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Abstract

BACKGROUND—Documenting current trends in diabetes treatment and risk-factor control may
inform public health policy and planning.

METHODS—We conducted a cross-sectional analysis of data from adults with diabetes in the
United States participating in the National Health and Nutrition Examination Survey (NHANES)
to assess national trends in diabetes treatment and risk-factor control from 1999 through 2018.

RESULTS—Diabetes control improved from 1999 to the early 2010s among the participants but
subsequently stalled and declined. Between the 20072010 period and the 20152018 period,
the percentage of adult NHANES participants with diabetes in whom glycemic control (glycated
hemoglobin level, <7%) was achieved declined from 57.4% (95% confidence interval [CI], 52.9
to 61.8) to 50.5% (95% Cl, 45.8 to 55.3). After major improvements in lipid control (hon-
high-density lipoprotein cholesterol level, <130 mg per deciliter) in the early 2000s, minimal
improvement was seen from 2007-2010 (52.3%; 95% ClI, 49.2 to 55.3) to 2015-2018 (55.7%;
95% Cl, 50.8 to 60.5). From 2011-2014 to 2015-2018, the percentage of participants in whom
blood-pressure control (<140/90 mm Hg) was achieved decreased from 74.2% (95% ClI, 70.7 to
77.4) to 70.4% (95% ClI, 66.7 to 73.8). The percentage of participants in whom all three targets
were simultaneously achieved plateaued after 2010 and was 22.2% (95% Cl, 17.9 to 27.3) in
2015-2018. The percentages of participants who used any glucose-lowering medication or any
blood-pressure—lowering medication were unchanged after 2010, and the percentage who used
statins plateaued after 2014. After 2010, the use of combination therapy declined in participants
with uncontrolled blood pressure and plateaued for those with poor glycemic control.

CONCLUSIONS—After more than a decade of progress from 1999 to the early 2010s, glycemic
and blood-pressure control declined in adult NHANES participants with diabetes, while lipid
control leveled off. (Funded by the National Heart, Lung, and Blood Institute.)
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Type 2 diabetes affects more than 34 million U.S. adults and significantly increases the
risk of cardiovascular events, microvascular disease, and premature death.! Tight glycemic,
blood-pressure, and lipid control lowers the risk of diabetes-related illness and death,
especially when attained concomitantly.2-6 Consequently, multifactorial risk-factor control
forms the foundation of clinical care for patients with diabetes.”®

Glycemic, blood-pressure, and lipid control improved from 1999 to 2010 in U.S. adults with
diabetes,10 but recent analyses suggest that progress may have stalled or reversed in later
periods.1! However, most existing research has not considered trends in risk-factor control
and diabetes treatment together. During the past two decades, the growing availability of
different drug classes and agents,’~12 rising use of combination therapy,13-14 and evolving
clinical guidance’=® have fundamentally altered diabetes care and probably influenced
population-level risk-factor control. Understanding trends in diabetes treatment is critical
for our interpretation of risk-factor control.

The objectives of our study were to update national trends in risk-factor control in U.S.
adults with diabetes, assess trends in treatment, and identify population subgroups most
likely to have untreated risk factors. To accomplish these aims, we analyzed nearly two
decades of data (1999 to 2018) from the National Health and Nutrition Examination Survey
(NHANES).

METHODS
STUDY SAMPLE AND OVERSIGHT

The NHANES is a series of nationally representative, cross-sectional studies designed

to monitor the health of the U.S. population. Participants are selected from the U.S.
noninstitutionalized, civilian population with the use of a complex, stratified, multistage
probability-cluster sampling design for in-home interviews and visits to a mobile
examination center.1> Among persons selected for the NHANES from 1999 through 2018,
the percentage who participated ranged from 52 to 84% for the household interview and 49
to 80% for the medical examination (Table S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org). The National Center for Health Statistics
(NCHS) institutional review board approved the study protocols, and all the participants
provided written informed consent.

Our study included all participants in the NHANES from 1999 through 2018 who were
nonpregnant and 20 years of age or older and who reported having ever received a diagnosis
of diabetes from a physician (other than during pregnancy) (6653 participants). The first,
third, and fourth authors designed the study, wrote the manuscript, and made the decision

to submit the manuscript for publication. The first two authors analyzed the data and vouch
for the completeness and accuracy of the data. The first author wrote the first draft of the
manuscript. The National Heart, Blood, and Lung Institute, which provided grant funding to
two authors, had no role in the design, analysis, interpretation, or writing of this study.
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RISK-FACTOR CONTROL

Glycated hemoglobin was measured with the use of high-performance liquid
chromatography methods. To account for changes in laboratory methods over time,

we calibrated glycated hemoglobin levels using a previously documented equipercentile
equating approach.18 This approach uses a statistical correction to account for shifts in

both the mean and standard deviation of the glycated hemoglobin distribution resulting

from changes in laboratory methods. For this analysis, we used the latest NHANES survey
years (2015 through 2018) as the reference. We defined glycemic control as a glycated
hemoglobin level of less than 7.0%.7-8 In sensitivity analyses, we examined glycemic
control using individualized targets based on participants’ age and health status.10 After

the participant rested in a seated position for 5 minutes, blood pressure was measured three
consecutive times on the same arm with a mercury sphygmomanometer. We calculated mean
systolic and diastolic blood pressure using all available readings. We defined blood-pressure
control as mean systolic and diastolic blood pressures of less than 140/90 mm Hg’8 and
also considered a more stringent target of less than 130/80 mm Hg. Serum cholesterol was
measured enzymatically. We calculated non-high-density lipoprotein (hon-HDL) cholesterol
as total measured cholesterol minus HDL cholesterol. We defined lipid control as a non-
HDL cholesterol level of less than 130 mg per deciliter (3.4 mmol per liter)! and examined a
low-density lipoprotein (LDL) cholesterol level of less than 100 mg per deciliter (2.6 mmol
per liter) in sensitivity analyses.1’

