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OBJECTIVE

To characterize national trends and characteristics of adults with diabetes receiving American Diabetes Association (ADA) guideline-recommended care.
RESEARCH DESIGN AND METHODS

We performed serial cross-sectional analyses of 4,069 adults aged ≥20 years with
diabetes who participated in the 2005–2018 National Health and Nutrition Examination Survey (NHANES).
RESULTS

Overall, the proportion of U.S. adults with diabetes receiving ADA guideline-recommended care meeting all ﬁve criteria by self-report in the past year (having a
primary doctor for diabetes and one or more visits for this doctor, HbA1c testing,
an eye examination, a foot examination, and cholesterol testing) increased from
25.0% in 2005–2006 to 34.1% in 2017–2018 (P-trend 5 0.004). For participants
with age ≥65 years, it increased from 29.3% in 2005–2006 to 44.2% in 2017–2018
(P-trend 5 0.001), whereas for participants with age 40–64 and 20–39 years,
it did not change signiﬁcantly during the same time period: 25.2% to 25.8%
(P-trend 5 0.457) and 9.9% to 26.0% (P-trend 5 0.401), respectively. Those who
were not receiving ADA guideline-recommended care were more likely to be
younger, of lower socioeconomic status, uninsured, newly diagnosed with diabetes, not on diabetes medication, and free of hypercholesterolemia.
CONCLUSIONS

Receipt of ADA guideline-recommended care increased only among adults with
diabetes aged ≥65 years in the past decade. In 2017–2018, only one of three U.S.
adults with diabetes reported receiving ADA guideline-recommended care, with
even a lower receipt of care among those <65 years of age. Efforts are needed to
improve health care delivery and equity in diabetes care. Insurance status is an
important modiﬁable determinant of receiving ADA guideline-recommended
care.

Diabetes is a major public health problem, affecting 13.0% of all adults (34.1 million)
in the U.S. (1). It is the leading cause of blindness, end-stage kidney disease,
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RESEARCH DESIGN AND METHODS
Data Source and Study Population

The NHANES is a cross-sectional, complex
survey with interviews, physical examinations, and laboratory tests administered
by the National Center for Health Statistics (NCHS) of the Centers for Disease
Control and Prevention (14). The NHANES
sampling design consists of four stages to
select participants representative of the
civilian, noninstitutionalized U.S. population (15).
There were 4,950 NHANES participants with self-reported diabetes and
$20 years of age between 2005 and
2018. Of these, 715 participants from
the 2009–2010 survey cycle were excluded because information used to
deﬁne the study outcome (i.e., hemoglobin A1c [HbA1c] testing in the past year)
was not collected in the 2009–2010
survey. We further excluded 166 participants with missing information on explanatory variables if missing was <2%
(Supplementary Table 1). The remaining
4,069 participants were included for
analysis.
Outcome: Receipt of ADA GuidelineRecommended Diabetes Care

Based on the ADA Standards of Care
and NHANES data availability, we deﬁned receipt of ADA guideline-recommended diabetes care as meeting all
ﬁve criteria in the past 12 months: 1)
having a primary doctor for diabetes
care and one or more visits for this doctor; 2) receipt of HbA1c testing; 3) receipt of a foot examination; 4) receipt of
an eye examination; and 5) receipt of
cholesterol testing. This information was
ascertained from the following questions
administered to all NHANES participants
with a self-reported history of diabetes:
1. “Is there one doctor or other health
professional for your diabetes?”
“How many times have you seen
this doctor or other health professional in the past 12 months?”;
2. “During the past 12 months, has a
doctor or other health professional
checked your glycosylated hemoglobin or “A-one-C”?;
3. “When was the last time you had
an eye exam in which the pupils
were dilated?”;
4. “During the past 12 months, about
how many times has a doctor or
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other health professional checked
your feet for any sores or irritations?”; and
5. “About how long has it been since
you last had your blood cholesterol
checked?”
Explanatory Variables

