POOR GLYCEMIC CONTROL INCREASES RISK OF HOSPITALIZATION IN URBAN AFRICAN

AMERICANS WITH DIABETES

Obijective: Hospitalizations due to diabetes
are more frequent among African Americans,
but risk factors are not known. We analyzed
data from an urban African American patient
population to identify variables associated with
hospitalizations attributable principally to di-
abetes.

Design: Demographic, disease, and metabolic
characteristics on patients seen in an out-
patient diabetes clinic during 1991 to 1997
were extracted from an electronic patient
tracking system. Data were linked to a state-
wide hospital discharge dataset to capture all
in-state hospitalizations from 1998 to 2001.
Persons who required a hospitalization for
diabetes were compared to the remainder of
individuals in the database.

Results: A total of 3397 diabetes patients
(average age 56 years; 65% women; 92%
African American) were included in the
analysis; 12% had a hospitalization primarily
due to diabetes. Persons with a diabetes
hospitalization were younger and had diabetes
longer, and fewer were women. In addition,
persons who had a diabetes-related hospital-
ization had evidence of poorer glycemic
control with higher hemoglobin A1C (HbA1C)
levels. Both the absolute change and rate of
decline in HbATC was less in persons who
were hospitalized. In adjusted analyses, dura-
tion of diabetes and HbA1C remained signif-
icantly associated with risk of a diabetes
hospitalization.

Conclusions: In this predominantly African
American patient sample with diabetes, poorer
glycemic control increased the chances of
hospitalization due to diabetes. Continued
efforts to aggressively control hyperglycemia
could decrease the need for a diabetes hospi-
talization in this population. (Ethn Dis. 2006;
16:880-885)
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INTRODUCTION

Diabetes mellitus is a major cause of
morbidity in the United States." More
than 7% of the US population is now
affected by diabetes, and its prevalence is
increasing.” Diabetes is expected to rise
dramatically over the next several years,
and the greatest increases are anticipated
to occur in minority populations.>*

The frequency of hospitalization is
increased among persons with diabetes.”
Diabetes is the fourth leading comorbid
condition associated with any US hospi-
tal discharge.6 In 2001 in the United
States, 562,000 hospital discharges listed
diabetes as a principal diagnosis, and >4
million listed diabetes as a codiagno-
sis.””® Nearly one third of diabetes
patients may require two or more
hospitalizations in any given year,9 and
inpatient stays account for the largest
proportion of direct medical expenses
incurred by persons with the disease."”

Diabetes disproportionately affects
minority populations, who have higher
disease prevalence' and more complica-
tions."'? Diabetes disparities also ex-
tend to hospitalization risk. African
Americans with diabetes have higher
rates of hospitalization due to diabe-
tes,">'* and the risk of being hospital-
ized for a diabetes-related cause is more
than twice as high among non-Hispanic
Blacks vs Whites.!> In addition, com-
pared to Whites, Blacks had a longer
length of stay and accrued higher
hospital charges when hospitalized for
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To identify which
characteristics are associated
with a diabetes
hospitalization, we analyzed
data from a large cobort of
African Americans with
diabetes who were receiving
care through an urban

outpatient clinic.

diabetes."” Diabetes-related diagnoses
were one of the major causes underlying
hospitalization in a cohort of patients
composed mainly of African Ameri-
cans.'® If effective risk assessment and
prevention strategies are to be developed
to reduce inpatient stays for African
Americans with diabetes, more infor-
mation is needed about the demograph-
ic, disease, or metabolic variables that
might increase the risk of a diabetes-
related hospitalization in this group. To
identify which characteristics are associ-
ated with a diabetes hospitalization, we
analyzed data from a large cohort of
African Americans with diabetes who
were receiving care through an urban
outpatient clinic.

