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Abstract
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Introduction: Diabetes, a recognized and increasing public health problem, disproportionately
affects low poverty neighborhoods. The mechanisms connecting place and health disparities
have not been well-described at the community-level due to a lack of robust data representative
of neighborhoods. Identifying disease prevention and management gaps in neighborhoods has

importance for public health practitioners, policymakers, and population health.

Methods: Our cross-sectional study included adults who participated in the Monitoring
Disparities in Chronic Conditions (MDCC) Study, a pilot chronic disease surveillance system in

King County (KC), Washington (2011-2012), and who either (1) met American Diabetes



Association diabetes screening criteria or (2) reported a non-gestational prediabetes or diabetes
mellitus diagnosis. Data were collected by questionnaire (self-reported) and pharmacy record
abstraction. Neighborhood socioeconomic status (SES) was defined using the percentage of
residents living at <200% federal poverty level from the United States Census Bureau American
Community Survey. Weighted logistic regression modeled the association between
neighborhood SES and health indicators for quality care, healthy behaviors, disease self-
management, and clinical biomarkers. Sensitivity, specificity, and Cohen’s kappa assessed
concordance between self-reported medication use and pharmacy dispensing records.

Results: Among KC adults screened to participate in the MDCC Study, 52.4% who were eligible
and agreed to participate completed the core survey; 89.9% of these participants met this
dissertation's inclusion criteria. Given the same age, education, and regular healthcare source
status, adults with diabetes in low SES neighborhoods, compared to high SES neighborhoods,
are significantly less likely to achieve glycemic control (HbAlc, <8%) (OR: 0.19, 95% CI: 0.06-
0.62). Significant neighborhood differences in the prevalence of risk factors, lifestyle, and unmet

medical need may contribute to observed health disparities.

Conclusion: Using community-level data, we found that neighborhood SES was associated
significantly with multiple health indicators, with adults living in higher poverty neighborhoods
often faring worse. Interventions to prevent disease should target adults with multiple diabetes
risk factors, prior to prediabetes diagnosis, to prevent the development of clinical disease and
comorbidities. High unmet medical need, and the absence of continuous, coordinated care
contribute to health disparities, but we found evidence that neighborhood context is associated

with health inequalities and disproportionate disease burden.
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Introduction

Diabetes is recognized as an important, and increasing, public health problem worldwide
(1). As the diabetes burden grows, so does the cost associated with the disease: between 2007
and 2012, the estimated total economic cost of diagnosed diabetes increased 41%, from $174
billion to $245 billion (2). Ongoing population-based surveillance is essential to identify
communities with the highest diabetes risk and burden to inform health strategies to reduce
disease-related morbidity and premature mortality. Currently, a lack of robust data collection and
continuous health-related data tracking at the neighborhood level prevent public health
practitioners from adequately describing the association between neighborhoods and health. Our
research takes advantage of a large-scale feasibility study that collected health-related data to be
representative at the county level in King County (KC), Washington, where the number of
people with diabetes has doubled in the past decade, disproportionately affecting individuals and
neighborhoods with low socioeconomic status (SES) (3, 4).

Conceptual model

The conceptual model (Figure 1) that provides the framework for this research builds on
other models described previously that address social determinants of health (5-13). The model
considers multiple levels of influence on health, proposing that neighborhood resources and the
physical environment mediate the relationship between socioeconomic-political context and
more proximate behavioral, stressor, health systems, and biological processes.

First, the framework considers fundamental and structural factors, basic conditions that
drive observed social gradients (14), shaping both intermediate mechanisms and proximal factors
on the pathways that influence health among people at high risk for diabetes, and those with

diagnosed diabetes. We conceptualize poverty, the condition of a community in which people are



located, as neighborhood socioeconomic position (SEP). A lower SEP leads to poorer overall
health, both directly and indirectly (5, 15-18). Ultimately, the socioeconomic-political context
influences multiple pathways that lead to health outcomes (5, 14). Next, the model
conceptualizes intermediate factors as neighborhood physical environment and neighborhood
resources, the availability of which has been estimated to be associated with a 38% lower
incidence of diabetes (19).

Proximate factors typically gain the most attention in research on the prevention and
management of morbidities. These proximate factors, conceptualized as health care access,
receipt of care, behavioral processes, and stressors, are individual-level determinants
differentially distributed by SEP directly, and also indirectly through the mediating effects of the
neighborhood physical environment. Lack of health insurance is a primary reason why diabetes
patients do not seek medical care (20), and uninsured individuals are less likely to receive
preventive and management services and more likely to have low incomes (21). When healthcare
access improves, socioeconomic inequalities can be reduced, although not eliminated completely
(22-25). Additionally, socioeconomic differences exist in the receipt of disease-appropriate care
and advice, like disease screening and routine management (26-28). Learning about diabetes
management is important among those diagnosed, yet diabetes education rates among patients is
particularly low among those with lower socioeconomic status, and those living outside urban
areas (29). Further, differential adherence patterns to medication regimens are, in part, cost-
related (30, 31). Poor control of blood glucose levels, and difficulty adhering to healthy
behaviors, has been linked to stressors, such as perceived discrimination, with variation observed
both by race/ethnicity and socioeconomic status (8, 10, 32-35). The framework, tracing the

multiple pathways leading to health status, also accounts for the potential



confounding/modifying effects of individual-level socioeconomic factors like age, income,
education, marital status, and race/ethnicity on the SEP-health association.
Specific Aims

The goal of our research was to understand the association between neighborhood
poverty, neighborhood-level mechanisms, individual characteristics, healthcare access, and
diabetes-related prevention and management strategies, using a cross-sectional study design. The
primary aims of our study were to:

1. Identify the prevalence of individual-level and area-level neighborhood
characteristics and their influence on the receipt of preventive healthcare measures
and self-management behaviors among adults with multiple risk factors for
prediabetes mellitus and diabetes mellitus.

2. Evaluate the relationship between neighborhood and the receipt of disease prevention
and management services among King County adults diagnosed with prediabetes and
diabetes.

The main outcomes for primary aims 1 and 2 included self-reported measures of quality of care,
disease self-management, healthy behaviors, and clinical biomarkers. In addition to these
primary aims, since the MDCC study collected pharmacy records, the secondary aim was to:

1. Validate self-reported chronic disease-related medication use for all participants with
available pharmacy records who meet primary aims 1 and 2 inclusion criteria, using
pharmacy-dispensing records as the “gold standard”.

The outcome measure for this secondary aim was a score that represents the extent of agreement
between self-reported medication use for chronic disease-related medications and pharmacy

record data beyond that expected by chance alone.



Project overview

Following this introduction, a description of the study methods for the project is provided.
More specific details regarding each research aim are provided in the chapters following this
introduction. Chapter 1 considers the association between neighborhood SES, being screened for
diabetes, and healthy behaviors among adults who have multiple diabetes risk factors (n=2,690).
Chapter 2 presents the quality of healthcare and disease management of adults diagnosed with
non-gestational prediabetes and diabetes (n=1,194), in relation to neighborhood SES. In Chapter
3, we assess the concordance between self-reported medication use for chronic conditions and
pharmacy dispensing data (n=81), highlighting biases in self-reported data and the importance of
self-reported information in disease surveillance systems. Chapter 4 descriptively synthesizes
findings across the spectrum of disease progression, identifying points for public health
intervention. Finally, we provide a brief conclusion that discusses Chapters 1-4 and the

implications of our research.
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Dissertation Methods

Data for this dissertation, all cross-sectional, came from multiple sources. The two main sources
were:
(1) United States (U.S.) Census Bureau 2007-2011 American Community Survey (ACS)
5-year estimates; and,
(2) the Monitoring Disparities in Chronic Conditions (MDCC) Study.

The American Community Survey (ACS) is an ongoing survey conducted by the United

States (U.S.) Census Bureau that provides small-area socioeconomic data (36). The 5-year
estimates contain data at the census tract and census block group levels (Figure 1), are the most
reliable and precise, and represent the largest sample size of ACS data (36). The large sample
size associated with the 5-year estimates makes them ideal for examining small population
groups. The statistical reliability of data presented for the different census geographic units is
contingent on the population size of a given area and the methods used to tabulate data. Data on
poverty are sampled from the population, as opposed to being complete count data, and are
subject to sampling error (36). Thus, the number of sample responses will directly influence the
variability of the resulting data and statistical confidence (36).

At the time this research was conducted, the 2007-2011 ACS 5-year estimates were the
most up-to-date data available. Since the ACS 5-year estimates are based on a population
sample, they could be biased if the sample population does not accurately represent the
socioeconomic distribution of the population from which it was drawn. In Washington State,
coverage of the ACS was estimated near 100% between 2007-2011 and survey response rates

hovered near 97% (37).



In chapters 1 and 2, we used a proxy for measuring neighborhood SES based on ACS 5-
year estimates. Specifically, we consider as a proxy the percentage of persons in a neighborhood
living at or below the 200% federal poverty level (FPL). Independent of the U.S. Census Bureau,
poverty level has been validated as being the most robust socioeconomic indicator to detect
health gradients at the census tract level (38). The 200% FPL captures all people described as "in
poverty" under the official definition, plus people who have income above poverty, but less than
2 times their poverty threshold. Guidelines for defining poverty level were adapted from the U.S.
Census Bureau. This official poverty measure was established by the Office of Management and
Budget (OMB) in Statistical Policy Directive 14 and is the measure used by federal agencies in
their statistical work. These poverty thresholds (Table 1) are based on money income before
taxes, and exclude noncash benefits such as food stamps and housing subsidies. The actual
poverty threshold is the dollar amount, varying based on the size of a family and the ages of its
members, and accounts for the ability to purchase goods. Although updated annually for
inflation, thresholds do not vary across the U.S., making this choice of exposure one that can be
comparable across research conducted in different U.S. counties (39-41).

Although some researchers use a single composite indicator that combines education,
occupation, and income as a proxy for SES, all three of these simple measures are multicollinear
and represent independent effects, as well as many complex, unmeasured factors; the use of a
composite indicator hinders the ability to observe interactions and independent effects of these
measures (42-44). The use of a single measure enables our exposure to be considered as both an
actual exposure, and as a proxy that represents neighborhood SES.

Neighborhood boundaries were based on King County health reporting areas (HRAS)

(45). These HRAs, based on city boundaries, and neighborhood boundaries in larger cities and



unincorporated areas, were created as a method by which to report geographic patterns of health
within the county that would be meaningful for local policy. Data are grouped using 2010 census
block groups and a zipcode-based grouping when block group is unavailable. Data from the ACS
can be aggregated to HRA boundaries, although in some instances census block group
boundaries and HRA boundaries do not align well (specifically, for Kent, Renton, Federal Way,
and Auburn), so approximations cannot be generated for those specific HRA neighborhoods.
Because of this, poverty level estimates generated for these HRAs will be an estimate of an
aggregated estimate. Since HRAs are defined by aggregated census data, the data quality
strengths and limitations associated with census tracts described above apply to them, too.
Although homogeneity in an areal unit is perceived as appropriate, census tracts do not
account for perceived neighborhood, or for adjacency of resources that are easily accessible for a
given household (38, 46). For example, catchment areas for local health providers may not
overlap with census tract defined boundaries, but may be captured by using a larger geographic
unit, such as HRA, to define ‘neighborhood’. Further, a neighborhood does not need to be
homogenous to affect its residents (42). Although excessive heterogeneity caused by data
aggregation can dilute the ability to assess measures of poverty level, the impact of diversity in
an area may model true patterns of neighborhood effects on individual outcomes more
accurately, and may be relevant to health policy and programs. Specifically, residents’ exposures
to area characteristics likely extend beyond census tract boundaries which cannot account for the
spatial correlation of geographic areas or adjacency, such as the impact of living in a census tract
where a large percentage of residents live below poverty, but that is adjacent to a wealthier
socioeconomic tract (38). An individual’s perceived neighborhood depends on where he or she

lives, and an individual living on the boundary of a census tract is likely more similar to residents



of the adjoining tract than to residents on the far side of his/her own. In fact, independent of local
poverty levels, proximity to resources in high-income areas may be more related to health (18).
Thus, in relation to health-related outcomes, a wider, surrounding area poverty may magnify the
impact of local poverty due to spatial isolation from resources available in wealthier areas, while
surrounding affluence may minimize the impact of local poverty (46).

Study participants’ addresses were geocoded using ArcGIS® software by Esri, and then
mapped to HRAs. The 48 existing KC HRASs were aggregated into 4 exposure groups, defined a
priori, based on the quartile distribution of 200% FPL estimates (Figure 2). Our final exposure
groups were: low SES (>30% residents at 200% FPL, 12 HRAs), middle-low SES (25-30%
residents at 200% FPL, 11 HRASs), middle-high SES (14-24% residents at 200% FPL, 14 HRAS),
and high SES (<14% residents at 200% FPL, 11 HRAS).

The Monitoring Disparities in Chronic Conditions (MDCC) Study, funded by award

number RC2HL101759 from the National Heart, Lung, and Blood Institute (NHLBI), which is a
part of the U.S. National Institutes of Health, was a pilot study in King County, Washington,
implemented with the aim to design and test a novel data collection system that integrated
multiple data sources to monitor chronic conditions and related risk factors at the local level.
The MDCC study was conducted between March 2011 and July 2012 and selected adult

(>18 years), non-institutionalized KC residents using a dual-sampling frame:

(1) A randomly selected community-based sample, with and without telephone landlines,

from a commercially available list of King County addresses. Towards the end of the
recruitment time period, community-based sampling focused on recruiting
participants from areas with a high percentage of Hispanics, based on surname, or

African Americans, based on census data; and, in order to increase the prevalence of
9



health conditions in study respondents above that sampled from the population,
MDCC also recruited:

(2) A health facility-based sample. The health facility-based sample was selected from

University of Washington (UW) Medical Center, UW Medicine Stroke Center,
Harborview Medical Center, HealthPoint Community Health Centers, Northwest
Hospital & Medical Center, Snoqualmie Valley Hospital, MultiCare Auburn Medical
Center, Overlake Hospital Medical Center, Group Health Cooperative, and King
County Emergency Medical Services (EMS). These KC residents were randomly
sampled based on diagnostic codes on record or receipt of EMS care during the 24
months prior to selection for 12 chronic conditions (asthma, atria fibrillation, cardiac
arrest, chronic obstructive pulmonary disease, congestive heart failure, coronary heart
disease, non-gestational diabetes mellitus, hypercholesterolemia, non-gestational

hypertension, myocardial infarction, renal failure, and stroke).

Data were gathered using multiple methods, including via telephone, trained interviewers
from Battelle (a health research company), in-person interviews, paper surveys, and internet-
based surveys. All MDCC participants completed a 45-minute core survey that asked questions
about sociodemographic characteristics, general health, health-related behaviors, and medical
history. All respondents who reported having received a prior diagnosis from a healthcare
professional of one of the 12 chronic conditions of interest and obtaining medications or
supplements from an identifiable pharmacy in the 30 days prior to the interview were asked to
participate in a pharmacy dispensing records review. If consent was given, participants were

asked for the names and locations of pharmacies where they had filled medication prescriptions

10



for the past 2 to 5 years. All pharmacies identified were contacted to obtain pharmacy records.
No incentive was offered for participation in the MDCC study.

MDCC participant selection and response rate (Tables 2 and 3): The MDCC study

screened a total of 8,237 KC adults, just over half (53.7%) of whom had been recruited via
community-based sampling methods. Among screened adults, 88.7% consented to participate;
49.3% of those who consented were from the community-based sample. After screened
participants consented to study participation, interviewers assessed their eligibility for study
inclusion. A much higher percentage of health facility-based sample individuals, 90.7%, were
found to be eligible, compared to only 57.8% of community-based sample individuals. Overall,
73% of screened adults who consented to study participation were eligible. The MDCC response
rate, calculated as all participants who initiated the MDCC core survey among all those eligible,
was 77.7% (68.4% response rate from the community-based sample and 84.5% response rate
from the health facility-based sample).

MDCC participants who initiated the core survey, but did not complete it, were excluded
from analyses for this dissertation due to missing data relevant to the research. Thus, this
dissertation included the 71.8% of all eligible adults who consented to study participation and
who also completed the MDCC core survey (78.9% of the eligible health facility-based sample
and 62.3% of the community-based sample). The final sample completing the core survey was
composed of 36.9% community-based sample participants and 63.1% health facility-based

sample participants.

Data analysis methods: We created weights based on participants’ probability of selection
to apply to statistical analyses. Additionally, post-stratification weights were used to relate data

to the appropriate population-level: for the health facility-based sample, 2007-2008 hospital

11



discharge data from the Comprehensive Hospital Abstract Reporting System (CHARS) were
used as the population of total KC hospital admissions for the selected 12 conditions, weighted
by sex and age group (10-year blocks); and, for the community-based sample, we used KC
demographic data. After applying the initial and post-stratification weights, weight trimming also
was used, at 5,000 for the community-based sample weights and at 100 for the health facility-
based sample weights. All analyses presented were conducted using SAS statistical software
(version 9.2; SAS Institute Inc., Cary, NC, USA).

This dissertation research received approval from the University of Washington

Institutional Review Board.
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Table 1. 200% Poverty thresholds for 2011 by size of family and number of related children under 18 years

Related children
under 18 years
Size of family unit Weighted Eight
average None One Two Three Four Five Six Seven or
thresholds more
One person (unrelated individual) 22,968
Under 65 years 23,404 | 23,404
65 years and over 21,576 | 21,576
Two people 29,314
Householder under 65 years 30,278 | 30,126 31,008
Householder 65 years and over 27,218 | 27,192 30,892
Three people 35,832 | 35,190 36,212 | 36,246
Four people 46,042 | 46,402 47,162 | 45,622 45,782
Five people 54,502 | 55,958 56,772 | 55,034 53,688 | 52,868
Six people 61,694 | 64,362 | 64,618 | 63,286 | 62,010 | 60,112 | 58,988
Seven people 70,170 | 74,058 74,520 | 72,926 71,814 | 69,744 | 67,330 64,680
Eight people 78,128 | 82,828 | 83,558 | 82,054 | 80,736 | 78,866 | 76,494 | 74,022 | 73,394
Nine people or more 93,144 | 99,636 | 100,118 | 98,786 | 97,670 | 95,834 | 93,308 | 91,024 | 90,458 | 86,974

Source: U.S. Census Bureau.
Available at: http://www.census.gov/hhes/www/poverty/data/threshld/index.html

14
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federal poverty level
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Table 2. Participant selection for the Monitoring Disparities in Chronic Conditions (MDCC) study in King
County, Washington, 2011-2012, by sampling method*

Community- Health facility- MDCC Total
based sample based sample
N N N

Adults screened 4,427 3,810 8,237
Agreed to participate 3,603 3,703 7,306
El|g!b!e adults, among those who agreed to 2559 3.455 6.014
participate
Eligible adults who initiated the core survey 1,751 2,923 4,674
Eligible adults who completed the core survey 1,593 2,727 4,320
Eligible adults with multiple diabetes risk factors
who initiated the core survey 1,195 1,794 2,989
Eligible adults with multiple diabetes risk factors 1,100 1,663 2763
who completed the core survey
E'I|g|ble adults.vylt.h self-reported prediabetes or 242 1,057 1,299
diabetes who initiated the core survey
Eligible adults with self-reported prediabetes or 299 1,009 1,238

diabetes who completed the core survey

"The MDCC study used a dual sampling frame of King County adults: (1) A randomly selected community-
based sample of adults with and without landline telephones, and (2) a health facility-based sample of
adults, with specific chronic condition diagnostic codes, who had attended hospitals, clinics, or received
EMS care during the 24 months prior to sampling.

16



Table 3. Response rate* for the Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-
2012, by sampling method'

Community-  Health facility-

based sample  based sample ~ MDCC Total
% % %
MDCC Study 68.4 84.6 77.7

*Response rate was calculated as [# people who began or completed the MDCC core survey]/[All
eligible King County adults who consented to study participation]. The MDCC Study used a dual
sampling frame of King County adults: (1) A randomly selected community-based sample of adults
with and without landline telephones, and (2) a health facility-based sample of adults, with specific
chronic condition diagnostic codes, who had attended hospitals, clinics, or received EMS care
during the 24 months prior to sampling.
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Chapter 1: The impact of neighborhood socioeconomic status on disease prevention and healthy
behavior among King County adults with multiple risk factors for non-gestational prediabetes

and diabetes

18



ABSTRACT

Introduction: Diabetes, one of the most prevalent chronic illnesses, has a long preclinical phase
during which effective healthcare interventions can lower the risk of developing prediabetes,
lower elevated blood glucose, and prevent or delay diabetes and its complications. Lifestyle
modifications that reduce body weight, such as a healthy diet and being physically active, and
diabetes screening among adults with known diabetes risk factors are recognized strategies to
prevent disease. Neighborhood poverty may contribute to different levels of preventive behavior
and care, leading to geographical disparities in diabetes prevalence.

Methods: Using American Diabetes Association criteria for diabetes screening in adults with
multiple diabetes risk factors, we selected study participants from the Monitoring Disparities in
Chronic Conditions (MDCC) study. The MDCC study, which used community-based and health
facility-based sampling, was conducted in King County (KC), Washington (2011-2012). We
generated prevalence estimates of select health indicators across KC neighborhoods and
estimated the odds of diabetes screening, physical activity levels, and healthy diet choices by
neighborhood socioeconomic status (SES), which was defined by the percentage of residents
living below the 200% federal poverty level.

Results: Our final sample included 2,690 non-institutionalized adults, 41% who were selected
randomly from community-based sampling. The prevalence of diabetes screening 3 or fewer
years ago was 77% for these KC adults. Adults in middle-low SES areas, compared to high SES
neighborhood adults, were 37% less likely (OR: 0.63, 95% CI:0.40-1.01) to report sufficient
weekly physical activity. This observation was borderline significant, but no significance
remained after adjusting for age, individual income, education level and neighborhood

walkability. The prevalence of fruit and vegetable consumption and purchasing low- or no-
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sodium foods was low across neighborhoods.

Conclusions: Our findings indicate that walkability was associated directly with physical
activity levels, but neighborhood food environment did not mediate the pathway to diet choices.
Among adults who are at high risk for developing diabetes, preventive care should target the
reduction of overweight/obesity, through encouraging lifestyle modifications. Cost-related
barriers may prevent adults from seeking care when needed, independent of neighborhood SES,
limiting the contact with the healthcare system necessary for the success of disease prevention

measures.
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Introduction

Diabetes is recognized as an important and growing public health problem worldwide (1,
47). In the United States (U.S.), diabetes affects 25.8 million individuals, including diagnosed
and undiagnosed people (48). Additionally, 35% of adult Americans are estimated to have
prediabetes, a condition in which blood glucose levels are higher than normal, but not high
enough to be diagnosed as diabetes (48).

Diabetes has a lengthy, preclinical phase during which effective healthcare interventions
can lower a person’s risk of developing prediabetes, reverse prediabetes, and prevent or delay
diabetes and its complications (26). For adults with multiple risk factors for diabetes, screening
tests are available and are recommended to identify these individuals and subsequently address
the health conditions that place them at high risk for disease (26). Identifying barriers to
preventive services, such as screening for diabetes among high-risk individuals, can provide
insights for developing more effective healthcare delivery programs. Additionally, understanding
factors that prevent individuals from getting sufficient physical activity, as well as factors that
lead to unhealthy diet choices, can inform where best to focus public health resources to improve
the frequency of healthy behavior.

As the prevalence of diabetes risk factors and disease burden grows, so do disparities in
its distribution (49). In King County (KC), Washington, neighborhood variations exist in
diabetes and its related risk factors and complications, disproportionately affecting people and
communities of low socioeconomic status (SES) (50). Data indicate that areas with higher
poverty levels and adults with lower annual income have a higher prevalence of overweight and
obesity, hypertension and high cholesterol, and low levels of physical activity (51). Available

estimates show that among KC adults with an annual income <$35,000, 9-11% have diagnosed
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diabetes, compared to 4% who have >$75,000 annual income (51), with the gap in diabetes
prevalence increasing steadily between adults living below and above 200% poverty over the last
two decades (50). These income-related patterns in disease distribution contribute to significant
neighborhood variation in mortality: 13% of deaths in low poverty areas are due to diabetes and
46% are diabetes-related, compared to 27% prevalence of diabetes deaths and 75% diabetes-
related deaths in high poverty areas (51).

