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RESEARCH DESIGN AND METHODS — A cross-sectional study of 2,060 people with
diagnosed and undiagnosed (unrecognized) diabetes in the Atherosclerosis Risk in Communities
study was performed.
RESULTS — LDL and HDL cholesterol, plasma triglycerides, and waist-to-hip ratio were
significantly associated with A1C after multivariable adjustment. African Americans with undiagnosed and diagnosed diabetes had significantly elevated A1C values compared with whites,
even after adjustment for potentially confounding factors. There was a graded association between A1C and carotid IMT. In a fully adjusted model in individuals with undiagnosed diabetes,
the odds ratio (OR) of being in the highest quartile of IMT versus the lowest was 2.46 (95% CI
1.16 –5.03, comparing the highest quartile of A1C to the lowest). In people with diagnosed
diabetes, the comparable OR was 2.62 (1.36 –5.06).
CONCLUSIONS — This study identified several important associations between A1C and
known risk factors for cardiovascular disease and suggested that A1C is independently related to
carotid IMT. Chronically elevated glucose levels may contribute to the development of atherosclerosis in people with diabetes, independent of other risk factors.
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OBJECTIVE — Glycemic control (HbA1c [A1C]) is strongly associated with microvascular
disease in individuals with diabetes, but its relation to macrovascular disease and atherosclerosis
is less clear. This study examines the relationship between A1C, carotid intima-media thickness
(IMT), and traditional cardiovascular risk factors in individuals with diabetes.

R

ecent estimates suggest that there
are ⬃18 million individuals with
diabetes in the U.S., affecting ⬃9%
of the total adult population (1). Glycemic control is a focus of clinical treatment
of diabetes. HbA1c (A1C), a measure of
long-term glycemic control, is used to
monitor and guide clinical treatment in
individuals with diabetes. Elevated A1C
levels are strongly associated with diabetes-related microvascular disease (2– 4),
but whether A1C is independently associated with the progression of atherosclerosis (5) and cardiovascular events (6)
in individuals with diabetes remains
controversial.
The U.K. Prospective Diabetes Study
(UKPDS) showed an overall 25% reduction (P ⫽ 0.0099) in the risk of microvascular disease end points in the intensively
treated group (median A1C ⫽ 7.0%)
compared with the conventionally treated
group (7.9%) after 10 years of follow-up
(2). There is some evidence from epidemiologic studies that similar reductions in
A1C may also reduce the risk of cardiovascular disease in people with diabetes
(6,7). In the UKPDS trial, there was a 16%
reduction (P ⫽ 0.052) in myocardial infarction observed for the intensively
treated group compared with the conventionally treated group. Although the findings were only of borderline statistical
significance, the UKPDS provided intriguing evidence of glycemic control as a
possible modifiable risk factor for coronary heart disease.
Few studies have explicitly examined
the association between glycemic control,
carotid intima-media thickness (IMT),
and known risk factors for cardiovascular
disease. We hypothesized that glycemic
control as measured by A1C would be
positively associated with prevalent cardiovascular disease and carotid IMT even
after adjustment for other cardiovascular
risk factors in individuals with diagnosed
and undiagnosed diabetes. We also hypothesized that A1C would be correlated

Risk factors for cardiovascular disease

with risk factors for cardiovascular disease including lipids, blood pressure, and
adiposity.

Diabetes status
Participants were asked to fast for 12 h
before the ARIC clinic visits and to bring
all current medications to determine mediation use. Glucose was measured using
the hexokinase method (9). Individuals
were defined as having diagnosed diabetes if they self-reported a physician diagnosis of diabetes or were currently taking
diabetes medication. Individuals were
classified as having undiagnosed (unreported) diabetes if they had a fasting glucose level ⱖ126 mg/dl or a nonfasting
glucose level ⱖ200 mg/dl at the first or
second ARIC examination but did not
self-report a physician diagnosis of diabetes and were not taking diabetes medication. We further classified participants
with diagnosed diabetes into the following treatment categories: 1) no pharmacologic treatment, 2) insulin treatment, or 3)
sulfonylurea treatment (oral hypoglycemic medication). Data for this study were
collected in the early 1990s before metformin and thiazolidinediones were
widely available.
1966

