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Abstract

OBJECTIVE—To examine changes in and the relationships between diabetes management and
rural and urban residence.

RESEARCH DESIGN AND METHODS—Using National Health and Nutrition Examination
Survey (1999-2018) data from 6,372 adults aged =18 years with self-reported diagnosed diabetes,
we examined poor ABCS: A1C >9% (>75 mmol/mol), Blood pressure (BP) =140/90 mmHg,
Cholesterol (non-HDL) 2160 mg/dL (=4.1 mmol/L), and current Smoking. We compared odds

of urban versus rural residents (census tract population size >2,500 considered urban, otherwise
rural) having poor ABCS across time (1999-2006, 2007-2012, and 2013-2018), overall and by
sociodemographic and clinical characteristics.

RESULTS—During 1999-2018, the proportion of U.S. adults with diabetes residing in rural
areas ranged between 15% and 19.5%. In 1999-2006, there were no statistically significant rural-
urban differences in poor ABCS. However, from 1999-2006 to 2013-2018, there were greater
improvements for urban adults with diabetes than for rural for BP =140/90 mmHg (relative odds
ratio [OR] 0.8, 95% CI 0.6-0.9) and non-HDL =160 mg/dL (=4.1 mmol/L) (relative OR 0.45,
0.4-0.5). These differences remained statistically significant after adjustment for race/ethnicity,
education, poverty levels, and clinical characteristics. Yet, over the 1999-2018 time period,
minority race/ethnicity, lower education attainment, poverty, and lack of health insurance coverage
were factors associated with poorer A, B, C, or S in urban adults compared with their rural
counterparts.
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CONCLUSIONS—Over two decades, rural U.S. adults with diabetes have had less improvement
in BP and cholesterol control. In addition, rural-urban differences exist across sociodemographic
groups, suggesting that efforts to narrow this divide may need to address both socioeconomic and
clinical aspects of care.

Rural-urban disparities have been described for a wide variety of illnesses and mortality
rates (1,2). Since 1999, rural residents generally have had higher age-adjusted mortality
rates (3,4), including for the five leading causes of death (heart disease, stroke, cancer,
unintentional injury, and chronic lower respiratory disease) (5). Although national mortality
rates have generally declined in the past few decades, the urban-rural disparity in life
expectancy has widened, with greater improvements in urban areas than rural (4,6).

Many rural communities experience greater prevalence of chronic health conditions and
complications (6,7) and less access to comprehensive health care (8).

Diabetes complications, such as microvascular (nephropathy, neuropathy, and retinopathy)
and macrovascular diseases (atherosclerosis of coronary, cerebrovascular, and peripheral
vasculatures) increase morbidity, disability, and mortality (9,10). As such, poor glycemic
control and cardiovascular health are culprits in increasing risk for complications, declining
quality of life, and greater financial burden (11-14). This has led the American Diabetes
Association and other organizations to emphasize clinical care guidelines and health care
quality metrics for more than three decades. The optimal levels of some of the ABCS
(ALC, blood pressure [BP], cholesterol, and smoking), key risk factors for the development
of diabetes complications, have evolved over time. The most recent evolution of these
guidelines is as follows: A1C <7.0% (<53 mmol/mol); BP <140/90 mmHg; the lower the
non-HDL cholesterol levels, the better; and avoidance of cigarette and other tobacco product
or e-cigarette use (15,16). Previous analyses have documented substantial improvements in
the management of ABCS until 2010 (17,18) with stagnation thereafter (19). Disparities

by age, race/ethnicity, and socioeconomic status have also persisted (17-19). Furthermore,
after a 20-year decline, recent national increases in selected diabetes-related complications,
particularly in young and middle-aged adults, emphasize the importance of improving poor
ABCS measures and addressing disparities (20).