Based on the previous literature, we selected potential variables that might inﬂuence receipt of care (13,16–18). Age,
sex, race/ethnicity, family income, education, and health insurance were selfreported during the questionnaire portion of the survey. BMI was calculated
from height and weight. Current smoking was deﬁned by self-report or serum
cotinine >10 ng/mL. HbA1c was measured in whole blood and calibrated to
account for changes in laboratory methods over time (19). Time since diabetes
diagnosis was calculated from self-reported age at diabetes diagnosis. Participants provided medication containers
to trained interviewers who entered the
names into Lexicon Plus, a database of
prescription and nonprescription products available in the U.S. market used
by NCHS (20). Antidiabetic medication
information was extracted from prescription medication data according to
the three-level nested category system
of Multum Lexicon (20).
Mean blood pressure values were
calculated among participants with at
least two systolic and at least two diastolic blood pressure measurements.
Hypertension was deﬁned as mean systolic blood pressure $130 mmHg, mean
diastolic blood pressure $80 mmHg,
or self-reported blood pressure-lowering medication use (21). Total cholesterol measurements were obtained
using standardized procedures, and
hypercholesterolemia was deﬁned as
total cholesterol $240 mg/dL or selfreported cholesterol-lowering medication
use. Cardiovascular disease was deﬁned
as self-reported coronary heart disease,
heart failure, or stroke. The glomerular
ﬁltration rate was estimated from serum
creatinine by the Chronic Kidney Disease
Epidemiology Collaboration equation (22).
Chronic kidney disease was deﬁned as estimated glomerular rate of <60 mL/min/
1.73 m2 or a urine albumin-to-creatinine
ratio (ACR) $30 mg/g according to
the Kidney Disease Improving Global Outcomes guidelines (23). The presence of
depressive symptoms were deﬁned as
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nontraumatic limb amputation, and cardiovascular morbidity and mortality (2,3).
The estimated economic cost of diabetes
was $327 billion in 2017 (4). Costs for
prescription medications, other than glucose-lowering medications, and hospital
inpatient care accounted for 60% of
the total costs of diabetes (4), highlighting the public health and economic
importance of preventing diabetes-related complications.
In the last decade, there have been
major advances in diabetes management,
including the introduction of new classes
of glucose-lowering medications that have
been shown to improve cardiovascular
and kidney outcomes (5). However, without delivery of quality diabetes care,
these advances may not improve health
outcomes for all patients. Delivery of
comprehensive diabetes care is key to
prevent complications and reduce societal costs of diabetes.
The American Diabetes Association
(ADA) puts forth Standards of Medical
Care for patients with diabetes that provide guidance on comprehensive medical
evaluation and assessment of comorbidities (6). Previous studies have focused on
individual components of diabetes care to
assess quality of care (7–12) or broadly
deﬁned linkage to diabetes care as seeing
health care professionals for diabetes or
receiving pharmacologic treatment for
diabetes without considering quality of
care (13). However, the extent to which
U.S. adults with diabetes receive ADA
guideline-recommended health care services in a comprehensive way is not known.
A better understanding of the gaps in comprehensive diabetes care may help identify
the opportunities to improve clinical outcomes for patients.
The objective of our study was to estimate the prevalence of receipt of
guideline-recommended diabetes care,
deﬁned based on the ADA Standards of
Care (6), among U.S. adults with a diagnosis of diabetes. We conducted serial
cross-sectional analyses of data from
the 2005–2018 National Health and Nutrition Examination Survey (NHANES) to
characterize national trends in the receipt of diabetes care. We also examined predictors for receipt of ADA
guideline-recommended care and its association with achievement of treatment goals.
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having ﬁve or more symptoms from a
nine-item instrument to screen depression, the Patient Health Questionnaire
(24,25).
Achievement of Treatment Goals

used logistic regression models with adjustment for age, sex, race/ethnicity, education, income, insurance, BMI, smoking,
HbA1c (except for glycemic goals), diabetes
duration, diabetes medication, hypertension (except for blood pressure goals),
hypercholesterolemia (except for cholesterol goals), cardiovascular disease, chronic
kidney disease, and depressive symptom.
All analyses accounted for the complex
survey design of NHANES, and we applied
survey weights so that all results are representative of the civilian, noninstitutionalized U.S. population with diabetes (29).
We used the Taylor series (linearization)
method to obtain SE estimates, in accordance with NCHS recommendations (30).
All statistical analyses were conducted using Stata 14 software (StataCorp, College
Station, TX).
RESULTS

Among U.S. adults aged $20 with a history of diabetes in 2005–2018 (mean
age, 59.9 years; women, 49.2%), 29.2%
(95% CI 27.0–31.6) reported having

received all components comprising our
deﬁnition of guideline-recommended
diabetes care (having seen a doctor for
diabetes in the past year, having HbA1c
and cholesterol checked, and having
foot and eye examinations in the past
year).
Trends in Receipt of ADA GuidelineRecommended Diabetes Care

Overall, the proportion of U.S. adults with
diabetes who reported receipt of ADA
guideline-recommended care (all components) increased signiﬁcantly over time,
from 25.0% (95% CI 18.6–32.9) in
2005–2006 to 34.1% (95% CI 30.6–37.7)
in 2017–2018 (P-trend ¼ 0.004) (Fig. 1A).
When stratiﬁed by age, receipt of recommended care increased only among participants with age $65 years, from 29.3%
(95% CI 19.6–41.4) in 2005–2006 to
44.2% (95% CI 38.6–50.0) in 2017–2018
(P-trend ¼ 0.001) (Fig. 1B). It remained
unchanged among participants with age
40–64 years (25.2% [95% CI 17.5–34.9] in
2005–2006 vs. 25.8% [95% CI 18.0–35.5]