Tracking the mechanisms that contribute to observed disparities in chronic disease
distribution across and within neighborhoods has the potential to identify and target preventive
healthcare measures specific to community needs. The Monitoring Disparities in Chronic
Conditions (MDCC) study, a large-scale feasibility study conducted in KC, set out to establish a
robust data collection system that could identify both diagnosed and undiagnosed conditions at
the community level through the integration of self-reported information, medical and pharmacy
records, physical examination data, and laboratory measurements in order to describe chronic
disease patterns locally. To understand the impact of neighborhood on the distribution of disease
burden, we evaluated the association between neighborhood socioeconomic status (SES) and the
receipt of preventive services, healthy behaviors, and the current disease burden among KC
adults who meet criteria (26) for diabetes screening.

Methods

Study population. We selected study participants from the MDCC study, which is

described in the Dissertation Methods section. Inclusion criteria for the analysis presented in this

chapter followed the American Diabetes Association (ADA) guidelines for diabetes screening in
adults with multiple risk factors for diabetes (26), which recommend screening for diabetes in all

adults who are overweight (BMI >25 kg/m?) and have at least one additional risk factor. Risk
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factors consist of physical inactivity, being a high-risk race/ethnicity (i.e., Black,
Hispanic/Latino, American Indian, Pacific Islander), hypertension (>140/90 mmHg or on therapy
for hypertension), HDL cholesterol level (<35 mg/dl and/or a triglyceride level >250 mg/dl),
history of cardiovascular disease, and other conditions associated with insulin resistance.
Because age is a risk factor for diabetes, in the absence of additional risk factors, the ADA
recommends screening all adults for diabetes beginning at age 45 years. We identified
participants who met any of these criteria based on self-reported information.

Study exposure was neighborhood socioeconomic status (SES), using a proxy: the

percentage of persons in a neighborhood living at or below the 200% federal poverty level

(FPL), as described in the Dissertation Methods section of this document.

Study outcomes included health indicators encompassing the receipt of care of high

quality and lifestyle behaviors. The ADA recommends screening for prediabetes and diabetes
every 3 years (26), so we assessed diabetes screening recency (<3 years ago vs. >3 years
ago/never) to determine receipt of this preventive healthcare measure. Since an individual’s
lifestyle choices are the cornerstone of diabetes prevention, we also evaluated if participants
reported sufficient physical activity (>150 minutes/week vs. <150 minutes/week) (52),
consuming >5 servings of fruits and vegetables daily (vs. <5 servings/day) (53), and, purchasing
low- or no-sodium foods when grocery shopping (yes vs. no).

Analysis: Prevalence estimates of select health indicators and risk factors were generated
by neighborhood SES. We estimated odds ratios for the association between neighborhood SES
and study outcomes using weighted logistic regression. High SES neighborhoods served as the
reference group in all models. We implemented 3 models for each of our outcomes. First, we

generated crude estimates adjusting only for sampling method, to account for differences in
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participants who were selected randomly from the community and participants who were
selected from health facilities with medically documented chronic conditions and healthcare
system contact. Next, we adjusted these models for demographic characteristics that could act as
potential confounders. These included categorical age, race, and annual income. In our final
models, we considered health indicators and neighborhood characteristics that might confound or
mediate any observed associations between neighborhood SES and the outcomes of interest.

Health indicators evaluated for model inclusion were health insurance coverage, unmet
medical need (unable to see a doctor when needed in the past 12 months because of cost), and
having a usual healthcare provider or place to obtain medical care. The neighborhood factors
assessed were walkability (based on Walk Score® categories: car dependent, somewhat walkable,
very walkable, and walker's paradise) (54); and, retail food environment index (RFEI), a ratio of
total number of fast-food restaurants and convenience stores to the total number of supermarkets
and produce vendors in an area (55).

To produce the final models, we assessed if covariate prevalence was statistically
significant at a p-level of 0.05 across our exposure groups using a chi-square test. The
association between potential covariates and outcomes were tested with the type 111 test of fixed
effects.

Results

Study participants (Figure 1). A total of 2,743 (64%) MDCC participants who completed

the core survey met study inclusion criteria. We excluded 53 (2%) of these participants because
their address was either for a residence outside KC or unable to be geocoded. Our final sample

included 2,690 participants, 59% selected via health facility records.
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Demographics (Table 1). The KC population at an increased risk for prediabetes and

diabetes was composed equally of males and females. Racial composition of this population was
mostly White (77%), followed by 8% Black residents, 8% American Indian/Alaska Native,
Asian, or Native Hawaiian/Pacific Islander, and 7% Hispanic. Low SES neighborhoods had a
significantly higher prevalence of racial/ethnic minority residents than high SES neighborhoods.
The retail food environment was statistically different across neighborhoods. Low SES
neighborhoods had three times as many fast-food restaurants and convenience stores than
healthier food outlets and high SES neighborhoods had an average of twice as many fast-food
restaurants and convenience stores compared to healthier food outlets.

Chronic condition and risk factor prevalence (Table 2). Hypertension and

hypercholesterolemia were the most prevalent chronic conditions in this sample, with
frequencies estimated, respectively, at 34% and 30%. Cardiovascular disease burden was
significantly higher in high SES neighborhoods. Low SES areas had the highest prevalence of
overweight adults (70%), and high SES areas had the lowest overweight prevalence (56%).
Differences in overweight burden across neighborhoods were out of statistical significance range
(p=0.06).

Advice from a healthcare provider (Table 2). Among overweight individuals (BMI>25

kg/m?), 48% reported that they had been advised to lose weight, 56% had been instructed to
increase physical activity levels, and 27% had received counseling to reduce consumption of
high fat foods. Across neighborhoods, we observed a statistically significant difference in
overweight adults who had been advised to eat fewer high fat foods (p<0.001); in low SES areas,
39% of overweight adults had received this advice, compared to 20-25% of overweight adults in

other neighborhoods. Overall, we found that 28% of adults with multiple diabetes risk factors
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had been counseled to eat more fruits and vegetables, 23% to eat more fiber, and 13% to eat fish
high in omega-3 fatty acids. Among individuals diagnosed with hypertension, 40% had received
advice to reduce their salt intake and purchase low- or no-salt foods, with a significant difference
in the frequency of advice across neighborhood SES (p<0.0001). Concerning diet advice, we
observed a higher prevalence of reported advice receipt as neighborhood SES became lower.

Healthcare access (Table 2). At the time this study was conducted, nearly all KC adults at

risk for diabetes had health insurance (92%) and a regular healthcare provider (92%). In low SES
neighborhoods, compared to high SES neighborhoods, 3 times as many adults reported unmet
medical need (p=0.02). Among those who did not have health insurance, unmet medical need
was significantly higher (p=0.01) in low SES neighborhoods (78%) and high SES neighborhoods
(64%), compared to neighborhoods of middle SES. Among adults with health insurance, unmet
medical need ranged from 3% in high SES areas to 8% in middle-low SES areas.

Neighborhood SES, high quality of care, and healthy behavior (Table 3). Among adults

who met ADA diabetes criteria for screening in 3-year intervals, 77% had been screened <3
years ago. Adjusting for age, race, education and annual income increased estimated odds ratios
that were sampling method-adjusted substantially, leading to 92% (95% CI: 0.87-4.23) higher,
but non-significant, odds of adults in low SES neighborhoods being screened in the past 3 years
for diabetes, compared to adults in high SES neighborhoods. This indicates that given the same
age, race, education and income, adults in lower SES neighborhoods, compared to adults in high
SES neighborhoods, were more likely to be screened for diabetes 3 or fewer years ago. The
additional adjustment of having a regular healthcare provider moved estimates closer to null,
suggesting that having a provider mediates the observed associations. Having a regular

healthcare provider mediated the association between neighborhood and screening recency the

26



most in middle-low SES areas, lowering the estimate from 63% to 54% higher odds. None of the
estimates for screening recency were statistically significant.

We observed the highest prevalence of sufficient physical activity, >150 minutes per
week, in higher SES neighborhoods, reported by 70% of individuals. In sampling method-
adjusted models, adults living in middle-low SES neighborhoods had a borderline significant
37% lower odds of reporting sufficient physical activity (95% CI: 0.40-1.01), compared to adults
in high SES neighborhoods. Models adjusted for individual characteristics indicated that higher
age, higher education and higher income were directly associated with getting sufficient physical
activity. Neighborhood walkability appeared to mediate the association between neighborhood
SES and sufficient physical activity in middle-high SES and low SES areas. After accounting for
age, education, income, and walkability, compared to individuals in high SES areas, adults in
middle-low SES neighborhoods were 15% less likely to report sufficient physical activity,
though this association lacked statistical significance; and, adults in low SES neighborhoods had
a non-significant 5% higher odds of reporting sufficient physical activity.

At 17% prevalence, low SES areas had the highest percentage of adults who reported
meeting fruit and vegetable daily intake guidelines. About 12.5% of middle-low SES and high
SES area residents reported consuming >5 fruit and vegetable servings per day, the lowest
prevalence observed in this study. After adjustment for age, education, income and retail food
environment, we observed statistically non-significant 28% higher odds (95% CI: 0.75-2.19) and
78% higher odds (95% CI: 0.91-3.49) of meeting daily fruit and vegetable dietary requirements
in middle-high SES and low SES neighborhoods.

A little over half of adults with multiple diabetes risk factors reported buying low- or no-

sodium foods. None of the odds ratio estimates for buying low- or no-sodium foods were
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statistically significant. Retail food environment did not mediate the pathway between
neighborhood SES and buying low- or no-sodium foods.

Overall, neither individual income nor retail food environment appeared to have a
significant or mediating effect on the association between neighborhood and healthy diet,
although both did present a small amount of confounding of the association in lower SES
neighborhoods. Notably, although negligible, we observed that lower annual household income
and lower RFEI appeared to be associated with less purchasing of low- or no-sodium foods, and
higher fruit and vegetable intake.

Discussion

Adults with multiple recognized diabetes risk factors represent an important target group
for disease prevention. In this chapter, we found that, among adults who reported multiple risk
factors for developing diabetes, 23% were not screened for diabetes at the ADA-recommended
3-year intervals. Often undetected until complications appear, current estimates predict that 27%
of diabetes remains undiagnosed (56). Increasing the number of adults who are screened, among
those who have been identified as having a high risk of developing diabetes, may detect a greater
number of cases of undiagnosed disease before diabetes-related complications appear. Our
findings reveal a missed opportunity for healthcare providers to address the management of
existing disease risk factors and prevent the development of prediabetes and diabetes.

Research provides evidence that disparities in accessing quality healthcare are primarily
based on social determinants, such as socioeconomic position and race/ethnicity, with patients of
lower income and minority races/ethnicities primarily experiencing barriers to accessing quality
care (28, 57). We observed a similar prevalence of diabetes screening across KC neighborhoods,

and further, we found that given the same household income level, race/ethnic group
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membership, age, education-level and a source of regular healthcare, adults who lived in
neighborhoods with lower SES had a greater likelihood of being screened for diabetes within
recommended intervals than adults in higher SES areas. Once barriers to accessing care were
overcome, our study shows that adults with multiple disease risk factors who live in low SES
neighborhoods tend to receive preventive screening more frequently than comparable adults in
higher SES neighborhoods. This observation may be due to community outreach programs and
the location of services offered to high-risk adults located in high poverty areas, and social
isolation of similar adults residing in more affluent neighborhoods where such outreach efforts
may be scarce.

To receive high quality care, individuals should have a regular healthcare provider and
the knowledge, financial means, and time to seek care (26). Adults in lower SES areas reported
not seeking, or delaying, needed medical care due to cost in the past 12 months at more than 2-
to-3 times the frequency than adults in higher SES areas, at the same rate as the most recent
national estimates for unmet medical need (58). Not having health insurance appeared to be the
reason for the majority of unmet medical need. Notably, among the uninsured, we found the

second highest prevalence of unmet medical need among adults in high SES neighborhoods.

Possibly, the costs associated with the healthcare providers these individuals typically see are too

high to be absorbed out-of-pocket. Trends in the past decade show that out-of-pocket costs for
individuals with health insurance have increased, particularly in individuals with high disease
burden (59). Thus, even with the recent advent of nationally mandated health insurance, out-of-
pocket costs for copayments and prescription medications likely will remain preventive factors

seeking medical care when needed for many adults.

in
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We observed a higher prevalence of overweight adults in low SES areas, consistent with
national trends (28). Due to the association between body weight and impaired blood glucose
levels, targeting weight loss, through increasing physical activity levels and improving diet,
remains the most effective non-pharmaceutical method to reduce body weight, blood pressure,
high cholesterol, and heart disease, and consequently, also reduce the risk of developing
prediabetes and diabetes (60-62). In our study, we found that a significantly higher percentage of
overweight adults in low SES areas received advice to reduce consumption of high-fat foods.
Additionally, in low SES neighborhoods, a high frequency of overweight individuals reported
having received advice to lose weight and increase physical activity, as well as having been
given advice related to healthy diet choices. This finding is positive, since past research suggests
that providers may suggest, intentionally or unintentionally, lower expectations for patients in
socially disadvantaged positions (63). It is unclear how King County may be different, but it
might be related to overall healthier behaviors of county residents that lead to a greater frequency
of overweight awareness, outreach programs targeting racial/ethnic communities, or adults
seeking care from providers of similar racial/ethnic backgrounds, which is associated with better
patient-provider communication (64, 65). Diet- and physical activity-related interventions can
lead to behavioral change, though these healthy behaviors need to be sustained for positive
benefits related to diabetes prevention to be observed over time (66, 67). Recently, primary care
providers have been found to be more likely to advise patients on behavioral changes if patients
have diagnosed chronic diseases (68). Providers were most likely to discuss physical activity,
followed by dietary counseling, and finally, weight control advice (68). Consequently, KC health
providers should focus on conveying to patients the importance of making healthy behaviors a

part of a daily routine, as well as incorporating increased counseling and information-
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dissemination related to healthy lifestyle modifications, particularly among overweight
individuals and patients without chronic conditions.

Where people live is associated with health (69). In our study, consistent with other
research (70-72), we found that neighborhood walkability contributed to physical activity levels,
but not necessarily prevalence of overweight. We observed that, through its confounding effect
on model estimates, low annual household income was directly associated with reporting
insufficient physical activity across all KC neighborhoods. This relationship might be due to less
disposable income to pay for a gym membership or exercise classes, and in low SES areas, fewer
accessible recreational resources within the neighborhood (73). We observed the highest
consumption of fruits and vegetables in low SES neighborhoods, despite fewer healthier food
retailers in these areas. This finding contrasts national trends that point to lower income
households being more likely not to meet fruit and vegetable diet recommendations, often due to
less access to healthy foods and high cost of fresh produce (74, 75). This observation could be
associated with the significantly high percentage, 36%, of adults in low SES neighborhoods who
reported having received advice to increase fruit and vegetable intake, compared to adults in high
SES neighborhoods, although the cross-sectional study design prevents assessment of a causal
relationship. Additionally, the higher prevalence of reported fruit and vegetable consumption in
low SES areas could be due to the availability of public services such as soup kitchens, food
banks, food stamps and other supplemental monthly assistance programs that provide either
meals or funds for food purchases to low income individuals.

Our study had several limitations. Since the person-level data we used were self-reported,
our findings are limited by recall and social desirability biases, such that participants may have

over-reported healthy behavior or have forgotten medical advice offered previously, leading to
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an inflation of healthy behavior prevalence and underestimating the quality of care received.
Since body weight is typically underestimated and height overestimated (76), it is likely our
overweight prevalence estimates, based on body mass index, underestimate the true burden of
obesity in KC. Additionally, given that approximately one-fourth of the U.S. population remains
undiagnosed for diabetes (26), there likely were at least that many participants in this study with
undiagnosed diabetes, further highlighting the need for scaled-up preventive measures. However,
our screening prevalence estimate may underestimate the actual percentage of adults screened,
since a glucose test is often part of the basic panel of blood tests ordered, which a patient might
be unaware of if he or she had negative results for elevated blood sugar; notably, reported
screening prevalence is consistent across neighborhoods, indicating that if there is bias in self-
report due to lack of awareness, it is consistent across neighborhood SES. Although unavailable
at the time of our analysis, laboratory measurements of blood specimens collected by the MDCC
study will provide an estimate of undiagnosed disease among study participants. We weighted
our data to make our findings representative of the KC population, but this method assumes no
difference between study respondents and non-respondents; thus, findings were only as
representative of the population to the extent that study participants represent this group of KC
adults. The strategy of using both community-based sampling and health facility-based sampling
served to contribute to the representativeness of our study population.

Adults who are at high risk for developing diabetes represent a priority group that should
receive advice and care to manage existing diseases, as well as appropriate monitoring to capture
presymptomatic disease that can be reversed. Overall, this study indicates that adults in lower
SES neighborhoods faced cost-related barriers to accessing care and practicing healthy

behaviors, but received similar levels of care as adults in high SES neighborhoods once able to
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access health resources; and, consumed more fruits and vegetables than adults in high SES
neighborhoods. We suggest that strategies to connect people to affordable medical care with
minimal or no out-of-pocket costs should be a focus of KC policy makers, and that health-related

data continue to be collected at the local level to describe disparities in health.
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Figure 1. Selection of King County adults meeting American Diabetes Association
(ADA) screening criteria for diabetes mellitus, from the Monitoring Disparities in
Chronic Conditions (MDCC) Study



Table 1. Characteristics of King County adults who meet American Diabetes Association screening
criteria for diabetes mellitus, by neighborhood socioeconomic status and sampling method",
Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

High  Middle-high Middle-low Low Total
Community-based sample
% (SE)* % (SE)* % (SE)* % (SE)* % (SE)*
Sex, |;_nale 545(4.18) 51.8(3.65) 51.6(5.16) 44.3(5.32) 50.6 (2.29)
Race
Non-Hispanic White 925(3.01) 77.0(427) 729(5.67) 59.3(5.72) 88.5(0.81)
Non-Hispanic Black 2.4 (2.25) 5.0 (2.55) 11.2(3.76) 11.5(3.85) 4.3 (0.51)
Hispanic 3.4 (1.30) 9.3 (2.66) 5.8(1.87) 14.9 (3.54) 3.6 (0.48)
Other! 1.8 (1.76) 8.7(3.37) 10.2(5.24)  14.3(5.69) 3.6 (0.47)
Education
< High school 0.6 (0.50) 4.0 (2.33) 1.5 (0.86) 5.6 (3.32) 2.3(0.39)
High school/GED 8.7 (2.39) 8.5 (2.05) 8.9(2.70) 12.9(3.74)  12.1(0.88)
Some college 25.8 (3.79) 25.5 (3.17) 25.4 (4.48) 25.2 (4.30) 27.0 (1.17)
College graduate 32.6 (3.95) 35.1 (3.55) 42.0 (5.39) 27.8 (4.55) 31.0 (1.22)
Graduate degree 32.3(4.18) 26.9(3.04) 22.2(3.58) 28.6(5.11) 27.6(1.16)
Employment status
Employed 61.0(3.99) 58.3(3.63) 54.9(5.31) 42.3(5.11) 28.3(1.14)
Out of work, >1 year 1.7 (1.17) 4.1 (1.32) 2.1(1.21) 4.4 (2.10) 1.8 (0.35)
Out of work, <1 year 3.1 (1.59) 8.2 (2.52) 5.5 (2.53) 8.4 (3.60) 8.1(0.71)
Homemaker 5.4 (1.87) 4.3 (1.72) 4.7 (1.72)  10.1(3.77) 4.8 (0.58)
Student 1.4 (1.02) 3.5(2.03) 7.5 (4.26) 7.0 (3.80) 0.8 (0.23)
Retired 27.3(3.29) 21.6(2.37) 25.3(4.59) 27.8(4.60) 56.2 (1.29)
Marital status®
Single 9.9(3.17) 18.9(2.97) 22.0(4.92) 22.7(4.64) 11.5(0.81)
Married 71.8 (3.85) 52.5(3.71) 56.0 (5.16) 54.2 (5.30) 56.9 (1.30)
Divorced/separated 7.0(1.91) 215(3.17) 11.7(257) 15.6(3.60) 16.7 (0.96)
Widowed 11.3 (2.18) 7.1(1.81) 10.3 (2.24) 7.5(1.70)  14.9 (0.97)
Income
<$15,000 1.2 (0.85) 6.6 (2.31) 9.5 (4.56) 8.5(3.68)  13.5(0.97)
$15,000 - <$35,000 10.8 (2.56) 11.7(2.70) 11.9(2.51) 17.4(4.30) 18.3(1.12)
$35,000 - <$50,000 7.4(2.01) 11.3(2.60) 9.4 (2.58) 9.3(2.63) 11.9(0.95)
$50,000 - <$75,000 13.0 (3.48) 19.7 (3.15) 15.9 (3.82) 20.5(5.21) 14.1 (0.99)
>$75,000 67.7(4.31) 50.8(4.08) 53.3(5.66) 44.2(5.77)  42.2(1.40)
Age®, years
18 — 24 0 (0) 4.2 (2.24) 3.8(3.72) 6.4 (3.08) 3.9 (1.35)
25— 34 1.0 (1.00) 5.3 (2.30) 3.4 (2.24) 8.5 (2.88) 4.9 (1.23)
35-44 4.6 (2.32) 9.5(2.59) 10.7(3.15) 18.8(4.99)  11.0 (1.75)
45 — 64 68.3(3.71) 57.6(3.68) 56.2(5.19) 41.0(5.08) 55.5(2.31)
> 65 26.1(3.20) 23.4(255) 258(4.34) 25.3(4.52) 24.8(1.76)
Health facility-based sample
Sex3,§ma|e 55.1 (2.91) 47.1(2.01) 43.0(2.70) 49.6 (3.36)  48.3 (1.31)
Race
Non-Hispanic White 92.7 (1.49) 90.9 (1.12) 89.2 (1.65) 74.6 (2.90) 88.5 (0.81)
Non-Hispanic Black 0.6 (0.42) 2.6 (0.61) 4.1 (1.05) 14.8 (2.37) 4.3 (0.51)
Hispanic 2.2 (0.82) 3.2 (0.69) 3.6 (1.02) 7.2 (1.71) 3.6 (0.48)
Other! 4.5 (1.20) 3.4 (0.70) 3.1(0.88) 3.4(1.21) 3.6 (0.47)
Education®
< High school 0.6 (0.41) 1.3 (0.48) 3.2 (0.97) 6.0 (1.58) 2.3(0.39)
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High school/GED 7.5 (1.58) 10.1(1.28) 14.6 (2.00) 20.5 (2.73) 12.1 (0.88)
Some college 26.4 (2.59) 23.6 (1.72) 30.7 (2.55) 31.6 (3.13) 27.0 (1.17)
College graduate 32.8 (2.76) 36.4 (1.95) 25.1 (2.37) 22.5(2.82) 31.0(1.22)
Graduate degree 32.8 (2.71) 28.4 (1.80) 26.4 (2.38) 19.4 (2.64) 27.6 (1.16)
Employment status®
Employed 32.6 (2.69) 29.6 (1.77) 23.5 (2.20) 25.4 (2.86) 28.3(1.14)
Out of work, >1 year 1.9 (0.77) 1.2 (0.44) 2.9 (0.91) 1.7 (0.87) 1.8 (0.35)
Out of work, <1 year 6.0 (1.34) 4.6 (0.83) 11.9 (1.78) 15.4 (2.41) 8.1(0.71)
Homemaker 5.9 (1.41) 3.2 (0.75) 6.4 (1.35) 5.2 (1.55) 4.8 (0.58)
Student 0.3 (0.33) 0.3 (0.20) 0.5 (0.35) 3.3(1.27) 0.8 (0.23)
Retired _ 53.3 (2.90) 61.1 (1.94) 54.8 (2.72) 48.9 (3.38) 56.2 (1.29)
Marital status®
Single 5.3 (1.25) 9.5 (1.14) 15.1 (1.94) 20.4 (2.69) 11.5 (0.81)
Married 73.6 (2.58) 58.3 (2.00) 46.8 (2.73) 44.1 (3.34) 56.9 (1.30)
Divorced/separated 10.9 (1.81) 14.7 (1.40) 20.7 (2.21) 24.5 (2.90) 16.7 (0.96)
Widowed 10.1(1.83) 17.4 (1.61) 17.3 (2.19) 11.0 (2.13) 14.9 (0.97)
Income®
<$15,000 4.3 (1.30) 8.3 (1.20) 16.9 (2.22) 34.5(3.45) 13.5 (0.97)
$15,000 - <$35,000 9.9 (1.94) 18.5 (1.74) 22.6 (2.53) 22.8 (3.06) 18.3 (1.12)
$35,000 - <$50,000 9.2 (1.93) 11.8 (1.46) 15.9 (2.26) 10.1 (2.23) 11.9 (0.95)
$50,000 - <$75,000 14.3 (2.27) 16.6 (1.64) 12.0 (1.97) 10.1 (2.09) 14.1 (0.99)
2$75,000 62.2 (3.15) 44.8 (2.17) 32.7 (2.74) 22.5(3.01) 42.2 (1.40)
Age®, years
18 -24 0 (0) 0.2 (0.20) 0.5 (0.31) 0(0) 0.2 (0.11)
25-34 1.0 (0.51) 1.3 (0.44) 2.3(0.81) 2.3 (1.03) 1.6 (0.32)
35-44 3.8 (1.12) 3.7 (0.73) 2.4 (0.77) 9.0 (1.96) 4.2 (0.52)
45 - 64 36.0 (2.77) 29.5 (1.76) 36.0 (2.56) 44.9 (3.33) 34.6 (1.22)
=65 59.2 (2.85) 65.2 (1.85) 58.7 (2.64) 43.8 (3.33) 59.4 (1.27)
Total
Sex, gnale 54.6 (3.41) 51.0(3.04) 49.9(4.20) 44.9(4.71)  50.2(1.91)
Race
Non-Hispanic White 92.5 (2.43) 79.4 (3.60) 76.1 (4.68) 61.1 (5.13) 77.2 (2.18)
Non-Hispanic Black 2.0(1.81) 4.6 (2.11) 9.8 (3.04) 11.9 (3.40) 6.7 (1.32)
Hispanic 3.1 (1.05) 8.2 (2.20) 5.3 (1.51) 14.0 (3.13) 8.0 (1.18)
Other'! 2.3(1.43) 7.8 (2.80) 8.8 (4.26) 13.0 (1.07) 8.1 (1.83)
Education
< High school 0.6 (0.41) 3.5(1.93) 1.8(0.72) 5.6 (2.94) 3.1 (1.03)
High school/GED 8.4 (1.94) 8.8 (1.70) 10.0 (2.21) 13.8 (3.32) 10.1 (1.14)
Some college 25.9 (3.08) 25.2 (2.63) 26.4 (3.63) 25.9 (3.82) 25.7 (1.62)
College graduate 32.6 (3.21) 35.3 (2.95) 38.7 (4.43) 27.2 (4.02) 33.7 (1.83)
Graduate degree 32.4 (3.39) 27.2 (2.52) 23.0 (2.93) 27.5 (4.53) 27.4 (1.66)
Employment status
Employed 55.3 (3.37) 53.3 (3.04) 48.6 (4.22) 40.4 (4.49) 50.0 (1.93)
Out of work, >1 year 1.7 (0.95) 3.6 (1.09) 2.4 (0.99) 4.1(1.86) 3.1 (0.65)
Out of work, <1 year 3.7 (1.30) 7.6 (2.09) 6.8 (2.06) 9.2 (3.18) 7.1(1.19)
Homemaker 5.5 (1.52) 4.1 (1.42) 5.0 (1.41) 9.5 (3.35) 5.7 (1.02)
Student 1.2 (0.82) 2.9 (1.68) 6.1 (3.45) 6.6 (3.37) 4.0 (1.23)
Retired ‘ 32.6 (2.84) 28.5 (2.19) 31.1(3.76) 30.2 (4.12) 30.1 (1.55)
Marital status®
Single 9.0 (2.56) 17.2 (2.46) 20.6 (3.98) 22.5(4.12) 17.5 (1.63)
Married 72.1(3.12) 535(3.08) 54.2(4.18) 53.0(4.71)  57.0(1.90)
Divorced/separated 7.8 (1.57) 20.3 (2.63) 13.5 (2.15) 16.7 (3.21) 15.9 (1.39)
Widowed 11.1 (1.78) 8.9(1.52) 11.7(1.88) 7.9 (1.54) 9.6 (0.86)
Income®
<$15,000 1.8 (0.74) 6.9 (1.92) 10.9 (3.68) 11.5 (3.27) 7.8 (1.30)
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$15,000 - <$35,000 106 (2.11) 12.8(225 13.9(2.16) 18.0(3.82)  13.8(1.36)
$35,000 - <$50,000 77(1.68) 11.4(2.16) 10.7(2.16)  9.4(2.34)  10.1(1.14)
$50,000 - <$75,000 13.3(2.86) 19.1(2.62) 152 (3.11) 19.3(4.64) 17.3(1.68)
>$75,000 66.6 (3.55) 49.7(3.39) 493 (47) 4L7(5.11) 51.0(2.12)
Age®, years
1824 000 35(1.86) 32(3.00) 56(273)  3.2(L13)
25 _ 34 1.0(0.81)  46(L.90) 32(181)  7.8(253)  4.4(L02)
35— 44 44(188)  85(2.16)  9.1(254) 17.7(441) 9.8 (L.46)
45 — 64 61.9(3.15) 52.7(3.05) 52.3(4.20) 41.4(451) 51.9(1.92)
> 65 32.7(2.80) 30.7(2.31) 32.3(3.61) 27.5(4.01)  30.7 (1.54)

