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ABSTRACT

Introduction. In 2019, diabetes was the seventh leading cause of
death in the United States. The association between diabetes risk and
socio-economic factors in the U.S. has been examined primarily at the
national level; little is known about this association at the regional level.
This study examined and compared the association between diabetes
risk and previously established socio-economic factors across four geo-
graphic regions (South, Midwest, West, and Northwest).

Methods. This study analyzed the 2014 Behavioral Risk Factor Sur-
veillance System (BRFSS) data stratified by four geographic regions
of the U.S. The risk estimates of diabetes associated with previously
established socio-economic factors, as well as diabetes prevalence, were
compared across four geographic regions.

Results. There was marked variation in association between diabetes
risk and previously established risk factors across the four geographic
regions. In the South, rural residency was associated with increased
diabetes risk, whereas in the other geographic regions rural residency
had a protective effect. In the South, the diabetes risk for males was 22%
higher compared to females, whereas the risk for males was 41% higher
than females in the Northeast. Independently, age had the strongest
discriminative ability to distinguish between a person with diabetes
and a person without diabetes, whereas ethnicity, race, and sex had the
weakest discriminative abilities.

Conclusions. These findings suggested a higher prevalence of diabe-
tes by race/ethnicity (non-Hispanic Black and Hispanic) and income
across all four regions. Rural residency was highest in the South, but
protective in other regions. Overall, age and income provided the
highest predictive ability for diabetes risk. This study highlighted dif-
ferences in diabetes prevalence in association between previously
established socio-economic variables and diabetes risk across four geo-
graphic regions. These findings could help public health professionals
and policy makers in understanding the dynamic relationship between
diabetes and risk factors at the regional level.
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INTRODUCTION

In 2018, 34.2 million people were estimated to have diabetes mellitus
(diabetes), and another 7.3 million were estimated to live with undi-
agnosed diabetes.! In 2019, type II diabetes mellitus was the eighth
leading cause of death in the U.S., with more than 84,000 deaths.? Dia-
betes is associated with increased risk of a wide variety of discases and
health complications, such as cardiovascular disease, kidney disease,
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tuberculosis, obesity, ophthalmic disorders, nephrology complications,
and periodontal disease.*®

The economic toll of diabetes is equally catastrophic. In the U.S.,
the total estimated cost of diabetes in 2017 was $327 billion, 72% of
which was accounted for by direct health care expenditures and 28%
was associated with reduced productivity.” On average, the health care
cost was estimated to increase by 230% for someone with diabetes. The
increased cost associated with diabetes had more of a severe impact on
low- and middle-income families. Considering the tremendous clinical
and financial burden incurred, the increasing trend of diabetes preva-
lence, and the fact that diabetes has been viewed as a largely preventable
disease, studies aimed at identifying the determinants of diabetes have
become more important than ever.

Multiple demographic factors have been associated with the risk of
diabetes, including gender, age, income, education, race, ethnicity, and
rural residency.'"'* Specifically, being male, non-Hispanic Black, His-
panic, low-income, having less education, and being older all put one at
ahigher risk of having diabetes.'*'® However, understanding geographic
disparities around diabetes is needed. Rural residents have a higher
prevalence of diabetes compared to urban residents.'”?* O’Connor and
Wellenuis found disparities exist between rural and urban residents,
with rural residents more likely to receive a diagnosis of diabetes mel-
litus compared to urban residents.”” However, after controlling for
risk factors, the prevalence of diabetes diminished for rural residents.
Barker and colleagues® suggested the southern region of the U.S. is
the “diabetes belt”, meaning it had a higher prevalence of diabetes and
most often was linked to non-Hispanic Blacks who were obese and led
asedentary lifestyle.?* Additional studies have examined the differences
in how rural residents receive treatment and manage their diabetes
compared to urban residents.? Stark differences were discovered that
left rural residents with a disadvantage because of several factors, such
as being overweight, having less access to a primary care physician (e.g.,
living in a Health Professional Shortage Area), and cost of care.