Statistical Analyses

We calculated prevalence estimates and
SEs for receipt of diabetes care among
participants with self-reported diabetes
for each 2-year survey cycle, overall and
stratiﬁed by age ($65 years, 40–64
years, or 20–39 years). P values for linear trends were calculated with logistic
regression models with the 2-year survey cycle as the explanatory variable
(modeled as an ordinal variable). We
conducted analyses for receipt of all
components of care and for each component individually.
We used the t test for continuous
variables and the v2 test for categorical
variables to compare sociodemographic
and clinical characteristics of the participants who did versus those who did not
report receiving ADA guideline-recommended care. We used logistic regression models with adjustment for age,
sex, race/ethnicity, education, and income to identify independent predictors
of receipt of all components of care as
well as the individual components. In
sensitivity analyses, we ran the models with each of education and income
separately.
To assess the association between receipt of ADA guideline-recommended care
and achievement of treatment goals, we

Figure 1—Trend in receipt of ADA guideline-recommended care (all components) among U.S.
adults with self-reported diabetes (NHANES 2005–2018). A: Overall participants. B: Participants
stratiﬁed by age.
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Glycemic goals were deﬁned as HbA1c
<7% (<53 mmol/mol) (26). We also examined a less stringent HbA1c goal of
<7.5% (58 mmol/mol) as well as poor
glycemic control (HbA1c >9% [>75
mmol/mol]), one of the quality measures for adults with diabetes developed
by the National Committee for Quality
Assurance (27). Blood pressure goals
were deﬁned as <140/90 mmHg (28).
Cholesterol goals were deﬁned as HDLcholesterol $40 mg/dL (1.0 mmol/L) in
men and $50 mg/dL (1.3 mmol/L) in
women and fasting LDL-cholesterol <100
mg/dL (2.6 mmol/L) (28). In the subset of
participants with prevalent cardiovascular
disease, we examined fasting LDL-cholesterol <70 mg/dL (1.8 mmol/L) (28). We
also examined receipt of cholesterol-lowering medication.
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Table 1—Characteristics of U.S. adults with diabetes, overall and by receipt of ADA guideline-recommended diabetes care
(NHANES 2005–2018*) (N = 4,069)
ADA guideline-recommended care
Mean or % (SE)
Overall
Mean or % (SE)

No

Yes

4,069

3,015

1,054

59.9 (0.3)

59.0 (0.3)

62.2 (0.5)

Unweighted n
Age (years), mean

P value
<0.001
<0.001

Age group, %
20–39 years
40–64 years
$65 years

8.1 (0.5)
52.1 (1.0)
39.8 (1.1)

9.5 (0.6)
53.7 (1.2)
36.7 (1.2)

4.6 (1.0)
48.2 (2.3)
47.1 (2.1)

Female, %

49.2 (1.2)

49.8 (1.4)

47.7 (1.9)

0.360

61.0 (1.8)
15.2 (1.2)
14.9 (1.2)
8.9 (0.7)

57.9 (2.0)
16.0 (1.3)
16.9 (1.5)
9.3 (0.8)

68.7 (2.3)
13.5 (1.3)
9.9 (1.1)
7.9 (1.1)

Family income, %
Below poverty threshold
Above or at poverty threshold
Missing

15.5 (0.9)
76.0 (1.2)
8.4 (0.6)

18.1 (1.1)
72.9 (1.4)
8.9 (0.8)

9.2 (1.1)
83.5 (1.9)
7.3 (1.3)

Education, %
<High school
High school degree
>High school degree

10.1 (0.7)
38.5 (1.2)
51.4 (1.3)

12.0 (0.9)
40.1 (1.4)
48.0 (1.6)

5.5 (0.8)
34.7 (2.2)
59.8 (2.3)

Health insurance, %
No insurance
Public insurance
Private insurance

9.9 (0.6)
55.6 (1.1)
34.5 (1.1)

12.6 (0.8)
53.4 (1.1)
34.0 (1.2)

3.1 (0.6)
61.1 (2.6)
35.8 (2.6)

BMI (kg/m2), mean

32.9 (0.2)

32.7 (0.2)

33.4 (0.4)

BMI categories, %
<25 kg/m2
25 to <30 kg/m2
$30 kg/m2
Missing

11.7 (0.7)
26.3 (0.9)
59.7 (1.2)
2.2 (0.3)

12.5 (0.8)
26.9 (1.0)
58.3 (1.3)
2.4 (0.3)

9.9 (1.2)
25.0 (2.0)
63.2 (1.9)
1.9 (0.5)

Current smoker, self-reported or
cotinine >10 ng/mL, %

20.4 (0.9)

22.6 (1.1)

15.1 (1.6)

0.001

HbA1c (%), mean

7.1 (0.03)

7.1 (0.05)

7.1 (0.05)

0.246

HbA1c categories, %
<7% (<53 mmol/mol)
7–8% (53–64 mmol/mol)
8–9% (64–75 mmol/mol)
>9% (>75 mmol/mol)
Missing

56.9 (1.1)
18.5 (1.0)
8.8 (0.7)
13.1 (0.7)
2.7 (0.3)

56.8 (1.4)
17.0 (1.0)
9.2 (0.8)
14.5 (0.9)
2.6 (0.3)