Other variables of interest
Details have been previously described
for measurement of lipids (12–14), determination of BMI (weight in kilograms divided by the square of height in meters),
waist-to-hip ratio (15), and systolic and
diastolic blood pressures (16). Smoking,
hormone use (women only), and alcohol
consumption (current, former, or never)
were assessed by interview. Prevalent cardiovascular disease was based on selfreport, ARIC clinical examination, or
hospital records (17).
To assess carotid IMT, B-mode carotid ultrasound (Biosound 2000 II SA;
Biosound, Indianapolis, IN) evaluations
were completed on bilateral segments of
the extracranial carotid arteries. The carotid artery was divided into three 1-cm
regions and readers measured IMT within
these regions. If the participants had missing IMT information from any carotid artery site, values were imputed for missing
sites based on sex and race. Mean far wall
IMT was also adjusted for reader differences and downward drift. Further details
are described in previous articles (18,19).
Variables of interest were categorized
using clinically relevant cut points wherever possible. BMI was categorized according to the classification system
established by the National Institutes of
Health (⬍25, 25.0 –29.9, and ⱖ30.0 kg/
m2) (20). Hypertension was defined as a
systolic blood pressure of ⱖ140 mmHg, a
diastolic blood pressure of ⱖ90 mmHg,
or current use of antihypertensive medication. Carotid IMT and waist-to-hip ratio were categorized according to
quartiles.
Statistical analysis
All analyses were stratified by undiagnosed (unrecognized) and diagnosed diabetes status. Pearson’s correlation
coefficients and scatterplots were used to

examine and present the association between A1C and fasting serum glucose.
Mean A1C levels were compared
across categories of variables of interest
after adjusting for age, sex, and race using
a linear prediction model with each adjustment variable set to its mean value. In
people with diagnosed diabetes, we also
examined the association between A1C
level and pharmacologic treatment status
(none, sulfonylurea, or insulin). Mean
A1C levels by presence of prevalent cardiovascular disease and quartile of IMT
were compared separately in individuals
with undiagnosed and diagnosed diabetes
after adjustment for all other cardiovascular risk factors.
Multivariable linear regression models were used to assess the independent
relationship between variables of interest
and A1C after adjustment for relevant covariates. Diabetes treatment was assessed
in a separate model because glucoselowering treatment directly affects A1C
levels and should not strictly be considered a “confounding” factor. Because information on duration of diabetes was
missing for ⬎30% of people with diagnosed diabetes, we did not include it in
our final models. We did, however, conduct a subgroup analysis of people with
diagnosed diabetes for which information
on duration of diabetes was available. We
also used a multivariable logistic regression model to compare the odds of being
in the highest quartile of IMT (“thick
IMT”) versus the lowest by quartile of
A1C after adjustment for potential confounding factors. These results were displayed graphically (Fig. 2). Because the
distributions of both A1C and IMT differed in individuals with undiagnosed
and diagnosed diabetes, diagnosisspecific quartiles were used in this analysis. All statistical analyses were conducted
using Stata 8.2 (Stata, College Station,
TX).
RESULTS — In this community-based
study of people with diabetes, the mean
level of A1C in the total study population
(diagnosed and undiagnosed diabetic patients combined) was 6.82 ⫾ 2.10%.
When stratified by diagnosis status, the
average levels of A1C were 5.95 ⫾ 1.41
and 7.56 ⫾ 2.31% in individuals with undiagnosed (n ⫽ 949) and diagnosed (n ⫽
1,111) diabetes, respectively.
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RESEARCH DESIGN AND
METHODS — The Atherosclerosis
Risk in Communities (ARIC) study is a
community-based cohort study of nearly
16,000 people aged 45– 64 years at baseline (1987–1989). All participants were
selected from four U.S. communities:
suburban Minneapolis, Minnesota; Forsyth County, North Carolina; Washington County, Maryland; and Jackson,
Mississippi. The cohort in Jackson, Mississippi, was sampled and recruited to
have an all-black study population. Details on the design and conduct of the
ARIC are available elsewhere (8). For the
present cross-sectional study, we analyzed data from the second examination
(visit 2) of ARIC participants, the only
visit for which A1C data are available,
which took place from 1990 to 1992. All
individuals with diagnosed or undiagnosed diabetes at visit 1 or 2 were eligible
for this study. We excluded 51 people
who were missing data on A1C, four people who were nonwhite or nonblack, and
222 additional people who did not fast for
ⱖ8 h before visit 2. After exclusions,
2,060 subjects were included in this
study.

