD, 45 percent of whom live in rural areas (Whitworth, 1993). SCDs affect
men and women equally. Screening of newborns and electrophoresis testing are the primary identification
mechanisms (Charache, et al., 1992). Individuals with an SCD are at risk for unexpected, intermittent and, at
times, life-threatening complications (i.e., pain, priapism, joint necrosis, major organ damage; Serjeant, 1985);
and psychosocial adjustment problems (Nash and Telfair, 1994; Thompson, et al, 1992; Abrams, et al., 1994;
Barrett, et al., 1988; Gil, et al., 1992). Primary research addressing risk factors associated with SCDs has been
predominantly in the biomedical (e.g., cell biology) and bioclinical (e.g., various treatment regimens) areas
(Vichinsky, et al., 1983). This research has led to reduced morbidity and improved treatment outcomes and to
the recognition of the need for comprehensive management strategies that address both biomedical and
psychosocial issues (Vavasseur, 1987). In stark contrast to the major emphasis on biomedical and bioclinical
research, studies of programmatic (aggregate) and client (individual) health service delivery are almost
nonexistent. It is also unfortunate that very little is known about the lives of persons with SCDs and, more
important, how geographic distribution affects their access to health care Thus, key questions of effectiveness,

availability access, differential outcomes and use of key programs and services that affect the quality of life for
these individuals remain unanswered.
The purposes of this research were twofold. First, to explore the socioeconomic and health status disparity
among urban and rural clients with SCDs in North Carolina; and, second, given the geographic distribution of
clients and clinics (i.e., urban vs. rural), to answer the question. How does a client's socioeconomic status and
health profile affect their ability to seek services at available clinics? In a nutshell, the research study
underscores the socioeconomic condition of patients with SCDs in North Carolina and the impact of that
condition on their utilization of services.
The paper is presented in four parts: (1) a discussion of the study background, data and methodology; (2) an
analysis of the socioeconomic and self-reported medical backgrounds of people with SCDs categorized by
geographic location; (3) the testing of a health services utilization model; and (4) a discussion of the
implications for health care service delivery to persons with SCDs in North Carolina.
Sickle Cell Centers in North Carolina. The North Carolina Sickle Cell Disease Consortium (NCCSCD)
provides much of the social, health and medical care for individuals with an SCD in North Carolina. NCCSCD
has three administrative state employees and 10 regional educator/ counselors in four community centers (which
provide social support services to clients) and five major tertiary medical centers (Duke University Medical
Center, University of North Carolina [UNC] Hospitals, Bowman-Gray Medical School at Wake Forest
University East Carolina University Medical Center and Carolinas Medical Center). The medical centers
provide consultation and ongoing comprehensive medical and psychosocial management services for persons
with an SCD. Only two centers, Duke and UNC, have adult programs, both are located in predominantly urban
counties. Outreach activities to health and medical professionals in the community and outlying hospitals are
limited to consultations and providing ongoing care for their clients. Between June 1992 and June 1993, 1,932
individuals with an SCD were served by program staff or by a contract medical center (Whitworth, 1993).
NCCSCD data indicate that 86 percent of the visits to these centers were to seek care for an acute exacerbation
or ongoing (not comprehensive) care only. A large number of the state's SCD clients live in rural counties and
do not have regular access to clinicians, other multidisciplinary providers or to the state's major medical centers.
The need for acute care is often episodic and may be dispensed by providers who may or may not be familiar
with the contemporary aspects of SCDs.
As part of its comprehensive approach, NCCSCD (particularly the regional and community-based programs)
links many of its service components with existing state and federal special health needs programs. However,
most of these programs are for people younger than age 18 and their families (e.g., the North Carolina Child
Service Coordination and Maternity Care Programs). Comparable programs for adults are few. Thus,
independent of their involvement with the regional, community-based programs, or both, the unfortunate reality
for adults with SCD is that when they leave any of the five pediatric SCD programs, they are on their own. This
makes it difficult for them to seek out knowledgeable and willing practitioners to meet their medical and
psychosocial needs. Anecdotal evidence suggests that lack of well-funded and coordinated programs for adults
and children with chronic conditions has created differences in access to community and regional resources.
However, there are no studies that begin to test whether or not these health services and condition specific
problem differentials exist.
Evidence from North Carolina suggests that acute or wellness visits are taking place in the communities, if at all
(Whitworth, 1993). It is well known that availability and distribution of health care resources in rural areas are
scarce (Hicks, 1990; Brathwaite and Taylor, 1992; William, et al., 1994). It is suspected that because of distance
and the socio-organizational (who the person sees upon entry into the system) characteristics of the service
system, and the socioeconomic characteristics of the client, entrance into the system may not be "reachable,
obtainable, or affordable" (Parker, 1974; Andersen, et al., 1983; Reif, et al., 1999). These disparities are
believed to affect the rural client's actual use of services, service expectations and willingness to contact service
providers to assist with a specific biopsychosocial need. The role of NCCSCD programs is to minimize the