METHODS

Patient Population

Patients selected for analysis were
adults =18 years of age who received
care through an outpatent diabetes



clinic affiliated with a county hospital
system located in metropolitan Atlanta,
Georgia. Previous reports have detailed
the characteristics of the patient popu-
lation served by the health system and
have consistently shown that members
typically lack health insurance, are low
income, mostly have type 2 diabetes,
and are African American.'” ™"

Beginning in 1991, a longitudinal
electronic diabetes patient tracking sys-
tem (DPTS) was established to record
demographic, pharmacologic, and met-
abolic parameters on all patients who
received care at the diabetes clinic. Over
the years, the DPTS has been used in
numerous and varied analyses, and its
validity is well established.'”'**> Dur-
ing a 10-year period (1992-2001), the
racial/ethnic mix of the diabetes patient
population has remained 90% African
American.”®

Data Extraction

The study population was the co-
hort of diabetes patients seen in the
clinic between 1991 to 1997. To
include discharge data from hospitaliza-
tions that occurred both within and
outside the public hospital system, we
extracted data from the DPTS on
patients who had a visit at the clinic
between 1991 and 1997 and linked this
file with the discharge dataset of the
Georgia Hospital Association (GHA)
for the calendar years 1998 to 2001.
The GHA did not start accruing full
calendar-year discharge information un-
til January 1, 1998, which is why our
hospitalization data begin with that
year. Nearly all the hospitals in the state
submit data to the GHA. The DPTS
provided the demographic variables,
disease characteristics, and metabolic
factors that were included in the analysis
to assess the risk of a diabetes-related
hospitalization.

The electronic file returned from the
GHA contained data on which patients
had a hospital discharge for the period
between 1998 and 2001. Discharges
principally due to diabetes were identi-
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fied by using International Classification
of Diseases, 9th Revision, Clinical Mod-
ification codes 250.xx; if a patient had
more than one diabetes hospitalization,
the date of the first diabetes-related
discharge was used to classify the patient
as having a diabetes hospitalization.
Thus, the DPTS patients were stratified
into two categories: those who had
a diabetes hospitalization (cases), and
patients who had no diabetes hospital-
ization (controls). The cases included
the subset of patients who only had
a diabetes discharge plus persons who
had a diabetes discharge but who also
may have had a discharge for some other
reason during 1998 to 2001. The
controls consisted of patients who had
no hospitalizations plus individuals who
had no record of a diabetes discharge
diagnosis but had a hospitalization for
some other reason.

Analytic Design

The diabetes clinic began recording
metabolic data in the DPTS in 1991.
Hospitalizations throughout the state of
Georgia were recorded in the GHA
discharge database starting in 1998.
Therefore, we evaluated how well data
between 1991 and 1997 (baseline
exposure period) could predict whether
a patient was hospitalized primarily
because of diabetes between 1998 and
2001 (hospitalization period). Thus, all
patients had known diabetes before the
hospitalization period, and the baseline
period represents the time when patients
would have been exposed to the meta-
bolic factors that might predispose to
a diabetes hospitalization. To be in-
cluded in the analysis, the DPTS had to
show that the patient was present in the
health system both during the baseline
exposure period and the hospitalization
period. The analysis was further limited
to patients who had type 2 diabetes.
During the baseline exposure period,
laboratory techniques to determine
hemoglobin A1C (HbA1C), lipids,
and urinary albumin/creatinine ratio
23,2527

did not change.
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Statistical Analysis

The following characteristics were
assessed: age, sex, race/ethnicity, diabe-
tes duration (self-reported), body mass
index, systolic blood pressure, HbA1C,
low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein (HDL)
cholesterol, triglycerides, total cholester-
ol, and urinary albumin/creatinine ratio.
Age was the patient’s age on December
31, 1997. Duration of diabetes was
from the time of reported diagnosis to
December 31, 1997. Body mass index
(BMI) was calculated by using the
height from the first visit at the diabetes
clinic between 1991 and 1997. Weight,
systolic blood pressure, HbA1C, LDL
cholesterol, HDL cholesterol, triglycer-
ides, total cholesterol, and urinary
albumin/creatinine ratio levels for the
analysis were from the most recent
annual average before 1998. Finally,
we calculated the absolute and annual
rates of change in metabolic markers
from the first annual average level to the
most recent annual average level for
persons who had data available for at
least two years.