Rural areas have higher age-adjusted prevalence of diabetes than urban areas, and adults
with diagnosed diabetes in rural areas report less adherence to some preventive measures,
such as dilated eye or foot examinations, and more complications, such as diabetic
retinopathy and foot sores, than their urban counterparts (21). However, there have been

no comparisons of ABCS management among adults with diabetes in rural and urban areas.
Since the definition of optimal ABCS control has changed over time and currently varies
based on life expectancy or the presence of comorbid conditions, in this report, we assessed
trends in poor ABCS among adults with diagnosed diabetes and disparities between rural
and urban areas using updated national data from 1999 to 2018.
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RESEARCH DESIGN AND METHODS

Data Source

The National Health and Nutrition Examination Survey (NHANES) was designed to
investigate the health and nutritional status of the noninstitutionalized U.S. civilian
population through a complex multistage sampling design (22,23). Since 1999, NHANES
has been conducted continuously with administration of questionnaires to obtain
sociodemographic and health information (e.g., diabetes and smoking status), collection

of blood samples for laboratory tests (e.g., glycohemoglobin and lipid profiles), and physical
exams including measures of BP and anthropometry (e.g., BMI). Data are released in 2-year
cycles.

The National Center for Health Statistics (NCHS) of the Centers for Disease Control and
Prevention administers NHANES, and its Research Ethics Review Board approved the
NHANES protocol. Data used in this study are publicly available (https://wwwn.cdc.gov/
nchs/nhanes/default.aspx) with the exception of urban/rural residential status, true sampling
stratum, and true probability sampling unit, which were analyzed at the restricted-access
NCHS Research Data Center (https://www.cdc.gov/rdc/). NHANES publicly releases
pseudo sampling strata and pseudoprobability sampling unit information to minimize
disclosure risk.

NHANES urban/rural residential status, used in this study, is determined in partnership

with the U.S. Department of Housing and Urban Development, which geocodes

addresses of NHANES participants to the 2010 census (https://wwwn.cdc.gov/Nchs/
Nhanes/limited_access/GEO_2000.htm#UR). Census tracts with at least 2,500 people were
considered “urban,” including both urban clusters (2,500-<50,000 people) and urban areas
(=50,000 people). All areas not included within the urban definition were considered “rural.”
For the proportion of county residence in an urban census tract based on 2010 census,

please refer to Supplementary Fig. 1. Since rural/urban status was missing for almost 10%
of participants in NHANES 1999-2018, we used multiple imputation to estimate rural/urban
status for missing values including the following covariates: true sampling stratum and
primary sampling unit, age, sex, and race/ethnicity.

Study Population

We identified the study population using NHANES data from ten 2-year cycles (from 1999-
2000 to 2017-2018). Eligibility criteria included the following: having a physical exam

at the Mobile Examination Center, age =18 years, and responding “yes” to the question,
“Other than during pregnancy, have you ever been told by a health professional that you
have diabetes or sugar diabetes?” Of the 6,393 adults with diagnosed diabetes, 21 pregnant
women were excluded from the analysis for a total sample size of 6,372. For this study,

we grouped survey cycles into three time periods: 1999-2006 (7= 1,897), 2007-2012 (n=
2,121), and 2013-2018 (7= 2,354). We also stratified by rural (7= 872) and urban (n=
5,500) residence.
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Study Variables

Considering the evolving clinical guidelines from both the American Diabetes Association
and the American Heart Association during 1999-2018, for the purpose of this study, we
focused on poor ABCS measures. Poor ABCS measures were defined as values above

cut points based on which patients with diabetes with or without comorbidities would be
universally considered to have poor control, as diagnosis criteria, or threshold for treatment
initiation during this time period. For this study, poor ABCS was A1C >9.0% (>75 mmol/
mol), BP 2140/90 mmHg (systolic BP 2140 mmHg or diastolic BP 290 mmHg), non-HDL
cholesterol =160 mg/dL (=4.1 mmol/L) (equivalent to LDL =130 mg/dL, =3.4 mmol/L), and
being a current smoker. Non-HDL cholesterol was calculated by subtracting values for HDL
cholesterol from total cholesterol. Participants were considered current smokers if they 1)
self-reported smoking at least 100 cigarettes in their life and now smoking cigarettes every
day or some days or 2) had serum cotinine levels >10 ng/mL.

