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Abstract

State Level Differences in Diabetes Care Behaviors

By Rachel Ogilvie

Diabetes is a major problem in the United States but engaging in specific diabetes care
behaviors can lessen the disease’s complications. Healthy People 2020 is a set of national health
goals which include targets for diabetes care behaviors such as self-monitoring of blood glucose
(SMBG), biannual HbA I¢ tests, diabetes education, and annual foot examinations. These
preventative and self-management behaviors have determinants at multiple levels, including the
state level. Therefore, the purpose of this study was to determine if there were state-level
differences in the proportion meeting the recommendations for the diabetes care behaviors,
whether these differences changed over time, and what their state-level determinants are. Data
from 2000-2010 Behavioral Risk Factor Surveillance System (BRFSS) were used to generate
age-adjusted prevalences for each behavior across all years and in two time points: 2000-2005
and 2006-2010. Results indicated that there were disparities by state, but no large changes
occurred over time. Few states are currently on track to meet the Healthy People 2020
objectives. Only HbA 1c had one significant state-level predictor, proportion on Medicaid, and
SMBG had two significant state-level predictors, proportion female and proportion on Medicaid.

Implications and directions for future research are discussed.
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Chapter 1

Diabetes is one of the most serious medical problems facing America today. In
2010, diabetes was the 7th leading cause of death in the United States, due to its
associations with microvascular and macrovascular conditions such as peripheral
neuropathy, limb amputation, stroke, myocardial infarction, and retinopathy.'? In 2007,
$27 billion was spent to directly treat diabetes, $58 billion was spent to treat diabetes-
related chronic complications, $31 billion was spent in excess general medical costs, and
$58 billion was lost due to reduced national productivity.” The epidemic of diabetes is
only expected to worsen as the prevalence is projected to increase to 21-33% by 2050.*
Because diabetes is associated with serious health conditions and its burdens are expected
to increase, it is important to find ways to prevent or delay the disease’s hazardous
outcomes. Therefore, the purpose of this study is to examine how one method of
preventing diabetes complications, diabetes care behaviors, varies by state and over time.
Diabetes Epidemiology

As 0of 2011, 25.8 million people in the United States had diabetes, which
represents 8.3% of the population. This estimate includes 7 million people with
undiagnosed diabetes.” The prevalence is much higher in older age groups, where 26.9%
of people aged 65 years or older have diabetes. In contrast, only 3.7% of people aged 20-
44 have diabetes and 13.7% of people aged 45-64 have diabetes. Nationally
representative data also indicated that there are racial disparities in diagnosed diabetes.
Estimates show that 7.1% of non-Hispanic Whites, 12.6% of non-Hispanic Blacks, 11.8%

of Hispanics, 8.4% of Asian Americans, and 14.2% of American Indians/Alaska Natives



have been diagnosed with diabetes.” The risk of diagnosed diabetes in a nationally
representative sample was 77% higher among non-Hispanic Blacks, 66% higher among
Hispanics, and 18% higher among Asian Americans, compared to non-Hispanic Whites.’
In 2010, there were no major sex differences, with 11.8% of men and 10.8% of women
having diagnosed diabetes.” Although the data are less recent, studies have indicated that
the prevalence of diabetes is higher for those in the lowest income quartiles.’®
Additionally, the same studies have indicated that the prevalence of diabetes has
increased more from the 1970s to the 2000s for those in lower socioeconomic groups
compared to the higher groups.’
Diabetes Care Behaviors

Although diabetes affects people from a variety of demographic groups, some of
its worst complications like peripheral neuropathy, amputations, stroke, and other
conditions can be prevented or decreased when people with diabetes engage in key health
behaviors.” Some of these behaviors include self-monitoring blood glucose levels daily,
getting HbA Ic levels tested twice a year, annual foot examinations, and attending
diabetes education classes.®” According to the American Diabetes Association, the
primary purpose of self-monitoring blood glucose levels (SMBG) is to help manage and
evaluate people with diabetes.'’ Specifically, the practice can be used to maintain
glycemic control and prevent hypoglycemia.'' By collecting information about blood
glucose levels at many time points, people with diabetes can learn how to maintain a
more constant glucose level. Using this information, they can adjust their diet, physical

activity, and insulin to improve daily glycemic control.



Obtaining an HbA 1c measurement twice a year can also help maintain glycemic
control by measuring the amount of glycosylated hemoglobin in the blood. This test
differs from the daily monitoring of blood glucose because it measures glycemic control
over a period of months rather than days. As a result, it gives people with diabetes and
their health care providers important information about their long term control over their
glycemic levels. Since it gives information about long-term control, the HbA 1c test does
not provide useful information on glycemic variability in the short term."?

Annual foot examinations are another important behavior because 30% of people
with diabetes have reduced sensation in their feet. In this population, the lifetime risk of
developing a foot ulcer is 15% and severe neuropathy can lead to amputation of the lower
limbs.” A regular foot exam can prevent many of these serious factors. During a foot
examination, people with diabetes have their history and symptoms taken and their feet
examined for dermatological, musculoskeletal, neurological, and vascular problems.”” A
trained physician or podiatrist can screen for sensory loss, vibratory sensation, pinprick
sensation, ankle reflexes, and vibration perception threshold during this exam. After the
examination, an individual is assigned to one of four foot risk categories, which
determine appropriate treatment and follow-up.

The final diabetes care behavior examined in this study is diabetes education. The
purpose of diabetes education is to facilitate self-care by focusing on the needs, goals,
and experiences of people with diabetes.'* Its main objectives are to promote problem
solving, informed decision making, self-care behaviors, and collaboration with the
greater health care team to improve health and quality of life. Although there is no best

approach to diabetes education, successful programs use behavioral and psychosocial



methods and are tailored to appropriate age and cultural groups.'* The diabetes education
curriculum teaches about the disease and its treatment, incorporating good nutrition and
physical activity into daily life, using medication safely, monitoring blood glucose,
developing personal strategies for psychosocial issues and behavior change, and
preventing, detecting, and treating both acute and chronic complications of diabetes.'*
Despite the importance of these four health behaviors, many people with diabetes

engage in them at suboptimal levels.'>'®

Increasing the prevalence of these behaviors is
one of the goals of Healthy People 2020, a series of national objectives designed to
improve American health. For these four health behaviors, the HP2020 goals are to
increase the proportion of adults getting an annual foot examination to 74.8%, to increase
the biannual percentage of glycosylated hemoglobin measurements to 71.1%, to increase
the proportion of people with diagnosed diabetes who receive formal education to 62.5%,
and to increase proportion of adults who take daily self-measurements of their blood
glucose to 70.4%."
Rationale for State-level Analysis

Although Healthy People 2020 is a series of national level goals, the states have
some influence on health outcomes, particularly in terms of insurance. In 2010, 83.7% of
the US population had some sort of health insurance. Most adults under the age of 65
receive employer-based health insurance but the percentage varies by state. This
variation results from the effect that demographics, employment characteristics, state
policy, and local health system characteristics have on the likelihood of being covered by

an employer plan and the difference in the distribution of these factors across the states.”

Additionally, individual states determine the eligibility for public programs such as



Medicaid through income limits, which can further exacerbate already existing insurance
disparities.”’ Although 20% of the total US population was enrolled in Medicaid in 2009,
state level participation ranged from 11% in Utah to 30% in California.* Through these
two factors, eligibility for certain insurance programs can vary based upon an
individual’s state of residence. This difference in insurance coverage creates the
potential for geographic disparities in diabetes care behaviors.

In addition to state level differences in health insurance, there are also state level
differences in diabetes care programs. The Centers for Disease Control and Prevention
(CDC)’s Division of Diabetes Translation provides funding for diabetes prevention and
control programs for each of the 50 states and Washington D.C.> This funding goes to
the state health departments but sixteen departments received expanded funding, which
creates the possibility of disparities. This funding addresses various aspects of diabetes
in different states. For instance, the Georgia Diabetes Prevention and Control Program
focuses on diabetes data surveillance and evaluation, access to diabetes self-management
education and preventive care resources, quality of care, health equity, public policy, and
health communication.”* In contrast, the Minnesota Diabetes Program focuses on
leadership and coordination; prevention, health promotion, and community engagement;
clinical care improvement; monitoring and evaluation; and health communications.”
Because state health departments may have different priorities, it creates the potential for
state-level disparities in diabetes care behaviors and outcomes.

Additionally, some states have enacted legislation that targets diabetes research,
education, prevention, and management. In the 2011-2012 legislative sessions, 18 states

passed 41 bills related to diabetes. In older sessions, bills were proposed and/or passed



addressing a diabetes month or day, disparities, prevention, reporting of self-
identification, and research, among others.”® Overall, 46 states have some type of law
that requires health insurance to cover diabetes treatment. Specifically, Mississippi,
Missouri, and Washington require insurers to offer coverage for diabetes treatment but do
not require this coverage to be included in all active policies. The states of Alabama,
Idaho, North Dakota and Ohio also have no diabetes treatment insurance requirement or
mandate.”” Because the states have different policies and legislation, it creates the

potential for state level disparities in diabetes care.

Andersen’s Behavioral Model of Health Services Use

Figure 1
PREDISPOSING ——p ENABLING __ NEED —» USE OF
CHARACTERISTICS RESOURCES HEALTH SERVICES
Demographic Personal/Family Perceived
Social Structure Community (Evaluated)
Health Beliefs

Besides state-level factors, individual level factors can also influence uptake of
diabetes care behaviors. Andersen’s Behavioral Model of Health Services Use is one
model that can explain quality of care behaviors in people with diabetes, including
potential disparities (Figure 1). ** This model suggests that the use of health services is
based on predisposing, enabling, and need components. Although the family was the unit
of analysis in the original model, the focus was changed to the individual because it is
easier to measure.” The predisposing component posits that some individuals are more

prone to use health services than others, based on their demographics, social structure,



and health beliefs. Demographics include factors like age, sex, and marital status.
Although these factors may not be direct reasons for engaging in diabetes care behaviors,
there are specific health problems that only affect people of certain ages and genders, so
they may seek health services in varying amounts. For example, a healthy young man
will probably seek medical care less than a woman who is just entering menopause. The
second part of the predisposing component, social structure, refers to an individual’s
status in society, ability to cope with problems, ability to find resources to deal with
problems, and the healthiness of the physical environment.” Typically, this construct has
been operationalized through income, education, and ethnicity. Social networks and
interactions can also be considered part of this section of the component. The third
portion of the predisposing component, health beliefs, refer to attitudes, knowledge, and
values that people may have about health and health services.”

The second component, enabling resources, makes health resources available to
individuals.”® This availability can occur on two levels. Individuals must have health
services and personnel in close proximity to where they live and work, but they also need
a means to access and use these services. Because enabling resources can refer to means
and geographic proximity, this component can occur on both the individual and
community levels. Measures for this component may include income, health insurance
status, region, physician-population ratio, and regular access to care.

The final component of Anderson’s model is need, which represents the most
immediate determinant of health service use.”® This component can be broken down into
perceived and evaluated aspects. Perceived need reflects how individuals view their own

health and well-being, so it has many social determinants. It includes how individuals



experience the illness state and whether they judge their health state to be serious enough
to seek medical attention.”” Although evaluated need can also have social determinants,
it is more objective because it reflects a professional’s opinion on the need for medical
care. This type of need is related to the type of treatment an individual will receive when
they eventually go to a health care provider.

These three components all contribute to the utilization of health services. This
utilization behavior can be divided into a discretionary component, which involves
individual choice, and a non-discretionary component, which reflects the individual’s
physical condition.” The use of services can relate to a specific disease or illness,
including diabetes care and behaviors. For this study, Anderson’s model helps illuminate
predictors of diabetes care behaviors.

Research questions
Because a variety of factors can contribute to disparities at the state level, it is
important to investigate differences in diabetes care behaviors. Based on this
information, this study has three research questions.
1. How does the proportion of people with diabetes meeting the
recommendations for daily blood glucose self-monitoring, biannual
HbA1C measurements, annual foot examination, and diabetes education
vary by state? Based on previous research, we hypothesize that there will
be state-level differences in these diabetes care behaviors.
2. Has the percentage of people with diabetes who meet the

recommendations for these behaviors changed over time? Although the



research is limited, we hypothesize that the prevalence of the four diabetes
care behaviors has increased over time.

