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ABSTRACT

Objective To perform a detailed characterisation of
diabetes burden and pre-diabetes risk in a rural county
with previously documented poor health outcomes in
order to understand the local within-county distribution of
diabetes in rural areas of America.

Design, setting, and participants In 2021, we
prospectively mailed health surveys to all households in
Sullivan County, a rural county with the second-worst health
outcomes of all counties in New York State. Our survey
included questions on demographics, medical history and
the American Diabetes Association’s Pre-diabetes Risk Test.
Primary outcome and methods Our primary outcome
was an assessment of diabetes burden within this rural
county. To help mitigate non-response bias in our survey,
raking adjustments were performed across strata of age,
sex, race/ethnicity and health insurance. We analysed
diabetes prevalence by demographic characteristics

and used geospatial analysis to assess for clustering of
diagnosed diabetes cases.

Results After applying raking procedures for the 4725
survey responses, our adjusted diagnosed diabetes
prevalence for Sullivan County was 12.9% compared with
the 2019 Behavioural Risk Factor Surveillance System
(BRFSS) estimate of 8.6%. In this rural area, diagnosed
diabetes prevalence was notably higher among non-
Hispanic Black (21%) and Hispanic (15%) residents
compared with non-Hispanic White (12%) residents. 53%
of respondents without a known history of pre-diabetes
or diabetes scored as high risk for pre-diabetes. Nearest
neighbour analyses revealed that hotspots of diagnosed
diabetes were primarily located in the more densely
populated areas of this rural county.

Conclusions Our mailed health survey to all residents in
Sullivan County demonstrated higher diabetes prevalence
compared with modelled BRFSS estimates that were based
on small telephone samples. Our results suggest the need for
better diabetes surveillance in rural communities, which may
benefit from interventions specifically tailored for improving
glycaemic control among rural residents.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Our study performed a survey of all households within a
single rural county in order to understand the geograph-
ic distribution of rural diabetes at a local level using geo-
graphically precise health survey data.

= This detailed examination of a rural county with par-
ticularly poor health outcomes identified the local
areas where rural diabetes burden was geograph-
ically concentrated using geospatial analysis.

= This approach can identify geographic clustering of
diabetes within rural counties with local geographic
precision, providing a means of directing key re-
sources such as diabetes screening and prevention
to high-need areas.

= Our study is limited to a single rural county and our
findings may not be generalisable to other rural re-
gions across the USA.

INTRODUCTION

Though most studies of diabetes have focused
on individuals living in large cities, diabetes is
not solely an urban phenomenon.' * Several
studies have demonstrated that diabetes rates
are consistently up to 15% higher in rural
regions when compared with urban areas of
the USA.”* These high rates of rural diabetes
in part reflect differentially higher rates of
poverty, obesity and smoking in rural areas
of the country.”® Among those with diabetes,
rural residents are approximately 20% less
likely to obtain the healthcare recommended
by most diabetes guidelines.”™ The result is
a substantially higher rate of diabetes-related
mortality in the most sparsely populated
rural counties of the USA when compared
with the most densely populated urban coun-
ties (mortality rate of 26.2 vs 20.7 per 100
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000 people in 2016).” Evidence also suggests that these
geographic disparities are increasing. The relative risk
of death from diabetes in rural vs urban areas increased
from 1.04 in 1969 to 1.17 in 2009." "' Though rates of
diabetes-related mortality have substantially improved in
urban areas, high rates of diabetes-related mortality have
persisted in many rural regions of the USA.’