*Neighborhood socioeconomic status (SES) was defined using a proxy; specifically, United States
Census 2007-2011 American Community Survey 5-year estimates for percentage of residents living
below the 200% federal poverty level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES,
25-30%; low SES, >30%). "The MDCC Study used a dual sampling frame of King County adults: (1) A
randomly selected community-based sample of adults with and without landline telephones, and (2) a
health facility-based sample of adults, with specific chronic condition diagnostic codes, who had

attended hospitals, clinics, or received EMS care during the 24 months
percentage and standard error, data represent King County estimates.

&

rior to sampling. ¢Weighted
ignificantly different

prevalence across neighborhoods at the 0.05 level, using a chi-square test. ! Other race includes

American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, and other.
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Table 2. Distribution of health indicators, by neighborhood socioeconomic status* for King County adults who
meet American Diabetes Association screening criteria for diabetes mellitus, Monitoring Disparities in Chronic
Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

High Middle-high Middle-low Low Total
Healthcare access
% (SE)" % (SE)" % (SE)' % (SE)' % (SE)'
Unmet medical need* 4.4 (1.37) 7.1 (1.66) 10.0 (2.41) 13.6 (2.96) 8.6 (1.06)
Has health insurance 2.6 (1.21) 4.3 (1.21) 7.8 (2.53) 5.4 (1.73) 4.83 (0.81)
No health insurance 63.5(15.4) 41.0 (12.44) 27.6 (11.05) 77.6(9.62)  49.9 (7.63)
Has a healthcare provider 95.4 (2.07) 91.8 (2.33) 90.8 (3.60) 91.8 (2.66) 92.3 (1.37)
One provider 64.6 (3.36) 66.1 (3.00) 66.9 (4.06) 61.2 (4.94)  64.9(1.92)
More than one provider 30.8 (3.10) 25.6 (2.55) 24.0 (306) 30.6 (4.89) 27.3 (1.72)
Told to get regular checkupsi 36.8 (3.21) 40.2 (2.88) 45.1 (4.14) 33.8 (4.06) 39.1 (1.88)
Chronic conditions and disease risk factors
Overweight (BMI 225 kg/m?) 55.6 (3.44) 60.3(2.95)  61.3 (4.15) 70.2(3.92)  61.7 (1.81)
Hypertension 36.8 (3.28) 32.2 (2.55) 36.6 (3.76) 30.8(3.98)  33.6(1.65)
Hypercholesterolemia 33.2(3.17) 26.9 (2.14) 33.9 (3.80) 29.9 (4.22) 30.1 (1.58)
Coronary heart disease 11.3 (1.75) 7.2 (0.89) 9.7 (1.76) 6.3 (1.19) 8.3 (0.65)
Congestive heart failure* 6.7 (1.70) 2.2 (0.37) 3.5(1.00) 3.6 (0.92) 3.6 (0.45)
Atrial fibrillation* 12.4 (1.88) 11.3 (1.50) 14.7 (2.11) 7.5(1.43) 11.3(0.87)
Myocardial infarction 5.0 (1.06) 3.9 (0.66) 5.5(1.11) 3.7 (0.88) 4.4 (0.44)
Stroke 3.8(0.84) 3.6 (0.56) 3.3(0.70) 4.1 (1.05) 3.7(0.38)
Advice received from physician
Overweight & advised to:
Lose weight 50.4 (4.82) 43.3(3.84)  46.6 (5.17) 53.4(5.96) 47.6 (2.52)
Increase physical activity 52.6 (4.84) 50.8 (4.09) 57.0 (5.06) 63.7 (5.19) 55.5 (2.50)
Eat fewer high fat foods® 22.6 (3.79) 20.9 (2.65) 25.2 (3.88) 39.1(6.21)  26.5(2.24)
Hypertension & advised to:
Lower blood pressure 64.3 (5.01) 66.3 (3.33) 55.7 (5.62) 58.6 (6.45) 62.1 (2.42)
Reduce salt intake &
31.2 (6.81) 37.1(5.38)  42.8(9.69) 50.9 (9.22)  40.1 (4.00)
buy low/no salt foods*
Nutrition advice, eat more:
Fruits & vegetables*t 19.7 (2.56) 26.0 (2.82) 28.2 (3.93) 36.3 (4.85) 27.5(1.82)
Whole grains and/or fiber* 16.9 (2.41) 26.1 (2.83) 20.4 (3.04) 24.4 (4.29) 22.9 (1.67)
Darkfish (salmon, tuna) i 9.0 (1.63) 12.5 (1.53) 12.7 (2.59) 15.6 (3.41) 12.6 (1.13)
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*Neighborhood socioeconomic status (SES) was defined using a proxy; specifically, United States Census
2007-2011 American Community Survey 5-year estimates for percentage of residents living below the 200%
federal poverty level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%; low SES,
>30%). 'Weighted percentage, with standard error, data represent King County estimates. *Chi-square test
comparing prevalence across neighborhood SES was significant at the 0.05 level.
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Table 3. Association* between neighborhood socioeconomic status' and quality of care and healthy
behavior among King County adults who meet American Diabetes Association screening criteria for
diabetes mellitus, Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

Total
High Middle-high  Middle-low Low
g ¢ % (SE)*
Quality of care: Most recent screening for diabetes, <3 years ago vs. >3 years ago or never
<3 years ago, % (SE)* 76.6 (3.64) 76.2(3.32) 76.7(4.28) 77.0(4.47) 76.6(1.97)
Adjusted for sampling method, 1.00 1.00 1.03 1.08
OR (95% CI) ' (0.59-1.71) (0.56-1.91) (0.57-2.05)
Adjusted for sampling method, 1.35 1.63 1.92
age, race, education and 1.00 ' ' '
income, OR (95% Cl) (0.77-2.36) (0.87-3.05) (0.87-4.23)
Adjusted for sampling method,
age, race, education, income, 1.00 1.37 1.54 1.85
and having a usual provider, ' (0.77-2.44)  (0.81-2.93) (0.87-3.92)

OR (95% CI)

Healthy behavior: Sufficient physical activity (2150 minutes/week) vs. insufficient physical activity (<150

minutes/week)

Sufficient physical activity, %
(SE)'

Adjusted for sampling method,
OR (95% CI)

Adjusted for sampling method,

age, education and income, OR

(95% Cl)

Adjusted for sampling method,
age, education, income and
walkability, OR (95% ClI)

70.2 (3.34)

1.00

1.00

1.00

66.2 (3.09)

0.83
(0.55-1.25)

1.15
(0.72-1.85)

1.07
(0.61-1.87)

59.9 (4.29)

0.63°
(0.40-1.01)

0.90
(0.53-1.50)

0.85
(0.46-1.56)

61.9 (4.63)

0.68
(0.41-1.12)

1.11
(0.61-2.03)

1.05
(0.55-2.01)

64.8 (1.91)

Healthy behavior: Fruit and vegetable intake, =5 servings/day vs. <5 servings/day

>5 servings/day, % (SE)* 12.6 (2.34) 143(1.76) 12.4(2.05) 17.3(3.73) 14.2(1.23)
Adjusted for sampling method, 1.00 1.16 0.98 1.46

OR (95% CI) (0.70-1.91) (0.56-1.71) (0.76-2.83)

Adjusted for_ sampling method, 127 1.01 1.88
?gg;fgﬁca“o” and income, OR 100 074219 (055-187) (0.91-3.90)

Adjusted for sampling method, 1.00 1.28 0.95 1.78

income and RFEI, OR (95% ClI) (0.75-2.19)  (0.46-1.95) (0.91-3.49)

Healthy behavior: Buys low- or no-sodium foods, yes vs. ho

Buys low/no salt foods, % (SE)*  56.2 (3.50) 52.0(3.11) 53.1(4.39) 49.8(4.88) 52.5(1.96)
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Adjusted for sampling method, 0.85 0.88 0.79

1.00
OR (95% CI) (0.59-1.23)  (0.56-1.38)  (0.49-1.28)
Adjusted for sampling method, 0.93 111 1.05
age, education and income, OR 1.00 ' ' ]
(95% Cl) (0.62-1.40) (0.68-1.82) (0.62-1.78)
Adjusted for sampling method, 0.93 1.16 1.08
age, education, income and 1.00 ' ' '
RFEI OR (95% CI) (0.62-1.40) (0.69-1.94) (0.62-1.88)

*All estimates generated using logistic regression and weighted for survey design. "Neighborhood
socioeconomic status (SES) was defined using a proxy; specifically, United States Census 2007-2011
American Community Survey 5-year estimates for percentage of residents living below the 200%
federal poverty level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%; low SES,
>30%). "Weighted percentage, with standard error, data represent King County estimates. $Borderline
significant.



Chapter 2: Disease management and quality of care among King County adults with non-

gestational prediabetes and diabetes mellitus, by neighborhood socioeconomic status
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Abstract

Introduction: Currently, 8.3% of Americans have diabetes. Diabetes is a condition that can be
prevented, through the control of blood glucose levels, and managed to minimize complications
from elevated blood glucose and comorbidities. Individuals and neighborhoods with high
poverty are disproportionately affected by diabetes. To better prevent and manage disease, we
evaluated the association between neighborhood socioeconomic status and health inequalities
related to diabetes risk factor prevalence, healthy behavior, and the access and receipt of high
quality care among adults diagnosed with non-gestational prediabetes and diabetes.

Methods: A large-scale feasibility study was conducted among King County, Washington
adults. Participants were selected randomly using community-based sampling and health facility-
based sampling on diagnostic codes for 12 chronic conditions. In our study, we included
participants who self-reported having received a diagnosis of either prediabetes or diabetes. A
proxy, 200% federal poverty level, defined neighborhood socioeconomic status (SES). Weighted
logistic regression estimated the association between neighborhood and healthy behavior, quality
of care, and clinical outcomes, using cross-sectional self-reported survey data.

Results: Diabetes patients in low SES neighborhoods had the lowest observed prevalence of
taking a disease education class (46%) and regularly self-monitoring blood glucose (46%).
Additionally, these adults were significantly less likely (OR: 0.19, 95% CI: 0.06-0.62) to achieve
a hemoglobin Alc target level of <8% compared to diabetes patients in high SES neighborhoods.
The lower odds of adults with diabetes who lived in low SES neighborhoods to meet health
indicator goals, compared to adults in high SES neighborhoods, was directly associated with
having regular healthcare providers, being a non-White race/ethnicity, and having a lower annual

income.
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Conclusions: Neighborhood disparities related to area poverty exist in disease self-management,
healthcare access, and clinical outcomes. For diabetes patients, especially those who live in
neighborhoods with lower SES, continuous, coordinated care from a team of regular healthcare
providers is the link to receiving high quality care, actively self-managing disease, and achieving
glycemic control. We recommend that interventions start by minimizing barriers to care access,
especially those related to cost, as well as educating adults with diabetes on the importance of

regular provider visits and a healthy lifestyle.
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Introduction

Projections estimate that 53.1 million people will be affected by diabetes in the United
States (U.S.) by 2025 (77). Due to its high and increasing prevalence, economic costs, and
potential adverse complications, the preventing, delaying and managing diabetes is a public
health priority. Preceding diabetes is prediabetes, a reversible condition in which blood glucose
levels are elevated, but not high enough to be classified as diabetes (48). Currently, prediabetes
affects 35% of adult Americans (56). Guidelines recommend that adults with diagnosed
prediabetes be screened annually to monitor blood glucose levels and be advised to increase
healthy behaviors, such as improving diet and physical activity levels, which may prevent or
delay diabetes (26, 78-80).

The same lifestyle modification strategies for adults with prediabetes are valuable in
preventing the development and progression of comorbidities in diabetes patients (26, 81, 82). In
addition to healthy lifestyle behaviors, a diabetes management strategy should include
continuous, quality care from a team of healthcare professionals (26). Additionally, regardless of
interventions to improve care delivery, diabetes-related outcomes only significantly improve
when individuals are motivated to be responsible for their own health (83). Disease self-
management activities among adults diagnosed with diabetes include taking a disease education
course to increase disease awareness, self-monitoring blood glucose, seeking needed medical
care in a timely fashion, and adhering to physician-recommended strategies (65).

Diabetes risk factor prevalence and disease burden disproportionately occurs in high
poverty neighborhoods and among individuals of lower socioeconomic status (SES) (49).
National- and state-level data depict this disparate chronic disease distribution. However, the

absence of data for smaller areas to identify patterns of disease burden and health determinants is
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a significant gap in health research (84). The Monitoring Disparities in Chronic Conditions
(MDCC) study set out to address the need for robust health data within neighborhoods through a
large-scale feasibility study of chronic conditions in King County (KC), Washington.

In KC, the overall prevalence of diagnosed diabetes is 5% among adults, with a steadily
growing gap in diabetes prevalence between adults living below and above the 200% federal
poverty level (50, 51). Understanding the mechanisms that link neighborhood SES to observed
health disparities locally would provide evidence to support funding and policy decisions that
enable the development of healthy neighborhoods. Our research goal in this chapter is to
describe the connection between neighborhood poverty and health inequalities related to risk
factor prevalence, healthy behavior, and the access and receipt of quality healthcare among KC
adults diagnosed with prediabetes and diabetes.

Methods

Study population: The research in this chapter included MDCC study participants who

responded “yes” to one or both of the following questions on the MDCC study core survey: “has
a doctor or other health professional ever told you that you had diabetes mellitus, otherwise
known as diabetes, sugar diabetes, high blood glucose, or high blood sugar?”, and “has a doctor
or other health professional ever told you that you had prediabetes mellitus, otherwise known as
prediabetes, borderline diabetes, impaired fasting glucose, impaired glucose tolerance, or
impaired sugar tolerance?”” Classification of diabetes (Type 1 or Type 2) was not assessed.
Exposure. The percentage of residents in a neighborhood living at or below the 200%
federal poverty level (FPL) was used as a proxy for our exposure, neighborhood socioeconomic

status (SES), as described in the Dissertation Methods section of this document.
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Outcomes: We estimated the prevalence of high quality care indicators, advice related to
practicing healthy behaviors received from healthcare providers, and healthy behaviors practiced
among individuals diagnosed with prediabetes and diabetes. All outcomes were determined using
self-reported data. To assess high quality of care, we assessed the recency of diabetes testing
among adults who self-reported a prediabetes diagnosis (<1 year vs. >1 year) and, among adults
who reported a diabetes diagnosis, the number of times hemoglobin Alc (HbA1c) levels were
checked in the past 12 months (>2 times vs. <2 times), both standards of care recommended by
the American Diabetes Association (ADA) (26). We measured healthy behavior using physical
activity levels and nutrition choices among adults with prediabetes or diabetes, defined as:
Meeting guidelines for sufficient physical activity (=150 minutes per week) vs. insufficient
physical activity (<150 minutes/week) (52); daily fruit and vegetable intake (>5 servings/day vs.
<5 servings/day) (53); and, purchasing low- or no-sodium foods when grocery shopping (yes vs.
no). In order to measure participants’ knowledge of disease and the practice of daily disease
management, we assessed if participants diagnosed with diabetes took a diabetes education class
(yes vs. no) and frequency of self-monitoring blood glucose (>7 times/week vs. <7 times/week).
Lastly, since glycemic control indicates controlled diabetes, we assessed the most recent HbAlc
level among adults with diabetes using two different cutoff points. The ADA suggests a target of
HbAlc <7% (26), although after accounting for patient characteristics such as age, additional
comorbidities, and time since diabetes diagnosis a less stringent target for glycemic control may
be more practical for some diabetes patients. Thus, we also evaluated glycemic control defined
as HbAlc <8%, a cutoff level suggested by the National Committee for Quality Assurance based

on the Healthcare Effectiveness Data and Information Set (85).
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Analysis. We modeled the association between neighborhood SES and study outcomes
using weighted logistic regression. We ran 3 models for each of our outcomes. First, we
generated crude estimates, adjusting only for sampling method to account for differences in
participants randomly selected from the community and participants selected from health

facilities based on chronic condition diagnostic codes as described in the Dissertation Methods

section of this dissertation. Next, we adjusted these models for demographic characteristics that
could act as confounders. These included categorical age, race, education and annual income. In
our final models, we considered different health indicators and neighborhood characteristics to
estimate the modifiable factors that might account for any observed associations between
neighborhood SES and the outcomes of interest. High SES neighborhoods served as the
reference group in all models.

Health indicators evaluated for model inclusion were health insurance coverage (yes vs.
no), unmet medical need (unable to see a healthcare provider when needed in the past 12 months
because of cost), and having a usual healthcare provider or place to seek medical care (one
provider/more than one provider/none). The neighborhood factors assessed included walkability
(based on Walk Score® categories: car dependent, somewhat walkable, very walkable, and
walker's paradise) (54); and, retail food environment index (RFEI), a ratio of total number of
fast-food restaurants and convenience stores to the total number of supermarkets and produce
vendors in an area (55).

To produce the final models, we used a chi-square test at a p-level of 0.05 to determine
statistical significance of covariate prevalence across our exposure groups. The association

between potential covariates and outcomes were tested with the type 111 test of fixed effects.
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Results

Study participants (Figure 1). Among MDCC participants who completed the core

survey, 1,228 (28%) reported a non-gestational prediabetes or diabetes diagnosis. We excluded
34 (3%) participants whose addresses were either outside KC or unable to be geocoded. Our final
sample included 1,194 participants, 81% of whom were from the health facility-based sample.
After applying weights, we observed that in high SES neighborhoods, adults with prediabetes
were represented nearly equally from each sampling method, but in all other neighborhoods, 67-

75% of adults with prediabetes were selected from the community-based sample.

Demographics (Table 1). We observed a 2.6:1 ratio of adults with diagnosed diabetes to
adults with diagnosed prediabetes. The average age at diabetes diagnosis was 49.6 years (SE:
1.27). One-third of this diagnosed population lived in neighborhoods categorized as having
middle-high SES. Among high-risk race/ethnic groups, Blacks had the highest percentage of
prediabetes and diabetes (10%), followed by American Indian/Alaska Native, Asian, or Native
Hawaiian/Pacific Islander (8%) residents and Hispanics (4%). The retail food environment
differed significantly by neighborhood SES. Low SES neighborhoods favored less healthy
options, with 3 times as many fast-food restaurants and convenience stores as grocery stores and
produce vendors. Higher SES neighborhoods had approximately 2.1 times the number of fast-
food restaurants and convenience stores as grocery stores and produce vendors.

Diabetes risk factors and comorbidities (Table 2). The frequency of coronary heart

disease was significantly higher in adults with prediabetes and diabetes living in higher SES
areas (p=0.01). Hypertension and hypercholesterolemia, with respective rates of 69% and 55%,
were the most prevalent diabetes comorbidities in this population. Congestive heart failure

among adults with diabetes was 9%, 3 times higher than the frequency found in adults with
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prediabetes. The prevalence of overweight in this population was 80%. The lower the SES of
neighborhoods, the higher the prevalence of overweight adults with prediabetes and diabetes,
although the distribution of overweight was not statistically significant across neighborhood SES
(p=0.50).