What are the state-level predictors of the change in the prevalence of
diabetes care behaviors? Using Anderson’s Model, we hypothesize that
many predisposing and enabling factors will be significant predictors of

the change over time in the four diabetes care behaviors.
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Chapter 2 — Literature Review

Diabetes is a major health problem in the United States.'*’

Diabetes care
behaviors play an important role in preventing complications related to diabetes,
including myocardial infarction, microvascular complications, and amputations.®® These

. . . . . . . 30 31.32
behaviors have a variety of determinants, including intentions,” self-efficacy,”"

. 33 34,35
location,” and age,”™

among others. Disparities in diabetes care behaviors were also
found between the different racial/ethnic and income groups.’®*’ Several studies have
described the surveillance of these behaviors on the national level,'*'®*® but few have
examined them by state or have looked at state level determinants.>”
Daily Blood Glucose Self-Monitoring and HbA1C Measurement

The earliest studies on glycemic levels found that individuals with type II diabetes
who maintained tight glycemic control had a reduced risk of microvascular
complications, myocardial infarction, and cataract extraction, while those with higher
glycemic levels had an increased risk of diabetic complications.”*’ Additionally,
continuous improvements in glycemic control among people with diabetes have been
associated with reduced health care costs and utilization.” In a recent meta-analysis of
randomized control trials, increased glycemic control was associated with lower
incidence rates of peripheral vascular disease and stroke.** This research demonstrates the
importance of improving and maintaining glycemic control in patients with diabetes, and
subsequently the importance of HbAlc tests and daily self-monitoring of blood glucose.
Annual Foot Examination

Several studies have been conducted on the importance of foot examinations for

people with diabetes. Individuals with diabetes and a history of foot ulcers who had

regular foot care were less likely to have a recurrence of ulcerations compared to those
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who had no care.” In another study, participants who were randomly assigned to a foot
screening program had significantly fewer amputations compared to those participants in
a non-treatment control group, which resulted in cost-effectiveness due to amputations
prevented.* Additionally, individuals with diabetes who received a foot care
intervention were less likely to have serious lesions and more like to engage in self-
monitoring foot care behaviors than those who did not receive the program.® Overall,
these studies indicate the important health benefits and cost savings that come when
people with diabetes receive annual foot examinations.
Diabetes Education

Many studies have found that diabetes education programs have several beneficial
effects. One review study found that people with type 2 diabetes who took part in self-
management education classes experienced significantly greater decreases in
glycosylated hemoglobin compared to those in the control group.” Another review of the
literature demonstrated that 18 of 26 studies found diabetes education programs to be
associated with cost effectiveness, cost savings, return on investment, or decreased cost.®
Additionally, people who had received diabetes education used more preventive services,
fewer acute services, lower claims costs, and higher rates of compliance.*® Together,
these studies indicate the important effect that diabetes education has on health outcomes
and costs.
Determinants of and Disparities in Diabetes Care Behaviors

Because each of the diabetes care behaviors involves a different aspect of the
health care system, each has different factors which determine whether individuals with
diabetes engage in them on a regular basis. For self-monitoring of blood glucose,

research has shown that implementation desire and implementation intentions mediate the
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relationship between diabetes goal intentions and daily blood glucose monitoring.*’
Additionally, self-efficacy was associated with self-monitoring of blood glucose levels in
a variety of populations, including diverse and European samples.’"** Another cross-
sectional study of managed care patients in eastern Massachusetts used objective
measures of self-monitoring and found that low neighborhood socioeconomic status, old
age, fewer Alc tests and fewer doctors’ visits were associated with decreased rates of
SMBG. **

Studies have also examined disparities in self-monitoring of blood glucose. One
study found that among those with incomes over $20,000, Blacks and Hispanics engaged
in SMBG at lower rates than Whites. However, among those with incomes under
$20,000, Hispanics engaged in significantly less SMBG than Blacks and Whites.”’
Additionally, Hispanics of low-income who were proficient at English engaged in SMBG
at higher rates than those Hispanics who were not. Other research has also found that
Hispanics are significantly more likely to never monitor their blood glucose levels
compared to other racial and ethnic groups.*

Research has also examined determinants of attending a diabetes education class.
In an older study on determinants of attending a diabetes education class, a larger
percentage of individuals with diabetes who received insulin treatment attended diabetes
education classes compared to those who did not received insulin treatment.” For those
not treated with insulin, higher education, diabetes complications, young age were
associated with attending a diabetes education class. In an older predominantly African
American population in Philadelphia, women, those on insulin, and the more obese were

more likely to have attended a diabetes education program. Barriers to attendance
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included a lack of awareness that the programs existed, misperceptions about insurance
coverage, structural barriers such as time and transportation, and health beliefs, like lack
of motivation and denial of the seriousness of diabetes.*” More recently, shorter diabetes
duration, regular primary care, regular diabetes specialist care, and being single were all
predictors of attending a diabetes education class.*®
Other studies have examined disparities in diabetes education. One recent

nationally representative study found that non-Hispanic Blacks in urban areas were the
most frequent recipients of diabetes education. In this study, people in the south received
little diabetes education and those with no insurance received less diabetes education than
those with insurance.”® Additionally, among those making less than $20,000 a year,
Blacks and Whites engaged in similar rates of diabetes education, while Hispanics
participated at lower rates. Low-income Hispanics who were proficient at English
engaged in diabetes education at higher rates than those who were not proficient at
English. There were no racial disparities among those making more than $20,000.”

Fewer studies have examined determinants of annual foot examinations or HbA1C
tests, but several studies have examined disparities with differing results. One study
examined racial differences in the proportion of diabetics who get an annual foot exam
and found that blacks were less likely than whites to have this procedure completed.*
Another nationally representative study found that Asians were less likely than Whites to
meet the recommendations for HbA lc tests and annual foot examinations, Hispanics
were less likely than Whites to receive an annual foot examination, but Blacks were more

likely than Whites to have received a foot examination.® However, another study of
y Yy
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Veterans Affairs facilities found no racial disparities in receiving either foot examinations
or HbAlc tests.”!

Although few studies examined determinants, both procedures involve visiting a
health care professional and submitting payment for a medical procedure, which suggests
that insurance policies can affect whether individuals with diabetes receive necessary
care. Previous nationally representative research has indicated that uninsured individuals
under 65 are less likely to receive annual foot examinations and HbA lc¢ tests, as well as
report self-monitoring of blood glucose and attendance at diabetes education classes.>
Additionally, in a sample of patients at Federally Qualified Health Centers in Oregon,
those with consistent health insurance are more likely to receive diabetes preventive
health care compared to those with no insurance or partial insurance.’®
Surveillance of Diabetes Care Behaviors

Because daily blood glucose self-monitoring, twice yearly Alc measurements,
annual foot examinations, and diabetes education classes are so crucial, it is important to
determine how many people with diabetes engage in these behaviors. The first cross-
sectional studies only examined the diabetes care behaviors at one time point. An early
study from the 1994 BRFSS found that 78% of people with diabetes had ever self-
monitored their blood glucose levels, and that 61% of people with diabetes had a foot
examination in the last year.'” People not on insulin, those of younger age, those with
less education, and those without health insurance were less likely to receive these
services. In 1995, 38% of individuals with diabetes self-monitored their blood glucose at
least once a day, 28.8% had at least one A1C test in the past year, and 54.8% had an

annual foot examination." In this sample, people with diabetes that used insulin were
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more likely to have an annual foot exam and poor glycemic control compared to those
diabetics that did not use insulin.

Later studies examined the behaviors at two time points. One of these studies
used BRFSS data from 1995 and 2001 and found that the proportion of people with
diabetes who engaged in daily self-monitoring of blood glucose increased from 38.1% to
54.1% and the proportion who had an annual foot exam increased from 56.6% to
64.5%.'° Another study that also used two time points found small increases. In 2000
and 2003, the age adjusted percentage of people engaging in annual foot exams
significantly increased from 63.7% to 69.3%, while the percentage of people receiving
the biannual HbA1C test experienced a non-significant increase from 68.3% to 69.5%.>
A third study that used BRFSS data from 1995 and 2002 also found increases between
these two time points. Annual foot examinations increased from 64.5% to 68.3% and
self-monitoring of blood glucose increased from 38.5% to 55.1%. Diabetes education
was only measured in 2002 and was 54.9%.'® Only one study examined trends in
Medicare beneficiaries and found that from 1992 to 2001 the rate of HbA1C testing rose
by 44.7 percentage points while the self-monitoring of blood glucose levels rose 37.7
points during the same time period.>

Very few studies have compared diabetes care behaviors among states. One study
that examined the national prevalence of obesity and diabetes also produced state level
maps and tables, which indicated that Alabama had the highest prevalence of diabetes
and Minnesota the lowest.” Another study that examined state disparities at two time
points found that in 2000 the percentage meeting the Healthy People 2010 target for

annual foot examinations ranged from 42.1% to 85.1%, while in 2003 the range was
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47.0% to 82.4%.” For the biannual HbA1C test, the range was 40.5% to 80.5% in 2000
and 53.6% to 85.5% in 2003. In this sample, states with low baseline rates in 2000 were
more likely to show an increase or maintain baseline, while high baseline rates in 2000
were more likely to decrease in 2003.
Theory applications

Several studies have used Anderson’s Behavioral Model of Health Service Use to
examine diabetes in national datasets. In one relevant study, researchers used the model
to determine characteristics that affect adherence to diabetes care behaviors among sub-
populations in the 2005 BRFSS. *® This study found that in groups with the lowest levels
of adherence to diabetes care behaviors, need and predisposing characteristics were the
best predictors, as operationalized by factors like fewer years with diabetes, no diabetes
education, high self-rated health, younger age, male gender, employment, and a high
school education or less. In contrast, for the groups with the most adherence to the
behaviors, need components were the most important, which the researchers defined as
having more than 9 years of diabetes, some diabetes education, older age, yearly
household income over $20,000, poor self-rated health, no eye disease, non-smoking
status, and adequate consumption of fruits and vegetables.™

Another study used the Medical Expenditure Panel Survey to examine racial
differences in diabetes preventive care. The study chose to only examine the
predisposing and enabling components of the model because all individuals with diabetes
are encouraged to have preventive care. Specifically, they chose to focus on race, age,
gender, rurality, income, and insurance as determinants of diabetes care behaviors. They

found that African Americans and Whites were less likely to engage in diabetes care
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behaviors than whites, and that the enabling factors, especially health insurance status,
mediated the relationship between race and diabetes care.”’ Combined, the results of
these studies demonstrate that Anderson’s model can be successfully applied to diabetes
care behaviors in population datasets.
Summary

This review has made several gaps in the literature clear. Few studies have
examined the proportion of individuals that are meeting the recommendations for
diabetes care behaviors on a national level. In the studies that have examined these
behaviors, most analyzed them in only one or two years, so the long term change in these
behaviors over time is not clear.'®'” It is important to examine these behaviors over time
to determine whether diabetes care is improving in the United States and where diabetes
policy and programs need to be directed. Even fewer national level studies have
examined inter-state variations in diabetes care behaviors. Because state legislatures
influence health insurance and policy, there is the potential for geographic disparities, so
it is important to examine differences among the states. Additionally, few studies have
examined predictors of the diabetes care behaviors, especially at the state level, but many
studies have found racial and ethnic disparities. In order to properly tailor diabetes
programs, it is important to determine what factors best predict meeting the
recommendations for the behaviors. To fill these gaps, we will examine whether
disparities in diabetes care exist at the state level, how these disparities have changed

over time, and what factors best predict the behaviors at the state level.
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Chapter Three - Methods

Participants. The participants for this study were respondents to eleven years of
data from the Behavioral Risk Factor Surveillance Survey (BRFSS) from 2000 to 2010.
Funded by the Centers for Disease Control & Prevention (CDC), BRFSS is the world’s
largest telephone-based survey system and has been run by state health departments since
1984. The purpose of BRFSS is to provide state specific estimates of behaviors that
explain many of the leading causes of death in the United States, and when pooled can
provide representative national-level estimates. It consists of a core question set that all
states complete and optional modules that individuals states may elect to complete.
Previous research has found that most of the questions on BRFSS have at least moderate
reliability and validity.”® The total number of participants per year has ranged from
184,450 in 2000 to 451,075 in 2010. Starting in 2004, the question assessing diabetes
status was “Have you ever been told by a doctor that you have diabetes?” Possible
responses are Yes, Yes during pregnancy, No, No prediabetes or borderline diabetes,
Don’t Know/Not Sure and Refused. In 2003 and earlier, the question was “Have you ever
been told by a doctor that you have diabetes?” with possible responses of Yes, Yes but
female told only during pregnancy, No, Don’t Know/Not Sure and Refused. Previous
research has demonstrated that self-reported diabetes status has adequate sensitivity and

-61
59-6 To

high specificity when compared with objective measures of fasting glucose.
combine questions, anyone responding with prediabetes or borderline diabetes was coded
as not having diabetes. For this study, all analyses were restricted to individuals who

reported having diabetes. People with gestational diabetes, prediabetes or borderline

diabetes, or no diabetes were dropped from the dataset.
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Procedure. Because households are the main sampling unit in the BRFSS, state
health departments use multi-stage sampling to select a probability sample of participants
by phone through random digit dialing. Residential telephone numbers are drawn from
two lists, a high density list and a medium density list, and numbers in the high density
stratum are sampled at the highest rate.®” Cell phones were not fully incorporated until
2011. Ineligible households include vacation homes, group homes, and institutions. All
household members 18 years and older were considered eligible, even if they are not
home at the time of the call. People who do not live in the home on a permanent basis
are not included in the study. Any eligible person who refuses to be interviewed is
contacted one additional time by another interviewer. For all questions, participants are
assured of confidentiality. States conduct the survey on a monthly basis and send their
results back to the Centers for Disease Control and Prevention for editing, weighting, and
analysis. Through 2010, results were weighed using post-stratification method, which
weighted the results according to the population proportions of age, race and ethnicity,
sex, and geographic region. Further information can be found on the BRFSS website.*

Outcome Measures. For this study, the outcome measures were the four Healthy
People 2020 diabetes objectives present in BRFSS optional diabetes module. All states
did not complete this module every year during the eleven year period, which resulted in
a large number of missing values. Once these missing values were dropped, 234,776
observations remained. If the module was completed, states had several hundred to a
couple thousand responses each year.

