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OBJECTIVE —Diabetes is often undiagnosed, resulting in incorrect risk stratification for
lipid-lowering therapy. We conducted a cross-sectional analysis of the National Health and
Nutrition Examination Survey (NHANES) 2005-2010 to determine the prevalence, awareness,
treatment, and control of elevated LDL cholesterol (LDL-C) among U.S. adults with undiag-
nosed diabetes.

RESEARCH DESIGN AND METHODS —Fasting NHANES participants 20 years of age
or older who had 10-year Framingham coronary heart disease (CHD) risk scores <20% and were
free of CHD or other CHD risk equivalents (n = 5,528) were categorized as having normal
glucose, impaired fasting glucose, undiagnosed diabetes, or diagnosed diabetes. High LDL-C
was defined by the 2004 Adult Treatment Panel (ATP) III guidelines.

RESULTS —The prevalence of diagnosed and of undiagnosed diabetes was 8 and 4%, respec-
tively. Mean LDL-C was 102 * 2 mg/dL among those with diagnosed diabetes and 117 * 3 mg/
dL for those with undiagnosed diabetes (P < 0.001). The prevalence of high LDL-C was similar
among individuals with undiagnosed (81%) and diagnosed (77%) diabetes. Among individuals
with undiagnosed diabetes and high LDL-C, 38% were aware, 27% were treated, and 16% met
the ATP IIT LDL-C goal for diabetes. In contrast, among individuals with diagnosed diabetes and
high LDL-C, 70% were aware, 61% were treated, and 36% met the ATP III goal. Subjects with
undiagnosed diabetes remained less likely to have controlled LDL-C after multivariable adjust-
ment (prevalence ratio, 0.42; 95% CI, 0.23-0.80).

CONCLUSIONS —Improved screening for diabetes and reducing the prevalence of undiag-
nosed diabetes may identify individuals requiring more intensive LDL-C reduction.
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ccording to data from the National
AHealth and Nutrition Examination
Survey (NHANES), despite increas-
ing rates of obesity and diabetes, LDL

cholesterol (LDL-C) levels among U.S.
adults have declined from 1976 through

2010 as a result of improved awareness
and more aggressive pharmacologic
treatment of high cholesterol (1). How-
ever, millions of U.S. adults still have un-
treated high LDL-C. For example, using
data from NHANES 2003-2004, Mann
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etal. (2) estimated that 33% of U.S. adults
had high LDL-C. Importantly, only 36%
of those with high LDL-C were using
statins and, of those, only 29% had con-
trolled their cholesterol to levels recom-
mended by the Adult Treatment Panel
(ATP) TI1 (2,3).

Cholesterol-lowering guidelines use a
risk-based approach wherein treatment
initiation thresholds and goals are lower
for individuals at high risk for coronary
heart disease (CHD). The failure to achieve
guideline-recommended LDL-C levels may
be particularly common in populations of
individuals who have undiagnosed condi-
tions that warrant more aggressive lower-
ing of LDL-C, because failure to recognize
these conditions results in higher than
appropriate LDL-C targets. In 2001, ATP
I1I introduced the concept of CHD risk
equivalents (3). Diabetes was classified
as a CHD risk equivalent (4). Whether
diabetes should be considered a CHD
risk equivalent is controversial (5,6);
however, because the presence of diabe-
tes affects ATP III risk stratification and
decisions about LDL-C treatment, under-
standing the impact of undiagnosed dia-
betes is important.

Previous studies have estimated that
more than one-third of cases of diabetes
are undiagnosed in adults, and the impli-
cations of failing to make this diagnosis on
the awareness, treatment, and control of
LDL-C are not known. The focus of pre-
vious studies of high LDL-C awareness,
treatment, and control has been on the
overall population of U.S. adults with
high cholesterol, and there are limited
data on the influence of undiagnosed
diabetes on uncontrolled LDL-C. There-
fore, the objective of our study was to
examine the influence that having un-
diagnosed diabetes has on the awareness,
treatment, and control of LDL-C. To
examine the direct contribution of un-
diagnosed diabetes on LDL-C control, we
have chosen to limit our analyses to only
those individuals who do not have CHD
or other CHD risk equivalents because
these conditions may affect their ATP III
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LDL-C goals independent of their diabe-
tes status (i.e., individuals with CHD
would be treated to a low LDL-C regard-
less of their diabetes status). To address
our objective we analyzed data from the
2005-2010 NHANES.

RESEARCH DESIGN AND
METHODS

Study population

NHANES is conducted by the National
Center for Health Statistics of the Centers
for Disease Control and Prevention. Each
2-year survey includes a sample of the
noninstitutionalized U.S. civilian popula-
tion identified through a stratified multi-
stage probability sampling design. This
approach allows nationally representative
prevalence estimates to be generated. De-
tailed methods of the design and conduct
of NHANES are available online (7). The
protocol for each NHANES was approved
by the National Center for Health Statis-
tics of the Centers for Disease Control and
Prevention Institutional Review Board.
Informed consent was obtained from
each participant.

