Research

JAMA | Original Investigation

Trends in Prevalence of Diabetes and Control of Risk Factors in Diabetes

Among US Adults, 1999-2018

Li Wang, PhD; Xiaoguang Li, PhD; Zhaoxin Wang, PhD; Michael P. Bancks, PhD; Mercedes R. Carnethon, PhD;
Philip Greenland, MD; Ying-Qing Feng, MD; Hui Wang, MD, PhD; Victor W. Zhong, PhD

IMPORTANCE Understanding population-wide trends in prevalence and control of diabetes is
critical to planning public health approaches for prevention and management of the disease.

OBJECTIVE To determine trends in prevalence of diabetes and control of risk factors in
diabetes among US adults between 1999-2000 and 2017-2018.

DESIGN, SETTING, AND PARTICIPANTS Ten cycles of cross-sectional National Health and
Nutrition Examination Survey (NHANES) data between 1999-2000 and 2017-2018
were included. The study samples were weighted to be representative of the
noninstitutionalized civilian resident US population. Adults aged 18 years or older
were included, except pregnant women.

EXPOSURES Survey cycle.

MAIN OUTCOMES AND MEASURES Diabetes was defined by self-report of diabetes diagnosis,
fasting plasma glucose level of 126 mg/dL or more, or hemoglobin A,. (HbA,.) level of 6.5% or
more. Three risk factor control goals were individualized HbA,_ targets, blood pressure less
than 130/80 mm Hg, and low-density lipoprotein cholesterol level less than 100 mg/dL.
Prevalence of diabetes and proportion of adults with diagnosed diabetes who achieved risk
factor control goals, overall and by sociodemographic variables, were estimated.

RESULTS Among the 28 143 participants included (weighted mean age, 48.2 years; 49.3%
men), the estimated age-standardized prevalence of diabetes increased significantly from
9.8% (95% Cl, 8.6%-11.1%) in 1999-2000 to 14.3% (95% Cl, 12.9%-15.8%) in 2017-2018
(P for trend < .001). From 1999-2002 to 2015-2018, the estimated age-standardized
proportion of adults with diagnosed diabetes who achieved blood pressure less than
130/80 mm Hg (P for trend = .007) and low-density lipoprotein cholesterol level less than
100 mg/dL (P for trend < .001) increased significantly, but not individualized HbA,_ targets
(Pfor trend = .51). In 2015-2018, 66.8% (95% Cl, 63.2%-70.4%), 48.2% (95% Cl,
44.6%-51.8%), and 59.7% (95% Cl, 54.2%-65.2%) of adults with diagnosed diabetes
achieved individualized HbA,_ targets, blood pressure less than 130/80 mm Hg, and
low-density lipoprotein cholesterol level less than 100 mg/dL, respectively. Only 21.2% of
these adults (95% Cl, 15.5%-26.8%) achieved all 3. During the entire study period, these 3
goals were significantly less likely to be achieved among young adults aged 18 to 44 years
(vs older adults =65 years: estimated proportion, 7.4% vs 21.7%; adjusted odds ratio,
0.32[95% Cl, 0.16-0.63]), non-Hispanic Black adults (vs non-Hispanic White adults:
estimated age-standardized proportion, 12.5% vs 20.6%; adjusted odds ratio, 0.60 [95% ClI,
0.40-0.90]), and Mexican American adults (vs non-Hispanic White adults: estimated
age-standardized proportion, 10.9% vs 20.6%; adjusted odds ratio, 0.48 [95% Cl,
0.31-0.77]).

CONCLUSIONS AND RELEVANCE Based on NHANES data from US adults, the estimated
prevalence of diabetes increased significantly between 1999-2000 and 2017-2018.
Only an estimated 21% of adults with diagnosed diabetes achieved all 3 risk factor
control goals in 2015-2018.
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iabetes is a leading cause of disability and mortality.!?

In the US, its total economic cost was $327 billion in

2017 and care for people with diabetes accounted for
24% of all health care dollars.? The estimated prevalence of dia-
betes among US adults increased from 5.3% in 1976-1980 to
11.5% in 2011-2014, increasing at a rate faster than the global
increase during the same period.>*° The prevalence of dia-
betes varies substantially by sociodemographic variables and
weight status.®® Also, it has been associated with increased
risk of cardiovascular disease.® Cardiovascular disease pre-
vention in diabetes requires appropriate management of well-
established risk factors such as hemoglobin A, . (HbA,.) level,
blood pressure (BP), and serum cholesterol level.!>! An im-
provement in the control of the 3 risk factors (HbA, . <7.0% or
individualized HbA, targets, BP <130/80 mm Hg, and low-
density lipoprotein cholesterol [LDL-C] level <100 mg/dL) was
observed between 1988 and 2010, but only an estimated 18.8%
of US adults achieved all 3 goals in 2007-2010.'%'3 It is un-
clear whether trends in control of risk factors in diabetes have
changed during the past decade. This information is critical
to forecasting population-level complications and guiding pre-
vention efforts.

The primary objective of this study, which used recently
released data from the National Health and Nutrition Exami-
nation Survey (NHANES), was to provide updated national es-
timates to evaluate trends in prevalence of diabetes and con-
trol of risk factors in diabetes among US adults between 1999-
2000 and 2017-2018.