There is a dearth of literature on the prevalence of diabetes based
on geographical region within the U.S. Although several studies have
addressed the prevalence of diabetes in terms of socio-economic
variables, little is known about the association of diabetes risk by geo-
graphic region.'** Voeks et al.** suggested there are regional differences
in terms of diabetes prevalence within selected southern states. How
diabetes prevalence differs across geographical regions of the U.S. is
poorly understood. Therefore, the purpose of this study was to examine
diabetes prevalence in regions across the U.S. and describe relation-
ships between diabetes risk and previously established socio-economic
determinants of diabetes by region.

METHODS

Dataset and Study Design. The Behavioral Risk Factor Sur-
veillance System (BRFSS) survey is a collaborative effort between
the states, participating U.S. territories, and the U.S. Centers for
Disease Control and Prevention (CDC).2* The BRFSS is an ongoing
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surveillance system designed to measure behavioral risk factors for
non-institutionalized adults in the U.S. The BRIF'SS survey is admin-
istered through landline or cellular telephone. The landline telephone
survey involved data collection from a randomly selected adult in each
household. Among the cellular telephone users, information was col-
lected from participants who resided in private residences or college
housing. Information collected during the interview included demo-
graphics, preventive health practices, and risk behaviors.** This study
used data collected during the 2014 survey cycle from four U.S. geo-
graphical regions: South, Midwest, West, and Northwest. A stratified
analysis for each geographic region was conducted (Figure 1). The
BRFSS inclusion criteria included U.S. residents 18 years or older who
owned a landline telephone or cellular telephone.

Guam and Puerto Rico
excluded

BRFSS Data

|

BRFSS Data on 51
states
Stratified by geographic
regions for primary analysis

Midwest Region: [llinois,
Indiana, Towa, Kansas
Michigan. Minnesota,
Missoun, Nebraska,

Northeast Region:
Connecticut, Maine,

South Region: Alabama,
Arkansas, Delaware, District
of Columbia, Florida, Georgia,
Kentucky, Louisiana,

West Region: Alaska,
Arizona, California,
Colorado, Hawaii
Idaho, Montana,
Nevada, New Mexico,
Oregon, Utah,
Washington, Wyoming

Massachusetts, New
Hampshire, New Jersey,
New York,
Peansylvania,

Rhode Island, Vermont.

North Dakota, Ohio,

Maryland, Mississippi, North
South Dakota, Wisconsin

Carolina, Oklahoma, South
Carclina, Tennessee, Texas,
Virginia, West Virginia

Figure 1. Study flowchart stratification.

Variables. The primary outcome of interest was if the respondent
had ever been told by a doctor that they had diabetes. Although there
are differencesbetween type 1 and type 2 diabetes, the BRFSS database
did not assess the type of diabetes; thus, the term “diabetes” referred
to both types. Those who reported not having been diagnosed with
diabetes or having been diagnosed only during pregnancy or with
pre-diabetes or borderline diabetes were categorized as not having dia-
betes. Participants who refused to respond, were not asked, responded
as being unsure, or left the question blank were excluded from analysis.

Based on residency, respondents were classified as rural residents
if they reported their residency was not in a metropolitan statistical
area (MSA). MSAs are defined by the U.S. Office of Management and
Budget, and this definition has been applied by the U.S. Census Burcau
for data collection.® Based on household income, participants were
classified into one of the three categories: less than $25,000, between
$25,000 and $50,000, and at least $50,000. Regarding race, partici-
pants were categorized as non-Hispanic White, non-Hispanic Black,
and “other” (if race was reported as Asian, Native Hawaiian or other
Pacific Islander, or other race). Regarding age, participants were cat-
egorized as 34 or younger, between 35 and 44, between 45 and 54,
between 55 and 64, and 65 or older. To determine education level,
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participants were stratified into one of four groups: “did not graduate

» o«

high school”,

» «

graduated high school”, “attended college or technical
school”, and “graduated from college or technical school”.>

Statistical Analysis. The association between diabetes risk and
previously established socio-economic determinants of diabetes was
explored by geographic region through modeling the relative risk ratio
of probabilities in lieu of the more commonly reported odds ratio mod-
eling. Zou's modified Poisson regression was used to obtain relative risk
estimates.?® Unlike odds ratios, relative risk estimates are more intui-
tive and comprehensible as they directly compare the probabilities of
two mutually exclusive events: the presence and absence of diabetes.?”*8