Evaluating diabetes prevalence and pre-diabetes risk
in rural settings can be difficult due to sparse popula-
tion coverage and limited data. For instance, in Sullivan
County, a rural county in New York State, only 40 to 50
residents a year are analysed by national surveys like the
Centers for Disease Control and Prevention’s (CDC)
Behavioural Risk Factor Surveillance System (BRFSS),
which may not be a large enough sample to provide an
accurate estimate of diabetes prevalence for the county.'
The CDC has attempted to overcome this small sample
size by developing county-level estimates of diabetes
prevalence in rural areas that are largely based on math-
ematical models that estimate disease burden using
several demographic factors (eg, age, sex and status as a
minority)."” Importantly, these models do not control for
the differences in health outcomes that may vary among
different geographic regions and by socioeconomic
status. Not controlling for these factors ignores key char-
acteristics of counties like Sullivan County, a rural region
where there are few minorities, and many non-Hispanic
White residents have low income, poor health and a high
risk of developing chronic disease like diabetes.'?

Research objectives

To improve our understanding of diabetes prevalence
and pre-diabetes risk in rural America, we performed a
survey of all households in Sullivan County, New York,
a rural county that has the second-poorest county-level
health outcomes among all counties in New York State.
We performed a geographically distributed, mailed
health survey with the research objective to estimate
overall diagnosed diabetes prevalence and pre-diabetes
risk in the county. We relied on a mailed survey design
because it ensured maximum inclusion of all county resi-
dents, and because response rates to telephone surveys
have declined significantly over the past two decades and
tend to exclude certain segments of the population, a
pattern exacerbated by the transition to cellphones from
landlines. Another objective was to perform a geospatial
analysis to identify local clusters of diabetes cases within
the county to understand the geographic distribution of
rural diabetes.

METHODS

Study design

In January 2021, we mailed health surveys to all house-
holds in Sullivan County, a rural county with the second-
worst health outcomes of all counties in New York State.
Our survey included questions with wording matching
previously validated national surveys (ie, the American

Community Survey, the Behavioural Risk Factor Surveil-
lance System) on demographics and medical history.'* 1°
We also used the American Diabetes Association’s Pre-
diabetes Risk Test.'® A score of 5 points or higher on this
test has been previously validated as a measure for iden-
tifying individuals at high risk of having pre-diabetes (see
online supplemental appendix). We then estimated diag-
nosed diabetes prevalence for the county using raking
to adjust for non-response bias and also used geospatial
analysis within the county to assess for clustering of diag-
nosed diabetes cases.

Mailed health surveys

While the survey was mailed to all households in the
county, we analysed the data on only households of
permanent residents. To achieve this, perform our
cross-sectional survey in Sullivan County, we obtained a
comprehensive list of all households from the Marketing
Systems Group (Horsham, PA). The list was obtained in
October 2020 and contained all non-seasonal and non-
vacant residential households including those with a post
office box address. The list contained a total of 28 284
households, which compared favourably to the estimated
28 184 houscholds in the 2019 Census estimates for
Sullivan County. In order to maximise coverage across the
county, all households received one mailed health survey
that consisted of questions that first confirmed residence
within Sullivan County and then asked a brief selection of
health and demographic questions. Survey respondents
were offered a $10 gift card for participation and a pre-
stamped return envelope was enclosed in the mailing.
Responses were returned to the Sullivan County Public
Health Services and then sent to the NYU School of Medi-
cine where responses were uploaded into REDCap for
data entry and analysis.

Main study outcomes

Our main study outcomes were the prevalence of diag-
nosed diabetes and pre-diabetes risk scores among
permanent residents that responded to the countywide
mailed health survey. Participants were asked if they had
ever been told by a doctor or other health professional
that they had any of the following: (1) pre-diabetes or
borderline diabetes, (2) gestational or pregnancy-related
diabetes or (3) diabetes, in addition to specifying which
type of diabetes. To obtain the responses needed to calcu-
late the pre-diabetes risk scores, they were also asked
about their age and sex; if they had a mother, father,
sister or brother with diabetes; if they had ever been diag-
nosed with hypertension or high blood pressure; and, if
they were physically active. Participants were also asked
to provide their height and weight in order to calculate
their Body Mass Index. Responses were then scored with
a result of 5 points or higher being considered high risk
for having pre-diabetes.'®