Methods

Data Collection

Beginning in 1999, NHANES has been a continuous, multi-
stage, nationally representative survey of the noninstitution-
alized civilian resident US population. Data collected through
in-home interviews and study visits at mobile examination cen-
ters have been released in 2-year cycles. This study included
10 cycles between 1999-2000 and 2017-2018. The overall re-
sponse rates ranged from 52% to 84% for the interview com-
ponent and from 49% to 80% for the examination compo-
nent. Participants aged 18 years or older were included.
Pregnant women were excluded. The National Center for
Health Statistics Research Ethics Review Board approved
NHANES. Written informed consent was obtained from all adult
participants. Shanghai Jiao Tong University School of Medi-
cine Public Health and Nursing Research Ethics Review Com-
mittee approved this study.

Information on age, sex, race, ethnicity, statin use, and
medical conditions was collected during household inter-
view. Race and ethnicity were self-reported according to fixed-
category questions and included because of the known racial
and ethnic differences in prevalence of diabetes. Weight,
height, waist circumference, and BP were measured in mo-
bile examination centers with standard protocols. Body mass
index was computed by dividing weight in kilograms by
height in meters squared. The mean of all available BP
measurements was used to calculate systolic and diastolic BP.

JAMA Published online June 25, 2021

Trends in Prevalence and Control of Risk Factors in Diabetes in US Adults

Key Points

Question What were the trends in prevalence of diabetes and
control of risk factors in diabetes among adults in the US from
1999-2000 to 2017-2018?

Findings In this serial, cross-sectional study of nationally
representative data from 28 143 participants in the National
Health and Nutrition Examination Survey (NHANES), the
estimated age-standardized prevalence of diabetes increased
significantly, from 9.8% in 1999-2000 to 14.3% in 2017-2018. Only
21.2% of adults with diagnosed diabetes achieved all 3 risk factor
control goals in 2015-2018, including individualized hemoglobin
A, targets, blood pressure less than 130/80 mm Hg, and
low-density lipoprotein cholesterol level less than 100 mg/dL.

Meaning Based on NHANES data from US adults, the estimated
prevalence of diabetes increased significantly between
1999-2000 and 2017-2018, and only an estimated 21% of adults
with diagnosed diabetes achieved all 3 risk factor control goals in
2015-2018.

HbA,. was measured and standardized to the Diabetes Con-
trol and Complications Trial method. A random subset of the
participants was sampled to attend the morning session, dur-
ing which fasting plasma glucose and LDL-C levels were mea-
sured among those who fasted for 8 to less than 24 hours. The
Centers for Disease Control and Prevention’s Lipid Standard-
ization Program was applied to ensure accuracy and preci-
sion of measurements between laboratories and over time. An
oral glucose tolerance test using a 75-g glucose challenge was
administered and 2-hour plasma glucose level was mea-
sured. Urine albumin and creatinine levels were measured with
afluorescent immunoassay and Jaffe rate reaction method, re-
spectively. Serum creatinine level was measured with a Jaffe
kinetic rate method. Glucose data between 2005-2006 and
2017-2018 were calibrated according to the recommended
method by the National Center for Health Statistics to ac-
count for changes to the laboratory method, equipment, or
site.!* Urine and serum creatinine levels were also calibrated.
Calibrating HbA, . was not required. Estimated glomerular fil-
tration rate was computed according to the Chronic Kidney Dis-
ease Epidemiology Collaboration equation.'

Definition of Diabetes

Diagnosed diabetes was defined as self-report of diabetes di-
agnosis by a physician or other health professional. Undiag-
nosed diabetes was defined as having a fasting plasma glu-
cose level of 126 mg/dL or more or HbA,level of 6.5% or more
among individuals without diagnosed diabetes. Diabetes in-
cluded both diagnosed and undiagnosed diabetes.

Risk Factors

Clinical risk factors commonly targeted to decrease cardio-
vascular disease risk in diabetes are HbA,. level, BP, and se-
rum cholesterol level.'°'2 Low-density lipoprotein choles-
terol was selected as the cholesterol control target because
statins are the first-line treatment for lipid lowering.™ Indi-
vidualized HbA,_ targets have been emphasized for glycemic
control,'° and were specified as follows: less than 6.5% for
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young adults aged 18 to 44 years without complications, less
than 7.0% for both young adults with complications and
middle-aged adults aged 45 to 64 years without complica-
tions, less than 8.0% for both middle-aged adults and older
adults aged 65 years or older with complications, and less than
7.5% for older adults without complications.'®'® Complica-
tions were defined as any of the following: having self-
reported cardiovascular disease (congestive heart failure, coro-
nary heart disease, heart attack, or stroke), retinopathy, urine
albumin to creatinine ratio of 30 mg/g or higher, or estimated
glomerular filtration rate less than 60 mL/min/1.73 m2.'* Guide-
lines recommend less than either 130/80 or 140/90 mm Hg for
BP control in diabetes.''” Achieved systolic BP of 130 mm Hg
or lower has been associated with a lower risk of cardiovascu-
lar disease.® Lipid management in diabetes has shifted from
controlling LDL-C level to less than 100 mg/dL to prescribing
statins with different intensity according to age and presence
of atherosclerotic cardiovascular disease and risk factors with-
out a specific LDL-C target.!!° However, intensity of statin
treatment was not collected in NHANES. Therefore, LDL-Clevel
less than 100 mg/dL was used as the primary target.