MEDICATION USE

Respondents were asked if they had taken any prescription medications in the past 30
days. Those who answered “yes” were asked to show interviewers the containers for all
medications. When containers were unavailable, respondents reported medication names
to researchers. All medications were converted to a standard generic drug name and then
categorized into therapeutic classes on the basis of the Multum MediSource Lexicon
classification system.1® Using drug-classification codes, we created measures for the use
of any type and specific types of glucose-lowering, blood-pressure—lowering, and lipid-
lowering medications (see the Methods section in the Supplementary Appendix).

SOCIODEMOGRAPHIC CHARACTERISTICS AND WEIGHT STATUS

Participants reported age, sex (male or female), race and ethnic group (hon-Hispanic White,
non-Hispanic Black, Asian American, Mexican American, or other), education (high school
or less, some college, or college graduate), family income (<130%, 130 to 349%, or =2350%
of the federal poverty level), health-insurance status (uninsured or any health insurance),
smoking status (current smoker, former smoker, or never smoked), and age at diagnosis

of diabetes. We calculated body-mass index (BMI; the weight in kilograms divided by the
square of the height in meters) and classified participants into three weight-status groups:
normal (BMI of <25), over-weight (BMI of 25 to <30), or obese (BMI of =30).

STATISTICAL ANALYSIS

We examined participant characteristics over time and estimated the prevalence of risk-
factor control and medication use. Temporal trends were assessed with the use of two-piece
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linear spline models, with one knot at inflection points. Time was modeled as the midpoint
of each 2-year survey period. To minimize the effects of small sample size and improve the
precision of estimates, we pooled survey years into 4-year intervals (1999 through 2002,
2003 through 2006, 2007 through 2010, 2011 through 2014, and 2015 through 2018).1°
We assessed the number of glucose-lowering, blood-pressure-lowering, and lipid-lowering
medications used overall and across levels of risk-factor control. For this analysis, each
ingredient in a combination drug was counted as a separate medication. We examined
factors that were associated with treatment in participants in whom targets for glycemic,
blood-pressure, and lipid control were not achieved using logistic and multinomial logistic-
regression models. In sensitivity analyses, we examined trends in risk-factor control after
adjusting for sociodemographic characteristics (age, sex, and race or ethnic group), using 2-
year survey cycles, using a definition of glycemic control based on individualized targets,10
and using an LDL cholesterol level of less than 100 mg per deciliter to define lipid control.

All analyses were conducted with the use of Stata software, version 16.0 (StataCorp), and
used recommended sample weights!® that account for oversampling of certain populations
and survey nonresponse. The calculated estimates are designed to be representative of the
U.S. civilian noninstitutionalized population with diagnosed diabetes. The width of the
confidence intervals has not been adjusted for multiplicity of testing. Inferences that are
drawn from these intervals may not be reproducible.

TRENDS IN DIABETES RISK-FACTOR CONTROL

From 1999 through 2018, the age and racial or ethnic distribution of adult NHANES
participants with diagnosed diabetes remained stable, whereas the percentage of participants
who had a college degree, higher income, health insurance, obesity, or long-standing
diabetes increased. Details on the characteristics of the participants are provided in Table

1 and Table S2.

Trends for glycemic, blood-pressure, and lipid control were nonlinear, with an inflection
point around 2010 (Fig. 1). The percentage of participants in whom glycemic control
(glycated hemoglobin level, <7%) was achieved increased from 44.0% (95% confidence
interval [Cl], 38.9 to 49.3) to 57.4% (95% Cl, 52.9 to 61.8) from 1999-2002 to 2007-

2010 but then declined to 50.5% (95% CI, 45.8 to 55.3) in 2015-2018. The percentage

of participants in whom blood-pressure control (<140/90 mm Hg) was achieved rose from
64.0% (95% ClI, 59.2 to 68.5) in 1999-2002 to 74.2% (95% CI, 70.7 to 77.4) in 2011-2014
but then declined to 70.4% (95% CI, 66.7 to 73.8) in 2015-2018. Similar trends were
observed for blood pressure controlled to less than 130/80 mm Hg. The percentage of
participants in whom lipid control (non-HDL cholesterol level, <130 mg per deciliter) was
achieved increased from 25.3% (95% ClI, 20.8 to 30.4) in 1999-2002 to 52.3% (95% ClI,
49.2 t0 55.3) in 2007-2010 and subsequently leveled off (55.7% in 2015-2018; 95% ClI,
50.8 to 60.5). The percentage of participants in whom glycemic, blood-pressure, and lipid
control were simultaneously achieved rose from 9.0% (95% Cl, 6.7 to 11.9) in 1999-2002 to
24.9% (95% Cl, 21.1 to 29.0) in 2007-2010 and then plateaued (22.2% in 2015-2018; 95%
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Cl, 17.9 to 27.3). When all years were modeled, the annual rate of change in diabetes control
decreased for all outcomes (Table S3).

