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BACKGROUND: Updating national trends in diabetes
management is important for identifying areas of progress
and remaining gaps in diabetes care.
OBJECTIVE: Evaluate trends in diabetes management.
DESIGN: Three nationally representative, serial cross-
sectional surveys (National Health and Nutrition Exami-
nation Survey [n = 5800], National Health Interview Sur-
vey [n = 48,519], and Behavioral Risk Factor Surveillance
System [n = 741,497]) were used to estimate trends in
diabetes management from 1999 to 2016.
PARTICIPANTS: Non-pregnant US adults (aged ≥
18 years) diagnosed with diabetes.
MAINMEASURES: American Diabetes Association’s gen-
eral recommendations for glycemic and cardiovascular
risk factor control, medication usage, physical activity,
preventive practices, and dietary intake.
KEY RESULTS: From 1999 to 2016, the proportion of US
adults with diabetes who attained glycemic control
(HbA1c < 7.0%) followed a quadratic trend (49.6% in
1999–2004 to 58.6% in 2005–2010 to 55.8% in 2011–
2016, P < 0.05 for trend). Control of blood pressure (<
140/90 mmHg) and lipids (LDL cholesterol < 100 mg/dl)
increased by 6.6 and 18.7 percentage points, respectively
(P < 0.05 for trends). The proportion that attained glyce-
mic, blood pressure, and lipid control followed a quadratic
trend (13.3% in 1999–2004 to 24.8% in 2005–2010 to
20.2% in 2011–2016, P < 0.05 for trend). Use of antidia-
betic, antihypertensive, and statin medication among
those who were eligible rose by 8.6, 5.0, and 24.0 percent-
age points, respectively (P < 0.05 for trends). Aerobic inac-
tivity declined 7.1 percentage points, while adherence to
aerobic activity (≥ 150 min/week) and resistance training
(≥ 2 times/week) recommendations grew 3.4 and 3.2 per-
centage points, respectively (P < 0.05 for trends). Engage-
ment in preventive practices (e.g., receipt of vaccinations)
consistently increased for 6 out of 8 outcomes. However,
the adherence to saturated fat (< 10% of total daily calo-
ries) and sodium (< 2300 mg/day) recommendations fell
by 6.5 and 5.2 percentage points (P < 0.05 for trends).
CONCLUSIONS: Despite notable improvements, declines
in glycemic control and adherence to dietary recommen-
dations may be growing challenges in diabetes care.
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INTRODUCTION

Over the past three decades, the prevalence of diabetes in
the USA has grown substantially, particularly among
racial/ethnic minorities and those from low socioeconomic
backgrounds.1–4 Left untreated, diabetes significantly ele-
vates the risk of a host of micro- and macro-vascular
complications, including cardiovascular disease and dam-
age to the kidneys, feet, and eyes.5–7 Because of this,
optimizing glycemic and cardiovascular risk factor control
is critical for delaying and potentially preventing the onset
of these negative health outcomes.
Each year, the American Diabetes Association (ADA) pub-

lishes a comprehensive set of evidence-based recommenda-
tions designed to optimize the management of diabetes.7

These are broad in scope and include treatment goals for
glycated hemoglobin (HbA1C), blood pressure, and low-
density lipoprotein (LDL) cholesterol (ABC goals), alongwith
recommendations for medication usage, physical activity, pre-
ventive practices, and nutrition. Monitoring the rate at which
these goals are achieved at a population level can help identify
areas of improvement and gaps in diabetes care, which can
inform the development of more effective public health policy
and guide the allocation of research funds.
Prior studies using nationally representative data have

shown that the proportion of US adults with diabetes meeting
ABC,3,8–11 medication usage,3,12,13 and preventive practice
goals8,14 has increased significantly over time. Less is known
about trends in the attainment of dietary and physical activity
goals, though existing work suggests that rates are low and
may have plateaued or even decreased over time.15–17 Few
studies, however, have examined temporal trends using more
recent data, considered multiple domains of diabetes manage-
ment simultaneously, or explored social disparities in the
attainment of these goals.
Using data from three nationally representative surveys, this

study examined trends in diabetes management among US
adults from 1999 to 2016. Analyses focused on five domains
of diabetes care and investigated variation across education
and race/ethnicity.
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METHODS