57.2 (2.3)
22.3 (1.8)
7.7 (1.0)
9.9 (1.1)
3.0 (0.8)

Time since diabetes diagnosis, %
0 to <5 years
5 to <15 years
$15 years

29.5 (0.8)
40.5 (0.9)
30.1 (0.9)

32.4 (1.1)
40.6 (1.1)
26.9 (1.1)

23.6 (1.9)
39.6 (2.3)
36.7 (2.0)

Diabetes medication, %
None
Noninsulin agents only
Insulin

17.4 (0.8)
54.0 (1.2)
28.5 (0.9)

20.8 (1.0)
54.1 (1.)
25.1 (1.1)

9.3 (1.3)
53.9 (2.4)
36.8 (2.3)

Comorbidities, %
Hypertension
Hypercholesterolemia
Cardiovascular disease
Chronic kidney disease
Missing

79.5 (0.9)
64.8 (1.1)
24.0 (0.9)
38.9 (1.0)
4.6 (0.4)

78.1 (1.1)
60.1 (1.3)
22.8 (1.1)
39.2 (1.2)
4.6 (0.5)

82.9
76.7
27.1
38.1

Having depressive symptoms, %
Missing

16.6 (1.0)
6.9 (0.5)

18.8 (1.3)
7.5 (0.6)

15.4 (1.7)
5.7 (1.0)

*The 2009–2010 survey cycle was not included.

<0.001

<0.001

<0.001

0.055
0.161

0.006

<0.001

<0.001

(1.4)
(1.8)
(1.9)
(2.1)

0.009
<0.001
0.042
0.907
0.232
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<0.001

Race/ethnicity, %
Non-Hispanic White
Non-Hispanic Black
Mexican American
Other
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Table 2—Prevalence and ORs of receipt of ADA guideline-recommended care among U.S. adults with self-reported diabetes
(NHANES 2005–2018*) (N = 4,069)
Prevalence
Unadjusted OR
Adjusted† OR
% (SE)
(95% CI)
(95% CI)
16.7 (3.3)
27.1 (1.7)
34.6 (1.5)

1 [Reference]
1.84 (1.11–3.06)
2.64 (1.66–4.18)

1 [Reference]
1.72 (1.04–2.84)
2.19 (1.31–3.66)

Sex
Male
Female

30.1 (1.6)
28.4 (1.4)

1 [Reference]
0.92 (0.77–1.10)

1 [Reference]
1.00 (0.82–1.20)

Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Mexican American
Other

32.9
25.9
19.4
26.1

(1.8)
(1.4)
(1.6)
(2.7)

1 [Reference]
0.71 (0.57–0.89)
0.49 (0.38–0.64)
0.72 (0.51–1.01)

1 [Reference]
0.87 (0.69–1.10)
0.81 (0.61–1.08)
0.82 (0.58–1.16)

Family income
Below poverty threshold
$1 times poverty threshold
Missing

17.4 (1.9)
32.1 (1.4)
25.2 (4.0)

1 [Reference]
2.25 (1.69–2.99)
1.60 (1.01–2.51)

1 [Reference]
1.67 (1.23–2.27)
1.22 (0.75–2.00)

Education
<High school
High school degree
>High school degree

16.0 (1.9)
26.3 (1.8)
34.0 (1.8)

1 [Reference]
1.88 (1.38–2.55)
2.71 (1.92–3.83)

1 [Reference]
1.61 (1.16–2.24)
2.17 (1.52–3.11)

Health insurance
No insurance
Public insurance
Private insurance

9.3 (1.7)
32.1 (1.4)
30.3 (2.4)

1 [Reference]
4.64 (3.10–6.92)
4.27 (2.76–6.59)

1 [Reference]
3.23 (2.02–5.14)
3.08 (1.96–4.85)

BMI categories, kg/m2
<25
25 to <30
$30
Missing

24.7
27.8
30.9
25.1

(2.8)
(2.1)
(1.4)
(6.0)

1 [Reference]
1.17 (0.82–1.67)
1.36 (1.00–1.86)
1.02 (0.51–2.03)

1 [Reference]
1.06 (0.74–1.52)
1.25 (0.91–1.73)
0.93 (0.43–2.00)

Current smoker
Yes
No

21.6 (2.4)
31.2 (1.2)

1 [Reference]
1.65 (1.23–2.21)

1 [Reference]
1.35 (0.99–1.84)

HbA1c categories
<7% (<53 mmol/mol)
7–8% (53–64 mmol/mol)
8–9% (64–75 mmol/mol)
>9% (>75 mmol/mol)
Missing

29.4
35.2
25.7
22.0
32.4

(1.5)
(2.3)
(3.4)
(2.4)
(6.8)

1 [Reference]
1.30 (1.01–1.68)
0.83 (0.58–1.19)
0.68 (0.49–0.93)
1.15 (0.63–2.13)