Trends in mean levels of glycated hemoglobin, systolic and diastolic blood pressures, and
non-HDL cholesterol were nonlinear, reaching an inflection point in 2007-2010 before
plateauing or increasing thereafter (Fig. S1). Trends in risk-factor control were similar after
adjustment for age, sex, and race or ethnic group (Fig. S2) and when 2-year survey cycles
were used (Fig. S3). Glycemic control (defined on the basis of individualized targets) and
lipid control (defined as an LDL cholesterol level of <100 mg per deciliter) increased from
1999 to 2010 but were unchanged thereafter (Figs. S4 and S5).

TRENDS IN DIABETES TREATMENT

The use of any glucose-lowering medication increased by 8.6 percentage points (95% Cl,
3.2t0 13.8) from 1999-2002 to 2007-2010 and then leveled off (Fig. 2 and Table S3). From
1999 to 2018, there was an increase in the use of metformin, insulin, and newer agents (e.g.,
sodium—glucose cotransporter 2 inhibitors) and a decrease in the use of sulfonylureas and
thiazolidinediones. The use of any blood-pressure—lowering medication rose 15.9 percentage
points (95% CI, 10.1 to 21.8) from 1999-2002 to 2007-2010 and then stabilized. The use

of diuretics and calcium-channel blockers remained stable from 1999 to 2018, whereas the
use of beta-blockers and angiotensin-converting—enzyme (ACE) inhibitors or angiotensin-
receptor blockers (ARBS) rose. Statin use increased by 27.6 percentage points (95% ClI, 21.5
to 33.6) from 1999-2002 to 2011-2014 before leveling off.

The percentage of adult NHANES participants with diagnosed diabetes who used
combination glucose-lowering therapy increased until 2007-2010, overall and in those with
poor glycemic control (Fig. 3). The percentage of participants who received combination
blood-pressure—lowering therapy declined after 2007—2010 in the overall population and for
those with a blood pressure of 140/90 mm Hg or higher. The total number of prescription
drugs that were used by participants peaked in 2011-2014 before leveling off (Fig. S6).

Younger adults, Mexican Americans, and those without health insurance were generally less
likely to receive treatment (monotherapy or combination therapy) when targets for glycemic,
blood-pressure, or lipid control were not achieved (Table 2). Non-Hispanic Blacks were

less likely than non-Hispanic Whites to receive combination therapy when glycemic targets
were not achieved but were more likely to receive combination therapy when blood-pressure
targets were not met.

DISCUSSION

After large improvements from 1999 to 2010, diabetes control stalled and worsened in the
United States. In line with recent research,1! updated estimates in our study showed that
glycemic control declined after 2010, while lipid control leveled off. In addition, our study
showed a decrease in blood-pressure control that emerged after 2014, paralleling a recent
decline in blood-pressure control in the general U.S. population.2® Suboptimal treatment
probably contributed to worsening diabetes control in our study participants. Furthermore,
after large increases, use of any glucose-lowering, blood-pressure—lowering, and statin
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medication plateaued after 2010. Similarly, the use of combination therapy declined among
participants with diagnosed diabetes with uncontrolled blood pressure and leveled off after
2010 among those with poor glycemic control.

Evolving evidence about the risks and benefits of intensive treatment may have contributed
to worsening glycemic and blood-pressure control. Three major trials that were published

in 2008 or 20092123 showed that intensive glycemic control (glycated hemoglobin level,
<6.0% or <6.5%) had no cardiovascular benefit and increased the risk of hypoglycemia,
findings that renewed support for individualized glycemic targets.2 In the period after those
three trials (2011-2014), glycemic control declined sharply and the use of multiple glucose-
lowering medications leveled off in the present long-term study, findings that suggest a

shift toward more conservative treatment in the community. Similarly, results from the 2010
Action to Control Cardiovascular Risk in Diabetes trial showed that intensive blood-pressure
control (systolic blood pressure, <120 mm Hg vs. <140 mm Hg) in adults with diabetes
offered no cardiovascular benefit and increased the risk of serious adverse events??; these
findings prompted expert groups to relax their target recommendation for systolic blood
pressure from less than 130 mm Hg to less than 140 mm Hg.26:27 Blood-pressure control,
whether defined as less than 130/80 mm Hg or less than 140/90 mm Hg, subsequently
declined, as did the use of combination treatment for those with uncontrolled blood pressure
(=140/90 mm Hg). These findings suggest a general shift toward less intensive treatment of
hypertension.

The national declines in glycemic and blood-pressure control and the plateauing of

lipid control after 2010 have major public health implications. Uncontrolled risk factors
confer significant risk of microvascular disease, cardiovascular events, and death among
adults with type 2 diabetes.2=® Our findings may portend a possible population-level
increase in diabetes-related illness moving forward. Indeed, recent evidence suggests that
a “resurgence” in diabetic complications may already be under way.28 After steady declines
from 1995 to 2010, rates of hyperglycemic emergencies and amputations of the feet or legs
began increasing among U.S. adults with diabetes, while rates of end-stage renal disease,
stroke, and acute myocardial infarction plateaued after 2010.28 These trends highlight the
urgent need for interventions and strategies that safely resume progress in diabetes risk-
factor control.

