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adults had significantly higher risk than non-Hispanic white adults
of not knowing how many hemoglobin A1c tests they had had in
the past year or what such a test is (adjusted odds ratio = 2.74
[95% confidence interval, 1.15–6.56]) and of diabetes-related retinopathy (adjusted odds ratio = 3.13 [95% confidence interval,
1.61–6.10]). With few exceptions, higher FPL bracket, insurance
status, insurance type, and state of residence were not associated
with diabetes maintenance.

Conclusion

Abstract
Introduction
State efforts to identify subpopulations at higher risk for inadequate diabetes maintenance are sometimes hampered by small
sample size. We provide a model of a cross-state collaboration that
might provide the foundation for identifying political and economic forces underlying inter- and intra-state variability in chronic disease care.

Methods
We collected Behavioral Risk Factor Surveillance System data directly from 5 of 6 New England states and ran multivariate logistic
regressions on 5 exposures: race/ethnicity, federal poverty level
(FPL) bracket, insurance status (yes or no), insurance type (public
or private), and state of residence. Our sample consisted of adults
aged 35 or older diagnosed with diabetes. Outcomes included
whether respondents with diabetes received complete annual diabetes care (≥2 hemoglobin A1c tests, eye examination, foot examination), had ever taken a diabetes self-management class, or reported diabetes-related retinopathy.

Inadequate annual diabetes care among adults with diagnosed diabetes was endemic even in this relatively advantaged US census
division, and traditional disparities (eg, race/ethnicity, FPL bracket) only partially explained patterns in diabetes maintenance activities. Interstate analyses can create the foundation for active partnerships to identify and address the causes of lapses in care.

Introduction
Readers of this article in many parts of the country may pass street
signs advertising offers to buy diabetes test strips (Figure 1), a
clue that people with diabetes may turn to such transactions as a
last resort when their diabetes maintenance needs exceed their insurance coverage or other economic resources. The magnitude of
this gap between needs and resources is likely to grow, because
the prevalence of diabetes in the United States is projected to triple
by 2050 (1). Careful maintenance can control diabetes and reduce
the risk of adverse outcomes such as retinopathy or neuropathy,
but such control is challenging for both patients and the health
care system.

Results
Half (50.4%) of our sample had incomplete annual diabetes care.
In multivariate logistic regressions, race/ethnicity and FPL bracket were not major drivers of outcomes, although Hispanic/Latino
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of health insurance coverage, were derived from state-added questions and thus were not available from the Centers for Disease
Control and Prevention, we obtained data sets directly from participating states. Because Massachusetts used the diabetes module
only for a split sample (ie, divided into ≥2 versions of the questionnaire) and Maine used it for only 1 of 2 versions, we limited
the analytical data set accordingly. We further limited analysis to
adults aged 35 or older with diagnosed diabetes (unweighted n =
3,781) to improve comparability of educational attainment and income brackets. Younger adults are more likely to still be in the
educational process, and diabetes diagnoses are still rare before
age 35, despite recent increases in type 2 diabetes among younger
adults.

Figure 1. Sign advertising offers to buy diabetes test strips. Photo produced by
author.

Studies are inconsistent about the extent and causes of disparities
in the quality of diabetes care and self-management, but they do
show that long-standing racial/ethnic disparities in quality of care,
patient engagement, and outcomes may be narrowing (2–6). Studies are largely consistent about the association between not having
insurance and quality-of-care metrics (3,7,8), but they are less
consistent about whether type of insurance matters (9,10). Some
inconsistency among studies can be attributed to differences in
study design and to differences in approaches to adjusting for socioeconomic status (SES) (10). Similarly, variability in studies
that show continued disparities instead of narrowed racial/ethnic
disparities may result from the use of national data instead of state
or health system data (3,4).
Inconsistent patterns, however, may also reflect the limitations of
traditional analytical frameworks. An analysis by region or census
division, rather than a state or national analysis, allows an assessment of interstate variability in collections of states assumed to
share common features. We combined data from 5 of 6 New England states to assess the “usual suspects” (race/ethnicity and SES)
in disparities in diabetes quality of care and self-management and
suggest ways to investigate other factors that may drive lapses in
diabetes care.