Advice from healthcare professionals (Table 2). Among those who were overweight,

approximately 80% reported that they had been advised by a healthcare professional to lose
weight and to increase physical activity levels. Although not statistically different percentages
across neighborhoods, overweight adults in high SES areas reported the highest prevalence of
having received advice to lose weight (84%) and adults in middle-high SES areas reported the
highest prevalence (86%) of having been advised to increase physical activity. Among those with
hypertension, 65% had been advised to lower their blood pressure. The prevalence of more
specific advice, to reduce salt intake and buy low- or no-sodium foods, was significantly
different across neighborhoods (p<0.01), received by 70% of adults with hypertension in low
SES neighborhoods, or 1.5-2 times the frequency as reported in other neighborhoods. Among
individuals with hypercholesterolemia, 55% in low SES areas and 38% in high SES areas
reported having been advised to eat fewer high fat and high cholesterol foods. This advice, to
reduce high fat foods when hypercholesterolemia was present, was more frequently dispensed to
patients with diabetes (59%) than patients with prediabetes (51%). Among patients with
prediabetes, 46% had been told to have regular checkups, compared to 61% of patients with
diabetes.

Healthcare access (Table 2). Overall, 98% of individuals with prediabetes and diabetes

had a regular source of healthcare and 92% had health insurance. We observed statistically

significant differences (p<0.01) in the number (none, 1 source, >1 source) of usual providers or
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places to seek healthcare per person across neighborhoods. High SES neighborhoods had the
highest percentage (5%) of people with no regular healthcare facility or provider, but also the
largest percentage of residents who reported having more than one usual healthcare source
(52%). In lower SES areas, 24-26% of adults with prediabetes and diabetes reported having more
than one provider, 72-75% reported one provider, and 1-2% had no usual healthcare provider. A
lower percentage (94%) of individuals with prediabetes had a regular healthcare provider than
patients with diagnosed diabetes (99%). Approximately 24% of adults with prediabetes and 14%
with diabetes reported unmet medical need. Individuals with prediabetes without health
insurance had the highest rate of unmet medical need, with 95% delaying or not receiving
medical care in the past year due to cost, compared to 55% of individuals with diabetes. Even
among those with health insurance, we observed, respectively, 18% and 10% whom had unmet
medical need. The percentage of residents not receiving care in low SES areas because of cost
was 24%, twice as high as the rate in high SES areas, but neighborhood differences in unmet
need were not significantly different (p=0.23).

Neighborhood SES, quality of care, and diabetes self-management (Table 3). Across all

KC neighborhoods, having a regular healthcare provider was directly associated with adults with
prediabetes receiving an annual diabetes screening. Among KC adults with a prediabetes
diagnosis, those living in middle-high SES areas and low SES areas reported the highest
prevalence of having been tested for diabetes in the previous 12 months, 89% and 83%,
respectively. Adults with prediabetes in middle-low SES areas reported the lowest prevalence of
diabetes screening (68%). After adjusting for race, education, age and a usual healthcare
provider, the odds ratio of 0.88 (95% CI: 0.12-6.44) in middle-low SES areas, compared to high

SES areas, changed to 1.74 (95% CI: 0.42-7.28). Thus, after accounting for the higher prevalence
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of high-risk race/ethnic groups, as well as younger and less educated adults in these
neighborhoods, the observed odds ratio indicates a non-significant 74% higher odds of being
screened for diabetes among adults with prediabetes in low SES areas, compared to similar
adults with prediabetes who live in high SES neighborhoods. In other words, we estimated that
adults of the same race, age, and educational status are more likely to be screened for diabetes in
non-high SES neighborhoods than adults with prediabetes in high SES neighborhoods. The wide
confidence intervals associated with these estimates can be attributed to the small, unweighted
sample size of adults with prediabetes in our study population. None of the odds ratios we
estimated for the association between neighborhood SES and receiving annual diabetes screening
were statistically significant.

We estimated an 83% prevalence of HbA1c levels being measured >2 times during the
past 12 months in KC, with a high percentage of adults with diabetes reporting meeting this
quality care indicator in all neighborhoods. After adjusting for race, age, education and income,
adults with diabetes in middle-low SES neighborhoods were significantly less likely (OR: 0.39,
95% CI: 0.16-0.98) to have their HbAlc levels checked by a healthcare provider >2 times
annually, compared to adults with diabetes in high SES areas. Additional adjustment for having a
regular healthcare provider changed the estimate from 0.39 to 0.46 (95% CI: 0.18-1.15),
rendering it non-significant and indicating mediation of the association between neighborhood
SES and HbAlc testing by having a usual source of healthcare.

Overall, changes in model estimates after adjusting for sampling method, race, age,
education and income indicate that in low SES areas, less frequent healthcare contact of high-
risk race/ethnic groups and a greater percentage of diabetes patients with lower income mask the

observed high prevalence of bi-annual or more HbAlc checking. High SES neighborhoods had a
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larger percentage of individuals with diagnosed diabetes selected from health facility-based
sampling, whereas other neighborhoods had a higher prevalence of adults with diabetes selected
from community-based sampling. In models that were sampling method-adjusted only, this may
explain the estimated lower odds of HbAlc measurement frequency than the corresponding
observed prevalence.

In middle-high SES neighborhoods, 69% of adults with diagnosed diabetes reported
taking a diabetes education class. In low SES areas, 47% of adults with diagnosed diabetes
reported taking a disease education course, the lowest prevalence we observed. Age, race,
education and having a usual source of healthcare all confounded the association between
neighborhood SES and taking a diabetes class. Specifically, we observed that lower age, being a
high-risk race/ethnic group, lower educational attainment, and having a regular place of
healthcare were directly associated with having taken a class. After adjusting for age, race,
education, and having a regular provider, adults with diabetes in living in middle-high SES areas
were significantly more likely (OR: 1.89, 95% CI: 1.02-3.48) to participate in a diabetes
education class than adults with diabetes in high SES areas.

Adults with diabetes who lived in low SES areas reported the lowest prevalence of daily
self-monitoring of blood glucose. After adjusting for race, age, education and income, adults
with diabetes in low SES neighborhoods had 73% (95% CI: 0.12-0.62) significantly lower odds
of daily self-monitoring of blood glucose levels, compared to individuals with diabetes in high
SES areas. Following inclusion of having a regular source of healthcare to the model, the
estimate moved slightly further from zero, indicating that having a provider is associated directly

with performing daily blood glucose self-monitoring.
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When we evaluated a target HbAlc level of <7%, 55% of KC adults with diagnosed
diabetes achieved target HbAlc levels at their most recent checkup. After accounting for having
a regular provider and age, adults with diabetes in low SES areas were 59% (95% CI: 0.15-1.15)
less likely than adults with diabetes in high SES areas to have reported an HbAlc level <7%,
though the estimated odds ratio was not statistically significant.

When we used a target HbA1c level of <8%, considered modest glycemic control, 86%
of KC adults with diagnosed diabetes reported having met this level of blood glucose control at
their most recent healthcare provider visit. After adjusting for age and a usual source of
healthcare, adults with diabetes in low SES areas were 81% (95% CI: 0.06-0.62) significantly
less likely to have achieved HbA1c levels <8% recently.

Neighborhood SES and healthy behaviors (Table 4). Among adults with prediabetes and

diabetes living in middle-low SES neighborhoods, 66% reported sufficient physical activity, the
highest prevalence observed across neighborhood SES. The lowest prevalence of adults who met
weekly physical activity recommendations, 44%, was observed in low SES neighborhoods.
Adjusting for age, education, income, and neighborhood walkability, we estimated a 2.43 higher
odds (95% CI: 1.11-5.34) of sufficient physical activity among middle-low SES adults with
prediabetes and diabetes, compared to those in high SES neighborhoods. Adjusted estimates
provide evidence that lower annual income is associated with less sufficient physical activity.
Neighborhood walkability did not appear to mediate the association between neighborhood and
physical activity levels.

Daily fruit and vegetable intake was low: 17% of adults with prediabetes and 13% with
diabetes met dietary recommendations. Overall, the highest prevalence of eating >5 servings of

fruits and vegetables daily was 18%, reported by residents of high SES neighborhoods, followed

54



by 17%, reported by residents of low SES neighborhoods. In the model adjusted for sampling
method only, we estimated 59% (95% CI: 0.26-1.00) borderline significant lower odds of
meeting fruit and vegetable daily intake recommendations among adults in middle-high SES
neighborhood compared to adults in high SES areas. After adjusting for income, age, education
and retail food environment, this estimated lower odds was no longer statistically significant
(OR: 0.53, 95% CI: 0.25-1.15). The addition of retail food environment to models as a potential
mediator of the association between neighborhood SES and fruit and vegetable daily intake did
not change the estimated odds ratios.

Across all neighborhoods in King County, we estimated that 61% of residents with
prediabetes and diabetes purchased low- or no-sodium foods. Individuals in middle-high SES
neighborhoods and low SES neighborhoods were 16% (95% CI: 0.42-1.68) and 8% (95% CI:
0.42-2.04) less likely to buy these foods than those living in high SES neighborhoods. None of
our model estimates were significant and retail food environment did not mediate the association.
Discussion

Our findings indicate that among adults with diagnosed diabetes, the most important
determinant of receiving high quality care, actively self-managing disease, and achieving
glycemic control is having a team of regular healthcare providers, especially for adults with
diagnosed diabetes who live in neighborhoods with lower SES. However, having one or more
usual providers or facilities at which to seek healthcare does not suggest health benefits
transitively. The benefit of having a regular source of healthcare is amplified when patients
receive regular checkups and seek medical care when needed, thus having continuity and

coordination of disease management (28, 86).
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In our study, 24% of KC adults with diagnosed prediabetes and 14% of KC adults with
diabetes either delayed or did not seek needed medical care because of financial restraints. The
largest burden of unmet need was in low SES areas, where 24% of adults did not seek care in the
past year when necessary, twice the frequency reported in high SES areas. Cost-related barriers
are a major obstacle for many diabetes patients, and lack of health insurance is a primary reason
why these adults do not seek medical care (20). When care is sought by individuals with the
same levels of health insurance, patients of racial/ethnic minority groups and residents of low
SES neighborhoods are more likely to receive care in settings with rapid staff turnover, thus
losing the benefits associated with stable care (28).

Notably, unmet medical need was reported by 95% of uninsured adults who reported a
prior prediabetes diagnosis. After receipt of a prediabetes diagnosis, individuals should be
screened for diabetes annually (26). This level of screening frequency is important to manage
diabetes-related risk factors and to assess the effectiveness of prescribed prevention measures as
part of a diabetes prevention program. A randomized clinical trial found that even if transient, a
return to normal blood glucose levels among individuals with prediabetes was associated with a
significant reduction of future diabetes (87). Our findings reveal considerable lost opportunity to
prevent patients with prediabetes from progressing to diabetes, as well as from potentially
capturing diabetes in early disease stages so that a plan to minimize diabetes comorbidities and
complications can be developed.

Glycemic control is a measure of the effectiveness of disease management plans.
Frequent assessment is an important strategy to inform ongoing diabetes care to achieve patients'
goals to minimize disease-related adverse events (26, 88). Nationally, 65% of individuals

diagnosed with diabetes have their HbAlc checked regularly (4). In KC, we found that 83% of
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residents with diagnosed diabetes have their HbAlc checked regularly. However, this finding did
not translate to a higher prevalence of KC adults with diabetes meeting target HbAlc levels than
diabetes patients at the national level; nationally, 54% of diabetes patients are estimated to meet
target HbAlc levels (4), and in KC, we found that 55% meet these goals when blood glucose
targets are set at HbAlc <7%.

Target HbA1c levels recommended for patients diagnosed with diabetes are often <7%
(26, 89, 90), but, in clinical practice, particularly among patients who are older, have many
comorbidities, and a long disease duration, such stringent glycemic control is likely unattainable
and could be unhealthy. Recent clinical guidelines promote intensive glycemic control, but also
the importance of establishing individualized target glucose levels based on each patient’s
circumstances (85, 89, 90). A modest glycemic control target typically is HbAlc <8% (85). In
low SES areas, although 85% of adults with diabetes reported having their HbAlc levels
checked regularly, 60% reported having recent Alc levels >7% and 28% reported recent Alc
levels >8%. Clinical factors such as differences in baseline blood glucose levels, duration of
disease, comorbidities, and medication side effects, as well as poor medication adherence among
diabetes patients who receive medication to help control their blood glucose levels, likely
contribute to a high number of adults with diabetes who are unable to achieve modest glycemic
control targets (26, 91), despite receiving high quality care. Our findings indicated that even
when applying modest glycemic control targets, living in a neighborhood with low SES was
significantly associated with a lower odds of attaining clinical marker goals. Consequently,
traditional “all or none” threshold measures may be poor indicators of clinical success, since
thresholds do not account for change in HbA1c levels, and may unfairly evaluate health care

performance, especially in settings with patients who initially have very poorly controlled
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disease.

Although the cross-sectional nature of our data prevents us from drawing conclusions of
causality, it is noteworthy that in low SES areas, where glycemic control was the lowest, we also
observed the lowest likelihood of achieving disease self-management health indicators and in
middle-high SES areas, we observed the highest prevalence of adults who reported disease self-
management, as well as the highest controlled blood glucose levels. If there is an association
between these observations, these patterns would be consistent with previous reports that found
diabetes patients who attend disease education courses are more likely to have their HbAlc
levels checked, to self-monitor blood glucose, and to meet other measures of quality care, likely
as an outcome of seeing their healthcare provider more regularly (92, 93).

Adherence to prevention strategies that include healthy behavior and prescribed
medications often is driven by cost. Recent estimates found an overall 5% decline in high out-of-
pocket burden between 2001-2011 among adults with diabetes (59), and in a longitudinal study
among individuals with diabetes who were enrolled in a healthcare plan, provision of free test
strips for self-monitoring blood glucose did not lead to better adherence to self-management
strategies (94). In this study, however, annual income was directly associated with frequency of
self-monitoring blood glucose, and it is reasonable to consider that high copayments and other
factors connected to individual income may prevent these adults from testing their blood glucose
as frequently as recommended. Notably, daily monitoring of blood glucose is recommended
typically for patients taking insulin, but may be suggested to patients taking insulin less
frequently than daily or using noninsulin therapies (26). Since we were unable to ascertain the

frequency of diabetes patients taking insulin when our study was conducted, our estimates of
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blood glucose monitoring may make adherence to this disease management strategy appear
lower than it really is in our study population.

Lifestyle changes in diet and exercise can reduce an individual’s diabetes risk between
34-43% (60, 95, 96). Fruits and vegetables provide essential vitamins, minerals, and fiber, and
can help with weight management, as well as reduce blood pressure and cardiovascular disease
(97), yet nationally, and in KC, people fall short of meeting target fruit and vegetable
consumption levels (98). Regarding physical activity, 56% of adults with prediabetes and
diabetes reported sufficient physical activity, higher than the national estimate of 48% (58).
Notably, physical activity guidelines also recommend incorporating moderate or high intensity
muscle-strengthening activities at least 2 days weekly (52), but the MDCC study did not capture
this information in its core survey.

Physician-based behavioral and diet-related counseling, as well as intensive interventions
during randomized trials, have been shown to improve an individual’s physical activity levels
and diet choices, but have not always translated to improvements in intermediate outcomes, such
as lowering blood pressure, or health outcomes, such as reducing mortality (66). Intensive
lifestyle interventions have translated to weight loss, reduced glycated hemoglobin, and reduced
diabetes incidence, but have produced mixed findings at successfully reducing all-cause or
cardiovascular disease mortality over long-term follow-up (66, 67, 81, 82, 96). Among
overweight adults, 79% had been advised to lose weight and 81% had been advised to increase
physical activity; among all adults, 47% reported having received advice to eat more fruits and
vegetables. Lifestyle counseling in a primary healthcare setting modestly improves patient
behavior, but these healthy habits, especially if high intensity, are not always sustainable over

time.
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Due to the sampling method design of the MDCC study, this research included a higher
percentage of adults with diabetes, compared to prediabetes, than is estimated in the population
(48). Further, it is likely that a proportion of adults with prediabetes participating in the MDCC
study were unaware of having elevated blood glucose, and were not captured in this research.
Additionally, overall participation rates were higher among adults sampled via health facilities
than adults sampled from the community, likely due to more interest in a study related to
multiple chronic conditions. We found that, after applying weights to our prevalence estimates,
56% of KC adults with prediabetes and diabetes living in high SES areas were represented by
participants selected from the health facility-based sampling frame, an indication that these
adults had contact with the healthcare system in the past 24 months. In all other neighborhoods,
>56% of KC adults with prediabetes and diabetes were represented by study participants selected
via community-based sampling. Even after accounting for sampling method in our models, the
odds ratios we estimated, as well as observed prevalence of health indicators, may be skewed to
overestimating quality of care, disease self-management, and healthy behavior in high SES areas
due to more contact with the healthcare system among these participants. Further, study
participants may represent a population with lower disease severity, as these adults had to be
healthy enough to participate in our study.

A main limitation of our study was its cross-sectional design. Since all data were
collected at the same time, the temporality of events cannot be determined and only the
prevalence of risk factors and outcomes can be assessed. Consequently, even though we
observed high rates of healthy behavior and high rates of having received advice regarding that
healthy behavior within the same neighborhoods, we cannot attribute this to causality. Further,

our findings depend on the accuracy of self-reported data, which is subject to both recall and
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social desirability biases. Participants may over-report compliance with disease self-
management, overestimating the prevalence of such behavior. If participants forget having been
offered medical advice, or choose not to report having received advice if they did not to adhere
to it, it would lead to an underestimation of the quality of care received. Additionally,
participants may be unaware of their chronic conditions, not know the appropriate medical
terminology for the condition, or be unwilling to report disease, leading to underreported disease
prevalence in King County. Further, participants may falsely report or misreport their chronic
condition status, despite being asked to report only conditions diagnosed by health professionals.
Unavailable at the time of this analysis, the MDCC Study collected medical and pharmacy
records, performed physical examinations, and conducted tests on biological specimens collected
during examinations for a subset of MDCC participants, which will provide clarification on
potential bias in disease, behavior, and care receipt reporting.

Disparities in health outcomes, health determinants, and healthcare access and quality are
an ongoing policy priority in the United States (99). Our findings provide evidence that health
disparities exist across communities, even after accounting for individual risk factors and
healthcare access measures. Specifically, we observed that neighborhood poverty level in lower
SES areas was associated significantly with lower odds of self-monitoring of blood glucose and
reaching modest glycemic control targets. In other words, for adults diagnosed with prediabetes
and diabetes in KC, living in a neighborhood with lower SES has adverse associations with the
practice of disease self-management strategies and clinical outcomes. The aspects of
neighborhood that contribute to these associations are unclear, but could be a range of
socioeconomic health determinants, that may include: housing quality and affordability,

educational access, public and social policy, societal and cultural values, distribution of
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resources, and social cohesion. However, likely due to community outreach efforts targeting
high-risk adults in high poverty neighborhoods, we found that such adults often fare better living
in low SES neighborhoods than their counterparts in high SES neighborhoods, who may be more
socially isolated and have fewer community programs to access that meet their health and
economic needs.

Efforts to reverse prediabetes and prevent diabetes development require continued
perseverance in the face of an increasing absolute disease burden. In KC, existing initiatives that
promote healthy neighborhoods should focus efforts on reducing barriers to continuous, regular
healthcare, educating adults about managing their health, promoting and making accessible the
available resources to make healthy lifestyle choices in all neighborhoods, and building social

cohesion.
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Figure 1. Selection of King County adults with non-gestational prediabetes and
diabetes mellitus, from the Monitoring Disparities in Chronic Conditions (MDCC)

Study
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Table 1. Characteristics of King County adults with non-gestational prediabetes and diabetes mellitus,
by neighborhood socioeconomic status * and sampling method", Monitoring Disparities in Chronic
Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

High  Middle-high Middle-low Low Total
Community-based sample
% (SE)* % (SE)* % (SE)* % (SE)* % (SE)*
Sex, male 31.7(9.86) 57.9(8.13) 51.2(11.02) 42.1(7.88) 48.4(4.72)
Race
Non-Hispanic White 99.4 (0.40) 85.2(7.29) 68.9(12.01) 63.4(8.03) 75.9(4.92)
Non-Hispanic Black 0 (0) 0.9 (0.67) 9.0 (5.03) 26.9(7.64) 10.7 (2.92)
Hispanic 0.6 (0.40) 2.4 (0.92) 2.4 (1.12) 5.0 (1.71) 3.0 (0.66)
Other® 0(0) 11.5(7.37) 19.7 (12.77) 4.7 (455)  10.4 (4.71)
Education
< High school 0.3 (0.33) 3.2(2.63) 1.3 (1.33) 7.6 (3.36) 3.6 (1.35)
High school/GED 9.8 (7.19) 13.1 (4.70) 4.5 (2.53) 8.2 (3.48) 8.9 (2.14)
Some college 4.6 (4.31) 25.9 (7.21) 36.3(9.82) 24.6(6.06) 26.0(3.85)
College graduate 54.2 (11.14)  29.9 (7.68) 23.8(7.38) 32.1(8.34) 31.7(4.38)
Graduate degree 31.1(9.77) 27.9(7.74) 34.0(12.04) 27.5(7.50) 29.8 (4.79)
Employment status
Employed 65.2 (10.15)  51.1(7.86) 53.8(9.81) 36.6(8.27)  49.3(4.81)
Out of work, >1 year 0.1 (0.11) 6.4 (4.43) 0.3 (0.26) 1.8 (1.85) 2.6 (1.54)
Out of work, <1 year 4.4 (4.31) 4.4 (3.13) 6.8 (4.78)  17.2(5.67) 8.8 (2.41)
Homemaker 0 (0) 0 (0) 3.3(3.26) 1.6 (1.59) 1.4 (1.0)
Student 0 (0) 0 (0) 0 (0) 0.3 (0.30) 0.1 (0.09)
Retired 30.3(9.62)  38.1(7.00) 35.8(8.50) 42.5(8.09) 37.8(4.26)
Marital status
Single 0(0) 17.4(5.85) 22.2(7.33) 23.4(757) 18.4(3.59)
Married 78.7(8.12) 59.2(7.56)  46.8(10.92) 41.6 (7.74) 52.8 (4.79)
Divorced/separated 10.3(5.50) 14.7(5.05) 18.1(12.86) 25.6(7.34)  18.4 (4.51)
Widowed 11.1 (6.31) 8.8 (3.28) 12.9 (5.11) 9.5(3.62) 10.4(2.17)
Income'
<$15,000 0.4 (0.36) 4.8 (3.22) 16.7 (6.98)  17.4(5.60)  11.1 (2.74)
$15,000 - <$35,000 2.9(2.89) 14.0 (4.83) 23.0(7.55) 25.3(7.67) 18.4(3.53)
$35,000 - <$50,000 7.7 (5.21) 12.3 (4.39) 20.5 (7.71) 18.2 (6.89) 15.6 (3.33)
$50,000 - <$75,000 19.1(9.26)  16.9 (7.28) 7.6(4.37) 135(4.67) 13.9(3.16)
2$75,000 69.9 (10.39) 52.0(8.89) 32.1(8.55) 25.6(7.43) 41.0(4.64)
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Age, years