Outcomes

Risk factor control analysis was conducted among adults with
diagnosed diabetes. Primary outcomes included prevalence of
diabetes and proportion of adults with diagnosed diabetes who
achieved 3 risk factor control goals individually and collec-
tively: individualized HbA,_ targets, BP less than 130/80 mm Hg,
and LDL-C level less than 100 mg/dL. Secondary outcomes
included prevalence of diagnosed and undiagnosed diabetes,
percentage of diabetes that was undiagnosed, and proportion
of adults with diagnosed diabetes who achieved HbA,_ level
less than 7% or less than 8%, BP less than 140/90 mm Hg,
and LDL-C level less than 70 mg/dL and who took statins.
Factors associated with achieving risk factor control goals
were also assessed.

Statistical Analysis

The NHANES 2017-2018 cycle was used to estimate preva-
lence of diagnosed diabetes, undiagnosed diabetes and dia-
betes, and percentage of diabetes that was undiagnosed, over-
all and by age (18-44, 45-64, and =65 years), sex (men and
women), race and ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic overall, Mexican American as a sepa-
rate Hispanic subgroup, non-Hispanic Asian, and other), edu-
cation (less than high school, high school graduate, some
college, and college graduate or more), body mass index level
(18.5-24.9, 25-29.9,30-34.9, 35-39.9, and >40), abdominal obe-
sity (yes/no), and insurance status (uninsured and insured).
Mexican American persons were oversampled before 2007 and
all Hispanic persons were oversampled from 2007 onward in
NHANES. The National Center for Health Statistics recom-
mends not calculating estimates for all Hispanic persons for
survey cycles before 2007 and for any Hispanic subgroup other
than Mexican American in any survey cycle through 2018.14
Thus, for analyses including data before 2007, results for
Mexican American adults instead of all Hispanic adults were
reported; otherwise, results for all Hispanic adults and Mexican
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American adults were reported. Similarly, non-Hispanic Asian
subgroup was not available before 2011 due to the survey de-
sign. Abdominal obesity was defined as having waist circum-
ference greater than 102 or 88 cm in men or women, respec-
tively. Participants with body mass index less than 18.5 were
included in the analyses in the total sample and stratified by
other variables. Estimates were age standardized to the 2017-
2018 NHANES nonpregnant adult population, using the age
groups 18 to 44 years, 45 to 64 years, and 65 years or older.

Joinpoint regressions with heteroscedastic and uncorre-
lated error were used to determine trends in log-transformed
age-standardized prevalence, allowing 1joinpoint.2° The join-
point location, if it existed, was identified with a grid search.
The best-fitting model was selected by conducting 4499 per-
mutation tests based on a Monte Carlo method, adjusting for
multiple tests. Parameters were estimated with weighted least
squares, with weights proportional to the inverse of the vari-
ance of prevalence at each cycle. Under a log-linear model,
prevalence changed at a constant relative percentage per cycle,
facilitating comparisons across strata with varying preva-
lence. Relative percentage change per 2-year cycle in preva-
lence and its 95% CI were obtained.

Two adjacent NHANES cycles were combined to estimate
prevalence of achieving risk factor control goals. Estimates were
age standardized to all adults with diagnosed diabetes in 1999-
2018. Distribution of HbA, . levels, BP, LDL-Clevels, and statin
use was displayed and differences over time were assessed with
Rao-Scott X2 tests. Stratified analyses according to previously
described subgroups and presence of complications (yes/no)
were conducted for each goal. Changes over time were deter-
mined by comparing each of the estimates from earlier years
with the estimate from 2015-2018, using ¢ tests. An overall trend
during the entire period was assessed with F tests. Propor-
tion of adults achieving all 3 risk factor control goals by sub-
group was assessed among the total study sample of diag-
nosed diabetes combined from all years to increase robustness
of results. Factors associated with achieving risk factor con-
trol goals were identified with logistic models, with all of the
aforementioned categorical variables included as covariates.
0Odds ratios (ORs) and 95% ClIs were obtained. Key assump-
tions for logistic models included binary outcome structure,
independence of errors, absence of high multicollinearity, lin-
earity between covariates and log odds, lack of influential out-
liers, and having at least 10 events per covariate.

A sensitivity analysis was conducted by additionally in-
cluding undiagnosed diabetes cases based on a 2-hour plasma
glucose level of 200 mg/dL or more, available between 2005
and 2016 at this analysis.

Weights for the interview sample, examination sample,
fasting subsample, and oral glucose tolerance test subsample
were used appropriately to ensure the estimates were repre-
sentative of the total civilian noninstitutionalized US popula-
tion. Weights were adjusted for nonresponse, noncoverage, and
unequal probabilities of selection. Weights and design vari-
ables were included to obtain unbiased estimates and SEs.
Complete case analysis was applied if missing data level for pri-
mary analyses was 10% or less. Data were analyzed with SAS
version 9.4 and Joinpoint Regression Program version 4.8.0.1.2°
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A 2-sided P < .05 was used to determine statistical signifi-
cance. Because of the potential for type I error due to mul-
tiple comparisons, findings for secondary analyses and sec-
ondary outcomes should be interpreted as exploratory.