known disparities of availability, access and utilization (realized access), but it is unclear what impact these
programs have in reducing disparities for rural clients across service areas.
Data and Methodology
Data for this study came from the clinical database of the Duke/University of North Carolina Comprehensive
Sidde Cell Center. The major purpose for creating the database was to record and track clinically useful
information about all persons being served by any of the three medical centers participating in Sickle Cell
Center activities and the center's community based-based affiliates.' The database contains self-reported
demographic data, medical history, psychosocial information, objective physical examination results and
laboratory and medical record data. Data were collected on 1,298 persons between 1991 and 1995 at a baseline
visit and at subsequent yearly clinic visits. The database represents about 68 percent of the estimated number of
people with sickle cell disease in North Carolina (Kinny, 1993). This study used cross-sectional data from
intake interviews conducted on all patients.
ZIP codes of residence were available for 97.9 percent of the study population (n=1,189), all of whom resided
in North Carolina. Because no reliable socioeconomic data were available from the intake forms or other
sources, the socioeconomic status of individuals was measured indirectly by means of a community distress
index (CDI) using 1990 U.S. census data. When individual-level data are not available, census data can be a
valuable proxy for socioeconomic characteristics (Krieger, 1992; Roberts, 1997; Saul and Payne, 1999; Krieger
and Gordon, 1999). Calculation of CDI is explained later in this section.
Data were categorized by urban and rural area. The U.S. census reports the number of persons considered as
urban dwellers; for this study, ZIP codes were categorized as urban if 55 percent or more of its population were
classified as urban, otherwise they were considered rural. Therefore, each client's ZIP code was categorized as
either urban or rural. The SCD center (or hospital) locations were geographically coded (Figure 1) using a
geographic information system-based ArcView software Utilization of services is expected to increase or
decrease depending on the distance of the clinics from the clients. Clinic distance from a client was measured in
straight lines using the ArcView program. An index was developed to reflect the socioeconomic condition of
the areas where clients lived. Two additional indices were developed from clients who reported interference and
medical background.
Community Distress Index. To identify the socioeconomic condition of an area (ZIP codes), an index was
developed for each ZIP code in which clients lived. There are several different ways to develop such an index
(see for example, Cohn, et al., 1994; Aldrich, et al., 1994); however, for our purposes, a simple index was
developed using five variables commonly used to depict poor quality of life an area. Data were gathered from
the 1990 U.S. census for the following variables: (1) percent of black population below poverty, (2) percent of
blacks with not more than a 12th grade education, (3) percent of blacks not in the labor force, (4) percent of
blacks unemployed and (5) per capita income of blacks.2 Given the distress indicators, the CDI can be defined
as a method of identifying the socioeconomic condition of a geographic area using a combination of
socioeconomic characteristics of the given population living in that area. Developing one single index from
several different distress indicators gives a comprehensive profile of the socioeconomic condition of the area
that may be used for comparison across areas of interest (Hague, 1998). Each variable was coded into groups
that represented low, medium or high distress conditions (Table 1). By adding the five socioeconomic indices,
CDI was calculated so that a higher CDI score would signify worse socioeconomic conditions of an area.