Demographic factors
Survey respondents were also asked to fill out household
and demographic questions. These questions included
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their age, sex, race/ethnicity, health insurance, marital
status and the number of adults and children living in
their household. Given the large number of seasonal resi-
dents in Sullivan County, we also asked whether survey
respondents were full-time or part-time residents in the
county. For all analyses, we excluded part-time residents
so that our study population would only include full-time
residents of the county especially given the known high
influx of population that occurs in the summer. In order
to compare survey respondents to the adult population
in Sullivan County and to account for non-response bias,
we obtained Census estimates for these demographic
and household characteristics from the 2019 American
Community Survey.

Statistical analysis

We first performed a descriptive analysis on the Census
characteristics and health survey respondents in terms of
age, sex, race/ethnicity, health insurance and household
characteristics. We also compared these characteristics
among respondents with a prior history of diagnosed

diabetes and respondents with elevated pre-diabetes
risk score but no prior known history of diabetes or pre-
diabetes. Testing for statistically significant differences
from Census estimates was performed by calculating 95%
CI for each proportion among survey respondents, those
with a history of diagnosed diabetes and those high risk
for pre-diabetes with a prior diagnosis of diabetes. For
our analysis of the main study outcomes, we performed
raking adjustments using age, sex, race/ethnicity and
health insurance strata to help mitigate non-response
bias.!” The Census data for the county was used as a refer-
ence for the target population. Approximately 2% of
survey respondents had missing data for one of the raking
variables. Given this small proportion, we restricted this
analysis to complete cases. The race/ethnicity categories
for Asian and Other were combined in order to avoid
small cell sizes. We compared the raking-based estimates
to the crude estimates, which used the results of survey
responses without any adjustments.

Table 1 Study population characteristics

Health survey

High risk for

*Statistically significant differences from Census estimates with a p value of 0.05.

Population characteristics Census estimates respondents History of diabetes pre-diabetes
Total adults 59174 4725 740 1838
Age
18 to 39 32% 12%* 4%* 2%*
40 to 59 35% 29%* 23%* 21%*
60 to 79 28% 49%* 60%* 64%*
80 or older 5% 10%* 13%* 13%*
Sex
Male 51% 43%* 52% 56%*
Female 49% 57%* 48% 44%*
Race/ethnicity
White 70% 85%* 80%* 87%*
Black 8% 4%* 7% 4%*
Hispanic 16% 8%* 10%* 6%*
Asian 2% 1%* 2% 1%*
Other 5% 2%* 1%* 2%*
Health insurance
Private 49% 38%* 25%* 30%*
Medicare 20% 41%* 49%* 53%*
Medicaid 19% 16%* 20% 13%*
Self-pay 13% 5%* 5%* 4%*
Households
Single, no kids 45% 42%* 46% 45%
Single, with kids 10% 7%* 6%* 4%*
Married, no kids 28% 37%* 41%* 43%*
Married, with kids 17% 14%* 7%* 8%*
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Geographic analysis
We also performed geospatial analysis within the county
to identify significant clusters of cases of diagnosed
diabetes. Mailing addresses were geocoded to pinpoint
the exact location of residence. Survey respondents with
a post office box address (5% of the analytic sample) were
excluded from this analysis given the lack of a precise
location. The more prevalent clusters of diabetes cases
were identified using Getis-Ord Gi* hotspot analysis. We
used the K-nearest neighbours to model spatial proximity
as there was significant variation in distance between
nearest neighbourhoods within the rural county. The
number of nearest neighbours was specified as 100 neigh-
bours, with sensitivity analyses at 50 and 200 neighbours.
A false discovery rate correction was applied to account
for multiple testing and spatial dependency. The resul-
tant z-scores and p values were used to assess whether a
given point and its K-nearest neighbours represented a
hot or cold spot of diagnosed diabetes prevalence.
Statistical analyses were performed using Stata 16.1
(Statacorp; College Station, TX, 2019) and R 4.1.2 (2021-
11-01). Geographic analysis and mapping were performed
using ArcGIS Pro 2.8.3 (ESRI; Redlands, CA, 2021).