A1C assay
Frozen whole blood samples from ARIC
visit 2 were thawed and assayed for A1C
using a Tosoh high-performance liquid
chromatography instrument. The withinbatch coefficient of variation for the
Tosoh assay was 2.4%. We found that
measurements from these long-term
stored samples were extremely reliable
when compared with measurements from
the same samples conducted before longterm storage (n ⫽ 336, r ⫽ 0.97) (10,11).
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Fasting glucose and A1C
As expected, the correlation between fasting glucose and A1C was high. Correlations were 0.84 overall and 0.87 and 0.81
for individuals with diagnosed diabetes
and undiagnosed diabetes, respectively
(Fig. 1). In people with diagnosed diabetes who were not receiving pharmacologic treatment, the correlation was 0.90.
The correlations were 0.56 and 0.82 in
individuals receiving insulin and sulfonylurea treatment, respectively.
Age-, sex-, and race-adjusted
analyses
In age-, sex-, and race-adjusted analyses
(Table 1), race, measures of adiposity
(BMI and waist-to-hip ratio), smoking
status, LDL and HDL cholesterol concentrations, plasma triglyceride levels, and
glucose-lowering medications (diagnosed
diabetes only) were all significantly associated with glycemic control as measured
by A1C (P ⬍ 0.01). Current smoking and
current alcohol consumption were significantly associated with lower A1C levels
in individuals with diagnosed diabetes
only. Mean A1C levels were also strongly
associated with IMT after adjustment for
age, sex, and race in individuals with diagnosed and undiagnosed diabetes (Table 2).
Multivariable analyses
Table 2 displays the results of the adjusted
multivariable linear regression models in
DIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005

people with undiagnosed and diagnosed
diabetes. All models were simultaneously
adjusted for age, sex, race, and all other
variables in the table except for current
hormone use. Current hormone use was
examined in a separate model of women
only, which included all other variables in
the table. Correlations between A1C and
BMI and waist-to-hip ratio were similar,
so only waist-to-hip ratio was included in
the multivariable models.
African-American race was strongly
associated with A1C levels even after adjustment for all cardiovascular disease
risk factors in individuals with undiagnosed and diagnosed diabetes. In people
with diagnosed diabetes, AfricanAmerican race was associated with ⬃1%
higher mean A1C level compared with
whites in this study, even after adjustment
for potential confounding factors. HDL
cholesterol (P ⬍ 0.01) was associated inversely with A1C in individuals with undiagnosed diabetes. LDL cholesterol was
positively associated with A1C in individuals with diagnosed diabetes (P ⬍ 0.01).
In both diagnosed and undiagnosed diabetic individuals, waist-to-hip ratio was
strongly positively associated with A1C
(P ⬍ 0.01). In people with diagnosed diabetes, being in the upper quartile of
waist-to-hip ratio was associated with
⬃0.8% higher A1C level. Plasma triglycerides were associated positively with
A1C in individuals with diagnosed and

undiagnosed diabetes in a graded fashion.
In people with diagnosed diabetes, glucose-lowering medication use was
strongly associated with glycemic control
(P ⬍ 0.01). Individuals currently taking
sulfonylurea treatment had an ⬃2%
higher mean A1C level than those with
diagnosed diabetes who were not receiving any pharmacologic treatment (P ⬍
0.01). People with diagnosed diabetes
who were currently receiving insulin
therapy had a 1.7% higher mean A1C
level compared with individuals not taking medication (P ⬍ 0.01). There was
some evidence that current alcohol consumption was associated with lower A1C,
but this result was not statistically significant in any of the multivariable models.
In women, current hormone use was
associated with lower A1C levels. Women
with diagnosed diabetes who were currently taking hormones had ⬃0.8% lower
mean A1C levels compared with women
not currently taking hormones (P ⬍
0.01). In women with undiagnosed diabetes, those currently taking hormones
had 0.4% lower mean A1C levels (P ⬍
0.01).
In the subgroup analysis of people
with diagnosed diabetes for which information on duration of diabetes was available (n ⫽ 696), we did not find any
association between A1C and diabetes
duration after adjusting for cardiovascular risk factors (analysis not shown). We
1967
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Figure 1—Scatterplots of fasting glucose (FG; mg/dl) and A1C (HbA1c; %) in individuals with undiagnosed and diagnosed diabetes. Dotted lines are
linear regression lines. Regression equations are given in the upper-left corner of each graph.
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Table 1—Adjusted mean A1C by risk factor in undiagnosed and diagnosed diabetic subjects
Undiagnosed diabetes
n

n

Adjusted mean
A1C (%)

