






while relative changes were greatest in
theyoungerpopulation.Althoughall racial/
ethnic and socioeconomic groups were
affected, the increases were most pro-
nounced among people with lower levels
of education, and there was a general wid-
ening of disparities between high-risk and
low-risk counties (43). This period was
also distinguished by an accentuation
of a “diabetes belt,” characterized by
broad clustering of counties of high prev-
alence in the Mississippi Valley, through
the Deep South, across the Carolinas and
the Appalachian region, and in American
Indian reservations (44).
However, in 2014, the first plateau in

rates of diabetes prevalence was noted
nationally in a report using data from
NHIS (42). In the overall adult population,
prevalence and incidence rates peaked in
2008 with no further increase in preva-
lence and an approximate 2 percentage
point decline in incidence from about 9
to 7 cases per 1,000 adults in 2014 (Fig. 3).
A subsequent data release and analysis
2 years later confirmed a continuation
of the plateau in prevalence and the de-
crease in incidence (5). Although the de-
crease in incidence was not significant
in all groups, the same general trends
were observed in all major subsets of
the population (Fig. 4).

Factors Explaining Recent Trends in

Incidence and Prevalence

Several potential explanations exist for the
recent plateau in prevalence and down-
turn in incidence of diagnosed diabetes,
including chance observation, biases re-
lated to detection, changes in diagnostic
thresholds, or, hopefully, real changes in
the risk and incidence for diabetes in the
U.S. Several pieces of information argue
against a chance observation. Most con-
vincingly, analyses of state-specific trends
from the BRFSS have revealed similar
downturns in incidence in the vast major-
ity of states and notable reductions in the
number of counties experiencing increas-
ing prevalence (45). This plateau has also
been portrayed in geographic analyses
showing that the number of counties ex-
periencing increasing prevalence of dia-
betes, obesity, and physical inactivity
has decreased while the number of coun-
ties with decreases in these indices is de-
creasing (Fig. 5) (45).
Ongoing public health efforts to raise

awareness and education, scale diabetes
prevention programs nationally, and

reduce obesity, combined with encourag-
ing trends in diabetes risk factors, provide
hope that the trends in diabetes inci-
dence are on a true downward trajectory
(46,47). Several published reports sug-
gest that these trends in incidence are in-
deed supported by changes in underlying
risk factors. Levels of obesity prevalence
in the U.S., which increased concur-
rently with diabetes over recent decades,
reached a similar plateau inmost age, sex,
and racial/ethnic subgroups between
2008 and 2014 (48). Levels of total energy
intake and intake of sugar-sweetened
beverages reached a peak midway through
the 2000s and declined thereafter (49–51).
Similarly, between 2005 and 2012 there

was a notable increase in the prevalence
of U.S. adults meeting federal physical ac-
tivity guidelines, before reaching another
plateau between 2012 and 2015 (52).
Despite these encouraging trends in risk
factors, the levels of risk of the general
population remain very high and there
are many established risk factors, includ-
ing qualitative aspects of the diet such as
whole grains and fibers and healthy fats,
for which trends in the at-risk population
remain unclear.

Although the recent shifts in preva-
lence and incidence of diagnosed diabe-
tes are robust, there are limitations and
remaining questions about the degree to
which these trends represent the true

Figure 3—Trends in age-adjusted diagnosed diabetes prevalence and incidence among adults aged
20–79 years, 1980–2014. The red box highlights the plateau in diabetes prevalence and the decline
in diabetes incidence observed after 2008.

Figure 4—Trends in incidenceof diagnosed diabetes among age, sex, and racial/ethnic subgroups of
U.S. adults, 1980–2014. NS, not significant. (A high-quality color representation of this figure is
available in the online issue.)
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underlying trends in diabetes. First, the lack
of population-level data about trends in
case detection prevents quantification of
the degree to which trends are affected by
changes in awareness, screening, and diag-
nostic policies. The change in diabetes def-
inition (adopting a reduced fasting plasma
glucose [FPG] and dropping the oral glucose
tolerance test as a required index) reduces
apparent prevalence but could increase
prevalence practically if the simplicity of
FPG (vs. oral glucose tolerance test) stimu-
lates more testing and diagnosis (53,54).
Similarly, the 2010 adoption of HbA1c to
diagnose diabetes would decrease appar-
ent prevalence if clinicians follow suit and

use the HbA1c in place of the FPG (55).
During the period between 1997 and
2010, greater general awareness about
diabetes may have increased testing and
diagnosis; alternatively, greater aware-
ness about the efficacy of lifestyle change
for people with prediabetes could have
conceivably led some clinicians to delay
diagnosis in favor of encouraging lifestyle
change. The epidemiologic data showing
no change in average age at diagnosis fur-
ther contributes to the ambiguity about
trends in detection and underscores the
need for development and application of
methods to determine the underlying
rate of disease (i.e., true diabetes) (56).