Methods
We used data from the diabetes module of the 2015 Behavioral
Risk Factor Surveillance System (BRFSS) data (2016 for Massachusetts) from 5 participating New England states (unweighted
n = 42,127) (11–15). We excluded a sixth New England state,
New Hampshire, which did not use the diabetes module in 2015 or
2016. Because some variables of interest, notably primary source

We used multiple variables to determine adequacy of annual diabetes care. Clinical guidelines indicate that people with diabetes
should receive annually at least 2 hemoglobin A1c (HbA1c) tests
(an HbA1c test provides information on average glucose concentration during a 2–3-month period and is a staple of tracking diabetes control), an eye examination with dilation by a health care
provider, and a foot examination by a health care provider (16).
Respondents were asked how many HbA1c tests they had received
in the past 12 months; we created a binary variable to identify
those who received the recommended 2 tests and those who received fewer than 2 tests. More frequent HbA1c tests are recommended when diabetes is poorly controlled or when treatment regimens are changed; however, because BRFSS does not specify
glycemic status, we set all respondents to the same minimum recommendation. Respondents were asked about the length of time
since their last eye examination with dilation and about the last
time a provider examined their feet for sores or irritation; for both,
we created a binary variable to determine whether eyes and feet
were examined in the past year in accordance with clinical
guidelines. We then created a composite variable (“complete annual diabetes care”) to identify whether the respondent received all
3 recommended annual examinations in the past year.
In addition, we created a set of 4 variables to assess patient engagement in care. Respondents with diabetes were asked whether
they had ever taken a course or class on diabetes self-management.
We created a second measure, from the question on how many
HbA1c tests respondents had received in the past year, to determine the number of respondents who did not know how many
HbA1c tests they had had in the past year or did not know what an
HbA1c test is. For the third measure, we used the question on how
frequently people examined their feet for sores or irritations to create a binary variable for respondents who never examined their
feet for sores or irritations. A fourth variable identified respondents who did not see a health care provider about their diabetes at
all in the past year. Because daily foot self-examinations and daily
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glucose tests are not necessarily advised for all patients with diabetes, we did not include these measures in our analysis. Finally,
poor diabetes control was assessed by the question “Has a doctor
ever told you that diabetes has affected your eyes or that you have
retinopathy?” For all outcomes, values identified as clinical or logical outliers (>24 HbA1c tests in past year, >60 foot examinations in past year, saw a provider for diabetes >24 times in the past
year, or examined own feet >3 times daily) were removed from
analysis along with missing observations; the maximum number
removed for any outcome was 202.
The primary exposures of interest were race/ethnicity and SES.
We categorized race/ethnicity as non-Hispanic black, Hispanic/
Latino, non-Hispanic white, and all other race/ethnicities. “Other”
categories were combined because of small numbers. We measured SES in 2 ways: educational attainment and percentage of federal poverty level (FPL). Educational attainment was categorized
as less than high school diploma, high school diploma or GED, 1
to 3 years of college, and 4 or more years of college. We translated self-reported annual household income brackets into a percentage of FPL by using methodology made available by the
CDC, household size, and year-specific FPL thresholds used to determine Affordable Care Act eligibility (17). We categorized percentage of FPL as less than 200% FPL, 200% to 399% FPL, 400%
FPL or more. Because of large numbers of missing observations
for income (202,307 of 912,945; 22.2%), we created an additional
category, “income unknown,” to retain those respondents in the
analysis and compare them with respondents with known income.
Covariates were age (35–54 y, 55–64 y, ≥65 y), sex, whether the
respondent was the sole adult in household, whether the respondent was covered by any type of health insurance (yes or no), and
the respondent’s state of residence. We added 2 additional covariates to assess the possible contributions of individual health behaviors: current smoking status and engagement in leisure-time
physical activity.
The final weighted sample represented 919,355 persons aged 35 or
older with diagnosed diabetes. We conducted bivariate analyses to
test for interstate variability in the prevalence of demographic
characteristics and outcomes, and we performed multivariate logistic regressions with FPL bracket and educational attainment as
primary exposures. We conducted a secondary analysis with
primary source of health care coverage (private, Medicaid, Medicare, Veterans Administration or other, or none) as a primary exposure. Vermont was excluded from this secondary analysis because its data set did not include information on primary source of
health care coverage. Massachusetts, which enacted its own health
care reform in 2006, has data on an additional insurance option
(Commonwealth Care); because this type of coverage is a
public–private hybrid, we excluded these observations (n = 4)