Study Sample

This study analyzed data from the National Health and Nutri-
tion Examination Survey (NHANES), National Health Inter-
view Study (NHIS), and Behavioral Risk Factor Surveillance
System (BRFSS). Data from all three sources were collected
from 1999 to 2016 and are representative of the noninstitu-
tionalized, civilian population in the USA. Respondents were
retained for the analysis if they reported being diagnosed with
diabetes by a health professional, were 18 years in age or
older, and were not pregnant. Further details for each study
are available elsewhere.18–20

Diabetes Management

Drawing on clinical guidelines developed by the ADA,7 this
study examined five sets of diabetes management outcomes
(Table 1; Appendix 1).
Measurements from clinical examinations were used to

determine the proportion of US adults with diabetes that met
targets for HbA1c (< 7.0%), blood pressure (< 140/90mmHg),
and LDL cholesterol (< 100 mg/dl). HbA1c values were cal-
ibrated to account for changes in laboratory methodology that
may have artificially increased HbA1c levels.3 We also
assessed the proportion that simultaneously attained all three
ABC goals.
Information from medication container examinations was

used to assess the proportion who were using antidiabetic,
antihypertensive, and statin medications among those who
were eligible based on ADA guidelines. Eligibility was de-
fined as having uncontrolled diabetes (HbA1c ≥ 7.0%) for
antidiabetic medication; having high blood pressure (self-re-
ported or blood pressure ≥ 140/90 mmHg) for antihyperten-
sive medication; and being ≥ 40 years of age or having car-
diovascular disease or risk factors for statins (see Appendix 1
for complete eligibility criteria).
Self-reported information related to physical activity per-

formed for leisure was used to measure the proportion meeting
recommended aerobic activity (≥ 150 min/week of moderate
aerobic activity, ≥ 75 min a week of vigorous aerobic activity,
or some combination of both) and strength training (≥ 2 times
a week) targets. An additional indicator was used to examine
the proportion that was physically inactive (no physical activ-
ity lasting at least 10 min during the week). We also assessed
the proportion that simultaneously attained aerobic activity
and strength training goals.
Self-reported information related to engagement in preven-

tive practices was used to examine the proportion receiving
dental (annual), foot (annual), and eye examinations (annual
for those with self-reported retinopathy/biennial for those
without self-reported retinopathy); vaccinations against influ-
enza (annual), pneumonia (at least once ever), and hepatitis B
(at least once ever); HbA1c tests (biannual); and formal dia-
betes education (at least once ever).

Self-reported information from dietary recall interviews
was used to determine the proportion that met recommended
targets for the intake of saturated fat (< 10% of all calories),
sodium (< 2300 mg/day), cholesterol (< 300 mg/day), and
fiber (≥ 14 g/1000 kcal consumed).

Table 1 Description of Diabetes Management Measures (National
Health and Examination Survey (NHANES), National Health

Interview Survey (NHIS), and Behavioral Risk Factor Surveillance
System (BRFSS))

Management
outcome

Respondents in
analysis

Data
source

Years
available

ABC targets
HbA1c < 7.0% All NHANES 1999–

2016Blood pressure <
140/90 mmHg

All

LDL cholesterol <
100 mg/dl

Random morning
fasting half-sample

Medication usage
Antidiabetic

medication
Respondents with
uncontrolled
diabetes (HbA1c ≥
7.0%)

NHANES 1999–
2016

Antihypertensive
medication

Respondents with
hypertension (self-
reported or blood
pressure ≥ 140/
90 mmHg)

Statin medication Respondents who
were ≥ 40 years of
age or had
cardiovascular
disease/risk factors
(see Appendix 1
for complete list of
inclusion criteria)