All variables included in this study were categorical. Descriptive
statistics were reported as frequency (percentage). The association
between diabetes status and each categorical variable was examined
initially using Pearson’s Chi-Square test of independence. Overall,
diabetes prevalence was reported at each level of categorical variable.
Zou's modified Poisson regression approach was used to obtain risk of
diabetes associated with each variable.?® Two-way interactions among
variables were tested and adjusted for when the interaction was signifi-
cant. Additionally, concordance index (C-index) was used to assess the
predictive ability of a fitted model as well as the independent predictive
ability of each variable. Reference categories for covariates were urban
residency, female, income greater than $50,000, non-Hispanic ethnic-
ity, non-Hispanic White, age younger than 34 years, and graduate from
college or technical school. The analyses were performed using SAS 94
statistical software for Windows". Statistical significance was based on
two-sided tests, assuming a type I error rate of 0.05.

RESULTS

Descriptive Statistics. In the South (n = 71441), 70% of respon-
dents lived in an urban or semi-urban region; 61% were females; 43%
had income greater than $50,000; 94% were non-Hispanic, 78% were
non-Hispanic Whites, 14% were 34 years or younger, and 34% gradu-
ated from college or technical school. The prevalence of self-reported
diabetes was higher in rural regions (20%) than in urban regions (17%);
slightly higher among males (16%) than females (15%); highest among
those with an income of less than $25,000 (22%) and least among
those with incomes greater than $50,000 (10%); higher among His-
panics (16%) than non-Hispanics (14%); highest among non-Hispanic
Blacks (21%) and least among “other” race (13%); highest among those
65 years or older (23%) and least among those 34 years or younger
(2%); highest among those who graduated from high school but did not
attend college or technical school (24%) and least among those who
graduated from college or technical school (11%). The Chi-Square test
of association suggested significant associations among all the covari-
ates and diabetes status (Table 1).

In the West (n = 54,830), 63% of respondents lived in an urban or
semi-urban region; 56% were females; 47% had income greater than
$50,000; 89% were non-Hispanic; 86% were non-Hispanic Whites;
16% were 34 years old or younger; 38% graduated from college or
technical school. The prevalence of self-reported diabetes was similar
in rural and urban regions (13%); slightly higher among males (12%)
than females (11%); highest among those with an income of less than
$25,000 (16%) and least among those with incomes greater than



$50,000 (8%); higher among Hispanics (14%) than non-Hispanics
(11%); highest among non-Hispanic Blacks and “other” race (14%) and
least among non-Hispanic Whites (11%); highest among those who
are at least 65 years old (18%) and least among those 34 years old or
younger (2%); highest among those who did not graduate high school
(18%) and least among those who graduated from college or techni-
cal school (8%). Gender, income category, ethnicity, race, age category,
and education level were associated independently with diabetes sta-
tus (Table 2). The association among rural residency and diabetes sta-
tus was not significant.

In the Midwest (n = 62,443), 57% of respondents lived in an urban
or semi-urban region; 57% were females; 46% had income greater than
$50,000; 97% were non-Hispanic; 91% were non-Hispanic Whites;
15% were 34 years old or younger; 34% graduated from college or tech-
nical school (Table 3). The prevalence of self-reported diabetes was
similar in rural and urban regions (15%); slightly higher among males
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(13%) than females (12%); highest among those with an income of less
than $25,000 (19%) and least among those with incomes greater than
$50,000 (8%); higher among Hispanics (13%) than non-Hispanics
(11%); highest among non-Hispanic Blacks (20%) and least among
non-Hispanic Whites (12%); highest among those with aged 65 years
or older (20%) and least among those that are 34 years old or younger
(2%); highest among those who did not graduate high school (20%)
and least among those who graduated from college or technical school
(9%). Gender, income category, ethnicity, race, age category, and edu-
cation level were associated independently with diabetes status (Table
3). The association among rural residency and diabetes status was not
significant.

Table 1. Prevalence of self-reported diabetes by socio-economic variables in southern region of the United States: BRFFS, 2014.

