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National surveillance data show a sustained decline in the incidence rate of
diagnosed diabetes, which has been heralded as a success in the battle against
diabetes in the U.S. In this Perspective, we take a closer look at these data and
provide additional insights to help interpret these trends. We examine multiple
sources of data on the prevalence and incidence of diabetes in the U.S. as well as
data on trends in diabetes risk factors to provide context for these national
surveillance findings. Although some of the incidence decline may represent real
progress against diabetes, it is likely that there are also nonbiological factors at
play, especially changes in diagnostic criteria for diabetes. We present and discuss
data that suggest improved detection and changes in screening and diagnostic
practices may have resulted in the depletion of the “susceptible population.”
Providing this context for the recent declines in new diabetes diagnoses observed
in national data is critical to help avoid misinterpretation. We argue that it is
premature to declare victory against the epidemic of diabetes in the U.S. and
discuss how we might better focus current public health efforts, including a spe-
cific emphasis to address prediabetes.

After many years of observing steady increases in diabetes in the U.S., the Centers for
Disease Control and Prevention published data from the National Health Interview
Survey (NHIS) in JAMA: The Journal of the AmericanMedical Association in 2014 (1) and
updates on their website in 2015 that showed substantial and sustained age-adjusted
decreases in diabetes incidence from 2008 to 2014 (Fig. 1). This finding of decreases in
the rate of diagnosed diabetes was covered in high-impact venues including The New
York Times, CBS News, and othermajormedia outlets (2,3). Surveillance data like those
from the NHIS help us identify trends but cannot tell us what biological, behavioral, or
clinical patterns are (most) responsible for the trends. Here, we provide analysis and
supporting data to help contextualize the observed U.S. incidence trends and we
discuss the implications for clinical practice, public health, and policy.

DESIGN OF THE NHIS

In interpreting these trends, it is critical to understand the design of the NHIS, its
approach to data collection, and the diabetes case definition used. The NHIS is an
annual nationally representative cross-sectional survey conducted by the National
Center for Health Statistics of the Centers for Disease Control and Prevention.
Interviews are conducted with approximately 40,000 households across the coun-
try. Participants answer about 1 h of questions. Included are the following queries:
“Other than during pregnancy, have you EVER been told by a doctor or other health
professional that you have diabetes or sugar diabetes?” and “How old were you
when a doctor or other health professional FIRST told you that you had diabetes or
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sugar diabetes?” (4). Newly occurring (in-
cident) cases of diabetes are defined as
those diagnosed at the person’s current
age plus half of those diagnosed at the
person’s current age minus 1 (since the
exact date of diagnosis of diabetes is un-
known). The denominator for the inci-
dence rate is the number of people
without a previous history of diagnosed
diabetes. It is worth noting that the NHIS
diabetes questions changed in 1997. Prior
to 1997, identification of diabetes diagno-
ses in NHIS involved proxy reporting,
which may have resulted in underascer-
tainment of the condition (5).

INTERPRETING DIABETES
INCIDENCE TRENDS

Because theNHIS survey is cross-sectional in
nature and data are captured via question-
naires only, it is not possible to determine
what underlies the changes observed (6).
Routinely, other data are examined to cor-
roborate and/or inform surveillance data.
One approach to corroborate incidence
trends is to examine incidence trends in par-
allel data sourcesdfor example, claims
data. Another approach involves examining
changes in prevalence andmortality. A third
approach is to examine trends in the specific
factors that are related to incidence. In the
case of diabetes, the number and rate of
new diagnoses are not only related to
changes in risk factors in the population

but also to changes in the test(s) and diag-
nostic criteria used to determine diabetes
status and the practices of providers offer-
ing, administering, interpreting, and convey-
ing results of the test (Fig. 2). Although not
anexhaustive list, increasesanddecreases in
any of these factors could impact the fre-
quency of diabetes testing, probability of di-
agnosis, and awareness of status and could
therefore influence how participants re-
spond to national survey questions. Of
note, the changing demography of the U.S.
maybeplayinga role in the trendsobserved.
Specifically, minority race/ethnic groups ap-
pear to have higher physiological sus-
ceptibility to diabetes than non-Hispanic
whites, although they also tend to be of
lower socioeconomic status and have
less access to health care. However, the
balance of these influences remains un-
clear, as NHIS trend data also suggest
recent diabetes incidence declines in
Hispanics and non-Hispanic blacks.

To contextualize the overall NHIS in-
cidence trends, we examined trends in
prevalence, mortality, and diabetes di-
agnostic criteria and screening prac-
tices, drawing from national data and
published literature.