We believe that increasing the use of first-line therapies is an important, practical first step.
In 2015-2018, only 56.3% of adults with diabetes were using statins, 59.5% were using
metformin, and 60.3% were using an ACE inhibitor or ARB. Our results are consistent
with those of previous studies and suggest that first-line treatments remain substantially
underused.13:14.29 Clinical guidelines note that achieving glycemic and blood-pressure
control often entails the use of multiple agents.”-8 However, we found that only 60.6%

of participants with a glycated hemoglobin level of 7% or higher and 52.8% of those

with a blood pressure of 140/90 mm Hg or higher were treated with more than one
glucose-lowering or blood-pressure—lowering medication, respectively. Although treatment
intensification requires a careful consideration of the risk—benefit trade-off, our results
suggest that a considerable percentage of patients with uncontrolled risk factors may benefit
from more aggressive treatment.

N Engl J Med. Author manuscript; available in PMC 2021 December 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fang et al.

Page 7

In line with previous research,14:30 we observed that the use of newer second-line glucose-
lowering medications rose, whereas the use of older classes such as sulfonylureas declined;
these findings reflect an encouraging shift toward safer treatment. Nonetheless, use of these
newer medications remained low overall, probably because they continue to be expensive.
Many of these drugs will become generic during the next several years,3! which could
translate into expanded access and population-level changes in glycemic control.

Younger persons and other high-risk patients with diabetes may especially benefit from
enhanced medication access and uptake. We found that younger adults, Mexican Americans,
and persons without health insurance were more likely to be untreated when risk-factor
targets were not achieved. These gaps are especially troubling given that rates of diabetes-
related complications are higher in racial or ethnic minorities and uninsured populations32:33
and that type 2 diabetes that develops during young adulthood has a more aggressive clinical
course than diabetes that occurs in later life.34

Our study had several strengths. We analyzed the most recent national data available in a
large sample of adults with diagnosed diabetes. Almost 20 years of data were available,

all of which were collected in a rigorous and systematic manner by trained personnel who
used standardized protocols. We used calibrated glycated hemoglobin levels to account for
changes in laboratory methods during the nearly two-decade study period.

There are also several limitations that should be considered in the interpretation of our
results. First, because of the relatively small sample size, we may have lacked the power

to adequately detect small changes in diabetes control or treatment. Second, response rates
have declined in the NHANES over time. Sampling weights that were developed by the
NCHS to minimize nonresponse bias were used in our analyses,1® although the effect of
any nonresponse bias cannot be known with certainty. Third, we defined risk-factor control
using targets from the most recent clinical guidelines and research, but recommendations
have changed during the study period. However, we observed similar trends when using
alternative targets and when examining trends in mean levels of glycated hemoglobin, blood
pressure, and non-HDL cholesterol. Fourth, because medication use was ascertained in part
from participant report, data on medication use may be subject to recall bias. Fifth, we could
not reliably distinguish between type 1 and type 2 diabetes. However, type 2 diabetes makes
up more than 90% of diagnosed diabetes cases in the United States.3® Thus, our findings
largely reflect risk-factor treatment and control in those with type 2 diabetes.

After more than a decade of progress, glycemic and blood-pressure control declined in adult
NHANES participants with diagnosed diabetes, while lipid control leveled off.
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Acknowledgments

Supported by grants (T32 HL007024, to Dr. Fang; and K24 HL152440, to Dr. Selvin) from the National Heart,
Lung, and Blood Institute, National Institutes of Health.

N Engl J Med. Author manuscript; available in PMC 2021 December 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fang et al.

Page 8

REFERENCES

1

. National diabetes statistics report, 2020. Atlanta: Centers for Disease Control and Prevention, 2020

(https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf).

. Cholesterol Treatment Trialists’ (CTT) Collaborators. Efficacy of cholesterol-lowering therapy in

18,686 people with diabetes in 14 randomised trials of statins: a meta-analysis. Lancet2008; 371:
117-25. [PubMed: 18191683]

. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with

sulphonylureas or insulin compared with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). Lancet1998; 352: 837-53. [PubMed: 9742976]

. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular and

microvascular complications in type 2 diabetes: UKPDS 38. BMJ1998; 317: 703-13. [PubMed:
9732337]

. Gade P, Vedel P, Larsen N, Jensen GVH, Parving H-H, Pedersen O. Multifactorial intervention and

cardiovascular disease in patients with type 2 diabetes. N Engl J Med2003; 348: 383-93. [PubMed:
12556541]

. Gade P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a multifactorial intervention on

mortality in type 2 diabetes. N Engl J Med2008; 358: 580-91. [PubMed: 18256393]

. American Diabetes Association. 9. Pharmacologic Approaches to Glycemic Treatment: Standards

of Medical Care in Diabetes — 2021. Diabetes Care2021; 44: Suppl 1: S111-S124. [PubMed:
33298420]

. American Diabetes Association. 10. Cardiovascular Disease and Risk Management: Standards

of Medical Care in Diabetes — 2021. Diabetes Care2021; 44: Suppl 1: S125-S150. [PubMed:
33298421]

. Garber AJ, Handelsman Y, Grunberger G, et al.Consensus statement by the American Association

of Clinical Endocrinologists and American College of Endocrinology on the comprehensive type
2 diabetes management algorithm — 2020 executive summary. Endocr Pract2020; 26: 107-39.
[PubMed: 32022600]

10. Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G, Gregg EW. Achievement of goals in

11.