For diabetes education, the question used was: ‘Have you ever taken a course

or class in how to manage your diabetes yourself?’ Possible answers to this
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question were Yes, No, Don’t Know/Not Sure, and Refused. Participants who
answered yes to this question were considered to meet the goal. Because only a
small percentage of respondents (<1% combined) answered Don 't Know/Not Sure or
Refused, they were dropped from the dataset.

For Alc levels, the question changed one time between 2000 and 2010.
Since 2004, the question was “About how many times in the past 12 months has a
doctor, nurse, or other health professional checked you for “A one C”?” Possible answers
to this question allowed the participant to fill in the number of times in the past year, or to
answer None, Never heard of “A one C” test, Don’t know/Not Sure, or Refused. From
2000-2003, the question was “A test for hemoglobin "A one C" measures the average
level of blood sugar over the past three months. About how many times in the past 12
months has a doctor, nurse, or other health professional checked you for hemoglobin "A
one C"? with the same response options as the previous question. This variable was
dichotomized into two categories: those that met the recommendation and those who did
not. Respondents who had received two or more tests in the past 12 months were
considered to meet the recommendation, while respondents who stated that they had
never heard of the Alc test, or responded with one or none were coded as not meeting the
recommendation. Because only a small percentage of respondents answered Don 't
Know/Not Sure or Refused, they were dropped from the dataset. Previous research has
compared self-reported HbA 1¢ with administrative records and found that the self-report
measure had high sensitivity, positive predictive value, and negative predictive value.**

For annual foot examinations, the question used was, “About how many times in

the past 12 months has a health professional checked your feet for any sores or
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irritations?” Possible responses to this question allow the participant to state the number
of times, None, Don’t know/Not Sure, or Refused. Participants who report at least one
foot exam in the past year were considered to meet the recommendations. This variable
was dichotomized into two categories: those that met the recommendation and those who
did not. Because only a small percentage of respondents answered Don 't Know/Not Sure
or Refused (<2%), they were dropped from the dataset.

For daily blood glucose monitoring, the question used was “About how often do
you check your blood for glucose or sugar?” Possible responses allow the respondent to
fill in how many times they engaged in the behavior per day, week, month or year.
Participants can also answer Don 't Know/Not Sure, Never, or Refused. Participants who
reported engaging in this behavior at least once daily were considered to meet the
recommendations. This variable was dichotomized into two categories: those that met
the recommendation and those who did not. Because only about 1% percentage of
respondents answered Don 't Know/Not Sure or Refused, they were dropped from the
dataset. Previous research has found that self-reported measures of daily blood glucose
monitoring frequency are correlated with actual frequency as measured by glucometer
memory meters.®

Demographic Measures from BRESS. To operationalize the predisposing
component of Andersen’s model, age, sex, race, and education variables were used.?®?’
To indicate state status, the state variable was used, which included all 50 US states, the
District of Columbia, Guam, Puerto Rico, and the Virgin Islands. Age was used either as
a continuous variable or as a categorical variable with 4 groups, 18-44, 45-64, 65-74, and

75 and older, depending on the analysis. Sex was treated as a dichotomous variable. For
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race/ethnicity, a new variable was calculated with the following categories: Non-
Hispanic White, Non-Hispanic Black, Hispanic, Asian/Hawaiian Pacific Islander,
American Indian/Alaska Native, Other/Multiracial, and Don’t Know. For education, the
possible categories are Did not Graduate High School, Graduated High School, Attended
College or Technical School, Graduated from College or Technical School, or Don’t
Know/Not Sure.

Predictors from other sources. To operationalize enabling resources, GDP per

capita by state, Medicaid by state, and region variables were brought in from other

datasets.”>?

Data on state-level GDP per capita were obtained from the U.S.
Department of Commerce Bureau of Economic Analysis.®® Data were taken from the
year 2005 because it represents the midpoint of the dataset. This variable used the North
American Industry Classification System, which has been in use in Canada, the United
States, and Mexico since 1997. Data on the state level proportion of people on Medicaid
by state was obtained from Kaiser’s state health facts website.®’ Enrollment was based
on data from the 2009 fiscal year because it was the only available data. Region
variables were defined according to the US Census Bureau and were included to see if
there were any larger geographic patterns. States in the northeast region were Maine,
New Hampshire, Vermont, Massachusetts, Connecticut, Rhode Island, New York, New
Jersey and Pennsylvania. States in the South region were Maryland, Delaware, the
District of Columbia, Virginia, West Virginia, Kentucky, North Carolina, South Carolina,
Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, Louisiana, Texas, and

Oklahoma. Midwest states included Ohio, Indiana, Illinois, Wisconsin, Michigan,

Minnesota, lowa, Missouri, North Dakota, South Dakota, Nebraska, and Kansas. States in



23

the west region included Alaska, Hawaii, Washington, Oregon, California, Idaho,
Montana, Wyoming, Colorado, New Mexico, Arizona, Utah, and Nevada.

Analysis. All analyses were conducted using STATA 12 and SAS 9.3 and
accounted for the complex survey design by using the primary sampling unit, strata, and
final weights throughout the analysis. All years of data were linked together to form one
dataset. First, basic descriptive statistics were calculated to determine the mean age, %
female, race/ethnicity, and education of the population, both overall and by sex. Second,
age adjusted proportions were calculated for each of the health behaviors overall, by sex,
and by state, using the population from the 2000 US Census stratified into four age
groups. Statistical software was used to multiply age-specific prevalences for each of the
behaviors by age-specific weights consisting of the proportion of the 2000 US population
in each age group. Age adjusted prevalences were also conducted by state in two time
periods, 2000-2005 and 2006-2010, to determine changes over time while minimizing
the influence of outliers.

Third, state level multiple linear regression models were calculated to determine the
predictors of the change for each of the diabetes care behaviors over the two time periods.
The change for each behavior was calculated by subtracting the proportions from the two
time periods described above. State-level predictors were chosen based on Anderson’s

28,29
model,”™

and. the models were in the form Y = S, + f1x1 + Pox, + L3xs + Laxy +
PBsxs + Lexe + B,x; where x; = GDP per capita, x, = proportion on Medicaid, x; =
proportion female, x, = proportion Black, x5 = proportion Hispanic, x4 = proportion

with a college degree, and x,= region. Information on proportion Black and Hispanic was

taken from the U.S. Census Bureau Population Estimates Program from 2005, while
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proportion female and proportion college educated were taken using all years of the
BRFSS dataset.®® Complete data was unavailable for Illinois, Kansas, Maryland,
Nebraska, Oregon, Rhode Island, Guam, Puerto Rico, and the Virgin Islands, so these
states and territories were dropped from the dataset. Washington D.C. was also dropped
from the dataset because it is a city, not a state, which left 44 states for analysis.
Histograms and probability plots were visually inspected for the four health behaviors
and all were found to demonstrate adequate normality. Correlations, partial correlations,
and partial plots were conducted to determine if any relationships existed among the
dependent variables. Forwards, backwards, and stepwise selection algorithms were used,
which all generated the same models. All possible model selection methods were also
used to select models based on R-squared, adjusted R-squared, and Mallow’s Cp instead
of p-values.” Regression diagnostics, including testing the normality of the residuals,

examining outliers, and multicollinearity, were then performed to check the model’s fit.
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Chapter 4 - Results

This sample of 234,776 individuals with diabetes was 49.6% female and the
average age was 58.9. 81.7% of the sample had at least a high school education, while
22.8% had completed at least 4 years of college. 65.4% of the individuals were non-
Hispanic White, 13.7% were non-Hispanic Black, and 13.9% were Hispanic. Complete
unadjusted demographic information is available overall and by sex in table 1.

The overall age adjusted prevalences of biannual A1C measurements, annual foot
examinations, self-monitoring of blood glucose, and diabetes education can be found in
Table 2. These percentages were 64.0, 67.6%, 60.6%, and 56.8%, respectively.
Breakdowns of these prevalences by sex, race, and age can also be found in Table 2.
Similar percentages of men and women engaged in the four diabetes care behaviors and
there were no larger differences by age. However, a smaller proportion of Hispanics
appeared to meet the diabetes care recommendations compared to the other racial groups.
For HbAlc, only 55.0% of Hispanics met the recommendations compared to 66.9% of
Whites and 63.3% of Blacks. For diabetes education, 49.3% of Hispanics met the
recommendations, compared to 58.5% of Whites and 59.6% of Blacks. For SMBG,
50.1% of Hispanics met the recommendations, compared to 63.4% of Whites and 64.5%
of Blacks, and for annual foot examinations, 58.2% of Hispanics met the
recommendations compared to 68.4% among Whites and 74.6% among Blacks.

Figure 2 examines the number of behavioral recommendations. In this sample,
5.3% met none of the recommendations, 13.5% met one recommendation, 24.0% met
two recommendations, 31.3% met three recommendations, and 26.0% met all four of the

recommendations.
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Table 3 demonstrates the prevalence of the four diabetes care behaviors by year
across all states. Over the eleven year period in which the data were analyzed, the
percentage of people meeting the recommendations appeared to increase for all four
behaviors. From 2000 to 2010, biannual A 1c measurements increased from 59.1% to
66.9%, diabetes education increased from 53.4% to 58.3%, self-monitoring of blood
glucose increased from 48.8% to 64.1%, and annual foot examinations increased from
61.4% to 67.9%.

Prevalence of state-level diabetes care behaviors. The state-level age
adjusted prevalence of each of the four diabetes care behaviors can be found together
overall in Table 4 and by behavior and sex in Tables 5-8. For the biannual A1C
measurement, the percentages ranged from 48.0% in Guam to 73.6% in New Hampshire.
Minnesota had the highest percentage of people with diabetes who had ever had diabetes
education with 77.2% while the Virgin Islands had the lowest with 35.1%. For self-
monitoring of blood glucose, Tennessee had the highest percentage of people meeting the
recommendations with 74.0%, while Guam had the lowest with 38.4%. Minnesota had
the highest percentage of people with diabetes meeting the recommendations for annual
foot examinations with 80.9%, while Puerto Rico had the lowest with 43.1%.

The prevalence of meeting the recommendations at the state level was also
examined by sex with few significant differences. There were no significant differences
by sex at the state level for Alc and diabetes education. For annual foot examinations,
only North Carolina had a significant sex difference with 78.0% of men meeting the
recommendations compared to 71.6% of women. However, many states had significant

sex differences for self-monitoring of blood glucose. Alaska, Illinois, Pennsylvania,
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South Carolina, and South Dakota all had a significantly larger percentage of women
meeting the recommendations compared to men (Table 7).

These estimates can be directly compared to the Healthy People 2020 goals. For
annual foot examinations, only 8 states currently meet the goal of 74.8%. Other behaviors
showed similar results with only four states meeting the HP 2020 recommendation for
biannual Alc of 71.1%, 11 states meeting the goal for diabetes education of 62.5%, and
only one state meeting the goal for daily self-measurements of their blood glucose of
70.4%.

Changes over time in state-level diabetes care behaviors. The state-level
age adjusted prevalence of each diabetes care behavior in two time points can be found in
Tables 9-12. For HbAlc, 28 states and territories demonstrated increases over time while
20 demonstrated decreases. Michigan had the largest percentage point increase of 13.3,
while Hawaii had the largest percentage point decrease with -17.4. For diabetes
education, 25 states demonstrated increases over time, while 23 demonstrated decreases.
Minnesota had the largest percentage point increase with 7.7, while Guam had the largest
percentage point decrease with -8.8. For self-monitoring of blood glucose, 38 states
showed increases over time, while 10 showed decreases. Puerto Rico had the largest
percentage point increase with 20.8, while Nevada had the largest decrease with -10.4.
For annual foot examinations, 27 states demonstrated increases while 21 demonstrated
decreases over time. Michigan had the highest percentage point increase in meeting the
recommendation for annual foot examinations with 15.5, while Nevada had the largest

decrease with -15.8.
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Although significance testing was not conducted at the state level, the confidence
intervals of the behaviors at the two time points were compared to determine if the
increases and decreases were substantial. For Alc, only Hawaii and Michigan, the two
extremes, had confidence intervals that did not overlap. For diabetes education, there
were no states that had confidence intervals that did not overlap during the two time
points. SMBG had seven states demonstrate significant differences over time, including
Alabama, Michigan, Mississippi, New York, Tennessee, Vermont, and Puerto Rico. For
annual foot examinations, Idaho, Michigan, and Vermont significantly increased the
proportion meeting the recommendations over time, while Nevada and Pennsylvania
demonstrated decreases.

Bivariate associations of state-level diabetes care behaviors and
predictors. A correlation matrix for the state-level changes in diabetes care behaviors
and the predictors can be found in Table 13. Significant relationships were found between
several of the behaviors, including biannual Alc measurements and annual foot
examinations (p=0.0005), Alc and self-monitoring of blood glucose (p=0.0120), Alc and
diabetes education (p=0.0032), and annual foot examinations and self-monitoring of
blood glucose (p<.0001). No significant relationships were found between diabetes
education and self-monitoring of blood glucose and diabetes education and annual foot
examinations.