The prevalence of characteristics and
mean levels was compared between the
“diabetes hospitalization” patients and
the “no diabetes hospitalization” pa-
tients. Statistical significance was calcu-
lated by using the Pearson % statistic or
the two-sample # statistic. In addition,
multiple logistic regression was used to
create a multivariable model. A forward
selection strategy was used because of
the large number of variables. Terms
were included in the model if the
nominal adjusted level of significance
was <<.001. Terms were also tested for
all pairwise interactions among factors
that were nominally significant at the
.05 level in the univariable comparisons.
Interaction terms were included in the
model if the nominal adjusted signifi-
cance level was <.0001. Models result-
ing from other inclusion criteria were
also explored, and these models were
compared by using the Akaike informa-
tion criterion. No other modeling
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strategy produced a model that im-
proved the statistic for model fit. The
diagnostic power for predicting diabetes
hospitalization with the multivariate
model was calculated by using the
jackknife method. We used receiver-
operating characteristics analysis to de-
termine the cutoff score that yielded the
highest likelihood ratio.”® Analyses and
procedures were approved by the in-
stitutional review boards of the partici-
pating institutions.

RESULTS

General Patient Characteristics

A total of 3397 patients with type 2
diabetes were included in the analysis
(Table 1). The average age was
56 years, 65% were women, and 92%
were African American. Mean diabetes
duration was 8.4 years, BMI was
32.5 kg/m*, HbA1C was 8.5%, systolic
blood pressure was 128 mm Hg, and
albumin/creatinine ratio was 2-mg al-
bumin to 1-g creatinine. Average lipid
levels were 134 mg/dL for LDL,
47 mg/dL for HDL, 170 mg/dL for
triglycerides, and 204 mg/dL for total
cholesterol (Table 1). Of these 3397
patients, 63% required hospitalization
for some reason but 12% had evidence
of a hospitalization with diabetes as the
principal diagnosis.

Characteristics of Diabetes vs
No Diabetes Discharges

Persons who had evidence of a hos-
pitalization principally due to diabetes
were slightly but significantly younger
but had diabetes longer compared with
persons without a diabetes discharge
(Table 2). Fewer women had evidence
of a diabetes discharge. Patients who
had a hospitalization for diabetes had
significantly higher average HbA1C
values during the baseline exposure
period compared to persons with no
diabetes hospitalization. No significant
differences were detected in race, BMI,
systolic blood pressure, LDL cholester-
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Table 1. General characteristics of 3397 diabetes patients

Characteristic Total Number Value*

Age, years 3397 56 (13)
Female sex 3397 65%
African American race 3397 92%
Diabetes duration, years 3397 8.4 (7.7)
BMI, kg/m? 3393 32.5 (7.8)
Hb1AC, % 3377 8.5 (2.4)
Systolic blood pressure, mm Hg 3381 128 (19)
Urinary albumin/creatinine ratio, mg/g 303 2.0 (1.6)
Lipids, mg/dL

Low-density lipoprotein 3295 134 (40)

High-density lipoprotein 3389 47 (15)

Triglycerides 3389 170 (190)

Total cholesterol 3391 204 (49)

* Data are mean (standard deviation) or frequency (percentage).

BMI=body mass index; HbATC=hemoglobin A1C.

ol, HDL cholesterol, triglycerides, total
cholesterol, or urinary albumin/creati-
nine ratio (Table 2).