12.

13.

U.S. diabetes care, 1999-2010. N Engl J Med2013; 368: 1613-24. [PubMed: 23614587]

Kazemian P, Shebl FM, McCann N, Walensky RP, Wexler DJ. Evaluation of the cascade of
diabetes care in the United States, 2005-2016. JAMA Intern Med2019; 179: 1376-85. [PubMed:
31403657]

Kalyani RR. Glucose-lowering drugs to reduce cardiovascular risk in type 2 diabetes. N Engl J
Med2021; 384: 1248-60. [PubMed: 33789013]

Mann DM, Woodward M, Ye F, Krousel-Wood M, Muntner P. Trends in medication use among

US adults with diabetes mellitus: glycemic control at the expense of controlling cardiovascular risk
factors. Arch Intern Med2009;169:1718-20. [PubMed: 19822830]

14. Le P, Chaitoff A, Misra-Hebert AD, Ye W, Herman WH, Rothberg MB. Use of anti-hyperglycemic

15.

16.

17.

18.

medications in U.S. adults: an analysis of the National Health and Nutrition Examination Survey.
Diabetes Care2020; 43: 1227-33. [PubMed: 32234720]

Johnson CL, Paulose-Ram R, Ogden CL, et al.National Health and Nutrition Examination Survey:
analytic guidelines, 1999-2010. In: Vital health and statistics. Series 2, No.161. Hyattsville, MD:
National Center for Health Statistics, 2013: 1-24.

Selvin E, Parrinello CM, Sacks DB, Coresh J. Trends in prevalence and control of diabetes in

the United States, 1988-1994 and 1999-2010. Ann Intern Med2014; 160: 517-25. [PubMed:
24733192]

American Diabetes Association. Standards of medical care in diabetes — 2014. Diabetes
Care2014; 37: Supp 1: S14-S80. [PubMed: 24357209]

National Health and Nutrition Examination Survey. Prescription medications, drug information.
National Center for Health Statistics, 2020 (https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/
RXQ_DRUG.htm).

N Engl J Med. Author manuscript; available in PMC 2021 December 10.


https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/RXQ_DRUG.htm
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/RXQ_DRUG.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fang et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 9

Ingram DD, Malec DJ, Makuc DM, et al.National Center for Health Statistics guidelines for
analysis of trends. In: Vital health and statistics. Series 2, N0.179. Hyattsville, MD: National
Center for Health Statistics, 2018: 1-71.

Muntner P, Hardy ST, Fine LJ, et al.Trends in blood pressure control among US adults with
hypertension, 1999-2000 to 2017-2018. JAMA2020; 324: 1190-200. [PubMed: 32902588]

ADVANCE Collaborative Group. Intensive blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl J Med2008; 358: 2560-72. [PubMed: 18539916]

Action to Control Cardiovascular Risk in Diabetes Study Group. Effects of intensive glucose
lowering in type 2 diabetes. N Engl J Med2008; 358: 2545-59. [PubMed: 18539917]

Duckworth W, Abraira C, Moritz T, et al.Glucose control and vascular complications in veterans
with type 2 diabetes. N Engl J Med2009; 360: 129-39. [PubMed: 19092145]

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a
patient-centered approach: position statement of the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Diabetes Care2012; 35: 1364-79.

[PubMed: 22517736]

The ACCORD Study Group. Effects of intensive blood-pressure control in type 2 diabetes mellitus.
N Engl J Med2010; 362: 1575-85. [PubMed: 20228401]

American Diabetes Association. Standards of medical care in diabetes — 2013. Diabetes
Care2013; 36: Suppl 1: S11-S66. [PubMed: 23264422]

James PA, Oparil S, Carter BL, et al.2014 evidence-based guideline for the management of high
blood pressure in adults: report from the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA2014; 311: 507-20. [PubMed: 24352797]

Gregg EW, Hora I, Benoit SR. Resurgence in diabetes-related complications. JAMA2019; 321:
1867-8. [PubMed: 30985875]

Leino AD, Dorsch MP, Lester CA. Changes in statin use among U.S. adults with diabetes: a
population-based analysis of NHANES 2011-2018. Diabetes Care2020; 43: 3110-2. [PubMed:
33020050]

Lipska KJ, Yao X, Herrin J, et al. Trends in drug utilization, glycemic control, and rates of severe
hypoglycemia, 2006-2013. Diabetes Care2017; 40: 468—75. [PubMed: 27659408]

Taylor SI. The high cost of diabetes drugs: disparate impact on the most vulnerable patients.
Diabetes Care2020; 43: 2330-2. [PubMed: 32958616]

Spanakis EK, Golden SH. Race/ethnic difference in diabetes and diabetic complications. Curr Diab
Rep2013; 13: 814-23. [PubMed: 24037313]

Golden SH, Brown A, Cauley JA, et al.Health disparities in endocrine disorders: biological,
clinical, and nonclinical factors — an Endocrine Society scientific statement. J Clin Endocrinol
Metab2012; 97(9): E1579-E1639. [PubMed: 22730516]

Lascar N, Brown J, Pattison H, Barnett AH, Bailey CJ, Bellary S. Type 2 diabetes in adolescents
and young adults. Lancet Diabetes Endocrinol2018; 6: 69-80. [PubMed: 28847479]

Bullard KM, Cowie CC, Lessem SE, et al.Prevalence of diagnosed diabetes in adults by diabetes
type — United States, 2016. MMWR Morb Mortal Wkly Rep2018; 67: 359-61. [PubMed:
29596402]

N Engl J Med. Author manuscript; available in PMC 2021 December 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Fang et al.

