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OBJECTIVE

Higher levels of hemoglobin A1c (HbA1c) are associated with increased cardiovas-
cular disease risk among individuals without diabetes and may also be positively
associated with coronary artery calcification (CAC). This study investigated the
association of HbA1c with CAC progression in the Coronary Artery Risk Develop-
ment in Young Adults study.

RESEARCH DESIGN AND METHODS

We included 2,076 participants with HbA1c and noncontrast computed tomogra-
phy (CT) assessed at baseline (2005–2006), and CT repeated 5 years later (2010–
2011). CAC progression was defined as 1) incident CAC (increase >0 Agatston units
among those with no CAC at baseline), 2) any CAC progression (increase >10
Agatston units between examinations), and 3) advanced CAC progression (in-
crease >100 Agatston units between examinations).

RESULTS

During the 5-year follow-up period, 12.9% of participants without baseline CAC
developed incident CAC; among all participants, 18.2% had any CAC progression
and 5.4% had advanced CAC progression. Higher HbA1c was associated with in-
cident CAC (risk ratio [RR] = 1.45; 95% CI 1.02, 2.06), any CAC progression (RR =
1.51; 95% CI 1.16, 1.96), and advanced CAC progression (RR = 2.42; 95% CI 1.47,
3.99) after adjustment for sociodemographic factors. Additional adjustment for
cardiovascular risk factors attenuated the associations of HbA1c with incident CAC
(RR = 1.05; 95% CI 0.74, 1.49) and any CAC progression (RR = 1.13; 95% CI 0.87,
1.47). In contrast, the association of HbA1c with advanced CAC progression per-
sisted in multivariable adjusted models (RR = 1.78; 95% CI 1.08, 2.95).

CONCLUSIONS

Higher HbA1c was independently associated with advanced CAC progression
among individuals without diabetes, while the associations with incident CAC
and any CAC progression were accounted for by other established cardiovascular
risk factors.

Higher hemoglobin A1c (HbA1c) has been associated with an increased risk of car-
diovascular morbidity among individuals without diabetes (1–3). A potential path-
way linking HbA1c and cardiovascular events involves the development and
progression of subclinical atherosclerosis. The atherosclerotic process begins early
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in life (4), and noninvasive markers of
subclinical atherosclerosis, such as coro-
nary artery calcification (CAC), can be
used to identify individuals earlier in the
disease process who may have an in-
creased risk of clinical events later in life.
CAC has been shown to be a predictor of
incident cardiovascular events (5–7), but
the association of HbA1c with CAC among
individuals without diabetes is not clear.
Prior studies of the associationbetween

HbA1c and CAC were cross-sectional and
reported contrasting findings for individ-
uals without diabetes (8–10). To date,
the relation of HbA1c and CAC progres-
sion among individuals without diabetes
has not been reported in the literature.
The purpose of this study was to investi-
gate the prospective association of HbA1c
with 5-year CAC progression among indi-
viduals without diabetes from the Coro-
nary Artery Risk Development in Young
Adults (CARDIA) Study.

RESEARCH DESIGN AND METHODS

Study Design and Population
CARDIA is a prospective, community-
based cohort study of young adults
designed to investigate trends and deter-
minants of cardiovascular disease risk in
the U.S. A detailed overview of the study
design, recruitment, and objectives has
been previously published (11).
Briefly, the baseline examination

(1985–1986) included 5,115 non-Hispanic
African American and white men and
women aged 18–30 years from Bir-
mingham, AL; Chicago, IL; Minneapolis,
MN; and Oakland, CA. This analysis
used data from in-person follow-up ex-
aminations at 20 (2005–2006) and 25
(2010–2011) years following the base-
line examination. Participant retention
rates were high, with 72% (n = 3,549) of
surviving participants completing the
year 20 examination (baseline for this
analysis) and 72% (n = 3,498) of the
surviving participants completing the
year 25 examination (follow-up for this
analysis). Centralized training and certifi-
cation, standardizedmethods, and quality
control measures were implemented to
ensure high data quality for all examina-
tions. The institutional review board at
each participating site approved the pro-
tocol for each study examination, and par-
ticipants provided written informed
consent at each study examination.
For our analysis, we excluded partic-

