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An observational cohort analysis was conducted within the Surveillance, Prevention, and Management of

Diabetes Mellitus (SUPREME-DM) DataLink, a consortium of 11 integrated health-care delivery systems with elec-

tronic health records in 10 US states. Among nearly 7 million adults aged 20 years or older, we estimated annual

diabetes incidence per 1,000 persons overall and by age, sex, race/ethnicity, and body mass index. We identified

289,050 incident cases of diabetes. Age- and sex-adjusted population incidence was stable between 2006 and

2010, ranging from 10.3 per 1,000 adults (95% confidence interval (CI): 9.8, 10.7) to 11.3 per 1,000 adults (95%

CI: 11.0, 11.7). Adjusted incidence was significantly higher in 2011 (11.5, 95% CI: 10.9, 12.0) than in the 2 years

with the lowest incidence. A similar pattern was observed in most prespecified subgroups, but only the differences

for persons who were not white were significant. In 2006, 56% of incident cases had a glycated hemoglobin

(hemoglobin A1c) test as one of the pair of events identifying diabetes. By 2011, that number was 74%. In conclu-

sion, overall diabetes incidence in this population did not significantly increase between 2006 and 2010, but in-

creases in hemoglobin A1c testing may have contributed to rising diabetes incidence among nonwhites in 2011.

diabetes mellitus; glycated hemoglobin; hemoglobin A1c; incidence; trends

Abbreviations: BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; SUPREME-

DM, Surveillance, Prevention, and Management of Diabetes Mellitus.

Diabetes prevalence and incidence have increased steadily
for several decades, resulting in large increases in the total
burden of diabetes-related morbidity. The annual cost of di-
abetes is estimated to be $245 billion in the United States (1)
and $548 billion worldwide (2). Although the prevalence of
diabetes is expected to continue to grow (3), recent national
estimates suggest that long-term increases in the prevalence
of obesity, a major risk factor for type 2 diabetes, may have
slowed or stopped (4, 5). Perhaps as a result, the incidence and
prevalence of diabetes in the United States increased through
2005 (6, 7), but US surveillance data do not reveal increased
incidence from 2009 to 2011 (8). Studies from Denmark and
the United Kingdom have suggested that diabetes incidence

is no longer increasing, although the United Kingdom study
indicated a decline only in the last year of a 20-year trend
(9, 10). Few other population-based estimates of diabetes in-
cidence trends exist.
Following a report from an International Expert Commit-

tee (11), the American Diabetes Association endorsed the
use of glycated hemoglobin or hemoglobin A1c (HbA1c) test-
ing for diabetes diagnosis in 2010, and the World Health
Organization followed with a similar recommendation (12).
In 1 study, Mostafa et al. (13) evaluated HbA1c for detection
of impaired glucose regulation but did not estimate the impact
of the test on diabetes incidence. Whether the adoption of
HbA1c testing for diabetes diagnosis has affected either the
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number of people being tested or resulting diabetes incidence
has not, to our knowledge, been assessed in real-world clin-
ical practice.

To fill these crucial knowledge gaps, we analyzed data on
more than 7 million adults to track trends in diabetes inci-
dence and glucose and HbA1c testing from 2006 through
2011, overall and in prespecified subgroups.

METHODS

Setting

Surveillance, Prevention, and Management of Diabetes
Mellitus (SUPREME-DM) is a multicenter consortium of
11 member organizations of the HMO Research Network.
The SUPREME-DM consortium collected data on approxi-
mately 16 million individuals of all ages in 10 US states from
2005 to 2011. Health plans participating in SUPREME-
DM include the Geisinger Health System (Pennsylvania),
Group Health (Washington), HealthPartners (Minnesota),
the Henry Ford Health System (Michigan), the Marshfield
Clinic (Wisconsin), and the Kaiser Permanente regions of
Colorado, Northern California, Southern California, Hawaii,
Georgia, and the Northwest (Oregon and Washington). Re-
search institutions embedded in these organizations have de-
veloped a distributed virtual data warehouse that contains
information on demographic characteristics, numbers of pre-
scriptions filled at outpatient pharmacies, laboratory results,
and diagnosis codes from outpatient and inpatient encounters
from their clinical and administrative data systems (14). The
database developed within SUPREME-DM from the virtual
data warehouse, the SUPREME-DM DataLink, has been
previously described (15). As a result of enrolling persons in-
sured through Medicare and Medicaid, the SUPREME-DM
study population has been shown to be representative of the
respective service areas (16). The protocol for the current
study was approved by the Kaiser Permanente Colorado In-
stitutional Review Board.