Significant relationships were also found between the predictors and the change in
diabetes care behaviors. Self-monitoring of blood glucose levels was significantly
associated with proportion female (p=0.004), proportion on Medicaid (p=0.0108),

proportion black (p=0.0082), and region (p=0.0378). No other significant relationships
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were found between the predictors and the behaviors, although the association between
Alc and proportion on Medicaid approached significance (p=0.0775).

There were also several significant relationships among the predictors. There was
a significant relationship between GDP per capita and proportion female (p=0.0101),
GDP per capita and percent college educated (p<.0001), proportion female and Medicaid
(p=0.0146), proportion female and college education (p=0.0001), Medicaid and college
educated (p=0.0638), and proportion Hispanic and college educated (p=0.0273).

Predictors of state-level diabetes care behaviors. Predictive multiple linear
regression models were run for each of the four diabetes care behaviors (Tables 14 & 15).
Predictor variables included state-level GDP, proportion of state on Medicaid, proportion
female, proportion Black, proportion Hispanic, proportion college educated, and region.
The full models had no significant predictors at the .05 level. For the fitted models, there
were no significant predictors for diabetes education and annual foot examinations.
However, the model for self-monitoring of blood glucose explained 23.44% of the
variability and had two significant predictors, proportion on Medicaid ( =0.26414,
p=0.0805) and proportion female (§ =0.80132, p= 0.0343). The model for Alc explained
7.24% of the variability, and had one significant predictor, proportion Medicaid (j3
=0.24851, p= 0.0775).

Overall, these results indicated that there were state-level disparities in diabetes
care behaviors and that few states are on track to meet the Healthy People 2020 goals.
Many states demonstrated increases in the proportion meeting the diabetes care
recommendations, but few of these increases were significant. When multiple linear

regression models were run, diabetes education and annual foot examinations had no
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significant predictors, while SMBG had two significant predictors, proportion female and

proportion on Medicaid, and Alc had one significant predictor, proportion on Medicaid.
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Chapter S — Discussion

This study was designed to determine whether there were state-level differences in
diabetes care behaviors, whether these differences have changed over time, and what
factors predict the change over time. The first hypothesis of this study was that the four
diabetes care behaviors varied by state. This question was answered by calculating the
age adjusted prevalences of the four diabetes care behaviors by state, and the analysis
indicated that there was substantial variation for all behaviors. This finding is consistent
with previous research, which also found that there were large differences in the
percentage of the state population meeting diabetes care recommendations.”” The results
from this research question also demonstrated that very few states are meeting the
recommendations for Healthy People 2020. Although the year 2020 is still several years
away, states must make a renewed commitment to meet these goals in seven years.

Additionally, some states were universally strong or weak on all behaviors, while
others were strong on some but weak on others. For instance, Minnesota ranked in the
top 5 states for all four behaviors, and was first overall for two of them. In contrast, the
state of Tennessee had the highest percentage of people with diabetes that met the
recommendations for self-monitoring of blood glucose levels, but had average levels for
all of the other behaviors. Additionally, many of the territories such as Puerto Rico,
Guam, and the Virgin Islands had some of the lowest proportions of people meeting the
recommendations out of all the states. Although the behaviors each demonstrated intra-
state variability, each diabetes care behavior had a slightly different distribution. For
example, the range for meeting the Alc recommendation was 25.6 percentage points,

while the range for diabetes education was 42.2. This variation demonstrates that the
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behaviors cannot be treated equally and that each responds differently to the state level
factors.

The second purpose of this study was to determine if the state level variations
changed over time. To answer this question, the change in the behaviors was examined
during two time periods: 2000-2005 and 2006-2010. This portion of the analysis
demonstrated that some states increased the percentage of the diabetes population that
met the recommendations for diabetes care behaviors, while other states decreased the
percentage for the same behaviors. This finding contrasts with previous research that
found increases over time, although this research has not been conducted at the state
level.'*'®*°% One previous study examined state-level changes in annual foot
examinations and Alc measurements. This study found that 31 states demonstrated
increases in annual foot examinations from 2000 to 2003, while 14 demonstrated
decreases, while in the present study, 27 states demonstrated increases while 21
demonstrated decreases from 2000-2005 to 2006-2010.>° A similar discrepancy was
found for Alc measurements, where 36 states increased and 8 decreased, while in the
present study 28 states and territories demonstrated increases over time while 20
demonstrated decreases. The authors of the previous study discussed regression to the
mean as a likely cause of some of the decreases, and this explanation is certainly possible
in this study as well.” However, this difference could also be due to the fact that the
previous study only used single year comparisons while this study used groups of years to
examine changes over time.

The comparison of confidence intervals indicated that very few of the changes

represent true increases or decreases over time. This indicates that while some states are
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improving, in most states there has been no major change in the proportion meeting the
recommendations for diabetes care behaviors over the past ten years. Like the results to
the first research question, these findings demonstrate the renewed focus the states must
take in order to improve diabetes care to meet the Healthy People 2020 goals. However,
these results could also be a function of the analysis. If additional years of older data
were considered in this analysis, it is possible that more states would have demonstrated
increases.

The third purpose of this study was to determine the state-level predictors of the
change in the four health behaviors. For diabetes education and annual foot
examinations, none of the seven predictors were significant. This result was not
surprising because there were no significant bivariate associations between diabetes
education and annual foot examinations, and the predictors. In contrast, self-monitoring
of blood glucose had two significant predictors, proportion on Medicaid and proportion
female, such that a higher proportion of the state on Medicaid and a higher proportion
female predicted a larger change in self-monitoring of blood glucose at the state level.
Alc had one predictor, proportion on Medicaid, such that a higher proportion of the state
on Medicaid predicted a larger change in Alc at the state level. These results make sense
considering the significant and near significant bivariate associations between the
predictors and these two diabetes care behaviors. Additionally, the finding that proportion
on Medicaid is a significant predictor of SMBG and Alc indicates that there is something
important about states as a unit of analysis beyond just demographic factors. If this level
was not important, the percentage of people with diabetes meeting the recommendations

would more constant across states.
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There are several reasons why change in self-monitoring of blood glucose and Alc
had significant predictors, while change in diabetes education and annual foot
examination did not. This result may have occurred because more states demonstrated
increases than decreases in SMBG and to a lesser extent Alc, while for diabetes
education and annual foot examinations, the number of states demonstrating increases
was similar to decreases. Additionally, the mean change over time for SMBG was larger
than it was for the other variables, whose means were close to zero. Although the reason
for this change is unknown, it is possible that many states have emphasized SMBG more
in their diabetes programming compared to the other diabetes care behaviors. If all states
demonstrated large increases in the four diabetes care behaviors over time, it is likely that
the more of the variables would have been important predictors.

Proportion Medicaid and proportion female were two predictors that did not show
up frequently in the determinants literature, but the logic behind the relationships is clear.
When a larger percentage of a state’s population is on Medicaid, there is usually a smaller
portion of the population that is uninsured. Previous research has shown that uninsured
individuals under 65 are less likely to receive HbAlc tests, and less likely to report self-
monitoring of blood glucose.”® Additionally, people on Medicaid have a consistent form
of insurance, and previous research has shown that those with consistent health insurance
more likely to receive diabetes preventive health care compared to those with no
insurance or partial insurance.’® However, some studies have found results indicating that
a greater percentage of people with commercial health insurance had HbAlc testing

compared to people on Medicaid.”
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At least on the individual level, there is plausibility for the relationship between
proportion female and self-monitoring of blood glucose because in general, women tend
to use more health services than men. Specifically, research has indicated that women
are likely to visit a primary care clinic and obtain diagnostic services more often than
men.’" This result is logical in this sample because several states had a significantly
higher proportion of females meeting the SMBG recommendation than males.
Additionally, many of the states with lower proportions of females were Western states,
such as Alaska, Wyoming, and North Dakota. For this reason, it is possible that
proportion female is actually a proxy for another variable, such as urban/rural
environment. However, only individual level analyses could properly investigate this
relationship.

Even in the models that had important predictors, these models only explained a
small amount of the variability. This means that there is still a large amount of state-level
variation that is unexplained by the seven predictors. Future research should return to the
literature to examine other state-level predictors not used in this dataset that might be
determinants of diabetes care.

These predictors can also be examined within the context of Anderson’s Model of
Health Service Use.”** According to this model, only one predisposing component and
one enabling component were predictive for one of the behaviors and one enabling
component for another behavior. This finding contrasts with previous research using the
model, where studies using nationally representative datasets on diabetes found specific
components predictive of diabetes care behaviors.”*>’ However, it is possible that the

model was just not applied correctly in this project. In this study, only the predisposing
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and enabling components of the model were used, neglecting the need component, as was
done in an earlier study.”” However, it is possible that elements of the need component
such as insulin status or time since the diabetes diagnosis are actually important
predictors of the change in diabetes care behaviors, as was found in another study.>
Additionally, it is possible that the wrong aspects of the predisposing and enabling
components of the model were chosen. The model may have been more useful if
variables describing health beliefs and social networks were chosen. Also, this model
may only be designed for use on the individual level, not the state level as was used in
this study. In the same way, this model may not be best used to explain the change over
time in diabetes care behaviors. Only future research can determine whether using this
model with aggregate level data is a valid approach. Lastly, it is possible that some of the
behaviors such as diabetes education and self-monitoring of blood glucose levels do not
qualify as health services, so the model does not apply. Future research should examine
the use of this model with diabetes care behaviors more thoroughly.
Strengths and Limitations

This study has several strengths. One of its main strengths is that it uses nationally
representative data. Using a complex sampling and weighting strategy, the BRFSS
samples people from all different races and locations across the United States, which
contrasts with community-based studies that sample from only one area with no
weighting and thus have limited generalizability. This sampling technique increases the
generalizability of the findings, making them relevant to more people. This increased
generalizability gives a representative view of the entire United States, and is the main

strength of the study.
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Additionally, this study’s state level analysis represents an important contribution
to the literature. Much of the previously published literature on diabetes care behaviors
has only been conducted on the individual level. Although the individual level is
important for determining behavior causation, it is also important to recognize the context
in which the behaviors occur. Because several determinants of diabetes care behaviors
happen on the state level, this study adds a new angle to the previous literature.

Another strength of this analysis is that it examines data from more than one year.
Most past analyses of diabetes care behaviors only examine them in one year. Although
these cross-sectional snapshots can provide valuable information, they only capture what
is going on during one moment in time. This analysis examines the data over a period of
eleven years, so it reflects more stability than studies that only included data from one
year.

In spite of these findings, the results have several limitations. Because this project
did not involve original data collection, analyses were limited to the variables present in
the BRFSS data set. For this reason, we were unable to fully account for some of the
determinants of the health behaviors that are present in the published literature, especially
self-monitoring of blood glucose. For this analysis, we could not fully operationalize
individual aspects of theory like self-efficacy, intentions, and health beliefs. Future
research on these behaviors should collect data on these determinants so they can be
included in the mathematical models.

Several of the questions changed over the eleven year period where the data was
used. In 2004, the question assessing diabetes status was changed to include a response

for gestational diabetes. Since this study included data from before the question change,
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this response had to be collapsed to make comparisons. Future research should compare
people with gestational diabetes to those with diagnosed diabetes to determine if there is
a difference between the groups on a variety of health outcomes.

In addition, the 2000-2010 BRFSS data was only collected among individuals with
landlines. As of 2012, 35.8% of Americans use cell phones as their only means of
telephone communication.”” Using these methods, only a certain portion of the
population can be selected for inclusion in the study. The 2011 BRFSS methodology has
been changed to include cell phones but due to the changes in the weighting, comparisons
could not be easily made with the older data. With this change, future analyses of BRFSS
data will be more representative of the United States population.

Additionally, the BRFSS does not include people who are institutionalized,
including those in nursing homes or those who are homeless. Because this population is
not included, the percentage of people meeting the recommendations as presented in this
paper could overestimate the actual numbers since people in these groups tend to have
poor health. This could potentially mean that the changes over time are potentially
inaccurate. Separate studies on diabetes care behaviors must be conducted to examine
these issues in these populations.

Additionally, all the variables in the BRFSS dataset are self-reported. For this
analysis, this means that all the individuals had to report a diabetes diagnosis from their
doctor. It does not include people who have undiagnosed diabetes or those that did not
remember their diagnosis. Additionally, data on all of the diabetes care behaviors were
self-reported. Although it may be infeasible to obtain objective measures of self-

monitoring of blood glucose levels, objective information on annual foot examinations
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and HbA 1c tests could be obtained from medical records. Future research should focus
on using objective measurements of diabetes status and behaviors to increase precision
and decrease the probability of recall bias.

Another weakness of the study is the richness of the dataset. Although there were
many observations overall, the cell sizes decreased when examining the variables by state
and year. Some states did not collect data on the diabetes module every year, so changes
over time could not be examined for every state. In the future, states should be
encouraged to complete all of the optional modules to increase the richness of the data
when making state-level comparisons.