INCIDENCE TRENDS FROM OTHER
DATA SOURCES

Consistent with incidence data from the
NHIS, data from insured populations

show flat or declining rates of new di-
abetes diagnoses. The Surveillance, Pre-
vention, and Management of Diabetes
Mellitus (SUPREME-DM) study, a di-
verse open cohort of 7 million insured
adults in integrated health systems
across 10 U.S. states, reported a
roughly stable annual incidence rate of
total diabetes of approximately 10 to
11 cases per 1,000 people between
2006 and 2011 (7). In addition, claims
data from all 50 U.S. states show that
the annual rate of new diabetes diagno-
ses declined from 2007 to 2012, from
10.1 per 1,000 people to 6.5 per 1,000
people (8).

TRENDS IN DIABETES PREVALENCE
AND MORTALITY

Over the past two decades, mortality
rates in people with diagnosed diabetes
have declined considerably (9,10). Mean-
while, using both self-reported diagnoses
and objectively measured biochemical
data from the National Health and Nutri-
tion Examination Survey (NHANES), the
prevalence of total diabetes (undiag-
nosed plus diagnosed diabetes) has
increased modestly over the decade,
from ;10–12% in 2000 to 12–14% in
2011 (11,12). National data on the prev-
alence of diagnosed diabetes from the
NHIS and the Behavioral Risk Factor Sur-
veillance System (BRFSS) are also consis-
tent with amoremoderate increase over
this time period and a more recent flat-
tening of prevalence since 2011 (13,14).
Together, declining mortality and flatter
prevalence is in keeping with the declin-
ing incidence of diabetes as observed in
the NHIS data.

TRENDS IN MAJOR DIABETES RISK
FACTORS

Three of the most important determi-
nants of diabetes risk are age, adiposity,
and prediabetes. The rates of diabetes
shown in Fig. 1 are adjusted for age,
meaning that they account for the chang-
ing age structure of the U.S. population
over time. Thus, the aging of the U.S. pop-
ulation cannot account for the observed
trends in diabetes incidence from the
NHIS. The increase in overweight and obe-
sity prevalence in the U.S. population,
most commonly and reliably measured
using BMI (weight in kg divided by height
in m2), has been shown to explain the
majority of cases of diabetes and increas-
ing trends over time (12,15,16). Indeed,

Figure 1—Age-adjusted diabetes incidence rate and 95% CIs, 1980–2014, NHIS. FG, fasting
glucose. Source data: http://www.cdc.gov/diabetes/statistics/incidence/fig2.htm.
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the increase in obesity (BMI exceeding
30 kg/m2) over the past half century in
the U.S. is staggering: just over 10% of
U.S. adults were obese in the 1960s, com-
pared with almost 40% of adults now
(17,18). The current combined prevalence
of overweight and obesity is over 70%
(18). Compared with decades past, the
rate of increase in obesity prevalence
has slowed; however, there have not
been any overall decreases in obesity in
U.S. adults and, in fact, the most recent
data show a small increase (17).
By definition, people with prediabe-

tes are at high risk for subsequent de-
velopment of diabetes. Prediabetes
is a condition defined by the same bio-
chemical measures used to screen and
diagnose diabetes (19). The term “pre-
diabetes” serves to identify those indi-
viduals with glucose or glycated
hemoglobin (HbA1c) values below the
threshold for a diagnosis of diabetes
but high enough to consider them at
significant risk for development of di-
abetes and related cardiometabolic
conditions in the future. The burden
of prediabetes in the U.S. is at epi-
demic proportions. Unlike the diabetes
data from the NHIS, national estimates
of number of people with and pre-
valence of prediabetes are not from
self-reports, but rather are based on
biochemical determinations (typi-
cally, fasting glucose or HbA1c levels).

Current estimates for prediabetes, de-
pending on the definition used, range
from 13% to almost 40% of U.S. adults
(11,12). Consecutive waves of national
surveys from 1999 to 2010 show that
prediabetes prevalence has grown in
the U.S. (11,12,20).

There have been some promising na-
tional data showing recent population-
level decreases in sedentary behaviors,
20–30% lower beverage purchases,
and 8–14% lower food calorie pur-
chases (21). However, actual reductions
in calorie consumption only amount to
7–20 fewer calories per person per day
and are unlikely to account for major
changes in the occurrence of diabetes.
Furthermore, these reductions are fairly
recentdbetween 2003 and 2010dand
one might expect a longer lag time be-
tween changes in risk factors and in na-
tional diabetes incidence patterns.

Taken together, current evidence
does not support the likelihood that
the major diabetes risk factors are de-
clining, nor can declining risk factors ex-
plain the reduction in new annual
diabetes cases in the U.S. population.

