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OBJECTIVEdWe examined the prevalence of knowledge of A1C, blood pressure, and LDL
cholesterol (ABC) levels and goals among people with diabetes, its variation by patient characteristics, and whether knowledge was associated with achieving levels of ABC control recommended
for the general diabetic population.
RESEARCH DESIGN AND METHODSdData came from 1,233 adults who self-reported
diabetes in the 2005–2008 National Health and Nutrition Examination Survey. Participants reported
their last ABC level and goals speciﬁed by their physician (not validated by medical record data).
Analysis included descriptive statistics and logistic regression.
RESULTSdAmong participants tested in the past year, 48% stated their last A1C level. Overall,
63% stated their last blood pressure level and 22% stated their last LDL cholesterol level. Knowledge of ABC levels was greatest in non-Hispanic whites, lowest in Mexican Americans, and higher
with more education and income (all P # 0.02). Demographic associations were similar for those
reporting physician-speciﬁed ABC goals at the American Diabetes Association–recommended
levels (A1C ,7%, blood pressure ,130/80 mmHg, and LDL cholesterol ,100 mg/dL). Nineteen percent of participants stated that their provider did not specify an A1C goal compared with
47% and 41% for blood pressure and LDL cholesterol goals, respectively. For people who
self-reported A1C ,7.0%, 83% had an actual A1C ,7.0%. Otherwise, participant knowledge
was not signiﬁcantly associated with risk factor control, except for in those who knew their last
LDL cholesterol level (P = 0.046 for A1C ,7.0%). Results from logistic regression corroborated
these ﬁndings.
CONCLUSIONSdAmple opportunity exists to improve ABC knowledge. Diabetes education should include behavior change components in addition to information on ABC clinical
measures.
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T

he prevalence of diabetes has increased over the past several decades,
with 11% of U.S. adults currently
having either diagnosed or undiagnosed
diabetes (1). Diabetes has serious consequences, including microvascular, neuropathic, and macrovascular complications,
translating to a large public health burden
for morbidity, mortality, and economic

costs (2,3). This burden would be even
greater if not for improved outcomes attributed to successful management of diabetes
risk factors. It is well established that improving blood glucose and/or blood pressure levels signiﬁcantly reduces microvascular
complications. In addition, blood pressure and lipid control signiﬁcantly reduces cardiovascular disease, the major
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cause of morbidity and mortality for individuals with diabetes. Based on this research, the American Diabetes Association
(ADA) has developed Standards of Medical
Care in Diabetes, which are used by national programs for preventing and controlling diabetes (4).
The National Diabetes Education Program (NDEP) was established in 1997 to
improve treatment and outcomes for people with diabetes. A key objective of the
program is to increase diabetes knowledge
among patients and health care providers
by disseminating research-based information on risk factors, important clinical
measures, and techniques for disease management (5). Consequently, the NDEP has
campaigned to increase patients’ knowledge
of their A1C, blood pressure, and LDL
cholesterol (ABC) levels and knowledge
of ABC recommendations. The ADA recommends that most people with type 2
diabetes achieve an A1C ,7.0%, blood
pressure ,130/80 mmHg, and LDL cholesterol ,100 mg/dL for optimal disease
management (5). While risk factor control
has improved, nationwide data show control remains suboptimal (6,7). However,
there are little data on the prevalence of
knowledge of ABC levels and targets
among people with diabetes and whether
this knowledge is associated with meeting
ABC recommendations.
Randomized controlled trials aimed to
increase diabetes knowledge have effectively
improved clinical outcomes. Face-to-face
individual and group diabetes education
sessions in newly diagnosed type 2 diabetes (8), intensive management programs
in patients with poorly controlled diabetes
(9), and frequent phone contact (10) have
all improved the ABCs compared with
control subjects. These trials combined
motivational/behavior change efforts
with education; however, a trial that provided participants with only written A1C
information showed improvements only
in those with poor glucose control (11).
Observational studies have been more
equivocal, with one study showing no
association between ABC knowledge
care.diabetesjournals.org
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and control (12) and another showing
a positive association between A1C
knowledge and accurate assessment of diabetes control (13).
Given the limited data from observational studies, we examined diabetes knowledge in a nationally representative sample
to describe the prevalence of ABC knowledge and its variation by patient characteristics. To further understand the gap
between knowledge and clinical outcomes,
we determined multivariate associations
between diabetes knowledge and achieving
ABC recommendations in people with type
2 diabetes.
RESEARCH DESIGN AND
METHODSdThe National Health and
Nutrition Examination Survey (NHANES),
previously described (14), is a stratiﬁed
multistage probability cluster survey
conducted in the noninstitutionalized
population (14). The survey includes 1)
an in-home interview through which demographic and basic health information
are obtained and 2) a physical examination and laboratory measures taken at a
mobile examination center (MEC).
Study population
Participants were adults aged $20 years
who completed the 2005–2008 interview
and MEC visit and who answered “yes”
when asked whether a physician or other
health care professional ever told them
that they had diabetes (n = 1,251). Since
there are no speciﬁc clinical guidelines for
people with type 1 diabetes, participants
likely to have type 1 diabetes were excluded (n = 18), based on age of diagnosis
,25 years, insulin use, and initiation of
insulin within 1 year of diagnosis.
Diabetes knowledge
Participants who reported having diabetes were asked to report the number of
times their A1C was tested in the past
year, to which respondents could report
they had not heard of A1C. Participants
having an A1C test in the past year or who
did not know if their A1C was speciﬁcally
tested in the past year were then asked for
their last A1C level. Most recent blood
pressure and LDL cholesterol levels were
queried similarly. Reported values were not
veriﬁed. Participants were also asked what
their doctor or other health professional
said their A1C, blood pressure, and LDL
cholesterol level should be. For each knowledge item, responses were categorized by
whether participants reported that their
physician stated an ABC goal in accordance
care.diabetesjournals.org