ipants who did not attend both the year

20 and the year 25 examinations (n =
1,993), did not have HbA1c measured
at the year 20 examination (n = 367),
did not have CAC measured at the year
20 (n = 225) and year 25 (n = 149) exami-
nations, or had diabetes (n = 283). Di-
abetes was defined as a fasting glucose
$126 mg/dL, 2-h postchallenge glu-
cose $200 mg/dL, HbA1c $6.5% (48
mmol/mol), or use of antihyperglycemic
therapy. Additionally, 22 participants
with an estimated glomerular filtration
rate ,30 mL/min/1.73 m2 or an adjudi-
cated myocardial infarction were ex-
cluded. The sample size for the analysis
of any CAC progression and advanced
CAC progression was 2,076 participants.
For incident CAC, those with prevalent
CAC at the year 20 examination were ex-
cluded, resulting in a sample size of 1,693
for that analysis.

HbA1c

HbA1c was measured from a whole-
blood aliquot by ion-exchange high-
performance liquid chromatography
(TosohG7) at theUniversity ofMinnesota
as part of the Young Adult Longitudinal
Trends in Antioxidants ancillary study at
the year 20 examination, baseline for this
analysis.

Ascertainment of Covariates
Data on age, sex, race, and smoking sta-
tus were collected using standardized
questionnaires. Height and weight were
measured by certified technicians from
participants wearing light clothing and
no shoes and were used to calculate
BMI in kg/m2. Systolic blood pressure
(SBP) was measured following standard-
ized protocols (12). After resting for 5min
in the seated position, blood pressure
wasmeasured three times at 1-min inter-
vals using an appropriately sized cuff,
with the average of the second and third
measurements used to determine SBP.
SBPwasmeasuredat year 20using a stan-
dard automatedblood pressuremeasure-
mentmonitor (Omronmodel HEM907XL)
calibrated to the random zero sphygmo-
manometer that had been used at each
earlier examination. Total cholesterolwas
measured enzymatically, and HDL choles-
terol was determined by precipitation
with dextran sulfate–magnesium chloride
at the University of Washington (12).

CAC
Electron beam computed tomography
(CT; Chicago and Oakland field centers

at year 20) or multidetector CT scanners
(Birmingham and Minneapolis field cen-
ters at year 20 and all centers at year 25)
were used to assess CAC by obtaining
contiguous transverse images from the
root of the aorta to the apex of the heart
(13). The comparability of electron
beam CT and multidetector CT has
been demonstrated previously (14).
Pregnant women and participants who
exceeded the weight restriction for the
scanner were ineligible. The CT scanning
protocol included a hydroxyapatite cali-
bration phantom to monitor image
brightness and noise. A calcium score
in Agatston units (15) was calculated
for each calcified lesion, and the scores
were summed across all lesions within a
given artery and across all arteries (left
anterior descending, left main, circum-
flex, and right coronary) to obtain the
total calcium score. For the one partici-
pant who had coronary artery bypass
graft surgery prior to the year 25 exam-
ination, only the native coronary ar-
teries were scored for calcification.
Three participants had had coronary
stents at year 20 and four at year 25;
stented areas were not scored, but 100
Agatston units was added to each per-
son with any stents. All scans were read
centrally with high interobserver (k =
0.89) and intraobserver (k = 0.95) agree-
ment for the presence of CAC (13).

CAC progression was assessed as 1)
incident CAC defined as an increase
.0 Agatston units among those without
CAC at baseline (i.e., from 0 at year 20 to
.0 Agatston units at year 25), 2) any
CAC progression defined as an increase
.10 Agatston units (i.e., from 0 at year
20 to .10 at year 25 or .10 unit in-
crease in CAC score at year 25 among
those with CAC at year 20), and 3) ad-
vanced CAC progression defined as a
change .100 Agatston units between
years 20 and 25 (i.e., from 0 at year 20
to .100 at year 25 or .100 unit in-
crease in CAC score at year 25 among
those with CAC at year 20).