Interference Index. To determine the extent to which SCD affects day-to-day sufferers, the National Sickle
Cell Disease Self Help study's Psychosocial Interference Scale (PIS) was used (Nash, 1991; Kramer and Nash,
1992). The PIS consists of one total scale and four subscales that measure the extent to which a person
perceives that SCD interferes with his or her day-to-day functioning, social and family relationships, school or
work, sports and household activities. The PIS contains 12-item, 3-point Likert-type scale of formatted items
(i.e., SCD interferes rarely, some or a lot equal scores of 0 to 2, respectively; Table 2). Based on Nash's work
(1991), the reliability coefficient for the total scale was 0.9; for the present study the coefficient was 0.79. For
this study, a weighted score was used based on the presence or absence (or nonrecording) of interference with a
specific activity as well as the amount of interference as described. For analysis purposes scores were
categorized as none (0), low (1 to 4), medium (5 to 12) and high (13 and higher). These latter modifications of
Kramer and Nash's (1992) scoring patterns (presence or absence of interference) represent the clinically specific
addition that was made by the staff of the Duke /UNC Comprehensive Sickle Cell Center for the purpose of
including the scale to their overall clinic screening tool.
Medical Problem Index. As part of the baseline interview, self-reported information was collected on the
presence and frequency of client's lifetime of medical problems (e.g., pain episodes), procedures (e.g.,
surgeries), infections (e.g., osteomyelitis) and conditions (e.g., aseptic necrosis of the hips). A medical problem
index was developed to determine the extent to which these experiences affect the life of persons with SCD.
Based on anecdotal and clinical information (Serjeant, 1985; Wagner, et al., 1989; Vichinsky [personal
communication], 1992), the most common types of experiences (Table 2) were identified and coded as present
(coded as 1) or not present (coded as 0) and weighted by count or frequency of occurrence (e.g, number of
episodes of infections; Table 3).
Utilization of Services. Utilization of services is a ratio that describes for each ZIP code the total number of
people who may be affected by SCD and the total number of clients who sought services from any of the
available comprehensive clinics. In other words, utilization of services is the ratio of expected disease in a ZIP
code by the actual number of clients seeking services in that ZIP code. Expected number of SCD clients in a
ZIP code was calculated by multiplying the gene frequency of SCD (1 out of 475 or 0.0021) among blacks
(Whitworth, 1992) with the number of blacks in the ZIP code. Figure 2 shows the geographic distribution of
utilization of services as a percentage. A corresponding index was calculated by aggregating client information

from each ZIP code and calculating the mean for the indices. In addition, the corresponding distress level and
interference and medical problem index was also calculated for each area.

Results
Client Population Profile: The Urban-Rural Continuum. A wide disparity in socioeconomic condition was
observed between urban and rural clients (see Table 4). Fifty-four percent of the clients in the study population
(648 cases) lived in urban areas, 46 percent (541 cases) lived in rural parts of North Carolina. The mean age for
urban clients was 19 years, for rural clients it was 21. Clients in urban areas lived in relatively more prosperous
neighborhoods; their average median family income was $35,500 compared with $33,700 for rural clients.
Black per capita income for urban clients was almost $1,900 higher than for rural clients. Higher income for
blacks in urban areas is reflected in a more educated black population in those areas compared with rural
counterparts. In urban areas, 65 percent of blacks who were 25 years of age and older had a high school diploma
compared with 43 percent in rural areas. Furthermore, the percentage of the black population living in poverty
was 31 percent in rural areas compared with a much lower 24 percent in urban areas. The relative distress of
rural clients is further exacerbated by a high percentage of the population not in the labor force – 29 percent in
rural areas are unemployed compared with 22 percent in urban areas. The community distress index dearly
reflects poorer socioeconomic status for rural clients – 43 percent of rural clients were in the high distress range
compared with only 18 percent of urban clients (see Table 1 for range distribution). Seventeen percent of urban
clients lived in low-distress areas, in contrast to only 4 percent of rural clients. Finally, for rural clients who
attended child/adolescent clinics (Duke, UNC, Eastern Carolina University or Wilmington) the mean distance
from a client's ZIP code to a clinic was 48 miles compared with 33 miles for urban dwellers. Adults had the
option of attending one of the two adult clinics, either at Duke or UNC. Adult clients in rural areas had to travel
an average of 76 miles compared, urban clients had to travel 55 miles. These statistics reveal a disparity in
socioeconomic conditions between urban and rural SCD clients, highlighting the fact that rural clients are worse
off or in more hardship than their urban counterparts.