with ADA recommendations, by whether
the reported physician-stated goal was
above the ADA recommendations, by
stating that their provider did not specify a
goal, or by not knowing what goal the provider speciﬁed.
Clinical measures
At the MEC, blood pressure was measured
using a standardized mercury sphygmomanometer after the participant rested quietly
for 5 min; up to four readings were taken
and averaged, excluding the ﬁrst measure
(15). A1C measures were standardized to
those of the National Glycohemoglobin
Standardization Program (15). LDL cholesterol was derived from total cholesterol,
triglyceride levels, and HDL cholesterol
in participants who fasted properly (8 to
,24 h, n = 504) ([LDL cholesterol] =
[total cholesterol] – [HDL cholesterol] –
[triglycerides/5]) (16).
Statistical analysis
Descriptive statistics (percent [SE]) were
used to assess prevalence of diabetes
knowledge by participant characteristics
and the proportion of participants who
met ABC recommendations for each knowledge item. The correlations between actual
ABC values measured in the NHANES and
self-reported ABC values were determined
among participants who were able to state
their last level. Multivariable logistic regression (odds ratio [OR] [95% CI]) was used to
determine the association between ABC
knowledge and achieving ABC recommendations. Models were adjusted for demographics and then additionally adjusted for
diabetes-related factors (all self-reported
and speciﬁed in the footnote to Table 4).
Statistical analyses used sample weights
and accounted for the cluster design (Release 9.2, 2008; SUDAAN User’s Manual,
Research Triangle Institute).
RESULTS
Prevalence of A1C knowledge by
participant characteristics
Eighty-two percent of participants had
heard of the measure A1C (Table 1).
Among participants familiar with A1C
and tested in the past year, 48% stated
their last A1C level, although values could
not be conﬁrmed by physician records.
Knowledge of A1C level was greatest in
non-Hispanic whites and lowest in Mexican Americans, greater with increasing
education, and greater in people with
higher income. People seeing a doctor in

the past year or having their A1C tested
several times in the past year more frequently stated their last A1C level. Having
several foot exams performed by a physician in the past year was also associated
with more knowledge. However, for unknown reasons, knowledge decreased
when the frequency exceeded four times
per year. Similar relationships by race/
ethnicity, education, marital status, and
income persisted for those who reported
that their physician speciﬁed an A1C goal
in accordance with ADA recommendations. Few reported their physician recommending an A1C goal .7% (n = 26,
3%), and 19% stated that their provider
did not specify an A1C goal (data not
shown). For participants who had heard
of the A1C measure, similar differences
were found by race/ethnicity, education,
income, and examinations for eye and foot
complications. Overall, there was no signiﬁcant difference in any knowledge measure by sex, years since diagnosis, glycemic
medication use, or self-monitoring of blood
glucose, regardless of insulin use.
Prevalence of blood pressure and
LDL cholesterol knowledge by
participant characteristics
Sixty-three percent of participants stated
their last blood pressure level; 87% had
heard of the measure LDL cholesterol, but
only 22% stated their last LDL cholesterol
level (Table 2). Reported blood pressure
and LDL cholesterol levels could not be
veriﬁed. Similar to results for A1C, stating
last blood pressure and LDL cholesterol
level was greatest in non-Hispanic whites
compared with Mexican Americans and
higher with more education and income.
Participants who reported taking antihypertensive medications or reported having several A1C tests, a dilated eye exam,
or several foot exams in the past year had
more knowledge of their last blood pressure level. Similar to A1C, relationships
by demographics, medication use, and
A1C testing frequency and having examinations for eye complications persisted
for those who reported their physicianspeciﬁed blood pressure and LDL cholesterol goals in accordance with ADA
recommendations. Few participants reported
their physician recommending a blood
pressure goal .130/80 mmHg (n = 85,
7%) or LDL cholesterol goal .100 mg/dL
(n = 65, 8%) (data not shown). Forty-seven
percent and 41% of participants reported
that their provider did not specify a goal
for blood pressure or LDL cholesterol, respectively. Similar to A1C, having heard of
DIABETES CARE, VOLUME 35, JULY 2012
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Diabetes knowledge and treatment goals
Table 1dPrevalence of knowledge about A1C among the U.S. population aged ‡20 years with diabetes (NHANES 2005–2008) by
demographic characteristics, diabetes-related factors, and medical care (n = 1,233)

Heard of A1C measure
(“yes”: n = 929 of 1,229)||
Total
Demographic characteristics
Age-group (years)
20–49
50–64
65–74
$75
Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Mexican American
Education
,High school
Completed high school
At least some college
College graduate
Marital status
Never married
Married or living with partner
Divorced/separated
Widowed
Poverty-to-income ratio
#1.00
1–1.25
1.25–2.5
.2.5
Diabetes-related factors
Years since diagnosis
,5
5–10
10–20
$20
Diabetes medication
Insulin
Oral medications
Both insulin and oral medications
None
Antihypertensive medication
Yes
No
Lipid medication
Yes
No
Retinopathy (self-report)
Yes
No