1 [Reference]
1.36 (1.06–1.75)
0.96 (0.66–1.37)
0.87 (0.62–1.24)
1.27 (0.67–2.43)

Time since diabetes diagnosis
0 to <5 years
5 to <15 years
$15 years

22.1 (2.1)
29.0 (1.7)
36.6 (2.0)

1 [Reference]
1.44 (1.11–1.87)
2.04 (1.55–2.68)

1 [Reference]
1.39 (1.06–1.81)
1.92 (1.44–2.58)

Diabetes medication
None
Noninsulin agents only
Insulin

15.6 (2.0)
29.2 (1.7)
37.7 (2.3)

1 [Reference]
2.24 (1.59–3.14)
3.28 (2.31–4.66)

1 [Reference]
1.98 (1.40–2.80)
3.19 (2.22–4.57)

Hypertension
No
Yes

24.4 (2.1)
30.5 (1.2)

1 [Reference]
1.35 (1.08–1.70)

1 [Reference]
1.18 (0.93–1.49)

Hypercholesterolemia
No
Yes

19.7 (1.5)
34.4 (1.4)

1 [Reference]
2.13 (1.73–2.63)

1 [Reference]
1.95 (1.57–2.41)

Cardiovascular disease
No
Yes

28.1 (1.3)
32.9 (2.1)

1 [Reference]
1.26 (1.01–1.57)

1 [Reference]
1.12 (0.86–1.45)

Chronic kidney disease
No
Yes
Missing

29.6 (1.5)
28.7 (1.6)
29.2 (5.0)

1 [Reference]
0.96 (0.78–1.17)
0.98 (0.61–1.59)

1 [Reference]
0.88 (0.72–1.08)
0.92 (0.55–1.56)
Continued on p. 1305
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Age, years
20–39
40–64
$65
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Table 2—Continued

Depressive symptoms
No
Yes
Missing

Prevalence
% (SE)

Unadjusted OR
(95% CI)

Adjusted† OR
(95% CI)

30.2 (1.4)
27.0 (2.5)
24.0 (3.7)

1 [Reference]
0.86 (0.64–1.15)
0.73 (0.47–1.12)

1 [Reference]
1.04 (0.77–1.41)
0.94 (0.62–1.43)

*The 2009–2010 survey cycle was not included. †Adjusted for age, sex, race/ethnicity, family income, education, and health insurance.

Trends in Receipt of Individual
Components of ADA GuidelineRecommended Diabetes Care

Among the ﬁve components, only receipt of HbA1c testing increased signiﬁcantly over time, from 64.4% (95% CI
56.4–71.6) in 2005–2006 to 85.3%
(95% CI 80.1–89.3) in 2017–2018
(Supplementary Fig. 2A). The increase
in receipt of HbA1c testing was observed in both groups of age $65
years (64.7% [95% CI 51.5–76.0] to
91.7% [95% CI 86.4–95.0], P-trend
<0.001) (Supplementary Fig. 2B) and
age 40–64 years (64.6% [95% CI 55.9–
72.4] to 81.4% [95% CI 72.7–87.8],
P-trend <0.001) (Supplementary Fig. 2C).
Among participants with age 20–39
years, it increased without statistical signiﬁcance from 62.3% (95% CI 35.8–83.0)
in 2005–2006 to 70.0% (95% CI 43.5–87.6;
P-trend ¼ 0.380) (Supplementary Fig. 2D).
Characteristics of Study Population
by Receipt of ADA GuidelineRecommended Diabetes Care

Compared with the participants not receiving recommended diabetes care,
those receiving it were signiﬁcantly older, more often non-Hispanic White, had
higher incomes, and more often had a
higher education level and health insurance (Table 1). They were less often
current smokers or those with poor glycemic control (HbA1c >9%). They were
more likely to have a longer duration of
diabetes, taken diabetes medications, or
to have comorbidities such as hypertension, hypercholesterolemia, or cardiovascular disease.

Predictors of Receipt of ADA
Guideline-Recommended Diabetes
Care

In adjusted analyses, older age, higher
income and education, health insurance,
longer duration of diabetes, use of diabetes medications, and hypercholesterolemia were signiﬁcantly associated
with receipt of ADA guideline-recommended diabetes care (Table 2). Sex,
race/ethnicity, BMI, smoking, HbA1c,
hypertension, cardiovascular disease,
chronic kidney disease, and depressive
symptoms were not associated with receipt of diabetes care. The results were
materially unchanged when education
and income were separately modeled
(Supplementary Table 2).
Predictors of Receipt of Individual
Components of ADA GuidelineRecommended Care

Of the ﬁve individual components of
care, cholesterol testing (78.5%) and an
eye examination (62.6%) in the past
year had the highest and lowest prevalence, respectively (Table 3). Older age
was a signiﬁcant predictor of all the
components of care, except HbA1c
testing. Non-Hispanic Black and Mexican American adults with diabetes
were signiﬁcantly less likely to report
HbA1c and cholesterol testing than
non-Hispanic White adults with diabetes. Mexican Americans were signiﬁcantly less likely to have a primary
doctor for diabetes (with one or more
visits) and a foot examined compared
with non-Hispanic Whites. Health insurance was strongly associated with
all of the components of care. The results
were materially unchanged when education and income were separately modeled (Supplementary Tables 3 and 4).
Receipt of ADA GuidelineRecommended Care and
Achievement of Treatment Goals