Patient and public involvement

The Sullivan County Public Health Services, the local
health department in Sullivan County, was involved in the
study design and was a key collaborator given their health
expertise in this rural area of New York State.

RESULTS

Mailed survey responses

Of the 28 284 mailed health surveys, 2706 (10%) were
returned to sender. The five most common reasons for
these returns were vacant address (n=777), unable to
forward (n=660), no mail receptacle (n=373), insufficient

address (n=325) and addressee unknown (n=234). Of the
remaining 25 578 surveys, we received 5230 responses
(20%), which was similar to our expectation, based on our
prior experience performing a one-time mailed health
survey in this rural region, which previously outper-
formed telephone-based approaches.'® 28 of the returned
surveys were partially completed and could not be used
for the analysis as they were missing key demographic
data. In addition, we excluded an additional 468 survey
respondents who reported being part-time residents of
the county and nine participants that lived outside of
the borders of Sullivan County. Our final analytic sample
included a total of 4725 full-time residents of Sullivan
County who completed the health survey, which accounts
for 8% of the estimated 59 174 adults that live in Sullivan
County.

Population characteristics

Compared with Census estimates for the adult popula-
tion in Sullivan County, survey respondents were more
frequently older, female, White, insured by Medicare or
married without children. Survey respondents with a prior
history of diabetes were proportionally older, male, non-
White and more often insured by Medicare or Medicaid
compared with the overall sample of survey respondents
(table 1).

Diagnosed diabetes prevalence estimates

Of the 4725 survey responses analysed, the unadjusted
crude diagnosed diabetes prevalence in our sample
was 15.5% with a 95% CI of 14.4% to 16.5%. After
performing raking (adjusting for age, sex, race/ethnicity
and health insurance) in order to obtain an estimate
of diabetes prevalence that would be representative for
Sullivan County as a whole, we obtained an adjusted diag-
nosed diabetes prevalence of 12.9% with a 95% CI of
11.8% to 14.1%. Our estimate was 1.5 times higher than

Overall and By Sex
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Figure 1

Diabetes prevalence by demographic group in Sullivan County, NY.
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Sullivan County, NY
Hot and Cold Spots of
Diabetes Cases, 2020

® 99% Confidence Hot Spot
® 95% Confidence Hot Spot
90% Confidence Hot Spot
® No Statistical Significance
90% Confidence Cold Spot
© 95% Confidence Cold Spot
® 99% Confidence Cold Spot

Figure 2 Geographic clustering of cases of diagnosed diabetes in Sullivan County, NY.

BRFSS’s estimate for Sullivan County in 2019, which used
a Bayesian mathematical model to arrive at an estimate
of 8.6%. In comparing crude and raking-adjusted results
for specific demographic groups, raking-adjusted results
were lower for all groups except for older subgroups and
those insured by Medicare, which were over-represented
in the survey sample.

Analysing the raking-adjusted results,
diabetes prevalence was higher among men (14.9%)
compared with women (10.8%), progressively higher
by age and significantly higher among Black (21.4%)
and Hispanic (14.8%) residents compared with White
(11.9%) and Asian or other race/ethnicity (9.3%) resi-
dents. While diabetes prevalence was highest among resi-
dents with Medicare (20.3%), likely due to their older
age, diabetes prevalence was also respectively 1.8 and 1.5
times higher among residents with Medicaid (15.8%) and
uninsured or self-pay residents (13.3%) when compared
with residents with private (8.8%) health insurance. As
for household composition, diabetes prevalence was
higher among single or married households without chil-
dren compared with those with children (figure 1).