States last A1C level
(“yes”: n = 305 of 833){

States A1C goal recommended
by physician (“yes,” A1C #7.0%:
n = 322 of 832)#

81.6 (1.6)

47.6 (1.9)

49.1 (1.9)

82.0 (3.3)
79.7 (2.4)
82.7 (2.2)
80.1 (3.0)

52.3 (5.0)
50.0 (4.2)
45.6 (5.9)
39.1 (4.1)

60.3 (4.9)†
50.3 (4.0)
47.0 (5.2)
34.9 (4.3)†

79.8 (2.1)
82.0 (1.6)

51.1 (2.8)
44.8 (2.5)

51.4 (3.2)
47.2 (2.1)

86.9 (1.7)†‡
70.5 (3.4)†
71.5 (3.4)‡

56.7 (2.5)*
28.7 (3.3)
22.2 (4.0)*

55.5 (2.1)*
35.8 (4.0)
27.8 (4.5)*

67.9 (2.4)*
80.2 (2.4)
88.8 (2.3)
95.4 (1.8)*

25.3 (4.0)*
49.7 (3.5)
55.3 (4.7)
63.1 (5.6)*

25.3 (3.2)*
50.4 (3.0)
58.0 (3.9)
66.2 (4.9)*

68.8 (7.4)
83.8 (1.8)
80.1 (3.1)
76.5 (3.2)

46.0 (6.0)
54.0 (2.7)
37.3 (5.6)
30.0 (3.9)

52.3 (6.4)
55.0 (2.5)
40.7 (4.2)
29.2 (3.7)

64.9 (3.4)*
69.7 (3.9)
77.4 (2.3)
91.6 (1.8)*

33.5 (5.6)†
30.3 (5.2)
40.1 (4.5)
58.2 (3.1)†

27.2 (5.5)*
40.7 (6.5)
41.5 (4.5)
60.2 (3.0)*

79.8 (3.0)
80.5 (2.9)
81.4 (3.2)
85.6 (2.6)

40.4 (3.2)
52.8 (5.0)
52.7 (2.7)
48.0 (5.4)

44.5 (3.8)
53.4 (4.7)
53.8 (3.7)
46.2 (5.1)

86.1 (3.3)
78.8 (2.0)
87.8 (2.1)
78.5 (3.9)

52.7 (7.5)
44.8 (3.5)
58.5 (6.4)
41.5 (5.6)

58.1 (5.9)
45.7 (2.9)
58.6 (6.7)
44.1 (5.7)

82.2 (2.0)
79.2 (2.3)

47.1 (2.3)
48.5 (3.6)

48.3 (2.5)
50.6 (4.3)

84.6 (2.2)
78.1 (2.2)

52.8 (3.5)
42.9 (2.8)

54.0 (3.0)‡
44.7 (3.0)‡

78.7 (2.7)
81.6 (1.6)

46.0 (5.4)
48.9 (2.6)

44.3 (5.3)
51.3 (2.3)
Continued on p. 1559
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Table 1dContinued

Medical care
Number of times saw
doctor in the past year
0
1–2 times
3–4 times
.4 times
Last time seen diabetes specialist,
dietitian, or nutritionist
#1 year ago
1–2 years ago
2–5 years ago
.5 years ago
Never
Number of times A1C tested in the past year
Never heard of A1C
Do not know how many
0
1
2
3–4
.4 times
Number of times doctor checked
for foot sores in past year
0
1–2
3–4
.4
Last dilated eye exam
Within last 12 months
1–2 years
.2 years
Never
Frequency of SMBG
,1 time per day
$1 time per day

Heard of A1C measure
(“yes”: n = 929 of 1,229)||

States last A1C level
(“yes”: n = 305 of 833){

States A1C goal recommended
by physician (“yes,” A1C #7.0%:
n = 322 of 832)#

72.1 (3.4)
83.1 (3.5)
85.5 (1.5)
80.0 (3.5)

30.0 (4.7)†
41.9 (5.3)
57.5 (3.4)†
43.7 (5.5)

30.7 (4.2)*
47.8 (5.5)
57.2 (3.2)*
45.6 (5.4)

82.7 (2.8)
80.2 (4.1)
83.6 (3.6)
88.7 (3.9)
75.0 (3.1)

52.8 (3.5)‡
40.4 (7.1)
45.9 (7.9)
60.3 (5.2)
37.7 (4.1)‡

57.8 (3.3)†
41.4 (6.9)
42.5 (7.0)
59.1 (6.9)
38.1 (3.2)†

0 (0)**
100.0 (0)
100.0 (0)
100.0 (0)
100.0 (0)
100.0 (0)
100.0 (0)

††
12.6 (3.1)
††
34.5 (5.1)
62.0 (4.9)
68.9 (3.5)
48.2 (8.1)

††
19.2 (4.0)
††
39.4 (4.3)*
61.8 (4.7)
65.4 (3.0)*
56.6 (9.3)

70.5 (3.4)*
87.3 (2.9)
90.3 (1.9)*
75.0 (4.5)

44.4 (4.5)‡
42.1 (2.8)
59.3 (3.2)‡
49.9 (6.0)

43.0 (4.7)‡
46.2 (2.7)
58.9 (4.1)‡
51.8 (6.2)