18-24 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
25-34 8.8 (8.22) 0 (0) 8.7 (5.95) 0 (0) 3.4 (1.95)
35— 44 15.9 (10.03)  12.5(6.93) 8.7(5.87) 13.4(6.71) 12.1(3.57)
45 — 64 33.2(10.44) 56.8(7.94) 55.1(10.11) 54.4(7.95) 52.9 (4.67)
> 65 42.1(10.70)  30.7 (6.31) 27.6 (7.45) 32.3(6.55) 31.6(3.72)
Health facility-based sample
Sex, male 56.4 (3.91) 47.9(2.75) 44.6(3.28)  46.1(3.82) 48.3 (1.68)
Race!!
Non-Hispanic White 92.7 (2.04)  90.6(1.60) 84.0(2.37)  63.7 (3.75) 84.3 (1.22)
Non-Hispanic Black 2.0 (1.16) 3.9 (1.05) 7.8(1.75) 21.5(3.22) 7.8 (0.90)
Hispanic 2.9 (1.30) 2.3(0.81) 5.0 (1.32) 9.9 (2.30) 4.6 (0.68)
Other® 2.3 (1.16) 3.2(0.98) 3.1(1.18) 4.9 (1.69) 3.3 (0.61)
Education'
< High school 3.3(1.47) 1.9 (0.78) 6.2 (1.61) 9.3 (2.21) 4.7 (0.73)
High school/GED 9.3(2.35) 11.0(1.78) 12.1(2.17) 157 (2.84) 11.8 (1.12)
Some college 29.7 (3.59) 30.8 (2.54) 35.9 (3.23) 41.2 (3.85) 33.9 (1.60)
College graduate 28.6 (3.56) 33.0(2.62) 27.5(2.95) 20.8(3.05) 28.4 (1.52)
Graduate degree 29.0 (3.50) 23.3(2.27) 18.4(2.50) 12.9 (2.65) 21.2 (1.35)
Employment status'!
Employed 345(3.71) 30.0(2.45) 26.0(2.92) 31.8(3.63) 30.2 (1.53)
Out of work, >1 year 1.3 (0.95) 1.5 (0.69) 3.4 (1.28) 2.3(1.17) 2.1 (0.50)
Out of work, <1 year 8.6 (2.17) 9.6 (1.61) 15.9 (2.41) 20.9 (3.14) 13.1 (1.13)
Homemaker 5.3 (1.85) 3.1(1.00) 3.3(1.18) 2.4 (1.23) 3.4 (0.64)
Student 0.7 (0.72) 0.9 (0.52) 1.3(0.72) 3.7 (1.50) 1.5(0.41)
Retired 49.6 (3.94) 55.0 (2.74) 50.0(3.35)  38.9(3.80) 49.7 (1.70)
Marital status'
Single 54 (1.73) 15.6(1.92) 19.0(2.54) 30.5(3.57) 17.3 (1.24)
Married 74.0 (3.46) 54.8(2.75) 43.2(3.29)  39.3(3.80) 52.7 (1.69)
Divorced/separated 10.0 (2.36)  16.7(2.07) 22.3(2.85)  25.4 (3.43) 18.5 (1.32)
Widowed 10.6 (2.49) 12.8(1.96) 15.4 (2.51) 4.8 (1.73) 11.5 (1.13)
Income'
<$15,000 8.0(2.41) 15.2(2.16) 19.7(2.79)  37.2(4.00) 19.2 (1.44)
$15,000 - <$35,000 21.8(3.68)  20.6(2.47) 25.4(3.11) 28.0(3.81) 23.5 (1.57)
$35,000 - <$50,000 6.2 (2.14) 11.5 (1.95) 14.8 (2.56) 10.8 (2.54) 11.3 (1.17)
$50,000 - <$75,000 19.8 (3.45) 13.2 (2.00) 14.9 (2.53) 5.4 (1.89) 13.4 (1.24)
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>$75,000 442 (4.35) 39.5(2.90) 25.3(3.05) 18.7 (3.19) 32.6 (1.70)
Age, years
18 — 24 1.0 (0.78) 0.2 (0.20) 0 (0) 0.2 (0.18) 0.31(0.17)
25— 34 2.1 (1.00) 2.6 (0.86) 3.5 (1.19) 6.1 (1.87) 3.4 (0.59)
3544 3.1(1.38) 6.7 (1.34) 6.4 (1.60) 11.2(2.39) 6.8 (0.83)
45 — 64 42.6(3.87) 33.9(254) 37.6(3.16) 57.4(3.85) 41.0 (1.64)
> 65 51.2(3.91) 56.6(2.70) 52.5(3.30) 25.1(3.38) 48.6 (1.68)
Total
Sex, male 449 (5.43) 53.5(4.68) 486 (6.51)  43.3(5.64) 48.3 (2.89)
Race!!
Non-Hispanic White 95.8 (1.20) 87.5(4.20) 74.8(7.79) 63.5(5.73) 79.3 (3.03)
Non-Hispanic Black 1.1 (0.63) 2.2 (0.62) 8.6 (3.13) 25.3 (5.45) 9.6 (1.77)
Hispanic 1.9 (0.74) 2.4 (0.62) 3.4 (0.91) 6.4 (1.44) 3.6 (0.49)
Other® 1.24 (0.64) 7.9(4.27)  13.2(8.29) 4.8 (3.21) 7.5 (2.87)
Education
< High school 1.9 (0.83) 2.6 (1.52) 3.2 (1.09) 8.1 (2.44) 4.0 (0.86)
High school/GED 9.5(3.57) 12.2(2.76) 7.4(1.89) 10.5(2.63) 10.1 (1.36)
Some college 18.1(3.19) 28.1(4.11) 36.2(5.90)  29.6 (4.55) 29.2 (2.41)
College graduate 40.5(5.89) 31.3(451) 252(4.79) 287 (5.97) 30.4 (2.68)
Graduate degree 29.9(4.88) 25.9(4.11) 28.0(7.66) 23.1(5.38) 26.3 (2.96)
Employment status
Employed 48.9(5.73) 41.9(5.04) 43.1(7.17) 35.2(5.94) 41.6 (3.11)
Out of work, >1 year 0.8 (0.51) 4.3 (2.54) 1.5 (0.56) 2.0(1.33) 2.4 (0.94)
Out of work, <1 year 6.6 (2.34) 6.7 (1.92) 10.3 (3.14) 18.3 (4.07) 10.5 (1.52)
Homemaker 2.8 (1.03) 1.4 (0.45) 3.3 (2.06) 1.8 (1.18) 2.2 (0.66)
Student 0.4 (0.39) 0.4 (0.23) 0.5 (0.29) 1.3 (0.52) 0.7 (0.18)
Retired 40.6 (5.26) 454 (4.53) 41.3(5.91) 41.4(5.73) 42.6 (2.74)
Marital status'
Single 2.9(0.98) 16.6(3.39) 20.9(4.59) 255 (5.36) 18.0 (2.19)
Married 76.2(4.2) 57.2(453) 45.4(6.48)  40.9 (5.55) 52.8 (2.93)
Divorced/separated 10.1(2.84) 15.6(2.99) 19.8(7.70)  25.5 (5.31) 18.4 (2.73)
Widowed 10.8(3.21) 10.6(2.08)  13.9(3.33) 8.1 (2.55) 10.8 (1.37)
Income!!
<$15,000 4.2 (1.33) 9.0(2.16) 17.9(4.28)  22.9 (4.36) 14.3 (1.78)
$15,000 - <$35,000 12.4 (2.71)  16.7(3.11) 24.0(4.62)  26.0 (5.60) 20.4 (2.25)
$35,000 - <$50,000 7.0 (2.80) 11.9 (2.71) 18.1 (4.66) 16.1 (5.06) 13.9 (2.08)
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$50,000 - <$75,000
2$75,000
Age, years
18-24
25-34
35-44
45 - 64
> 65

19.4 (4.93)
57.9 (6.01)

0.6 (0.42)
5.2 (3.94)
9.1 (4.91)
38.2 (5.32)
47.0 (5.54)

15.4 (4.26)
46.9 (5.29)

0.1 (0.39)
1.1 (0.39)
9.9 (3.99)
46.8 (4.81)
42.1 (4.27)

10.6 (2.80)
29.3 (5.18)

0 (0)

6.7 (3.68)
7.8 (3.64)
48.3 (6.68)
37.3 (5.40)

11.3 (3.36)
23.7 (5.50)

0.1 (0.05)
1.8 (0.60)
12.7 (4.75)
55.3 (5.63)
30.1 (4.59)

13.7 (1.99)
37.7 (2.93)

0.1 (0.07)
3.4 (1.19)
9.9 (2.17)
48.1 (2.92)
38.5 (2.46)

*Neighborhood socioeconomic status was defined using a proxy; specifically, United States Census
2007-2011 American Community Survey 5-year estimates for percentage of residents living below the
200% federal poverty level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%;
low-SES, >30%). The MDCC Study used a dual sampling frame of King County adults: (1) A randomly
selected community-based sample of adults with and without landline telephones, and (2) a health
facility-based sample of adults, with specific chronic condition diagnostic codes, who had attended
hospitals, clinics, or received EMS care during the 24 months prior to sampling. 1Weighted percentage

and standard error, data represent King County estimates. SOther race includes American

Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, and other. ”Significantly different

prevalence across neighborhoods at the 0.05 level, using a chi-square test.
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Table 2. Distribution of health indicators by neighborhood socioeconomic status * for King County adults with non-gestational prediabetes
and diabetes mellitus, Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

. : : : KC adu]ts KC adults
High Middle-high Middle-low Low Total . with with diabetes
prediabetes
Healthcare access
% (SE)" % (SE)" % (SE)" % (SE)" % (SE)" % (SE)" % (SE)"
Unmet medical need, overall 12.5 (4.22) 12.9 (3.32) 16.9 (4.47) 24.1 (6.14) 16.7 (2.38) 23.7 (5.77) 13.8 (2.23)
...Has health insurance 8.9 (4.39) 8.9 (2.92) 10.7 (4.10) 21.3(7.01) 12.4(2.43) 18.3 (6.25) 10.3 (2.31)
...No health insurance 84.7 (9.93) 84.5 (7.83) 78.4 (8.57) 44.6 (11.7) 67.3(7.77) 95.3 (3.30) 54.9 (8.70)
Has a healthcare provider 95.5 (3.95) 96.9 (2.05) 98.4 (1.15) 98.9 (0.47) 97.6 (0.96) 93.7 (3.18) 99.1 (0.46)
One provider 43.4 (5.42) 59.0 (4.85) 72.1 (4.79) 75.0 (4.88)  64.3 (2.70) 68.9 (4.88) 62.5 (3.21)
More than one provider 52.2 (5.64) 37.9 (4.80) 26.3 (4.65) 23.9(4.87) 33.4(2.62) 24.8 (4.18) 36.7 (3.19)
Modifiable prediabetes/diabetes risk factors and comorbidities
Overweight (BMI 225 kg/m?) 76.4 (5.34) 78.7 (3.21) 79.9 (4.31) 85.0 (3.14)  80.3 (1.95) 82.5 (3.81) 80.1 (2.20)
Hypertension 57.9 (5.95) 66.7 (5.0) 68.7 (5.64) 76.9 (4.32) 68.6 (2.71) 67.2 (5.47) 69.7 (3.07)
Hypercholesterolemia 54.3 (5.89) 57.4 (4.89) 55.1 (6.48) 62.2 (5.54) 54.5(2.91) 52.5 (5.73) 58.5 (3.30)
Coronary heart disease’ 22.4(3.72)  19.8(3.10)  10.1(1.92) 13.5(3.05) 16.0 (1.52) 14.3 (3.03) 16.6 (1.78)
Congestive heart failure 4.9 (1.30) 7.9 (1.88) 6.2 (1.67) 7.7 (2.14) 6.9 (0.96) 2.8 (0.73) 8.6 (1.32)
Atrial fibrillation 24.5 (4.66) 21.8 (3.59) 11.5 (2.73) 15.7 (4.79) 17.9(1.98) 14.2 (3.32) 18.8 (2.38)
Myocardial infarction 11.2 (2.68) 10.0 (2.17) 6.5 (1.49) 5.3(1.81) 8.1 (1.03) 6.8 (1.74) 8.5 (1.26)
Stroke 7.9 (2.23) 11.0 (2.64) 5.9 (1.41) 12.5 (4.41) 9.5 (1.53) 7.2 (2.73) 10.4 (1.83)
Advice received from physician
Have regular checkups 58.1 (5.63) 62.1 (4.52) 56.5 (6.20) 49.1 (5.74) 56.7 (2.86) 45.8 (5.43) 61.3 (3.24)
Overweight & advised to:
Lose weight 83.7(3.89) 76.2(5.28)  78.7(4.83)  79.3(4.63) 78.8(2.56) 80.6 (4.77) 78.1 (3.06)
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Increase physical activity 77.1 (5.05)
Hypertension & advised to:
Lower blood pressure 53.1(6.48)

Reduce salt intake &

1.1 (7.82
buy low/no salt foods* 31.1(7.82)

Hypercholesterolemia & advised to:

Eat fewer high fat foods 37.6 (5.28)
Nutrition advice, eat more:

Fruits & vegetables 43.4 (5.60)
Whole grains and/or fiber 43.9 (5.75)
Darkfish (salmon, tuna) 33.4 (5.53)

86.3 (2.36)

66.1 (4.68)

41.4 (7.15)

45.1 (3.78)

43.1 (4.65)
35.9 (4.52)
26.1 (4.30)

82.6 (3.97)

73.3 (6.08)

32.5(9.12)

45.8 (6.33)

50.2 (6.53)
48.1 (6.72)
25.3 (5.10)

73.6 (5.76)

59.2 (7.13)

69.6 (8.02)

55.3 (7.69)

50.9 (5.79)
45.6 (5.80)
28.1 (4.40)

80.7 (2.22)

64.6 (3.26)

43.3 (4.75)

45.9 (2.91)

47.0 (2.91)
42.8 (2.97)
27.5 (2.42)

82.9 (3.55)

62.5 (6.55)

46.0 (10.63)

50.8 (7.59)

46.1 (5.54)
47.3 (5.60)
29.8 (5.23)

79.7 (2.78)

65.5 (3.76)

42.6 (5.22)

59.3 (4.36)

47.4 (3.42)
40.9 (3.49)
26.5 (2.63)

*Neighborhood socioeconomic status was defined using a proxy; specifically, United States Census 2007-2011 American Community Survey
5-year estimates for percentage of residents living below the 200% federal poverty level (high SES, <14%; middle-high SES, 14-<25%;
middle-low SES, 25-30%; low-SES, >30%). TWeighted percentage, with standard error, data represent King County estimates. IChi—square
test comparing prevalence across neighborhood SES was significant at the 0.05 level.
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Table 3. Association* between neighborhood socioeconomic status’ and quality of care, disease

management, and clinical outcomes in King County adults diagnosed with non-gestational prediabetes and

diabetes, Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

Total
High Middle-high  Middle-low Low o
% (SE)
King County adults diagnosed with non-gestational prediabetes mellitus
Quality of care: Screening for diabetes in patients with prediabetes, <1 year ago vs. >1 year ago
<1 year ago, % (SE)* 73.7 (16.81) 88.9 (5.37) 67.7 (11.33) 83.9(9.22) 79.4(5.23)
Adjusted for sampling method, 1.00 3.36 0.88 2.13
OR (95% ClI), n=259 ' (0.43-26.2) (0.12-6.44) (0.24-19.27)
Adjusted for sampling method, 5.92 1.87 237
race, age, education and 1.00
income, OR (95% Cl) (1.36-25.73) (0.47-7.37) (0.25-22.85)
Adjusted for sampling methoq, 5.63 174 242
race, age, education and having 1.00
a provider, OR (95% Cl) (1.10-28.87) (0.42-7.28) (0.31-18.98)
King County adults diagnosed with non-gestational diabetes mellitus
Quality of care: Number of times HbA1c checked during the past 12 months, =2 times vs. <2 times
>2 times, % (SE)* 89.6 (2.91) 83.1(3.63) 76.9 (4.94) 84.9 (5.07) 83.3 (2.20)
Adjusted for sampling method, 1.00 0.56 0.38° 0.62
OR (95% CI) ' (0.25-1.24) (0.17-0.87) (0.23-1.63)
Adjusted for sampling method, 0.57 0.39° 0.85
race, age, education and 1.00 ' ' '
income, OR (95% Cl) (0.24-1.34) (0.16-0.98) (0.25-2.90)
Adjusted for sampling method,
race, age, education, income 1.00 0.63 0.46 112
and having a provider, OR (95% ' (0.27-1.48) (0.18-1.15) (0.36-3.45)
Cl)
Disease self-management: Took diabetes education class
Yes, % (SE)* 54.8 (6.19) 69.2 (4.38) 52.2 (9.04) 46.7 (6.46) 56.7 (3.51)
Adjusted for sampling method, 1.00 1.86° 0.90 0.72
OR (95% CI) ' (0.98-3.51) (0.39-2.11) (0.35-1.48)
Adjusted for samplmg_method, 1.76° 0.79 053
age, race, and education, 1.00
OR (95% Cl) (0.97-3.19) (0.39-1.60) (0.26-1.08)
Adjusted for sampling method, 1.89° 0.91 0.63
age, race, education and having 1.00 ' ' '
a provider, OR (95% Cl) (1.02-3.48) (0.45-1.86) (0.30-1.36)
Disease self-management: Self-monitor blood glucose, =7 times/week vs. <7 times/week
>7 times/week, % (SE)* 64.9 (5.70) 64.0(4.98) 56.7 (9.47) 46.0 (6.39) 57.5(3.55)
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Adjusted for sampling method, 1.00 0.98 0.73 0.49°
OR (95% CI) ' (0.51-1.90) (0.30-1.74) (0.24-1.01)
Adjusted for sampling method, 0.88 0.78 0.27°
race, age, education and 1.00 ' ' '
income. OR (95% ClI) (0.44-1.78)  (0.38-1.61)  (0.12-0.62)
Adjusted for sampling method, s
race, age, education, income 1.00 0.91 0.81 0.30
and having a usual provider, ' (0.45-1.85)  (0.39-1.65)  (0.13-0.68)
OR (95% Cl)
Clinical outcomes: Most recent HbA1c level, <7% vs. 27%

HbALc <7%, % (SE)* 60.5(7.01) 62.8(7.12) 54.3(7.50) 40.0(9.10) 55.4 (4.12)
Adjusted for sampling method, 1.00 1.08 0.78 0.39°
OR (95% CI) ' (0.47-2.48) (0.33-1.81) (0.15-1.03)
Adjusted for sampling method 1.00 112 0.83 0.42
and age, OR (95% CI) ' (0.56-2.23)  (0.39-1.79)  (0.15-1.17)
Adjusted for sampling method, 1.13 0.77 041
age and having a provider, OR 1.00 ' ' '
(95% Cl) (0.56-2.27)  (0.35-1.70)  (0.15-1.15)
Clinical outcomes: Most recent HbAlc level, <8% vs. 28%
HbAlc <8%, % (SE)* 88.0(2.90) 92.1(1.78) 88.8(2.59) 71.7(10.1) 86.0(2.81)
Adjusted for sampling method, 1.00 1.50 1.09 0.23°
OR (95% Cl) ' (0.81-2.80)  (0.57-2.08)  (0.09-0.60)
Adjusted for sampling method 1.00 144 1.10 0.21°
and age, OR (95% ClI) ' (0.75-2.75) (0.56-2.17) (0.08-0.58)
Adjusted for sampling method, 1.37 0.99 0.19°
age and having a provider, OR 1.00 ' ' '

g gap (0.71-2.68)  (0.47-2.08)  (0.06-0.62)

(95% Cl)

*All estimates generated using logistic regression, weighted for survey design. TNeighborhood

socioeconomic status was defined using a proxy; specifically, United States Census 2007-2011 American
Community Survey 5-year estimates for percentage of residents living below the 200% federal poverty level
(high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%; low-SES, >30%). iWeighted
percentage, with standard error, data represent King County estimates. §Significant or borderline significant

estimate.
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Table 4. Association* between neighborhood socioeconomic status' and healthy lifestyle indicators in King
County adults diagnosed with non-gestational prediabetes or diabetes mellitus, Monitoring Disparities in
Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

Total
High  Middle-high Middle-low Low
g ¢ % (SE)*
Sufficient physical activity (2150 minutes/week) vs. insufficient physical activity (<150 minutes/week)
- : e
f’é‘g)';?'e”t physical activity, % 56.2(5.64) 57.4(4.63) 66.2(5.11) 44.1(5.78) 56.3(2.81)
Adjusted for sampling method, 1.00 1.00 1.42 0.54
OR (95% CI) ' (0.55-1.81) (0.76-2.65) (0.28-1.05)
Adjusted for sampling method, 1.41 2318 1.01
age, education and income, OR 1.00 ' ' '
(95% Cl) (0.72-2.77)  (1.10-4.83)  (0.47-2.17)
Adjusted for sampling method, 1.41 2 43% 1.03
age, education, income and 1.00 ' ' '
walkability, OR (95% Cl) (0.70-2.83)  (1.11-5.34)  (0.47-2.26)
Fruit and vegetable intake, 25 servings/day vs. <5 servings/day
>5 servings/day, % (SE)* 18.3(4.11) 10.2(1.82) 13.8(4.10) 17.3(5.17) 14.1(1.94)
Adjusted for sampling method, 1.00 0.51° 0.72 0.95
OR (95% CI) ' (0.26-1.00)  (0.31-1.67)  (0.39-2.27)
Adjusted for sampling method, 053 0.80 1.05
age, education and income, OR 1.00 ' ' '
(95% CI) (0.25-1.15)  (0.31-2.05)  (0.39-2.83)
Adjusted for sampling method, 0.53 0.79 1.03
age, education, income and 1.00 ' ' '
RFEI, OR (95% Cl) (0.25-1.15)  (0.30-2.07)  (0.38-2.80)
Buying low- or no-sodium foods
Buys low/no salt foods, % (SE)*  63.4 (5.62) 59.5(4.92) 60.1(7.27) 61.3(5.78) 60.7 (3.06)
Adjusted for sampling method, 1.00 0.85 0.88 0.93
OR (95% ClI) ' (0.46-1.58)  (0.42-1.85)  (0.47-1.84)
Adjusted for sampling method, 0.84 1.08 0.94
age, education and income, OR 1.00 ' ' '
(95% CI) (0.42-1.68)  (0.52-2.24)  (0.43-2.01)
Adjusted for sampling method, 0.84 1.06 0.92
age, education, income and 1.00 ' ' '
(0.42-1.68)  (0.49-2.31)  (0.42-2.04)

RFEI, OR (95% Cl)

*All estimates generated using logistic regression, weighted for survey design. TNeighborhood
socioeconomic status was defined using a proxy; specifically, United States Census 2007-2011 American
Community Survey 5-year estimates for percentage of residents living below the 200% federal poverty
level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%; low-SES, >30%).
iWeighted percentage, with standard error, data represent King County estimates. §Significant or
borderline significant estimate.
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Chapter 3: Validating self-reported medication use with pharmacy records among
King County, Washington adults who have diabetes and diabetes-related

chronic conditions
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Abstract

Introduction: Pharmacological treatment is an effective disease prevention and management
strategy for many chronic diseases, but medication non-adherence is a significant problem among
patients. Existing studies use a variety of measures to determine medication use and adherence status,
making it difficult to compare findings between studies. Establishing the relative reliability and
validity of different medication use measures will contribute new information to improve both
health-related outcomes and better understand the utility of various measures in surveillance systems.
Methods: Study participants who reported risk factors for diabetes or a diabetes diagnosis were
selected from the Monitoring Disparities in Chronic Conditions (MDCC) Study, a large-scale
feasibility study linking multiple sources conducted in King County, Washington (2011-2012). We
evaluated the concordance between self-reported disease-specific medication use and pharmacy
dispensing records, calculating sensitivity, specificity and Cohen’s kappa.

Results: We obtained pharmacy records for 81 King County adults. We calculated 71% (95% CI:
63%-80%) sensitivity and 34% (95% CI: 23%-45%) specificity of self-reported medication use.
Kappa was 0.06 (95% CI: -0.08-0.20), indicating poor agreement. Sensitivity and kappa improved
when analysis was limited to participants who reported a chronic disease diagnosis.

Conclusion: The validity of self-reported chronic condition medication use was nearly excellent
when patients were aware of and reported previously diagnosed conditions, but lacked robust
sensitivity otherwise. When patients fail to report diagnosed disease and medication use,
opportunities to assess gaps in the prescription of appropriate treatments and medication adherence
are lost. Validating the use of self-reported information remains important because self-report is the
most common method for exposure measurement in studies of non-infectious disease and may be a

useful and feasible method for health data collection for widely implemented surveillance systems.
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Introduction

Chronic diseases, such as diabetes, constitute a major cause of morbidity and mortality in
the United States (U.S.). Diabetes currently affects 25.8 million people in the U.S. (48). Once
diagnosed, diabetes progression and related complications can be delayed through effective
disease management. For 84% of adults diagnosed with diabetes, disease management includes
treatment with insulin or oral hypoglycemic agents (48). Adherence to pharmacological
treatment aimed at improving glycemic control and preventing the development and progression
of diabetes comorbidities is an important component of disease management. However,
medication adherence is a significant problem among patients (100-102). Evaluating patterns of
adherence and risk factors for non-adherence is important to improve disease management
strategies.