84
246
222
260
137

5.91
5.93
5.95
5.97
5.99
0.552

80
240
265
323
203

7.72
7.66
7.58
7.51
7.44
0.192

476
473

5.91
6.00
0.293

493
618

7.50
7.61
0.403

625
324

5.76
6.33
⬍0.001

672
439

7.15
8.19
⬍0.001

108
345
491

5.70
5.75
6.12
⬍0.001

163
385
562

7.35
7.48
7.68
0.020

251
253
222
222

5.60
5.91
6.07
6.28
⬍0.001

262
262
290
295

7.02
7.47
7.70
7.99
⬍0.001

200
378
368

6.13
5.86
5.95
0.081

217
417
475

7.33
7.93
7.99
⬍0.001

502
227
218

5.88
6.12
5.95
0.120

388
389
332

7.30
7.67
7.74
0.028

420
524

6.01
5.91
0.264

452
655

7.55
7.57
0.926

212
239
224
243

5.81
5.90
5.96
6.07
0.023

276
255
266
251

7.12
7.35
7.52
7.81
⬍0.001

196
249
271
232

6.33
6.11
5.92
5.51
⬍0.001

266
251
298
291

7.87
7.65
7.45
7.03
⬍0.001

Continued on following page
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CONCLUSIONS — African-American race, cholesterol levels, plasma triglycerides, and waist-to-hip ratio were all
associated with A1C levels independently
of each other and known cardiovascular
risk factors. As reported in previous studies (21–24), African-American race was
strongly associated with higher A1C levels even after adjustment for potentially
confounding factors. Understanding why
African Americans are more likely to have
poor glycemic control in undiagnosed
and diagnosed diabetes warrants further
investigation in future epidemiologic and
clinical studies.
A1C was strongly associated with atherosclerosis as measured by carotid IMT.
Carotid IMT is a widely accepted marker
of atherosclerosis. It closely reflects the
DIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005
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Age-group (years)
45–50
50–55
55–60
60–65
65–70
P value
Sex
Male
Female
P value
Race
White
African American
P value
BMI (kg/m2)
⬍25
25–29.9
ⱖ30
P value
Quartiles of waist-to-hip ratio
0.64–0.93
0.93–0.98
0.98–1.00
1.00–1.27
P value
Smoking status
Current
Former
Never
P value
Alcohol consumption
Current
Former
Never
P value
Hypertension
No
Yes
P value
Quartiles of LDL cholesterol (mg/dl)
⬍110
110–134
134–161
⬎161
P value
Quartiles of HDL cholesterol (mg/dl)
⬍33
33–41
41–51
⬎51
P value

Adjusted mean
A1C (%)

Diagnosed diabetes

also did not find any evidence that duration of diabetes was an important confounder in the relationship between A1C
and any other variables of interest, and
therefore, it was not included in any of the
final models.
Although A1C was not significantly
independently associated with prevalent
cardiovascular disease in this study (data
not shown), A1C was associated with
higher carotid IMT in both undiagnosed
and diagnosed diabetes. Figure 2 displays
the odds ratios (ORs) of being in the highest quartile of IMT (“thick IMT”) versus
the lowest quartile of IMT by quartile of
A1C after adjustment for cardiovascular
risk factors. In people with diagnosed and
undiagnosed diabetes, the highest quartile of A1C was significantly associated
with having a thick IMT. In individuals
with undiagnosed diabetes, the adjusted
ORs of thick IMT were 2.42 (95% CI
1.16 –5.03), 2.32 (1.14 – 4.71), and 2.46
(1.16 –5.22) comparing the second,
third, and fourth quartiles of A1C with
the lowest, respectively (P ⫽ 0.051). For
individuals with diagnosed diabetes, a
strong trend was observed. In a model adjusted for the same covariates, the ORs of
thick IMT were 1.09 (0.58 –2.04), 2.04
(1.08 –3.87), and 2.62 (1.36 –5.06) for
the second, third, and fourth quartiles of
A1C, respectively (P ⫽ 0.001). In model 2
(diagnosed diabetes), which included all
covariates plus diabetes medication use,
the ORs of being in the highest quartile of
IMT were 1.18 (0.60 –2.33), 2.17 (1.06 –
4.46), and 2.83 (1.34 –5.96) for the second, third, and fourth quartiles of A1C
compared with the first (P ⫽ 0.002).
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Table 1—Continued
Undiagnosed diabetes
n
223
259
247
219