Variable Response Options Count (%)' | Prevalence (%)? | p Value?
Rural status | Urban 63,513 (70) 10,719 (17)
Rural 27,790 (30) 5491 (20) oot
Gender Male 53,383 (39) 8,499 (16)
Female 82,838 (61) 12,646 (15) oot
Income < $25,000 36,120 (32) 7908 (22)
> $25,000 and < $50,000 28,672 (25) 4,631 (16) <0.01
>$50,000 47932 (43) 4,878 (10)
Ethnicity Not Hispanic 126,498 (94) 19,733 (16) 00l
Hispanic 8,482 (0) 1,196 (14)
Race Non-Hispanic White 103,488 (78) 14,809 (14)
Non-Hispanic Black 23,768 (18) 5,107 (21) <0.01
Other 5013 (4) 734 (13)
Age <34 18,544 (14) 373 (2)
>35and <44 15,294 (11) 906 (6)
> 45 and <54 22460 (16) 2,649 (12) <001
>55and > 65 30,854 (23) 5977 (19)
>05 49,009 (36) 11,240 (23)
Education Did not graduate high school 14,367 (11) 3438 (24)
Graduated high school 39,594 (29) 7,007 (18)
Attended college or technical school 35,121 (26) 5,583 (16) -0l
Graduated from college or technical school | 46,123 (34) 4,971 (11)

'Count (%) is the frequency counts and percentage for each level of variable.
2Prevalence (%) represents prevalence of self-reported diabetes for each level of categorical.
3p value is based on Chi-Square test of association between diabetes status and the variables.

Table 2. Prevalence of self-reported diabetes by socio-economic variables in western region of the United States: BRFFS, 2014.

Variable Response Options Count (%)' | Prevalence (%)? | p Value?
Rural status | Urban 42445 (63) 5458 (13) 020
Rural 25,345 (37) 3,350 (13)
Gender Male 484106 (44) 5,780 (12)
Female 062,747 (56) 6,643 (11) ool
Income < $25,000 25485 (27) 4,140 (16)
> $25,000 and < $50,000 24,308 (20) 2,985 (12) <0.01
>$50,000 45,335 (47) 3439 (8)
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Table 2. Prevalence of self-reported diabetes by socio-economic variables in western region of the United States: BRFFS, 2014. cont.

Variable Response Options Count (%)' | Prevalence (%)? | p Value?
Ethnicity Not Hispanic 97248 (89) 10474 (11) 001
Hispanic 12,563 (11) 1,769 (14)
Race Non-Hispanic White 92,977 (86) 9,870 (11)
Non-Hispanic Black 2,333 (2) 359 (14) <0.01
Other 12,978 (12) 1,835 (14)
Age LE 34 17,627 (16) 279 (2)
>35and <44 13,948 (13) 611 (4)
> 45 and <54 17715 (16) 1,597 (9) <001
>55and > 65 24,609 (22) 3,234 (13)
>05 37,264 (33) 6,702 (18)
Education Did not graduate high school 7,707 (7) 1410 (18)
Graduated high school 27775 (25) 3,535 (13)
Attended college or technical school 32,470 (30) 3,804 (12) ool
Graduated from college or technical school | 42,130 (38) 3496 (8)

'Count (%) is the frequency counts and percentage for each level of variable.
2Prevalence (%) represents prevalence of self-reported diabetes for each level of categorical.
3p value is based on Chi-Square test of association between diabetes status and the variables.

Table 3. Prevalence of self-reported diabetes by socio-economic variables in midwestern region of the United States: BRFFS, 2014.

Variable Response Options Count (%)' | Prevalence (%)? | p Value?