Medication adherence studies use a variety of different measures to determine an
individual’s medication use, making it difficult to compare findings between studies (103).
Often, the measurement of medication use applied in research is selected because of method
feasibility; namely, either using accessible data that have been collected previously, or using an
easy or inexpensive collection approach. Self-reported medication use is a common, inexpensive
measurement method, but is of limited reliability and validity, with little known about its optimal
use (102-104). Pharmacy dispensing records have been reported as a reliable source of
medication obtainment, based on comprehensiveness and the time-window covered (105, 106).
Although objective, pharmacy records are limited in measurement scope since they indicate only
whether or not a prescription was dispensed, not if the medication was consumed (103, 106).
Consequently, there is recognition for the need of standardized and preferred measures of

medication use (102).
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Establishing the reliability and validity of medication use measures, as well as the
implications of the accuracy of these measures when they are used to evaluate chronic illness
outcomes, can contribute new information to the field about medication use data sources. Such
information also could be used to establish a recall interval for measurement reliability and
feasibility, particularly in patients with chronic conditions who likely are taking many
medications. We validated self-reported chronic disease-related current medication use, using
pharmacy-dispensing records as the “gold standard”, to determine if residents of a large, urban
county who have chronic conditions receive the appropriate pharmacological disease
management and are knowledgeable about their disease, as well as to validate self-reported use
of medicines as a primary collection tool for feasible, ongoing surveillance of health-related
information.

Methods

Study population: In this chapter, we validated self-reported current chronic condition

medication use with pharmacy dispensing records. Thus, our study population included all
Monitoring Disparities in Chronic Conditions (MDCC) participants from our analyses in

chapters 1 and 2 for whom pharmacy records were available.

Exposure classification: The primary measure validated was self-reported current
medication use of chronic disease-related medications, based on the question, “during the past 30
days, or since your diagnosis, have you ever taken medication for this condition?” Possible
responses were: “yes, currently taking medication”, “yes, previously took medication, but not
taking currently”, and, “no, never took medication”. In order to minimize misclassifying

respondents with medication use as not having received medication, we excluded responses of

“previously took medication” due to the limited timeframe for which we had pharmacy records.
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We assigned each medication that appeared in pharmacy records to the chronic
condition(s) it is approved to treat using the ambulatory care drug database system (107), which
is based on Lexicon Plus®, a proprietary database of Cerner Multum, Inc., that contains the
names of all prescription drug products available in the United States drug market. We focused
on medications by chronic condition, rather than by drug class, since we were interested in how
participants’ knowledge of diseases corresponded to the predictive validity of self-report on
health outcomes. Information on drug name, date(s) dispensed, quantity dispensed, and
directions for use was abstracted from pharmacy records and stored in an electronic form created
in DatStat 5.0 software.

We calculated the date that a dispensed prescription would be finished by a participant, if
taken as prescribed, by adding together the most recent dispense date and the days supplied
prescription duration. If the prescription duration was not listed on the pharmacy record, which
occurred for 36 (3.4%) of the prescriptions, we calculated it using the quantity of medication
dispensed and the prescription instructions, assuming the medication was taken as prescribed. In
addition to missing prescription duration, 373 (35%) prescriptions also were missing the
prescription instructions for use. For those records, we imputed the daily dose based on the
average daily dose from all prescriptions for a given medication with non-missing information.
The date of MDCC core survey completion was used as the reference date to identify
medications currently being taken. We considered medication use to be current if an available
pharmacy record indicated that medication had been dispensed and had not been completed in
the past 30 days. If no pharmacy record was available for a reported medication, we classified it

as never having been taken. Aspirin prescriptions for 8 participants were excluded from analysis,
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since we had no method to evaluate if these prescriptions were for one of the chronic conditions
included in our study.

Analysis: We calculated sensitivity, specificity and 95% confidence intervals. Pharmacy
records acted as the gold standard to validate dichotomous self-reported current medication use
(yes/no). Sensitivity captures the proportion of participants who accurately report current
medication use, confirmed by a pharmacy dispensing record. Specificity corresponds to the
proportion of participants who correctly report no current medication use, validated by the
absence of a pharmacy dispensing record. Additionally, we calculated Cohen’s « to evaluate the
extent of agreement between self-report and pharmacy records beyond that expected by chance
alone. The kappa statistic usually ranges from 0 to 1, with 0 indicating agreement is no better
than that expected by chance, and 1 representing near perfect agreement beyond chance (108). If
the value of observed agreement is less than concordance expected by chance, kappa will be
negative (109). Our study used the following guidelines on strength of agreement to interpret
findings (108): <0.00=poor, 0.00-0.20=slight, 0.21-0.40=fair, 0.41-0.60=moderate, 0.61-
0.80=substantial, 0.81-1.00=almost perfect.

In order to produce the most robust results, our primary analysis included all study
participants. After generating estimates for the entire sample, we then assessed a subset of
participants who reported at least one of the chronic conditions known to be a risk factor for, or
comorbidity of, diabetes mellitus (110), namely: hypertension, hypercholesterolemia, congestive
heart failure, and coronary heart disease. If a participant reported never having been told by a
healthcare professional that they had a selected chronic condition, the MDCC survey skipped the
question that asked participants if they took any medications for that condition. These

participants were included in analyses and classified as not reporting current medication use. If a
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medication was indicated for multiple chronic conditions, we attributed its use to any chronic
conditions reported by the participant, counting participants' reported current medication use as a
true positive response. For example, if a prescription for albuterol was present for a participant
who reported having COPD, but not asthma, we counted albuterol as a COPD-related
prescription. As a secondary analysis, we validated responses only from participants who
reported chronic condition(s) and subsequently were asked about disease-related medication use
status.

Results

Record availability (Figure 1). Among MDCC study participants, 592 consented to

pharmacy record review and provided names of pharmacies from where they had obtained
prescriptions. Pharmacy records were requested for 525 (89%) of these participants, but due to
incomplete consent forms for 4 participants, we obtained records for 521 (99%) of these 525
participants. Reasons for not obtaining pharmacy records for 76 (11.3%) study participants who
consented to participate in the MDCC study's medical record review include: no pharmacy
records being available; records on pharmacy file were out of the study time frame; the
pharmacy charged too high of a cost for record provision; and, the pharmacy named by the study
participant could not be located. At the time we conducted this analysis, pharmacy records were
available for 81 (16%) participants. The other 440 (84%) records were unavailable at the time of
our study abstraction and analysis either because they had not been requested yet from
pharmacies; they had been requested, but not received; or, they had not yet been opened and
tracked by MDCC study team members and catalogued as ready for abstraction. In total, 2,877
unique prescriptions were abstracted, which included 1,070 (37%) chronic condition medication

prescriptions.
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Participant characteristics (Table 1). Our study sample consisted of a higher percentage

of participants from the community-based sample (59%) than the health facility-based sample.
Just over half (53%) of participants had received a diagnosis of prediabetes or diabetes, while
47% met diabetes screening criteria. Nearly all participants were White, and were mostly male,
well-educated, and married, with an average age of 66 years (SD: 10 years). Hypertension was
the most frequently reported chronic condition, followed in order of highest to least prevalence
by hypercholesterolemia, diabetes, atrial fibrillation, coronary heart disease, asthma, prediabetes,
myocardial infarction, COPD, congestive heart failure, renal failure, cardiac arrest, and stroke.
Disease prevalence was similar in both the community- and health facility-based samples.

We assessed demographic data for those participants whose pharmacy records were
unavailable at the time of analysis. Overall, there were minimal differences. Among participants
with inaccessible records at the time of this study, there were more Hispanics (4%, compared to
1%), a higher percentage with lower annual income (26% reporting <$35,000, compared to
19%), a higher percentage with self-reported cardiac arrest, congestive heart failure, myocardial
infarction, and stroke, and fewer with self-reported atrial fibrillation and diabetes.

Pharmacy records indicated an average of 4.1 (SD: 2.9) currently used chronic disease
medications per participant. The average duration of disease-related medication use ranged from
a mean of 0.7 years (SD: 0.8) for medications to treat coronary heart disease up to a mean of 3.4
years (SD: 1.5) for diabetes medications. The mean number of refills for a unique medication,
over the course of several prescriptions, was 7.0 (SD: 7.9).

Primary analysis (Table 2). Our primary analysis used 112 unique prescriptions whose

medication availability overlapped the timeframe of reported current medication use. The

sensitivity of self-reported current medication use was 71% (95% CI: 63%-80%) and the
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specificity was 34% (95% CI: 23%-45%). Cohen’s kappa was 0.06 (95% CI: -0.08- 0.20),
indicating poor agreement between self-report and pharmacy records. After limiting analysis to
participants who reported the presence of hypertension, hypercholesterolemia, congestive heart
failure, and/or coronary heart disease, there were 82 distinct current prescriptions available to
validate self-report. We observed 71% (95% CI: 61%-81%) sensitivity and 27% (12%-43%)
specificity. Kappa, which was -0.02 (-0.10-0.16), indicated agreement worse than that expected
by chance.

Secondary analysis (Table 3). In our secondary analysis, we excluded pharmacy records

for 27 currently dispensed medications indicated to treat conditions that were unreported by 16
(20%) participants. After eliminating prescriptions for participants who did not report disease
diagnosis, sensitivity of self-report was 99% (95% CI: 96%-100%) and kappa was 0.34 (0.22-
0.46), indicating fair agreement. Among participants who reported hypertension,
hypercholesterolemia, congestive heart failure, and coronary heart disease, we calculated 100%
sensitivity (95% CI: 100.0%-100.0%). The kappa value, 0.32 (95% CI: 0.15-0.49), indicated fair
agreement between self-report and pharmacy records. Specificity values were the same as the
respective values in our primary analysis, since there was no change to the number of
participants who did not have pharmacy records available.
Discussion

Contact with the healthcare system, having a correct diagnosis, and receipt of proper
treatment are important components of high quality healthcare. The success of prescribed drug
therapy, however, rests on patient adherence, which is influenced, in part, by patients' awareness
of their disease and its corresponding symptoms (106). Independent of having reported a related

disease diagnosis, we observed that self-reported current medication use for chronic conditions
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was moderately accurate. These findings were similar to prior reports of the sensitivity of self-
reported oral hypoglycemic agents, though less sensitive than previous findings for
antihypertensives and statins (111, 112). Specificity of current medication use, correctly
reporting no use, was low among all participants. This finding likely is related, in part, to
participants who reported medication use, but who were classified falsely as never having
received medication as a result of pharmacy records not having been obtained for those
prescriptions. Although pharmacy records are relatively easy to obtain and an objective measure
of medication availability (106), they are only accurate when records are complete (105). If we
had been able to obtain all known pharmacy records for study participants, we expect that both
the observed specificity and sensitivity of self-reported current medication use would increase.
In our secondary analysis, in which we excluded prescriptions for participants who had
not been asked about medication use for a chronic condition indicated by the prescription, we
found nearly perfect sensitivity of self-reported related current medication use, and perfect
sensitivity for medications to treat hypertension, hypercholesterolemia, coronary heart disease,
and congestive heart failure. This finding corresponds to recent work indicating that disease
awareness is the strongest predictor of self-report accuracy of prescription medication use (113).
Approximately 20% of participants who were receiving current treatment for a chronic
disease did not report the corresponding diagnosis. This finding could be explained by multiple
reasons. First, many of the medications being dispensed have several indications not captured by
the 12 chronic conditions we assessed. Although the MDCC study has obtained medical records
that will provide additional detail, at the time of analysis, we had no method by which to confirm
the conditions that medications were prescribed to treat. Thus, participants may have correctly

reported not having a chronic condition, as the medication dispensed currently was prescribed for
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a condition other than those the MDCC survey captured. For example, a beta blocker such as
atenolol, which in this research was considered to treat conditions such as hypertension and
coronary heart disease, may be used to treat migraine headaches. Additionally, adults may be
reluctant to report medical conditions that they have due to perceived social stigma, perceived
discrimination by the healthcare system, or personal opinions about illness, all known biases of
self-reported information (106, 114). Additionally, individuals may be unaware that they have a
chronic disease and, thus, unaware of the purpose of prescribed medications, highlighting the
importance of quality patient-provider communication to promote medication adherence (115).
In some instances, individuals with less severe chronic illness will be less likely to self-report
having the condition (116). Self-report also is subject to recall bias, which we attempted to
minimize by asking about short time windows of medication use and about specific chronic
conditions (117, 118).

Validating the use of self-reported information for surveillance purposes remains
important because it is the most common method for exposure measurement in studies of non-
infectious disease (119). Self-reported data can provide medication use patterns beyond
information found in pharmacy and administrative records, capturing medication taking,
including nonprescription drugs and inpatient medication use, changes in regimen dosage or
frequency not found in dispensing data, and actual use patterns for obtained medications.
Pharmacy records, used to validate self-reported current medication use in this study, confirm
prescription filling, but cannot validate medication use (103).

Pharmacy records obtained in this study indicated that participants, all of whom had at least
one chronic condition, were prescribed an average of 4 chronic disease medications, lower than

findings in other studies of chronic condition medications (103, 113). This could be due to

83



incomplete pharmacy records, as well as a higher percentage of study participants who were
selected from community-based sampling than health facility-based sampling and, thus, more
likely to be healthier adults who have fewer prescribed medications. Additional methods for
measuring medication use, such as clinical biomarkers and medical records, would aid in
confirming the accuracy of our findings. The MDCC study will be linking these data sources
together to provide a more thorough assessment of the validity of different methods of measuring
medication use.

Our findings suggest that the performance of self-report as a measurement method
depends on how questions are asked of study participants. In addition to asking about the use of
medicines for specific diseases, which boosts self-report accuracy in surveys (117), asking
participants to name the medications they use can provide detail about prescription regimens, and
may further improve the precision of self-reported information, particularly for individuals who
are unaware of or reluctant to report their conditions.

This study compared two commonly used methods for measuring medication use, with
the goal of providing information on concordance between these two measures when used to
determine medication taking among adults with chronic conditions. Reports of low concordance
between self-reported medication use and pharmacy records is not uncommon (120). Factors
such as patient age, duration of medication use, therapeutic class, the number of medications
dispensed regularly, and the time window used to define prescription exposure all are associated
with strength of agreement observed (105, 111-113, 121, 122). The poor to fair agreement we
observed between reported medication use and pharmacy-dispensing records may be due to
known properties of kappa. Specifically, the minimum value of kappa depends on marginal

proportions, and even when proportions of agreement may be high, kappa depends partially on
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the prevalence of the attribute being measured, declining when the prevalence of disease is very
high or low (123).

Our study has some limitations. Although our findings have implications for healthcare
delivery, and likely for medically-unreached patient populations, they have limited
generalizability, particularly among racial and ethnic minority groups that are disproportionately
affected by chronic disease, known to have poor medication adherence, and to be disconnected
from the health care system (28). In order to identify such patterns, higher research participation
rates of racial/ethnic minority groups are needed. This connects to the main limitation of this
study, specifically, its small sample size due to the inaccessibility of 84% of participants’
obtained pharmacy records at the time we conducted this analysis. The exclusion of these
participants was completely at random, that is, not based on any individual characteristics.
However, we observed that among participants with unavailable records, there was a slightly
higher percentage of Hispanics and lower income adults, characteristics that are associated with
medication adherence rates and self-reporting biases (28, 124, 125). However, the different
distribution of these characteristics between participants with and without pharmacy records
available was not appreciably different, and should not have biased our findings.

The effectiveness of pharmacological disease management relies, in part, on disease
diagnosis, appropriate medication prescription and monitoring, and medication adherence. Less
than half of U.S. patients with diabetes receive appropriate disease-related treatment (126).
Although effective therapies are available, the combination of failure to intensify treatment and
poor adherence to medication regimens contribute to patients with diabetes not achieving
recommended risk factor targets and can lead to more severe disease-related complications

(127). Our focus on King County residents either at high-risk for prediabetes and diabetes or

85



diagnosed with diabetes was intended to capture a population that should have access to
healthcare and should receive evidence-based disease prevention and management measures.
Understanding why patients may not receive appropriate treatment or obtain and take
prescribed regimens is critical to develop effective interventions. On its own, self-reported
information related to health and chronic conditions appears to be a useful and feasible method
to capture diagnosed disease and healthcare utilization. A surveillance system that links complete
pharmacy record and medical examination information with self-reported data to track individual
health determinants, treatment, and outcomes, can provide additional information related to

healthcare system contact, the quality of care delivered, and clinical outcomes.
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Figure 1. Selection of Monitoring Disparities in Chronic Conditions
(MDCC) Study participants who consented to pharmacy record review
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Table 1. Participant characteristics*, by sampling method", from King County, WA

Community- Health facility- Total Pharmacy records
based sample based sample unavailable at time
(n=48) (n=33) (n=81)  of analysis (n=440)
N (%) or mean (SD)
Race
White 47 (97.9) 31 (93.9) 78 (96.3) 399 (91.9)
Black 0 (0) 2 (6.1) 2 (2.5) 16 (3.7)
Hispanic 1(2.1) 0 (0) 1(1.2) 19 (4.4)
Sex, male 23 (47.9) 22 (66.7) 45 (55.6) 242 (55.0)
Age, years 66.1 (9.8) 65.0 (10.3) 65.7 (10.0) 66.1 (11.7)
Education
<High school 0(0) 0(0) 0 (0) 5(1.1)
High school/GED 3(6.3) 1 (3.0 4 (4.9) 32 (7.3)
Some college 17 (35.4) 13 (39.4) 30 (37.0) 118 (26.8)
College/graduate degree 28 (58.3) 19 (57.6) 47 (58.0) 285 (64.8)
Employment status
Employed 19 (39.6) 9 (27.3) 28 (34.6) 140 (32.0)
Unemployed 3 (6.3) 4 (12.1) 7 (8.6) 37 (8.4)
Retired 25 (52.1) 19 (57.6) 44 (54.3) 252 (57.5)
Student 1(2.1) 1(3.0) 2 (2.5) 2 (0.5)
Homemaker 0(0) 0(0) 0(0) 7 (1.6)
Marital status
Never married 5(10.4) 5(15.2) 10 (12.4) 50 (11.4)
Married/living as married 28 (58.3) 20 (57.6) 48 (59.3) 259 (58.9)
Divorced/separated 8 (16.7) 7 (21.2) 15 (18.5) 75 (17.0)
Widowed 7 (14.6) 1(3.0) 8(9.9) 56 (12.7)
Income*
<$15,000 2(4.7) 3(10.3) 5(6.9) 44 (11.1)
$15,000 - <$35,000 3(7.0) 6 (20.7) 9(12.5) 59 (14.9)
$35,000 - <$50,000 5(11.6) 5(17.2) 10 (13.9) 41 (10.4)
$50,000 - <$75,000 6 (13.9) 6 (20.7) 12 (16.7) 76 (19.2)
>$75,000 27 (62.8) 9 (31.0) 36 (50.0) 176 (44.4)
Self-reported chronic conditions
Asthma 9 (18.8) 8 (24.2) 17 (21.0) 92 (20.9)
Atrial fibrillation 13 (27.1) 14 (42.4) 27 (33.3) 121 (27.5)

88



Cardiac arrest 0 (0.0) 2(6.1) 2(2.5) 29 (6.6)

Coronary heart disease 8 (16.7) 10 (30.3) 18 (22.2) 108 (24.5)
Congestive heart failure 2(4.2) 5(15.2) 7 (8.6) 63 (14.3)
Pumonary dissase 4(63) 42 8(99) 44 (10.0)
Diabetes 9 (18.8) 23 (69.7) 32 (39.5) 94 (21.4)
Hypercholesterolemia 30 (62.5) 15 (45.5) 45 (55.6) 246 (55.9)
Hypertension 29 (60.4) 24 (72.7) 53 (65.4) 282 (64.1)
Myocardial infarction 4 (8.3) 6 (18.2) 10 (12.4) 70 (15.9)
Renal failure 2(4.2) 4 (12.5) 6 (7.4) 31 (7.0)
Stroke 1(2.1) 1(3.0) 2(2.5) 51 (11.6)

*Data were missing for some participants. The MDCC Study used a dual sampling frame of King County
adults: (1) A randomly selected community-based sample of adults with and without landline telephones,
and (2) a health facility-based sample of adults, with specific chronic condition diagnostic codes, who had
attended hospitals, clinics, or received EMS care during the 24 months prior to sampling.
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Table 2. Primary analysis: Concordance between self-reported medication use and pharmacy dispensing records among King County,
Washington adults (n=81) from the Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Self-reported
current
medication use

Pharmacy records

Sensitivity

Specificity

Cohen's kappa

Medications for

Currently dispensed

Never dispensed

% (95% CI)

% (95% CI)

% (95% CI)

12* conditions medication medication
Yes 80 48
No 32 25

Total 112 73 71.4 (63.1-79.8) 34.3 (23.4-45.1) 0.06 (-0.08-0.20)

Pharmacy records

Sensitivity

Specificity

Cohen's kappa

Medications for

Currently dispensed

Never dispensed

% (95% Cl)

% (95% Cl)

% (95% Cl)

4" conditions medication medication
Yes 58 24
No 24 9

Total 82 33 70.7 (60.9-80.6) 27.3 (12.1-42.5) -0.02 (-0.20-0.16)

*12 chronic conditions included: asthma, atrial fibrillation, cardiac arrest, coronary heart disease, congestive heart failure, chronic obstructive
pulmonary disease, diabetes mellitus, hypercholesterolemia, hypertension, myocardial infarction, renal failure, and stroke. T4 Chronic
conditions included: hypertension, hypercholesterolemia, coronary heart disease, and congestive heart failure.
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Table 3. Secondary analysis: Concordance between self-reported medication use and pharmacy dispensing records among King County

adults (n=81) who reported having at least one chronic condition, from the Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-

2012

Self-reported
current
medication use

Pharmacy records

Sensitivity

Specificity

Cohen's kappa

Medications for

Currently dispensed

Never dispensed

% (95% CI)

% (95% CI)

K (95% CI)

12* conditions medication medication
Yes 80 48
No 1 25

Total 81 73 98.8 (96.4-100.0) 34.3 (23.4-46.3) 0.34 (0.22-0.46)

Pharmacy records

Sensitivity

Specificity

Cohen's kappa

Medications for

Currently dispensed

Never dispensed

% (95% CI)

% (95% CI)

% (95% CI)

4" conditions medication medication
Yes 58 24
No 0 9

Total 58 33 100.0 (100.0-100.0)  27.3 (12.1-42.5) 0.32 (0.15-0.49)

*12 chronic conditions included: asthma, atrial fibrillation, cardiac arrest, coronary heart disease, congestive heart failure, chronic obstructive
pulmonary disease, diabetes mellitus, hypercholesterolemia, hypertension, myocardial infarction, renal failure, and stroke. T4 Chronic
conditions included: hypertension, hypercholesterolemia, coronary heart disease, and congestive heart failure.
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Chapter 4: Opportunity for improvement: Identifying gaps in the diabetes prevention spectrum
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Introduction

The tenet of public health practice has been defined as "the strategic, organized,
interdisciplinary application of knowledge, skills, and competencies...to improve the population's
health" (128). Improving health begins with preventing disease. In order to prevent disease,
several factors must align. Structurally, successful public health programs require public and
political support, value acknowledgement, and the ability to reach target populations effectively.
Next, continuous collection of robust data on the distribution of disease to identify where
resources are needed, and the types of resources needed, is paramount to meet public health
goals and track health-related patterns over time. Finally, the impact of barriers to healthcare
access, care receipt, and healthy lifestyle choices, and how these factors may be tied to
community-level resources and opportunities, physical environment, and cultural and societal
values, must integrate into program delivery strategies.