To provide stable estimates, we
pooled data from the NHANES 2005-
2006, 2007-2008, and 2009-2010. We
included adults 20 years of age or older
who attended a morning study visit. Be-
cause we were interested in identifying
individuals whose only indication, per
ATP 111, for an LDL-C goal <100 mg/dL
was the presence of diabetes, we excluded
individuals with a 10-year Framingham
CHD risk score >20% and those with a
self-reported history of CHD or stroke.
Data for other CHD risk equivalents
such as peripheral arterial disease and
aortic aneurysm are not available in
NHANES 2005-2010 and therefore are
not included in this analysis. Individuals
who had not fasted for =9 h were missing
lipid or glucose values, had triglycerides
>400 mg/dL, or who did not answer
questions regarding the awareness and
treatment of high cholesterol or the
awareness of diabetes also were excluded.
This resulted in a final sample size of
5,528 (Supplementary Fig. 1).

Data collection

NHANES collects data through standard-
ized procedures that include ques-
tionnaires, a medical examination, and
phlebotomy. Questionnaires are used to
assess age, race/ethnicity, sex, education,
annual household income, health in-
surance status, smoking status, family

history of CHD, personal history of
CHD or stroke, and a previous diagnosis
of, and treatment for, high blood choles-
terol and diabetes. Additionally, partici-
pants were asked if their cholesterol had
ever been checked, where and how re-
cently they have obtained health care, and
whether they had been tested for diabetes
in the past 3 years. Blood pressure was
measured three times and height and
weight were measured and used to calcu-
late BMI. Blood collection and processing
are detailed in the NHANES Laboratory/
Medical Technicians Procedures Manual
(8). Plasma glucose, hemoglobin A1C, to-
tal cholesterol, HDL cholesterol (HDL-C),
and triglycerides were directly measured.
LDL-C was calculated using the Friede-
wald equation (9).

Exposures

Participants were categorized based on
diabetes status into one of four mutually
exclusive categories as follows: 1) normal
fasting glucose; 2) impaired fasting glu-
cose; 3) undiagnosed diabetes; and 4) di-
agnosed diabetes. Based on guidelines
from the American Diabetes Association
(10), diabetes was defined as a hemoglo-
bin A1C =6.5%, fasting plasma glucose
=126 mg/dL, or the use of antidiabetes
medications in those who reported a his-
tory of diabetes. In individuals who
reported a history of diabetes, the use of
antidiabetes medications was determined
by an affirmative response to at least one
of the following questions: “Are you now
taking diabetic pills to lower your blood
sugar (these are sometimes called oral
agents or oral hypoglycemic agents)?” or
“Are you now taking insulin?” Individu-
als who met the criteria for diabetes but
answered “no” to the question “Other
than during pregnancy, have you ever
been told by a doctor or health pro-
fessional that you have diabetes or sugar
diabetes?” were considered to have undi-
agnosed diabetes. Among individuals
without diabetes, impaired fasting glu-
cose was defined as a hemoglobin A1C
of 5.7-6.4% or fasting plasma glucose of
100-125 mg/dL (10). Normal fasting glu-
cose was defined as a hemoglobin A1C
<5.7% and a fasting plasma glucose
<100 mg/dL.

Outcomes

All individuals who reported using
cholesterol-lowering medications were con-
sidered to have high LDL-C. Also, high
LDL-C was defined based on the individu-
al's global CHD risk based on the 2004
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update of the ATP III guidelines (11) and
their LDL-C level as detailed in Supple-
mentary Table 1. We used a goal LDL-C
of <100 mg/dL for those with undiag-
nosed and diagnosed diabetes. Those
without diabetes who had two or more
other CHD risk factors and a Framingham
CHD risk score of 10-20% had an LDL-C
goal of <100 mg/dL. Individuals without
diabetes who had two or more CHD risk
factors and a Framingham CHD risk score
of <10% had an IDL-C goal of <130 mg/dL.
Those with less than two CHD risk fac-
tors had an LDL-C goal of <160 mg/dL.
CHD risk factors used to determine
global risk included older age (55 years
or older for women and 45 years or older
for men), current cigarette smoking, hy-
pertension, family history of CHD (history
of myocardial infarction or angina before
age 50 years among first-degree relatives),
low HDL-C (<40 mg/dL), or diabetes status.
HDL-C =60 mg/dL is considered protec-
tive and offsets the presence of one these
risk factors.