. |
Results

Among the 28 143 participants included, the weighted mean
age was 48.2 years (SE, 0.2), and 49.3% were men, 68.0% non-
Hispanic White, 11.3% non-Hispanic Black, and 8.0% Mexican
American; all were weighted proportions. For analyzing trends
in prevalence of diabetes, included were 28143 participants
from the interview sample and 27 837 from the examination
sample; 27508 had data for HbA,. level, 23 622 for fasting
plasma glucose level, and 11526 for 2-hour plasma glucose
level. Missing data were found for education (n = 1), insur-
ance (n = 127 [0.5%]), body mass index (n = 537 [1.9%]), and
waist circumference (n = 1276 [4.6%]). For risk factor control
analysis, 6678, 6372, and 2632 participants with diagnosed dia-
betes were included from the interview sample, examination
sample, and fasting subsample, respectively; missing data were
found for insurance (n = 27 [0.4%]), HbA,. (n = 320 [5.0%]),
BP (n = 295 [4.6%]), urine albumin to creatinine ratio and es-
timated glomerular filtration rate (n = 99 [1.6%]), body mass
index (n = 228 [3.6%]), waist circumference (n = 574 [9.0%]),
and LDL-C (n = 181 [6.9%]). The estimated proportion of un-
insured adults increased significantly from 17.3% in 1999-
2000 t019.4% in 2011-2012 (P for trend = .02) and decreased
significantly to 13.9% in 2017-2018 (P for trend = .04).

Prevalence of Diabetes

The estimated unadjusted prevalence was 11.2% for diag-
nosed diabetes (95% CI, 9.8%-12.5%), 3.4% for undiagnosed
diabetes (95% CI, 2.5%-4.3%), and 14.6% for diabetes (95% ClI,
12.8%-16.3%) (Table 1). Overall, 23.3% of adults with diabetes
(95% CI, 18.6%-28.1%) were undiagnosed. The estimated age-
standardized prevalence of diagnosed diabetes, undiag-
nosed diabetes, and diabetes was significantly higher in older
than younger adults, adults identifying as a member of a ra-
cial or ethnic minority group than non-Hispanic White adults,
people with lower than higher education level (except for un-
diagnosed diabetes), and people with greater than lower body
mass index and waist circumference range. No significant dif-
ference by sex and insurance status was identified. The esti-
mated percentage of diabetes that was undiagnosed was sig-
nificantly higher in younger than older adults. Among young
adults, 40.0% (95% CI, 28.4%-51.5%) of participants with dia-
betes were undiagnosed.

Trends in Prevalence of Diabetes

The estimated age-standardized prevalence of diabetes in-
creased significantly from 9.8% (95% CI, 8.6%-11.1%) in 1999-
2000t014.3% (95% CI, 12.9%-15.8%) in 2017-2018, with a 3.3%
relative increase (95% CI, 2.2%-4.5%) per 2-year cycle (Table 2;
Figure, A). A significant increase in the estimated age-
standardized prevalence of diabetes was observed in young
and middle-aged adults, men, women, non-Hispanic White
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adults, Mexican American adults, adults with overweight or
abdominal obesity, and insured adults, as well as among all edu-
cation levels (all P for trend < .05). The estimated age-
standardized prevalence of diagnosed diabetes increased sig-
nificantly from 6.8% (95% CI, 5.7%-7.9%) in 1999-2000 to
11.0% (95% CI, 9.8%-12.1%) in 2017-2018, with a 5.2% relative
increase (95% CI, 4.3%-6.0%) per cycle (eTable 1in the Supple-
ment). The estimated age-standardized prevalence of undi-
agnosed diabetes was not significantly different across cycles
(P for trend = .32) (eTable 2 in the Supplement). The esti-
mated age-standardized percentage of diabetes that was un-
diagnosed decreased significantly from 31.0% (95% CI, 26.1%-
36.0%) in 1999-2000 to 23.3% (95% CI, 18.9%-27.8%) in 2017-
2018, with a -4.6% relative decrease (95% CI, -6.8% to -2.3%)
per cycle (eTable 3 in the Supplement; Figure, B), but this sig-
nificant decrease was not observed in several subgroups, in-
cluding young adults and minority adults (all P for trend >.05).
Detailed subgroup results are shown in eTables 1 to 3 in the
Supplement.

