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Abstract

Objective: Preventive care services are important to prevent or delay complications associated
with diabetes. We reported trends in receipt of six American Diabetes Association recommended
preventive care services during 2008-2020.

Research Design and Methods: We used 2008-2020 data from the cross-sectional Medical
Expenditures Panel Survey to calculate the proportion of U.S. adults =18 years of age with
diagnosed diabetes that reported receiving preventive care services, overall and by subpopulation
(n = 25,616). We used Joinpoint regression to identify trends during 2008-2019. The six
services completed in the past year included =1 dental examination, dilated eye examination,
foot examination, >2 A1C tests, cholesterol test, and receipt of an influenza vaccine.

Results: From 2008-2020, proportions of U.S. adults with diabetes receiving any individual
preventive care service ranged from 32.6% to 89.9%. From 2008-2019, overall trends in
preventive services among these adults were flat except for an increase in influenza vaccination
(average annual percent change: 2.6% [95% CI: 1.1%, 4.2%]). Trend analysis of subgroups

was heterogeneous: influenza vaccination and A1C testing showed improvements among several
subgroups, while cholesterol testing (45-64 year age, < high school education, Medicaid
insurance) and dental visits (uninsured) declined. In 2020, 8.2% (4.5%, 11.9%) of those with
diabetes received none of the recommended preventive care services.

Conclusions: Other than influenza vaccination, we observed no improvement in preventive care
service utilization among U.S. adults with diabetes. These data highlight services and specific
subgroups that could be targeted to improve preventive care among adults with diabetes.

Graphical Abstract

Corresponding Author: Jacob T. Wittman, ugv4@cdc.gov.

Author Contributions and Guarantor Statement: ). T.W., K.M.B., S.R.B. conceptualized the study and contributed to discussion. J.T.W.
curated and analyzed data, and wrote the first draft of the manuscript. K.M.B. and S.R.B. reviewed the manuscript, and all authors
edited the manuscript. J.T.W. is the guarantor of this work and, as such, had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data analysis.

Confflict of Interest: The authors of this study declare no conflicts of interest.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Wittman et al.

From 2008 to 2019, trends in preventive services among US adults with
diabetes were stable with the exception of an increase in the receipt of

influenza vaccines

Background: Preventive
care services are
important to prevent or
delay complications
associated with diabetes.
We reported trends in
receipt of six American
Diabetes Association
recommended preventive
care services during
2008-2019 based on
responses from the
Medical Expenditures
Panel Survey.

Year

Conclusions: With the exception of influenzavaccination, the
overall receipt of preventive care for diabetesfrom 2008 to
2019 was flat. The trend pattern in subgroups was
heterogeneous. This work highlights services and subgroups
with low or declining receipt of these servicesthat could be
targetedto improve preventive care.
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Twitter Summary:

We report trends of six recommended preventive care services from 2008 — 2020. Other than
flu vaccination, we saw no improvement in preventive care service utilization for US adults with
diabetes.

Keywords
preventive services; Medical Expenditure Panel Survey; trends; joinpoint

Introduction

Diabetes is a chronic disease that affects 11.3% of the adult population, or 37.1 million
adults, in the United States (1). Diabetes is also costly: total direct and indirect costs in 2017
were estimated at $327 billion (2). The prevalence of diabetes in the U.S. is expected to
increase to 60.6 million adults by the year 2060 (3). Incidence of diabetes peaked in the
U.S. at 8.5 cases per 1,000 in 2008 and 2009 and has fallen since to 5.1 cases per 1,000

in 2021 (4,5). While rates of newly diagnosed cases of diabetes have decreased, rates of
hospitalization with diabetes as the primary diagnosis have been increasing since the year
2000 by about 2.5% per year (6).

Complications of diabetes include both microvascular (retinopathy, neuropathy, and diabetic
nephropathy) and macrovascular complications (coronary artery disease, peripheral arterial
disease, and stroke) (7,8). Access to preventive services to control glycemia, lipids, and
blood pressure and the early identification of diabetic retinopathy and foot lesions is
important to minimize diabetes-related complications and reduce rates of hospitalization
(7,9,10). Other studies have reported on trends in receipt of some preventive services in

the 2000s using data from various surveys, such as the Behavioral Risk Factor Surveillance
System (BRFSS) and the National Health and Nutrition Examination Survey (NHANES)
(11-15). To our knowledge, the proportion and trend of receipt of preventive services
addressed in the Medical Expenditure Panel Survey (MEPS) has not been reported. Analysis
of MEPS data provides advantages over other surveys, as it is nationally representative and
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available yearly. Meanwhile, NHANES is not annual and has smaller sample sizes; BRFSS
is administered at the state level, and the diabetes module is not available in every state in
every year. We reported the proportion of and trends in the receipt of six preventive care
services recommended by the American Diabetes Association (ADA) overall and among
subgroups (7). These data are valuable for identifying groups that may be under-utilizing
health care services, examining any effects the start of the COVID-19 pandemic may have
had on receipt of these services, and providing benchmarks for future studies.