Participants

For each calendar year during 2006–2011, we identified all
members of the participating health systems who were aged
20 years or older, were enrolled for the full calendar year, and
had at least 18 consecutive months of enrollment prior to
January 1 of that year. Persons who were not enrolled for the
full calendar year were excluded from both the numerator and
the denominator for that year. Members were also excluded
from the numerator and denominator for a given year if they
met the criteria for diabetes in prior years (based on labora-
tory values, filled prescriptions, or diagnosis codes—see
below).

Ascertainment of diabetes

We used diagnoses from inpatient and ambulatory-care
data, laboratory data, and pharmacy data in the electronic
health records to identify persons with diabetes. Specifically,
we considered diabetes onset to be indicated by 1 inpatient
diagnosis (International Classification of Diseases, Ninth

Revision, Clinical Modification, codes 250.x, 357.2, 366.41,
and 362.01–362.07) or any combination of 2 of the following
events occurring within 24 months of each other: 1) HbA1c
concentration ≥6.5% (≥48 mmol/mol); 2) fasting plasma
glucose concentration≥126 mg/dL (≥7.0 mmol/L); 3) random
plasma glucose concentration ≥200 mg/dL (≥11.1 mmol/L);
4) an outpatient diagnosis code for diabetes (same as in-
patient codes); and 5) any dispensation of antihyperglycemic
medication (filled prescription). Two events of the same type
(such as 2 HbA1c tests, 2 diagnoses, or 2 filled prescriptions)
would qualify, but only if the 2 events occurred on separate
days. Diagnosis date was assigned as the latter date of the pair
of events. For example, a person with an HbA1c concentra-
tion of 7.5% (57 mmol/mol) followed by an outpatient diag-
nosis of diabetes would be identified as having diabetes onset
on the date of the outpatient diagnosis. When a pair of events
spanned more than 1 calendar year, the incident case was as-
signed to the year in which the second event was identified.

Prescription medications were included if they were from
the following drug classes: sulfonylureas, insulins, bigua-
nides, thiazolidinediones, α-glucosidase inhibitors, incretin
mimetics, meglitinides, amylin analogs, and dipeptidyl pep-
tidase inhibitors. However, 2 prescription dispensations of
metformin or thiazolidinediones with no other indication of
diabetes were not counted, because these agents can be used
for either diabetes prevention or treatment of polycystic ovar-
ian syndrome. Events that were identified during pregnancy
were excluded from consideration. A review of the perform-
ance of methods for identifying diabetes using administra-
tive data found a median positive predictive value of 92%
(17), and 1 subsequent large study determined that 2 or more
indicators of diabetes (laboratory tests, diagnoses, or filled
prescriptions) produced a positive predictive value of 96%
(18). Similar methods have been shown to accurately identify
diabetes in various settings, including several of our study
sites (19–24).

Statistical analysis

For each calendar year, we created a cohort that met our
participant criteria (see above) and monitored for new diabe-
tes cases. Incident diabetes cases in any given year were
excluded from subsequent calendar years. We compared
health-plan members who developed diabetes with those
who did not using Student’s t test for continuous measures
and the χ2 test for categorical variables, calculating 2-sided
P values to 4 decimal places because of the extremely large
sample size. For comparability with Centers for Disease Con-
trol and Prevention data and because results did not change
materially, we calculated diabetes incidence per 1,000 adults
rather than per 1,000 person-years.