83.7 (1.5)*
81.9 (3.8)
82.2 (2.9)
49.2 (7.0)*

49.4 (2.7)
48.4 (7.6)
46.7 (5.6)
24.1 (11.5)x

51.9 (2.7)
51.2 (6.7)
44.2 (5.9)
19.5 (11.2)x

77.4 (2.3)
84.2 (2.0)

45.0 (3.1)
49.8 (2.7)

42.9 (3.5)
53.8 (2.9)

Data are % (SE). SMBG, self-monitoring of blood glucose. ||Other category for heard of measure A1C is “no,” n = 300, 19.0 (1.6). {Other category for states last A1C
value is “do not know,” n = 528, 52.4 (1.9). #Other categories for states A1C goal recommended by physician are “no, A1C .7.0%,” n = 26, 3.1 (0.9); “provider did not
specify,” n = 191, 18.7 (1.3); and “do not know,” n = 293, 29.1 (2.2). †P , 0.001. ‡P , 0.05. *P , 0.0001. **Data for number of times A1C tested in past year not
obtained. ††Data not obtained for people that never heard of an A1C measure or for people not having an A1C test in the past year. xRelative SE .30%.

the LDL cholesterol measure was greatest
in non-Hispanic whites and higher in
people with more income and education
and in those with more A1C tests in the
past year.
Diabetes knowledge and percent
meeting ABC recommendations
Participant knowledge of their last ABC
level was not associated with meeting ABC
goals, with the exception of people who
knew their last LDL cholesterol level (63%
vs. no, 53% for A1C ,7.0%; P = 0.046)
(Table 3). Having knowledge of A1C goals
was more favorably associated with meeting
care.diabetesjournals.org

LDL cholesterol recommendations than
meeting A1C recommendations (69 vs.
50%, respectively).
Correlation between self-reported
and actual ABC levels
Among people who self-reported good
glucose control (A1C ,7.0%), 83% had
an actual A1C ,7.0%; 15% had an actual
A1C 7–7.9% (correlation analysis, data
not shown). The respective correlations
for those who reported good blood pressure control were 66% for systolic blood
pressure and 85% for diastolic blood
pressure; for those who reported good

LDL cholesterol control, the respective
correlation was 90%. Among all participants, 38% reported that they had good
control and had an actual A1C measure
,7.0%. The respective correlations were
39% for systolic blood pressure, 63% for
diastolic blood pressure, and 39% for
LDL cholesterol.
Impact of diabetes knowledge on
meeting ABC recommendations
by logistic regression
In general, ABC knowledge was not signiﬁcantly associated with meeting ABC
clinical recommendations in multivariable
DIABETES CARE, VOLUME 35, JULY 2012
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Total
Demographic characteristics
Age-group (years)
20–49
50–64
65–74
$75
Sex
Male
Female
Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Mexican American
Education
,High school
Completed high school
At least some college
College graduate
Marital status
Never married
Married or living with partner
Divorced/separated
Widowed
Poverty-to-income ratio
#1.00
1–1.25
1.25–2.5
.2.5
Diabetes-related factors
Years since diagnosis
,5
5–10
10–20
$20

DIABETES CARE, VOLUME 35, JULY 2012

25.5 (1.9)
27.8 (2.4)
31.1 (2.2)*
24.3 (2.6)
10.6 (2.8)*
15.4 (2.4)†
24.9 (2.4)
31.9 (4.5)
44.1 (6.0)†
28.7 (2.6)
27.5 (2.1)
31.2 (4.7)
17.9 (3.6)
19.6 (3.8)‡
23.8 (4.3)
25.6 (2.8)
31.8 (2.9)‡

64.8 (3.0)
61.4 (2.3)
68.9 (2.8)*
57.4 (3.3)
39.6 (3.3)*
48.6 (3.1)*
62.1 (3.5)
73.4 (3.8)
75.9 (3.8)*
48.9 (6.9)
66.8 (2.5)
59.5 (4.0)
58.0 (4.6)
51.8 (3.6)‡
63.9 (4.3)
59.6 (4.2)
69.8 (3.0)‡

28.5 (3.6)
27.3 (3.0)
25.3 (3.7)
25.0 (3.0)

28.3 (4.8)‡
30.8 (2.9)
27.2 (2.8)
14.2 (2.4)‡

58.2 (5.1)
64.6 (2.7)
68.5 (3.6)
58.4 (4.4)

63.7 (4.1)
62.7 (3.7)
62.1 (4.0)
63.9 (3.3)

26.7 (1.7)

63.0 (2.1)

88.4 (1.8)
85.9 (2.4)
87.3 (2.3)
86.5 (2.9)

75.8 (3.3)*
78.8 (4.7)
85.3 (1.9)
93.9 (1.0)*

86.9 (3.7)
88.3 (1.5)
86.6 (2.7)
84.7 (2.7)

75.6 (2.7)*
90.1 (1.6)
92.5 (1.1)
97.2 (1.6)*

90.8 (1.2)*
83.1 (2.1)
76.8 (2.0)*

87.8 (1.4)
87.0 (1.3)

88.0 (1.9)
87.1 (1.9)
90.3 (2.0)
82.9 (2.6)

87.4 (0.9)

22.9 (3.8)
22.5 (2.9)
23.1 (4.0)
15.9 (3.0)