Page 10

A Glycemic Control

——@— Glycated hemoglobin <7%
~—0—— Glycated hemoglobin <8%

100+
77.0 79.4
- - 75.4
3 66.2
< 56.7 57.4
82 60 51.8 50.5
R
(=9
G 40
©
[\
& 204
3 e+ - =
N & D N M
> ~ ~ ~ ~»
g & & & &
N > N >

B Blood-Pressure Control

——@&— Blood pressure <140/90 mm Hg
~—o—— Blood pressure <130/80 mm Hg

100+
i 72.1 74.2 70.4
i 51.2

“g 60 45.0 48.1 47.7

PO

G 40-

=

[\

& 204
"I F e o <

$ & Q¥ N Q¥

/ 7/ /’» /’» /’»
g $ A
g ) D D D

C Lipid Control
100 —@—— Non-HDL cholesterol <130 mg/dl

. 804
3
2 eod 523 Bk 554
£ 429 ® ® =y
o
2 407 253
[\
e 204
=3 2 =& & =
I A A
v o 7/ 7/ ’ 4
> $ & & 4
N ~ ~ D D

D All Risk Factors Controlled
100~ —@— Glycated hemoglobin <7%,

blood pressure <140/90 mm Hg,
80 and non-HDL cholesterol <130 mg/d|
X
<
8 60
<
©
g 401
£ 24.9 23.7 222
S 17.5 = = -
ol gf/o/' " ’
S S S
I SO A
/ / 7 V4 /.
> & N S N
2 1) 1) 1) 1)

Figure 1. Prevalence of Glycemic, Blood-Pressure, and Lipid Control among Adult NHANES
Participants with Diagnosed Diabetes, 1999-2002 to 2015-2018.

Shaded areas indicate 95% confidence intervals. To convert the value for non-high-density
lipoprotein (non-HDL) cholesterol to millimoles per liter, multiply by 0.02586. NHANES
denotes the National Health and Nutrition Examination Survey.
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Figure 2. Medication Use in Adult NHANES Participants with Diabetes, 1999-2002 to 2015-
2018.

Shaded areas indicate 95% confidence intervals. ACE denotes angiotensin-converting
enzyme, ARB angiotensin-receptor blocker, DPP-4 dipeptidyl peptidase 4, GLP-1 glucagon-
like peptide 1, SGLT2 sodium—glucose cotransporter 2, Sulf sulfonylurea, and TZD
thiazolidinedione.
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Figure 3. Distribution of the Number of Glucose-Lowering and Blood-Pressure-Lowering
Medications Used in Adult NHANES Participants with Diagnosed Diabetes, 1999-2002 to 2015-
2018.

Panel A shows the distribution of the number of glucose-lowering medications used by
adults with diabetes, overall and according to status with respect to glycemic control. Panel
B shows the distribution of the number of blood-pressure—lowering medications used by
adults with diabetes, overall and according to status with respect to blood-pressure control.

N Engl J Med. Author manuscript; available in PMC 2021 December 10.




Page 13

Fang et al.