diagnosed

Elevated pre-diabetes risk

Excluding the 740 (15.7%) respondents with a history of
diagnosed diabetes and the 482 (10.2%) respondents with
a known history of pre-diabetes, we also performed an
analysis for the subgroup of 3503 study respondents who
did not have a known history of diabetes or pre-diabetes
in order to assess risk of pre-diabetes within Sullivan
County. Of these respondents without known diabetes or
pre-diabetes, 1826 (52.5%) had a high pre-diabetes risk

score of 5 points or higher. In general, the demographic
characteristics of these respondents with an elevated
pre-diabetes risk score were similar to the demographic
characteristics of respondents with a known history of
diabetes. However, it should be noted that this analysis
did not account for bias through raking, as it was not
possible to know the underlying Census characteristics
of residents without a known history of diabetes or pre-
diabetes. Therefore, this high rate of pre-diabetes risk
scores may only be representative of survey respondents
rather than the rural county as a whole.

Geospatial clustering of diabetes cases

In our geospatial analysis, we assessed whether there
was any statistically significant clustering of diagnosed
diabetes cases using the closest 100 neighbours for each
geocoded residential location. The map of Sullivan
County in figure 2 demonstrated the hot and cold spots
with increasing levels of confidence. The two largest
hotspots of diabetes were concentrated in the two most
densely populated towns, which are known as urban clus-
ters based on Census definitions. Our sensitivity analysis
using the closest 50 and 200 neighbours demonstrated
a similar clustering of these hot and cold spots but only
differed slightly in the size of areas identified.

DISCUSSION

Using a cross-sectional household survey, our study
assessed diabetes burden in Sullivan County, a rural
country known to have particularly poor health, as it
was ranked second worst for health outcomes among all
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counties in New York State. Our study estimated overall
diagnosed diabetes prevalence in Sullivan County based
on a countywide survey and raking adjustments. We
found rates of diabetes were 1.5 times higher than CDC
estimates, which are modelled based on BRFSS data from
2019."% In addition, we also found that more than half of
our participants surveyed without a history of diabetes or
pre-diabetes were at an elevated risk for pre-diabetes.

As our county-level estimates of diagnosed diabetes
prevalence in Sullivan County were significantly higher
than modelled CDC estimates, our findings suggest
that current surveillance methods might underestimate
disease prevalence especially in rural counties where
surveillance coverage is low. In addition, modelled esti-
mates might underestimate diabetes prevalence due to
the large portion of residents in Sullivan County that have
low socioeconomic status though they are predominately
White. Therefore, using models that only consider age,
sex and race/ethnicity might very well underestimate
disease risk in a place like Sullivan County, as the average
health for White individuals in other parts of the country
may not be applicable to those White residents in Sullivan
County who face significant poverty and unemployment.'”
Mathematical models used to estimate disease prevalence
may need to incorporate socioeconomic factors with
more robustness to produce better estimates of disease
burden."

Our study’s response rates align with expectations from
our previous papers, suggesting that mail-in surveys may
be areasonable approach for reaching remote rural popu-
lations, especially, given the steep decline in responses to
telephone surveys, which are now estimated to be in the
single digits."® Given the preference of different demo-
graphic subgroups for specific survey modalities (eg,
mail, phone, email, vs other online sources), there may
be a need to increase use of multimodal approaches.”
Alternatively, surveillance efforts may benefit from
considering an entirely different approach, such as using
other data streams like electronic health records, in order
to estimate disease prevalence with data already collected
at a large scale.”’ In any case, there needs to be moderni-
sation of surveillance in such a way that is able to accu-
rately estimate disease burden especially in areas where
it may be hard to reach residents by traditional survey
approaches and in regions where certain socioeconomic
disadvantages may make the population in question be
more prone to disease than would otherwise be expected
by typical demographic factors.