Changes in Metabolic Variables

To assess the magnitude of changes
in metabolic variables occurring over
time, we calculated the absolute change
for all patients from the first annual
average level to the most recent average
annual level for persons who had data
available for at least two years. During
the baseline exposure period, BMI
(n=2082) increased overall an average
(% standard deviation) of .5 * 3.0 kg/
m?, HbA1C (2=2020) declined by .5%
* 2.7%, and systolic blood pressure
(n=2085) increased 5 * 20 mm Hg.
Low density lipoprotein (LDL) choles-
terol (n=1191), triglycerides (n=
1241), and total cholesterol (»=1694)
decreased an average of 13 * 36, 5 *
200, and 9 *= 46 mg/dL, respectively,
and HDL cholesterol (#=1238) and
urinary albumin/creatinine ratio (#=
52) increased by 4 = 11 mg/dL and
.5 * 1.7 mg/g.

When comparing the absolute
change in average values of the meta-
bolic variables during the baseline
exposure period, persons who had a di-
abetes hospitalization had less of a de-
cline in the absolute value of HbA1C.
Hemoglobin A1C (HbA1C) decreased
an average of .2% in the diabetes
hospitalization group but .6% in the
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no diabetes hospitalization group
(P=.05). Low-density lipoprotein
(LDL) cholesterol decreased less (by
5 mg/dL) in the diabetes hospitalization
group compared to the no diabetes
hospitalization patients (decreased by
13 mg/dL, P=.02). The rate of decline
in HbAIC was also lower in the
diabetes hospitalization patients. In the
diabetes hospitalization group, HbA1C
fell an average of .1% per year, but
declined by .3% per year in the no
diabetes hospitalization patients
(P=.04). No significant differences in
rate of change were seen in the other
metabolic variables.

Variables Associated With a Risk
of Diabetes Hospitalization

A regression model (Table 3) was
constructed to determine which vari-
ables were predictive of having a diabetes
hospitalization. The risk of hospitaliza-
tion primarily due to diabetes rose with
increasing diabetes duration and with
higher HbA1C levels. The regression
model yielded a simple equation score
that evaluated the likelihood of having
a diabetes hospitalization in this popu-
lation. The equation to calculate the
score is:

Score = —3.86 + .0405 %
diabetes duration (years) +

.167 * HbAIC (%)
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Table 2. Differences between patients with or without diabetes hospitalizations

Diabetes Hospitalization

No Diabetes Hospitalization

Characteristic Value* No. Value* No. P value
Age, years 54 (13) 407 57 (13) 2990 <.001
Diabetes duration, years 10.8 (8.5) 407 8.0 (7.5) 2990 <.001
Female sex 55% 407 66% 2990 <.001
African American race 93% 407 91% 2990 .25
BMI, kg/m2 31.9 (7.4) 407 32.6 (7.9) 2986 .06
HbA1C, % 9.5 (2.7) 402 8.4 (2.4) 2975 <.001
Systolic blood pressure, mm Hg 127 (21) 401 129 (19) 2980 49
Lipids, mg/dL
Low-density lipoprotein 136 (41) 396 134 (39) 2899 44
High-density lipoprotein 48 (16) 406 47 (15) 2983 15
Triglycerides 170 (200) 406 170 (190) 2983 .58
Total cholesterol 206 (52) 406 204 (49) 2985 .37
Urinary albumin/creatinine ratio, mg/g 2.3 (1.8) 50 1.9 (1.5) 253 .08

* Data are mean (standard deviation) or frequency (percentage).

BMI=body mass index; HbATC=hemoglobin A1C.

A patient with a score greater than —.94
had a 28% chance of having a hospital-
ization due to diabetes within the next
three years, while a patient with a score
not greater than —.94 had a 12%
chance of hospitalization due to diabetes
within the next 3 years.

DISCUSSION

Recent data have shown that non-
Hispanic Blacks have high rates of
hospitalization attributable to diabe-
tes.'>"'° The economic impact is greater
as well; non-Hispanic Blacks require
a longer length of stay and accrue
greater hospital charges.ls’w However,
lictle data describe what factors may
increase hospitalization risk in African
American patient populations.