These rates were estimated overall and for prespecified
subgroups of age (20–34, 35–44, 45–54, 55–64, 65–74,
75–84, or ≥85 years), sex, race/Hispanic ethnicity (Hispanic
of any race, non-Hispanic white, non-Hispanic black, Asian,
Native American/Alaska Native, Hawaiian/Pacific Islander),
and body mass index (BMI) (weight (kg)/height (m)2; <20,
20–24.9, 25–29.9, 30–34.9, or ≥35). Data on race/Hispanic
ethnicity were self-reported or administratively collected.
Although exact methods varied by site, these data were
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standardized into the same categories as part of the virtual
data warehouse creation process (14). Mean BMI was calcu-
lated on the basis of height and weight measurements con-
tained in the electronic health record for each calendar year.
Incidence estimates by racial/ethnic group and BMI category
were limited to persons with available data (78% of the popu-
lation for race/ethnicity and 66% for BMI).
We estimated incidence rates in total (adjusted for the age

and sex of the SUPREME-DM population), by sex (adjusted
for age), by age category (adjusted for sex), and by race/
ethnicity and BMI category (adjusted for age and sex) using
a generalized linear model with a Poisson distribution that
assumes the variance is proportional to the mean, clustered by
health system to account for variation between systems, with
sample size as an offset variable to account for differential
sample size over the years and between sites. We used 95%
confidence intervals for the point estimates produced by the
models to compare annual incidence changes over the 6 years
of the study period. This approach produces conservative
conclusions, especially when year-to-year estimates are highly
correlated (25). We report the proportion of the annual cohort
with an HbA1c test only, fasting plasma glucose (FPG) test
only, or both glycemia tests during each year prior to or as
part of the pair of events that defined diabetes. We compared
the trends in HbA1c or fasting glucose testing rates using the
Cochran-Armitage test for trend. All analyses were conducted
using SAS, version 9.2 (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

Diabetes incidence

From the eligible population of 6,973,346 adult health-
plan members with 27.9 million person-years of follow-up,
we identified 289,050 (4.1%) who developed diabetes be-
tween 2006 and 2011 (Table 1). Persons who developed di-
abetes were significantly older (mean age = 56 years vs. 44
years; P < 0.0001), were more likely to be male (52% vs.
46%; P < 0.0001), and had a higher mean BMI (33 vs. 28;
P < 0.0001) than those who did not develop diabetes.
Adjusted incidence rates and 95% confidence intervals are

shown in Table 2. The age- and sex-adjusted population in-
cidence of diabetes was relatively flat. Only the rate in 2011
(11.5 per 1,000 adults, 95% confidence interval (CI): 10.9,
12.0) was significantly different from any other year’s, and
then it only differed in comparison with the 2 years that had
the lowest rates (2008: 10.3 per 1,000 adults (95% CI: 9.8,
10.7); 2009: 10.4 per 1,000 adults (95% CI: 10.2, 10.7)). A
similar pattern was observed in all prespecified age, sex,
BMI, and race/ethnicity subgroups. Non-Hispanic blacks,
Asians, Hawaiians/Pacific Islanders, and Native Americans/
Alaska Natives all had significantly higher incidence rates in
2011 than in the lowest-rate years; rates in non-Hispanic
whites were not significantly different in any year-to-year
comparison. Annual crude incidences of diabetes for these
subgroups are shown in Web Figure 1 (available at http://
aje.oxfordjournals.org/).
The total eligible adult population (i.e., the denominator)

increased by approximately 1% per year throughout the study

period (Web Table 1). Years of enrollment prior to the analyzed
year grew steadily over time. The age, sex, and BMI distribu-
tions of the annual populations were stable, but the propor-
tion of the total population that was nonwhite increased
between 2006 and 2011, especially among incident cases
of diabetes. Mean FPG and HbA1c values were also stable
over time.

Glycemia testing by year

The proportion of members with glycemia testing in a cal-
endar year increased over the 6-year study period, from
74.0% to 84.5% (up to and including the date of incident
diabetes) for new diabetes cases and from 24.6% to 30.1%
among persons without diabetes (Figure 1). In 2006, among
patients with incident diabetes, 18.0% had had only FPG
tests prior to incident diabetes or as one of the pair of events
that defined incident diabetes, while 11.3% had had only
HbA1c tests, and 44.6% had had both tests. By 2011, those
testing rates had shifted to 10.1% with only FPG, 19.7%
with only HbA1c, and 54.7% with both tests, with distinct
changes occurring in 2010 and accelerating in 2011 (P for
trend < 0.0001). The pattern was similar (but at lower rates)
among those without diabetes. The pattern was also nearly
identical among persons who developed diabetes in all age,
sex, BMI, and race/ethnicity subgroups (Web Table 2). These
same secular trends in testing were observed among persons
who did not develop diabetes in all age, sex, BMI, and race/
ethnicity subgroups, albeit at lower testing rates (not shown).