Data Analysis

We described characteristics and demographics of adults with diagnosed diabetes across
three time periods (1999-2006, 2007-2012, and 2013-2018) and by rural/urban residence
as percentages and tested differences in distributions across time periods or rural/urban
residence using a design-based Pearson /1/2 test. The demographics considered were
age-group (18-44, 45-64, and =65 years), sex, and race/ethnicity (non-Hispanic White,
non-Hispanic Black, Mexican American, and other race/multiracial). Other characteristics
included socioeconomic variables, such as education attainment (less than high school
diploma, high school diploma, some college, and college degree) and poverty-to-income
ratio (PIR) (<100%, 100-299%, 300-499%, and =500%). Medical or clinical characteristics
were also included (health insurance coverage [yes/no], time since diabetes diagnosis [0 to
<5, 5 to <15, and =15 years], age at diabetes diagnosis [<30, 30 to <45, 45 to <60, and =60
years], and BMI [<25.0, 25.0-29.9, and =30 kg/m?]).

Differences between rural and urban residence in the distribution of ABCS categories were
assessed—ranging from A1C <6.0% to =10.0% (<42 to =86 mmol/mol), BP <120/80 to
>160/100 mmHg, non-HDL cholesterol <130 to =220 mg/dL (<3.4 to =5.7 mmol/L), and
smoking status of never, former, and current smoker—with a design-based Pearson ;(2

test. We used weighted logistic regression models accounting for survey design to examine
the relationship between rural/urban residence and poor ABCS. For each of the ABCS, a
model was used with the poor ABCS measure as the dependent variable. For odds ratio
(OR) estimates between rural and urban residence at each time period and changes over
time, the regression model contained a two-way interaction for rural/urban residence * time
period, including lower-order variables and covariates. Independent variables included as
covariates in the model were analyzed in a staged approach beginning with model 1, which
was unadjusted (no covariates). Model 2 included demographic covariates (age [years], sex,
race/ethnicity). The covariates included in model 3 were socioeconomic factors (education
attainment and PIR [%]). Model 4 adjusted for clinical characteristics such as BMI (kg/
m?2), age at diabetes diagnosis (years), and years since diabetes diagnosis. Model 5 was

the full model and included all covariates from models 2—4. Linear combinations (STATA
lincom command) of estimated parameters were used to estimate adjusted ORs for each
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time period and relative ORs between time periods (1999-2006 vs. 2013-2018 and 2007-
2012 vs. 2013-2018) to assess changes over time. For examining sociodemographic and
clinical characteristics and disparities in poor ABCS between rural and urban residence, the
regression model contained a two-way interaction for rural/urban residence * characteristics
with lower-order variables. Linear combinations of estimated parameters were used to
estimate ORs between rural and urban residence for each sociodemographic and clinical
characteristics subgroup. Sociodemographic and clinical characteristics considered were
age, sex, race/ethnicity, education attainment, PIR, health insurance coverage, time since
diabetes diagnosis, age at diabetes diagnosis, and BMI.

Results with Pvalues <0.05 were determined to be statistically significant. We performed
all analyses using STATA 14.0 accounting for the NHANES complex sampling design.
Examination sample weights were used for all analyses.