317
67

5.61
5.86
6.04
6.32
⬍0.001

6.14
5.71
0.024

n

Adjusted mean
A1C (%)

280
263
266
300

6.93
7.36
7.68
8.22
⬍0.001

381
237
493

6.62
7.48
8.33
⬍0.001

452
294

7.79
7.94
0.363

410
86

7.89
6.82
⬍0.001

Data are means adjusted simultaneously for age, sex, and race except age, which was adjusted for race and
sex only; sex, which was adjusted for age and race only; and race, which was adjusted for age and sex only.

Figure 2—OR (95% CI) of highest quartile of IMT (“thick IMT”) versus the lowest quartile by quartile of A1C (HbA1c) in individuals with
undiagnosed and diagnosed diabetes. Model 1 was adjusted for age, sex, race, waist-to-hip ratio, LDL and HDL cholesterol concentrations,
hypertension status, log triglyceride levels, smoking status, and alcohol consumption; all continuous variables were modeled as such. Model 2 was
additionally adjusted for glucose-lowering medication use and diabetes duration. P values are tests for trend. In people with undiagnosed diabetes,
the cut points for quartiles of A1C were 5.2, 5.6, and 6.2, respectively. In individuals with diagnosed diabetes, the cut points for quartiles of A1C were
5.7, 7.1, and 9.1 respectively.
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Quartiles of triglycerides (mg/dl)
⬍103
103–146
146–210
⬎210
P value
Glucose-lowering medication use
No pharmacologic treatment
Sulfonylurea treatment
Insulin treatment
P value
Duration of diabetes
⬍10 years
⬎10 years
P value
Current hormone use (women only)
No
Yes
P value

Adjusted mean
A1C (%)

Diagnosed diabetes

atherosclerotic process and is strongly related to LDL cholesterol and other cardiovascular risk factors and predicts
coronary heart disease events (25–28).
Several recent studies have also shown
that improvements in glycemic control
can slow progression of atherosclerotic
disease in individuals with type 1
(5,29,30) and type 2 diabetes (31). Our
study provides evidence to suggest that
glycemic control as measured by A1C is
related to carotid IMT in middle-aged
adults with diabetes independent of traditional cardiovascular risk factors. A previous case-control study in people
without diabetes in the ARIC suggested
that IMT case status was associated with
A1C after controlling for age, sex, race,
field center, examination date, smoking,
BMI, hypertension, LDL and HDL cholesterol concentrations, education, fasting
glucose, and fasting insulin (OR 1.88
[95% CI 0.9 – 4.1]) for the highest quartile of A1C compared with the lowest)
(10). Previous studies have proposed that
the glycation and oxidation of lipids and

Risk factors for cardiovascular disease

Table 2—Multivariable adjusted linear regression models of A1C (%) and cardiovascular disease risk factors
Undiagnosed diabetes

Diagnosed diabetes
Model 1: difference in adjusted
mean A1C (%) level by CVD
risk factor

Model 2: difference in adjusted
mean A1C (%) level by CVD
risk factor

0.004
0.300*
0.803*
⫺0.185
0.013
⫺0.144*

⫺0.136*
⫺0.057
1.28*
⫺0.185
0.057*
⫺0.026

⫺0.50*
0.131
0.960*
⫺0.352*
0.049*
⫺0.006

0.250
0.544*
0.589*

0.520*
0.685*
0.812*

0.424*
0.501*
0.737*

0.202
0.317*
0.352*

0.266
0.506*
0.739*

0.177
0.421*
0.468*

Age (per 5 years)
Sex (female vs. male)
Race (African American vs. white)
Hypertension (yes vs. no)
LDL cholesterol (per 10 mg/dl)
HDL cholesterol (per 10 mg/dl)
Quartiles of waist-to-hip ratio
Q2 (0.93–0.98) vs.Q1 (0.64–0.93)
Q3 (0.98–1.00) vs. Q1 (0.64–0.93)
Q4 (1.00–1.27) vs. Q1 (0.64–0.93)
Quartiles of triglycerides (mg/dl)
Q2 (103–146) vs. Q1 (⬍103)
Q3 (146–210) vs. Q1 (⬍103)
Q4 (⬎210) vs. Q1 (⬍103)
Smoking
Current vs. never
Former vs. never
Alcohol consumption
Current vs. never
Former vs. never
Glucose-lowering medication use
Sulfonylurea vs. none
Insulin vs. none
Hormone use (current vs. former/never)†