Participants who received ADA guideline-recommended care were more likely

to achieve HbA1c <7.5% (<58 mmol/
mol) (adjusted odds ratio [OR] 1.52;
95% CI 1.17–1.98), blood pressure
<140/90 mmHg (adjusted OR, 1.47;
95% CI 1.11–1.95), and LDL-cholesterol
<100 mg/dL (<2.6 mmol/L) (adjusted
OR 1.47; 95% CI 1.03–2.10) and receive
cholesterol-lowering medication (adjusted OR 1.79; 95% CI 1.29–2.48)
(Supplementary Table 5). Receipt of
ADA guideline-recommended care was
inversely associated with HbA1c >9%
(75 mmol/mol) (adjusted OR 0.59; 95%
CI 0.42–0.84).
CONCLUSIONS

The prevalence of receipt of ADA guideline-recommended diabetes care in U.S.
adults with self-reported diabetes increased during the period of 2005–2018,
driven by an increase in receipt of care
among older adults. Despite this increase, in 2017–2018, only 34.1% of
adults with diabetes reported having received all of the ﬁve components of ADA
guideline-recommended care. Among
the ﬁve components, only HbA1c testing
increased signiﬁcantly during the study
period. Identiﬁed predictors of receipt of
ADA guideline-recommended care in our
model suggest that adults with diabetes
who are socioeconomically disadvantaged and do not have health insurance
are less likely to receive recommended
diabetes care. Health insurance is an important modiﬁable predictor of receipt
of ADA guideline-recommended care.
Taken together, our results show substantial gaps in care. Efforts focused on
improving diabetes preventive care services for adults with lower socioeconomic
status or lacking health insurance are
needed.
Our study adds to a previous population-based study from Torino, Italy, reporting 35.8% of patients with diabetes
underwent a comprehensive assessment,
deﬁned as receipt of HbA1c testing, an
eye examination, cholesterol testing, and
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in 2017–2018; P-trend ¼ 0.457). Among
participants with age 20–39 years, it
increased without statistical signiﬁcance from 9.9% (95% CI 3.1–27.6) in
2005–2006 to 26.0% (95% CI 7.6–60.1;
P-trend ¼ 0.401). There was no signiﬁcant difference in receipt of ADA
guideline-recommended care by sex
(Supplementary Fig. 1)
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Table 3—Overall prevalence and adjusted ORs of receipt of each component of ADA guideline-recommended care among
U.S. adults with self-reported diabetes (NHANES 2005–2018*) (N = 4,069)
Eye examination
Foot examination
Cholesterol testing
Diabetes doctor
HbA1c testing
Overall prevalence, % (SE)

69.1 (1.0)

75.0 (0.9)

62.6 (1.2)

70.3 (1.2)

78.5 (1.0)

Adjusted OR (95% CI)†
1 [Reference]
1.88 (1.33–2.65)
1.53 (1.06–2.22)

1 [Reference]
1.09 (0.74–1.61)
1.12 (0.70–1.80)

1 [Reference]
1.44 (1.02–2.03)
2.36 (1.62–3.44)

1 [Reference]
1.22 (0.87–1.72)
1.66 (1.17–2.34)

1 [Reference]
2.43 (1.56–3.79)
3.43 (2.17–5.41)

Sex
Male
Female

1 [Reference]
1.11 (0.92–1.35)

1 [Reference]
1.06 (0.86–1.30)

1 [Reference]
1.04 (0.87–1.24)

1 [Reference]
0.95 (0.77–1.16)

1 [Reference]
1.10 (0.87–1.38)

Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Mexican American
Other

1 [Reference]
1.11 (0.92–1.34)
0.73 (0.59–0.92)
1.00 (0.72–1.38)

1 [Reference]
0.54 (0.46–0.73)
0.67 (0.54–0.84)
1.12 (0.77–1.63)

1 [Reference]
1.12 (0.89–1.41)
0.87 (0.68–1.11)
0.98 (0.71–1.35)

1 [Reference]
1.02 (0.79–1.32)
0.69 (0.55–0.86)
0.85 (0.63–1.15)

1 [Reference]
0.73 (0.56–0.95)
0.63 (0.48–0.83)
0.75 (0.53–1.06)

Family income
Below poverty threshold
$1 times poverty threshold
Missing

1 [Reference]
1.39 (1.08–1.78)
1.52 (1.07–2.18)

1 [Reference]
1.57 (1.27–1.95)
0.97 (0.64–1.48)

1 [Reference]
1.57 (1.25–1.96)
1.08 (0.78–1.49)