Rural status | Urban 43,277 (57) 6,375 (15) -
Rural 32,916 (43) 4,817 (15)

Gender Male 53,620 (43) 7105 (13) 001
Female 72,386 (57) 8,745 (12)

Income < $25,000 27,968 (26) 5,322 (19)
>$25,000 and < $50,000 30436 (28) 4,106 (13) <0.01
>$50,000 50,035 (46) 4,109 (8)

Ethnicity Not Hispanic 121,334 (97) 15,301 (13) ool
Hispanic 3,781 (3) 407 (1)

Race Non-Hispanic White 113,442 (91) 13,692 (12)
Non-Hispanic Black 5,759 (5) 1,165 (20) <0.01
Other 4,937 (4) 765 (15)

Age <34 18,899 (15) 305 (2)
>35and <44 14,533 (12) 651 (4)
>45and <54 20,933 (17) 1,963 (9) <0.01
>55and > 65 28,836 (23) 4,220 (15)
>05 42,805 (34) 8,711 (20)

Education Did not graduate high school 8,033 (6) 1,590 (20)
Graduated high school 38,967 (31) 5,816 (15) 001
Attended college or technical school 36,289 (29) 4,601 (13)
Graduated from college or technical school | 42,027 (34) 3,746 (9)

'Count (%) is the frequency counts and percentage for each level of variable.
Prevalence (%) represents prevalence of self-reported diabetes for each level of categorical.
3p value is based on Chi-Square test of association between diabetes status and the variables.

8]




In the Northeast (n = 46,571), 81% of respondents lived in an urban
or semi-urban region; 59% were females; 50% had income greater than
$50,000; 94% were non-Hispanic; 88% were non-Hispanic Whites;
13% were 34 years or younger; 42% graduated from college or tech-
nical school (Table 4). The prevalence of self-reported diabetes was
slightly higher in urban regions (14%) than rural regions (13%); higher
among males (14%) than females (11%); highest among those with an
income of less than $25,000 (19%) and least among those with incomes
greater than $50,000 (8%); higher among Hispanics (14%) than those
who identified as non-Hispanic (12%); highest among non-Hispanic
Blacks (18%) and least among non-Hispanic Whites and “other” race
(12%); highest among those 65 years or older (20%) and least among
those aged 34 years or younger (4%); highest among those who did not
graduate high school (22%) and least among those who graduated from
college or technical school (8%). Gender, income category, ethnicity,
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race, age category, and education level were associated independently
with diabetes status (Table 4). The association among rural residency
and diabetes status was moderately significant (p = 0.02).

Relative Risk Modeling. For each of the geographic regions, the
interaction between income and age, and income and education level
were significant. The relative risk modeling results presented in Table 5
provide risk estimates after adjusting for the interactions. The interpre-
tation of risk estimates associated with any covariate in the subsequent
paragraphs implicitly assumed values of all covariates, besides the
covariate whose risk was being interpreted, were held fixed.

Table 4. Prevalence of self-reported diabetes by socio-economic variables in northeastern region of the United States: BRFFS, 2014.

Variable Response Options Count (%)' | Prevalence (%)? | p Value®
Rural status | Urban 46,877 (81) 6,595 (14) 0,02
Rural 10,957 (19) 1447 (13)
Gender Male 34284 (41) 4,652 (14)
Female 48,484 (59) 5,535 (11) ool
Income < $25,000 18,161 (26) 3,537 (19)
> $25,000 and < $50,000 16,752 (24) 2,328 (14) <0.01
> $50,000 34,849 (50) 2,725 (8)
Ethnicity Not Hispanic 76,955 (94) 9,355 (12) 001
Hispanic 4,878 (6) 691 (14)
Race Non-Hispanic White 70,751 (88) 8,351 (12)
Non-Hispanic Black 5,552 (7) 992 (18) <0.01
Other 4117 (5) 496 (12)
Age <34 10,782 (13) 202 (2)
>35and <44 9441 (11) 402 (4)
>45and <54 14,934 (18) 1,303 (9) <001
>55and > 65 19,748 (24) 2,768 (14)
>065 27,863 (34) 5,512 (20)
Education Did not graduate high school 5,396 (7) 1,173 (22)
Graduated high school 22,585 (28) 3,533 (16)
Attended college or technical school 19,699 (24) 2,553 (13) ool
Graduated from college or technical school | 34,190 (42) 2,811 (8)

ICount (%) is the frequency counts and percentage for cach level of variable.