DISCUSSION

These data provide contemporary population-based esti-
mates of diabetes incidence among 7 million adults insured
through 11 US integrated health-care delivery systems. The
incidence rates we found are higher than those seen in US
surveillance data that are based on self-reported diagnoses
(8), probably because our comprehensive definition included
persons with diagnostic laboratory values who might not yet
have been diagnosed by their clinician. Our incidence rates
are also higher than those found in other epidemiologic co-
horts, but they are based on larger and more diverse sampling
frames than have previously been used (26, 27).
As expected, diabetes incidence varied widely as a func-

tion of age, BMI, and race/ethnicity in our data. Overall, we
found no evidence that diabetes incidence increased between
2006 and 2010, although incidence may have increased
slightly in 2011. These findings were consistent across all
11 sites and are consistent with those of other studies. For ex-
ample, in the United Kingdom, diabetes incidence increased
steadily from 2006 through 2009 before declining slightly
in 2010 (10). In Denmark, diabetes incidence stabilized be-
tween 2004 and 2007 (9). The US Centers for Disease Con-
trol and Prevention reported a dramatic increase in annual
new self-reported cases of diabetes from 1997 to 2007, but
little change from 2008 to 2010 (28). A recent study of self-
reported diabetes incidence in New York City also suggested
a decline between 2004 and 2008 (29).
The development of diabetes is a biological process, the

precise timing of which can only be accurately assessed with
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frequently repeated glycemia testing. Our incidence estimates
included cases identified from occasional testing given dur-
ing the course of clinical care, as well as other indications for
diabetes, such as provider-assigned diagnosis codes or filled
prescriptions for diabetes medications. Identification of dia-
betes in observational data is subject to variation in screening
practices, and several considerations could influence year-to-
year screening and subsequent identification of new cases of
diabetes. The proportion of our sample that received any form
of glycemia testing increased over time, which may itself in-
crease incidence, but changes in how diabetes was identified
clinically may also have played a role in our findings.

In 2010, the American Diabetes Association added HbA1c
testing as a means of diagnosing diabetes, having previously

recommended only FPG tests, random glucose tests (if symp-
toms were present), or oral glucose tolerance tests as valid
diagnostic tools (30). This was somewhat controversial, be-
cause these laboratory tests measure different phenotypes
of dysglycemia that do not perfectly overlap (31, 32). Other
studies have suggested that at the recommended diagnostic
threshold of 6.5% (48 mmol/mol), HbA1c concentration
would identify fewer persons with diabetes than FPG or
oral glucose tolerance tests (33–35). In our data, however, the
shift in testing practice to greater use of HbA1c testing corre-
sponded with an increase in incidence. Though some of the
rise in incidence could be attributed to increased testing, the
shift in testing methods from FPG to HbA1c may also have
introduced artifactual variation in incidence rates. Because

Table 1. Characteristics of Adult Health-Plan Members in 10 US States, by Diabetes Incidence Status,

SUPREME-DM Project, 2006–2011

Characteristic

Incident Diabetes
(n = 289,050)

No Diabetes
(n = 6,684,296)

Overall
(n = 6,973,346)

% Mean (SD) % Mean (SD) % Mean (SD)

Total % 4.1 95.9 100

Duration of follow-up, years 3.1 (1.7) 4.1 (1.9) 4.0 (1.9)

Age, years 56.0 (13.6) 44.2 (16.5) 44.7 (16.4)

Age range, years

20–34 5.5 31.8 30.8

35–44 14.5 21.1 20.8

45–54 27.0 20.6 20.9

55–64 26.8 14.5 15.0

65–74 16.1 6.9 7.3

75–84 8.3 3.8 3.9

≥85 1.9 1.3 1.3

Female sex 48.2 53.6 53.4

Body mass indexb 32.6 (7.8) 28.1 (6.6)