Interference Index. Rural clients who have been living in relatively poor conditions reported that SCD
interferes less with their daily activities than similar reports from urban counterparts. The analysis showed that
50 percent of rural clients reported that SCD has moderate to high levels of interference compared with 53
percent of urban clients. A low level of interference was reported by 49 percent of rural clients compared with
47 percent of urban clients. However, when interference was adjusted for type of interference (whether
interference related to children or adults) and age (18 and younger or 18 and older), children in urban areas
reported fewer interference than children in rural areas – 46 percent rural vs. 40 percent urban. For adult clients,
differences in the level of interference between urban and rural clients was marginal. Therefore, urban-rural
disparity in interference with daily activities may not be apparent for older clients; however, rural children are
having a harder time coping with the disease than their urban counterparts.
Medical Problem Index. As expected, the study shows self-reported medical problems were higher for older
clients. However, the urban-rural disparity remains for both age groups: urban clients reported more medical
problems. Moderate to high medical problems were reported by 29 percent of urban clients compared with 25
percent of rural clients. For adults in urban areas, 78 percent reported moderate to high medical problems (of
which 19 percent reported high levels). Self-reported medical problems in the moderate to high group for
adults in rural areas were 71 percent (of which 15 percent reported high levels). These findings indicate that
rural clients are having less physical (medical-related) problems compared with urban clients; however,
children in rural areas report more interference in their daily activities. These relationships can be explained
using bivariate correlation analysis.

Bivariate Results. Bivariate correlation results reveal some important findings in addition to the clear
differences in socioeconomic condition between urban and rural areas. The correlation matrix in Table 5 shows
that CDI is positively associated with location (r=0.309; urban=1, rural =2), confirming that community distress
is higher in rural areas. Furthermore, CDI has an inverse association with medical index and interference index
(both indices weighted by age). This suggests that clients, who have a high CDI score are likely to have a lower
medical index score and interference index score. This would imply that clients who have higher levels of
medical problems and interference levels live in relatively prosperous neighborhoods (lower levels of CDI
levels). This may be a mitigating factor; however, the correlation also highlights a disturbing finding that
younger clients live in areas with a lower socioeconomic status or areas of high CDI scores (correlation between
CDI and client age= —0.135). As expected, the weighted medical problem index is highly correlated with
weighted interference index, which implies that clients with more medical problems tend to report more
interference with daily activities.
Utilization of Services Model: Spatial Mismatch Analysis. As described in the methodology section,
utilization of services is a ratio that describes for each ZIP code the total number of people who may be affected
by the disease (1 out of 475 blacks in North Carolina) and the total number who sought services in any of the
available comprehensive clinics. Therefore, utilization of services can be a useful measure in understanding the
urban-rural dichotomy as well as how utilization of services may be affected by socioeconomic conditions,
functional difficulties, severity of the disease and distance to clinics. We could hypothesize that as the distress
level of clients increases, utilization of services will decline. Similarly, other factors could be directly related to
clients' reluctance to seek services (such as severity of disease functional difficulties, distance to clinic), which
could have a negative impact on utilization of services.
To find how utilization of services could be affected by a profile of patients with SCD, a model was developed
with utilization of services as the dependent variable and other six variables as independent variables as follows:
UTS1= α+β1(DISTRESS1)+β2(INTF1)
+β3(WMEDICAL1)+β4(DISTANCE1)
+β5(LOCATION1) +β6(DISTANCE_SES1)
where UTS1=utilization of services in ZIP code 1; DISTRESS1=mean CDI of ZIP code 1; INTF1=mean
interference level of clients in ZIP code 1; WMEDICAL1=weighted (by age) mean medical problem level of

clients in ZIP code 1; DISTANCE1=mean clinic distance for clients in ZIP code 1; LOCATION1=location of
ZIP code 1 (urban= 1; rural=2); DISTANCE_SES1= (mean clinic distance from ZIP code 1) x (mean CDI of
ZIP code 1).