Physical activity targets
Aerobic activity NHIS 1999–

2016< 10 min/week All
≥150 min/week All

Strength training
≥ 2 times/week All

Preventive practices
Annual examinations
Dental All NHIS 1999–

2016
Eye All NHIS 2002,

2008,
2016

Foot All BRFSS 1999–
2016

Vaccinations
Influenza (annual) All NHIS 1999–

2016
Pneumococcal All NHIS 1999–

2016
Hepatitis B All NHIS 2000–

2016
Biannual HbA1c

test
All BRFSS 1999–

2016
Diabetes education All BRFSS 2000–

2016
Dietary targets
< 10% total daily

calories from
saturated fats

All NHANES 1999–
2016

< 2300 mg
sodium/day

All

14 g fiber/1000 kcal All
< 300 mg

cholesterol/day
All
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Statistical Analysis

This study focused on trends in diabetes management out-
comes from 1999 to 2016 among US adults diagnosed with
diabetes. All estimates were generated by pooling survey data
together into three 6-year intervals (1999–2004; 2005–2010;
2011–2016) to improve precision.21 Tests for time trends, on
the other hand, were performed using unpooled data, as rec-
ommended by recent analytic guidelines.22 All analyses were
conducted using Stata 14.0 (StataCorp) and used recommend-
ed survey weights. A two-sided P value of less than 0.05 was
considered to indicate statistical significance.
Analyses proceeded in three general steps. First, we esti-

mated the unadjusted proportion of the population that
attained diabetes management targets over time. Time trends
were tested using logistic regression models, with diabetes
management targets being regressed onto survey year, entered
as both a linear and quadratic term. As a sensitivity analysis,
we repeated this analysis while control l ing for
sociodemographic characteristics (age, sex, race/ethnicity,
and education) using predictive margins.
Second, we estimated the unadjusted mean level of four key

clinical outcomes (HbA1c, blood pressure, and LDL choles-
terol) in the overall population over time. Trends were
assessed with linear regression models, regressing these con-
tinuous outcomes onto survey year (linear and quadratic).
Third, we considered heterogeneity in the attainment of

diabetes management targets. Race and education-specific
estimates were generated, and logistic regression models that
interacted with survey year with sociodemographic character-
istics were examined. Adjusted Wald tests were used to assess
the statistical significance of these interaction terms. Because
interactions between sociodemographic characteristics and
quadratic time trends (e.g., education × time × time) were all
non-significant, only interactions using linear time trends are
presented here.

RESULTS

Table 2 presents the characteristics of US adults aged 18 or
older diagnosed with diabetes. Across all three studies, there
was an increase in the percentage of adults with diabetes with
at least a high school degree.Within the NHIS and the BRFSS,
racial/ethnic minorities and those older in age made up a
growing proportion of adults who were diagnosed with
diabetes.
The proportion of adults with diabetes that attained glyce-

mic control followed a quadratic trend (Table 3, P = 0.001),
increasing from 49.6% (95% CI 45.3–53.9) in 1999–2004 to
58.6% (95% CI 55.2–62.0) in 2005–2010 before declining to
55.8% (95% CI 52.6–58.9) in 2011–2016. On the other hand,
there was a consistent increase in the proportion of adults with
diabetes who met recommended targets for blood pressure
(66.8 to 73.4%, P = 0.002 for trend) and LDL cholesterol
(37.5 to 56.3%, P = 0.02 for trend). The proportion that

achieved all three ABC goals followed a quadratic trend
(P = 0.002), improving from 1999–2004 to 2005–2010 (13.3
to 24.8%) before falling in 2011–2016 (24.8 to 20.2%).
Similar changes were evident in the average level of these

clinical measures (Fig. 1). During the study period, mean
HbA1C decreased substantially from 1999–2004 to 2005–
2010 (7.43 to 7.08%) before rising in 2011–2016 (7.08 to
7.22%, P = 0.001 for trend). Meanwhile, there were nonlinear
decreases in both mean LDL cholesterol (115.1 to 99.0 mg/dl,
P ≤ 0.001 for trend) and systolic blood pressure (133.1 to
129.9 mmHg, P = 0.019 for trend) and no change in diastolic
blood pressure.
The use of prescription medication was high and rose