Statistical Analyses
The association of HbA1c with CAC pro-
gression was evaluated using Poisson
regression with robust variance estima-
tion to obtain risk ratio (RR) and 95% CI
(16). HbA1c was evaluated as a continu-
ous variable with a 1-unit increase de-
fined as 1% (10.9 mmol/mol). Model 1
was unadjusted, model 2 was adjusted
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for sociodemographics (age, sex, race,
education, and study field center), and
model 3 included additional adjust-
ments for cardiovascular risk factors
(SBP, use of antihypertensive medica-
tions, total cholesterol, HDL cholesterol,
current smoking, and BMI). Model 4 also
included adjustment for the presence of
baseline CAC for any CAC progression
and advanced CAC progression analy-
ses. Effect modification by race was in-
vestigated in fully adjustedmodels using
interaction terms.
Secondary analyses were carried out

to evaluate the association of HbA1c

with CAC progression. First, an alterna-
tive definition of CAC progression, de-
fined as a change $2.5 mm3 between
square root-transformed volumetric
scores, was used (17). Second, because
individuals with prevalent CAC are more
likely to experience CAC progression,
the association of HbA1c with the log-
transformed quantity of CAC progression
was also evaluated among individuals
with CAC at the year 20 examination.
Lastly, the association of HbA1c with CAC
progression was evaluated using HbA1c
quartiles to assess possible nonlinear as-
sociations. The a-level used for all analy-
ses was 0.05. All statistical analyses were
conducted using SAS version 9.2 (SAS In-
stitute, Cary, NC).

RESULTS

Participant characteristics at baseline
are presented in Table 1. The mean
age of participants was 45.3 years,
40.9% were African American, and
57.3% were female. The mean HbA1c

was 5.3%, and 18.4% of participants
had baseline CAC at the year 20
examination.
Any CAC progression and advanced

CAC progression were more likely to oc-
cur among individuals with CAC present
at the year 20 examination (Fig. 1).
Among participants with CAC at the
year 20 examination, 69.7% experienced
any CAC progression.10 Agatston units,
and 28.5% experienced advanced CAC
progression .100 Agatston units dur-
ing the 5-year follow-up period. In con-
trast, among participants without CAC
at the year 20 examination, 6.5% ex-
perienced any CAC progression, and
0.2% experienced advanced CAC pro-
gression. Overall, 12.9% of individuals
without baseline CAC at the year 20
examination developed incident CAC

.0 Agatston units by the year 25
examination.

The unadjusted and adjusted effect
estimates for the association of HbA1c
with CAC progression are presented in
Table 2. HbA1c was associated with in-
cident CAC after adjustment for socio-
demographic factors (RR = 1.45; 95% CI
1.02, 2.06), but this association was at-
tenuated after additional adjustment
for cardiovascular risk factors (RR =
1.05; 95% CI 0.74, 1.49). Similarly, higher
HbA1c was associated with any CAC pro-
gression .10 Agatston units after

adjustment for age, sex, race, education,
and study field center (RR = 1.51; 95% CI
1.16, 1.96), but this association was at-
tenuated in the multivariable model
(RR = 1.13; 95% CI 0.87, 1.47). Higher
HbA1c was associated with advanced
CAC progression .100 Agatston units
after adjustment for sociodemographics
(RR = 2.42; 95% CI 1.47, 3.99), and this
association remained after additional
adjustment for cardiovascular risk fac-
tors (RR = 1.78; 95% CI 1.08, 2.95) and
baseline CAC (RR = 1.75; 95% CI 1.09,
2.83).

Table 1—Baseline characteristics of study participants without diabetes, the
CARDIA study, 2005–2006
N 2,076

Age (years), mean (SD) 45.3 (3.6)

Race, n (%)
African American 848 (40.9)
White 1,228 (59.1)

Sex, n (%)
Female 1,189 (57.3)
Male 887 (42.7)

Education #high school, n (%) 475 (22.9)

BMI (kg/m2), mean (SD) 28.7 (6.1)

Current smoker, n (%) 371 (17.9)

SBP (mmHg), mean (SD) 114.6 (14.1)

Use of blood pressure medications, n (%) 283 (13.6)

Total cholesterol (mg/dL), mean (SD) 187.2 (34.3)

HDL cholesterol (mg/dL), mean (SD) 55.0 (16.8)

Fasting glucose (mg/dL), mean (SD) 94.4 (9.4)

HbA1c, mean (SD)
NGSP, % 5.3 (0.4)
IFCC, mmol/mol 34 (4.4)

CAC present at baseline, n (%) 383 (18.4)