Body mass index category

<20 1.2 3.4 3.3

20–24.9 9.3 19.7 19.2

25–29.9 23.6 22.9 22.9

30–34.9 22.6 11.9 12.4

≥35 25.3 8.0 8.7

Unknown 18.0 34.1 33.4

Race/ethnicity

Non-Hispanic white 45.8 44.3 44.4

Non-Hispanic black 10.4 7.1 7.2

Hispanic (any race) 20.3 16.5 16.6

Asian 11.8 9.0 9.1

Native American/Alaska Native 0.5 0.4 0.4

Hawaiian/Pacific Islander 1.6 0.8 0.9

Unknown 9.6 22.0 21.5

Abbreviations: SD, standard deviation; SUPREME-DM, Surveillance, Prevention, and Management of Diabetes

Mellitus.
a All comparisons between incident diabetes and no diabetes were statistically significant at P < 0.0001.
b Weight (kg)/height (m)2.
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Table 2. Diabetes Incidencea Among Adult Health-Plan Members in 10 US States, by Year, SUPREME-DM Project, 2006–2011

Variable

Year

2006 2007 2008 2009 2010 2011

Incidence 95% CI Incidence 95% CI Incidence 95% CI Incidence 95% CI Incidence 95% CI Incidence 95% CI

All participantsb 10.8 10.2, 11.4 11.3 11.0, 11.7 10.3 9.8, 10.7 10.4 10.2, 10.7 10.7 10.0, 11.5 11.5 10.9, 12.0

Sexc

Male 12.4 11.6, 13.3 13.1 12.5, 13.8 12.1 11.7, 12.6 12.1 11.7, 12.5 11.9 11.3, 12.6 12.4 12.0, 12.8

Female 9.9 9.2, 10.6 10.4 10.0, 10.8 9.3 9.0, 9.6 9.1 8.8, 9.4 9.3 8.5, 10.1 10.0 9.4, 10.5

Age group, yearsd

20–34 1.9 1.7, 2.1 1.8 1.7, 2.0 1.8 1.7, 1.9 1.7 1.6, 1.8 1.7 1.6, 1.8 1.9 1.7, 2.1

35–44 5.7 5.3, 6.2 6.1 5.7, 6.6 5.9 5.5, 6.3 6.0 5.6, 6.4 5.8 5.4, 6.3 6.4 6.1, 6.8

45–54 10.7 9.9, 11.6 11.5 10.7, 12.4 10.8 10.1, 11.5 10.7 10.0, 11.4 11.0 10.1, 11.9 11.7 11.0, 12.4

55–64 16.3 15.1, 17.5 16.9 16.1, 17.7 15.5 14.7, 16.4 15.7 15.0, 16.5 15.7 14.4, 17.0 16.4 15.6, 17.2

65–74 20.5 18.6, 22.5 21.4 20.0, 22.9 18.7 17.9, 19.6 18.6 17.5, 19.8 18.7 15.9, 19.9 19.1 18.4, 19.9

75–84 21.5 18.8, 24.5 22.5 20.4, 24.9 18.6 17.2, 20.1 18.1 16.5, 19.8 17.4 15.6, 19.4 19.3 18.0, 20.6

≥85 19.7 17.3, 22.5 19.7 17.3, 22.6 16.8 14.6, 19.3 14.8 13.0, 16.9 14.8 12.3, 17.7 14.3 11.7, 17.4

Body mass indexb,e

<20 6.1 4.8, 7.7 5.3 4.3, 6.7 4.3 3.4, 5.4 3.8 3.1, 4.7 3.8 3.1, 4.7 3.7 3.0, 4.6

20–24.9 5.8 5.3, 6.4 5.5 5.1, 5.9 4.7 4.4, 5.1 4.7 4.4, 4.9 4.6 4.1, 5.1 4.9 4.6, 5.2

25–29.9 9.2 7.8, 10.9 8.9 7.5, 10.6 8.2 6.9, 9.8 8.3 6.9, 9.9 8.3 6.9, 10.0 8.8 7.3, 10.6