Research Design and Methods

Data Source

We used data from the 2008 — 2020 MEPS, a household survey of U.S. noninstitutionalized
populations administered and maintained by the Agency for Healthcare Research and
Quality since 1996 (16). The set of households surveyed for MEPS is a subsample of

those surveyed in the National Health Interview Survey (NHIS). We chose the years 2008
to 2020 due to consistency of questions related to preventive care during that time period
starting in 2008. Data from MEPS were collected through a combination of computer-
assisted personal interviewing and pencil-and-paper surveys. In 2020, the computer-assisted
personal interviews were changed from in-person to phone interviews due to the COVID-19
pandemic. MEPS provides national and regional estimates of health care use, expenditures,
sources of payment and health insurance coverage. This survey also contains information
on patient demographics, socioeconomic characteristics, and, via the Diabetes Care Survey
(DCS), information on diabetes preventive care services. The DCS is a self-administered
paper-and-pencil questionnaire that is mailed to MEPS respondents who indicate that they
have been told by a doctor or health care professional that they have diabetes. In this
analysis, we used data from the full-year consolidated MEPS files for adults with diagnosed
diabetes that responded to the DCS survey (7= 25,616). Response rates for the DCS survey
ranged from 92.4% in 2008 to 57.1% in 2020.

Outcome Measures

Among respondents with self-reported diagnosed diabetes, we selected six preventive care
variables that were available in the data from 2008 to 2020. These variables are based on
self-reported receipt in a given year (17): =1 dental examination (derived from total number
of reported dental care visits), a dilated eye examination, a foot examination by a healthcare
provider, =2 A1C tests, a blood cholesterol test, and an influenza vaccine. Respondents
were asked about receiving each of these services in a given year (e.g., “Did you receive

an influenza vaccine in 2013?”"). We also created binary variables classifying adults with
diabetes who received none of the recommended preventive care services or all of the
recommended services, although these results were presented only for the overall population
due the unreliability of estimates of some sub-populations in some years (18).

Analysis

Our analysis accounts for the complex survey design used, including clustering and
stratification, using the weights provided for the DCS (16). Reported values were age-
adjusted using the direct method, standardized to the 2000 U.S. population grouped by
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ages 18 — 44, 45 — 64, 65 — 74, and =75 years. We presented these estimates for the

overall population, as well as stratified by self-reported characteristics of age, sex, race
and ethnicity, highest degree of education, type of health insurance, and the ratio of family
income to the poverty line (poverty income ratio). We used the package gtsummary in R
Statistical Software (v4.2.1) to calculate estimates (19,20).

Medical care utilization decreased as a result of the COVID-19 pandemic starting in early
2020 (21). We excluded 2020 from the trend analysis because of the decreased medical care
utilization associated with the COVID-19 pandemic. However, we presented the estimated
proportions for 2020 in the results to show how the onset of the pandemic affected the
reported receipt of preventive services. Trends were analyzed using Joinpoint Command
Line Software (22) with R via the R package nih.joinpoint (23). The Joinpoint software

was used to fit a weighted least-squares regression model to the estimated proportions

on the linear scale. A maximum of three joinpoints were searched for using the Grid

search algorithm. As few as two observed time points were allowed between line segment.
Joinpoint regression uses permutation tests to detect statistically significant changes at a pre-
specified alpha of 0.05 in direction or magnitude of trends (24). The Joinpoint software also
provided estimates of the annual percent change (APC), or slope, for each trend segment and
the average annual percent change (AAPC), or overall slope, for the entire trend. The test of
significance for APC is an asymptotic t-test. Due to the omnibus nature of the permutation
test used to identify Joinpoint years and the use of all the data in identifying those years, the
permutation tests are more powerful (24). In some cases, Joinpoint years are identified but
the corresponding intervals for the APC will overlap zero due to this power difference.

Data and Resource Availability

Results

The datasets generated during and/or analyzed in the current study are available from the
corresponding author upon reasonable request.