Awareness of high LDL-C was defined
by an affirmative response to the question
“Have you ever been told by a doctor or
other health professional that your blood
cholesterol level was high?” Use of lipid-
lowering treatment was defined by affir-
mative responses to the following two
questions: “To lower your cholesterol,
have you ever been told by a doctor or
other health professional to take pre-
scribed medicine?” and “Are you now fol-
lowing this advice to take prescribed
medicine?” LDL-C control was defined
based on the individual participant’s
global cardiovascular risk based on the
2004 update of the ATP IIT guidelines,
as summarized in Supplementary Table
1(1D).

Covariates

We categorized health insurance coverage
as private, government, or no insurance.
Government insurance included Medi-
care, Medi-Gap, Medicaid, State Child-
ren’s Health Insurance Program, military
health insurance, Indian Health Service,
or a state-sponsored health plan. Hyper-
tension was defined as mean systolic
blood pressure =140 mmHg, mean dia-
stolic blood pressure =90 mmHg, or a
self-reported history of high blood pres-
sure in an individual using medications
for high blood pressure. Estimated glo-
merular filtration rate was calculated
using the Chronic Kidney Disease Epide-
miology Collaboration equation (12). Re-
duced estimated glomerular filtration
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rate was defined as levels <60 mL/min/
1.73 m?. Albuminuria was based on the
random spot urine sample and was de-
fined as levels =30 mg/g.

Statistical analysis

We calculated descriptive statistics in-
cluding mean LDL-C levels, the preva-
lence of high LDL-C, and awareness of
high LDL-C by diabetes categories (nor-
mal fasting glucose, impaired fasting
glucose, undiagnosed diabetes, and di-
agnosed diabetes). Next, we calculated
the percent of each diabetes category who
were treated among those with high
LDL-C as well as among those aware of
their high LDL-C. We then calculated the
percent of each diabetes category in
which LDL-C was controlled among
those with high LDL-C as well as among
those who were treated for high LDL-C.
We calculated the number of U.S. adults
in 2005-2010 with high LDL-C, as well as
the number who were aware of their high
cholesterol, treated for high cholesterol,
and had their LDL-C controlled. Also,
we calculated the number of U.S. adults
with high LDL-C who were not aware of
their diagnosis of high cholesterol, were
aware but not treated, were treated but
LDL-C was not controlled, and had con-
trolled LDL-C. Next, we used Poisson
regression models to calculate the preva-
lence ratios for having high LDL-C and
awareness, treatment, and control of
high LDL-C associated with undiagnosed
versus diagnosed diabetes. Initial models
were unadjusted and age, sex, and race/
ethnicity were adjusted. Final regression
models included adjustment for age, sex,
race/ethnicity, income, education, insur-
ance status, smoking status, BMI, hyper-
tension, reduced estimated glomerular
filtration rate, and albuminuria.

Data management was conducted us-
ing SAS 9.2 (SAS Institute, Cary, NC) and
all analyses were performed using
SUDAAN 10.1 (Research Triangle Institute,
Research Triangle Park, NC), accounting
for the complex sampling design of
NHANES. Sampling weights were applied
to all calculations to obtain U.S. nationally
representative prevalence estimates. These
weights adjust for the unequal probabilities
of selection of participants, oversampling
of certain populations, and participant non-
response. NHANES sampling weights
were recalibrated based on the pro-
portion of participants missing data by 10-
year age group, sex, and race/ethnicity.
Recalibration of the sampling weights cor-
rects for differences in missing data across

age, sex, and race/ethnicity strata, and
assumes that data within strata are missing
at random.

RESULTS—Among U.S. adults without
a history of CHD or other CHD risk
equivalents, 8% met criteria for diagnosed
diabetes and 4% met criteria for undiag-
nosed diabetes. The characteristics of
NHANES participants by diabetes cate-
gory are shown in Table 1. In general,
those with undiagnosed diabetes were
more similar to those with diagnosed di-
abetes than those with normal or im-
paired fasting glucose. Although 89% of
those with undiagnosed diabetes reported
having a regular place for health care and
85% reported having received health care
in the past year, only 67% reported being
tested for diabetes in the past 3 years.
Those with undiagnosed diabetes had
higher mean LDL-C than those with di-
agnosed diabetes overall and among those
who were not being treated for high cho-
lesterol (Table 1). Among those treated
for high cholesterol, LDL-C levels were
similar in subjects with undiagnosed
and diagnosed diabetes.