30–34.9 16.9 14.9, 19.1 16.7 14.5, 19.1 15.5 13.6, 17.8 15.7 13.6, 18.0 16.1 13.9, 18.5 16.9 14.6, 19.6

≥35 32.9 30.8, 35.3 33.1 31.2, 35.0 31.9 30.4, 33.6 31.8 30.2, 33.5 32.1 30.5, 33.7 33.8 31.9, 35.8

Race/ethnicityb

Non-Hispanic white 9.4 8.2, 10.8 9.8 8.6, 11.2 8.8 7.7, 10.0 8.7 7.6, 10.0 8.3 7.2, 9.7 8.3 7.3, 9.4

Non-Hispanic black 13.1 11.7, 14.6 14.1 13.2, 15.1 12.8 12.0, 13.7 12.1 11.1, 13.2 12.8 11.9, 13.9 14.5 13.5, 15.7

Hispanic 14.9 13.2, 16.8 15.6 14.3, 17.0 14.4 13.3, 15.6 14.3 13.2, 15.5 14.2 12.9, 15.7 15.6 14.3, 16.9

Asian 12.7 11.3, 14.4 14.1 13.1, 15.2 12.3 11.2, 13.4 12.3 11.4, 13.2 12.7 10.9, 14.7 14.9 13.8, 16.1

Native American/Alaska Native 13.4 11.7, 15.3 16.0 14.2, 18.1 11.0 9.8, 12.4 13.5 12.3, 14.9 14.2 12.9, 15.8 16.2 14.7, 17.8

Hawaiian/Pacific Islander 22.6 19.5, 26.2 22.3 18.1, 27.5 17.1 13.7, 21.2 19.2 16.3, 22.6 25.7 22.6, 29.3 28.4 25.2, 32.0

Abbreviations: CI, confidence interval; SUPREME-DM, Surveillance, Prevention, and Management of Diabetes Mellitus.
a Incidence per 1,000 adult members.
b Adjusted for the age and sex of the SUPREME-DM population.
c Adjusted for the age of the SUPREME-DM population.
d Adjusted for the sex of the SUPREME-DM population.
e Weight (kg)/height (m)2.
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this was an observational analysis, we could not determine
whether the people identified as having diabetes through
FPG testing would also have been identified at the same
point in time through HbA1c testing or vice versa.

The increase in overall testing also makes drawing conclu-
sions about the impact of changes in testing modality diffi-
cult, and the degree to which this shift in practice may have
contributed to variation in diabetes incidence deserves care-
ful consideration. It is possible that some patients who would
have been identified with earlier methods are now being
missed by increased reliance on HbA1c testing or that pa-
tients now being identified would have been missed by pre-
vious methods. Although such patients would probably be
diagnosed eventually, the resulting delay in treatment could
affect the long-term development of diabetes complications.
Studies evaluating the question of diagnostic delays and the
impact on future public health are critically needed. Further-
more, because we applied the same criteria for incidence
throughout the study, it is possible that we “diagnosed” per-
sons with HbA1c values prior to 2010 who would not have
been recognized as having diabetes. There is evidence that
many clinicians were already using HbA1c for diagnosis

prior to 2010 (36), but because we required 2 separate events
to define diabetes and the sole use of HbA1c for diagnosis
was infrequent, it is unlikely that incidence rates in the earlier
years were artificially raised by premature application of the
HbA1c criterion.

Trends in incidence rates during the study period differed
by race and ethnicity. It is widely known that blacks, Asians,
Hispanics, and Native Americans are at higher risk for devel-
oping diabetes, and in a previous study of one of the partic-
ipating health plans, Karter et al. (37) reported a much higher
incidence of diabetes in many minority groups (e.g., Pacific
Islanders, South Asians, Filipinos, Koreans) than in non-
Hispanic whites. However, this does not explain why inci-
dence rates would increase over time within select racial or
ethnic groups. Investigators in the Diabetes Prevention Pro-
gram reported higher HbA1c values among non-Hispanic
black, Hispanic, American Indian, and Asian participants
compared with whites both before and after adjustment for
a wide range of possible confounders (38). Our findings are
consistent with the concern that HbA1c values vary by race/
ethnicity at similar glucose levels.