A final limitation of this analysis is that it aggregates data across years. Although
this increases the sample size, it does not provide up to date estimates of the diabetes care
behaviors. Year by year estimates may be higher or lower than the numbers reported in
this paper. Future research can examine the data in individual years to obtain accurate,
up-to-date estimates, providing that the sample size is large enough to do so.
Implications

Despite these weaknesses, the results of this study have major implications for
public health practice on both the policy and programmatic levels. At this point, most
states are not meeting the Healthy People 2020 guidelines for diabetes care behaviors, so
changes need to be made in order for improvements to occur. Because there are such
disparities in diabetes care behaviors across the states, health officials should consider
setting multilevel objectives, where states currently meeting the guidelines can try to
maintain and set new goals, while states not meeting the guidelines can still strive for

continuous increases.” States, such as Mississippi, Missouri, and Washington that do not
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require coverage for diabetes treatment to be included in health insurances policies, and
Alabama, Idaho, North Dakota and Ohio that do not require insurance coverage for
diabetes treatment should consider adopting legislation to fix this problem. Other states
can consider expanding their Medicaid programs and other forms of health insurance so a
greater percentage of the population can be covered. In addition, states should pass
legislation that increases the amount of funding for diabetes care.

Additionally, program planners in state health departments can use this data to
target health programs and improve diabetes care outcomes. For example, in a state like
Hawaii, with above average percentages meeting the recommendations for Alc tests and
annual foot examinations, but below average percentages of meeting the
recommendations for self-monitoring of blood glucose levels and diabetes education,
health officials may want to design a program that targets the behaviors that do not fare
as well. In this way, state officials can use the results of this study to tailor diabetes
programs to meet the needs of their populations. In doing so, they should keep informed
of the latest diabetes research and adopt cutting edge methods for improving diabetes
care behaviors.

This study also has implications for future research in the field of diabetes.
Because few of the predictors were significant, more research needs to be done on the
determinants of diabetes care behaviors, especially at the state-level, where few studies
have been completed. This research can involve multiple methods of inquiry. For
example, researchers could conduct focus groups in communities with people with
diabetes so they could ask open ended questions about what affects their use of diabetes

health services. On a larger level, surveys can be designed to operationalize all the
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components of Anderson’s model to determine the determinants of diabetes care
behaviors across states.””’ Additionally, using multilevel models to determine
predictors of diabetes care behaviors on both the aggregate and individual levels would
represent a significant advance in the literature. Using these methods, researchers would
have a better idea about what factors encourage people to engage in diabetes care
behaviors.

Proportions meeting the diabetes care recommendations were among the lowest in
Puerto Rico, Guam, and the Virgin Islands. Although they are territories of the United
States, they are insular areas that are not privy to many of the advantages of United States
citizenship. Although they are included in BRFSS, they are distinct from the other states
and may have different determinants of diabetes care behaviors. Although a few studies
have been completed on diabetes in these areas, they appear older and possibly out of
date. New research is needed to determine if U.S. territories have the same diabetes
determinants as the rest of the United States.

Diabetes is a major health problem in the United States but its more serious
consequences can be prevented when individuals with the condition engage in key care
behaviors. Programs can be designed to promote these behaviors but first researchers
must examine the current prevalence of the behaviors. This research completed the first
step by determining the pooled prevalences of the diabetes care behaviors, how they
changed over time, and what their predictors are. Future research can build on this
information by using multi-level models and additional predictors to gain a further
understanding of the relationships. These models can include state-level factors like

proportion on Medicaid along with individual level demographic variables and
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determinants like self-efficacy and intentions. The models can also adjust predictors for
gender and test to see whether any of the state-level differences exist beyond just the
distribution of demographic factors. With this information, public health practitioners can
design programs to help ease the chronic disease burden in the United States and make

Americans healthier overall.
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Tables

Table 1 — Demographic Information among Persons with Diabetes

Overall Men Women
Average Age Mean (95% CI) Mean (95% CI) Mean (95% CI)
(n=233,361) 58.9 (58.7-59.0) 58.5 (58.3-58.7) 59.2 (59.1-59.4)
Education % (95% CI) % (95% CI) % (95% CI)
(n=233,288)
Never attended school or 0.4 (0.3-0.4) 0.3(0.2-0.4) 0.5% (0.4-0.6)
only attended
kindergarten
Completed Grades 1-8 7.6 (7.3-7.9) 6.8 (6.4-7.3) 8.4 (8.0-8.8)
Completed grades 9-11 10.0 (9.7-10.3) 8.7 (8.3-9.1) 11.3 (11.0-11.7)

completed grade 12 or
GED

Completed 1-3 years of
college

Completed 4 or more
years of college
Refused education
question

Race/Ethnicity
(n=233,333)

White Non-Hispanic
Black Non-Hispanic
Hispanic

Asian/Native Hawaiian/
Pacific Islander
American Indian/Alaska
Native

Other Race

Refused Race question

32.6 (32.2-33.0)
26.3 (26.0-26.7)
22.8(22.5-23.2)

0.3 (0.2-0.3)

% (95% CI)

65.3 (64.9-65.8)

13.7 (13.4-14.0)

13.9 (13.5-14.3)
2.1(1.9-2.3)

1.6 (1.5-1.7)

2.5(2.3-2.7)
0.8 (0.8-0.9)

30.2 (29.6-30.7)
25.7 (25.1-26.2)
28.1(27.5-28.7)

0.3 (0.2-0.3)

% (95% CI)

67.1 (66.4-67.9)

11.7 (11.3-12.2)

13.5 (12.8-14.2)
2.5(2.2-2.8)

1.6 (1.4-1.8)

2.7 (2.5-2.9)
0.9 (0.8-1.0)

35.1 (34.6-35.6)
27.1 (26.6-27.5)
17.4 (17.0-17.9)

0.3 (0.2-0.3)

% (95% CI)

63.5 (62.9-64.1)

15.8 (15.4-16.2)

14.3 (13.8-14.9)
1.7 (1.4-1.9)

1.6 (1.4-1.7)

2.3 (2.1-2.5)
0.8 (0.7-0.9)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
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Table 2 — Age adjusted diabetes care behaviors overall, by sex, by race/ethnicity, and by

age
HbAlc Diabetes SMBG Annual Foot
(n=233,361) Education (n=233,361) Examination
(n=233,342) (n=233,361)
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Overall 64.0 56.8 60.6 67.6
(63.2-64.7) (56.1-57.5) (59.8-61.3) (66.9-68.3)
Gender
Men 63.6 55.6 57.9 68.3
(62.4-64.7) (54.5-56.8) (56.7-59.1) (67.2-69.4)
Women 64.4 58.0 63.3 66.9
(63.5-65.2) (57.1-58.9) (62.5-64.2) (66.0-67.7)
Race/Ethnicity
White, Non-Hispanic 66.9 58.5 63.4 68.4
(66.1-67.7) (57.7-59.3) (62.6-64.2) (67.6-69.2)
Black, Non-Hispanic 63.3 59.6 64.5 74.6
(61.7-64.9) (58.0-61.3) (62.9-66.1) (73.0-76.1)
Hispanic 55.0 49.3 50.1 58.2
(52.7-57.3) (47.0-51.6) (47.8-52.4) (56.0-60.5)
Asian/Native 64.6 50.2 45.9 65.5
Hawaiian/Pacific (58.6-70.6) (44.3-56.1) (40.3-51.5) (59.9-71.0)
Islander
American 65.3 59.2 66.3 75.9
Indian/Alaska Native (61.2-69.4) (55.0-63.4) (62.5-70.0) (72.5-79.3)
Other 62.2 54.8 62.4 67.6
(57.8-66.7) (50.4-59.1) (58.0-66.7) (63.2-72.0)
Refused race 54.9 52.8 57.9 61.0
(47.9-61.8) (45.8-59.9) (50.9-64.9) (53.9-68.1)
Age
Age 18-44 60.0 58.4 60.8 64.5
(58.7-61.3) (57.1-59.7) (59.5-62.1) (63.3-65.8)
Age 45-64 68.8 57.2 59.6 70.8
(68.2-69.4) (56.5-57.8) (59.0-60.3) (70.2-71.4)
Age 65-74 70.6 54.9 62.8 72.3
(69.8-71.3) (54.1-55.8) (61.9-63.6) (72.0-73.6)
Age 75+ 64.9 46.9 60.4 70.0
(64.0-65.9) (45.9-47.9) (59.4-61.3) (69.0-70.9)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
SMBG stands for self-monitoring of blood glucose



Table 3 — National Prevalence of Diabetes Care Behaviors by Year, 2000-2010

Alc Diabetes Education SMBG Annual Foot Examination

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

2000 59.0 53.4 48.8 61.4
(55.6-62.5) (50.0-56.9) (45.3-52.3) (57.9-64.8)

2001 61.2 54.1 55.9 64.8
(58.7-63.7) (51.6-56.6) (53.4-58.4) (62.3-67.2)

2002 65.6 57.7 57.2 67.9
(63.2-68.1) (55.2-60.1) (54.6-59.7) (65.4-70.4)

2003 64.0 55.7 58.8 68.3
(61.6-66.4) (53.3-58.1) (56.4-61.2) (66.1-70.5)

2004 65.7 58.0 60.9 68.0
(63.5-67.8) (55.7-60.2) (58.6-63.2) (65.9-70.2)

2005 60.5 56.0 62.7 67.4
(58.1-62.9) (53.5-58.4) (60.4-65.1) (65.1-69.8)

2006 64.5 55.6 64.8 68.6
(62.5-66.5) (53.4-57.8) (62.7-67.0) (66.6-70.6)

2007 65.3 58.9 63.2 70.1
(62.9-67.7) (56.5-61.3) (60.7-65.6) (67.9-72.4)

2008 65.2 57.8 63.5 67.8
(63.2-67.3) (55.7-59.9) (61.4-65.6) (65.7-69.9)

2009 64.9 58.7 63.2 69.3
(62.5-67.3) (56.4-61.0) (60.8-65.5) (67.0-71.6)

2010 66.9 58.3 64.1 67.9
(65.0-68.8) (56.3-60.2) (62.2-66.0) (66.0-69.8)

Data from 2000-2010 Behavioral Risk Factor Surveillance System

SMBG stands for self-monitoring of blood glucose
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Table 5 — State Level Prevalence of Meeting the Alc
Recommendations among Persons with Diabetes overall and by
sex, 2000-2010

AlcOverall Alc Al1CMale AIC Female
Overall
Rank
Overall 64.0 -— 63.6 64.4
(63.2-64.7)
Alabama 67.9 19 68.6 67.4
(65.2-70.6) (64.0-73.2) (64.2-70.6)
Alaska 63.5 35 61.9 64.8
(58.0-69.0) (53.6-70.3) (57.6-72.0)
Arizona 57.0 51 60.2 54.0
(52.4-61.7) (52.8-67.5) (48.4-59.6)
Arkansas 60.6 43 59.9 61.1
(57.1-64.2) (54.5-65.4) (56.5-65.8)
California 58.6 47 57.3 60.0
(54.9-62.3) (51.7-62.9) (55.3-64.7)
Colorado 65.8 26 63.4 68.4
(61.9-69.8) (57.5-69.3) (63.3-73.4)
Connecticut 67.5 20 67.8 67.1
(64.1-70.8) (62.6-73.0) (63.0-71.3)
Delaware 65.7 28 64.1 67.4
(62.0-69.4) (58.2-70.1) (62.8-71.9)
District of Columbia 63.4 36 61.2 65.2
(58.4-68.5) (52.5-69.8) (59.3-71.1)
Florida 61.3 40 60.1 62.7
(58.1-64.5) (55.1-65.1) (59.0-66.4)
Georgia 65.5 30 68.5 62.4
(62.7-68.4) (64.2-72.8) (59.0-65.9)
Hawaii 72.9 2 73.4 72.4
(69.0-76.8) (67.5-79.3) (67.5-77.2)
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Idaho

Illinois

Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

56.7
(53.6-59.9)

67.9
(61.7-74.1)

63.0
(59.9-66.2)

70.0
(66.7-73.3)

65.8
(61.0-70.7)

68.3
(65.7-71.0)

58.6
(55.6-61.5)

66.1
(62.1-70.1)

68.5
(61.8-75.2)

70.3
(67.0-73.5)

65.6
(61.1-70.0)

70.5
(66.7-74.2)

60.1
(56.6-63.5)

64.7
(60.6-68.9)

60.5
(56.9-64.2)

68.2
(62.3-74.0)

18

37

27

15

48

25

12

29

45

33

44

16

56.2
(51.0-61.4)

67.2
(58.8-75.7)

62.5
(57.1-67.9)

68.4
(63.6-73.2)

63.0
(54.9-71.2)

68.7
(64.6-72.8)

58.7
(53.8-63.6)

67.3
(61.3-73.3)

67.6
(57.4-77.8)

69.5
(64.7-74.4)

66.3
(59.8-72.8)

71.1
(65.6-76.7)

59.4
(53.8-65.0)

63.3
(56.9-69.8)

58.8
(52.8-64.9)

72.9
(64.7-81.1)

57.6
(53.9-61.4)

68.8
(60.0-77.7)

63.5
(60.1-67.0)

71.6
(67.3-75.9)

68.5
(62.5-74.5)

68.0
(64.6-71.3)

58.6
(55.2-62.0)

64.6
(59.5-69.7)

69.3
(60.9-77.8)

71.1
(66.9-75.4)

64.7
(58.7-70.7)

69.7
(64.8-74.6)

60.7
(56.4-65.0)

66.4
(61.7-71.2)

62.2
(57.7-66.7)

62.8
(54.9-70.7)
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Nevada

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

58.4
(54.0-62.9)

73.6
(70.3-76.9)

64.9
(61.4-68.5)

61.7
(58.9-64.6)