Author Manuscript

(TLT-STT) TV
(rov-zee) L9
(e26-T'9v) T'61

(199-2°25) 029
(8:06-8%2) L'L2
(8'21-2'8) €01

(6'92-27'6T) 822
(L'9e-9°62) T'€E
(9°27-L°0%) T'vY

(£'65-5'05) 6'7S
(g'67-L0V) T'SP

(08v'7) 6'S
(0€T-56) T'TT
(991-0'01) 62T
(Lv1-0'2) ot
(0'59-€'¥S) 8'65

(8'79-8'65) 8'09
(8'9v-€68) 0V
(T'8r-2'1v) 9y
(ovT-601) €CT

(8TLT=N)
8702-GT02

(z'81-6'€T) 09T
(9°26-0'2¢) 8'%¢
(r'2s-T'9v) €61

(2'59-6°28) ¥'19
(z62-2€2) 192
(0sT-€01) 52T

(€'€2-8'ST) T'6T
(T'5e-8°22) £'1¢
(S¥5-v'vv) v'61

(6'15-L'SP) 881
(€¥5-1'8Y) T'TS

(0Lov)es
(e'21-5'9) 0'6
(L'0z-6'1T) 8'GT
(5e1-2'9) 2’6
(€'99-6'7S) 2'09

(6'09-€'65) T'09
(zzr-g'se) 8'8¢
(L15-T'YY) 6'LY
(gsT-vIT) €eT

(2T =N)
¥702-T102

(r61-2'ST) T°LT
(r'96-G'1¢€) 6°€€
(r'15-€9v) 8'8%

(0'29-5'65) €'€9
(0°22-6'02) 8°€2
(8YT-2T1) 62T

(S'6T-T¥T) 9°9T
(L2e-Lv2) 982
(1°65-1"05) 8'%S

(z'es-0°p) T'6
(0'55-8'9%) 6°0G

(09t-1'6) T'TT
(L'ze-zvT) 08T
(621-€9) €8
(5'89-0'7S) 5’19

(0'79-0'65) 009
(0vr-088) 0T
(e'6v-9'€h) v'ov
(0'sT-5°0T) 9°CT

(T8¥T =N)
0T02-002

(8'T2-0°ST) 28T
(z9e-1'62) 6'2€
(zes-Lvv) 6'81

(T'T9-G'18) €95
(9ze-€v2) €82
(e'61-22T) ¥'ST

(0TZ-€'€T) 89T
(zze-Tve) 0’8
(€°09-0'05) 2'SS

(5'6vt2¥) 0'9
(9°26-5°05) 0'%S

(0v1-88) T'TT
(LTz-zen) oLt
(9TT-¥'9) 0'8
(0'02-1'25) 6°€9

(£'09-8'25) 265
(Tvr-Lv€) £6€
(e'8r—v'1v) 8'vY
(6'61-9°2T) 6'GT

(L¥0T =N)
9002-£002

(e22-€91) T6T
(1°26-8'82) 8'2¢
(e'e5-0'ey) T'8Y

(Z'26-T9) 9'TS
(198-2'12) S'TE
(Tz-£€1) 69T

(z'91-8'6) 92T
(2'0e-9'02) £'5¢
(£99-1°28) 029

(5'€5-5'Sh) 56¥
(5'%5-5'9%) 606

(6'v2-8'6) 6'ST
(8'72-8TT) 29T
(96-Lv) 8'9
(8'29-6'€5) T'T9

(5°09-9°25) 0°'65
(0ev-5v€) L'8¢
(7'8v-G'6€) 6'€V
(9T2-0YT) §LT

(€86 =N)
2002-666T

19¥{ows Wwaun)
19¥{0Ws Jawiio-

PaxYowWs IsAsN

(12 %56) % — snyels Bupjows
0£< JO |ING 85300

0> 01 GZ 40 |ING :yB1amuano
GZ> JO |ING :[eWION

(1D %56) % — snyels Bl

ajenpelb ab3|j0D
aba)100 awos

s3] 40 [00Y2S YBIH

(1D %56) % — [9A9] [euolyeoNpg

BT

alewaS

(1D %%56) % — X8S

#UBdLBLIY URISY

J3Yio

>oe|g oluedsiH-UoN

UedlisWY UedIXa|N

3y d1uedsiH-UoN
4 (10 %56) % — dnoub a1uy1s 1o svey

1A — (1D %S6) UesiN

1A 69z
1K y9-Gp
WK -0z

(12 %S6) % — uonnqLisiq

aby

alssldeIeyD

. '8T0Z—GT0Z 01 200Z—-666T ‘sa1eqelq pasouleld yum siuedionied SINVHN NPV JO sonsiIgoeRy)

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2021 December 10.

in

available

1

N Engl J Med. Author manuscript



Page 14

Fang et al.

"8T0Z YBnoay TT0Z Woiy AJuo STNWHN 8U} Ul 3|e|IBAR SEM SUBDLIBWY URISY d1uedsiH-UOU 10} UOIBWLIoul m>_§cmmmamw_u

‘sjuedionued ayy Aq paliodal asem dnoab a1uyla pue mummk

"A9AINS UoITRUILIEXT UORLIINN pUR Yi[eaH [euoneN a8yl
SINVHN pue ‘Xapul ssew-Apoq sajousp NG "(S[eAlslul 80UsplLIUOd %G6 YIIM) sueall 1o sabejusdiad paybiam ale ajgel syl Ul Slaquinu Jayio |je Ing ‘paiybiamun si [eAldiul Jeak-1 yoea 1oy azis ajdwies ay |
¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2021 December 10.