Another potential concern is that true incidence may be ris-
ing faster than observed incidence but will appear to decline
or remain flat over time if the cohort is from a closed popu-
lation (fixed cohort) in which the persons at highest risk are
identified early in the observation period, leaving only lower-
risk individuals in the at-risk pool (39). Although the 11
health-care systems in our study form a dynamic cohort inso-
far as new members can join every year, we observed that the
mean number of years of health-plan enrollment prior to the
analysis year of the at-risk pool increased between 2006 and
2011, from 6.2 years to 9.4 years. This suggests that our analy-
ses preferentially followed the same individuals over time,
and that the enrollment of new members at risk for diabetes
occurred more slowly than the disenrollment of existing at-
risk members. Conversely, longer periods of observation
would allow greater opportunity for screening and diagnosis,
which should produce higher incidence rates in later years—
the opposite of what we found. Thus, despite aging, we sus-
pect that longer-term members who had not yet developed
diabetes were probably at lower risk than those diagnosed
in earlier years, because those at greatest risk had already
been recognized, and the age-specific incidence rates we ob-
served were consistent with this hypothesis. This may explain
the flat trend in incidence from 2006 through 2011.

Strengths of our study include the sample size of nearly 7
million adult health-plan members from geographically dis-
tributed integrated health-care delivery systems across the
United States; defined populations that included both Medi-
care andMedicaid patients; the availability of electronic health
record data; and analysis of 7 consecutive years of health-plan
enrollment. Observational studies have inherent limitations,
including the aforementioned variation in screening and de-
tection over time. Other differences among our study sites in
how electronic health records are used and variation in the
completeness of data could lead to inaccuracies, potentially
biasing our estimates of diabetes incidence. However, our
findings were consistent across the participating sites.

To match our estimates to the methodology used by the
Centers for Disease Control and Prevention, we considered
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Figure 1. Proportions of adult health-plan members diagnosed with
incident diabetes (A) and no diabetes (B) by means of hemoglobin
A1c (HbA1c) and fasting plasma glucose (FPG) testing (prior to or at
diagnosis) in 10 US states, SUPREME-DM Project, 2006–2011.
SUPREME-DM, Surveillance, Prevention, andManagement of Diabe-
tes Mellitus.
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Hispanic persons to be Hispanic regardless of race, based pri-
marily on self-reported information. Approximately 22% of
our population were missing data on race/ethnicity, and
34% were missing BMI data. Rates of missing data differed
over time and across sites, which could have biased our inci-
dence estimates to the extent that characteristics of members
with missing data are also associated with diabetes risk. The
membership of our health-care systems may not generalize to
less integrated systems or to uninsured individuals, and mar-
ket penetration varies among the systems included. However,
previous studies have shown that members of integrated
health-care systems reflect the diversity of the populations
from which they are drawn and demonstrate similar disenroll-
ment rates regardless of diabetes status (16, 40, 41).Wedidnot
distinguish between cases of type 1 diabetes and cases of type
2 diabetes, but limiting our study population to adults aged
20 years or older meant that the vast majority of incident cases
were type 2. Our case definition included abnormal labora-
tory values regardless of the presence of a physician-coded
diagnosis. Thus, it is possible that some patients with incident
cases had undiagnosed diabetes. To identify incident diabetes,
we required an extended period of prior health-plan eligibility
without any indication of diabetes. This would have excluded
some incident cases that did not meet the pre-eligibility crite-
rion, resulting in more conservative incidence estimates.
In conclusion, we found no significant increase in diabetes

incidence among adults between 2006 and 2010 and a small
but significant increase in 2011 that coincided with a shift in
diagnostic testing practice from FPG testing to use of the
HbA1c assay. The increase in diabetes incidence rates was
significant only among racial and ethnic minority groups
and among very obese persons. As a result, disparities in dia-
betes incidence by race and ethnicity appear to be increasing
over time. Future trends in overall diabetes incidence in the
United States are likely to be driven in part by the aging of
the population, increasing racial and ethnic diversity, and per-
sistently high rates of obesity. Furthermore, because diabetes
remission is rare and mortality among people with diabetes is
declining (42), prevalence continues to increase. The diabe-
tes epidemic is far from over.
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