The awareness, treatment, and con-
trol of high LDL-C are depicted in Fig. 1.
Individuals with undiagnosed diabetes
had a similar prevalence of high LDL-C
as those with diagnosed diabetes. How-
ever, those with undiagnosed diabetes
were less likely to be aware of their high
cholesterol compared with those with
normal and impaired fasting glucose and
diagnosed diabetes. They also were less
likely to be treated for high cholesterol
than those with diagnosed diabetes.
Among those with high LDL-C, LDL-C
control was worse for those with undiag-
nosed diabetes than for those with either
impaired fasting glucose or diagnosed di-
abetes. Among those treated for high cho-
lesterol, individuals with undiagnosed
diabetes were equally as likely to have
their LDL-C controlled as those with di-
agnosed diabetes but less likely to be at
goal when compared with those with nor-
mal glucose or impaired fasting glucose.
After multivariable adjustment, individu-
als with undiagnosed diabetes were less
likely to be aware of their high LDL-C,
be treated for high cholesterol, and
among those with high LDL-C, were less
likely to be controlled, relative to those
with diagnosed diabetes (Table 2).

The number of U.S. adults with high
LDL-C and the percent aware of, treated
for, and with controlled LDL-C by di-
abetes status are depicted in Fig. 2. There

were ~5 million U.S. adults with undiag-
nosed diabetes and no history of CHD or
other CHD risk equivalents. Of these in-
dividuals, 59% were unaware of their
high LDL-C, 13% were aware but not
treated for high cholesterol, 12% were
aware and treated but not at ATP III goals
for high LDL-C, and 16% were aware of,
treated for, and achieved LDL-C levels. In
contrast, among those with diagnosed di-
abetes and no history of CHD or other
CHD risk equivalents, only 28% were un-
aware of their high LDL-C, 10% were
aware and not treated, 22% were aware
and treated but it was not controlled,
and 40% were aware, treated, and ach-
ieved goal LDL-C (Fig. 2).

CONCLUSIONS —In this analysis, we
demonstrate that more than half of indi-
viduals with undiagnosed diabetes who
do not have a history of CHD or CHD risk
equivalents have high LDL-C. In addition,
these data indicate that undiagnosed
diabetes is associated with a lack of aware-
ness of high cholesterol and lower likeli-
hood of treatment and control compared
with subjects with diagnosed diabetes.
Even after multivariable adjustment,
those with undiagnosed diabetes were
36% less likely to be aware of having
high LDL-C, 52% less likely to be trea-
ted for it, and 58% less likely to have
their high LDL-C controlled to guideline-
recommended levels when compared
with those with diagnosed diabetes. Spe-
cifically, of the 5 million U.S. adults with
undiagnosed diabetes who did not have
CHD or other CHD risk equivalents, only
16% had their LDL-C treated to ATP III
goal.

Our findings are supported by at least
one previous study that has documented
individuals with undiagnosed diabetes
and a high prevalence of uncontrolled
cardiovascular risk factors. Hunt et al.
(13) studied the risk factor profiles of in-
dividuals with undiagnosed diabetes in
NHANES from 1999 to 2008. In their
analyses, individuals with undiagnosed
diabetes had a high prevalence of smok-
ing, hypertension, and dyslipidemia.
These analyses focused on variations by
ethnicity but did not compare those
with undiagnosed diabetes to those with
diagnosed diabetes. Furthermore, aware-
ness, treatment, and control of LDL-C
were not examined. Our data extend
these previous findings by demonstrat-
ing that individuals with undiagnosed di-
abetes are less aware of their high
cholesterol and therefore are less likely
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Table 1—Characteristics of NHANES participants without CHD or CHD risk equivalents other than diabetes by diabetes category,

2005-2010
Diabetes category
Normal fasting glucose Impaired fasting glucose Undiagnosed Diagnosed
(n=2,386) (n=2,439) diabetes (n = 245) diabetes (n = 458)

Age, %

<50 years 76.9 (1.2) 52.9 (1.8) 31.3 (3.6) 28.2 (3.2)

50-64 years 16.4 (0.9) 30.4 (1.6) 34.3 (4.0) 37.9 (3.0)

=065 years 6.7 (0.6) 16.7 (0.9) 34.6 (3.8) 33.9 (2.3)
Male, % 39.6 (0.8) 55.3(1.1) 57.2 (4.2) 44.7 (3.5)
Race/ethnicity, %

NH white 70.9 (1.8) 68.8 (2.3) 62.2 (4.5) 59.0 (3.8)

NH black 9.9(1.0 114 (1.1 16.4 (2.3) 173 2.2)

Hispanic 12.7 (1.1) 13.9 (1.5) 16.7 2.7) 16.6 (2.5)

Other 6.5 (0.9) 5.9 (0.7) 4.8 (2.6) 7.1(1.7)
Annual household income <$20,000, % 11.3(0.7) 13.2 (0.8) 17.8 2.7) 16.6 (1.7)
High school graduate, % 86.3 (1.0) 81.1 (1.1) 742 3.1) 71.6 (2.5)
Health insurance, %

Private 67.5 (1.6) 57.4 (1.5) 39.3 (4.2) 48.9 (2.6)