Figure 1—Percentage of participants with CAC progression during the 5-year follow-up period,
overall and by baseline CAC presence, in the CARDIA study. *Evaluated only among individuals
without CAC at the year 20 examination. **P, 0.001 comparing proportion with baseline CAC
to no baseline CAC.
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Effect modification by race was evalu-
ated but was not statistically significant
for any of the CAC progression measures
(interaction P values .0.35). Analyses
stratified by race are presented in Supple-
mentary Table 1 and show similar associ-
ations, although the CIs overlap and lack
precision, particularly for advanced CAC
progression. For the analysis of HbA1c
with CAC progression using the change
in CAC volumetric score, 311 (15.0%) par-
ticipants experienced CAC volume pro-
gression $2.5 mm3, but the association
of HbA1c with CAC progression was atten-
uated and not statistically significant after
adjustment for demographics, cardiovas-
cular risk factors, and baseline CAC (RR =
1.31; 95% CI 0.97, 1.76). In another anal-
ysis focused solely on progression among
individuals with CAC at baseline, HbA1c
was not associated with an increase in
the log-transformed Agatston score (b =
0.44; 95% CI 20.08, 0.96). Additionally,
the association of HbA1c with CAC pro-
gression was explored using HbA1c quar-
tiles, and the findings were similar to the
results for continuous HbA1c when com-
paring the highest HbA1c quartilewith the
lowest HbA1c quartile for incident CAC
(RR = 1.06; 95% CI 0.72, 1.55), any CAC
progression (RR = 1.14; 95%CI 0.85, 1.54),
and advanced CAC progression (RR =
2.12; 95% CI 1.08, 4.19).

CONCLUSIONS

In this prospective cohort study of indi-
viduals without diabetes, 18.2% of

participants experienced CAC progres-
sion .10 Agatston units over a 5-year
follow-up period, and CAC progression
was more common among those indi-
viduals with baseline CAC present com-
pared with those without baseline CAC.
Higher HbA1c was associated with inci-
dent CAC and any CAC progression, but
these associations were attenuated and
not independent of other cardiovascular
risk factors. However, higher HbA1c was
associated with advanced CAC progres-
sion.100 Agatston units, and this asso-
ciation persisted after adjustment for
cardiovascular risk factors.

Prior studies investigated the cross-
sectional association of HbA1c with prev-
alent CAC among individuals without
diabetes and reported conflicting re-
sults. No association between HbA1c

and calcified plaque was reported in a
study of middle-aged Korean adults (8).
In contrast, another study of middle-
aged Korean men and women partici-
pating in a health screening program
(CAC prevalence = 10.9%) reported
higher HbA1c was associated with prev-
alent CAC (9). In the Multi-Ethnic Study
of Atherosclerosis, higher HbA1c was
also associated with prevalent CAC
(10). However, this association was
present for women and not men in
that community-based study of older
adults (mean age = 63.2 years) that
had a high prevalence of CAC (53.5%).
The differences in participant character-
istics and CAC prevalence may have

contributed to the contrasting findings
reported for the association of HbA1c
with CAC prevalence. Additionally, the
prior studies did not evaluate CAC pro-
gression as we did in our community-
based study of middle-aged adults. In
our study, HbA1c was not associated
with incident CAC or any CAC progres-
sion .10 Agatston units after taking
into account other established cardio-
vascular risk factors, whereas higher
HbA1c was independently associated
with advanced CAC progression .100
Agatston units.

The physiologic pathway linking
HbA1c and cardiovascular disease out-
comes is not fully understood. A recent
analysis of participants without diabetes
from 73 prospective studies reported
higher HbA1c was associated with an in-
creased risk of clinical cardiovascular
events, although the addition of HbA1c
to risk prediction models resulted in
marginal improvements in cardiovascu-
lar disease risk assessment beyond tra-
ditional cardiovascular disease risk
factors (18). As an integrated marker
of glycemia, HbA1c represents a general
process of enhanced posttranslational
glycation of many proteins that may re-
late differently to the various develop-
ment stages of macrovascular disease
for individuals without diabetes. Prior
findings from studies of HbA1c and other
markers of subclinical atherosclerosis
have reported contrasting findings.
Cross-sectional studies have reported
positive associations of HbA1c with ca-
rotid artery intima-media thickness
(19–23) and echogenic carotid plaque
(24). In contrast, no associations have
been reported for HbA1c with echolu-
cent carotid plaque (24) and change in
intima-media thickness or new plaque
development over 5 years of follow-up
(25).