70.4
(66.4-74.4)

66.5
(64.1-68.9)

64.8
(60.5-69.0)

61.8
(58.2-65.4)

61.2
(58.2-64.1)

72.4
(67.4-77.3)

69.7
(66.6-72.8)

68.4
(62.4-74.4)

64.5
(61.9-67.1)

71.8
(68.8-74.9)

68.6
(65.7-71.5)

58.0
(55.1-61.0)

31

39

24

32

38

41

10

13

34

11

50

57.6
(51.1-64.1)

72.6
(67.7-77.4)

66.2
(60.8-71.6)

62.4
(58.1-66.7)

68.8
(62.7-75.0)

68.8
(65.4-72.2)

62.7
(56.4-69.1)

57.6
(52.3-63.0)

59.6
(54.7-64.6)

74.0
(66.8-81.2)

70.0
(65.2-74.8)

67.3
(58.6-76.0)

61.8
(57.5-66.1)

70.3
(65.5-75.0)

68.6
(63.4-73.8)

58.6
(54.0-63.3)

58.9
(52.9-65.0)

74.8
(70.6-79.0)

63.5
(59.1-67.8)

61.1
(57.4-64.9)

71.8
(66.8-76.8)

64.7
(61.4-68.0)

66.9
(61.4-72.5)

66.2
(61.8-70.6)

62.3
(58.7-65.9)

70.6
(63.7-77.4)

69.6
(65.7-73.4)

69.4
(61.3-77.6)

67.1
(64.1-70.1)

73.4
(69.6-77.3)

68.8
(65.4-72.1)

57.7
(54.2-61.2)
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Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

66.8
(63.5-70.1)

69.8
(66.0-73.6)

67.2
(63.5-70.8)

68.0
(65.9-70.1)

67.2
(64.3-70.1)

68.4
(64.2-72.6)

59.4
(55.9-62.9)

48.0
(40.9-55.1)

61.0
(57.7-64.2)

48.1
(43.3-52.9)

22

17

21

14

46

54

42

66.1
(61.1-71.1)

67.6
(61.3-74.0)

66.1
(60.9-71.3)

66.8
(63.5-70.1)

66.5
(62.0-71.0)

67.0
(60.8-73.2)

58.4
(53.1-63.7)

45.0
(35.2-54.9)

64.0
(59.0-69.0)

46.0
(36.7-55.3)

67.5
(63.2-71.7)

72.2
(68.3-76.1)

68.4
(63.6-73.1)

69.2
(66.7-71.8)

67.8
(64.1-71.6)

69.6
(63.9-75.3)

60.6
(56.3-65.0)

52.5
(42.6-62.5)

58.3
(54.0-62.5)

49.7
(44.5-54.8)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Data are in the form % (95% Confidence Interval)
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Table 6— State level prevalence of Diabetes Education overall
and by sex, 2000-2010

DE overall Overall DE Male DE Female
Rank
Alabama 58.2 26 56.3 59.6
(55.3-61.1) (51.3-61.3) (56.3-62.8)
Alaska 57.2 30 55.4 58.9
(51.5-63.0) (46.7-64.1) (51.3-66.5)
Arizona 55.6 36 52.3 58.5
(51.0-60.2) (44.8-59.8) (53.1-63.8)
Arkansas 458 50 42.4 48.7
(42.2-49.3) (37.0-47.9) (44.0-53.3)
California 57.6 28 56.9 58.3
(54.0-61.3) (51.6-62.3) (53.6-63.1)
Colorado 62.1 13 58.4 66.1
(57.9-66.3) (52.4-64.5) (60.6-71.5)
Connecticut 51.8 44 494 54.1
(48.4-55.2) (44.0-54.9) (49.8-58.4)
Delaware 46.6 48 414 51.9
(42.7-50.5) (35.4-47.4) (47.0-56.8)
District of 65.5 7 67.7 63.7
Columbia (60.7-70.3) (59.8-75.7) (57.9-69.6)
Florida 54.1 41 53.6 54.6
(50.9-57.3) (48.7-58.6) (50.8-58.3)
Georgia 60.1 19 59.9 60.2
(57.2-63.0) (55.2-64.6) (56.8-63.5)
Hawaii 54.8 39 52.2 57.7
(50.5-59.1) (45.3-59.1) (52.8-62.6)
Idaho 61.9 15 58.9 64.8
(58.8-65.1) (53.6-64.1) (61.3-68.4)
Illinois 63.5 9 64.1 63.1
(57.2-69.9) (55.5-72.8) (54.1-72.0)
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Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

61.9
(58.7-65.0)

67.1
(63.8-70.3)

61.5
(56.6-66.3)

53.0
(50.2-55.7)

60.2
(57.2-63.2)

61.3
(57.4-65.3)

54.2
(47.4-61.0)

52.1
(48.4-55.8)

56.6
(51.9-61.2)

77.2
(74.1-80.3)

47.0
(43.6-50.4)

58.6
(54.4-62.8)

63.3
(59.9-66.7)

64.5
(58.7-70.3)

55.6
(51.2-60.1)

66.6
(63.4-69.7)

16

42

18

17

40

43

34

46

24

12

35

59.1
(53.7-64.7)

65.2
(60.7-69.7)

60.6
(52.9-68.4)

53.3
(49.1-57.5)

59.4
(54.4-64.4)

60.9
(55.0-66.7)

50.5
(39.7-61.3)

50.1
(44.6-55.5)

54.5
(47.7-61.3)

76.6
(72.2-81.0)

48.1
(42.5-53.7)

57.9
(51.3-64.4)

63.7
(58.4-69.0)

64.9
(56.0-73.8)

49.4
(43.0-55.8)

66.6
(62.4-70.9)

64.3
(61.0-67.7)

68.9
(64.2-73.7)

62.1
(56.1-68.2)

52.6
(49.0-56.2)

61.0
(57.7-64.3)

61.8
(56.7-66.9)

58.1
(50.1-66.0)

54.2
(49.3-59.2)

58.9
(52.7-65.1)

77.9
(73.6-82.2)

46.2
(42.1-50.4)

59.4
(54.4-64.3)

63.3
(58.9-67.6)

63.8
(56.6-71.1)

61.3
(55.4-67.2)

66.3
(61.9-70.8)
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New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

44.5
(41.1-47.8)

59.8
(57.0-62.6)

46.2
(41.8-50.6)

59.3
(57.0-61.7)

59.0
(54.7-63.2)

55.6
(52.0-59.2)

59.23
(56.3-62.1)

69.8
(64.0-75.6)

57.0
(53.9-60.2)

47.0
(40.9-53.0)

58.4
(55.8-61.0)

68.0
(65.0-71.0)

56.7
(53.6-59.6)

56.6
(53.6-59.6)

63.4
(60.1-66.8)

54.8
(51.3-58.4)

20

49

21

23

37

22

31

47

25

32

33

11

38

45.2
(40.2-50.2)

59.8
(55.6-64.0)

45.0
(38.4-51.6)

58.1
(54.6-61.6)

54.9
(48.6-61.2)

53.63
(48.2-59.0)

58.1
(53.3-63.0)

63.3
(54.4-72.2)

54.2
(49.4-59.1)

44.2
(35.5-52.9)

56.7
(52.5-61.0)

65.2
(60.5-69.9)

58.2
(52.7-63.7)

54.6
(50.0-59.3)

64.7
(60.1-69.2)

58.7
(53.5-63.9)

43.6
(39.4-47.8)

59.9
(56.2-63.6)

47.6
(41.7-53.5)

60.4
(57.1-63.6)

63.4
(57.9-68.9)

57.5
(52.9-62.1)

60.2
(56.6-63.7)

77.1
(71.4-82.7)

60.1
(56.3-63.8)

50.0
(41.9-58.1)

59.9
(56.9-63.0)

70.1
(67.3-74.7)

55.6
(52.1-59.2)

58.7
(55.2-62.2)

62.4
(57.5-67.2)

51.0
(46.7-55.3)
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Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

57.8
(53.7-61.8)

65.9
(63.8-67.0)

48.9
(46.0-51.9)

63.5
(59.4-68.6)

57.5
(54.1-61.0)

44.2
(36.9-51.4)

36.6
(33.3-39.9)

35.1
(30.5-39.6)

45

10

29

52

53

54

59.4
(54.5-64.2)

63.5
(60.2-66.8)

47.7
(43.2-52.3)

58.0
(51.5-64.5)

54.4
(49.1-59.6)

37.1
(27.6-46.6)

37.2
(32.1-42.4)

32.0
(23.6-40.5)

56.2
(49.7-62.6)

68.2
(65.7-70.7)

50.2
(46.3-54.1)

68.8
(64.0-73.7)

61.0
(56.7-65.4)

52.8
(43.4-62.1)

36.1
(32.0-40.2)

37.1
(32.1-42.2)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Data are in the form % (95% Confidence Interval)

DE stands for diabetes education
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Table 7 — State Level Prevalence of Self-Monitoring of Blood
Glucose among Persons with Diabetes, overall and by sex, 2000-

2010
SMBG Overall SMBG SMBG
Rank Male Female
Alabama 65.7 9 62.2 68.7
(62.9-68.4) (57.4-67.0) (65.6-71.7)
Alaska 59.0 42 50.0 66.0
(53.2-64.9) (41.2-58.9) (58.9-73.0)
Arizona 61.5 32 59.6 634
(57.0-66.0) (52.3-67.0) (58.1-68.7)
Arkansas 59.1 41 56.3 61.7
(55.6-62.7) (50.8-61.8) (57.1-66.4)
California 51.0 51 46.0 56.6
(47.3-54.8) (40.6-51.4) (51.9-61.4)
Colorado 61.0 35 56.8 66.0
(56.9-65.0) (50.7-62.8) (60.8-71.1)
Connecticut 60.3 38 57.0 63.7
(56.9-63.7) (51.6-62.5) (59.5-67.9)
Delaware 62.8 24 60.6 65.2
(59.1-66.6) (54.5-66.7) (60.7-69.7)
District of Columbia 64.6 15 67.0 62.8
(59.5-69.8) (58.7-75.4) (56.4-69.3)
Florida 61.1 34 60.3 62.1
(58.1-64.2) (55.6-65.0) (58.4-65.8)
Georgia 63.0 23 62.5 63.3
(60.2-65.9) (58.1-67.0) (59.9-66.7)
Hawaii 52.8 50 56.5 48.6
(48.5-57.1) (50.3-62.7) (43.6-53.6)
Idaho 58.6 44 55.8 61.5
(55.5-61.6) (50.7-61.0) (57.9-65.1)
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Illinois

Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

66.4
(60.6-72.2)

63.2
(60.0-66.4)

67.2
(64.2-70.2)

55.1
(50.1-60.1)

67.3
(64.8-69.9)

64.7
(61.8-67.7)

59.0
(55.0-63.1)

65.0
(59.2-70.8)

64.1
(60.9-67.4)

62.8
(58.4-67.1)

68.5
(65.2-71.9)

65.0
(61.8-68.3)

62.4
(58.2-66.7)

64.1
(60.6-67.5)

64.7
(59.0-70.4)

58.4
(54.0-62.9)

6

21

49

13

43

12

16

25

11

26

17

14

45

59.6
(54.2-65.1)

59.6
(54.2-65.1)

64.8
(60.4-69.3)

55.1
(46.9-63.4)

66.0
(62.1-69.8)

61.8
(56.9-66.8)

57.7
(51.7-63.7)

62.7
(53.6-71.7)

62.6
(57.7-67.5)

63.6
(57.4-69.7)

64.3
(59.2-69.4)

64.8
(59.8-69.9)

58.8
(52.3-65.4)

65.5
(60.2-70.8)

67.6
(59.5-75.6)

55.1
(48.6-61.6)

72.7
(65.7-79.6

66.7
(63.5-69.9)

69.6
(65.7-73.6)

55.4
(49.2-61.5)

68.6
(65.3-72.0)

67.4
(64.2-70.5)

60.7
(55.7-65.8)

67.4
(60.3-74.5)

65.8
(61.6-70.0)

61.8
(55.8-67.9)

73.4
(69.3-77.4)

65.4
(61.2-69.5)

66.3
(61.6-71.1)

63.4
(59.0-67.8)

61.5
(53.7-69.2)

62.0
(55.9-68.0)
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New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

66.2
(63.1-69.2)

63.7
(60.2-67.1)

65.8
(63.2-68.5)

60.0
(55.5-64.4)

63.2
(60.8-65.5)

61.9
(57.7-66.2)

62.3
(58.9-65.8)

60.2
(57.2-63.0)

66.6
(61.2-71.9)

60.7
(57.5-63.9)

57.0
(51.1-63.0)

63.9
(61.3-66.5)

61.6
(58.4-64.8)

74.0
(71.6-76.5)

56.8
(53.8-59.8)

61.8
(58.3-65.3)

7

20

40

22

28

27

39

37

47

18

31

48

29

64.9
(60.7-69.1)

62.9
(57.6-68.3)

62.4
(58.2-66.5)

55.8
(49.1-62.5)

60.1
(56.6-63.6)

60.6
(54.4-66.8)

60.3
(55.1-65.5)

60.3
(55.5-65.1)

67.1
(59.7-74.6)

56.2
(51.4-61.1)

512
(42.3-60.0)

58.8
(54.5-63.1)

56.5
(51.6-61.4)