Government 10.8 (0.9) 21.7 (1.2) 39.9 (3.7) 37.0 (2.6)

None 21.7 (1.3) 20.9 (1.2) 20.8 3.4) 14.1 (2.0)
Smoking status, %

Current 21.7 (1.1) 20.9 (1.2) 17.1 2.8) 14.6 (2.0)

Former 20.3 (1.3) 26.4 (1.5) 34.8 (3.7) 30.8 (2.8)

Never 58.0 (1.4) 52.7 (1.6) 48.0 (3.8) 54.6 2.7)
BMI, %

<25 kg/m2 45.1 (1.5) 25.0(1.2) 16.4 (3.2) 13.2 2.2)

25-30 kg/m2 32.3(1.2) 36.1 (1.0) 249 (3.4 26.5(2.5)

=30 kg/m2 22.6 (1.3) 389 (1.1) 58.7 (4.2) 60.4 (3.5)
Hypertension, % 12.1 (0.9) 31.9(1.3) 53.7 (4.2) 66.2 (3.4)
Fasting glucose, mg/dL 91.2 (0.2) 105.1 (0.2) 146.4 (3.1) 156.4 (4.1)
Hemoglobin A1C, % 5.2 (0.01) 5.5 (0.01) 6.7 (0.1) 7.4 (0.1)
Duration of diabetes, years — = — 6.5 (1.9,13.0)
Reduced eGFR, % 1.9(0.3) 5.2 (0.6) 10.4 (1.8) 13.5 (1.8)
Albuminuria, % 5.6 (0.8) 7.3(0.7) 18.1 (3.3) 275 2.4)
Ever had cholesterol checked, % 66.4 (1.5) 772 (1.2) 85.0 (2.6) 93.7 (1.3)
Have a regular place for health care, % 83.5 (0.6) 84.9 (0.9) 89.4 (2.4) 96.0 (0.9)
Type of place where health care

is usually sought, %

Hospital 3.7 (0.5) 2204 2.6 (1.1) 1.4 (0.7)

Clinic 94.4 (0.6) 96.2 (0.5) 96.2 (1.3) 98.3 (0.7)

Other 1.9 (0.3) 1.6 (0.4) 1.2 (0.8) 0.4 (0.3)
Received health care in the past year, % 81.9 (0.8) 81.8 (0.9) 85.1(2.8) 05.8 (1.0)
Tested for diabetes in the past 3 years, % 37.2 (1.0) 48.2 (1.3) 66.7 (3.3) =
LDL-C, mg/dL

Overall population 114.0 (1.0) 121.8 (0.8) 116.9 (2.8) 101.8 (2.1)***

Treated 115.8 (5.0)* 112.2 2.6)* 98.7 (5.4) 96.5 (2.2)

Untreated 113.9 (1.0)** 123.5(0.9) 122.2 (3.2) 106.4 (3.3)***

Numbers are percent (SE) or mean (SE) except for duration of diabetes, which is presented as median (25th percentile, 75th percentile). Reduced eGFR defined as <60
ml/min/1.73 m*. Albuminuria defined as an albumin-to-creatinine ratio =30 mg/g. NH, non-Hispanic; eGFR, estimated glomerular filtration rate. *P < 0.05; **P <
0.01; ***P < 0.001 with undiagnosed diabetes as the referent group.

to be treated for high cholesterol and, as a
result, less likely to have their LDL-C con-
trolled than those with diagnosed diabe-
tes, despite similar risk factor profiles.
The finding that individuals with un-
diagnosed diabetes have adverse risk factor
profiles is clinically relevant because un-

diagnosed diabetes is common among in-
dividuals presenting with cardiovascular
disease. In the Atherosclerosis Risk in Com-
munities Study, in those with undiagnosed
diabetes, higher hemoglobin A1C levels
were associated with higher degrees of
carotid intima-media thickness (14). In

addition, in a study from Germany, 47%
of individuals with diabetes presenting for
elective coronary angiography were un-
aware of their diabetes diagnosis (15). In a
U.S. study, a total of 28% of individuals
admitted to the hospital for acute coronary
syndromes had undiagnosed diabetes (16).
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Figure 1—Prevalence of high LDL-C and the awareness, treatment, and control of high LDL-C among U.S. adults without CHD or CHD risk
equivalents other than diabetes by diabetes status, NHANES 2005-2010. *P < 0.05, with undiagnosed diabetes as referent. tAmong all individuals
with high LDL-C. 1Among individuals aware of their diagnoses of high LDL-C. 111Among those treated for high LDL-C.