2Prevalence (%) represents prevalence of self-reported diabetes for each level of categorical.
3p value is based on Chi-Square test of association between diabetes status and the variables.
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Table 5. Associations between diabetes and socio-economic variables, BRFSS, 2014.

Relative Risk (95% CI)

(048-1.28)

(0.77-2.21)

(098-2.88)

. . Variable
Variables Variable Category* Category” South West Midwest Northeast
(n=71,441) (n =54,830) (n=62,443) (n=46,571)
Rural status Rural 1.09 0.96 0.95 091
(1.06 - 1.13) 092-1) (0.91-098) (0.86 - 0.90)
Urban Reference category | Reference category | Reference category | Reference category
Gender Male 1.22 1.29 1.30 141
(118 - 1.25) (1.24-1.35) (1.25-1.35) (1.35-147)
Female Reference category | Reference category | Reference category | Reference category
Income o= (- 3.69 240 1.99 2.81
<$25000 (2.28-597) (143 - 4.02) (117-3.37) (162~ 4.88)
o= - 1.92 1.28 1.19 1.76
2 $25,000 and < $50,000 (108 - 3.39) (068 - 2.41) (0.64-2.21) (093-3.33)
> $50,000 Reference category | Reference category | Reference category | Reference category
Ethnicity Hispanic 1.26 1.34 1.08 1.29
p (1.16 - 1.36) (1.25-144) (0.92-1.25) (1.16 - 1.43)
Not Hispanic Reference category | Reference category | Reference category | Reference category
Race Non-Hispanic Black 1.54 1.72 1.63 1.51
- P (149 - 1.60) (1.53-1.95) (1.52-1.74) (140 - 1.63)
Other 1.25 148 1.70 1.30
- (1.14 - 1.36) (1.39-1.57) (1.56 - 1.86) (1.16 - 1.406)
Non-Hispanic White Reference category | Reference category | Reference category | Reference category
Age e 3.00 148 1.70 2.34
Z3oand <44 (193 - 4.08) (093 -2.37) (110 - 2.64) (145 - 3.76)
6.00 393 4.32 394
= =
z45and <54 (393-917) (2,57 -5.99) (2.80 - 6.46) (251-6.18)
11.37 713 7.80 7.70
= =
255 and <65 (748-17.27) (4.72-10.78) (5.26-11.56) (495-1197)
565 15.06 10.59 11.76 1147
=09 (992 - 22.86) (703 -15.97) (795 -1741) (7.39-17.79)
<34 Reference category | Reference category | Reference category | Reference category
Education Attended college or technical 144 148 1.33 144
school (1.35-1.55) (1.36-1.62) (1.23 -145) (1.3-1.59)
. N S 1.81 1.83 1.72 1.96
Did not graduate high school (148 - 2.21) (1.37 - 245) (134 - 2.21) (148 - 2.58)
.. S 148 149 1.33 1.54
Graduated high school (1.36-1.60) (1.34 - 1.66) (1.22-146) (1.39-171)
Graduated from college or . ) . ) . ) . )
technical school Reference category | Reference category | Reference category | Reference category
Income *age - ) - e 1.10 2.16 2.11 0.85
2$25000and 850000 | 235and <441 597 5 4) (106 - 4.38) (107 - 4.17) (041-178)
o= (1) . — - - 095 147 143 114
2825000 and £850000 | =45and <541 (537 9 (077 -2.82) (076 - 2.70) (059 - 2.20)
o - S - 0.8 1.19 1.3 098
2825000 and £850000 | =55and <05 1 () 457 49 (0.63 - 2.24) (070 - 242) (052 - 1.86)
- - - 0.71 1.09 112 0.84
2 $25,000 and < $50,000 =09 (04-1.25) (058 - 2.04) (0,60 - 2.07) (045 -1.59)
- - 092 1.o4 1.90 095
< $25000 zaband<d4 | 557 50 (091 - 2.96) (105 - 344) (051-1.77)
< $25.000 > 45 and <54 0.79 1.30 1.68 116

(0.66-2.04)
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Table 5. Associations between diabetes and socio-economic variables, BRF'SS, 2014. cont.