All values pertaining to individual preventive practices presented here, as well as those that
are not described, can be found in Supplemental Table 1. Figures 1 and 2 display trends,
overall and by subgroup.

Dilated Eye Exam

The overall proportion receiving dilated eye exams was stable during 2008-2019 (Table

1, Figure 1). This proportion averaged 55.5% (95% CI: 54.0%, 57.0%) over this period.
Similarly, for males, we observed stable trends from 2008 to 2011 but a significant decrease
after 2011 (APC -1.6% [-2.9%, —0.3%]) (Figure 1). Uninsured adults with diabetes had
average annual increase from 2008 to 2019 in the receipt of dilated eye exams of 3.3%
(0.1%, 6.6%) (Figure 1). Adults with diabetes in the highest income group (poverty income
ratio > 400%) had a flat trend in dilated eye examinations until 2013, after which the
proportion significantly decreased (APC —3.8% [-6.8%, —0.7%]).
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The average proportion of U.S. adults with diabetes receiving a foot exam over the study
period was 61.4% (95% ClI: 60.0%, 62.8%) (Table 1). The trend for foot exams for the
overall adult population with diabetes was flat until 2011, after which it decreased (APC
-1.1% [-2.1%, —0.1%], Table 1, Figure 1). We found an increase in foot exams among
adults with diabetes age 65-74 years until 2014 (APC 1.9% [0.5%, 3.4%]), and the trend
was flat thereafter (Figure 1).

One or More Dentist Visits

The trend for dentist visits for the overall adult population with diabetes was stable over

the study period, averaging 35.7% (34.2%, 37.2%) (Table 1). Adults age 65-74 and

>75 years had average annual percent increases of 3.1% (2.1%, 4.1%) and 1.4% (0.1%,
2.7%), respectively. Non-Hispanic White adults with diabetes had an average annual percent
increase of 1.8% (0.5%, 3.1%). Among those with private insurance, we found decreasing
proportions visiting the dentist during 2008-2015 (APC —2.6% [-4.3%, —0.9%]), followed
by an increase after 2015 (APC 5.6% [1.4%, 9.9%]. The trends for adults with diabetes in
the poverty income ratio group < 100% and those with a high school education had multiple
changes upward and downward during the study period.

Cholesterol Testing

During 2008-2019, we found no significant change in the percentage of adults with diabetes
who received cholesterol tests, which averaged 84.4% (95% Cl: 81.8%, 87.0%) during this
period (Table 1). For adults age 45-64 years, cholesterol testing was flat from 2008 to 2015
and showed a significant decrease starting in 2016 (APC —4.8% [-7.3%, —2.4%], AAPC
-1.3% [-2.0%, —0.6%]). We found significant decreases starting in 2016 in the percentage
of males (APC -6.9% [-11.7%, —1.8%]) and adults with less than a high school education
(APC -10.4% [-15.8%, —4.6%], AAPC —2.3% [-3.8%, —0.6%]) who received cholesterol
testing. Adults with Medicaid had an AAPC of —2.3% (-3.6%, —1.0%).

Influenza Vaccine

From 2008 to 2019, receipt of influenza vaccines increased at an AAPC of 2.6% (1.1%,
4.2%) (Table 1, Figure 2). The average proportion of adults with diabetes receiving an
influenza vaccine over the study period was 41.8% (39.6%, 44.0%). Specifically, we noted
significant increases during 2008 — 2012 (APC 9.2% [6.9%, 11.6%], AAPC 2.6% [1.1%,
4.2%]), and after 2015 (APC 2.9% [0.7%, 5.1%]) (Table 1). The influenza vaccine trend for
non-Hispanic White adults followed a similar pattern (AAPC 3.7% [1.5%, 5.9%]), although
only the period from 2008 to 2012 had a significant increase (APC 12.2% [8.9%, 15.7%)]).
Receipt of influenza vaccines increased among females over the entire study period (AAPC
2.0% [0.4%, 3.7%]). Adult males, adults in the poverty income ratio group 200%-399%
and >400%, and adults with private insurance showed an increase in the receipt of influenza
vaccines in the early part of the study period, but flat thereafter. Receipt of influenza
vaccines increased slightly for adults on Medicare (AAPC 1.0% [0.1%, 1.9%]).
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We observed no significant changes in the overall trend in the proportion of adults receiving
two or more A1C tests in a year, which averaged 53.0% (95% CI: 51.4%, 54.5%) over the
study period (Table 1). Proportions increased annually by 1.2% (0.6%, 1.7%), 1.8% (0.8%,
2.9%), and 2.2% (0.7%, 3.8%) for those age 45-64, 6574, and =75 years, respectively.