The regression results (Table 6) show that spatial location of clients clearly affects utilization of services.
Utilization of services is predicted to be higher if more clients from rural areas seek services in clinics (B5=
0.377), so that clients from rural areas are more likely to effect utilization of services in SCD clinics than clients
from urban areas. As predicted, the analysis further reveals that utilization of services is likely to decrease as
clients' socioeconomic condition deteriorates.
Therefore, rural clients who are in worse socioeconomic condition than urban clients will likely use fewer
services. Distance to a clinic could be a factor for their lower rates of utilization. Indeed, this was found to be
the case, although it was not statistically significant. The direction of the relationship predicts that the farther a
clinic is from its clients, the less rate of service utilization there is (134= -0.20). Therefore given that rural
clients, especially adult clients, live farther from clinics, many of them may not be able to afford to seek
services. When distance is interacted with distress an important finding has an intuitive appeal— utilization of
services is likely to increase if the number of clients who live far from a clinic and are in a high distress group
also increases (B6=0.466). From the point of view of SCD service providers, utilization of services will increase
when they reach out to distant clients who are in a highly distressed condition. In a nutshell, clinics can increase
their market share (utilization of services) by reaching out to clients in poor and distant neighborhoods of North
Carolina who are in need of such services but who are unable seek them because of their socioeconomic
condition. Finally, the weighted medical problem levels were inversely related to utilization of services.
Although the relationship was not significant, the direction implies that clients who have relatively more
physical problems tend to avoid seeking services, which, thereby negatively affects utilization of services. As
seen from the low interference coefficient, interference level may not be as important as clients' socioeconomic
condition or medical problems in influencing utilization of services. This may be the result of reporting.
Interference for children is generally reported by parents or guardians. Such indirect reporting highlights the
difficult reality of parental reporting of SCD interference and reporting in general.
Discussion
The study highlights some important findings regarding the socioeconomic condition and health status of clients
with SCD and the delivery of health care services in North Carolina. By using self-reported health data and
imputed SES data of 1,189 clients in North Carolina, the study reveals the socioeconomic disparity between
urban and rural clients with SCD. The implications of the findings are notable.

The direct impact of the differences in socioeconomic backgrounds among the young SCD population in urban
and rural areas may not be apparent. However, this study shows that they have important implications for health
care and delivery of services for clients with SCD who live in such deprived conditions. Research shows that
both access to care and care outcomes continue to be affected by such variables as socioeconomic status, race
and place of residence (Albrecht, et al., 1998; Cramer, 1987). Generally, distressed population often refers to
people in a central city or urban area; however, most of the rural areas in the United States are also seeing signs
of increasing distress. Challenges in rural areas have been compounded in recent years by the increasing income
and employment disparities that exist between urban and rural settings (Jensen and Tienda, 1989; Summers,
1991; Tolbert and Thomas, 1992; Hague, 1997). People in urban areas generally have access to more if not
better public services and health care than the rural counterparts. As suggested from this study, socioeconomic
factors do influence clients' access to health care. Persons with SCD who live in condition of distress are not
likely to utilize health care, as would be expected. In this case, socioeconomic factors are not necessarily a
direct cause of the disease, but a deterrent to improving the quality of life even though services are available.
People in high distress situations are likely to lack the social support that is needed to improve their health
status (Cassel, 1976; Faresjo, 1992). Indeed, it has been argued that rural minorities are among the most
medically understudied and underserved of all population groups in the country (Brathwaite and Taylor, 1992;
William, et al., 1994). Notable here is the distance of clinics from clients' actual place of residence. Anecdotal
evidence suggests that the farther a clinic is from home, it creates additional burdens for clients, especially those
with chronic conditions who must make regular visits to their care providers. Higher rates of utilization of
services may indicate a wider market for providers but at the expense of a client's suffering who is already in
poor health and also living in poor socioeconomic conditions. The limited availability of medical and health
care as well as other systems of support for adult clients need to be addressed, especially community-based
health care. These findings should be of particular interest to the state-level SCD program in North Carolina and
other states with a large rural population. Enhanced support for all persons with SCD in North Carolina,
particularly those in rural areas, is critical.
One limitation of our findings needs to be highlighted. The study uses the client's ZIP code and linked
socioeconomic data as a basis for determining CDI score. Such imputed values may not actually reflect a
client's real socioeconomic condition; however, such imputations are good proxies of the general socioeconomic
characteristics of the area in which a client lives.
Finally, as noted by Tomas Faresjo (1992), in the field of social epidemiological research, there is an increasing
need for the development of theoretical models and frameworks as support in the analysis of social factors and
health. By combining social factors with health, this study indeed is challenging, but one with great promise.

Furthermore, the study utilized a geographic information system, an innovative tool that has helped combine
data in creative ways in order to comprehensively conceptualize the problem into one snapshot. Particularly for
this study, geographic information systems have allowed the much needed integration of knowledge of social
science and health, a challenging exercise in understanding the problems, and better use of information and
technology. Indeed, as noted by Croner, et al. (1996), geographic information system databases offer new and
powerful opportunities for disease assessment and prevention.
Notes
1. Duke University Medical Center (adults, children and adolescents); the University of North Carolina
Medical Center (adults); and East Carolina Medical Center (children and adolescents).
2. All information was gathered for the black population only because SCD in the United States occurs
mostly in that population (95% of all cases).
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