Characteristics of U.S. adults with diagnosed diabetes significantly changed across time
periods (Table 1). The population of adults with diagnosed diabetes shifted toward older
ages (mean age changed from 58.8 to 60.5 years, 2= 0.01), more men (from 47.7% to
53.1%, P=0.024), higher education attainment (some college, from 26.9% to 33.7%, and
college degree or more, from 14.9% to 21.4%; P < 0.001), and higher PIR (mean, from
2.6 t0 2.8; P=10.039). There were also changes in having health insurance coverage (from
89.6% to 91.9%; P = 0.003), longer duration of diabetes since diagnosis (=15 years, from
26.1% to 32.3%; P< 0.001), and greater BMI (mean, from 32.1 to 33.0 kg/m?; A= 0.014).
However, the race/ethnicity and rural/urban distributions did not statistically significantly
differ across the time periods.

Over 1999-2018, adults with diagnosed diabetes that reside in urban areas were more likely
to be younger (mean age 59.5 years for urban and 61.3 years for rural, P = 0.010), a lower
proportion were non-Hispanic White (56.2% urban and 83.1% rural, £< 0.001), there was
a higher proportion of education attainment at the extremes (<high school, 27.0% urban
and 24.2% rural; college degree or higher, 19.4% urban, and 14.2% rural; 2= 0.007), and
individuals in urban areas on average had lower BMI than those in rural areas (mean 32.5
kg/m?2 urban and 33.8 kg/m? rural; £=0.001). There was no significant difference in sex,
PIR, health insurance coverage, or time since diabetes diagnosis between rural and urban
residence of adults with diagnosed diabetes.

In 1999-2006 (1st time period), there were no significant associations between rural/urban
residence and each poor ABCS measure (models 1-5) (Table 2). Adults with diagnosed
diabetes residing in urban areas were less likely to have non-HDL cholesterol =160 mg/dL
(=4.1 mmol/L) compared with those in rural areas (unadjusted OR 0.7, 95% CI 0.4-0.9)

in 2007-2012 (2nd time period) and in 2013-2018 (3rd time period) (unadjusted OR 0.5,
0.3-0.8). There were significant differences between the 1st and 3rd time periods in the OR
for BP =140/90 mmHg (relative OR 0.8, 0.6-0.9) and non-HDL cholesterol =160 mg/dL
(=4.1 mmol/L) (relative OR 0.45, 0.4-0.5). These significant differences from the 1st and
3rd time periods signify that rural residents were more likely than urban residents to have
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poor BP and poor cholesterol by 2013-2018, which persisted even after adjustment for
socioeconomic, demographic, and clinical measures. There were no statistically significant
associations of rural/urban residence with current smoking status or A1C >9.0% (>75 mmol/
mol) in adults with diagnosed diabetes at any time period or over time.

Over the entire time period from 1999 to 2018, the distribution of each ABCS measure