We used a large, well-established
clinical database to assess variables
associated with a diabetes hospitaliza-

tion in what historically has been
a disadvantaged African American pa-
tient population. Although the patients
in our sample obtained care through an
outpatient diabetes program of a large
urban public hospital system, they still
could have sought hospitalization else-
where, and previous data indicated that
44% of patients seen in the clinic were
admitted to some other facility.16 The
ability to link our clinical data with
a larger, state-level discharge data ware-
house permitted us to include most
discharges occurring in Georgia. In the
adjusted analysis, diabetes duration and
HbA1C were both significantly associ-
ated with the likelihood of having
a hospitalization principally for a diabetes
cause. The equation that describes the
relationship between these variables and
a diabetes hospitalization may be useful
in the assessment of risk in the outpatient
setting for this study population and
requires prospective evaluation.

Table 3. Results of multiple logistic regression model and variables significantly

associated with a diabetes discharge*

Factor OR 95% CI P value
Diabetes duration, per 10-year increase 1.50 1.33-1.69 <.001
HbA1C, per 3-percentage point increase 1.65 1.46-1.86 <.001

* Compared with ““no diabetes hospitalization” group; other variables in Table 2 are not significant.

OR=o0dds ratio; Cl=confidence interval.

Data from the United Kingdom
Prospective Diabetes Study indicate that
as the duration of diabetes increases,
hyperglycemia worsens.””?° Our analy-
sis indicates that longer diabetes dura-
tion is also related to the risk of
hospitalization. Prior reports on the
association between the severity of
glycemic control and risk of hospital-
ization are limited but suggest that
higher HbA1C levels are associated with
more inpatient stays.”' We found
a similar relationship in our data, in
which higher HbA1C levels significantly
increased the chances for a diabetes-
related hospital stay.

While diabetes duration is not
a modifiable risk factor, glycemic con-
trol can be improved with effective

In the adjusted analysis,
diabetes duration and
HbAIC were both
significantly associated with
the likelihood of having

a hospitalization principally

for a diabetes cause.
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outpatient management; control of
hyperglycemia can reduce diabetes com-
plic;ltiotls,29‘30’32 and that reduction in
HbA1C can lead to lower healthcare
utilization and a potendally positive
economic impact on the healthcare
system.33735

What is less clear is whether out-
patient improvements in HbA1C lower
the number of hospitalizations among
diabetes patients.’® Previous analyses,
however, aggregated all hospitalizations
and did not distinguish between the
different diagnoses.3 > Glycemic control
would not likely have any impact on
hospitalizations due to such causes as
trauma, elective procedures, or psychi-
atric diseases, so when assessing the
connection between glycemic control
and hospital risk among diabetes pa-
tients, specific diagnoses should be
considered. Given the relationship be-
tween outpatient HbA1C and risk of
diabetes hospitalization in our data,
closer collaboration between the hospi-
tal system and its outpatient affiliates to
promote good glycemic control in the
ambulatory setting would seem reason-
able and could decrease the effect of the
disease on the acute care facility.

Our retrospective study design and
DPTS dataset
imposed some limitations on our anal-

ysis. Although the DPTS contains
pharmacotherapy data, numerous med-

the structure of the

ication classes are available to treat
hyperglycemia, and the complex and
changing types and doses of medications
that most likely occurred during the
baseline exposure period preclude in-
corporating them into a retrospective
study design. Furthermore, the patients
we studied received care from a specialty
outpatient diabetes program with exten-
sive experience in caring for urban
African Americans. Therefore, the vari-
ables associated with a diabetes hospi-
talization in this group, and the associ-
ated equation derived from the
regression model, may not apply to
other types of clinical settings or to
other racial/ethnic populations.

884

Despite these limitations, our study
provides insight on variables that in-
crease the risk for a diabetes hospital-
ization in this largely African American
patient population. These variables can
be incorporated into a model that may
be useful in assessing outpatients at risk
for a hospitalization. Although diabetes
duration cannot be modified, hypergly-
cemia can be effectively managed.
Additional studies are needed to de-
termine whether good glycemic control
translates into lower rates of hospital-
ization due to diabetes in African
American patients such as the one
studied here.
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