Variabl Relative Risk (95% CI)
. . ariable
Variables | Variable Category* Category* South West Midwest Northeast
(n=71441) (n = 54,830) (n=62,443) (n-46,571)
Income *age - 0.58 0.88 1.23 0.80
< $25000 255 and <65 (0.36-093) (053 -148) (073 - 2.09) (046 -1.39)
- 045 0.73 0.87 0.60
<$25000 200 (0.28-073) (044-1.21) (0.52-147) (0.35-1.03)
Income * >$25,000 and Attended college or 0.82 0.86 0.86 0.81
Education <$50,000 technical school (0.74-091) (0.76 - 0.98) (0.76 - 0.97) (0.7-094)
>$25,000 and Did not graduate high 0.67 0.71 0.84 0.70
<$50,000 school (0.53-0.85) (0.51 - 1.00) (0.63-1.12) (0.5-097)
>$25,000 and Graduated high school 0.77 0.80 0.85 0.80
<$50,000 ’ ghs (0.68 - 0.86) (069 - 093) (075 - 096) (0.69-092)
< $95.000 Attended college or 0.78 0.80 0.82 0.87
T technical school (0.7-0.87) (0.7-092) (0.72-093) (0.75-1.02)
< $95.000 Did not graduate high 0.67 0.76 0.69 0.76
T school (0.54-0.83) (0.56-1.04) (0.53-091) (0.56-1.03)
. i 075 077 079 0.86
< $25,000 Graduated highschool 1 677 g4 (066 - 0.89) (07-091) (074 - 1.00)

n = Number of observations used in analysis.

Reference Group: Female (Sex) - Urban (Rural) - Greater than 50,000 (Income Status) - Not Hispanic (Ethnicity) -Less than 34 years (Age category) -and

graduated from college or technical school (Education)
Results that are statistically significant are highlighted in yellow.

Equipoise exists with respect to risk estimates associated with ru-
ral residency as both protective and harmful effects of rural residency
were observed across the four geographic regions. Rural residents had
a 9% higher diabetes risk in the South. However, in the other regions,
rural residency appeared to have a protective effect. Diabetes risk
among rural residents was 5% lower in the Midwest, 9% lower in the
Northeast, and 4% lower in the West. Compared to females in the fol-
lowing regions, the diabetes risk among males was 41% higher in the
Northeast, 30% higher in the Midwest, 29% higher in the West, and
22% higher in the South. Hispanic Americans were at consistently
higher diabetes risk across all four geographic regions. Compared to
non-Hispanic Whites in the following regions, the risk of diabetes for
Hispanics was 34% higher in the West, 29% higher in the Northeast,
26% in the South, and 8% higher in the Midwest. Similarly, compared
to non-Hispanic Whites in the following regions, the risk of diabetes
for non-Hispanic Blacks was 72% higher in the West, 63% higher in
the Midwest, 54% higher in the South, and 51% higher in the North-
east.

Owing to interaction between age and income, and between age and
education, the increased risk estimates for each stratification of age,
income, and education were not directly interpretable. For the sake of
presentation, the risk estimates of an individual were computed with
“an income between $25,000 and $50,000, age between 45 and 54
years, and graduated high school”. Compared to the reference cat-
egory (income greater than $50,000, 34 years or younger, and gradu-
ated from college or technical school), this risk estimate was 12.5 times
higher in the South, 9 times higher in the Northeast, 8.8 times higher in
the West, and 8.3 times higher in the Midwest.

Additional Analysis. The discriminative (predictive) ability of the
model in correctly classifying respondents with diabetes and those
without diabetes was estimated by C-index. The C-index for the fitted
models ranged from 0.72 (for the South) to 0.73 (for the West, Mid-
west, Northeast; Figure 2). Traditionally, the threshold of 0.8 has been
used to identify models with strong predictive abilities.” The fitted
models are thus moderately strong in terms of their predictive abili-
ties. The predictive ability of each variable also was examined inde-
pendently. Age had the greatest predictive ability across all geographi-
cal regions, followed by income (Figure 2). Ethnicity, sex, and race had
the least predictive ability with C-indices marginally above 0.5, thus
performing no better than a random coin flip.