We also found increases in A1C testing for Hispanic adults (AAPC 6.8% [2.0%, 11.8%] ),
non-Hispanic White adults (AAPC 1.2% [0.5%, 1.9%]), those with Medicare only (AAPC
1.6% [0.4%, 2.9%]), and those in the highest poverty income ratio group (> 400%) (AAPC
1.1% [0.5%, 1.8%]).

Aggregate Preventive Care Services

For both adults with diabetes that reported receiving none of the six recommended
preventive services and adults reporting receiving all of them, trends were flat from 2008 to
2019 (zero services: 3.1% [95% CI: —4.5%, 11.3%]; all services: 1.4% [-0.9%, 3.7%];
Supplemental Table 2). In 2008, 5.1% (2.7%, 7.5%) of adults with diabetes reported
receiving none of the six recommended care services (Supplemental Table 2). In 2019,

this estimate was 6.1% (3.7%, 8.5%) and in 2020 it was 8.2% (4.5%, 11.9%; Supplemental
Table 2). The percentage of adults that reported receiving all six preventive services in 2008
was 7.1% (4.5%, 9.6%), 10.8% (7.4%, 14.1%) in 2019 and 7.9% (5.3%, 10.5%) in 2020
(Supplemental Table 2).

Comparisons Among Subgroups

The youngest adults (18-44 years) often reported lower rates of dilated eye exams, foot
exams, cholesterol testing, and influenza vaccination. Uninsured adults often reported the
lowest rates of preventive care for dilated eye exams, foot exams, cholesterol testing, and
A1C testing. Adults with less than a high school education were less likely to visit the
dentist in most years, although they were only statistically significantly less likely to visit
the dentist in 2008-2010, 2013-2014, and 2020.

Discussion

Influenza vaccination was the only preventive service that increased significantly during
2008-2019 overall. Among most subgroups, influenza vaccine uptake, A1C testing, and
dental visits tended to improve. However, foot exams, cholesterol testing, and dental visits
among the uninsured tended to decline. The passing of the Affordable Care Act (ACA)

in 2010 and subsequent Medicaid expansion has been seen as a mechanism to increase

the receipt of preventive services (12); however, we found no significant change over time
in five out of the six preventive care services for the overall U.S. adult population with
diagnosed diabetes from 2008 to 2019. While the passing of the ACA led to an increase in
the number of adults with diagnosed and undiagnosed diabetes who have health insurance,
and an increase in their access to health care (25,26), detecting corresponding increases in
the receipt of preventive care has proved more elusive. As of 2019, 6.1% of adults with
diabetes had not received any of the six preventive services, and this percentage was 8.2%
in 2020 during the onset of the COVID-19 pandemic. Continued monitoring will help to
understand the extent to which the pandemic interrupted preventive care service utilization.
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Two studies that used data from BRFSS found no changes overall in the receipt of
preventive care for adults with diabetes resulting from Medicaid expansion between 2014
and 2019 (11,12). Similarly, the majority of subgroups in these studies exhibited no change
in or decreased receipt of these six preventive services. The subgroup trends we observed
suggest disparities in diabetes care that have been shown in other research. Consistent with
our findings, studies using NHANES data for 2005-2018 as well as BRFSS for 2004-2014
both found that younger adults with diabetes were less likely to report receiving various
recommended preventive care services (13,27). Additionally, lack of insurance was a barrier
to preventive care, as uninsured adults also reported lower rates of preventive care in these
studies (13,27). In our study, dental visits decreased over the study period but dilated

eye exams increased among the uninsured. Education has also been linked to meeting
recommendations for preventive care; adults with lower education consistently report lower
rates of prevention (13,15). We found that adults with less than a high school education

had decreasing trends in cholesterol testing and frequently were less likely to report visiting
the dentist at least once than adults with more education, although this difference was

not always statistically significant. Future research may wish to examine those adults

with diabetes who reported receiving none of the six preventive care services, and factors
contributing to this lack of care. While the confidence intervals for the estimates from 2008
and 2019/2020 overlap, the increase highlights the sustained suboptimal preventive care for
a subset of adults with diabetes.