from analysis. We performed all analyses in SAS version 9.4
(SAS Institute Inc) by using survey weights provided by CDC to
accommodate the BRFSS complex sampling methodology. To account for the split samples in Maine and Massachusetts, we created a new final weight variable from the individual state weight
variables provided by CDC.

Results
Of the 919,355 persons aged 35 or older with diabetes represented
by our sample, most (76.8%) were residents of Massachusetts
(50.4% [463,488]) or Connecticut (26.4% [243,121]) (Table 1).
Two demographic variables varied significantly among states:
race/ethnicity and those living below 200% of FPL. Most (75.0%)
of the sample was non-Hispanic white, the percentage of whom
ranged from 64.2% in Connecticut to 95.5% in Vermont. The percentage of respondents living below 200% of FPL ranged from
27.0% in Massachusetts to 52.4% in Maine. The percentage of respondents whose income was unknown also varied significantly
among states; it ranged from 11.3% in Maine to 26.4% in Massachusetts. However, diabetes prevalence, the percentage of respondents aged 65 or older, and the percentage of respondents
whose body mass index was greater than 30.0 were similar across
the 5 New England states.
The 5 states varied on several outcome measures (Table 2). Maine
and Vermont had lower rates than other states of several poor outcomes: no provider foot examination in past year; no self-examination of feet; and not knowing how many HbA1c tests were received in the past year or what an HbA1c test is. Across the 5
states, 50.4% of all respondents did not receive complete annual
diabetes care, 51.0% had ever taken a class on diabetes self-management, and 17.9% reported having diabetes-related retinopathy.
Multivariate logistic regressions showed that race/ethnicity and
FPL bracket were not major drivers of annual diabetes care, patient engagement, or reporting of diabetes-related retinopathy (Figure 2). Compared with non-Hispanic white respondents, Hispanic/
Latino respondents had a significantly higher risk of not knowing
how many HbA1cs they had had in the past year or what an HbA1c
is (adjusted odds ratio [AOR] = 2.74; 95% confidence interval
[CI], 1.15–6.56]) and reporting diabetes-related retinopathy (AOR
= 3.13; 95% CI, 1.61–6.10). Non-Hispanic black respondents did
not differ from non-Hispanic white respondents for any of the outcomes. Similarly, respondents living at 400% or more of FPL had
significantly less risk than those living at less than 200% of FPL
of not knowing how many HbA1cs they had had in the past year or
what an HbA1c is (AOR = 0.20; 95% CI, 0.05–0.78) and reporting
diabetes-related retinopathy (AOR = 0.41; 95% CI, 0.22–0.75).
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in 1 US census division: what are the likely drivers of inadequate
diabetes maintenance, and does a multistate approach to chronic
disease surveillance provide additional guidance to states as they
increasingly move into an era of simultaneous examination of
claims data, clinical data, and survey data?