The Changing Diabetes Morbidity:
Currents Below the Surface
The epidemiologic profile of diabetes in
the U.S, including multilevel impact of
complications and care, along with en-
couraging recent trends in diabetes itself,
raises the question of whether the overall
burden of the diabetes epidemic is sub-
siding and whether future demands will
lessen. However, macro-level trends can
hide currents below surface, including
variation in risk factors, outcomes, popu-
lation subgroups, and places that can
have important implications for the char-
acter of the epidemic, future trends, and
response that is needed.

Differential Age Patterns and Generational

Effects

Where improvements in diabetes complica-
tions have occurred, they have been most
prominent among the older population.
This is most apparent for hyperglycemic
death and LEA, for which age-related differ-
ences have diminished dramatically; for
AMI and stroke, age-related differences
were reduced by half (26). Differential re-
duction by age means that, proportion-
ally, middle-aged adults account for an
increasing proportion of diabetes-related
complications. For example, adults aged
45–64 years accounted formore than half
of amputations in 2010 (vs. one-third in
1990), 44% of hyperglycemic deaths
(vs. 32% in 1990), and almost one-third
of stroke (vs. 20% in 1990). ESRD was the
main exception to the change in age-
related risk. Whether due to an increase
in dialysis referral at a given level of renal
failure or the reduction of CVD as a major
competing risk, rates of ESRD decreased
most in the young, leading to a reversal in
the age relationship, such that ESRD rates
are now higher in older adults.

Trends in Youth and Young Adults

A second undercurrent is the concerning
trends in health among youth and young
adults, including the Millennial genera-
tion (i.e., those born in 1980–2000). Re-
cently published results from the SEARCH
for Diabetes in Youth (SEARCH) study sug-
gest that youth and adolescents aged
10–19 years have experienced increases
in both type 1 and type 2 diabetes inci-
dence from 2002 to 2012, with the most
alarming increases seen in type2 diabetes
among American Indians and Hispanics
(57). These trends in youth are ominous
in light of the observation that youthwith
type 2 diabetes have about twice the

Figure 5—Average annual percentage point change in diagnosed diabetes, obesity, and physical
inactivity prevalence, U.S. counties, 2004–2008 and 2008–2012. Previously published in PLOS ONE
(45). (A high-quality color representation of this figure is available in the online issue.)
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prevalence of diabetes-related complica-
tions as same-aged youth with type 1 di-
abetes, as well as the implications for
long-term risk given the development of
diabetes so early in life (58). These find-
ings are consistent with other concerning
observations, including the continued in-
creases in severe obesity and sedentary
behavior in youth (59,60), the lack of im-
provements in blood pressure control,
the high documented smoking rate, pro-
cessesof careand risk factor improvements,
and the lack of improvement in CVD mor-
tality in young adults (36,39,40,61).

Persistence of Microvascular Complications

The thirdmajor current affecting diabetes
complications is the relative persistence
of microvascular complications. As de-
scribed earlier, ESRD had weak improve-
ment among people with diabetes in the
U.S. and, when calculated as a rate per
general population, doubled between
1995 and 2010 (26). National prevalence
of stage 3 and 4 chronic kidney disease
(CKD) has been flat since 2000, while the
prevalence of any diabetes-related CKD
has increased (62). These less encouraging
trends could reflect several factors. First,
they may be a function of the removal of
competing risk, wherein the reduction in
CVD mortality and concomitant improve-
ments in medical management of CVD
have permitted adults with type 2 diabe-
tes to live long enough to develop CKD.
The trends may also represent a weaker
armamentarium, or less attention to the
approaches that can reduce microvascu-
lar complications, including the fact that
improvements in glucose levels occurred
only long after improvements in other
CVD risk factors. Data from Medicare
beneficiaries revealed increases in both
ESRD and retinopathy treatment be-
tween 1992 and 2012 (63,64). Similarly,
the trends may signify a need to improve
the care of people with CKD.