Risk Factor Control

Among adults with diagnosed diabetes, the estimated age-
standardized distribution of HbA,., BP, and LDL-C levels
improved significantly, with major improvement occurring
between 1999-2002 and 2003-2006 (all P < .05) (eFigure,
A-C in the Supplement). The estimated age-standardized
prevalence of statin use increased significantly (P < .001)
(eFigure, D in the Supplement). The estimated age-
standardized proportion of adults with diagnosed diabetes
who achieved individualized HbA,. targets did not increase
significantly overall and among all subgroups (all P for
trend > .05) except young adults without complications
(P for trend = .03) (Table 3). The estimated age-standardized
proportion of adults with diagnosed diabetes who achieved
BP less than 130/80 mm Hg and LDL-C level less than
100 mg/dL increased significantly (both P for trend < .05).
There was a significantly higher proportion of adults with
diagnosed diabetes who achieved individualized HbA, . tar-
gets in 2015-2018 than 1999-2002 (66.8% Vs 58.9% [95% CI,
63.2%-70.4% Vs 54.4%-63.3%]), but no significant difference
was found for estimates between 2003 and 2018 (all P > .05).
There was a significantly higher proportion of individuals
achieving BP less than 130/80 mm Hg in 2015-2018 than
1999-2002 (48.2% Vs 38.5% [95% CI, 44.6%-51.8% Vs 33.6%-
43.5%]), but no significant difference was found for esti-
mates between 2003 and 2018 (all P > .05). There was a sig-
nificantly higher proportion of individuals achieving LDL-C
level less than 100 mg/dL in 2015-2018 than 1999-2002 and
2003-2006 (59.7% vs 35.4% and 46.9% [95% CI, 54.2%-
65.2% Vs 27.2%-43.6% and 40.8%-52.9%], respectively), but
no significant difference was found for estimates between
2007 and 2018 (all P > .05). There was a significantly higher
proportion of individuals achieving all 3 goals in 2015-2018
than 1999-2002 (21.2% vs 9.0% [95% CI, 15.5%-26.8% Vs
5.0%-13.1%]), but no significant difference was found for
estimates between 2003 and 2018 (all P > .05). Subgroup
estimates for primary and secondary goals are shown in
eTables 4 to 10 in the Supplement.
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Table 1. Prevalence of Diagnosed Diabetes, Undiagnosed Diabetes, and Diabetes Among US Adults, 2017-2018

Diagnosed diabetes® Undiagnosed diabetes® Diabetes?
Prevalence, Prevalence, % of diabetes Prevalence,

Characteristics Total No.? No.? % (95% Cl)¢ No.? % (95% Cl)® (95% CI)f No.? % (95% Cl)®
Overall prevalence 2965 878 11.2 (9.8-12.5) 225 3.4(2.5-4.3) 23.3(18.6-28.1) 1103 14.6 (12.8-16.3)
Age group, y

18-44 975 69 2.8(2.1-3.4) 40 1.8 (1.0-2.6) 40.0(28.4-51.5) 109 4.6 (3.5-5.7)

45-64 1102 356 13.7 (10.5-16.9) 115 4.8(2.5-7.0) 25.8(15.9-35.6) 471 18.5 (14.5-22.5)

265 888 453 25.1(21.4-289) 70 4.4(2.6-6.2) 14.9 (9.1-20.7) 523 29.5(25.7-33.4)
Sex

Men 1445 477 12.5(10.6-14.5) 100 3.3(1.7-4.8) 21.2(12.8-29.6) 577 15.8 (13.4-18.2)

Women 1520 401 9.7 (7.7-11.7) 125 3.5(2.2-4.8) 25.2(19.5-30.8) 526 13.2(10.3-16.1)
Race and ethnicity?

Non-Hispanic White 997 308 10.0 (8.4-11.7) 43 2.5(1.3-3.7) 19.7 (12.0-27.5) 351 12.5(10.4-14.6)

Non-Hispanic Black 688 202 12.5(9.7-15.3) 68 5.8(3.9-7.6) 31.4(22.2-40.5) 270 18.3 (15.8-20.8)

Hispanic 697 204 13.1(11.2-15.0) 62 5.3(3.4-7.1) 29.3(21.3-37.4) 266 18.3 (15.6-21.0)

Mexican American 423 129 15.4(12.2-18.6) 37 6.2 (4.1-8.3) 29.6 (19.7-39.4) 166 21.6(19.3-23.9)

Non-Hispanic Asian 418 115 13.7 (11.6-15.8) 41 5.3(3.3-7.4) 29.8(22.4-37.2) 156 19.0 (16.0-22.1)

Other 165 49 16.5 (9.2-23.9) 11 2.6 (0.5-4.8) 14.7 (6.4-23.0) 60 19.2 (10.3-28.1)
Education level”

<High school 650 242 15.1(12.0-18.1) 59 4.5(3.1-6.0) 21.8(14.4-29.2) 301 19.6 (16.7-22.5)

High school graduate 732 203 11.4 (8.3-14.5) 52 3.5(2.5-4.5) 23.5(15.9-31.2) 255 14.9 (11.7-18.1)

Some college 925 267 11.6 (9.1-14.1) 58 2.9(1.8-4.0) 20.1(13.3-26.8) 325 14.5(12.1-16.9)

College graduate or above 653 164  8.4(6.1-10.7) 55 3.2(1.6-4.8) 28.3(17.6-39.0) 219 11.6 (8.8-14.5)
Weight group (BMI range)’

Normal weight (18.5-24.9) 676 106 4.4(2.7-6.2) 26 1.1(0.4-1.9) 20.1(7.4-32.8) 132 5.6 (3.7-7.4)

Overweight (25.0-29.9) 904 254 8.6 (6.9-10.4) 52 2.3(0.7-3.9) 22.2(10.0-34.4) 306 10.9 (8.7-13.2)

Class 1 obesity (30.0-34.9) 630 205 12.9(10.5-15.3) 60 3.4(2.3-4.5) 20.8(14.6-27.0) 265 16.2 (13.7-18.7)

Class 2 obesity (35.0-39.9) 337 133 18.0 (13.5-22.6) 43 7.6(3.7-11.5)  29.3(18.9-39.8) 176 25.6 (18.6-32.6)

Class 3 obesity (240.0) 288 118 28.2(18.1-38.2) 38 8.9(4.5-13.3)  20.7(11.3-30.1) 156 37.0(25.8-48.2)
Abdominal obesity _
(waist circumference range, cm)