More than one-quarter of Americans have multiple chronic conditions that jointly lead to
adverse health outcomes (129), and by 2030, approximately 50% of Americans are expected to
have more than one chronic condition (130). Among Americans with multiple chronic
conditions, type 2 diabetes mellitus is one of the most common (129). Although the chronic
disease morbidity and mortality burden continues to grow both in the United States (U.S.) and
worldwide, chronic conditions are preventable. Public health practitioners strive to identify
where in the spectrum of disease that healthcare interventions can most effectively minimize
morbidity and mortality. Opportunities to prevent, delay, and manage diabetes exist at varying
stages, namely: when multiple diabetes risk factors are present; once prediabetes has been

diagnosed; and, after a diabetes diagnosis.
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Methods

In this chapter, we describe weighted prevalence estimates side-by-side for health
indicators related to healthcare access and physician-dispensed advice for the entire MDCC
study population divided into 5 distinct subpopulations. The 5 subpopulations are: (1)
Participants selected using community-based sampling, with no risk factors that meet diabetes
screening criteria as defined by the American Diabetes Association (ADA) (26), and who also
reported never having received a prediabetes or diabetes diagnosis from a healthcare
professional; (2) Adults with multiple diabetes risk factors who meet ADA diabetes screening
criteria (26); (3) Adults who reported having been told by a healthcare professional that they had
non-gestational prediabetes mellitus; (4) Adults who reported having been told by a healthcare
professional that they had non-gestational diabetes mellitus; and, (5) Participants selected using
health facility-based sampling who do not meet criteria for (2), (3), or (4). The goal of this
descriptive comparison is to show the gradient of disease, unmet medical need, healthcare
delivery, and healthy behaviors by these subpopulations that represent increasing disease severity
and medical need.
Results

Healthcare access: Healthcare access implies that people have contact with the healthcare

system, the financial means to seek care, and the time and sufficient information to seek care
(110). For a person with diagnosed diabetes, the ability to access care is imperative for disease
management. Individuals with diabetes should have a regular source of ambulatory care, health
insurance coverage, and accessibility to diabetes specialists (131). As with many chronic

diseases, disparities in accessing care are primarily based on social determinants, such as
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socioeconomic position (SEP) and race/ethnicity, with adults of lower SEP and minority
races/ethnicities primarily experiencing barriers to accessing care (91).

Most KC adults had a regular place where they could go when sick or in need of
healthcare advice. The prevalence of adults with a usual provider increased across
subpopulations, from 91% among the community-based sample to 99% of adults with diabetes.
Adults selected from the health-facility based sample fell in-between, 96% of whom reported
having a usual provider; those sampled from health facilities reported the highest frequency of
one usual provider or place of medical care (72%). Adults with diabetes most frequently reported
having more than one source of usual care (37%).

On March 23, 2010, the U.S. President signed the Affordable Care Act, under which all
Americans are mandated to have health insurance, into law. The roll out of this law spans 4
years, having started in 2010 and continuing through 2014. Thus, our research was conducted
prior to full implementation of this edict. When surveyed, 92% of KC adults had health
insurance in 4 of the subgroups we assessed. The only strikingly different prevalence was
observed among participants from the health facility sample: one-third of these adults reported
being uninsured.

Unmet medical need due to healthcare being too costly was highest among the health
facility sample (38%), followed by adults with prediabetes (24%), adults with diabetes (14%),
and 9% each of the community-based sample and adults at risk for diabetes reporting unmet
need. Delaying or not seeking medical care due to cost occurred most frequently for adults
without health insurance, reported by 95% of adults with prediabetes and 55% of adults with

diabetes. Even among those with health insurance, the frequency of those with unmet medical
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need was high among adults with prediabetes (18%), adults with diabetes (10%), and the health
facility sample (20%).

Although we place focus in this chapter on accessing healthcare, healthcare system
contact is insufficient to guarantee successful health outcomes. Specifically, healthcare access is
not synonymous with access to high quality care. Generally, high quality care refers to the
receipt of appropriate evidence-based care and advice at the time it is needed in order to achieve
the best possible results (65). Additionally, care of high quality encompasses the appropriate
level of use of services, balancing underuse and overuse, as well as avoiding misuse of services.
Although there is a push to include patient-centered quality indicators when evaluating
healthcare delivery, the Institute of Medicine recommends considering the impact on health,
policy importance, and susceptibility of being influenced by the healthcare system when
selecting a quality indicator (93). In high poverty areas, for example, where adults tend to have a
greater number of multiple chronic conditions, barriers to care receipt, and unhealthy physical
environments, meeting all-or-none indicator thresholds may not be realistic. Rather than setting
thresholds, especially among patients with concurrent chronic conditions that require complex
management, evaluating patient change in clinical biomarker levels may provide a fairer
evaluation of healthcare performance.

Physician-based counseling. Thirteen percent of adults from the community-based

sample reported meeting fruit and vegetable daily intake requirements and 10% in the health
facility sample met requirements, consuming >5 fruit and vegetables daily. These percentages
require improvement. Improvement can begin with more frequent dispensing of advice to meet
these dietary guidelines, since currently less than half of KC adults reported having received

advice to eat more fruits and vegetables, with only around 25% of both community-based sample
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adults and adults at risk for diabetes reporting having received this advice, despite the low
prevalence who report meeting daily fruit and vegetable intake guidelines. Dietary advice
ranging from decreasing sugar and salt intake, buying low or no salt products, eating fewer high
fat foods, to increasing fiber, whole grain and darkfish consumption, was consistently provided
to adults with prediabetes and diabetes the most frequently. This is consistent with findings that
physicians are more likely to provide advice to patients with chronic conditions than those
without (68). Although it is positive that these patients were being counseled on healthy eating,
increasing such advice among patients prior to a prediabetes or diabetes diagnosis may be more
effective as an intervention point to prevent subsequent disease. Physicians should not assume
that healthier patients practice healthy behaviors, and with such patients who may have less
additional or less severe health concerns to discuss during a regular checkup, extra time during a
provider visit can be used for preventive counseling.

Also generated were prevalence estimates of advice pertinent to specific conditions.
Among adults who were overweight, only 44% reported having been counseled to lose weight
and 51% reported having been advised to increase physical activity in the community-based
sample, with similar frequencies reported by overweight adults who were at risk for diabetes.
Being overweight is one of the most widely recognized risk factors for diabetes, with BMI
cutoffs lower in some high-risk race/ethnic groups (26), as well as being a risk factor for
cardiovascular disease and other comorbidities. Discussing weight loss and methods to lose
weight, such as an improved diet and increased physical activity, nearly doubles among adults
with prediabetes and diabetes, hovering near 80%. The time to discuss weight loss should be

before a patient has elevated blood glucose levels or cardiovascular complications.
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Discussion

We identified gaps in the delivery of preventive healthcare in the spectrum of diabetes
development from its preclinical phase to clinical diagnosis. The connection between
overweight/obesity and diabetes development is well-established, yet we found that 48% of
adults who had multiple diabetes risk factors, including being overweight, were advised to lose
weight, compared to 81% of adults with prediabetes who were advised to lose weight if they
were overweight. Weight loss can reverse prediabetes, but the missed opportunity was not
counseling a higher percentage of overweight adults to lose weight, especially those adults who
had multiple diabetes risk factors. In addition, adults who are at high risk for diabetes should
receive counseling on how to achieve weight loss: For example, eating fewer high fat foods,
consuming more fruits and vegetables, increasing physical activity, and reducing salt intake as
part of a strategy to lower blood pressure if hypertensive. Promoting healthy behavior not only
can prevent elevated blood sugar, but also may reduce cardiovascular disease and other adverse
health outcomes.

We observed a larger percentage of adults with diagnosed prediabetes, compared to
adults with multiple risk factors for diabetes, receiving advice on diet and exercise habits.
Because prediabetes is reversible, adults with prediabetes represent a critical point for delivery of
intervention services. Unlike adults who have multiple diabetes risk factors, once informed their
blood sugar levels are elevated, adults with diagnosed prediabetes may be more likely to adhere
to physician recommendations because of the perceived adverse consequences of not doing so.
The most alarming observation in our study population was the high percentage of adults with
prediabetes who reported unmet medical need. Among those adults who had been diagnosed

with diabetes and who were without health insurance, only 5% reported not needing to delay or
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not seeking medical care at all when they required it in the past 12 months. Consequently,
although the population with diagnosed prediabetes may be a target intervention group, the high
proportion of unmet need reported by these adults indicates reduced contact with the healthcare
system when facing rising morbidities, and highlights the importance of minimizing the
population who develops prediabetes through early risk factor reduction. At minimum,
healthcare providers should consider following screening criteria for diabetes that are able to
capture individuals with both prediabetes and diabetes (132) in order to prevent and reduce the
maximum amount of morbidity and mortality.

Developing strategies to improve population health must consider two distinct
populations, recently suggested in the context of target populations for diagnostic testing (132),
but having larger implications for healthcare delivery. These two populations were described as
those individuals who have contact with the healthcare system, but who do not receive
appropriate, evidence-based care; and, those who have no contact with the healthcare system.
Comparing estimates across the 5 subpopulations of MDCC study participants, we observed
substantial gaps in unmet need between adults with recognized multiple risk factors for diabetes
and adults who have been diagnosed with either prediabetes or diabetes; further, gaps exist in the
advice received by these adults, signifying a missed opportunity to prevent disease. Healthier
adults more frequently are able to seek medical care when needed, facing fewer cost-related
restrictions, likely because they require less overall contact with the healthcare system and less
complex interventions to manage their better overall health, which translates to less out-of-
pocket costs for medical care. When an individual seeks care for a cold or an annual checkup,
physicians should consider brief counseling related to lifestyle choices and running basic blood

tests to ensure that these adults remain healthy.
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We found that many adults, particularly those with more severe disease, do not have
contact with the healthcare system due to cost. Due to high premiums and out-of-pocket costs,
even once all individuals become covered by health insurance, it is unrealistic to expect that cost-
related barriers to accessing care will improve significantly. Observed differences in disease
burden persist beyond individual income. Specifically, disparities in geographic distribution of
disease are connected to neighborhood poverty level. Partnerships between community-based
organizations and healthcare systems can provide a platform for health advocacy within a
community (133); approaches to reaching high poverty neighborhoods should be developed to
meet specific community needs and gain support from local governmental organizations to build

the infrastructure and recruit the resources necessary for program success.
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Table 1. Comparison of select health indicators across the spectrum of diabetes progression in Monitoring Disparities in Chronic
Conditions (MDCC) Study participants (2011-2012), by disease status*

MDCC Adults with MDCC Health
c ) multiple Adults with Adults with facility-based
ommunity-— yiapetes risk diabet diabet |
based sample iabetes ris prediabetes iabetes sample, no
(n=1,387) factors (n=275) (n=919) diabetes
- (n=2,690) (n=425)
% (SE) % (SE) % (SE) % (SE) % (SE)
Have a regular source of healthcare 90.6 (1.94) 92.3 (1.81) 94.0 (4.58) 99.1 (3.21) 96.0 (2.40)
One provider/facility 64.4 (2.07) 64.9 (1.92) 68.9 (4.88) 62.5 (3.21) 71.6 (2.46)
More than one provider/facility 26.2 (1.89) 27.3(1.72) 24.8 (4.18) 36.7 (3.19) 24.4 (2.34)
Has health insurance 92.0 (1.21) 91.6 (1.20) 91.7 (3.06) 92.3 (1.30) 66.7 (2.58)
Unmet medical need: Overall 9.0 (1.21) 8.6 (1.06) 23.7 (5.77) 13.8 (2.23) 38.1 (2.69)
Among those with health insurance 5.9 (1.06) 4.83 (0.81) 18.3 (6.25) 10.3 (2.31) 19.6 (2.66)
Among those w/o health insurance 45.8 (7.98) 49.9 (7.63) 95.3 (3.30) 54.9 (8.70) 76.4 (4.11)
Chronic conditions, mean (SE) 0.6 (0.03) 1.2 (0.04) 2.0 (0.15) 3.3(0.10) 2.3 (0.08)
Hypertension 18.9 (1.41) 33.6 (1.65) 67.2 (5.47) 69.7 (3.07) 57.3 (2.48)
Hypercholesterolemia 16.8 (1.32) 30.1 (1.58) 52.5 (5.73) 58.5 (3.30) 45.6 (2.49)
Coronary heart disease 2.88 (0.42) 8.3 (0.65) 14.3 (3.03) 16.6 (1.78) 11.1 (1.58)
Congestive heart failure 1.50 (0.33) 3.6 (0.45) 2.81(0.73) 8.61 (1.32) 7.13 (1.28)
Sufficient physical activity 68.3 (1.98) 64.8 (1.91) 58.8 (5.49) 55.3 (3.29) 41.9 (2.50)
Insufficient physical activity & 50.5 (4.17) 53.5 (3.52) 78.3 (6.97) 80.5 (2.81) 71.6 (3.47)
advised to increase physical activity ' ’ ' ’ ' ' ' ’ ' '
Meets fruit/vegetable daily intake 12,5 (1.21) 14.2 (1.23) 17.0 (5.14) 12.9 (1.66) 10.4 (1.51)
requirements
Advised to eat more
fruits/vegetables, among those not 26.3 (2.10) 29.1 (2.03) 43.0 (5.73) 47.1 (3.82) 46.2 (2.90)
meeting intake
Buys low/no salt foods 43.8 (2.05) 52.5(1.96) 56.6 (5.43) 59.1 (3.53) 47.6 (2.74)
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Hypertension and:

Buys low/no salt foods 59.0 (4.01) 63.1 (2.50) 57.5 (6.83) 62.5 (4.59) 46.8 (3.67)
Hypertension and advised to:

Lower blood pressure 58.9 (3.92) 62.1(2.42) 62.5 (6.55) 65.5 (3.76) 66.0 (3.50)
Cut down on salt 35.4 (3.59) 40.1 (2.46) 53.2 (6.72) 64.8 (3.71) 48.6 (3.68)
Buy low/no salt foods 14.9 (2.82) 17.3 (2.06) 25.7 (7.24) 28.6 (3.26) 23.9 (3.10)
%ét dio""” on salt & buy low/no salt 40.6 (6.05) 50.9 (9.22) 46.0 (10.63) 42.6 (5.22) 41.8 (513)
Advised to:

Eat more fruits/vegetables 25.0 (1.89) 27.5(1.82) 46.1 (5.54) 47.4 (3.42) 445 (2.72)
Cut down on sugar in diet 13.2 (1.44) 15.1 (1.40) 55.7 (5.33) 58.4 (3.38) 34.8 (2.62)
Increase physical activity 39.5 (2.05) 45.1 (1.93) 75.5 (4.24) 74.0 (2.66) 65.4 (2.60)
Get regular checkups 33.4 (1.90) 39.1 (1.88) 45.8 (5.43) 61.3 (3.24) 49.5 (2.74)
Cut down on salt 13.0 (1.28) 22.0 (1.53) 43.0 (5.59) 50.0 (3.43) 35.8 (2.62)
Buy low/no salt foods 6.0 (0.97) 9.7 (1.16) 23.7 (5.54) 23.1 (2.42) 19.5 (2.17)
Eat more whole grains and/or fiber 19.9 (1.68) 22.9 (1.67) 47.3 (5.60) 40.9 (3.49) 36.7 (2.64)
Eat more darkfish 10.4 (1.27) 12.6 (1.13) 29.8 (5.23) 26.5 (2.63) 23.6 (2.34)
Eat fewer high fat foods 17.2 (1.44) 24.3 (1.65) 37.4 (5.54) 42.4 (3.48) 36.1 (2.63)
Lose weight 24.6 (1.70) 32.5(1.77) 73.3 (4.58) 69.1 (2.92) 49.3 (2.74)
Lower blood pressure 13.3 (1.22) 23.3 (1.41) 41.4 (5.43) 49.0 (3.44) 38.9 (2.69)
Overweight and: 46.3 (2.03) 64.6 (1.86) 83.2 (5.40) 84.0 (3.24) 65.5 (2.38)
Advised to lose weight 43.8 (2.83) 47.6 (2.52) 80.6 (4.77) 78.1 (3.06) 67.9 (3.18)
Advised to increase physical activity 51.4 (2.88) 55.5 (2.50) 82.9 (3.55) 79.7 (2.78) 72.9 (3.03)
Hypercholesterolemia and advised to:

Eat fewer high fat foods 49.6 (3.95) 45.9 (2.91) 50.8 (7.59) 59.3 (4.36) 55.9 (4.03)
Ef)fﬁ;]‘fsed flu vaccine, past 12 44.3 (2.02) 54.4 (1.92) 67.0 (5.15) 70.1 (2.83) 42.1 (2.50)
Received pneumonia vaccine 23.9 (1.59) 36.5 (1.70) 51.8 (5.53) 64.5 (3.62) 35.7 (2.43)
Current smoker 6.6 (0.99) 27.7 (1.49) 36.4 (5.32) 41.3 (3.27) 15.5 (1.85)
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Current smoker, advised to quit 86.3 (4.99) 19.8 (2.15) 29.0 (9.89) 22.2 (4.27) 100.0 (0.00)

*Divides entire MDCC study population into 5 subpopulations: (1) Adults with multiple risk factors for diabetes; (2) Adults reporting
having prediabetes; (3) Adults reporting having diabetes; (4) All MDCC participants from the community-based sample not
meeting criteria for (1), (2), or (3); and, (5) All MDCC participants from the health facility sample, not in (1), (2), or (3). TWeighted
percentage and standard error.
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Conclusion

In this dissertation, we linked U.S. Census data and publicly available indices of
neighborhood attributes with self-reported sociodemographics, health risk factors, healthcare
utilization indicators, prior diagnosis of select health conditions, and pharmacy records collected
by the cross-sectional Monitoring Disparities in Chronic Conditions (MDCC) study to evaluate
the association between neighborhood socioeconomic status (SES) and a range of health
indicators related to high quality care, healthy behavior, disease self-management, and clinical
outcomes; and, we assessed the validity of self-reported health-related information in the context
of chronic condition medication use reporting.

The strength of this research was the ability to integrate both area-level and individual-
level measures to assess the impact of neighborhood on the receipt of preventive healthcare
measures, disease management strategies, and health outcomes in a local context. The use of a
single measure to define our exposure, the percentage of residents in a neighborhood living at or
below the 200% federal poverty level, enabled our exposure to be considered independently and
as a proxy that represents neighborhood SES. Further, the use of neighborhood data aggregated
into groups corresponding to city boundaries resulted in findings that were meaningful to
specific neighborhood environments in King County, WA. Our analysis captured the reality of
the complex, hierarchical pathways that contribute to health, highlighting missed opportunities
for disease prevention and the need for robust data representative at the local level to describe
unique differences in healthcare and individual behavior across geographies. This research serves
as a model for further work on the impact of geography on chronic conditions, while providing

evidence for the importance of investing in local data collection.
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Our project also had multiple limitations. First, since our data were cross-sectional, we
were unable to draw any conclusions of causality between the significant associations we
observed. Several potential biases may be inherent in this data. Recall and social desirability
biases of self-reported data became apparent when validating self-reported medication use in
Chapter 3 and when looking at the sensitivity of self-reported prior chronic condition diagnoses
validated by MDCC study recruitment based on the presence of a diagnostic code for that
condition in medical records for participants who were recruited via health facility-based
sampling (Appendix, Table I). Thus, the prevalence estimates of diagnosed disease reported in
this research, though variable by disease, likely underestimate the true prevalence in the King
County, Washington population. On the other hand, some study participants may have
overreported compliance with disease self-management, overestimating the prevalence of such
behavior, and be more likely to forget having been offered medical advice, particularly if they
chose not to adhere to it, underestimating the quality of care received.

Due to the focus on adults with multiple chronic conditions, as well as health facility-
based sampling to increase the number of study participants with chronic disease above the
prevalence found in studies using community-based sampling methods alone, the final cohort
consisted of a greater percentage of participants selected from health facilities, representing a
population with known healthcare system contact and disease burden. Among adults with
multiple diabetes risk factors, 59.4% were selected from health facility sampling, and among
adults with prediabetes and diabetes, 81.1% were selected via health facility sampling.
Significant differences (Appendix, Table Il) between participants from the two different
sampling methods included a higher percentage of adults with multiple risk factors for diabetes

from the health facility sample being screened 3 or fewer years ago (p=0.0003); a higher
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percentage of health facility sample participants reporting purchasing low- or no-sodium foods
(p=0.0009); and, a higher percentage of community-based sample participants reporting
sufficient weekly physical activity (p=0.0013). Further, the dual-frame sampling strategy led the
MDCC study to estimate a 10.1% non-gestational diabetes prevalence and 4.3% prediabetes
prevalence in KC (Table I11), while nationally, there are approximately 3 times as many
individuals with prediabetes then diabetes (48). No incentive was offered for MDCC study
participation, so the higher response rate from the health facility sample likely is because these
participants had a greater interest in being part of research related to multiple chronic conditions.
However, participants had to be relatively healthy to participate in this research, so we likely did
not capture KC adults with the most severe morbidities.

Additional exploration of data related to healthcare access and physician-provided advice
between the health facility-based sample and the community-based sample revealed further
significant differences between the two groups. Among participants with multiple diabetes risk
factors (Appendix, Table 1V), a higher percentage of community-based participants reported not
having a regular healthcare provider (9%, compared to 2% of the health facility-based sample,
p<0.0001). Significantly higher percentages of health facility-based participants with multiple
diabetes risk factors reported having received advice from a healthcare professional to increase
physical activity levels; get regular checkups; cut down on salt intake; buy low- or no salt foods;
eat more darkfish; lose weight; and, lower blood pressure. The only offered advice that was
reported by a significantly higher percentage of community-based sample participants was
among those also reporting hypercholesterolemia, who had been advised to eat fewer high fat
foods. When exploring the same factors among KC adults with diagnosed prediabetes or

diabetes, community-based participants were significantly more likely than health facility-based
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participants to report having received advice to lose weight, to get regular checkups, and to
increase physical activity if overweight. Particularly among adults with multiple diabetes risk
factors, these findings indicate that the relatively high percentages of physician-provided advice
we observed were likely due to the higher percentage of participants in the study who had been
selected via health facility-based sampling.

The unweighted sample size permitted us to analyze associations across neighborhood
SES by 4 categories, but prevented us from performing any stratified analyses by age, sex, or
race/ethnicity (Appendix, Table 1V). Further, weighting survey data, as we did for our analyses
in chapters 1, 2, and 4, assumes no difference exists between respondents and non-respondents
on variables of interest; thus, our findings represent the King County population to the extent that
our study population represents the King County population (Appendix, Table V). The strategy
used to capture study participants, sampling people with diabetes and other comorbidities from
medical records, and community-based sampling that oversampled racial/ethnic minority adults
who are known to have greater disease burden, aided in boosting the representativeness of our
study population to the entire county.

Finally, bias can result if federal poverty level was highly correlated with covariates we
included in logistic models, minimizing the ability to identify independent effects. Additionally,
because cost of living varies between neighborhoods, living at or below 200% of the federal
poverty level can have a different socioeconomic impact depending on where someone lives; we
neutralized this issue by adjusting for individual income. We purposely adjusted our models for
potential mediators, although this method is critiqued for removing the true effect being
examined and thus, leading to an underestimation of the magnitude of association between

exposure and outcome. We choose to allow this “bias” since we were interested in understanding
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the impact of multiple underlying processes. Independent effects that were observed between
neighborhood SES and health after adjusting for mediators indicated that an independent effect
of neighborhood poverty level existed. Aggregated data reduce the ability to detect associations,
especially after adjustment for area differences and demographic covariates (134), so our
detection of significant associations between neighborhood poverty and health outcomes was
particularly meaningful in demonstrating the impact and reach of neighborhood context.

This research found an independent association of neighborhood poverty level and SES
on multiple health indicators. We observed direct associations between neighborhood walkability
and reporting sufficient physical activity across neighborhood SES; and, independent
associations between neighborhood SES and: taking a diabetes education class in middle-high
SES areas; sufficient physical activity in middle-low SES areas; and, self-monitoring blood
glucose and modest glycemic control (HbAlc <8%) in low SES areas. Additionally, we found a
significant association between neighborhood SES and regular HbA1c checking by a healthcare
provider in middle-low SES areas, which was mediated by having a usual source of healthcare.
Overall, having a regular source of healthcare mediated the association between neighborhood
SES and regular HbAlc checking and self-monitoring blood glucose, both of which are glycemic
control strategies. Disease prevention measures implemented by healthcare providers,
specifically diabetes screening, were associated with individual-level demographics (age, race,
individual income, and education), but not neighborhood SES.