Figure 2. Adjusted odds ratios for diabetes maintenance activities in 5 New
England states, 2015 and 2016. Covariates were race/ethnicity, age group,
education, sex, insurance (yes or no), sole adult in household, any leisure-time
physical activity, current smoker, and state of residence. A, Adjusted odds
ratio by FPL, where reference group is <200% of the FPL. B, Adjusted odds
ratio by race/ethnicity, where reference group is non-Hispanic white. Error
bars indicate 95% confidence intervals. Data sources: 2015 Connecticut
BRFSS, 2015 Maine BRFSS, 2016 Massachusetts BRFSS, 2015 Rhode Island
BRFSS, 2015 Vermont BRFSS. Abbreviations: BRFSS, Behavioral Risk Factor
Surveillance System; FPL, federal poverty level; HbA1c, hemoglobin A1c.

Among the 4 states with data on insurance type, we found only 1
case of a difference between people with public insurance and
people with private insurance. Additional regression models
showed that personal behaviors (smoking and physical activity)
and state of residence were only rarely associated with the outcomes investigated.

Discussion
Our data show that inadequate diabetes maintenance is endemic
even in a relatively wealthy US census division with high rates of
insurance coverage and generally strong access to health care and
related health services. Most people with diagnosed diabetes in
our sample had at least some interaction with their health care provider in the past year for diabetes care, but only half reported receiving all 3 recommended annual tests, half had ever taken a class
on how to manage their diabetes, and almost 1 in 5 reported having diabetes-related retinopathy. Our findings thus highlight 2
questions about secondary prevention among people with diabetes

Our results appear largely consistent with national data on disparities in diabetes prevalence and maintenance activities as described by CDC (16). We found that people with diabetes who are
Hispanic/Latino and people in a lower FPL bracket are less likely
to know how many HbA1c tests they had had in the past year or
what an HbA1c test is. Hispanic/Latino people and people in a
lower FPL bracket were also more likely to report having diabetes-related retinopathy. Overall, however, long-standing explanations of disparities by race/ethnicity, SES, and insurance status
only partially explain who is likely to have inadequate diabetes
maintenance. The increasing use of clinical and claims data for
population health analyses may help identify whether patterns in
diabetes maintenance result more from individual-level factors
(eg, race/ethnicity, SES, insurance status) than from factors related to the health care system. However, it is not always easy to
distinguish between the 2 types of factors. For example, adhering
to guidance on foot self-examination might reflect clear communication between patients and providers as much as it reflects individual health behaviors, and failure to meet annual clinical
guidelines may result from either provider oversight or patient
failure to comply with provider recommendations.
Future investigations perhaps should track the path from distal
causes of population health (eg, political and economic factors)
(18) to measures of diabetes maintenance. For example, in the
complex and shifting world of health insurance, mechanisms such
as “churning” in and out of coverage or increasing underinsurance
though various out-of-pocket expenses (19–23) may explain patterns of incomplete care more than the simple type of payer does.
Recent studies investigated food insecurity as a more precise
measure than income or education of whether limited economic
resources are associated with poor diabetes maintenance (24–27).
The Commonwealth Care option in Massachusetts may highlight a
problem in post-2014 data in other states: these states do not distinguish subsidized plans purchased on state or federal exchanges
from other private insurance.
The increasing availability of clinical and claims data promises to
shed new light on patterns and causes of incomplete diabetes care
and poor outcomes, but it also increases the risk of researchers and
practitioners becoming lost in analytical forests. We suggest that
multistate collaborative analyses like ours can establish a helpful
foundation by highlighting structures underlying health care and
health more readily than either national or state-specific analyses
alone. Other studies have conducted regional and census district

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

4

Centers for Disease Control and Prevention • www.cdc.gov/pcd/issues/2018/18_0250.htm