9.4 (2.6)†
16.1 (4.8)
19.3 (4.5)
28.0 (3.5)†

28.2 (7.0)
24.9 (2.9)
14.1 (2.6)
12.5 (3.3)

13.7 (2.5)‡
22.5 (4.2)
24.9 (3.4)
27.1 (4.8)‡

25.0 (2.9)‡
14.4 (2.4)
11.8 (3.0)‡

24.1 (3.4)
19.5 (3.0)

24.6 (4.0)
22.1 (4.1)
23.4 (5.4)
13.6 (3.1)

21.6 (2.1)

Continued on p. 1561

5.5 (2.0)††
6.1 (2.1)††
7.7 (2.3)
5.7 (2.2)††

1.7 (1.0)††‡
0 (0)
5.9 (2.0)††‡
8.8 (2.2)

13.1 (7.0)††
6.8 (1.6)
4.3 (2.4)††
2.3 (1.5)††

2.3 (0.6)‡
4.0 (1.8)††
5.5 (2.0)††
17.2 (5.2)††‡

8.4 (1.7)†
3.1 (1.3)††
1.1 (1.0)†††

8.4 (1.8)
4.3 (1.3)††

6.2 (2.8)††
5.7 (1.8)††
6.6 (2.7)††
6.8 (2.2)††

6.2 (1.2)

States LDL cholesterol goal
States SBP and DBP goal
recommended by physician Heard of LDL cholesterol States last LDL cholesterol recommended by physician
(“yes,” #100 mg/dL:
(“yes,” #130/80 mmHg:
measure (“yes”: n = 1,025
level (“yes”: n = 161
States last SBP and DBP
n = 39 of 991)**
n = 262 of 1,233)||
of 1,233){
of 991)#
level (“yes”: n = 698 of 1,231)x

Table 2dPrevalence of diabetes knowledge about blood pressure and LDL cholesterol among the U.S. population aged ‡20 years (NHANES 2005–2008) by demographic
characteristics, diabetes-related factors, and medical care (n = 1,233)

Diabetes knowledge and treatment goals
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Diabetes medication
Insulin
Oral medications
Both insulin and oral medications
None
Antihypertensive medication
Yes
No
Lipid medication
Yes
No
Retinopathy (self-report)
Yes
No
Medical care
Number of times seen same
doctor in the past year
0
1–2 times
3–4 times
.4 times
Last time seen diabetes specialist,
dietitian, or nutritionist
#1 year ago
1–2 years ago
2–5 years ago
.5 years ago
Never
Number of times A1C
tested in the past year
Never heard of A1C
Do not know how many
0
1
2
3–4
.4

Table 2dContinued

30.2 (6.2)
27.1 (2.4)
28.5 (4.8)
20.5 (4.0)
29.7 (1.9)
22.3 (2.9)
31.0 (2.1)‡
23.3 (2.5)‡
29.7 (3.2)
26.1 (1.9)

16.3 (3.4)‡
26.6 (3.5)
31.2 (3.0)
29.0 (4.1)‡

31.6 (3.5)
26.7 (3.9)
24.3 (4.4)
24.8 (4.8)
23.3 (3.5)

14.8 (2.4)
20.5 (3.8)
17.4 (5.3)‡
32.8 (5.7)
24.8 (5.0)
37.6 (4.0)‡
39.6 (8.6)

62.7 (5.9)
62.1 (2.5)
70.0 (4.4)
61.3 (4.5)
67.2 (2.4)‡
56.9 (3.2)‡

care.diabetesjournals.org

66.7 (2.8)
60.1 (2.9)
63.9 (3.8)
63.4 (1.9)

51.0 (2.6)†
65.5 (4.3)
66.2 (3.2)
67.1 (3.6)†

65.1 (3.9)
61.4 (5.9)
54.1 (6.4)
67.6 (4.4)
62.8 (3.0)

42.3 (3.7)
53.6 (4.5)
48.5 (4.1)*
72.1 (4.7)
72.4 (4.6)
77.8 (2.5)*
66.1 (6.7)

67.1 (2.8)*
88.0 (2.1)
81.5 (5.0)
96.2 (1.6)
92.7 (2.8)
95.5 (1.0)*
87.1 (4.3)

87.7 (1.7)
86.3 (3.9)
93.3 (2.6)
93.5 (2.0)
82.9 (2.5)

83.0 (2.1)
85.4 (3.2)
90.1 (1.0)
88.7 (1.9)

84.4 (2.4)
88.1 (1.0)

89.6 (1.0)
85.6 (1.3)

89.0 (1.1)
84.9 (1.3)

90.3 (2.6)
85.6 (1.0)
90.9 (2.1)
87.8 (2.4)

14.0 (3.5)
12.2 (2.7)
23.0 (6.4)
24.1 (5.0)
21.7 (5.2)
28.4 (4.2)
26.1 (9.8)††

19.7 (2.9)
35.4 (8.8)
16.8 (4.7)
22.9 (4.2)
22.3 (2.9)

22.4 (3.8)
24.0 (4.1)
21.2 (3.2)
19.9 (3.8)

17.4 (4.1)
23.0 (2.2)

24.1 (3.6)
19.5 (2.4)

22.7 (2.9)
19.9 (2.9)

16.1 (5.3)††
20.6 (2.5)
20.6 (5.9)
32.7 (6.5)
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0.7 (0.5)††
3.4 (1.8)††
10.8 (5.3)††
5.7 (2.8)††
8.1 (4.0)††
9.6 (3.4)††
0 (0)