AI1C testing and influenza vaccinations were the only two preventive services that showed
increases either among the overall population or various subgroups which may be linked
with the increase in health care service usage (25). A1C increased among: adults age 45 —
65, 65 — 74, > 75 years, Hispanic adults, non-Hispanic White adults, adults on Medicare
only, and adults in the > 400% poverty income ratio group. Influenza vaccination increased
among: non-Hispanic White adults, adult females, adult males, adults in the 200% — 399%
poverty income ratio group, and adults in the > 400% poverty income ratio group. These
services can be administered at the point-of-care during regular physician visits, whereas a
dilated eye exam or dental visit require separate appointments. Lack of access to specialists,
limited provider acceptance of public insurance options like Medicare, and inadequate care
coordination may further complicate access to dilated eye exams or dentist visits and may
explain why, for most groups, we observed no change or a decrease in the receipt of these
services (15,28,29).

Other studies on trends in preventive care using different data sources report some
conflicting findings. A study using NHANES data from 2005 to 2018 found increases in the
proportion of adults with diabetes who reported all of the following: having a primary care
doctor, receiving an annual check-up with a physician, having had at least two A1C tests in
a year, having their cholesterol levels tested, and having an annual foot exam by a doctor
(13). However, when evaluated individually, only A1C testing increased, which is similar

to our findings. Another study that reported on data from NHANES, NHIS, and BRFSS
found that foot exams, influenza vaccinations, and two or more A1C tests in a year increased
from 1999 to 2016, although dilated eye exams stayed roughly constant (14). Data from
BRFSS showed that adults with diabetes had reported decreasing dentist visits from 2004
to 2014 (27), while patient-reported dilated eye examinations increased briefly following
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Medicaid expansion in 2014 and then decreased (28). In contrast, a study using NHANES
data found that dilated eye exams for adults with diabetes did not increase from 2005 to
2016 (15). A study using NHIS data reported no change in influenza vaccination rates from
2007 to 2018 for the overall population of adults with diabetes (30). Our finding that A1C
testing increased is consistent with what has been reported in other studies. Discrepancies
with other survey results may be due to differences in how questions are phrased, differences
in the population being surveyed and trend analysis of time periods of different length.
Caution should be used when interpreting these differences; when possible, trends should be
compared over similar and longer time periods (31,32).

The responses from MEPS were self-reported which may introduce bias. The study group
was also cross-sectional and does not provide insight into how past receipt of preventive
services may affect future receipt. In 2013, MEPS implemented efforts to improve collection
of complete information by using field interviewers, with the goal of improving under
reporting. This effort may have improved data quality after 2014 and could have impacted
our trend analyses.

We are unable to identify factors that are causally linked to the changes in trends.
Additionally, there has been a steadily declining response rate for both MEPS and DCS.
During the studied time period both MEPS and DCS response rates peaked in 2008 at 59.3%
and 92.4%, respectively, fell to 39.5% and 65.8%, respectively, in 2019, and fell further to
27.6% and 57.1%, respectively, in 2020. Although weights for these data were adjusted for
non-response, the direction of bias due to non-response cannot be known. Furthermore, we
were unable to distinguish between type 1 and type 2 diabetes in these data. Because of

the greater proportion of type 2 diabetes (90% — 95%), the trends we report likely are more
reflective of type 2 diabetes than type 1 diabetes.

Conclusions

In summary, with the exception of influenza vaccination, the overall receipt of preventive
care for diabetes from 2008 to 2019 was flat. The trend pattern in subgroups was
heterogeneous. This work highlights services and subgroups with low or declining receipt
of these services that could be targeted to improve preventive care. Declining trends in
preventive care may lead to increased diabetes complications, thereby increasing morbidity
as well as cost of diabetes care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article Highlights

. We reported trends in receipt of six American Diabetes Association
recommended preventive care services during 2008-2020.

. The preventive services we evaluated were dental examinations, a dilated eye
examination, a foot examination by a healthcare provider, 22 A1C tests, a
blood cholesterol test, and an influenza vaccine.

. From 2008 to 2019, overall trends in preventive services among U.S. adults
with diabetes were stable except for an increase in the receipt of influenza
vaccines.

. These data highlight services and specific subgroups that could be targeted to

improve preventive care among adults with diabetes.
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Figure 1—.
Age-adjusted trends in proportions of U.S. adults with diagnosed diabetes overall and by
subgroup who reported receiving recommended medical examinations from 2008 to 2019.
The dashed black line is the overall trend, while dots represent percentages for 2020. Data

from 2020 were not included in the trend analysis.
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Age-adjusted trends in proportions of U.S. adults with diagnosed diabetes overall and by

subgroup who reported receiving recommended lab tests and vaccinations. The dashed black
line is the overall trend, while dots represent percentages for 2020. Data from 2020 were not
included in the trend analysis.
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