No (<102 in men, <88 in women) 1058 170 5.6(3.9-7.3) 43 1.7 (0.6-2.8) 24.0(14.5-33.4) 213 7.3(5.0-9.6)

Yes (>102 in men, >88 inwomen) 1698 596  13.8(11.8-15.7) 168  4.5(3.2-5.8) 23.3(18.2-28.4) 764 18.3 (15.7-20.9)
Insurance status*

Uninsured 426 78 10.6 (4.4-16.8) 36 5.7 (2.9-8.4) 34.9 (19.6-50.1) 114 16.3 (10.1-22.5)

Insured 2534 800 11.2 (9.8-12.6) 186 3.2(2.2-4.2) 22.2(16.3-28.0) 986 14.4 (12.7-16.1)

Abbreviation: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared.

2 Unweighted sample size and number of cases. The total number of
participants was 2965 from the interview sample and 2925 from the
examination sample (for analyses related to BMI and waist circumference
only).

bSelf-report of diabetes diagnosis by a physician or other health professional.

€ Hemoglobin A, level of 6.5% or higher or fasting plasma glucose level of
126 mg/dL or higher among individuals without self-reported diabetes.

9Included both diagnosed and undiagnosed diabetes.

€ Estimates for overall total and by age groups were unadjusted. Other
estimates were age standardized to the 2017-2018 National Health and

Nutrition Examination Survey nonpregnant adult population, using the age
groups 18 to 44 years, 45 to 64 years, and 65 years or older.

f Estimates were age standardized to all diabetes cases other than during
pregnancy in the 2017-2018 National Health and Nutrition Examination Survey
adult population using the age groups 18 to 44 years, 45 to 64 years, and 65
years or greater.

& Race and ethnicity was determined by self-report in fixed categories. The
"other” group included other non-Hispanic races or multiple races.

" Five participants refused to report or did not know their education level.

' Thirty-two participants with BMI less than 18.5 (ie, underweight) were not
included for this variable, but were included for other variables. Only 1
participant with BMI less than 18.5 had diabetes. BMI was missing for 58
participants (2.0%) among 2925 included from the examination sample.

J Waist circumference was missing for 169 participants (5.8%) among 2925
included from the examination sample.

Insurance information was missing for 5 participants.

All model assumptions were met and logistic models con-
verged successfully. During the entire study period, com-
pared with older adults, young adults were significantly less
likely to achieve individualized HbA, . targets (43.5% vs 79.8%;
adjusted OR, 0.25 [95% CI, 0.19-0.33]), LDL-C level less than
100 mg/dL (41.3% vs 63.5%; adjusted OR, 0.40 [95% CI, 0.27-

jama.com

0.58]), and all 3 goals (7.4% vs 21.7%; adjusted OR, 0.32 [95%
CI, 0.16-0.63]), but significantly more likely to achieve BP less
than 130/80 mm Hg (56.5% vs 37.4%; adjusted OR, 1.99 [95%
CI, 1.52-2.60]) (Table 4, eTable 11 in the Supplement). Com-
pared with non-Hispanic White adults, non-Hispanic Black
adults were significantly less likely to achieve individualized
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Figure. Trends in Prevalence of Diabetes Among US Adults
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Trends in prevalence of diagnosed diabetes, undiagnosed diabetes, and total
diabetes (A), and percentage of diabetes that was undiagnosed (B). Diagnosed
diabetes was defined according to self-report of diabetes diagnosis by a
physician or other health professional. Undiagnosed diabetes was defined as
having a hemoglobin A, level of 6.5% or higher or fasting plasma glucose level
of 126 mg/dL or higher among individuals without diagnosed diabetes. All
estimates were age standardized to the 2017-2018 National Health and
Nutrition Examination Survey (NHANES) nonpregnant adult population, using
the age groups 18 to 44 years, 45 to 64 years, and 65 years or older, except for

the analysis related to the percentage of diabetes that was undiagnosed.
Estimates were age standardized to all diabetes cases in 2017-2018 other than
during pregnancy in the NHANES, using the age groups 18 to 44 years,

45 to 64 years, and 65 years or older. A, Interview sample (28 143 participants).
B, Individuals with diabetes (8493 participants). Error bars indicate 95% Cls.

P for trend was obtained from joinpoint regressions: P <.001 for total and
diagnosed and P = .32 for undiagnosed diabetes in panel A; P =.002 for panel B.
Specific estimates are shown in Table 2 and eTables 1to 3 in the Supplement.

HbA, . targets (60.4% vs 68.3%; adjusted OR, 0.64 [95% CI,
0.53-0.77]), BP less than 130/80 mm Hg (38.7% Vs 48.5%; ad-
justed OR, 0.65 [95% CI, 0.55-0.78]), and all 3 goals (12.5% vs
20.6%;adjusted OR, 0.60[95% CI, 0.40-0.90]). Compared with
non-Hispanic White adults, Mexican American adults were sig-
nificantly less likely to achieve individualized HbA, . targets
(55.7% Vs 68.3%; adjusted OR, 0.59 [95% CI, 0.47-0.73]), LDL-C
level less than 100 mg/dL (43.4% vs 56.6%; adjusted OR, 0.64
[95% CI, 0.47-0.871), and all 3 goals (10.9% vs 20.6%; ad-
justed OR, 0.48 [95% CI, 0.31-0.77]). Other subgroup esti-
mates for primary goals and results for secondary goals are
shown in Table 4 and eTable 11 in the Supplement.