Deceptive Denominators and the Impact of

Longevity

The encouraging reductions in diverse
complications should not be interpreted
as a complete win against the burden of
diabetes-related complications in the U.S.
In addition to the remaining 10-fold in-
creased risk of amputation, fivefold in-
creased risk of ESRD, and 60% to 100%
increased risk of AMI and stroke, the cu-
mulative burden remains high for the av-
erage person with diabetes, as diabetes
leads to substantial disability and a life

span that is reduced by 5 years compared
with the average personwithout diabetes
(65,66). Moreover, the increase in diabe-
tes prevalence that occurred between
1990 and 2008 continues to drive a large
burden of diabetes-related complica-
tions. When rates of diabetes-related
complications are calculated per 1,000
adults in the overall population (i.e., in-
stead of per 1,000 adults with diabetes),
the findings are not as encouraging; rates
of AMI and hyperglycemic death declined
by more than one-third from 1990 to
2010, but there was no change in rates
of amputation or stroke, and rates of
ESRD doubled (Fig. 6) (26). Examining
trends from this perspective provides a
picture of the diabetes trends in the U.S.
population and is a reminder that revers-
ing the public health burden of diabetes
will require reducing the incidence of di-
abetes itself.

Long-term reduction in all-cause mor-
tality occurring among adults with diag-
nosed diabetes represents amajor clinical
and public health success, yet the implica-
tions of this are likely to increase the public
health burden in several ways for years
to come (29). All-cause mortality rates
declined over 40% in men and 25% in
women with diabetes between 1990
and 2010. When combined with increased
incidence during this time, this decline in
mortality contributed to an increase in
lifetime risk of diagnosed diabetes for

both men and women, now estima-
ted at 40%, along with a mean 3-year in-
crease in years spent with diabetes for
the average person diagnosed at age
60 years. When increases in years spent
with diabeteswere aggregated across the
increased number of prevalent cases for a
typical community, there was an approx-
imate doubling of the cumulative number
of years spent with diabetes.

Diversification of Diabetes Complications

The large increase in the number of years
spent with diabetes will extend the oppor-
tunity for people with diabetes to develop
classic complications, keeping the cumula-
tive incidence and total burden high even
if the yearly rate of complications per in-
dividual continues to decline. In addition,
the increase in total years of diabetes,
combined with the large reduction in
CVD mortality, is likely to lead to a diver-
sification in the complications of dia-
betes. This diversification has already
been noted in the form of various cancers
associated with diabetes, disability, cog-
nitive decline, and geriatric syndromes
(67,68). Recent analysis of nationally rep-
resentative data from the Health and Re-
tirement Study (HRS) indicates that
diabetes leads to disability 7 years earlier
than in the population without diabetes
and that the impact on disability-free
years is greater than the effect of diabe-
tes on longevity (69). The diversification is
also being seen in causes of mortality, as
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Figure 6—Trends in age-standardized rates of diabetes-related complications from 1990 to
2010 among U.S. adults with or without diagnosed diabetes. Previously published in The New
England Journal of Medicine (26). (A high-quality color representation of this figure is available in
the online issue.)
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the large proportional reduction of CVD
as a cause of mortality has been compen-
sated for by an increase in all other causes
of death, including those due to renal dis-
ease, infections, and accidents (28).

Implications for Epidemiology
and Prevention
The recent trends and currents in the di-
abetes epidemic have led to expanded
exposure and diversification of diabetes-
related complications. This has several
implications for descriptive epidemiology
and surveillance, clinical effectiveness re-
search, and translation research for public
health action. The diversification of com-
plications will expand the neededmetrics
for monitoring morbidity among patients
with diabetes, including cancers, disabil-
ity, and geriatric syndromes, as well as
longitudinal assessment to monitor re-
mission and recovery from morbidity.
The persistent problems of diabetes in

youth in the U.S. population indicate a
need for continued exploration of public
health interventions to reduce incidence.
Although trials of lifestyle interventions
to prevent diabetes have led to success-
ful translation in the form of community-
based prevention programs, numerous
modifiable risk factors for diabetes have
been identified that remain unaddressed
for diabetes prevention. Knowledge of
such risk factors, including diverse quali-
tative aspects of the diet, physical activity,
sleep, environmental toxins, depression,
prenatal factors, and rapid weight gain
early in life, has not been converted into
practical, actionable interventions or
used in effective health promotion. Over-
coming this bottleneck will require new
models of testing interventions, closer ex-
amination of population attributable
risks, and the modeling of the health im-
pact of diverse prevention approaches.
Finally, a stronger infrastructure for

and use of natural experiments to test
the health impact of population-wide pol-
icies and interventions on diabetes pre-
vention and outcomes is needed to

provide a more comprehensive, multi-
tiered approach to confront the continu-
ing problem of diabetes into the future
(70).