0.171
⫺0.091

⫺0.546*
⫺0.096

⫺0.317
⫺0.031

⫺0.035
0.168

⫺0.263
⫺0.041

⫺0.253
⫺0.125

⫺0.812*

1.966*
1.651*
⫺0.760*

⫺0.443*

Model 1 was adjusted for age, sex, race, waist-to-hip ratio, LDL and HDL cholesterol concentration, hypertension status, triglyceride level, smoking status, and
alcohol consumption. Model 2 was additionally adjusted for glucose-lowering medication use. *P value ⬍0.05. †Analysis conducted in separate models of women
only; these models include all variables listed above for model 1 and model 2 plus hormone use. CVD, cardiovascular disease.

other proteins may contribute to the development of atherosclerosis in individuals with diabetes via the formation of
advanced glycation end product and
other related mechanisms (32–36).
A1C was not associated with prevalent cardiovascular disease in this study.
Because this study was cross sectional, it
is possible that individuals with prevalent
cardiovascular disease (“survivors”) in
this cohort had better risk factor profiles
(including lower A1C) and less severe disease than people who died of cardiovascular disease before baseline and
therefore could not be included in the
study. Thus, associations observed here
may be affected by “survival bias” and biased toward the null. Nonetheless, agestratified analyses did not show a stronger
relation between A1C and prevalent cardiovascular disease in younger compared
with older subjects.
In this middle-aged communitybased cohort, there was some evidence of
1970

an association between decreased A1C
and increasing age in individuals with diagnosed diabetes. In previous studies of
people with type 2 diabetes, associations
between glycemic control and age have
been mixed. Several studies have shown
that younger age is associated with higher
A1C levels (37–39), whereas other studies have shown a positive association (40)
or no association (41).
Similar to our results, previous studies have shown a positive association between glycemic control and adiposity
(39,42,43) and cholesterol levels (21,44).
Studies in individuals without diabetes
have also shown similar correlations between lipids and A1C (45– 48).
In this cross-sectional analysis, the
strong association between pharmacologic treatment and elevated A1C levels in
individuals with diagnosed diabetes most
likely reflects severity of diabetes and/or
poor medical compliance in people taking sulfonylurea and insulin medication

compared with individuals not receiving
pharmacologic treatment.
Several previous studies suggested
possible beneficial effects of moderate alcohol consumption on glycemic control
(40,42,49 –51). In our study, there was
some evidence of an association between
current alcohol consumption and decreased A1C, but this relationship did not
persist after adjustment for cardiovascular risk factors.
Similar to our results, previous studies of postmenopausal women with diabetes have shown that hormone use is
associated with better glycemic control
(22,52–56). Although this could be a direct effect of hormone therapy on glucose
metabolism (57,58), it could also reflect a
“healthy user” effect because previous
studies have shown that women taking
hormone replacement therapy are more
likely to have a higher education level,
have better health status, and engage in
health-promoting behaviors compared
DIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005
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Model 1: difference in adjusted
mean A1C (%) level by CVD
risk factor
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linemia. Nonetheless, when measurements of fasting insulin from ARIC visit 1
were included in our analyses (data not
shown), no changes were observed.
We know from the results of clinical
trials that interventions that decrease A1C
levels, even by 1% (e.g., from 8 to 7%) can
make an enormous difference in the
health and lives of people with diabetes.
This study suggests that A1C levels are
also related to carotid IMT, race/ethnicity,
adiposity, lipid levels, hormone therapy,
and diabetes treatment. These results
provide useful information for future observational and clinical studies. Understanding which factors are related to A1C
is important for the development of appropriate models of glycemic control and
risk of clinical events in epidemiologic
studies. The results presented here provide evidence that A1C is crosssectionally related to carotid IMT
independent of other risk factors. Chronically elevated glucose levels may contribute to the development of atherosclerosis
in individuals with diabetes.
Acknowledgments — The ARIC study is carried out as a collaborative study supported by
National Heart, Lung, and Blood Institute
Contracts N01-HC-55015, N01-HC-55016,
N01-HC-55018, N01-HC-55019, N01-HC55020, N01-HC-55021, and N01-HC-55022.
E.S. was supported by National Heart, Lung,
and Blood Institute Grant T32HL07024.
The authors thank the staff and participants
of the ARIC study for their important contributions and Joyce Jordahl for her valuable
contributions to this study.