The concept of “neighborhood” is vague and difficult to define precisely. Yet, it is clear
that despite the lack of a cogent, agreed upon neighborhood definition, areal measures act as
determinants of population health. We conjecture that these observed associations trace back to

structural and fundamental factors, as described in this project’s conceptual framework.
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Structurally, laws and policies at federal, state, and local levels can promote healthy and safe
neighborhoods, medical care, government provision of secure jobs and educational opportunities
(5). However, political action is shaped by the cultural and societal values placed on health, and
the ability of people to advocate for such action. The unequal distribution of material wealth,
educational and employment opportunities, and political influence hinders such policy
development, perpetuating socioeconomic inequalities.

Neighborhood inequities in resource and opportunity distribution encompass many social
determinants: affordable housing, crime rates, social cohesion and support, exposure to
environmental hazards, access to transportation, living wage jobs, access to education, and
access to health resources. Ultimately, a lower socioeconomic position leads to poorer overall
health, both directly and indirectly (5, 15-18). As research at both the societal and community
levels continues, it will be important to separate individual-level disparities in disease burden,
such as the high diabetes prevalence that exists in racial/ethnic minority groups (3, 47), from
factors which may reflect variation in established risk factors for disease that have been reported
to vary by race/ethnicity, such as SES and neighborhood (135-139). It is possible that observed
racial inequalities, and other individual-based inequalities, are conditional on, and not interactive
with, SES (139-141). If this is the case, when the unequal distribution of the fundamental and
structural determinants of health driving disparities are removed, health inequalities among at-
risk individuals might shrink appreciably, and possibly disappear (140).

Initiatives in King County aim to reach as many different communities as possible.
Health-related information is translated into multiple languages and culturally appropriate
materials and distributed through specific neighborhood and ethnic media to reach communities

disproportionately affected by disease (142). Such efforts can improve health literacy among
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communities of color, low-income neighborhoods, and non-native English speakers. Programs
aim to build affordable housing in close proximity to public schools, educational resources,
healthcare facilities, public recreational facilities and parks, healthy food outlets, and
transportation resources that enable mobility and access to economic opportunities. Additionally,
outreach programs such as the Seattle & King County racial and ethnic approaches to health
(REACH) coalition, which focuses on reducing health disparities related to diabetes in
communities of color, offers African Americans, Asians, Pacific Islanders, and Hispanic/Latinos
information and resources for diabetes through community-based interventions to combat
disease-related inequalities. Finally, services like the Washington State Nutritional Assistance
Program that subsidize food purchases for low-income individuals, and the acceptance of food
stamps at King County farmer’s markets, improve residents’ chances of accessing healthy food
options. Many of the differences we observed between neighborhoods, such as the high
percentage of physical activity in middle-low SES neighborhoods (66% of adults with
prediabetes or diabetes), compared to the 44% of adults in low SES neighborhoods; and, the 17%
of low SES adults who met daily fruit and vegetable intake requirements, compared to 10% of
middle-high SES adults and 14% of middle-low SES adults, may be due to differential
distribution of community outreach programs, knowledge of outreach and supplemental
assistance programs, and critical structures that enable people to access such resources. Although
there are many initiatives in place in King County, our findings indicate that efforts to link
people and places for opportunity, as well as community-based political empowerment, may
need to focus on connecting to additional neighborhoods and casting interventions to a wider

range of neighborhoods in order to address social determinants of health fully.
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Our findings demonstrate the complexity of neighborhood, or where people live, and its
association with the well-being of individuals. As a proxy for neighborhood SES, and
representing the percentage of low-income residents in a neighborhood, our study exposure
encompasses several political, social, cultural and environmental constructs that result in
geographic health inequalities. The relative impact each construct has on individual health likely
varies both by an individual’s characteristics and by specific neighborhood characteristics,
creating a complex social and epidemiological problem.

Strategies to improve diabetes prevention and disease-related outcomes should
incorporate issues beyond the biological condition. Several factors, including the capacity and
capability of healthcare providers, patient behavior, cultural, psychosocial, and economical
factors, impact access to and the delivery of high quality care. Presently, the healthcare system
and its patients are trapped in a cycle perpetuated by external social determinants. An increased
focus on these social determinants of health may lead to better care, better health outcomes,

reduced health care costs, and eventually, a healthier population.
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Table I. Sensitivity of self-reported prior chronic condition
diagnosis, validated by recruitment condition* (n=2,120)

Sensitivity of self-
reported prior
disease diagnosis

% (SE)"
Non-gestational diabetes mellitus 97.6 (0.81)
Atrial fibrillation 92.7 (1.89)
Asthma 91.0 (2.74)
Non-gestational hypertension 90. 4 (1.18)
Coronary heart disease (unstable angina) 80.2 (19.82)
Chronic obstructive pulmonary disease 79.6 (4.81)
Hypercholesterolemia 78.7 (2.61)
Congestive heart failure 75.1 (6.04)
Acute myocardial infarction 72.2 (4.23)
Stroke (cerebral infarction) 64.9 (4.75)
Chronic renal failure 62.4 (6.99)

The Monitoring Disparities in Chronic Conditions (MDCC) study
recruited participants from health facilities and EMS records,
based on diagnostic codes appearing in medical records for 12
selected chronic conditions. 'Weighted percentage and standard

error.
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Table Il. Prevalence of study outcomes for Monitoring Disparities in Chronic Conditions (MDCC)
Study participants, 2011-2012, by sampling method*

Community-  Health facility- ~ Chi-square
based sample based sample p-value
% (SE)" % (SE)"

s L pots W TUIe 751235 w289 00009
E::ggggt:ge;”;l%raargg”g adults with 76.4 (7.49) 86.0 (2.59) 0.1637
HbAlc regularly checked (2+ times annually) 84.0 (3.83) 82.4 (1.56) 0.1540
Self-monitor blood glucose daily 53.7 (6.03) 62.5 (1.89) 0.1507
Took diabetes education class 55.7 (6.08) 57.9 (1.91) 0.7265
Most recent HbAlc level, <7% 58.7 (7.49) 51.6 (2.35) 0.3748
Most recent HbAlc level, <8% 91.2 (5.02) 80.0 (1.89) 0.1301
Sufficient physical activity, 2150 minutes/week 67.8 (2.06) 57.1 (1.03) 0.0013*
Fruit & vegetable intake, 25 servings/day 14.1 (1.34) 14.6 (0.73) 0.7762
Low or no salt foods 52.4 (2.13) 60.2 (1.03) 0.0009*

*The MDCC Study used a dual sampling frame of King County residents: (1) A randomly selected
community-based sample of residents with and without landline telephones, and (2) a health facility-
based sample of residents, with specific chronic condition diagnostic codes, who had attended
hospitals, clinics, or received EMS care during the 24 months prior to sampling. TWeighted
percentage and standard error. iSignificant difference in outcome between sampling method groups,
at p<0.05.
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Table 1ll. Comparison of select health indicators in Monitoring Disparities in Chronic
Conditions (MDCC) Study participants (2011-2012) with multiple diabetes risk factors

(n=2,690), by sampling method*

Community-  Health facility- Chi-square
based sample based sample p-value
% (SE)" % (SE)"
Have a regular source of healthcare <0.0001*
No usual provider/facility 8.9 (1.64) 2.0 (0.37)
One provider/facility 65.7 (2.30) 61.0 (1.29)
More than one provider/facility 25.3 (2.05) 37.0(1.27)
Has health insurance 91.6 (1.44) 91.7 (0.72) 0.9546
Unmet medical need: Overall 8.2 (1.28) 10.4 (0.79) 0.1634
Among those with health insurance 4.8 (0.97) 5.2 (0.59) 0.7102
Among those w/o health insurance 45.9 (9.03) 69.6 (4.16) 0.0158*
Hypertension and:
Buys low/no salt foods 64.0 (3.71) 61.46 (1.60) 0.5376
Hypertension and advised to:
Lower blood pressure 62.3 (3.65) 61.6 (1.58) 0.5924
Cut down on salt 39.6 (3.70) 41.0 (1.59) 0.5826
Buy low/no salt foods 17.2 (3.11) 17.3 (1.21) 0.2455
Advised to:
Eat more fruits/vegetables 27.1(2.19) 29.3 (1.18) 0.4858
Cut down on sugar in diet 14.7 (1.68) 17.0 (0.98) 0.1566
Increase physical activity 43.9 (2.32) 51.4 (1.31) 0.0145*
Get regular checkups 37.1(2.11) 48.8 (1.31) <0.0001*
Cut down on salt 19.4 (1.83) 34.5 (1.25) <0.0001*
Buy low/no salt foods 8.6 (1.40) 15.0 (0.93) 0.0003*
Eat more whole grains and/or fiber 22.5 (2.00) 24.7 (1.12) 0.7610
Eat more darkfish 11.5 (1.35) 17.7 (0.99) 0.0002*
Eat fewer high fat foods 23.9 (1.98) 26.3 (1.15) 0.6340
Lose weight 31.4 (2.11) 38.1 (1.26) 0.0090*
Lower blood pressure 19.2 (1.64) 43.3 (1.30) <0.0001*
Overweight and:
Advised to lose weight 46.7 (3.04) 52.1(1.62) 0.0830
Advised to increase physical activity 54.6 (3.02) 59.5 (1.60) 0.2293
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Hypercholesterolemia and advised to:

Eat fewer high fat foods 49.2 (3.97) 38.1(1.80) 0.0189*

*The MDCC Study used a dual sampling frame of King County residents: (1) A randomly
selected community-based sample of residents with and without landline telephones, and
(2) a health facility-based sample, with specific chronic condition diagnostic codes, who had
attended hospitals, clinics, or received EMS care during the 24 months prior to sampling.
"Weighted percentage and standard error. *Significant difference in outcome between
sampling method groups, at p<0.05.

116



Table IV. Comparison of select health indicators in Monitoring Disparities in Chronic
Conditions (MDCC) Study participants (2011-2012) with self-reported non-gestational
prediabetes mellitus or diabetes mellitus (n=1,194), by sampling method*

Community-  Health facility- Chi-square
based sample based sample p-value
% (SE)" % (SE)"
Have a regular source of healthcare
No usual provider/facility 3.2 (1.59) 1.3 (0.38) 0.0618
One provider/facility 67.1(4.37) 60.1 (1.65)
More than one provider/facility 29.8 (4.23) 38.6 (1.64)
Has health insurance 93.7 (2.01) 89.7 (1.04) 0.1310
Unmet medical need: Overall 17.3 (3.90) 15.8 (1.24) 0.6949
Among those with health insurance 14.2 (3.91) 9.5 (1.04) 0.1860
Among those w/o health insurance 64.8 (15.4) 69.7 (4.87) 0.7562
Hypertension and:
Buys low/no salt foods 58.2 (6.31) 65.2 (1.95) 0.2699
Hypertension and advised to:
Lower blood pressure 65.4 (5.55) 64.9 (1.92) 0.1190
Cut down on salt 66.3 (5.39) 55.4 (2.00) 0.1164
Buy low/no salt foods 11.2 (2.68) 26.7 (1.77) 0.7916
Advised to:
Eat more fruits/vegetables 47.2 (4.75) 46.7 (1.68) 0.3994
Cut down on sugar in diet 58.8 (4.65) 55.9 (1.67) 0.7109
Increase physical activity 77.4 (3.58) 70.1 (1.54) 0.0915
Get regular checkups 57.4 (4.67) 55.9 (1.68) 0.0301*
Cut down on salt 49.2 (4.78) 46.2 (1.68) 0.8924
Buy low/no salt foods 24.1 (3.86) 22.0 (1.39) 0.5350
Eat more whole grains and/or fiber 45.5 (4.83) 38.8 (1.64) 0.1383
Eat more darkfish 26.4 (3.93) 29.0 (1.53) 0.1718
Eat fewer high fat foods 42.0 (4.81) 39.2 (1.65) 0.4717
Lose weight 74.3 (3.95) 65.3 (1.60) 0.0445*
Lower blood pressure 45.6 (4.80) 48.7 (1.69) 0.0260*
Overweight and:
Advised to lose weight 81.0 (4.01) 76.2 (1.63) 0.0906
Advised to increase physical activity 84.3 (3.37) 75.0 (1.67) 0.0206*
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Hypercholesterolemia and advised to:

Eat fewer high fat foods 61.8 (6.09) 49.7 (2.24) 0.0995

*The MDCC Study used a dual sampling frame of King County residents: (1) A randomly
selected community-based sample of residents with and without landline telephones, and

(2) a health facility-based sample of residents, with specific chronic condition diagnostic
codes, who had attended hospitals, clinics, or received EMS care during the 24 months prior
to sampling. TWeighted percentage and standard error. 1Significant difference in outcome
between sampling method groups, at p<0.05.
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Table V. Prevalence of self-reported non-gestational prediabetes mellitus and diabetes
mellitus among Monitoring Disparities in Chronic Conditions (MDCC) Study participants*,
2011-2012

Community-based Health facility-based

Total
sample sample
N % (SE)" N % (SE)" N % (SE)"
Prediabetes 83 3.5 (0.56) 231 8.5 (0.20) 314 4.3 (0.57)

Diabetes 156  6.7(0.48) 798 27.9(1.59) 954 10.1(0.62)

*Denominator used includes respondents who completed the MDCC core survey, as well as
adults who declined study participation, but completed an abbreviated survey that captured
demographics and chronic conditions. TWeighted percentage and standard error.
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Table VI. King County adults by diabetes status, neighborhood socioeconomic status* and sampling

method, from the Monitoring Disparities in Chronic Conditions (MDCC) Study, 2011-2012

Neighborhood socioeconomic status (SES)

High Middle-high Middle-low Low

NS % (SE)' NS % (SE)T  N°® % (SE)T  N°® % (SE)!
Adults with multiple risk factors for diabetes*
Community-based
sample (n21,091) 198 17.9(1.48) 407 40.1(227) 201 18.9(L77) 285 23.0(2.10)
S“:g';?;?ﬂ?’égg?w 314 21.4(1.10) 680 41.4(1.29) 365 22.5(1.09) 240 14.8(0.92)
Total (n=2,690) 512 18.5(1.25) 1,087 40.4(1.89) 566 19.5(1.48) 525 21.6(1.75)
Adults diagnosed with prediabetes or diabetes
Community-based 28 115(2.52) 67 314(432) 52 27.6(469) 79 29.6 (4.15)
sample (n=226)
SHaer‘;’]"éTef?ﬂg%'gb)ased 176 19.4(1.36) 365 36.0(1.60) 251 259(1.48) 176 18.7 (1.31)
Total (n=1,194) 204 14.7(1.63) 432 33.2(2.65) 303 26.9(2.86) 255 25.2(2.51)

*Neighborhood socioeconomic status was defined using a proxy; specifically, United States Census 2007-
2011 American Community Survey 5-year estimates for percentage of residents living below the 200%
federal poverty level (high SES, <14%; middle-high SES, 14-<25%; middle-low SES, 25-30%; low-SES,
>30%). The MDCC Study used a dual sampling frame of King County residents: (1) A randomly selected
community-based sample of residents with and without landline telephones, and (2) a health facility-based
sample of residents, with specific chronic condition diagnostic codes, who had attended hospitals, clinics, or
received EMS care during the 24 months prior to sampling. §Unweighted sample size. "Weighted percentage
and standard error. *Based on American Diabetes Association criteria for diabetes testing in adults, 2011.
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Table VII. Demographics of Monitoring Disparities in Chronic Conditions (MDCC) study participants*, by
sampling method’, compared to United States (US) Census demographics (2008-2012 American

Community Survey estimates)

Community-based sample

All MDCC study participants

MDCC study non-

respondents who completed

US Census  who completed a core_survey a short demographic survey
(n=1,671) (n=69)
% N % (SE) N % (SE)
Sex, male, 218 years 49.5 710 47.56 (1.64) 31 57.55 (13.51)
Race
Non-Hispanic White 64.8 1289 75.79 (24.62) 47 51.12 (36.97)
Non-Hispanic Black 6.0 92 6.15 (8.62) 7 5.57 (7.34)
Hispanic 8.8 249 7.5 (10.42) 4.86 (6.44)
Asian 14.5 26 7.67 (10.41) 4 19.16 (17.77)
Other, multiple races 5.9
Other, MDCC 14 2.88(3.91) 3 19.3 (17.9)
Education (25+)
< High school 8.0 43 2.47 (1.52) 3 5.13 (3.23)
High school/GED 17.0 125 8.10 (1.22) 7 8.4 (4.86)
Some college 20.8 391 22.58 (2.55) 15 17.61 (2.12)
College graduate 28.8 552 38.7 (2.04) 14 22 (3.31)
Graduate degree 17.2 476 28.15 (2.08) 25 46.86 (1.53)
Employment status
Employed 65.1 880 61.31 (1.78) Unavailable
Unemployed 5.2 122 8.18 (1.37)
Out of work, >1 year 79 5.34 (1.14)
Out of work, <1 year 43 2.83 (.26)
Not in labor force 29.6 611 30.51 (1.57)
Homemaker 95 6.68 (1.81)
Student 35 6.36 (1.71)
Retired 481 17.47 (2.11)
Marital status Unavailable
Single 33.7 293 24.95 (2.36)
Married 49.5 912 58.08 (2.95)
Divorced/separated 125 258 11.07 (.66)
Widowed 4.3 156 5.90 (.73)

Income
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<$15,000 9.0 79 5.01 (1.47) 9 26.97 (9.67)
$15,000 - <$35,000 14.8 177 13.11 (2.14) 8 26.27 (12.34)
$35,000 - <$50,000 11.5 146 9.26 (1.07) 6 4.99 (3.49)
$50,000 - <$75,000 17.1 209 16.71 (.72) 7 13.76 (2.55)
>$75,000 47.6 620 55.91 (3.23) 16 28.01 (20.07)
Age, years
18- 24
(Census: 20-24) 6.8 31 6.86 (.57) 4 12.05 (2.45)
25-34 16.3 122 18.59 (1.82) 10 25.53 (4.73)
35-44 15.4 231 20.38 (1.05) 10 22.87 (2.18)
45 - 64 26.8 693 36.46 (1.36) 28 27.11 (5.94)
265 11.0 500 17.71 (1.78) 15 12.43 (1.11)
Health facility-based sample
All MPCC study respondenlz/sl,DV\%cc:) f:?n%lg?gé
US Census participants who a short survey on
completed a core_survey demographic information
(n=2,838) (n=64)
% N % (SE) N % (SE)
Sex, male, 218 years 49.5 1443 48.03 (1.31) 35 55.71 (2.42)
Race
Non-Hispanic White 64.8 2431 86.37 (15.79) 51 85.66 (16.86)
Non-Hispanic Black 6.0 177 6.00 (8.85) 1.51 (2.28)
Hispanic 8.8 118 3.92 (5.86) 6.09 (8.95)
Asian 14.5 65 2.36 (3.53) 4.45 (7.97)
ra(c)&tilger, incl. multiple 59
Other, MDCC 40 1.35(2.02) 1 1.30 (1.91)
Education (25+)
< High school 8.0 84 3.24 (1.56) 4.05 (.80)
High school/GED 17.0 304 12.18 (.40) 13.31 (3.02)
Some college 20.8 803 29.82 (1.73) 21 33.16 (2.01)
College graduate 28.8 828 29.82 (1.68) 11 16.29 (6.31)
Graduate degree 17.2 749 24.94 (1.50) 19 33.19 (4.29)
Employment status
Employed 65.1 927 29.37 (1.68) Unavailable
Unemployed 5.2 340 12.30 (2.3)
Out of work, >1 year 286 10.35 (2.00)
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Out of work, <1 year 54 1.95 (.34)
Not in labor force 29.6 1481 58.33 (3.53)
Homemaker 117 4.64 (.53)
Student 35 1.27 (.4)
Retired 1329 52.41 (4.27)
Marital status
mi:ﬂgf’ never been 337 419 14.22 (1.9) Unavailable
Married 49.5 1565 55.03 (2.42)
Divorced/separated 125 485 17.68 (1.15)
Widowed 4.3 313 13.07 (.78)
Income
<$15,000 9.0 332 16.99 (3.45) 4 11.72 (3.11)
$15,000 - <$35,000 14.8 358 18.92 (1.41) 3 6.81 (4.29)
$35,000 - <$50,000 11.5 204 11.09 (.55) 5 13.08 (1.61)
$50,000 - <$75,000 17.1 304 14.79 (1.48) 6 16.43 (3.84)
2$75,000 47.6 822 38.21 (2.90) 18 51.95 (2.10)
Age, years
) 41)8 — 24 (Census: 20- 6.8 10 .32 (.05) 1 91 (1.33)
25-34 16.3 80 2.55 (.38) 0
35-44 15.4 161 4.7 (1.88) 6.85 (1.53)
45 - 64 26.8 1064 35.87 (3.17) 24 38.14 (6.24)
=65 11.0 1392 55.55 (5.34) 32 54.1 (8.16)
Total
All MDCC study MDCC study non-
US COrsss o ATISBATIE M espondent unc compite?
(n=4,509) (n=133)
% N % (SE) N % (SE)
Sex, male, 218 years 49.5 2153 47.64 (1.5) 66 57.42 (12.49)
Race
Non-Hispanic White 64.8 3720 77.49 (23.36) 98 53.56 (36.70)
Non-Hispanic Black 6.0 269 6.13 (8.65) 8 5.28 (7.00)
Hispanic 8.8 367 6.93 (9.74) 11 4.94 (6.57)
Asian 14.5 91 6.82 (9.4) 8 1.82 (1.76)
Other, incl. multiple races 5.9
Other, MDCC 54 2.64 (3.64) 4 18.03 (17.4)
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Education (25+)
< High school
High school/GED
Some college
College graduate
Graduate degree

Employment status
Employed
Unemployed

Out of work, >1 year

Out of work, <1 year

Not in labor force
Homemaker
Student
Retired

Marital status

Single/never been
married

Married
Divorced/separated
Widowed
Income

<$15,000

$15,000 - <$35,000
$35,000 - <$50,000
$50,000 - <$75,000
2$75,000

Age, years

18 — 24 (Census: 20-24)

25— 34
3544
45 — 64
> 65

8.0
17.0
20.8
28.8
17.2

65.1
5.2

29.6

33.7

49.5
125
4.3

9.0
14.8
11.5
171
47.6

6.8
16.3
15.4
26.8
11.0

127
429
1194
1380
1225

1807
462
365

97

2092

212
70
1810

712

2477
743
469

411
535
350
513
1442

41
202
392

1757
1892

2.60 (1.51)
8.76 (1.09)
23.76 (2.36)
37.26 (1.89)
27.62 (1.94)

56.15 (.90)
8.84 (1.42)
6.15 (1.21)

2.69 (.24)
35.01 (.61)
6.35 (1.63)
5.54 (1.58)
2.31 (3.09)

23.20 (2.08)

57.58 (2.77)
12.15 (.69)
7.07 (.87)

6.88 (1.62)
14.01 (1.91)
9.54 (1.01)
16.41 (.58)
53.15 (3.01)

5.79 (.60)
15.97 (1.85)
17.98 (1.37)

36.36 (.76)
23.91 (2.97)

6
15
36
25
44

Unavailable

Unavailable

13
11
11
13
34

5
10
14
52
47

5.05 (3.01)
8.75 (4.33)
18.71 (2.10)
21.59 (2.56)
45.89 (1.55)

26.00 (9.59)
25.04 (12.57)
5.5 (3.59)
13.93 (2.27)
29.52 (19.80)

11.26 (2.68)
23.73 (5.23)
21.74 (1.79)
27.89 (5.62)
15.37 (1.74)

*MDCC participants completed a core questionnaire. Among adults who did not consent to full study participation,
some opted to complete a shorter survey of demographic information (questions about employment status and
marital status were not included in the shortened survey for non-respondents). "The MDCC Study used a dual
sampling frame of King County adults: (1) A randomly selected community-based sample of adults with and without
landline telephones, and (2) a health facility-based sample of adults, with specific chronic condition diagnostic
codes, who had attended hospitals, clinics, or received EMS care during the 24 months prior to sampling.
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