substantially during the study period. The use of antidiabetic
medication among those with uncontrolled diabetes increased
by 8.6 percentage points (82.5 to 91.1%, P ≤ 0.001 for trend)
and the use of statins among those who had CVD or CVD risk
factors increased by 24 percentage points (31.9 to 55.9%, P ≤
0.001 for trend). The use of antihypertensive medication
among those with hypertension followed a quadratic trend
(P = 0.001 for trend), increasing from 1999–2004 to 2005–
2010 (81.6 to 87.2%) before declining slightly in 2011–2016
(87.2 to 86.6%).
The attainment of physical activity goals grew during the

study as well, though gains were more modest in size. From
1999–2004 to 2011–2016, the average amount of time US
adults with diabetes spent on moderate aerobic activity in-
creased from 86.4 to 103.3 min per week (P ≤ 0.001 for trend;
data not shown). Accordingly, the proportion that reached the
aerobic activity target increased (27.5 to 30.9%, P ≤ 0.001 for
trend) while the proportion that was aerobically inactive de-
creased (55.7 to 48.6%, P ≤ 0.001 for trend). The proportion
that met strength training guidelines also increased (9.8 to
13.0%, P ≤ 0.001 for trend). The proportion that met both
aerobic and resistance training goals was low, but increased
by 2.1 percentage points during the study period (6.6 to 8.7%,
P ≤ 0.001 for trend).
There were fairly consistent improvements in the engage-

ment of recommended preventive practices. From 1999–2004
to 2011–2016, a growing proportion of adults with diabetes
received annual dental examinations (51.5 to 54.2%, P ≤
0.001 for trend) and annual foot examinations (67.6 to
73.0%, P ≤ 0.001 for trend); received an annual vaccination
for influenza (53.4 to 61.1%, P = 0.005 for trend) and a vac-
cination for pneumonia (39.8 to 51.4%, P ≤ 0.001 for trend)
and hepatitis B (16.2 to 23.3%, P = 0.004 for trend); and tested
their HbA1c levels at least twice a year (69.9%% to 73.7%%,
P ≤ 0.001 for trend). The two exceptions were eye examina-
tions and diabetes education: the receipt of eye exams was
high but remained unchanged, while the receipt of diabetes
education increased slightly from 1999–2004 to 2005–2010
(51.9 to 54.5%) before declining slightly in 2011–2016 (54.5
to 52.9%, P ≤ 0.001 for trend).
Conversely, trends in the attainment of dietary intake targets

remained unchanged or declined during the study period.
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Moreover, there was a decrease in the proportion who met
dietary guidelines for saturated fats (45.3 to 38.8%, P = 0.03
for trend) and sodium (33.5 to 28.2%, P = 0.01 trend) and no
change for those who met targets for fiber and dietary choles-
terol intake. Only about 4–5% of adults with diabetes met all
four of these dietary guidelines; this figure did not change
during the study period.
Observed trends were generally similar after adjusting for

sociodemographic characteristics (Appendix 2).

Trends Across Subgroups

Changes in diabetes management varied considerably across
education (Appendix 3). Most notably, those who did not
complete high school had substantially larger increases than
their counterparts in the attainment of glycemic and blood
pressure control (P = 0.02 and 0.004, respectively, for year
by education interaction). Less educated adults with diabetes
also had larger improvements in aerobic activity but smaller
improvements for three preventive practices (pneumonia vac-
cination, HbA1c testing, and diabetes education). Across
race/ethnicity, trends were mostly consistent across groups,
with several exceptions (Appendix 4). In particular, the use of
antidiabetic medication among those with uncontrolled diabe-
tes grew significantly faster for non-Hispanic Whites com-
pared to racial/ethnic minorities (P = 0.04 for year by race
interaction). However, racial/ethnic minorities had larger gains
than non-Hispanic Whites in aerobic activity. Trends for pre-
ventive practices were mixed; non-Hispanic Whites had larger
increases than non-Whites in the engagement of three preven-
tive practices (foot examinations, hepatitis B vaccination, and
diabetes education), but smaller increases in two (influenza
and pneumonia vaccinations).