Sensitivity Analysis

The estimated age-standardized prevalence of diabetes based
on the definition including 2-hour plasma glucose level did not
increase significantly between 2005-2006 and 2015-2016 (rela-
tive percentage change per 2-year cycle, 1.1% [95% CI, -2.3%
t0 4.6%]; P for trend = .44) (eTable 12 in the Supplement). If it
was restricted to the same period without including 2-hour
plasma glucose level, there was a significant increase (rela-
tive percentage change per 2-year cycle, 3.1% [95% CI, 0.02%-
6.3%]; P for trend = .049).

|
Discussion

The estimated prevalence of diabetes among US adults in-
creased significantly between 1999-2000 and 2017-2018.
The estimated proportion of adults with diagnosed diabetes
who achieved individualized HbA, . targets and BP less than

JAMA Published online June 25, 2021

130/80 mm Hg in 2015-2018 was significantly higher than that
in 1999-2002, but not in 2003-2014. The estimated propor-
tion of adults with diagnosed diabetes who achieved LDL-C
level less than 100 mg/dLin 2015-2018 was significantly higher
than that in 1999-2006, but not in 2007-2014. Only an esti-
mated 21% of adults with diagnosed diabetes achieved all 3 risk
factor control goals in 2015-2018.

This work extends prior findings by providing the most up-
dated estimates and characterizing previously unreported sub-
groups (eg, adults with abdominal obesity).6-%:1213 The signifi-
cantincreasing trends in the estimated prevalence of diabetes
may in part be a collective product of improved survival in
diabetes?!; increasing burden of diabetes among children and
young adults??; more widespread screening for diabetes, par-
ticularly after the implementation of the Patient Protection and
Affordable Care Act?3; increasing body mass index and waist
circumference?#; and decreasing incidence of diagnosed dia-
betes among US adults.® The estimated prevalence of diabe-
tes continued to increase significantly among subgroups dis-
proportionately affected by diabetes, including Mexican
American adults and those with abdominal obesity. Underdi-
agnosis was common and the estimated prevalence of undi-
agnosed diabetes did not decrease significantly over time. The
estimated percentage of diabetes that was undiagnosed de-
creased significantly over time, which may be due to better
screening and survival. However, among all racial/ethnic sub-
groups, this significant decrease in the estimated percentage
of diabetes that was undiagnosed was observed only in non-
Hispanic White adults, which may be attributed in part to
higher insurance coverage and more preventive services com-
pared with that for minority adults.?>-26
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Table 3. Trends in Prevalence of Achieving Risk Factor Control Goals Among US Adults With Diagnosed Diabetes

Adults with diagnosed diabetes, % (95% CI)>°

P for
Risk factors and population No.¢ Target 1999-2002 2003-2006 2007-2010 2011-2014 2015-2018 trend
HbA, . targets achieved
All adults 218 y 6052 Individualized HbA,.  58.9 71.0 66.7 62.0 66.8 .51
targets shown below  (54.4-63.3)¢ (67.6-74.5) (62.6-70.8) (58.3-65.6)  (63.2-70.4)
18-44y
Without complications® 362 HbA,; <6.5% 39.9 35.9 55.0 39.9 59.3 .03
(21.3-58.5) (23.3-48.6)¢  (40.6-69.4) (28.1-51.8)¢ (49.7-68.9)
With complicationsf 299 HbA, . <7.0% 34.6 50.3 25.0 41.3 44.2 .66
(16.6-52.6) (32.9-67.8) (10.1-40.0) (25.3-57.3)  (28.5-59.9)
45-64y
Without complications® 1177  HbA, <7.0% 49.1 60.1 54.3 56.7 50.4 .76
(39.5-58.7) (49.8-70.4) (45.2-63.4) (50.3-63.1)  (42.2-58.6)
With complications 1396 HbA, <8.0% 57.8 67.6 70.5 52.4 68.9 .63
(48.1-67.5) (58.9-76.2) (64.7-76.3) (44.3-60.6)¢ (59.9-77.9)
265y
Without complications® 732 HbA, <7.5% 65.2 88.4 74.6 73.1 76.2 .97
(51.0-79.3) (81.9-94.9)¢  (67.2-82.0) (62.6-83.6) (68.1-84.3)
With complications' 2086 HbA, <8.0% 74.3 88.6 83.7 79.3 80.1 .81
(66.5-82.1) (84.8-92.3)¢  (79.0-88.3) (73.3-85.2)  (75.7-84.5)
BP targets achieved
All adults 218y 6077 BP<130/80 mm Hg 38.5 44.8 51.5 47.9 48.2 .007
(33.6-43.5)¢ (39.9-49.6) (48.0-55.1) (44.1-51.6) (44.6-51.8)
6077 BP <140/90 mm Hg 63.6 68.2 72.5 74.3 71.1 .004
(59.3-67.9)¢ (64.7-71.6) (69.2-75.7) (70.9-77.6)  (67.7-74.5)
LDL-C and statin use targets
achieved
All adults 218 y 2451 LDL-C <70 mg/dL 4.5 14.6 17.8 21.9 21.4 <.001
(2.4-6.6)° (10.2-19.0)¢  (14.3-21.3) (18.4-25.4) (17.8-24.9)
2451 LDL-C <100 mg/dL 35.4 46.9 56.6 54.8 59.7 <.001
(27.2-43.6)° (40.8-52.9)¢ (51.9-61.4) (48.8-60.8)  (54.2-65.2)
6678  Taking statins 28.5 43.6 51.1 56.0 55.5 <.001
(24.7-32.3)¢ (39.8-47.3)¢  (48.4-53.7)°  (51.9-60.0) (52.2-58.9)
All 3 targets achieved
All adults 218y 2368 Individualized HbA;. 9.0 143 22.7 16.6 21.2 .01
targets + BP <130/80 (5.0-13.1)° (8.7-19.8) (18.2-27.1)  (12.8-20.5)  (15.5-26.8)
mm Hg + LDL-C <100
mg/dL
2368 Individualized HbA, 13.9 24.7 323 25.8 27.6 .06
targets + BP <140/90 (8.1-19.6)¢ (20.0-29.4) (26.8-37.8) (20.8-30.8)  (20.7-34.5)