Unfortunately, despite being admitted to
the hospital, 65% of these individuals
were not recognized as having diabetes
and were not treated as such (16). Undiag-
nosed diabetes also has been associated
with increased mortality after cardiac sur-
gery (17). Lauruschkat et al. (17) studied
>7,000 patients presenting for coronary ar-
tery bypass surgery. Of these patients, >5%
had undiagnosed diabetes. Compared with
those with diagnosed diabetes or without
diabetes, those with undiagnosed diabetes
required more resuscitation, had higher

rates of reintubation, had more ventilator
days, and had higher perioperative mortal-
ity (17).

Given the findings from the study by
Lauruschkat et al. (17), it would not be
surprising if aggressive risk factor modifi-
cation would reduce cardiovascular
events in individuals with undiagnosed
diabetes, assuming their diabetes was rec-
ognized and appropriate risk factor mod-
ification was initiated. One of the clearest
implications for making a diagnosis of di-
abetes is that it would, per the ATP III

guidelines, establish the presence of a
CHD risk equivalent; in the absence of
overt CHD or the presence of other CHD
risk equivalents, this would lower the
LDL-C treatment goal to <100 mg/dL
(3). Our analyses suggest that ~5 million
U.S. adults would have their LDL-C goal
changed if their diabetes diagnoses were
recognized. Recent meta-analyses by
Chen et al. (18) and Costa et al. (19) have
demonstrated that statins significantly re-
duce cardiovascular events in individuals
with diabetes. These data and the analyses

Table 2—Awareness, treatment, and control of high LDL-C in U.S. adults with undiagnosed diabetes compared to those with diagnosed
diabetes in NHANES participants without CHD or CHD risk equivalents other than diabetes, 2005-2010

High LDL-C* Aware¥ Treated Treated: Controlledf Controlled§
(n =550) (n=323) (n=267) (n=267) (n=158) (n=158)
Undiagnosed diabetes, crude 1.06 0.58 0.49 0.81 0.41 0.88
(0.94-1.19) (0.45-0.73) (0.33-0.71) (0.66-1.01) (0.24-0.69) (0.59-1.31)
Undiagnosed diabetesq 1.07 0.58 0.48 0.79 0.39 0.83
(0.94-1.21) (0.46-0.72) (0.34-0.69) (0.64-0.96) (0.23-0.65) (0.54-1.26)
Undiagnosed diabetes|| 1.09 0.64 0.48 0.70 0.42 0.76
(0.89-1.34) (0.49-0.84) (0.30-0.78) (0.55-0.91) (0.23-0.80) (0.46-1.25)

Data presented as prevalence ratios (95% Cls). *Among all individuals. fAmong all individuals with high LDL-C. $Among individuals aware of their diagnosis of high
LDL-C. §Among individuals treated for high LDL-C. §Adjusted for age, sex, and race/ethnicity. [[Adjusted for age, sex, race/ethnicity, income, education, insurance
status, smoking status, BMI, hypertension, reduced estimated glomerular filtration rate, and albuminuria.
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Normal Fasting Glucose
(N=16.6 Million)
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5% %
27%

Undiagnosed Diabetes
(N=5.0 Million)
16%

30%

10%

28%
40%
12% 59%
13% 10%
)

Impaired Fasting Glucose
(N=31.6 Million)

39%

21%

Diagnosed Diabetes
(N=8.5 Million)

M Not aware of
diagnosis

M Aware but not
treated

W Treated but not
controlled

0O Controlled LDL-C

22%
Number of US Adults (in Millions)

Normal Impaired

Fasting Fasting Undiagnosed Diagnosed

Glucose Glucose Diabetes Diabetes
Total with high LDL-C 16.573 (1.266) 31.611(2.095) 5.001 (0.486) 8.465 (0.669)
Not aware of diagnosis 7.637 (0.690) 12.469 (0.995) 2.943 (0.351) 2.409 (0.330)
Aware but not treated 4.461(0.591) 6.632(0.731)  0.631(0.161) 0.827 (0.202)
Treated but not controlled 0.894 (0.250)  3.011 (0.437) 0.623(0.158) 1.875(0.216)
Controlled 3.582 (0.584) 9.499 (0.995) 0.804 (0.203) 3.354 (0.488)

Numbers in table are n in millions (standard error)

LDL-C= low density lipoprotein cholesterol

Figure 2—Number of U.S. adults with high LDL-C and the humber who were aware of, treated
for, and whose LDL-C was controlled among U.S. adults without CHD or CHD risk equivalents
other than diabetes by diabetes status, NHANES 2005-2010.

by Matikainen et al. (20) and the Choles-
terol Treatment Trialists’ Collaborators
(21) strongly support aggressive lowering
of IDL-C in individuals with diabetes. A
previous study has suggested that identi-
fying individuals with undiagnosed diabe-
tes and instituting appropriate risk factor
modification, including treatment of high
LDL-C, would result in 5-10% absolute
risk reduction in CHD events over the
course of 10 years (22). Given the millions
of U.S. adults with undiagnosed diabetes,
this absolute risk reduction means that
hundreds of thousands of events could
be averted.