DISCUSSION

From 1999 to 2016, the proportion of US adults with diabetes
meeting recommendations for blood pressure, LDL cholester-
ol, medication usage, physical activity, and preventive prac-
tices increased substantially. However, the proportion
attaining dietary goals stagnated and declined, while the pro-
portion attaining glycemic control followed a quadratic trend,
rising from 1999 to 2010 before declining somewhat from
2010 to 2016.
Much of the findings here align with past work.8–12,15 For

instance, one study showed that the proportion of US adults
with diabetes attaining blood pressure and lipid control in-
creased by 11.7 and 20.8 percentage points, respectively, from
1999 to 2010.8 There were, however, two exceptions. First,
while existing research generally finds consistent improve-
ments in glycemic control since the late 1990s.3, 8,9 this paper
is among the first to document a quadratic trend. This may
stem from differences in data and methodology, as we used
more recent national data and explicitly tested nonlinear
trends. For example, a recent study using the NHANES ob-
served similar rates of glycemic control from 1999 to 2014
among US adults, though it did not test for nonlinearities.10

Second, one of the few studies on trends in physical activity
reported no change in aerobic activity among US adults with
diabetes.16 That paper, however, examined a much shorter
time interval and fewer time points, which may have limited
its ability to detect secular trends.
The partial reversal in glycemic control is an important

concern, given the well-documented link between hypergly-
cemia and diabetic complications.5 In fact, there is evidence
that this trend may already be having an adverse impact on a
population level. Recent analyses of US adults with diabetes,

Table 2 Sociodemographic Characteristics of US Adults with Diagnosed Diabetes, 1999–2004 to 2011–2016

NHANES (N = 5800) NHIS (N = 48,519) BFRSS (N = 741,497)

1999–
2004

2005–
2010

2011–
2016

P
value

1999–
2004

2005–
2010

2011–
2016

P
value

1999–
2004

2005–
2010

2011–
2016

P
value

Age (%)
18–44 16.4 14.4 13.8 0.53 15.7 15.0 12.4 < 0.001 16.2 15.7 13.1 < 0.001
45–64 44.0 45.9 46.7 44.6 47.3 46.0 44.5 45.6 45.7
65+ 39.6 39.7 39.5 39.7 37.7 41.6 39.3 38.7 41.2

Sex (%)
Male 51.5 52.1 48.7 0.20 49.7 49.5 49.8 0.88 48.9 50.6 50.3 < 0.001
Female 48.5 48.0 51.3 50.3 50.5 50.2 51.1 49.4 49.7

Race/ethnicity* (%)
NH-White 63.4 61.3 59.2 0.49 68.0 64.8 62.0 < 0.001 65.2 62.8 60.0 < 0.001
NH-Black 15.9 18.2 15.4 15.6 15.4 15.5 14.7 14.8 15.8
Mexican-

American
7 8.5 10.2 – – – – – –

Hispanic – – – 11.6 13.5 15.5 14.3 15.6 17.1
Other 13.8 12.1 15.2 4.8 6.2 7.1 5.9 6.9 7.1

Education (%)
Less than HS 34.1 30.2 23.1 < 0.001 26.1 22.0 18.6 < 0.001 22.7 18.3 23.0 < 0.001
Completed

HS
65.9 69.9 77.0 73.9 78.0 81.4 77.3 81.8 77.0

Estimates are weighted and based on data from three national surveys: National Health and Examination Survey (NHANES), National Health Interview
Survey (NHIS), and Behavioral Risk Factor Surveillance System (BRFSS). P values are for χ2 tests. Percentages may not add up to 100 due to rounding
NH non-Hispanic, HS high school
*The NHIS and BRFSS collected data that was representative of Hispanics during the study period, while the NHANES only collected representative
information for Mexican-Americans
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Table 3 Trends in the Attainment of Diabetes Management Targets Among US Adults with Diagnosed Diabetes, 1999–2004 to 2011–2016