CAC represents a particular advanced
stage in the atherosclerotic plaque (26),
namely, metabolism incorporating cal-
cium within an existing plaque, so its
pathogenesis may differ from other
markers of subclinical atherosclerosis.
Our study did not find independent as-
sociations with incident CAC or any CAC
progression .10 Agatston units, but
HbA1c was independently associated
with advanced CAC progression .100
Agatston units. Because individuals with
diabetes experience greater CAC progres-
sion than thosewithout diabetes (27), it is

Table 2—RR and 95% CI evaluating the association of a 1-unit increase in HbA1c

with CAC progression over 5 years among individuals without diabetes in the
CARDIA study

Model RR (95% CI)

Incident CAC* (.0 Agatston units), n = 1,693
Model 1 1.55 (1.12, 2.14)
Model 2 1.45 (1.02, 2.06)
Model 3 1.05 (0.74, 1.49)

Any CAC progression (.10 Agatston units), n = 2,076
Model 1 1.57 (1.24, 1.99)
Model 2 1.51 (1.16, 1.96)
Model 3 1.13 (0.87, 1.47)
Model 4 1.09 (0.87, 1.37)

Advanced CAC progression (.100 Agatston units), n = 2,076
Model 1 2.69 (1.76, 4.13)
Model 2 2.42 (1.47, 3.99)
Model 3 1.78 (1.08, 2.95)
Model 4 1.75 (1.09, 2.83)

One-unit increase in HbA1c = 1% (10.9 mmol/mol). Model 1, unadjusted; model 2, adjusted for
age, race, sex, education, and study field center; model 3, adjusted for variables in model 2 plus
SBP, antihypertensive medication use (yes/no), current smoking status (yes/no), total
cholesterol, HDL cholesterol, and BMI; model 4, adjusted for variables in model 3 plus baseline
CAC. *Evaluated only among individuals without CAC at the year 20 examination.
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possible that the association observed for
those with advanced CAC progression
.100 Agatston units was reflective of
the development of diabetes. However,
HbA1c was not independently associated
with any of the CAC progression mea-
sures among individuals with diabetes at
baseline in our study (data not shown),
and HbA1c remained independently asso-
ciated with advanced CAC progression
.100 Agatston units (RR = 1.80; 95% CI
1.06, 3.06) aftermultivariable adjustment
and excluding 102 individuals who devel-
oped diabetes during the follow-up.
These findings suggest HbA1c may ex-
hibit differential associations with CAC
progression measures, indicating a com-
plex association of HbA1c with multiple
markers of subclinical atherosclerosis
and potentially cardiovascular events.
This study has several potential limi-

tations. HbA1c was not measured until
the year 20 examination, so participants
who did not attend this examination and
participants who did not have CT scans
completed at the year 20 and 25 exami-
nations were not included in these analy-
ses. The retention of CARDIA participants
is high, but participants who were ex-
cluded from this analysis differed from
those who were included, and this may
have affected our study’s findings. Ex-
cluded participants were more likely to
be younger, African American, and cur-
rent or former smokers and have higher
BMI and higher SBP, while no differences
were noted for sex, education, lipids, and
medication use when compared with par-
ticipants included in this analysis. Addi-
tionally, HbA1c values may be affected by
genetic factors and certain medical condi-
tions such as anemia and liver disease
(28,29). Excluding 55 individuals who
self-reported a physician diagnosis of ane-
mia or liver disease did not alter findings.
HbA1c reflects glycemic control over sev-
eral months, but only a single baseline
measure of HbA1c was used in this analy-
sis, and the association of HbA1c with CAC
progression may be better captured with
the use of multiple HbA1c measurements.
Currently, there are no standard guide-
lines for the assessment of CAC progres-
sion (30), so this study investigated
several definitions of CAC progression,
and the conclusions were the same using
absolute change in Agatston units and
change in volumetric score definitions
for this relatively young population (ages
38–50 years when CAC was assessed at

the year 20 examination). Additionally, al-
though we used multiple absolute and
relative definitions of CAC progression,
interscan variability may have affected
the CAC progression outcomes in our
study. Repeat scans were performed at
the year 20 examination to assess inter-
scan variability. Interscan variability de-
creased as the degree of CAC increased,
with themean (SD) for the absolute differ-
ences in scans being 56.6 (53.5) for the
Agatston score and 1.3 (1.4) for the volu-
metric score, respectively, for participants
with an Agatston score.100 at baseline.
The majority of the participants did not
have CAC at baseline, and the follow-up
period was 5 years, so this study had lim-
ited power to assess associations with
greater degrees of CAC progression. How-
ever, the investigation of CAC during this
early stage of middle age is important
given the established associations with fu-
ture cardiovascular events.