did not statistically significantly differ between adults with diagnosed diabetes residing in
urban and rural areas (Fig. 1). However, the associations between rural/urban residence and
poor ABCS varied by socioeconomic and clinical characteristics (Table 3). Adults with
diagnosed diabetes in urban areas were more likely to have A1C >9.0% (>75 mmaol/mol)
than those in rural areas if they were non-Hispanic Black (OR 2.2, 95% CI 1.6-3.2),
Mexican American (2.8, 1.9-4.1), other race or multiracial (1.9, 1.3-2.9). Similarly, A1C
>9.0% (>75 mmol/mol) was more likely in adults with diabetes residing in urban than rural
areas if they had less than a high school diploma (2.2, 1.2-4.0), PIR <100% (1.9, 1.1-3.4)
or no health insurance coverage (3.7, 2.6-5.5) or if there was 5 to <15 years since diabetes
diagnosis (2.1, 1.1-3.8). Urban adults with diagnosed diabetes were more likely than their
rural counterparts to have BP >140/90 mmHg if they were >65 years old (4.4, 2.1-9.2), if
they were non-Hispanic Black (1.5, 1.1-1.9), if there was 5 to <15 years (1.5, 1.03-2.2) or
>15 years (1.9, 1.3-2.9) since diabetes diagnosis, or if they were age =60 years at diabetes
diagnosis (2.5, 1.2-5.2). Compared with adults with diagnosed diabetes residing in rural
areas, those in urban areas were less likely to have non-HDL cholesterol 2160 mg/dL (=4.1
mmol/L) if they were =65 years old (0.4, 0.3-0.8), if they had had a college degree or higher
(0.6, 0.4-0.9), or if there was =15 years since diabetes diagnosis (0.6, 0.4-0.95). However,
adults with diagnosed diabetes residing in urban areas, as compared with those in rural
areas, were more likely to have non-HDL cholesterol 2160 mg/dL (=4.1 mmol/L) if they
were Mexican American (1.5, 1.1-2.1) or other race or multiracial (1.4, 1.0-2.1), if they had
no health insurance coverage (2.2, 1.6-3.1), if they were age 30 to <45 years at diabetes
diagnosis (2.6, 1.3-5.4), or if they had BMI 25-29.9 kg/m? (2.1, 1.1-3.7) or =30 kg/m?
(2.3, 1.3-4.1). Also, adults with diagnosed diabetes and no health insurance coverage in
urban areas were more likely to be current smokers than those in rural areas (2.0, 1.4-2.8).
However, adults with diabetes in urban areas were less likely to be current smokers than
adults in rural areas if they were 45-64 years old (0.5, 0.3-0.9), =65 years old (0.2, 0.1-0.3),
or female (0.6, 0.5-0.9); had college degree or higher (0.4, 0.3-0.6), PIR 100%-299% (0.6,
0.4-0.9), PIR 300%-499% (0.6, 0.3-0.9), or PIR =500% (0.5, 0.3-0.8); or were age =60
years at diabetes diagnosis (0.4, 0.2-0.8).

CONCLUSIONS

To our knowledge, this is the first study to investigate trends and disparities in measures

of the ABCS in adults with diagnosed diabetes by rural versus urban residence in the U.S.
Over 1999-2018, there was no significant difference in ABCS distributions between rural
and urban adults with diagnosed diabetes. Yet, over the period, U.S. adults with diagnosed
diabetes who resided in urban areas had greater improvements in non-HDL cholesterol

and BP than their rural counterparts; there were no significant rural-urban differences in
improvement of poor A1C levels or current smoking status. However, there were significant
socioeconomic and clinical disparities in the association between poor ABCS management
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and rural/urban residence. Adults with diagnosed diabetes residing in urban areas were

more likely than rural residents to have A1C levels >9.0% (>75 mmol/mol) if they were of
race/ethnicity other than non-Hispanic White, had lowest education attainment or PIR or had
no health insurance coverage or if there had been 5 to <15 years since diabetes diagnosis.
These rural-urban disparities varied in terms of how different sociodemographic and clinical
characteristics were associated with poor BP, and poor non-HDL cholesterol, and current
smoking.

Although adults residing in rural areas have greater prevalence of chronic conditions and
associated risk factors than those in urban areas (6,24), we found that overall, among adults
with diagnosed diabetes, there were no significant differences between rural and urban areas
in the distribution of these ABCS measures. In considering changes across time, there were
no statistically significant differences in A1C levels >9.0% (>75 mmol/mol) between rural
and urban areas among adults with diagnosed diabetes at each time period during 1999—
2018, suggesting similar poor glycemic control in adults with diagnosed diabetes regardless
of residence. Additionally, current smoking status in adults with diagnosed diabetes did

not significantly change over 1999-2018 and did not differ between those residing in

urban areas and those in rural areas. Our overall data from adults with diagnosed diabetes
contrast with data showing greater prevalence of smoking in the general population in

rural versus urban areas (25,26) and greater declines in smoking in urban than in rural

areas (24). However, the sociodemographic and clinical subgroup results in adults with
diagnosed diabetes elicited a greater likelihood of smoking in rural versus urban among a
few subgroups.