Management outcomes 1999–2004 2005–2010 2011–2016 P value for
linear trend*

P value for
quad. trend*

Absolute change
1999–2004 to 2011–
2016 (95% CI)% (95 CI) % (95 CI) % (95 CI)

ABC targets
HbA1c < 7.0% 49.6 (45.3–

53.9)
58.6 (55.2–
62.0)

55.8 (52.6–
58.9)

0.02 0.001 6.2 (0.9–11.5)

Blood pressure < 140/
90 mmHg

66.8 (63.3–
70.4)

70.6 (68.0–
73.2)

73.4 (70.5–
76.3)

0.002 0.06 6.6 (2.0–11.1)

LDL cholesterol < 100 mg/
dl†

37.5 (31.7–
43.4)

55.4 (51.1–
59.7)

56.3 (51.7–
60.8)

< 0.001 0.02 18.7 (11.3–26.1)

All 3 ABC targets attained 13.3 (9.8–
16.7)

24.8 (20.6–
29.1)

20.2 (15.7–
24.8)

0.08 0.002 7.0 (1.3–12.7)

Medication usage‡

Antidiabetic medication 82.5 (78.3–
86.7)

88.1 (85.6–
90.5)

91.1 (88.8–
93.4)

< 0.001 0.57 8.6 (3.8–13.3)

Antihypertensive medication 81.6 (78.7–
84.5)

87.2 (85.0–
89.4)

86.6 (84.0–
89.1)

0.007 0.001 5.0 (1.1–8.8)

Statin medication 31.9 (28.5–
35.4)

50.0 (47.5–
52.5)

55.9 (52.6–
59.2)

< 0.001 < 0.001 24.0 (19.2–28.7)

Physical activity targets
Aerobic activity
< 10 min/week 55.7 (54.5–

56.9)
53.1 (51.9–
54.3)

48.6 (47.6–
49.6)

< 0.001 0.37 −7.1 (−8.7 - -5.5)

≥ 150 min/week 27.5 (26.4–
28.5)

28.5 (27.3–
29.6)

30.9 (30.0–
31.8)

< 0.001 0.82 3.4 (2.0–4.8)

Strength training
≥ 2 times/week 9.8 (9.1–10.5) 11.6 (10.9–

12.3)
13.0 (12.3–
13.6)

< 0.001 0.31 3.2 (2.2–4.1)

Both physical activity targets
attained

6.6 (6.0–7.2) 7.9 (7.3–8.5) 8.7 (8.1–9.2) < 0.001 0.29 2.1 (1.2–2.9)

Preventive practices
Examinations
Dental (annual) 51.5 (50.3–

52.7)
52.3 (51.2–
53.5)

54.2 (53.2–
55.2)

< 0.001 0.07 2.7 (1.1–4.2)

Foot (annual) 67.6 (66.9–
68.2)

70.8 (70.3–
71.3)

73.0 (72.6–
73.4)

< 0.001 0.41 5.4 (4.7–6.2)

Eye (annual/biennial)§ 77.6 (75.4–
79.7)

75.9 (73.5–
78.3)

78.9 (77.0–
80.8)

0.18 0.12 1.3 (− 1.5–4.1)

Vaccinations
Influenza (annual) 53.4 (52.3–

54.5)
54.4 (53.3–
55.6)

61.1 (60.2–
62.0)

< 0.001 0.005 7.7 (6.2–9.2)

Pneumococcal (ever) 39.8 (38.7–
40.9)

44.9 (43.7–
46.0)

51.4 (50.5–
52.3)

< 0.001 0.77 11.6 (10.1–13.0)

Hepatitis B (ever) 16.2 (15.3–
17.2)

20.1 (19.2–
20.9)

23.3 (22.5–
24.1)

< 0.001 0.004 7.1 (5.8–8.3)

HbA1c test (biannual) 69.9 (69.2–
70.6)

71.8 (71.3–
72.3)