72.9
(68.5-77.3)

54.2
(49.6-58.9)

61.4
(56.4-66.5)

67.4
(63.0-71.8)

64.3
(60.4-68.3)

69.2
(65.8-72.5)

64.4
(58.8-70.0)

65.8
(62.6-69.1)

63.4
(57.7-69.1)

64.4
(60.0-68.8)

60.6
(57.0-64.2)

65.9
(58.4-73.5)

65.7
(62.1-69.4)

63.5
(55.8-71.1)

68.7
(65.8-71.6)

67.3
(63.4-71.2)

75.2
(72.4-78.0)

59.6
(56.1-63.0)

62.7
(57.8-67.5)




Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

61.7
(58.3-65.1)

58.2
(54.1-62.2)

65.3
(63.2-67.3)

63.8
(61.0-66.7)

60.8
(56.7-64.8)

61.5
(58.2-64.8)

38.4
(31.7-45.1)

36.9
(33.7-40.1)

46.4
(41.7-51.2)

46

10

19

36

33

54

53

52

60.8
(55.5-66.2)

60.3
(55.4-65.2)

63.0
(59.7-66.3)

60.5
(56.1-64.9)

59.3
(53.2-65.3)

57.6
(52.6-62.7)

343
(25.2-43.5)

32.7
(28.0-37.4)

41.4
(32.3-50.5)

62.7
(58.6-66.9)

55.7
(49.7-61.7)

67.6
(65.2-70.1)

66.8
(63.2-70.5)

62.4
(57.1-67.8)

65.7
(61.4-69.9)

44.9
(35.2-54.6)

40.8
(36.6-45.0)

49.8
(44.6-55.1)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Data are in the form % (95% Confidence Interval)
SMBG stands for self-monitoring of blood glucose
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Table 8 — State Level Prevalence of Meeting the Annual Foot
Examination Recommendation among Persons with
Diabetes, overall and by sex, 2000-2010

AFA Overall AFA AFA Male AFA
Overall Female
Rank
Alabama 71.0 29 70.7 71.2
(68.4-73.6) (66.2-75.2) (68.2-74.3)
Alaska 72.0 23 69.2 73.3
(67.1-76.9) (60.7-77.8) (67.6-79.0)
Arizona 65.1 42 64.8 65.2
(60.6-69.5) (57.7-71.9) (59.8-70.7)
Arkansas 55.8 53 56.6 55.1
(52.2-59.3) (51.1-62.1) (50.5-59.8)
California 61.0 52 61.7 60.2
(57.5-64.6) (56.4-66.9) (55.6-64.8)
Colorado 69.3 32 68.7 69.8
(65.4-73.2) (62.8-74.5) (64.7-74.9)
Connecticut 71.0 28 73.3 68.8
(67.8-74.2) (68.5-78.1) (64.7-73.0)
Delaware 77.6 3 80.7 74.3
(74.7-80.5) (76.5-84.9) (70.4-78.3)
District of 77.1 5 75.5 78.4
Columbia (72.6-81.6) (67.6-83.3) (73.2-83.5)
Florida 66.5 39 67.7 65.2
(63.4-69.6) (62.9-72.6) (61.5-68.8)
Georgia 69.9 31 71.5 68.4
(67.2-72.7) (67.2-75.7) (65.0-71.7)
Hawaii 75.0 8 75.8 74.0
(71.2-78.7) (70.2-81.5) (69.4-78.7)
Idaho 64.0 47 67.4 61.2
(61.0-67.0) (62.8-72.0) (57.5-64.9)
Illinois 73.3 18 77.8 69.3

(67.4-79.3)

(70.3-85.4) (60.7-78.0)




Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New
Hampshire

68.0
(64.9-71.1)

71.9
(68.6-75.2)

62.8
(57.9-67.7)

64.1
(61.4-66.9)

70.0
(67.2-72.7)

76.0
(72.5-79.5)

73.8
(67.7-79.9)

74.4
(71.1-77.6)

65.7
(61.1-70.2)

80.9
(77.5-84.3)

64.9
(61.6-68.3)

71.0
(67.1-75.0)

73.1
(69.8-76.3)

71.1
(65.4-76.8)

61.5
(57.0-65.9)

80.5
(77.7-83.2)

24

49

46

30

13

10

41

43

27

19

26

51

68.5 67.5
(62.9-74.0) (64.2-70.7)

71.7 72.2
(67.0-76.3) (67.5-76.9)

66.5 60.1
(58.7-74.3) (54.0-66.2)

65.4 62.9
(61.2-69.6) (59.4-66.3)

69.3 70.7
(64.7-74.0) (67.6-73.7)

78.5 73.2
(73.4-83.5) (68.5-77.9)

70.7 77.4
(60.5-80.9) (71.8-83.0)

76.6 72.0
(71.7-81.4) (67.6-76.3)

64.7 66.8
(58.1-71.3) (60.7-72.9)

80.9 81.0
(75.6-86.1) (76.8-85.2)

65.6 64.4
(60.2-71.0) (60.1-68.7)

73.7 67.9
(67.6-79.7) (63.1-72.7)

74.6 71.8
(69.4-79.8) (67.7-75.9)

72.3 70.0
(63.7-80.8) (62.5-77.5)

60.1 62.2
(53.6-66.5) (56.2-68.2)

83.2 77.1
(79.4-87.0) (73.1-81.1)
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New Jersey

New Mexico

New York

North

Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South

Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

66.2
(62.6-69.8)

73.7
(71.1-76.2)

73.4
(69.3-77.5)

74.4
(72.1-76.7)

77.6
(73.9-81.2)

64.5
(61.0-68.0)

64.3
(61.4-67.2)

742
(69.0-79.4)

74.1
(71.0-77.1)

72.4
(66.7-78.1)

72.3
(69.8-74.7)

73.6
(70.7-76.5)

68.6
(65.7-74.6)

62.5
(59.5-65.5)

71.1
(67.7-75.6)

75.7
(72.7-78.6)

40

15

17

44

45

11

12

21

22

16

34

50

25

67.3 65.0
(61.8-72.7) (60.8-69.3)

75.2 72.2
(71.5-79.0) (68.7-75.7)

75.7 71.2
(69.7-81.7) (65.7-76.7)

78.0 71.6
(75.0-80.9) (68.3-74.9)

81.7 73.0
(76.9-86.4) (67.7-78.4)

63.8 65.3
(58.4-69.2) (60.8-69.8)

63.6 64.8
(58.7-69.5) (61.3-68.3)

76.5 71.6
(69.1-83.9) (64.4-78.9)

72.8 75.5
(68.0-77.7) (72.1-78.9)

70.9 74.2
(62.4-79.3) (66.6-81.7)

71.4 73.0
(67.3-75.5) (70.3-75.8)

73.4 73.8
(69.0-77.8) (70.1-77.5)

71.6 66.2
(66.5-76.6) (62.9-69.5)

61.5 63.8
(56.8-66.1) (60.3-67.3)

73.2 69.1
(68.3-78.1) (64.3-73.8)

78.3 73.0
(73.8-82.9) (69.2-76.8)
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Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

67.6
(63.4-71.8)

72.8
(70.8-74.7)

67.6
(64.8-70.4)

73.8
(70.0-77.6)

63.0
(59.7-66.4)

68.9
(61.9-76.0)

43.1
(39.9-46.4)

66.6
(62.0-71.3)

20

36

14

48

33

54

38

70.6 64.6
(65.3-75.8) (58.1-71.1)

74.2 71.3
(71.2-77.3) (68.9-73.7)

68.6 66.7
(64.1-73.0) (63.1-70.3)

75.2 72.5
(69.7-80.7) (67.3-77.7)

64.7 61.2
(59.7-69.8) (56.9-65.6)

70.7 65.4
(61.4-80.0) (55.1-75.6)

433 43.1
(38.3-48.3) (38.9-47.2)

62.2 69.7
(53.4-71.1) (64.7-74.8)

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Data are in the form % (95% Confidence Interval)
AFA stands for annual foot examination

72



Table 9 — Change in State Level Alc among Persons with Diabetes from

2000-2005 to 2006-2010 (n=233,361)

A1C 2000-2005

A1C 2006-2010

Percentage Point

Change
Alabama 67.6 68.2 0.6
(63.5-71.7) (64.7-71.7) '
Alaska 63.0 64.1 11
(55.7-70.2) (56.2-71.9) '
Arizona 594 55.0 44
(52.8-66.0) (48.7-61.4) '
Arkansas 604 61.1 07
(56.0-64.8) (55.3-66.9) '
California 56.4 65.2 38
(52.0-60.9) (58.9-71.5) '
Colorado 66.6 64.0 26
(61.6-71.5) (57.8-70.2) '
Connecticut 68.2 66.5 17
(64.3-72.2) (60.9-72.1) '
Delaware 67.7 64.1 36
(62.2-73.3) (59.0-69.2) '
District of 55.6 674 118
Columbia (46.3-65.0) (61.7-73.2) ’
Florida 56.8 65.1 83
(52.1-61.6) (60.8-69.4) '
Georgia 63.2 67.3 41
(59.2-67.2) (63.4-71.2) '
Hawaii 82.8 65.4 _17.4%
(78.0-87.7) (60.2-70.6) '
Idaho 56.1 57.6 15
(52.1-60.1) (52.6-62.5) '
Illinois - 67.9 N/A

(61.7-74.1)
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Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New
Hampshire

63.6
(59.7-67.4)

69.3
(64.6-74.1)

65.8
(61.0-70.7)

69.9
(66.3-73.4)

56.9
(52.6-61.3)

65.3
(60.0-70.7)

68.5
(61.8-75.2)

69.4
(65.2-73.7)

57.8
(50.1-65.5)

71.1
(66.1-76.0)

61.1
(56.0-66.1)

64.5
(58.9-70.0)

57.8
(52.6-63.1)

68.2
(62.3-74.0)

62.0
(55.6-68.4)

74.0
(70.1-77.8)

62.7
(57.8-67.5)

70.8
(66.3-75.2)

67.1
(63.3-70.9)

60.0
(56.1-64.0)

67.3
(61.3-73.3)

71.5
(66.4-76.6)

71.1
(66.1-76.2)

69.8
(64.3-75.4)

59.2
(54.6-63.9)

65.0
(58.8-71.1)

63.2
(58.3-68.1)

56.0
(50.1-61.9)

73.3
(68.0-78.6)

1.5

N/A

3.1

2.0

N/A

2.1

13.3%*

-1.3

-1.9

0.5

5.4

N/A
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New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

65.6
(61.7-69.5)

57.9
(53.7-62.1)

70.1
(65.8-74.5)

67.6
(64.1-71.0)

69.3
(62.7-75.9)

63.4
(58.7-68.0)

60.2
(56.4-64.0)

68.5
(64.2-72.9)

68.4
(62.4-74.4)

61.9
(58.4-65.5)

73.3
(69.7-76.9)

67.2
(63.1-71.3)

57.7
(54.4-61.0)

67.6
(62.8-72.3)

69.9
(65.4-74.4)

62.9
(54.9-70.9)

64.9
(61.0-68.8)

72.2
(62.4-81.9)

65.7
(62.4-69.0)

61.0
(55.5-66.6)

59.4
(54.1-64.7)

62.8
(58.2-67.4)

72.4
(67.4-77.3)

70.6
(66.2-74.9)

67.1
(63.3-70.9)

69.9
(64.7-75.2)

69.6
(65.6-73.6)

58.6
(53.2-64.0)

66.0
(61.4-70.6)

69.5
(63.0-76.0)

7.0

2.1

-1.9

-8.3

2.6

N/A

2.1

N/A

52

24

0.9

-1.6
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Virginia 66.9 67.2 0.3
(61.5-72.3) (62.5-71.9)
Washington 69.4 66.4 3.0
(66.2-72.6) (63.7-69.1) ’
West Virginia 68.4 66.1 23
(64.3-72.5) (62.1-70.1) '
Wisconsin 68.4 68.4 0.0
(63.1-73.6) (62.0-74.9) '
Wyoming 58.5 60.3 1.8
(53.7-63.3) (55.1-65.4) '
Guam 46.3 48.9 26
(35.2-57.3) (39.8-58.0) '
Puerto Rico 57.2 63.8 6.6
(52.4-62.1) (59.4-69.2) '
Virgin Islands 44.4 50.6 6.2
(37.9-50.9) (44.0-57.2) '

76

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Percentage, 95% confidence interval
-- indicates that no data was collected in the state during the selected time period

* Significant difference at .05 level



Table 10 — Change in State Level Diabetes Education among
Persons with Diabetes from 2000-2005 to 2006-2010

DE 2000- DE 2006-2010  Percentage
2005 Point Change
Alabama 56.6 59.6
(52.3-60.9) (55.8-63.4) 3.0
Alaska 57.7 56.8
(50.4-65.1) (48.4-65.1) -0.9
Arizona 57.3 54.1
(51.0-63.5) (47.7-60.5) -3.2
Arkansas 43.6 50.6
(39.2-48.0) (44.5-56.7) 7.0
California 56.9 60.4
(52.5-61.2) (54.0-66.8) 3.5
Colorado 62.6 60.9
(57.3-67.8) (54.7-67.1) -1.7
Connecticut 52.0 51.5
(47.8-56.2) (45.7-57.2) -0.5
Delaware 46.4 46.5
(40.7-52.1) (41.2-51.8) 0.1
District of Columbia 67.3 64.5
(60.1-74.5) (58.4-70.6) -2.8
Florida 52.7 55.3
(47.8-57.6) (51.1-59.4) 2.6
Georgia 60.6 59.6
(56.8-64.4) (55.4-63.8) -0.1
Hawaii 58.3 52.2
(51.4-65.1) (47.0-57.5) -6.1
Idaho 62.4 61.0
(58.6-66.2) (56.0-66.1) -1.4
Illinois - 63.5
N/A