Adults with diagnosed diabetes in urban areas experienced greater improvements in BP and
non-HDL cholesterol from 1999-2006 to 2013-2018 than their rural counterparts. During
the past decades, BP and lipid medication use has increased among adults with diabetes
(27-29). Reasons for the difference in improvement of BP and non-HDL cholesterol may be
in medication prescribing or adherence among adults with diagnosed diabetes in rural and
urban areas that need to be further investigated.

Our data also highlighted critical sociodemographic disparities, emphasizing the
multidimensional nature of diabetes management. Of note, minority race/ethnicity and
socioeconomically disadvantaged urban adults with diagnosed diabetes were more likely to
have poor ABCS measures than rural counterparts. This is in keeping with recent reports
(30) and with the association between geographic structural racial and socioeconomic
inequities with health and health outcomes (31-33). With the results varying across
subgroups in which residential status was more likely to be associated with poor ABCS,
epidemiologic research needs to go beyond adjusting regression analysis for the covariates
of socioeconomic, demographic, and clinical characteristics, which cannot highlight these
disparities. For achievement of health equity in diabetes management, examination of

the specificities in the social determinants of health pathways and the impact they have

on different populations is needed (30). Together, our findings suggest that clinical and
public health efforts to improve diabetes management will both require tailored strategies
that consider the multidimensional contexts of adults with diagnosed diabetes, including
socioeconomic barriers to care and to health opportunities.
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Since this study was limited in categorization of urban and very rural categories, there were
limited numbers of rural adult participants with diagnosed diabetes in each time period. As
a result, the rural/urban analyses may have lacked the power to show true associations.
Similarly, disparities between sociodemographic and clinical subgroups in poor ABCS
between rural and urban residence may not have been detected due to even smaller sample
sizes; that said, we combined NHANES cycles to provide stable estimates. Although the
impact of multiple comparisons cannot be ignored, this exploratory study had significant
findings that seem to be consistent with expectations based on the published literature.

There were a few additional limitations in this study. First, these findings were
representative of adults who self-reported being diagnosed with diabetes and not the entire
adult population with diabetes. Awareness of diabetes status may vary by rural and urban
residence, and adults aware of their diabetes diagnosis may have characteristics and ABCS
measures that are different from those of adults unaware of their condition.

Second, this study was of cross-sectional design, and we were able to investigate population-
level associations in poor ABCS measures but were unable to examine or quantify individual
temporal changes of ABCS measures in a cohort of adults with diagnosed diabetes.

Third, since we encountered differential missingness for rural/urban residence status for
each survey cycle (ranging from 3% to 12%), we imputed missing values based on the
sampling design true primary sampling unit and strata to minimize any bias that may

have been introduced. Nonetheless, it is possible that our limited rural sample size within
subgroup analyses may produce compromised U.S. representative estimates. Additionally,
we were also limited by the dichotomous definition of rural/urban available from NHANES
data and unable to further investigate the different levels of metropolitan areas that can
provide a clearer picture of the associations with diabetes care management.

Lastly, NHANES Mobile Examination Center response rates have steadily declined from
80% to the most recent response rate at 49%. While data are not available for response

rates by rural/urban residence, it is possible that this decline in response rate may

have potentially affected rural residents more so than urban residents. Although weights
accounting for nonresponse were used, the ability to calculate estimates representative of
the U.S. noninstitutionalized population may become compromised with declining response
rates.

Although a few rural-urban differences were observed overall and over time, we noted
important differences in poor ABCS in socioeconomically affected groups and other

clinical subgroups between adults residing in urban versus rural areas. There is room

for improvement when it comes to complete comprehensive care. Clinical and public

health professionals need to incorporate evidence-based approaches (30,34) in addressing
sociodemographic barriers to achieve better ABCS measures across the nation but especially
in disproportionately affected groups living in urban and rural areas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1—.

Distribution of ABCS risk factors for rural and urban residence in U.S. adults with
diagnosed diabetes, 1999-2018.
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