References
1. Centers for Disease Control and Prevention: National Diabetes Fact Sheet: General
Information and National Estimates on Diabetes in the United States, 2002. Atlanta,
GA, U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, 2003
2. UK Prospective Diabetes Study (UKPDS)
Group: Intensive blood-glucose control
with sulphonylureas or insulin compared
with conventional treatment and risk of
complications in patients with type 2 diabetes (UKPDS 33). Lancet 352:837– 853,
1998
3. The Diabetes Control and Complications
Trial Research Group: The effect of intensive treatment of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. N Engl J Med 329:977–986,

1993
4. Shichiri M, Kishikawa H, Ohkubo Y,
Wake N: Long-term results of the Kumamoto Study on optimal diabetes control
in type 2 diabetic patients. Diabetes Care
23:B21–B29, 2000
5. Nathan DM, Lachin J, Cleary P, Orchard
T, Brillon DJ, Backlund JY, O’Leary DH,
Genuth S: Intensive diabetes therapy and
carotid intima-media thickness in type 1
diabetes mellitus. N Engl J Med 348:
2294 –2303, 2003
6. Selvin E, Marinopoulos S, Berkenblit G,
Rami T, Brancati FL, Powe NR, Golden
SH: Meta-analysis: glycosylated hemoglobin and cardiovascular disease in diabetes
mellitus. Ann Intern Med 21:421– 431,
2004
7. Stratton IM, Adler AI, Neil HA, Matthews
DR, Manley SE, Cull CA, Hadden D,
Turner RC, Holman RR: Association of
glycaemia with macrovascular and microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational
study. BMJ 321:405– 412, 2000
8. The ARIC Investigators: The Atherosclerosis Risk in Communities (ARIC) Study:
design and objectives. Am J Epidemiol 129:
687–702, 1989
9. Operations Manual No. 10: Clinical Chemistry Determinations, Version 1.0. Chapel
Hill, NC, ARIC Coordinating Center,
School of Public Health, University of
North Carolina, 1987
10. Vitelli LL, Shahar E, Heiss G, McGovern
PG, Brancati FL, Eckfeldt JH, Folsom AR:
Glycosylated hemoglobin level and carotid intimal-medial thickening in nondiabetic individuals: the Atherosclerosis
Risk in Communities study. Diabetes Care
20:1454 –1458, 1997
11. Selvin E, Coresh J, Jordahl J, Boland L,
Steffes MW: Stability of haemoglobin A1c
(HbA1c) measurements from frozen
whole blood samples stored for over a decade. Diabet Med. In press
12. Siedel J, Hagele EO, Ziegenhorn J, Wahlefeld AW: Reagent for the enzymatic determination of serum total cholesterol
with improved lipolytic efficiency. Clin
Chem 29:1075–1080, 1983
13. Nagele U, Hagele EO, Sauer G, Wiedemann E, Lehmann P, Wahlefeld AW,
Gruber W: Reagent for the enzymatic determination of serum total triglycerides
with improved lipolytic efficiency. J Clin
Chem Clin Biochem 22:165–174, 1984
14. Friedewald WT, Levy RI, Fredrickson DS:
Estimation of the concentration of lowdensity lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 18:499 –502, 1972
15. Operations Manual No. 2: Cohort Component Procedures, Version 1.0. Chapel Hill,
NC, ARIC Coordinating Center, School of
Public Health, University of North Caro-

1971

Downloaded from http://diabetesjournals.org/care/article-pdf/28/8/1965/567587/1965.pdf by guest on 02 July 2022

with women not taking hormones (59 –
61).
This study benefited from the rigorous methodology of the ARIC study and
the availability of a wide range of risk factor data from a large community-based
sample of people with diabetes. Because
ARIC is a community-based cohort study,
we were able to identify and examine individuals with both undiagnosed and diagnosed diabetes. Previous studies have
examined associations between A1C and
individual cardiovascular risk factors but
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factors. To our knowledge, no previous
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and possibly subsequent cardiovascular
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relationship between A1C and atherosclerosis in individuals with type 2 diabetes.
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