DISCUSSION

This study examined associations between socio-economic factors
and diabetes risk across the four geographic regions in the U.S. Unlike
previous studies, these associations were examined while considering
the possible interactions among socio-economic factors. The indepen-
dent predictive ability of each of these factors also were evaluated. It
was seen that the magnitude of the effect of these factors on the dia-
betes risks varied markedly across the four geographic regions; and
for rural residency the direction of the effect in the South (increased
risk) and the rest of the geographic regions (protective effect) were
in the opposite direction. These results suggested the relationship
between socio-economic factors and diabetes risk could differ signifi-
cantly across the four geographic regions. These findings were similar
to Barker and colleagues who found there to be a diabetes belt in the
Southern region of the U.S. linked to non-Hispanic Black residents.*
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Other studies have found similar results related to the Southern and
Midwestern region of the U.S., where a significant prevalence of dia-
betes and metabolic syndrome exists.?*! In this study, a significant
difference in self-reported prevalence among rural and urban regions
was found in the South, with rural regions reporting a higher prevalence
of diabetes and non-Hispanic Blacks having a higher risk of diabetes.
Even with regional differences when looking at relative risk of diabetes,
the interaction between income and education is the strongest pre-
dictor of diabetes prevalence. More tools need to be implemented to
lower the prevalence of diabetes among low income and those with
a lower educational attainment to improve areas such as a “diabetes
belt”. Myers and colleagues also investigated community level factors
to better understand their results.”! Myers found the “diabetes belt”
region lacked sufficient recreational opportunities, more so than eco-
nomic. What is unclear is if the county level factors were impacted by
the community economic factor rather than the individual. Under-
standing environmental determinants that contribute to diabetes at a
county and city level would be beneficial.

n
Full Madel {0.72) Full Model (0.73) Full Madel (0.7.3)

Age (0.66) Age (0.68) Age (0.67)
2 Income (0.6) Income (0.6) Income (0.61)
Education (0.58) Education (0.58) Education (0.6)

Rural (0.57) Rural (0.58) Rural (0.56)

®1  Race(0.54) Race (0.52) Race (0.52)
3 Rk )E) EfRG)5) EtRaxiP L)

S - [y Nerpaust
Coragres Regen

Figure 2. Discriminative (predictive) ability of diabetes classification by geo-
graphic region by estimated C-index.

There were also protective factors to consider in this work. Rural
residency can be a protective factor in the Midwest, West, and North-
east, but not the South. Interestingly, a respondent’s age and income
were stronger predictors of diabetes risk. This study did not find race,
ethnicity, or sex to be a dependable predictor of diabetes risk. This was
important because of the overwhelming disparity in the prevalence of
diabetes for specific racial /ethnic groups (non-Hispanic Black, Native
American, Hispanic).

Limitations. The study had several limitations that were primarily
attributable to the nature of the study design and the collected data.
Limitations such as recall bias, inclusion of participants with access to
phone services, missing information, lack of distinction between type
1 and type 2 diabetes, and biases associated with self-reporting (i.e.,
social desirability bias) limit the generalizability of our findings. The

focus of our work was socio-economic factors, and influential variables
(i.e., physical activity, food and beverage consumption, tobacco use)
have not been included which likely would affect the risk estimates.
Finally, retrospective studies can only identify associations and make
itimpossible to infer causality between the variables and diabetes risk.

CONCLUSIONS

This study highlighted novel findings, primarily, the variation in
effect of socio-economic factors on diabetes risk across four geographic
regions. This suggested that the dynamics between diabetes and the
risk factors examined in the study differed by geographic region. The
concordance index suggested that although variables could be associat-
ed significantly, their predictive ability may only be modest, essentially
affirming the statistical adage that strongly associated variables may
notbe strongly predictive. There is a great need to develop a model with
stronger predictive ability. Owing to interplay between social, econom-
ic, environmental, and genetic factors in establishing diabetes risk, the
authors believe a strongly predictive model mustincorporate individual
and community-level information at the genetic, social, economic, and
environmental levels. In conclusion, this study highlighted the differ-
ences in diabetes prevalence and the association between previously
established socio-economic variables and diabetes risk across the four
geographic regions of the U.S.
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