Evaluating our findings based on demographic
subgroups, several of our findings align with the known
literature, including men having a higher prevalence of
diabetes compared with women and diabetes prevalence
increasing progressively with age.* In addition, we found
the prevalence of diabetes to be disproportionately higher
among Black (23%) and Hispanic (16%) respondents,
which is concerning even though they only account for
only 8% and 16% respectively of the adult population in
Sullivan County according to Census estimates.” We also

noted disparities in diagnosed diabetes prevalence based
on health insurance type. While diabetes prevalence was
highest among those with Medicare as would be expected
given their older age, we also found that diabetes prev-
alence was higher among those who were uninsured
or self-pay and was even higher among those who had
Medicaid when compared with those with private insur-
ance.” In terms of household type, our study found
that diabetes prevalence was higher among households
without children compared with those with children.
This finding is likely due to the age distributions of these
households within the county. However, it should be
noted that other studies have found that raising children
might actually increase a parent’s risk of diabetes due
to socioeconomic and lifestyle factors.”” Overall, these
disparities in diagnosed diabetes prevalence are likely
driven by differences in physical activity and diet among
other key factors that increase the risk of diabetes.

We also performed geospatial analysis to understand the
geographic distribution of diabetes across rural Sullivan
County. The clustering of diabetes we found suggests that
diabetes is more prevalent in the more densely populated
areas of this rural county, which may be due to clustering
of socioeconomic status or other factors that confer
a higher risk of diabetes. For instance, rural residents
with lower socioeconomic status may live closer to town
centres because food, housing, transportation and social
programmes are more accessible without the expense of
a car which otherwise would be necessary to live in a rural
community.*® The geographic associations between diag-
nosed diabetes prevalence and predisposing risk factors
may differ in rural areas when compared with urban
areas meaning that factors like the food environment
need to be quantitatively measured through a different
approach.”’ We should also note that though we found
clustering of diagnosed diabetes prevalence in the more
urban areas of this rural county, our geospatial analysis
does not mean that residents in the most remote rural
areas are not at risk for diabetes as well.

There are limitations to our survey. Survey respondents
were skewed towards certain demographic groups, for
example, older, White or female residents, and those
insured by Medicare. As certain subgroups were dispro-
portionately more likely to respond to our survey, there
is a concern for selection bias. In addition, we performed
a mailed survey, which may have introduced other biases
in the responses received. However, to help adjust for
these biases, we performed raking to adjust estimates
to be reflective of the overall population sample for
Sullivan County with respect to key demographic factors
and health insurance status. Another limitation is that
our survey was exclusive to full-time residents of Sullivan
County. Therefore, our findings may not be generalisable
to other rural populations of interest. Additionally, our
measure of diabetes prevalence was based on if a health-
care provider had ever told respondents they had a health
condition. However, if respondents did not regularly see
a healthcare provider, there was a chance of misreporting
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their true disease status, which would result in an under-
estimation of diabetes prevalence in our sample. Prior
studies have suggested approximately one in four adults
with diabetes in the USA are undiagnosed; therefore, the
true diabetes prevalence may be about 33% higher than
these diagnosed diabetes prevalence estimates.™

CONCLUSION

Prior studies have demonstrated that rates of diabetes
are higher in rural compared with urban areas of the
USA.** This higher burden of diabetes may be due to
specific challenges these populations face as individuals in
rural areas, including being less physically active, having
a higher prevalence of obesity and higher rates of other
cardiometabolic conditions compared with residents of
urban areas.” Our study finds a higher prevalence of
diabetes using a countywide mailed survey in comparison
to modelled surveillance estimates, which suggests the
need to improve more geographically detailed surveil-
lance in rural areas of the country. Rural parts of the USA
may suffer from a lack of robust disease surveillance and
underestimated disease burden. Additional research is
needed to consider if similar trends are occurring in other
rural counties, and whether other strategies are needed to
improve rural health surveillance. With diabetes affecting
rural and urban communities in different ways, public
health policy needs to address these health inequities in
different geographic areas and provide interventions that
fit the geographic locale in question.*
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