SUMMARY AND CONCLUSIONS

This synthesis of epidemiologic findings
related to the U.S. diabetes epidemic re-
veals several major trends and currents
(Table 1). Rates of classic diabetes com-
plications have declined in recent de-
cades, representing a major success for
people with diabetes as well as clinical
and public health efforts that have driven
these changes. Furthermore, after several
decades of unabated increases, the prev-
alence of diagnoseddiabetes in adults has
reached a plateau and incidence has
started to decline, indicating initial success
in primary prevention efforts.

Despite these successes, several cur-
rents below the surface of the diabetes
epidemic will present major challenges in
the coming years. These currents include,
1) the continued growth in the numbers
of people with diabetes and continued
increases in diabetes in youth, 2) a pro-
portional shift in overall complications to-
ward middle-aged adults, the relative
persistence of microvascular disease, 3)
diversification of diabetes-related mor-
bidity following the reduction in CVD, 4)
thecontinuedhigh levels ofdiabetescom-
plications in the overall population, and 5)
the combined impact of increasing life
span and high prevalence on the total
years and cumulativemorbidity burden in
communities. These currents will all play
major roles in the course of the diabetes
epidemic in the future and will challenge
all disciplines of epidemiology to continue
to improve the monitoring and under-
standing of risk factors, risk stratification
approaches, and the future prioritization
of interventions.

Acknowledgments. The author thanks Linda
Geiss, Mohammed K. Ali, and Elizabeth Luman

(oftheCentersforDiseaseControlandPrevention)
for valuable comments on the manuscript.
Duality of Interest. No potential conflicts of in-
terest relevant to this article were reported.

References
1. Anand SS, Yusuf S. Stemming the global tsu-
nami of cardiovascular disease. Lancet 2011;377:
529–532
2. Zimmet P, Alberti KG, Shaw J. Global and soci-
etal implications of the diabetes epidemic. Nature
2001;414:782–787
3. McKinlay J, Marceau L. US public health and
the 21st century: diabetes mellitus. Lancet 2000;
356:757–761
4. International Diabetes Federation. IDF Diabetes
Atlas, 7th edition [Internet], 2015. Available from
http://www.diabetesatlas.org. Accessed 30 July
2017
5. United States Diabetes Surveillance System.
Diabetes data and statistics [Internet], 2016.
Available from http://www.cdc.gov/diabetes/
statistics/index.htm. Accessed 25 February 2016
6. Wetterhall SF, Olson DR, DeStefano F, et al.
Trends in diabetes and diabetic complications,
1980-1987. Diabetes Care 1992;15:960–967
7. Centers for Disease Control and Prevention
(CDC). Trends in the prevalence and incidence of
self-reported diabetes mellitus – United States,
1980-1994. MMWR Morb Mortal Wkly Rep
1997;46:1014–1018
8. Centers for Disease Control and Prevention.
Diabetes Surveillance. Atlanta, GA, U.S. Depart-
ment of Health and Human Services, 1997
9. Narayan KM, Boyle JP, Thompson TJ, Sorensen
SW,WilliamsonDF. Lifetimeriskfordiabetesmellitus
in the United States. JAMA 2003;290:1884–1890
10. Boyle JP, Honeycutt AA, Narayan KMV, et al.
Projectionofdiabetesburden through2050: impact
of changing demography and disease prevalence in
the U.S. Diabetes Care 2001;24:1936–1940
11. Donnelly R, Emslie-Smith AM, Gardner ID,
Morris AD. ABC of arterial and venous disease:
vascular complications of diabetes. BMJ 2000;
320:1062–1066
12. Reiber GE, Boyko EJ, Smith DG. Lower ex-
tremity foot ulcers and amputations in diabetes.
In Diabetes in America. 2nd ed. Harris MI, Ed.
National Institutes of Health, 1995, p. 409–428
13. Kannel WB, McGee DL. Diabetes and cardio-
vascular disease. The Framingham study. JAMA
1979;241:2035–2038
14. Klein R, Klein BEK. Relation of glycemic con-
trol to diabetic complications and health out-
comes. Diabetes Care 1998;21(Suppl. 3):C39–C43
15. Nathan DM. Diabetes: advances in diagnosis
and treatment. JAMA 2015;314:1052–1062
16. Geiss LS, HermanWH, GoldschmidMG, et al.
Surveillance for diabetes mellitus–United States,

Table 1—Achievements, successes, and concerns in the epidemiologic trends of diabetes

Achievements and successes Remaining or emerging problems

Reduction in rates of diverse complications Persistent CKD

Increased longevity Unclear trends in microvascular complications

Improvements in CVD risk factors Increasing type 1 and type 2 diabetes in youth

Improved glycemic control Lack of improvement in care and risk factors in youth

Improved processes of care and self-management Increasedcommunityburdenfromincreasing lifetimeriskandyearswithdiabetes