4.7 (1.6)††
6.3 (4.3)††
9.4 (4.3)††
6.9 (3.3)††
6.5 (2.2)††

4.9 (2.3)††
6.5 (2.4)††
7.9 (1.9)
3.8 (2.0)††

2.9 (1.7)††‡
7.2 (1.4)‡

7.8 (1.9)
4.7 (1.3)

5.7 (1.4)
7.0 (2.1)

0.8 (0.8)††‡
5.7 (1.5)
11.0 (3.5)††‡
8.0 (3.7)††

States LDL cholesterol goal
States SBP and DBP goal
recommended by physician Heard of LDL cholesterol States last LDL cholesterol recommended by physician
(“yes,” #100 mg/dL:
level (“yes”: n = 161
measure (“yes”: n = 1,025
(“yes,” #130/80 mmHg:
States last SBP and DBP
n = 39 of 991)**
of 991)#
of 1,233){
n = 262 of 1,233)||
level (“yes”: n = 698 of 1,231)x
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Data are % (SE). DBP, diastolic blood pressure; SBP, systolic blood pressure; SMBG, self-monitoring of blood glucose. xOther category for states last systolic and diastolic blood pressure value is “do not know,” n = 533,
37.0 (2.1). ||Other categories for states systolic and diastolic blood pressure goal recommended by physician are “no, .130/80 mmHg,” n = 85, 6.8 (1.1); “provider did not specify,” n = 615, 46.8 (1.8); and “do not know,”
n = 271, 19.7 (1.4). {Other category for heard of the measure LDL cholesterol is “no,” n = 208, 12.6 (0.9). #Other category for states last LDL cholesterol level is “do not know,” n = 830, 78.4 (2.1). **Other categories for
states LDL cholesterol goal recommended by physician are “no, .100 mg/dL,” n = 65, 8.1 (1.0); “provider did not specify,” n = 415, 41.1 (1.9); and “do not know,” n = 472, 44.6 (1.7). †P , 0.001. ††Relative SE .30%.
*P , 0.0001. ‡P , 0.05.

4.5 (1.4)††
7.6 (1.7)
21.6 (3.2)
21.9 (2.1)
25.6 (3.3)
27.9 (2.4)
60.7 (3.2)
65.0 (2.6)

85.2 (1.7)
89.0 (1.4)

7.4 (1.6)
4.0 (2.3)††
3.1 (2.1)††
6.6 (6.3)††
22.8 (2.4)
19.3 (5.1)
20.8 (5.7)
17.8 (6.1)††
28.2 (2.4)‡
29.8 (3.9)
25.0 (4.3)
11.2 (4.8)††‡
67.8 (2.6)†
68.4 (4.1)
54.6 (4.6)
33.8 (6.3)†

89.0 (1.2)
86.2 (3.1)
87.0 (3.1)
76.3 (6.3)

6.8 (2.3)††
9.0 (2.5)
5.4 (2.6)††
2.0 (1.2)††
21.2 (3.6)
25.9 (3.6)
21.3 (3.9)
16.7 (4.7)
83.1 (1.9)‡
89.3 (1.5)
91.2 (2.0)‡
88.7 (2.4)
19.5 (3.3)‡
29.5 (3.9)
28.4 (3.3)‡
33.3 (5.0)
54.2 (3.9)‡
65.8 (2.9)
68.3 (3.5)‡
69.8 (5.0)

Number of times doctor checked
for foot sores in past year
0
1–2
3–4
.4
Last dilated eye exam
Within last 12 months
1–2 years
.2 years
Never
Frequency of SMBG
,1 time per day
$1 time per day

Table 2dContinued

States LDL cholesterol goal
States SBP and DBP goal
recommended by physician Heard of LDL cholesterol States last LDL cholesterol recommended by physician
(“yes,” #100 mg/dL:
level (“yes”: n = 161
measure (“yes”: n = 1,025
(“yes,” #130/80 mmHg:
States last SBP and DBP
n = 39 of 991)**
of 991)#
of 1,233){
n = 262 of 1,233)||
level (“yes”: n = 698 of 1,231)x

Diabetes knowledge and treatment goals
logistic regression analysis (Table 4). Participants who reported that their physician speciﬁed an A1C ,7.0% goal were
signiﬁcantly less likely to have an actual
A1C ,7.0% after adjusting for
demographic characteristics (OR 0.61
[95% CI 0.41–0.90]). This relationship
became statistically nonsigniﬁcant after
adjustment for disease severity and
diabetes-related factors (0.81 [0.57–
1.15]). Interaction terms between
knowledge and disease severity were not
signiﬁcant.
CONCLUSIONSdThe National High
Blood Pressure Education Program was
established in 1972, the National Cholesterol Education Program in 1985, and
the NDEP in 1997 (17–19). These programs all have a “know your numbers”
component addressing targets for risk
factor control. Despite these efforts, few
nationally representative studies have examined knowledge about the ABCs and its
association with patient characteristics
and risk factor control. We found that ABC
knowledge was greatest among non-Hispanic
whites and those with higher education
and income. In addition, routine foot
checks by a regular doctor, which may
be a proxy for quality of care, were significantly associated with more A1C knowledge. Although we did not conduct an
intervention study, the lack of a signiﬁcant
association between knowledge and meeting ABC recommendations suggests that
the “know your numbers” campaigns by
themselves may make limited contributions to improving risk factor control.
Cardiovascular disease is the major
cause of morbidity and mortality in people with diabetes. Despite much stronger
evidence for cardiovascular disease risk
reduction with blood pressure and LDL
cholesterol control than glycemic control,
49% of people reported being given an
A1C target in accordance with ADA recommendations by their physician compared with only 27% for blood pressure
and 6% for LDL cholesterol. It is also
striking that nearly three times as many
could state their blood pressure than
their LDL cholesterol, with only 22%
knowing their last LDL cholesterol result
despite 87% having heard of LDL cholesterol. In another high-risk population
that included patients hospitalized with
coronary artery disease, only 8% knew
their last LDL cholesterol and 5% knew
their LDL cholesterol target (20). These
patients, of whom 31% had diabetes,
were similar to our diabetes population,
care.diabetesjournals.org
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Table 3dPercent meeting recommended A1C, blood pressure, and LDL cholesterol
goals by measure of diabetes knowledge among the U.S. population aged ‡20 years
with diabetes: NHANES 2005–2008