1 [Reference]
1.28 (0.98–1.69)
0.93 (0.65–1.32)

1 [Reference]
1.25 (0.97–1.60)
1.59 (1.10–2.32)

Education
<High school
High school degree
>High school degree

1 [Reference]
1.01 (0.77–1.33)
1.23 (0.90–1.68)

1 [Reference]
1.65 (1.25–2.16)
3.31 (2.32–4.71)

1 [Reference]
1.09 (0.85–1.40)
1.31 (1.01–1.68)

1 [Reference]
1.15 (0.88–1.51)
1.29 (0.97–1.73)

1 [Reference]
0.94 (0.69–1.30)
1.40 (1.06–1.84)

Health insurance
No insurance
Public insurance
Private insurance

1 [Reference]
2.79 (2.07–3.75)
2.34 (1.77–3.10)

1 [Reference]
2.64 (1.91–3.63)
2.97 (2.04–4.31)

1 [Reference]
2.76 (2.09–3.65)
2.04 (1.51–2.76)

1 [Reference]
2.64 (2.03–3.43)
2.39 (1.75–3.25)

1 [Reference]
2.98 (2.09–4.25)
3.76 (2.63–5.38)

BMI categories, kg/m2
<25
25 to <30
$30
Missing

1 [Reference]
1.12 (0.82–1.53)
1.55 (1.17–2.05)
1.35 (0.73–2.49)

1 [Reference]
1.38 (1.01–1.88)
1.43 (1.12–1.91)
0.92 (0.54–1.56)

1 [Reference]
0.90 (0.66–1.23)
1.10 (0.81–1.48)
0.98 (0.53–1.81)

1 [Reference]
0.84 (0.60–1.18)
0.94 (0.67–1.32)
0.74 (0.36–1.53)

1 [Reference]
1.04 (0.76–1.42)
1.18 (0.91–1.53)
0.73 (0.37–1.43)

Current smoker
Yes
No

1 [Reference]
1.16 (0.94–1.43)

1 [Reference]
1.17 (0.94–1.46)

1 [Reference]
1.52 (1.24–1.86)

1 [Reference]
1.15 (0.88–1.49)

1 [Reference]
1.27 (0.96–1.67)

HbA1c categories
<7% (<53 mmol/mol)
7–8% (53–64 mmol/mol)
8–9% (64–75 mmol/mol)
>9% (>75 mmol/mol)
Missing

1 [Reference]
2.14 (1.72–2.66)
1.81 (1.34–2.42)
1.22 (0.90–1.64)
1.33 (0.76–2.32)

1 [Reference]
1.68 (1.30–2.16)
1.57 (1.08–2.28)
1.24 (0.96–1.60)
0.83 (0.45–1.52)

1 [Reference]
1.22 (0.91–1.62)
1.02 (0.73–1.42)
0.94 (0.69–1.27)
1.04 (0.63–1.70)

1 [Reference]
1.60 (1.14–2.25)
1.52 (1.03–2.24)
1.17 (0.88–1.55)
1.07 (0.60–1.92)

1 [Reference]
1.05 (0.79–1.38)
0.90 (0.60–1.33)
0.72 (0.53–0.99)
1.43 (0.75–2.73)

Time since diabetes diagnosis
0 to <5 years
5 to <15 years
$15 years

1 [Reference]
1.43 (1.12–1.82)
1.20 (0.95–1.52)

1 [Reference]
1.43 (1.13–1.80)
1.91 (1.46–2.51)

1 [Reference]
1.23 (0.92–1.65)
1.75 (1.27–2.42)

1 [Reference]
1.36 (1.09–1.71)
1.90 (1.46–2.48)

1 [Reference]
0.82 (0.61–1.09)
0.94 (0.69–1.29)

Diabetes medication
None
Noninsulin agents only
Insulin

1 [Reference]
3.35 (2.54–4.42)
5.25 (3.94–6.99)

1 [Reference]
2.04 (1.62–2.58)
4.29 (3.21–5.72)

1 [Reference]
1.47 (1.11–1.94)
2.25 (1.61–3.14)

1 [Reference]
1.99 (1.51–2.62)
3.64 (2.56–5.16)

1 [Reference]
2.23 (1.60–3.13)
1.93 (1.34–2.78)

Hypertension
No
Yes

1 [Reference]
1.24 (1.03–1.51)

1 [Reference]
1.33 (1.06–1.66)

1 [Reference]
1.03 (0.84–1.25)

1 [Reference]
1.23 (0.99–1.53)

1 [Reference]
1.38 (1.09–1.74)

Hypercholesterolemia
No
Yes

1 [Reference]
1.44 (1.14–1.81)

1 [Reference]
1.55 (1.28–1.88)

1 [Reference]
1.24 (0.98–1.56)

1 [Reference]
1.40 (1.15–1.70)

1 [Reference]
2.82 (2.30–3.46)

Cardiovascular disease
No
Yes

1 [Reference]
1.08 (0.82–1.42)

1 [Reference]
0.80 (0.63–1.00)