PREVENTING CHRONIC DISEASE

VOLUME 15, E165

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY

DECEMBER 2018

analyses (28–31), and these typically indicate that northeastern
states have a lower prevalence of diabetes and chronic disease risk
factors such as overweight, cigarette smoking, physical inactivity,
and consumption of unhealthy foods. Although our analysis does
not compare New England with other US census divisions of the
United States, it provides further data on the gaps in care, even in
this relatively advantaged area of the country.
Finally, in our study, partnering to combine data allowed states
with smaller populations and sample sizes, which often struggle
with public health surveillance, to produce more reliable estimates
for small population subgroups and low-prevalence outcomes.
Partnering may be particularly viable at the census district level,
because the assumption is that census districts share common socioeconomic and cultural features. We hope that combining data
with neighboring states will aid in not only the identification of a
disproportionate burden among small population subgroups but
also more effective planning of state or cross-state interventions.
We also propose that partnerships can be built on to pool states’
surveillance capacity. Discussion among the coauthors generated
hypotheses for follow-up analyses: were patterns of missing data
on annual examinations driven by inadequate provider availability,
either geographically in rural areas, or by insufficient numbers of
primary care providers? Did different rates of engagement in diabetes education reflect varying levels of provider engagement and
referral across states or different levels of state health department
support for diabetes education infrastructure? Our regional collaboration may also encourage state-to-state sharing of success stories and lessons learned to increase the prevalence of preventive
care practices among adults with diabetes in New England.
This study has several limitations. The study sample was dominated by Massachusetts and Connecticut, and although we found
few significant differences in diabetes measures across states in
our sample, the disproportionate role of these 2 states may mask
important differences in Maine, Rhode Island, and Vermont. That
we found few significant differences may also reflect small sample
sizes for some of the outcomes and population subgroups, even
with the pooling of data. BRFSS data are self-reported, and selfreported data are subject to recall bias, particularly for less-memorable health care events during the 1-year lookback period. Some
measures may be especially prone to recall bias, such as the relatively minor procedure of a provider foot examination or whether
blood drawn was for an HbA1c test rather than for another test.
Previous studies have found that self-reported diabetes data were
either underreported or overreported compared with data extracted from medical records, although agreement between these 2
sources of data is stronger when tests are routine and easily understood (32). Given the complex world of health insurance, it may
also be that the measure of having any insurance at all and the

measure on primary source of health care coverage at 1 point in
time do not adequately capture data on serious gaps in coverage
(eg, “churning” or increasing out-of-pocket mechanisms) that may
account for lapses in care. Although some studies have examined
insulin use as a proxy for poorly controlled diabetes, it would have
been an unreliable measure for poor control in our study because
BRFSS does not distinguish between type 1 diabetes and type 2
diabetes beyond a rough proxy of age of diagnosis. Finally, the
policy-based economic and health care system factors that may explain inadequate diabetes maintenance will require additional
state-specific research. We argue, however, that analyses like ours
can provide the initial guidance for subsequent research and for
building cross-state collaborations.
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Tables
Table 1. Demographic Characteristics of a Sample of Adults Aged ≥35 and Ever Diagnosed With Diabetes in 5 New England Statesa
Connecticut

Maine

Massachusetts

Rhode Island

Vermont

P Valueb

All 5 States

Unweighted no. of respondents to
diabetes module

1,350

644

440

738

609

—

3781

Prevalence of diabetes, %

12.1

12.6

12.1

12.4

10.6

.71

12.1

243,121 (26.4)

101,361 (10.6)

463,488 (50.4)

72,444 (7.7)

38,941 (4.8)

—

919,355
(100.0)