A1C goal ,7%
Heard of the A1C measure
Yes
No
States last A1C level
Yes
Do not know
States A1C recommendation
by physician
Yes (#7.0%)
No (.7.0%)
Provider did not specify
Do not know
States last SBP and DBP level
Yes
Do not know
States SBP and DBP level
recommended by physician
Yes (SBP #130 mmHg and
DBP #80 mmHg)
No (SBP .130 mmHg or
DBP .80 mmHg)
Provider did not specify
Do not know
Heard of the LDL
cholesterol measure
Yes
No
States last LDL cholesterol level
Yes
Do not know
States LDL cholesterol level
recommended by physician
Yes (#100 mg/dL)
No (.100 mg/dL)
Provider did not specify
Do not know

Blood pressure goal LDL cholesterol goal
,130/80 mmHg
,100 mg/dL

54.4 (2.4)
59.6 (3.6)

45.7 (2.2)
47.2 (3.7)

59.0 (2.8)
48.0 (7.0)

53.6 (2.6)
53.6 (3.8)

46.7 (3.4)
43.5 (2.6)

64.7 (4.1)
59.3 (4.4)

50.4 (3.3)
43.0 (10.8)
59.1 (4.9)
56.5 (4.8)

44.3 (3.6)
34.2 (9.8)
45.8 (5.0)
47.2 (3.2)

69.0 (5.1)
43.5 (17.4)*
59.4 (9.5)
53.3 (6.4)

57.3 (2.6)
52.4 (3.5)

43.9 (2.5)
48.9 (3.1)

60.3 (3.2)
51.4 (4.2)

57.5 (2.2)

43.5 (4.2)

57.3 (6.2)

64.2 (7.1)
56.9 (3.1)
46.4 (4.3)

39.8 (5.3)
44.3 (3.0)
54.4 (4.0)

52.4 (11.2)
57.8 (3.1)
55.7 (5.7)

55.5 (2.3)
55.6 (4.5)

45.7 (2.1)
46.7 (4.2)

57.7 (2.9)
52.0 (7.8)

63.1 (3.7)†
53.2 (2.9)†

40.7 (4.3)
46.6 (2.5)

67.0 (5.6)
55.7 (2.9)

58.5 (10.2)
62.5 (7.2)
55.7 (3.3)
53.3 (3.5)

38.9 (8.9)
36.1 (7.3)
48.7 (4.0)
44.8 (2.7)

56.3 (14.5)
73.5 (8.9)
52.6 (4.0)
60.6 (5.2)

Data are % (SE). DBP, diastolic blood pressure; SBP, systolic blood pressure. *Relative SE .30%. †P , 0.05.

with 66% recalling their blood pressure
level (versus 63% in our study); 49%
knew their target value, while 27% did in
our study.
Previous studies of knowledge of
A1C have yielded inconsistent ﬁndings.
In the study by Iqbal et al. (11), only
those with poorly controlled glucose
who were unfamiliar with the term A1C
at baseline showed improvements in their
A1C level after a diabetes information
session (21.2%, P = 0.04), whereas for
most in the study there was no signiﬁcant
association. However, almost one-half of
the patients in the study by Iqbal et al. had
care.diabetesjournals.org

type 1 diabetes, where A1C control may be
more challenging than it is for type 2 diabetes. Similarly, patients who gained knowledge after diabetes self-management
education but who initially had poor
knowledge were signiﬁcantly more likely
to achieve the A1C target compared with
those who showed no improvement in
knowledge; again, the study sample was
not representative of the U.S. population,
as it was hospital based and included
mainly minorities with poorly controlled
diabetes (21). Sánchez et al. (12) found
no correlation between diabetes risk factor
knowledge and A1C or LDL cholesterol