A disturbing observation in these data
are that although 89% of those with un-
diagnosed diabetes report having a regular
place for health care and 85% report having
received health care in the past year, only
67% report being tested for diabetes in the
past 3 years. This underscores the need to

more aggressively identify individuals who
are at risk for having diabetes and to
appropriately screen these individuals.
The failure to identify the diagnosis of
diabetes, especially in this sample of U.S.
adults with no history of CHD and no other
CHD risk equivalents, represents an im-
portant missed opportunity to appropri-
ately risk-stratify these individuals and
aggressively lower their LDL-C to guideline-
recommended levels. However, among
those treated for high cholesterol, individ-
uals with undiagnosed diabetes were as
likely as those with diagnosed diabetes
to have their LDL-C controlled, suggesting
that, if identified, undiagnosed diabetes
can be effectively treated.

Our study has a number of limita-
tions. We relied on self-report to define
CHD, which may have resulted in the
inclusion of some individuals with CHD
in our analysis. In addition, laboratory

Brown and Associates

values for glucose and cholesterol were
available from only a single point in time,
potentially resulting in some misclassifi-
cation of participants. We chose to ex-
clude individuals with a self-reported
history of CHD or other CHD risk equiv-
alents, which limits generalizability of our
findings to these populations. However,
this allowed us to define how many U.S.
adults are not adequately classified ac-
cording to ATP III recommendations
solely on the basis of their undiagnosed
diabetes. Despite these limitations, the
current study has several strengths. These
include its large population-based sam-
ple, the complex survey design that per-
mitted the generation of nationally
representative estimates, and the avail-
ability of fasting glucose and LDL-C
measurements.

In summary, undiagnosed diabetes is
associated with lack of awareness, treat-
ment, and control of high LDL-C. Ap-
proximately 5 million U.S. adults have
undiagnosed diabetes and no other CHD
risk equivalents. These individuals may
not be treated to achieve ATP III-defined
LDL-C goals in large part as a result of the
failure to make the diagnosis of diabetes.
This represents a missed opportunity for
the primary prevention of CHD. Strate-
gies to identify individuals at risk for hav-
ing undiagnosed diabetes and screening
these individuals are necessary to appro-
priately define and achieve ATP III LDL-C
treatment targets in these individuals.

Acknowledgments—This research, including
the design and conduct of the study, analysis
and interpretation of the data, and preparation
of the manuscript, was supported by Amgen.
The academic authors conducted all analyses
and maintained the rights to publish the
manuscript.

R.S.R. serves on the advisory board at Ab-
bott Laboratories, Aegerion, Amarin, Amgen,
Daiichi Sankyo, F. Hoffmann-La Roche, Kowa,
LipoScience, and Sanofi; has received research
grants from Amgen, F. Hoffmann-La Roche, and
Sanofi; has received honoraria from Kowa; and
holds stock ownership in LipoScience. J.M.W.
is employed by and holds stock ownership in
Amgen. P.M. has served as a consultant for
Amgen. No other potential conflicts of interest
relevant to this article were reported.

T.M.B. contributed to the design of the
analyses and interpretation of the data, wrote
the first draft of the manuscript, critically re-
vised the manuscript, and approved the final
submitted manuscript. RM.T., AP.C., HY.,
RS.R,MEF., JMW., ELT., SP.G,MMS.,
and P.M. contributed to the design of the
analyses and interpretation of the data, critically

care.diabetesjournals.org

DiaBETES CARE, VOLUME 36, SEPTEMBER 2013

2739



L _________________________________________________________________________________________|
LDL cholesterol levels in undiagnosed diabetes

revised the manuscript, and approved the final
submitted manuscript. T.M.B. is the guarantor

of this work and, as such, had full access to all 7.

the data in the study and takes responsibility
for the integrity of the data and the accuracy of
the data analysis.

Parts of this study were presented in abstract 8
form at the American Heart Association Sci-
entific Sessions, Los Angeles, California, 4-7
November 2012.

References
1. Carroll MD, Kit BK, Lacher DA, Shero ST,

Mussolino ME. Trends in lipids and lip-
oproteins in US adults, 1988-2010. JAMA
2012;308:1545-1554

. Mann D, Reynolds K, Smith D, Muntner P.
Trends in statin use and low-density lipo-
protein cholesterol levels among US adults:
impact of the 2001 National Cholesterol
Education Program guidelines. Ann Phar-
macother 2008;42:1208-1215

. Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol
in Adults. Executive Summary of The
Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, And Treatment
of High Blood Cholesterol In Adults
(Adult Treatment Panel I1I). JAMA 2001;
285:2486-2497

. Haffner SM, Lehto S, Ronnemaa T,
Pyorila K, Laakso M. Mortality from cor-
onary heart disease in subjects with type 2
diabetes and in nondiabetic subjects with
and without prior myocardial infarction.
N Engl ] Med 1998;339:229-234

. Boyko EJ, Meigs JB. Does diabetes always
confer coronary heart disease risk equiv-
alent to a prior myocardial infarction?
Implications for prevention. Diabetes
Care 2011;34:782-784

. Bulugahapitiya U, Siyambalapitiya S,
Sithole J, Idris I. Is diabetes a coronary risk

10.