1 [Reference]
1.24 (0.98–1.56)

1 [Reference]
1.21 (0.96–1.53)

1 [Reference]
1.42 (1.12–1.79)
Continued on p. 1307
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Age, years
20–39
40–64
$65
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Table 3—Continued
Diabetes doctor

HbA1c testing

Eye examination

Foot examination

Cholesterol testing

Chronic kidney disease
No
Yes
Missing

1 [Reference]
0.93 (0.75–1.15)
0.92 (0.60–1.43)

1 [Reference]
0.94 (0.77–1.14)
0.97 (0.60–1.57)

1 [Reference]
1.02 (0.82–1.27)
1.06 (0.67–1.68)

1 [Reference]
1.12 (0.90–1.40)
0.86 (0.55–1.36)

1 [Reference]
0.74 (0.58–0.94)
0.68 (0.41–1.12)

Depressive symptoms
No
Yes
Missing

1 [Reference]
0.80 (0.61–1.05)
1.09 (0.77–1.54)

1 [Reference]
0.88 (0.71–1.11)
0.68 (0.51–0.92)

1 [Reference]
0.99 (0.79–1.25)
0.89 (0.63–1.26)

1 [Reference]
0.96 (0.73–1.25)
1.13 (0.81–1.60)

1 [Reference]
0.92 (0.70–1.20)
1.17 (0.81–1.68)

*The 2009–2010 survey cycle was not included. †Adjusted for age, sex, race/ethnicity, family income, education, and health insurance. Bold
values indicate statistical signiﬁcance.

Black and Mexican American adults with
diabetes compared with their White
counterparts (32–35). Previous studies
also showed that Mexican American and
Black adults with diabetes underwent
major amputation more frequently compared with their White counterparts
(36,37). In our study, we observed that
Mexican Americans with diabetes were
less likely to report a recent foot examination compared with non-Hispanic White
counterparts, but there was no BlackWhite difference in foot examination.
This analysis has several limitations.
First, although annual albuminuria testing is recommended by the ADA guidelines, we could not examine receipt of
albuminuria testing because this information was not collected in NHANES.
Second, information was not available
on health care provider type or geographic area. Third, the cross-sectional
study design does not allow for us establish the temporality of associations
when identifying factors associated with
receipt of care. Lastly, we assessed process measures of diabetes care, but improvements in such processes do not
necessarily translate into better outcomes (7,38–40). However, our study
showed that the receipt of ADA guideline-recommended care was signiﬁcantly
associated with better glycemic, blood
pressure, and cholesterol control although
causal relationship may not be established
due to the nature of cross sectional study
design.
Despite its limitations, our study
draws upon a number of strengths. The
NHANES is a nationally representative
survey and provides unbiased, nationally
representative estimates. We evaluated
characteristics of diabetes in detail, including HbA1c, duration of diabetes, diabetes medication use, and the presence
of comorbidities. To our knowledge, our

study is the ﬁrst to evaluate national
trends of receipt of diabetes care in both
a comprehensive way as well as its individual components.
In conclusion, receipt of ADA guideline-recommended diabetes care has increased in the last decade. However,
two of three U.S. adults with diabetes
still do not receive guideline-recommended care. Adults <65 years of age,
those with less severe diabetes, and
those who are socioeconomically disadvantaged or uninsured were less likely
to report having received care. Health insurance is an important modiﬁable determinant of receipt of care. Improving
access to health insurance may improve
uptake of preventive care practices in
adults with diabetes.
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albuminuria testing during a 1-year period (31). Despite some differences in the
components of care, the proportion of
patients with diabetes who received
comprehensive diabetes care is similar
to our study. The Torino study found that
older patients were less likely to receive
comprehensive care and that socioeconomic status was not associated with receipt of care. In contrast, our study
showed that younger patients were less
likely to receive quality care and that
lower socioeconomic status was signiﬁcantly associated with a lack of receiving
care. These differences may be partly attributable to the differences in health
care systems between the two countries:
a private, partial coverage system in the
U.S. versus a national health system in
Italy. Indeed, health insurance status was
strongly associated with receipt of ADA
guideline-recommended diabetes care as
well as each of its ﬁve components in
our U.S.-based study. The recent NHANES
2005–2016 analysis by Kazemian et al.
(13) showed a strong association of insurance status with any interaction with
the health care system for diabetes. Our
study adds to this study by showing that
insurance status is an important modiﬁable determinant to improve access to
quality diabetes care.
We did not ﬁnd racial/ethnic differences in receipt of ADA guideline-recommended diabetes care (all components)
in our study. However, there were signiﬁcant racial/ethnic differences in some
speciﬁc components of care. Mexican
Americans had lower access to a diabetes doctor than non-Hispanic Whites,
and non-Hispanic Black and Mexican
American adults were both less likely to
receive HbA1c and cholesterol testing
than non-Hispanic Whites. Our ﬁndings
are consistent with previous reports of
poorer glycemic and lipid control among
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