(57.2-69.9)




Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

61.9
(58.2-65.6)

68.9
(64.7-73.1)

61.5
(56.6-66.3)

50.9
(46.8-55.0)

60.6
(56.4-64.9)

61.1
(55.9-66.3)

542
(47.4-61.0)

51.2
(46.4-56.0)

53.9
(46.2-61.6)

73.3
(68.4-78.1)

48.0
(42.9-53.1)

57.0
(51.4-62.5)

61.9
(56.7-67.0)

64.5
(58.7-70.3)

56.7
(50.1-63.2)

63.9
(59.7-68.1)

61.7
(56.8-66.7)

65.0
(60.0-69.9)

54.6
(50.8-58.3)

59.5
(55.4-63.6)

61.6
(55.7-67.6)

53.3
(47.5-59.2)

58.4
(52.7-64.2)

81.0
(77.3-84.7)

46.3
(41.7-50.9)

60.1
(53.7-66.6)

64.7
(60.3-69.1)

54.8
(48.9-60.8)

69.2
(64.7-73.7)

N/A

3.7

-1.1

0.5

N/A

2.1

4.5

7.1

-1.7

3.1

2.8

N/A

-1.9

53

78



New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

43.7
(40.0-47.5)

59.4
(55.3-63.4)

46.2
(41.4-51.0)

62.2
(59.0-65.3)

59.1
(52.6-65.5)

58.0
(53.3-62.7)

59.1
(55.4-62.8)

54.1
(49.5-58.6)

47.0
(40.9-53.0)

55.2
(51.7-58.8)

69.2
(65.8-72.7)

56.9
(52.6-61.3)

56.2
(53.0-59.5)

63.1
(57.9-68.3)

53.4
(49.0-57.9)

47.0
(39.4-54.5)

60.1
(56.3-64.0)

45.7
(34.7-56.7)

57.4
(54.1-60.6)

58.8
(53.2-64.3)

51.7
(46.4-56.9)

59.4
(54.8-64.1)

69.8
(64.0-75.6)

59.3
(54.9-63.6)

61.5
(57.9-65.1)

66.3
(61.0-71.5)

56.5
(52.2-60.7)

57.1
(51.6-62.6)

63.7
(59.4-68.1)

56.1
(50.5-61.7)

33

0.7

-0.50%

0.3

N/A

52

N/A

6.3

0.9

0.6

2.7
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Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

542
(47.9-60.5)

65.4
(62.2-68.5)

49.8
(45.5-54.1)

67.0
(61.8-72.2)

53.9
(49.1-58.8)

50.2
(38.7-61.6)

34.0
(29.4-38.6)

38.9
(32.3-45.5)

61.6
(57.1-66.0)

66.4
(63.8-69.0)

48.3
(44.2-52.4)

60.3
(54.0-66.5)

61.0
(56.2-65.7)

41.3
(32.1-50.6)

38.6
(34.1-43.1)

323
(26.3-38.3)

7.4

1.0

-1.5

7.1

-8.9

4.6

-6.6

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Percentage, 95% confidence interval
-- indicates that no data was collected in the state during the selected time period

DE stands for diabetes education
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Table 11: Change in State Level Self-Monitoring of Blood
Glucose from 2000-2005 to 2006-2010 among Persons with

Diabetes
SMBG 2000- SMBG 2006-
2005 2010 Changes
Alabama 61.5 69.3
(57.3-65.7) (65.7-72.8) 7.8%
Alaska 54.9 62.2
(47.2-62.6) (53.8-70.6) 7.3
Arizona 63.7 59.7
(57.6-69.7) (53.4-66.1) -4.0
Arkansas 594 58.7
(55.0-63.8) (52.6-64.7) -0.7
California 49.7 54.6
(45.3-54.1) (47.8-61.3) 4.9
Colorado 60.3 62.6
(55.1-65.4) (56.6-68.7) 2.3
Connecticut 60.3 60.4
(56.2-64.4) (54.8-66.1) 0.1
Delaware 63.8 61.9
(58.2-69.3) (56.7-67.1) -1.9
District of Columbia 59.1 67.6
(49.7-68.6) (61.5-73.7) 8.5
Florida 58.5 63.3
(53.7-63.3) (59.4-67.3) 4.8
Georgia 59.9 65.4
(56.0-63.8) (61.4-69.5) 5.5
Hawaii 50.5 54.5
(43.2-57.8) (49.3-59.6) 4.0
Idaho 57.7 59.6
(53.8-61.7) (54.8-64.3) 1.9
Illinois - 66.4
(60.6-72.2) N/A
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Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

60.7
(56.9-64.4)

65.9
(61.6-70.1)

55.1
(50.1-60.1)

63.6
(59.9-67.4)

61.6
(57.3-66.0)

59.6
(54.3-65.0)

65.0
(59.2-70.8)

64.1
(60.1-68.1)

53.7
(46.1-61.3)

70.5
(65.8-75.3)

58.6
(53.6-63.6)

57.9
(52.3-63.6)

66.4
(61.5-71.4)

64.7
(59.0-70.4)

64.6
(58.6-70.5)

63.1
(58.9-67.3)

65.2
(60.2-70.2)

68.6
(64.4-72.8)

70.2
(66.7-73.7)

67.7
(63.8-71.6)

57.9
(52.0-63.9)

64.5
(59.1-69.8)

69.0
(63.9-74.1)

66.6
(61.8-71.3)

69.5
(65.3-73.6)

66.8
(60.5-73.2)

61.8
(56.9-66.6)

54.2
(48.3-60.2)

69.2
(64.8-73.6)

4.5

2.7

N/A

6.6

6.1

-1.7

N/A

0.4

15.3%*

10.9%*

8.9

N/A

-10.4

6.1




&3

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

63.0
(59.4-66.6)

62.1
(58.0-66.2)

57.4
(52.6-62.3)

61.3
(57.8-64.7)

63.3
(56.9-69.7)

62.2
(57.6-66.8)

59.3
(55.5-63.0)

58.1
(53.6-62.5)

57.0
(51.1-63.0)

61.4
(58.0-64.9)

61.8
(57.7-65.8)

69.3
(65.3-73.3)

54.1
(50.8-57.4)

62.6
(57.3-67.9)

56.8
(52.2-61.4)

65.0
(56.3-73.7)

68.9
(65.5-72.2)

75.4
(66.9-83.8)

64.6
(61.3-67.8)

60.9
(55.3-66.5)

62.5
(57.4-67.6)

61.6
(56.9-66.2)

66.6
(61.2-71.9)

62.8
(58.3-67.2)

66.3
(62.5-70.1)

61.4
56.2-66.6)

77.4
(74.4-80.4)

60.5
(55.0-66.1)

61.0
(56.3-65.6)

67.5
(63.0-72.1)

2.0

6.7

18.0%*

33

0.3

23

N/A

4.7

N/A

4.9

8.1*

6.4

-1.6

10.7%*
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Virginia

Washington

West Virginia

Wisconsin

Wyoming

Guam

Puerto Rico

Virgin Islands

55.0
(48.8-61.3)

64.7
(61.5-67.9)

59.8
(55.6-64.1)

56.9
(51.3-62.4)

59.8
(55.0-64.5)

38.6
(27.7-49.4)

25.1
(21.2-28.9)

41.3
(34.6-48.0)

61.3
(56.6-66.0)

65.9
(63.3-69.4)

67.3
(63.5-71.0)

64.4
(58.8-70.0)

63.1
(58.5-67.8)

38.9
(30.4-47.3)

45.8
(41.3-60.3)

50.5
(43.9-57.1)

1.2

7.5

7.5

33

0.3

20.7*

9.2

Data from 2000-2010 Behavioral Risk Factor Surveillance System

Percentage, 95% confidence interval

-- indicates that no data was collected in the state during the selected time period
SMBG stands for self-monitoring of blood glucose



Table 12: Change in State Level Annual Foot Examinations among

Persons with Diabetes from 2000-2005 to 2006-2010

AFA 2000- AFA 2006-2010
2005 Changes

Alabama 69.7 72.1
(65.8-73.6) (68.6-75.5) 24

Alaska 71.3 72.6
(65.0-77.5) (65.4-79.8) 1.3

Arizona 67.4 62.9
(61.7-73.2) (56.6-69.3) -4.5

Arkansas 544 58.7
(50.0-58.8) (52.7-64.7) 4.3

California 59.6 65.5
(55.3-63.9) (59.3-71.6) 59

Colorado 68.3 71.7
(63.4-73.3) (66.0-77.4) 3.4

Connecticut 70.2 72.0
(66.4-74.1) (66.6-77.3) 1.8

Delaware 78.2 77.1
(74.0-82.4)  (73.1-81.1) -1.1

District of Columbia 77.3 77.0
(70.3-84.4) (71.3-82.8) -0.3

Florida 63.0 69.5
(58.1-67.9) (65.7-73.3) 6.5

Georgia 69.1 70.5
(65.3-73.0) (66.7-74.4) 1.4

Hawaii 79.1 72.0
(73.4-84.7) (67.2-76.8) -7.1

Idaho 60.0 68.5
(56.1-63.9) (64.1-73.0) 8.5%

Illinois - 73.3
(67.4-79.3) N/A
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Indiana

Towa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

67.7
(64.2-71.3)

69.3
(64.5-74.2)

62.8
(57.9-67.7)

61.9
(57.8-65.9)

69.5
(65.4-73.5)

77.3
(73.0-81.7)

73.8
(67.7-79.9)

75.1
(71.3-78.9)

56.6
(49.0-64.2)

81.6
(77.4-85.7)

68.1
(63.4-72.8)

69.6
(64.3-75.0)

75.0
(70.4-79.6)

71.1
(65.4-76.8)

70.9
(65.1-76.7)

78.3
(74.5-82.1)

68.0
(63.1-73.0)

74.6
(70.3-78.8)

65.8
(62.1-69.5)

70.3
(66.6-73.9)

73.6
(67.9-79.2)

73.5
(67.9-79.1)

72.1
(67.1-77.1)

80.2
(74.8-85.5)

62.6
(57.9-67.2)

72.4
(66.5-78.2)

71.3
(66.7-75.9)

55.1
(49.2-60.9)

82.6
(78.6-86.6)

0.3

53

N/A

3.9

0.8

N/A

-1.6

15.5%

1.4

N/A

-15.8%*

4.3




New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

66.3
(62.5-70.2)

73.9
(70.3-77.4)

72.2
(67.7-76.7)

76.3
(73.4-79.3)

79.5
(74.6-84.3)

64.7
(60.0-69.3)

65.4
(61.7-69.1)

79.1
(75.7-82.5)

72.4
(66.7-78.1)

71.9
(68.6-75.2)

72.1
(68.5-75.8)

66.0
(61.7-70.3)

62.0
(58.7-65.2)

71.7
(66.5-76.8)

70.4
(66.2-74.6)

65.6
(57.2-73.9)

73.5
(69.9-77.6)

81.3
(73.0-89.7)

73.1
(69.8-76.3)

75.9
(70.7-81.2)

64.4
(59.0-69.7)

62.4
(57.7-67.1)

74.2
(69.0-79.4)

70.2
(65.8-74.6)

72.6
(69.1-76.2)

75.7
(70.9-80.4)

70.4
(66.7-74.1)

63.2
(57.7-68.8)

70.5
(66.0-75.0)

81.4
(77.5-85.4)

N/A

-8.9%

N/A

0.7

3.6

4.4

1.2

-1.2

11.0%*
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Virginia 65.4 69.8 4.4
(58.8-72.0) (65.2-74.4)

Washington 73.2 72.3
(70.3-76.1) (69.8-74.8) -0.9

West Virginia 65.1 69.7
(60.9-69.4) (65.9-73.5) 4.6

Wisconsin 72.0 75.4
(66.8-77.1) (69.9-80.9) 3.4

Wyoming 62.9 63.1
(58.1-67.6) (58.2-67.9) 0.2

Guam 70.1 68.6
(59.3-80.8) (59.5-77.7) -1.5

Puerto Rico 45.9 41.1
(41.2-50.7) (36.8-45.5) -4.8

Virgin Islands 66.0 67.4
(59.6-72.4) (61.0-73.8) 1.4

Data from 2000-2010 Behavioral Risk Factor Surveillance System
Percentage, 95% confidence interval
-- indicates that no data was collected in the state during the selected time period

AFA stands for annual foot examination
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Figures
Figure 1 — Andersen’s Behavioral Model of Health Services Use
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Figure 2 — Distribution of the Proportion Meeting Diabetes Care Behavior
Recommendations among Persons with Diabetes
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Data from 2000-2010 Behavioral Risk Factor Surveillance System
Behaviors include biannual HbA 1¢ measurements, daily self-monitoring of blood sugar, diabetes
education, and annual foot examinations
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