Page 15

(e0v-26T)8LC

(soualagal) T

(59'1T-98°0) 6T'T
(v£'1-62°0) €0°'T
(soualagal) T

(6£'1-€2°0) 00'T
(02'1-69°0) T6°0

(souasagal) T

(Tr'1-06'0) €T'T

(souasagal) T

(e¥'1-09°0) €6°0
(¥0'1-19°0) 08°0
(68°0-T5°0) 89°0

(souaiagal) T

(8e'8-2L0) 1LY

(souauayal) T

(0£°2-€8°0) 8T
(292-2€1) 98°T
(soualayal) T

(#0'1-9€°0) T9°0
(T0'Z-06°0) ¥€'T

(s0uasayal) T

(22'1-59°0) 68°0

(s0uasayal) T

(LZ'1-9£°0) 89°0
(€9Z-STT) ¥.'T
(86°0-€%°0) 59°0

(s0uasayal) T

(6Y-€5T) 29°C

(soualtagal) T

(882-TL°0) 0S'T
(€e'z-v0'T) 95T
(soualayal) T

(€£'1-150) 660
(¥6'1-92°0) T2'T

(s0uassgal) T

(€£'1-99°0) €60

(s0uassgal) T

(68'T-€7°0) 060
(z0'z-s20) €2 T
(67'T-85°0) 26°0

(s0uasagal) T

(05°'5-€9'2) 08°€

(soualagal) T

(67'2-00'T) 8S'T
(96'T-€6'0) GE'T
(soualagal) T

(¥6'2-TT'T) 18T
(89'1-92°0) 2T'T

(souasagal) T

(6T'T-¥9°0) 88°0

(souasagal) T

(9e'7-18°0) 68°'T
(96°0-€7°0) ¥9°0
(62°0-G€°0) €50

(souasagal) T

(or'7-66'T) 96°C

(soualagal) T

(zvz—eL0)zeT
(56'1-98°0) 62°'T
(soualagal) T

(T7'e-9T'T) 66'T
(22 1-€2°0)2TT

(souasagal) T

(1€'1-99°0) 26°0

(souasagal) T

(v8'7-86°0) 8T'C
(15'1-69'0) 20°'T
(€0'T-9+°0) 69°0

(souassgal) T

snjels 1yBIspn
aourInsul Auy
painsuiun
aoueINSU|

7dd 40 %05€<

71dd 40 %67€-0€ET
71dd 40 %0ET>
awoaul Ajiwe
ajenpelb ab3|j0D
abs)100 awos

ss9] 10 [00Y2s ybIH
uoneanp3

afeIN

aeway

X3S

 UBOLIaWY UeIsy
3oe|g o1uedsiH-UoN
UBOLIBWY UBDIX3N
aNU/M OluedsiH-UoON

dnouB o1uy3s 1o soey

N Engl J Med. Author manuscript; available in PMC 2021 December 10.

Fang et al.

(oT'e-8r'T) ¥1'C (TT'vT-68°€) Tv'L (0€'21-652) 09'S (ege-8eT) 12T (e62-9T'T) S8'T 1A 592
(9e'e-85T) TEC (80'9-69'T) 1€ (re'L-05T) TEE WT'v—29T) 65 (552-00T) ST A y9-5
(soualagal) T (soualayal) T (soualtagal) T (soualagal) T (soualagal) T IA y-02
aby
(uirers oN 'sa) uneis (quawiyeas) (quawiyeat (quawireas (quawireas
ON "SA) SUOIIRIIPAIA 22 ON "SA) UOIIRIIPSIA T ON 'SA) SUOIIRIIP3IN 2= ON SA) UOIRJIPaIN T
1p/Bw BH ww 06/0¥T=< JO 34Nssaid poo|g 0%/< 40 |anaT] ulgojBowaH paredA|o a|qeLen
0ET< JO |9A9T |0481S310YD U1IM SU0SIad Ul UoIealpalA Buliamo1-84nssald-poolg 4o asn U1IM SUOSIad Ul UoIIealpal Buliamo1-as0on|9) 40 asn
1QH-UON YIM SU0SIad Ul
UOITRIIP3IN UIFeIS 4O 85N
. 810¢—666T

‘sa1age1q pasoubelq yim siuedionied SINYHN NPy Ul Juswiieal] unels pue ‘Butismo-ainssald-poojg ‘Bulismo-8s0on|9 1o) soley sppo paisnipy
‘¢ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Fang et al.

"8T02 YBnouyr TTOZ Woiy AJUo a|qe|IeAR 19M SUBDLIBWY URISY 10} Emn_qN

‘19n8] Auanod |esepay salousp Tdd *98520°0 Aq
Aldninw “4an1 Jad sajowijjiw 03 j04a1s9]0yd (T@H-uou) utsloidodij Alsuap-ybiy—uou Joj anfea ayl LaAu0d 0 dnoib d1uyia 1o adel pue ‘Xas ‘abe 104 paisnipe a1am S[eAIalul 32USPIUOD 9%4G6 YIIM O11el SpPO

(¥2e-2T1) 65T (09'5-56'T) 0E'€ (rzr-92 1) 1€ (ezz-080) €€'T (602-L90) 8T'T 0€= 40 IINg 35300
(G2'2-60'T) 95T (e€'c-18°0) LET (622-290)¥2'T (zzz—eL0) 2T (91°2-89'0) 12T og>
01 GZ 10 1IN9 Blamisno
(souasagal) T (s0ussayal) T (s0uaiagal) T (souaiagal) T (souauayal) T GZ> 40 [ING :[eWIoN
(u1rers oN 'sA) unels (quawieas) (quawiyeat (quawiyeas ) (quawiyeaa )
ON "SA) SUOIRIIPIIN 2= ON "SA) UOITROIP3IN T ON "SA) SUOIIROIP3IN 2= ON "SA) UOITeIIP3IN T
p/Bw BH ww 06/0FT< 10 a4nssald poo|g 04/< JO |9A9T] UlgojBowaH Pa1edA|D a|gelden
0ST< 10 |99 [0481S810YD U1IM SUOSI8d Ul UoIeaIpalA Buliamo-aanssald-poolg 40 asn U1IM SU0SI8d Ul UoITeaIpalA Buliamo1-8soan|o 10 asn

“1dH-UON YlIM Suosad Ul
UOITeIIP3IN UITeIS JO 35

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2021 December 10.



	Abstract
	METHODS
	STUDY SAMPLE AND OVERSIGHT
	RISK-FACTOR CONTROL
	MEDICATION USE
	SOCIODEMOGRAPHIC CHARACTERISTICS AND WEIGHT STATUS
	STATISTICAL ANALYSIS

	RESULTS
	TRENDS IN DIABETES RISK-FACTOR CONTROL
	TRENDS IN DIABETES TREATMENT

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