73.7 (73.2–
74.1)

< 0.001 0.29 3.8 (2.9–4.6)

Diabetes education (ever) 51.9 (51.2–
52.6)

54.5 (54.0–
55.0)

52.9 (52.5–
53.4)

< 0.001 < 0.001 1.0 (0.2–1.9)

Dietary targets
< 10% total daily calories

from saturated fats
45.3 (41.2–
49.5)

37.8 (34.3–
41.2)

38.8 (35.3–
42.4)

0.03 0.30 −6.5 (− 12.0 to − 1.1)

< 2300 mg sodium/day 33.5 (30.5–
36.4)

30.6 (27.9–
33.2)

28.2 (25.2–
31.3)

0.01 0.52 − 5.2 (− 9.4 to − 1.0)

≥ 14 g fiber/1000 kcal 14.1 (11.2–
17.0)

12.9 (10.4–
15.5)

13.6 (11.3–
15.9)

0.61 0.39 − 0.5 (− 4.2–3.2)

< 300 mg cholesterol/day 66.4 (62.8–
70.0)

63.9 (60.6–
67.2)

64.7 (61.6–
67.8)

0.82 0.46 − 1.7 (− 6.4–3.0)

All 4 dietary targets attained 4.3 (2.8–5.9) 3.5 (2.4–4.6) 5.2 (3.6–6.8) 0.29 0.36 0.9 (− 1.3–3.1)

Estimates are weighted and based on pooled data from three national surveys: National Health and Examination Survey (NHANES), National Health
Interview Survey (NHIS), and Behavioral Risk Factor Surveillance System (BRFSS). The NHANES was used for ABC, medication usage, and dietary
targets, the NHIS for physical activity and preventive practices targets, and the BRFSS for preventive practices targets
*Using unpooled data, P values were calculated with logistic regression models where survey year was entered as a linear and quadratic term,
respectively
†Estimates for LDL cholesterol levels were derived from a random morning fasting half-sample using Friedewald’s formula
‡Estimates only included respondents who were eligible for each class of medication, as described in existing ADA guidelines (see
Appendix for more detail). Antidiabetic medication usage included respondents with uncontrolled diabetes (HbA1c ≥ 7.0%). Antihypertensive
medication included respondents with hypertension (self-reported or blood pressure ≥ 140/90 mmHg). Statin medication usage included
respondents who were age 40 or older or had cardiovascular disease or risk factors
§Respondents were classified as meeting this recommendation if they (a) had retinopathy and received an annual eye examination or (b) did not have
retinopathy and received a biennial eye examination
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for instance, showed that after declining steadily from 1999 to
2010, rates of amputations and hyperglycemic emergencies
have increased from 2010 to 2015.23 Changes in the charac-
teristics of adults with diabetes may have contributed to the
decline in glycemic control, although observed trends did not
change after adjusting for sociodemographic factors. It is also
possible that physicians may be deintensifying treatment, un-
intentionally leading to higher levels of glycemia. Unfortu-
nately, rigorously testing mechanisms were outside of the
scope of this paper and should be the focus of future research.
Likewise, the lack of progress related to dietary guidelines

is discouraging because proper nutrition is important for
weight management, which has been associated with a host
of health benefits for individuals with diabetes.24–26 Some
suggest that individuals with diabetes may lack knowledge
about the benefits of proper nutrition27,28 or may not receive
clear guidance from health care providers.29,30 Others specu-
late that the difficulty of sustaining lifestyle changes compared
to other types of therapy, in particular medication, may explain

the low adherence to dietary guidelines.31 Related to this,
some qualitative research suggests that the availability of
medication may lead some patients to disregard the impor-
tance of nutrition.32 Identifying and subsequently mitigating
the factors responsible for the decreased adherence to dietary
goals may improve eating habits for adults with diabetes.
In contrast, the gains in blood pressure and lipid control,

medication usage, and physical activity are encouraging signs
of progress. Evidence from clinical trials has shown that
reaching these targets can substantially mitigate health com-
plications associated with diabetes.6,33–39 Several factors may
explain these gains, including the dissemination of findings
from landmark studies, increased awareness around the bene-
fits of lifestyle modification and cardiovascular risk factor
control, and the growing adoption of multi-faceted disease
management programs by health systems. These trends are
also likely inter-related; the rise in statin usage observed here,
for example, likely accounts for much of the improvement in
lipid control.