control for patients with diabetes admitted
to the hospital with acute coronary syndrome. Comparison with our study is
difﬁcult owing to differences in the
knowledge questionnaire and the highly
selective study population. In a small hospital-based prospective study, those who
knew the A1C goal had better control several years after an education session and
repeated follow-up visits where health
providers emphasized the goal; nevertheless, almost one-half did not recognize the
term A1C and less than one-quarter knew
the A1C target (22). Finally, Heisler et al.
(13) reported that among an ethnically diverse sample of adults with diabetes, those
who knew their last A1C values were more
likely to accurately assess their diabetes
control (OR 1.59 [95% CI 1.05–2.42]).
However, the central study questions differed; Heisler et al. addressed diabetes
control using perceived and objective
measures of A1C, whereas in our study,
only objective clinical measures of control
were used. Despite these inconsistent
ﬁndings, controlled trials that have aimed
to increase diabetes knowledge, including
interventions focused on diabetes selfmanagement education, have been effective
in improving clinical outcomes (8–10,23,24).
Nevertheless, effective interventions have included several educational and behavioral
components; ABC knowledge alone may
not be sufﬁcient to improve risk factor control. Solutions translating these short-term
gains into lifetime control are needed for
people with diabetes.
While previous studies in people with
diabetes are inconclusive, our ﬁndings are
consistent with studies of knowledge of
blood pressure and LDL cholesterol in a
coronary artery disease population, which
also found few associations between
knowledge and meeting risk factor targets
(20,25). There may be several reasons for
not ﬁnding an association. First, poorly
controlled patients may be more likely to
receive education from physicians and referral to diabetes educators compared with
patients with well-controlled ABC levels;
however, even with ABC knowledge,
these patients may not be biologically
able to achieve goals. We found that participants who reported that their physician
recommended an A1C goal ,7% were
signiﬁcantly less likely to achieve an A1C
,7%. After adjustment for several proxies
of disease severity, this association became
nonsigniﬁcant, which suggests that disease severity may confound the association between knowledge and achieving
the A1C goal. Second, education about risk
DIABETES CARE, VOLUME 35, JULY 2012
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Table 4dOR (95% CI) of meeting A1C, blood pressure, and LDL cholesterol
recommendations by diabetes knowledge
Model 1*
OR
A1C ,7.0%
States last A1C level
States level recommended by
physician as #7.0%
Blood pressure ,130/80 mmHg
States last blood pressure level
States level recommended by
physician as #130/80 mmHg
LDL cholesterol ,100 mg/dL
States last LDL cholesterol level
States level recommended by
physician as #100 mg/dL

95% CI

Model 2†

Model 3‡

OR

95% CI

OR

95% CI

1.00 0.70–1.42

0.89

0.57–1.39

0.75 0.56–1.00

0.61

0.41–0.90 0.81 0.57–1.15

0.85 0.60–1.21

0.82

0.57–1.18

0.82 0.56–1.21

0.89 0.60–1.32

0.84

0.57–1.23

0.88 0.58–1.36

1.66 0.97–2.83

1.32

0.73–2.37

1.13 0.61–2.10

0.93 0.25–3.44

0.73

0.22–2.44

0.55 0.19–1.63

1.22 0.81–1.84

*Model 1: unadjusted. †Model 2: adjusted for age, race/ethnicity, sex, education, and poverty-to-income
ratio. ‡Model 3: additionally adjusted for years since diagnosis, retinopathy, medication use, antihypertensive medication, lipid medication, and number of times saw doctor in the past year. Values in boldface
indicate P = 0.0125.

factors without a behavioral change component may be ineffective. Diabetes education that additionally addresses barriers to
self-care and personal motivators may increase the number of patients who reach
ABC targets.
We found that a greater proportion of
those who reported lower A1C values did
so accurately compared with those who
reported higher A1C values. Among participants who reported that their A1C was
,7.0%, 83% had an actual A1C measure
of ,7.0%. In contrast, among participants who reported an A1C $10%, only
37% actually had an A1C measure in that
range. A similar variation was found in an
ethnically diverse sample of patients with
type 2 diabetes (13) and by blood pressure and LDL cholesterol in our study. In
another study, 67% of patients reporting
an A1C value were within 1.0% of the
actual value that was documented within
the last year in their medical record
(26). These ﬁndings have implications
for interpretation of surveys of control using self-reported measures. In addition,
validity may be much higher for those
reporting good control compared with
those reporting poor control.
A major strength of our study was the
use of a nationally representative sample,
allowing generalization to the U.S. adult
noninstitutionalized population. Multiple clinical outcomes were analyzed using
standardized procedures, which provided
a comprehensive look at the ABCs. Our
study is limited in that only a few items
were used to characterize diabetes knowledge
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and the cross-sectional data impede the
ability to verify any causal relationships.
Since few people reported a physicianspeciﬁed LDL cholesterol goal, most
estimates had relative SEs .30%; nevertheless, we found signiﬁcant values by
medication use and retinopathy and
found similar trends by demographics.
Self-reported ABC levels could not be veriﬁed, but in a small subanalysis, correlation analysis suggested that among those
with good control, participants were generally correct in assessing their control. In
addition, reported versus actual A1C values
that were documented up to a year prior
were found to be very similar in the study
by Harwell et al. (26). Finally, variation in
laboratory calibration methods and the
time period between self- reported and
NHANES tests for A1C may increase error
in correlation analysis.
Given the enormous public health
burden of diabetes, future work should
delineate factors associated with meeting
ABC recommendations using a multifaceted approach. While a patient’s ABC
knowledge may be important, it is unlikely that this alone would profoundly
improve diabetes control. New strategies
extending beyond a “know your numbers” approach must be developed to
translate research on the beneﬁts of risk
factor control into better outcomes for patients with diabetes. Understanding the
interaction between demographics, knowledge, and other diabetes-related factors
may provide insight for improving diabetes control and reducing diabetes

complications. In addition, the communication that physicians, health care professionals, and diabetes educators have with
patients is important for improved diabetes
outcomes.
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