DIABETES TESTING GUIDELINES
AND PRACTICES

So, if the major diabetes risk factors in
the population are not improving, what
might explain the declining national
rates of diagnosed diabetes shown in

the NHIS? The NHIS data show major
increases in the rates of diagnosed di-
abetes from the 1990s to the late 2000s,
peaking in 2008–2010 (Fig. 1). Since
2008, we have seen a dramatic decrease
in rates of newly diagnosed diabetes in
the NHIS. Three key nonbiological fac-
tors may help explain these trends.

Changes in Diagnostic Criteria for
Diabetes
Diabetes (and prediabetes) are clini-
cally diagnosed and defined by elevated
fasting glucose, elevated postprandial
glucose, and/or elevated HbA1c. These
different biochemical tests signify differ-
ent pathophysiologies that are together
counted as representing dysglycemia.
This is relevant to our discussion of inci-
dence because, over the years, there have
been major changes to how we define
diabetes that have undoubtedly affected
rates of new self-reported cases.

The first major change came in 1997
when the American Diabetes Associa-
tion (ADA) lowered the threshold for a
diagnosis of diabetes from a fasting glu-
cose of 140 mg/dL to 126 mg/dL. This
represented a dramatic loosening of the
definition of diabetes; many people not
previously “eligible” for a diagnosis now
met the criteria for a diagnosis of diabetes.
In surveillance data, we see a correspond-
ing and dramatic increase in rates of diag-
nosed diabetes after 1997 (Fig. 1). These
increases peaked around 2008–2010.

There was a second major change in
diagnostic criteria in 2010 when the ADA
added an HbA1c of 6.5% or higher to the
diagnostic criteria for diabetes (22). The
use of this HbA1c cut point could be inter-
preted in two ways. On the one hand, it
could be argued that the guideline adds
HbA1c, which means that another route
to diagnosis has been added to an already
sensitive panel of options for testing. In-
deed, the current criteria now allow for
fasting glucose or postprandial glucose or
HbA1c to qualify an individual as having
diabetes. Also, relative to other glycemic
indices, HbA1c levels tend to be higher in
minorities like Latinos and non-Hispanic
blacks than in non-Hispanic whites (23)
andmay be capturingmore nonfasting hy-
perglycemia in these populations. On the
other hand, the HbA1c cutoff of 6.5% or
above is fairly specific and reflects a tight-
ening of the definition of diabetes. Indeed,
the International Expert Committee that
first recommended the use of HbA1c

Figure 2—Conceptual model depicting factors associated with likelihood of self-reporting
diabetes in national surveys. DM, diabetes mellitus; Dx, diagnosis; SES, socioeconomic
status.
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purposely selected this cut point to “em-
phasize specificity rather than sensitivity”
(24). As such, the balance of whether
HbA1c contributes to the decline in inci-
dence depends on which test clinicians
are favoring and whether these tests are
being used alone or in combination. In-
deed, ADA guidelines recommend that a
given diagnostic test be repeated in a
new blood sample for confirmation
but that two different tests (such as fast-
ing glucose and HbA1c) can be used in
combination to confirm a diagnosis. A
combined approach incorporating HbA1c
represents a more stringent definition of
diabetes than in years past. It should also
be mentioned that the sensitivity and
specificity of different tests to identify di-
abetes vary by diabetes phenotypedi.e.,
whether those being tested have a pre-
dominance of elevated fasting glucose,
elevated postprandial glucose levels, or
both.
It is possible that widespread imple-

mentation of HbA1c testing for diagnos-
ing diabetes (alone or in combination
with glucose) after 2009 has, in part,
contributed to some of the recent de-
cline in rates of diagnosed diabetes.
The SUPREME-DM study demonstrated
an increase in testing with HbA1c alone
and in combination with glucose in
individuals without prior diabetes, es-
pecially after 2010 (7). Importantly,
although postprandial glucose is a very
sensitive indicator of diabetes, the high
inconvenience for both patients and pro-
viders has likely led to declines in use of
postprandial glucose testing. It is possi-
ble that these changes in testing prac-
tices have contributed to flattening
incidence in this cohort and nationally.

Changes in Screening and Testing
Practices
In addition to changes in diagnostic cri-
teria, we have seen increased screening
and diagnosis of diabetes that has po-
tentially contributed to the recent de-
cline. In particular, in the past few
years, health reforms have been associ-
ated with more health screenings by
employers, payers, and providers, as in-
sured populations are both a source of
revenue and a liability for these stake-
holders. On a national level, using a con-
firmatory definition of diabetes of both
elevated fasting glucose ($126 mg/dL)
and elevated HbA1c ($6.5%) that closely
resembles clinical practice, data from

the NHANES demonstrate that the un-
diagnosed proportion of total cases of
diabetes has decreased considerably
from the late 1990s to 2010 and now
seems to be fairly stable at around
11% of total cases, suggesting improve-
ments in screening and diagnosis (12).