Peak and initial decline in diagnosed diabetes Diversification of complications

care.diabetesjournals.org Gregg 7

http://www.diabetesatlas.org
http://www.cdc.gov/diabetes/statistics/index.htm
http://www.cdc.gov/diabetes/statistics/index.htm
http://care.diabetesjournals.org


1980-1989. MMWR CDC Surveill Summ 1993;42:
1–20
17. Beckles GL, Engelgau MM, Narayan KM,
HermanWH, Aubert RE, Williamson DF. Population-
based assessment of the level of care among
adults with diabetes in the U.S. Diabetes Care
1998;21:1432–1438
18. Vinicor F. Is diabetes a public-health disor-
der? Diabetes Care 1994;17(Suppl. 1):22–27
19. Fleming BB, Greenfield S, Engelgau MM,
Pogach LM, Clauser SB, Parrott MA. The Diabetes
Quality Improvement Project: moving science
into health policy to gain an edge on the diabetes
epidemic [published correction appears in Diabe-
tes Care 2002;25:249]. Diabetes Care 2001;24:
1815–1820
20. Clark CM Jr; The National Diabetes Education
Program. Reducing the burden of diabetes. Dia-
betes Care 1998;21(Suppl. 3):C30–C31
21. Saaddine JB, Cadwell B, Gregg EW, et al. Im-
provements in diabetes processes of care and in-
termediate outcomes: United States, 1988-2002.
Ann Intern Med 2006;144:465–474
22. Saaddine JB, EngelgauMM, BecklesGL, Gregg
EW, Thompson TJ, Narayan KM. A diabetes report
card for the United States: quality of care in
the 1990s. Ann Intern Med 2002;136:565–574
23. Burrows NR, Li Y, Williams DE. Racial and eth-
nic differences in trends of end-stage renal dis-
ease: United States, 1995 to 2005. Adv Chronic
Kidney Dis 2008;15:147–152
24. Wang J, Williams DE, Narayan KMV, Geiss LS.
Declining death rates from hyperglycemic crisis
among adults with diabetes, U.S., 1985–2002. Di-
abetes Care 2006;29:2018–2022
25. Gregg EW, Gu Q, Cheng YJ, Narayan KM,
Cowie CC. Mortality trends in men and women
with diabetes, 1971 to 2000. Ann Intern Med
2007;147:149–155
26. Gregg EW, Li Y, Wang J, et al. Changes in
diabetes-related complications in the United
States, 1990-2010. N Engl J Med 2014;370:
1514–1523
27. Cheng YJ, Imperatore G, Geiss LS, Saydah SH,
Gregg, EW. Trends and disparities in cardiovas-
cular mortality among U.S. adults by diabetes
status, 2000–2011 [Abstract]. Diabetes 2016;65
(Suppl. 1):A24
28. Gregg EW, Cheng YJ, SrinivasanM, Lin J, Geiss
LS, Imperatore G. Shifting causes of mortality
among the U.S. population with and without di-
agnosed diabetes [Abstract]. Diabetes 2017;66
(Suppl. 1):A432
29. Gregg EW, Zhuo X, Cheng YJ, Albright AL,
Narayan KM, Thompson TJ. Trends in lifetime
risk and years of life lost due to diabetes in the
USA, 1985-2011: amodelling study. Lancet Diabe-
tes Endocrinol 2014;2:867–874
30. Margolis DJ, Hoffstad O, Nafash J, et al. Loca-
tion, location, location: geographic clustering of
lower-extremity amputation among Medicare
beneficiaries with diabetes. Diabetes Care 2011;
34:2363–2367
31. Carinci F, Massi Benedetti M, Klazinga NS,
Uccioli L. Lower extremity amputation rates in
people with diabetes as an indicator of health
systems performance. A critical appraisal of the
data collection 2000-2011 by the Organization for
Economic Cooperation and Development (OECD).
Acta Diabetol 2016;53:825–832
32. Harding JL, Shaw JE, Peeters A, Guiver T,
Davidson S, Magliano DJ. Mortality trends among

people with type 1 and type 2 diabetes in Aus-
tralia: 1997–2010. Diabetes Care 2014;37:2579–
2586
33. Lind M, Garcia-Rodriguez LA, Booth GL, et al.
Mortality trends in patients with and without di-
abetes in Ontario, Canada and the UK from
1996 to 2009: a population-based study. Diabeto-
logia 2013;56:2601–2608
34. Gregg EW, SattarN, AliMK. The changing face
of diabetes complications. Lancet Diabetes Endo-
crinol 2016;4:537–547
35. Alegre-Dı́az J, HerringtonW, López-Cervantes
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