Non-Hispanic black

14.4

0.3

10.4

7.1

0.2

9.6

Hispanic/Latino

16.1

0.9

9.8

16.1

0.3

10.6

Non-Hispanic white

64.2

94.2

75.3

71.8

95.5

All other races/ethnicities

5.3

4.7

4.6

4.9

3.9

Female

46.4

47.0

50.3

46.9

45.4

.57

48.4

Aged ≥65

46.3

51.3

50.1

47.8

48.5

.47

49.0

Sole adult in household

29.9

34.7

36.5

30.0

29.5

.06

33.8

No high school diploma

23.6

16.3

19.2

25.9

16.8

High school diploma or GED

32.5

38.7

32.0

29.7

39.1

1–3 y of college

24.8

30.2

29.1

27.2

27.0

≥4 y of college

19.1

14.9

19.7

17.2

17.1

18.7

Private

36.3

30.5

24.6

37.7

—e

29.7

Medicaid

10.5

8.9

12.3

6.2

Medicare

40.3

43.2

54.6

43.1

Other

7.0

9.6

3.8

8.7

<200% Federal poverty level

37.6

52.4

27.0

39.3

40.1

<.001

34.2

Income unknown

16.7

11.3

26.4

23.4

20.1

<.001

22.2

Current smoker

14.4

13.4

16.3

17.1

13.5

.68

15.4

No leisure-time physical activity

39.6

35.2

37.3

44.4

41.7

.38

38.4

Characteristic

c

Weighted no. (% ) of respondents
Race/ethnicity

<.001

75.0
4.8

Education
20.5
.16

33.0
27.8

d

Type of insurance

<.001

10.9
48.0
5.8

Income

Abbreviations: —, does not apply; BRFSS, Behavioral Risk Factor Surveillance System.
a
Data sources: diabetes module in 2015 Connecticut BRFSS, 2015 Maine BRFSS, 2016 Massachusetts BRFSS, 2015 Rhode Island BRFSS, 2015 Vermont BRFSS
(11–15). All values are percentages unless otherwise indicated. New Hampshire was not included in the analysis because it did not use the diabetes module in
2015 or 2016. All values are weighted number (percentage) unless otherwise indicated.
b
Determined by χ2 test.
c
Denominator is the number of respondents in all 5 states.
d
Massachusetts, which enacted its own health care reform in 2006, has data on an additional insurance option (Commonwealth Care); because this type of coverage is a public–private hybrid, we excluded these observations from analysis.
e
Vermont excluded because its data set did not include information on primary source of health care coverage.
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Table 2. Annual Diabetes Care Among Adults Aged ≥35 and Ever Diagnosed With Diabetes in 5 New England Statesa
All 5 States, %
(95% Confidence
Interval)

Connecticut
(N = 243,121)

Maine
(N = 101,361)

Massachusetts
(N = 463, 488)

Rhode Island
(N = 72,444)

Vermont
(N = 38,941)

P

<2 HbA1c tests in past year

23.8

19.6

19.5

18.2

23.2

.43

20.7 (17.4–23.9)

No eye examination in past year

28.0

25.6

27.2

23.0

25.0

.77

26.8 (23.5–30.1)

No foot examination in past year

24.9

12.7

23.7

22.6

17.3

.005

22.4 (19.2–25.7)

Incomplete annual diabetes care

54.7

43.4

49.7

51.3

49.1

.10

50.4 (46.6–54.2)

Had never taken a course or class
on diabetes self-management

53.8

41.3

51.6

51.9

50.3

.04

51.0 (47.3–54.7)

Did not know the number of HbA1c
tests received in past year or did not
know what an HbA1c test is

13.0

4.4

9.2

11.0

3.5

.001

9.6 (7.5–11.7)

Never examines feet

19.9

9.8

17.0

15.0

18.2

.04

16.9 (13.9–19.9)

Did not see provider about diabetes
in past year

10.2

9.5

12.2

8.6

9.5

.55

11.0 (8.3–13.6)

18.6

NA

17.1

19.6

19.8

.77

17.9 (15.0–20.7)

Measure

b

c

Annual diabetes care

Patient engagement in diabetes care

Poor diabetes control
Diabetes-related retinopathy

Abbreviations: BRFSS, Behavioral Risk Factor Surveillance System; HbA1c, hemoglobin A1c; NA, not applicable.
a
Data sources: diabetes modules of 2015 Connecticut BRFSS, 2015 Maine BRFSS, 2016 Massachusetts BRFSS, 2015 Rhode Island BRFSS , 2015 Vermont
BRFSS (11–15). All values are percentages unless otherwise indicated. New Hampshire was not included in the analysis because it did not use the diabetes module in 2015 or 2016. All numbers are weighted.
b
Determined by χ2 test.
c
Complete annual diabetes care consists of 2 HbA1c tests, an eye examination with dilation by a health care provider, and a foot examination by a health care provider (11).
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