Saturation
Together, these changes in diagnostic cri-
teria and increases in testing have likely
combined to result in “depletion of the
susceptibles” in the population. More
simply put, our more sensitive diabetes
thresholds implemented in 1997 and in-
creased screening efforts resulted in high
case detection. Now, a decade or more
later, we have likely captured most of
the at-risk population and, therefore,
there is nowhere for rates of diagnosis
to go but down. This would then be re-
flected in lower numbers and rates of
people with new diagnoses reporting
these diagnoses annually in the NHIS
and behavior risk factor surveys. Theo-
retically, this could also explain declin-
ing rates in claims for new diabetes
diagnoses.

This is one overarching explanation
for the falling incidence in diagnosed
diabetesdthat we have reached a satu-
ration point. After major increases in de-
tection from the 1990s to 2010, we are
now mostly “caught up” with screening.
The observed trends may largely be ex-
plained by these changes in nonbiological
factors, suggesting that “real” diabetes
risk has not decreased in the population.

IMPLICATIONS

So, is this all an academic exercise or is
there relevance to practice and policy?
These data and discussions have impor-
tant implications. Incidence estimates
help prioritize health conditions and
are widely used as indicators for evalu-
ating public health and clinical efforts to
address disease.

The NHIS diabetes incidence data are
actually quite limited in their ability to
tell us about trends in true diabetes risk
in the population. As discussed, many
factorsdrelated to patients, providers,
and the larger health care systemd
influence the likelihood of knowing
and/or reporting a diabetes diagnosis.
As such, while some of the decline in
rates of new diabetes diagnoses seen
from the NHIS may represent real prog-
ress against diabetes, it is likely that

most of the decline is an artifact of
nonbiological factors, especially the
combination of changing guidelines and
increased diabetes testing. In particular,
even though there have been some small
improvements in risk behaviors, the epi-
demic of obesity, the main driver of the
current diabetes epidemic, has done
nothing but worsen.

Whatever your view on whether fall-
ing numbers and rates of reported di-
abetes diagnoses in national surveys are
related to changing behaviors, guideline
changes, or changes in testing practices
and saturation in the population, the
message for public health and health
care is the same: the war is not yet
won. Diabetes risks have not decreased
in the population sufficiently to explain
the trends, and it is important that
we do not convey the message that
we have turned the tide against the
epidemic.

We believe it is premature to declare
any victory. Absolute numbers of people
with diabetesdboth diagnosed and
undiagnoseddare extremely high, as
are costs per person with diabetes
(25). Importantly, the current epidemic
of prediabetes does not bode well for
the future. Indeed, although we use a
binary definition (diabetes/no diabe-
tes), hyperglycemia exists along a con-
tinuum, and early intervention has
benefits for not only reducing the risk
of diabetes in the future but also im-
proving other cardiometabolic parame-
ters (26). Diabetes prevention efforts
must therefore continue and, in fact,
be scaled up to reach those people at
high risk for future diabetes. Of note,
focused research is needed to identify
the most effective strategies to engage
specific risk groups, especially racial/
ethnic minority and low socioeconomic
status populations in prevention pro-
grams; preventing diabetes is challenging
in different contexts and one-size-fits-all
interventions will likely fail.

We also need improved monitoring
and surveillance efforts to help us de-
termine what is and is not working. In
particular, focused surveillance to eval-
uate trends in testing and diagnostic
practices will help guide future efforts
to improve detection, access to appro-
priate care, and possibly health out-
comes (12,27). Continued long-term
surveillance of population health ef-
forts to lower diabetes risks in the
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population through regulation (the
sugar-sweetened beverage tax in Berke-
ley, California, is just one recent exam-
ple [28]) and other means will also
contribute to a stronger evidence base
of whether such initiatives are of value
and can lower diabetes risk (29).

CONCLUSIONS

As described, the surveillance data may
reflect a variety of ongoing (possibly parallel)
trends, but it is difficult to see how true di-
abetes risk in the population could be de-
creasing without a concomitant decrease in
incidence and prevalence of the major risk
factors for diabetes. It is even possible that
true diabetes risk in the U.S. is increasing,
especially in the context of recent trends in
obesity and prediabetes and changing de-
mographics of the population. Concerted ef-
forts toaddress theepidemicsofobesityand
diabetes are needed. We need to focus on
prevention efforts that will prevent progres-
sion from prediabetes to diabetes. The
lack of a clear decrease in biological risk
discussed in this Perspective is concerning
and suggests that diabetes will continue
to have a major effect on the population
and health system in the coming years.
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