11.

12.

13.

14.

equivalent? Systematic review and meta-
analysis. Diabet Med 2009;26:142-148
National Center for Health Statistics.
NHANES Design and Conduct. Available
from http://www.cde.gov/nchs/nhanes him.
Accessed 10 August 2012

. National Center for Health Statistics. Na-

tional Health and Nutrition Examination
Survey Laboratory Procedures Manual.
Available from http://www.cdc.gov/nchs/
nhanes/nhanes2007-2008/labdoc_e.htm.
Accessed 10 August 2012

. Friedewald WT, Levy RI, Fredrickson DS.

Estimation of the concentration of low-
density lipoprotein cholesterol in plasma,
without use of the preparative ultracen-
trifuge. Clin Chem 1972;18:499-502
American Diabetes Association. Diagnosis
and classification of diabetes mellitus. Di-
abetes Care 2010;33(Suppl. 1):562-S69
Grundy SM, Cleeman JI, Merz CN, et al.;
National Heart, Lung, and Blood Institute;
American College of Cardiology Founda-
tion; American Heart Association. Im-
plications of recent clinical trials for the
National Cholesterol Education Program
Adult Treatment Panel III guidelines.
Circulation 2004;110:227-239

Levey AS, Stevens LA, Schmid CH, et al ;
CKD-EPI (Chronic Kidney Disease Epi-
demiology Collaboration). A new equa-
tion to estimate glomerular filtration rate.
Ann Intern Med 2009;150:604-612
Hunt KJ, Gebregziabher M, Egede LE.
Racial and ethnic differences in cardio-
metabolic risk in individuals with un-
diagnosed diabetes: National Health and
Nutrition Examination Survey 1999-2008.
J Gen Intern Med 2012;27:893-900
Selvin E, Coresh J, Golden SH, Boland LL,
Brancati FL, Steffes MW; Atherosclerosis
Risk in Communities study. Glycemic
control, atherosclerosis, and risk factors
for cardiovascular disease in individuals
with diabetes: the Atherosclerosis Risk in

15.

16.

17.

18.

19.

20.

21.

22.

Communities study. Diabetes Care 2005;
28:1965-1973

Taubert G, Winkelmann BR, Schleiffer T,
et al. Prevalence, predictors, and con-
sequences of unrecognized diabetes mel-
litus in 3266 patients scheduled for
coronary angiography. Am Heart ] 2003;
145:285-291

Conaway DG, O'Keefe JH, Reid K],
Spertus J. Frequency of undiagnosed di-
abetes mellitus in patients with acute
coronary syndrome. Am J Cardiol 2005;
96:363-365

Lauruschkat AH, Arnrich B, Albert AA,
et al. Prevalence and risks of undiagnosed
diabetes mellitus in patients undergoing
coronary artery bypass grafting. Circula-
tion 2005;112:2397-2402

Chen YH, Feng B, Chen ZW. Statins for
primary prevention of cardiovascular and
cerebrovascular events in diabetic patients
without established cardiovascular dis-
eases: a meta-analysis. Exp Clin Endo-
crinol Diabetes 2012;120:116-120
Costa ], Borges M, David C, Vaz Carneiro
A. Efficacy of lipid lowering drug treat-
ment for diabetic and non-diabetic patients:
meta-analysis of randomised controlled
trials. BMJ 2006;332:1115-1124
Matikainen N, Kahri J, Taskinen MR. Re-
viewing statin therapy in diabetes—
towards the best practise. Prim Care
Diabetes 2010;4:9-15

Kearney PM, Blackwell L, Collins R, et al.;
Cholesterol Treatment Trialists (CTT)
Collaborators. Efficacy of cholesterol-
lowering therapy in 18,686 people with
diabetes in 14 randomised trials of statins:
a meta-analysis. Lancet 2008;371:117—
125

Echouffo-Tcheugui JB, Sargeant LA,
Prevost AT, et al. How much might car-
diovascular disease risk be reduced by
intensive therapy in people with screen-
detected diabetes? Diabet Med 2008;25:
1433-1439

2740

DiaBETES CARE, VOLUME 36, SEPTEMBER 2013

care.diabetesjournals.org


http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/labdoc_e.htm
http://www.cdc.gov/nchs/nhanes/nhanes2007-2008/labdoc_e.htm