mm Hg + LDL-C <100
mg/dL

Abbreviations: BP, blood pressure; HbA,., hemoglobin A;; LDL-C, low-density

lipoprotein cholesterol.

@ Diagnosed diabetes was defined as having self-report of diabetes diagnosis by
a physician or other health professional.

b Estimates were age standardized to the 1999-2018 National Health and
Nutrition Examination Survey nonpregnant adult population with diagnosed
diabetes, using the age groups 18 to 44 years, 45 to 64 years, and 65 years
orolder.

€ Unweighted number of adults with diagnosed diabetes.

dBased on F tests.

¢ Indicates P < .05 based on t tests for comparing the estimates in earlier years
with the estimate in 2015-2018 within each row.

f Complications were defined as having self-reported cardiovascular disease
(congestive heart failure, coronary heart disease, heart attack, or stroke) or
retinopathy or urine albumin to creatinine ratio =30 mg/g or estimated
glomerular filtration rate <60 mL/min/1.73 m?.

Similar to that for young adults in many other parts of the
world,?? the burden of diabetes among US young adults has
been increasing. Compared with later-onset diabetes, young-
onset diabetes appeared to be associated with worse glyce-
mic control, progressed to adverse cardiometabolic risk pro-
files more rapidly, and had greater lifetime risk of vascular and
nonvascular complications.?? In this study, young adults were
significantly less likely than older ones to achieve individual-
ized HbA, targets, LDL-C level less than 100 mg/dL, and all 3
goals combined. Accordingly, early detection and manage-
ment of diabetes among young adults is critical, but the esti-

jama.com

mated percentage of diabetes that was undiagnosed re-
mained high and unchanged during the previous 2 decades.
The improvement in risk factor control reported before 2010
did not continue despite extensive public health investments,
as well as advances in therapeutic management of diabetes in
the past 2 decades.'>'3 Similar to that in previous reports, greater
improvement was observed for cholesterol control than gly-
cemic and BP control. Only a small estimated proportion of
adults with diagnosed diabetes achieved all 3 risk factor con-
trol goals, and stagnation in risk factor control occurred in
2003-2018, although the treatment goals are theoretically
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achievable via pharmacologic and lifestyle therapies for most
people and cardiovascular risk factor control has been empha-
sized in guidelines.'°:'-?7 Significant racial and ethnic differ-
ences in risk factor control existed. Reasons abound for poor
risk factor control, but challenges lie in designing effective tai-
lored approaches for improving adherence to medications and
healthy lifestyle behaviors, as well as providing necessary
health care access and resources, education, and self-
management support for improving adherence and maintain-
ing achieved adherence.!?28

Limitations

This study has several limitations. First, misclassification of
diabetes was possible because of the use of self-reported di-
agnosis and reliance on single-occasion laboratory measure-
ment. Repeating the same laboratory test on another day or
performing a different test without delay with a new blood
sample has been recommended to confirm a diabetes diagno-
sisunless there is a clear clinical diagnosis.2® Second, oral glu-
cose tolerance test data were available only between 2005 and
2016. Furthermore, intraindividual variability of 2-hour plasma

Trends in Prevalence and Control of Risk Factors in Diabetes in US Adults

glucose level (16.7%) was higher than that of fasting plasma
glucose level (5.7%) and HbA,. level (3.6%).3° Thus, the pri-
mary definition of diabetes did not include 2-hour plasma glu-
cose level. Third, a small shift in the distribution of HbA, . data
in 2007-2010 was identified by the National Center for Health
Statistics, but the reason was unclear despite intensive inves-
tigations. Fourth, results from the analysis of risk factor con-
trol did not necessarily apply to all adults with diabetes. Indi-
vidualized cholesterol control goals were not studied because
intensity of statin therapy was not collected in NHANES. How-
ever, a number of risk factor control goals were considered to
facilitate the understanding of the general risk factor control
among US adults with diagnosed diabetes.

. |
Conclusions

Based on NHANES data from US adults, the estimated preva-
lence of diabetes increased significantly between 1999-2000 and
2017-2018. Only an estimated 21% of adults with diagnosed dia-
betes achieved all 3 risk factor control goals in 2015-2018.
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