Figure 1 Mean glycated hemoglobin, low-density lipoprotein cholesterol, systolic blood pressure, and diastolic blood pressure among US adults
with diagnosed diabetes, 1999–2016. This figure shows mean HbA1c (top left), LDL cholesterol (top right), systolic blood pressure (bottom left),
and diastolic blood pressure (bottom right) for US adults with diagnosed diabetes at three consecutive time periods (1999–2004, 2005–2010, and
2011–2016). Estimates are weighted and come from pooled data using the National Health and Nutrition Examination Study. P values are for
linear regression models where data was unpooled and time was entered as a linear and quadratic term, respectively. Estimates for LDL

cholesterol levels were derived from a random subsample of fasting respondents using Friedewald’s formula.
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It remains unclear whether preventive practices directly
reduce the risk of diabetic health complications. Nonetheless,
increased engagement in these behaviors may still represent
important progress. These gains, for instance, may signal that
US adults are becoming increasingly knowledgeable of and
proactive in managing their diabetes. Growing engagement in
preventive practices may also translate into improved relations
between patients and their diabetes care team, as this offers
more opportunities for the two to communicate and
collaborate.
This study observed important reductions in social dispar-

ities in diabetes management. In particular, the attainment of
glycemic and blood pressure control grew significantly faster
for less educated adults compared to their peers. We found
some evidence that this convergence may be related to larger
improvements in lifestyle factors, as adherence to physical
activity recommendations rose faster for less educated adults.
Surprisingly, medication usage did not appear to contribute to
the reduction of educational disparities, as the use of antidia-
betic and antihypertensive grew at roughly the same rate
across educational level.
Nevertheless, some disparities persisted and worsened over

time. Most notably, the use of antidiabetic medication among
those with uncontrolled diabetes grew significantly faster for
non-Hispanic Whites compared to racial/ethnic minorities.
This finding is consistent with past studies on the general adult
population, which also find slower growth in the usage of
prescription medication among some minority groups.40 Ad-
dressing this gap may be especially relevant moving forward,
as the prevalence of diabetes continues to grow significantly
faster for minorities.1–4 Moreover, newer classes of antidia-
betic medications now offer additional benefits (e.g., protec-
tion against cardiovascular and kidney disease)41, suggesting
that antidiabetic medication disparities may impact racial/
ethnic differences in areas other than glycemic control.
This paper had several notable strengths. In particular, the

use of recent nationally representative data from three different
surveys to examine five domains of diabetes management
makes this one of the most comprehensive and up-to-date
assessments of diabetes care available.
At the same time, this study had several important limita-

tions. First, this study focused on standard, rather than indi-
vidualized, treatment goals, since the latter is difficult to
accurately obtain within national surveys. Second, the NHIS
only focused on physical activity performed for leisure, ex-
cluding physical activity performed in other settings (e.g.,
work). Third, dietary, physical activity, and preventive practice
measures were based on self-reported data, making them
susceptible to problems such as social desirability bias. Fourth,
because the BFRSS underwent significant changes in data
collection in 2010, prevalence rates before and after this period
may not be directly comparable 20. Fifth, while we used recent
guidelines to define therapeutic targets, it is important to note
these changed over the study period, potentially impacting the
comparability of adherence across time. Sixth, because we

could not accurately distinguish between type 1 and type 2
diabetes, the trends reported here reflect a combination of both
groups’ health status.
In conclusion, there were marked improvements in

across a broad range of diabetes management from 1999
to 2016 among US adults. Nonetheless, some gains in
glycemic control were lost, and the attainment of dietary
targets did not improve over time. Therefore, while much
progress has been made, there are still critical gaps in
diabetes care.
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