In summary, CAC progression was a
common occurrence among middle-
aged adults without diabetes in this
study. Higher HbA1c was associated
with CAC progression over 5 years of
follow-up, although it was only indepen-
dently associated with advanced CAC
progression .100 Agatston units after
taking into account cardiovascular risk
factors. This suggests that the pathway
linking HbA1c with clinical cardiovascu-
lar events among individuals without di-
abetes may not be evidenced at the
earlier stages of subclinical atheroscle-
rosis development. More comprehen-
sive elucidation of the relation of
glycemia, subclinical atherosclerosis,
and clinical cardiovascular events
among individuals without diabetes is
warranted.

Acknowledgments. The authors thank the
other investigators, the staff, and the participants
of the CARDIA study for their contributions.
Funding. The CARDIA study is supported by
contracts HHSN-268201300025C, HHSN-
268201300026C, HHSN-268201300027C, HHSN-
268201300028C, HHSN-268201300029C, and
HHSN-268200900041C from the National Heart,
Lung, and Blood Institute; the Intramural Re-
search Program of the National Institute on Ag-
ing; and an intraagency agreement between the
National Institute on Aging and the National
Heart, Lung, and Blood Institute (AG0005). Addi-
tional support provided by K01-DK-095928 (A.P.C.),
R01-HL-098445 (J.J.C.), andR01-HL-053560 (M.D.G.
and D.R.J.).
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.

Author Contributions. A.P.C. conceptualized
the study, designed the analysis, interpreted
the data, and drafted the manuscript. M.W.S.,
M.R.C., J.P.R., and C.M.L. interpreted the data
and critically revised the manuscript for impor-
tant intellectual content. J.J.C., M.D.G., D.R.J.,
and C.E.L. secured funding, interpreted the
data, and critically revised the manuscript for
important intellectual content. Y.K. researched
the data, performed the statistical analysis, and
critically revised the manuscript for important
intellectual content. A.P.C. is the guarantor of
this work and, as such, had full access to all the
data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Prior Presentation. Results from previous
analysis were presented at the American Heart
Association Council on Epidemiology and Pre-
vention Meeting, New Orleans, LA, 19–22
March 2013.

References
1. Khaw KT, Wareham N, Bingham S, Luben R,
Welch A, Day N. Association of hemoglobin A1c
with cardiovascular disease and mortality in
adults: the European prospective investigation
into cancer in Norfolk. Ann Intern Med 2004;
141:413–420
2. van ’t Riet E, Rijkelijkhuizen JM, Alssema M,
et al. HbA1c is an independent predictor of non-
fatal cardiovascular disease in a Caucasian pop-
ulation without diabetes: a 10-year follow-up of
the Hoorn Study. Eur J Prev Cardiol 2012;19:23–
31
3. Selvin E, Steffes MW, Zhu H, et al. Glycated
hemoglobin, diabetes, and cardiovascular risk in
nondiabetic adults. N Engl J Med 2010;362:800–
811
4. Strong JP, Malcom GT, McMahan CA, et al.
Prevalence and extent of atherosclerosis in ado-
lescents and young adults: implications for pre-
vention from the Pathobiological Determinants
of Atherosclerosis in Youth Study. JAMA 1999;
281:727–735
5. Pletcher MJ, Tice JA, Pignone M, Browner
WS. Using the coronary artery calcium score
to predict coronary heart disease events: a sys-
tematic review and meta-analysis. Arch Intern
Med 2004;164:1285–1292
6. Greenland P, LaBree L, Azen SP, Doherty TM,
Detrano RC. Coronary artery calcium score com-
bined with Framingham score for risk prediction
in asymptomatic individuals. JAMA 2004;291:
210–215
7. Yeboah J, McClelland RL, Polonsky TS, et al.
Comparison of novel risk markers for improve-
ment in cardiovascular risk assessment in
intermediate-risk individuals. JAMA 2012;
308:788–795
8. Rivera JJ, Choi EK, Yoon YE, et al. Association
between increasing levels of hemoglobin A1c
and coronary atherosclerosis in asymptomatic
individuals without diabetes mellitus. Coron Ar-
tery Dis 2010;21:157–163
9. Chang Y, Yun KE, Jung H-S, et al. A1C and
coronary artery calcification in nondiabetic
men and women. Arterioscler Thromb Vasc
Biol 2013;33:2026–2031
10. McNeely MJ, McClelland RL, Bild DE, et al.
The association between A1C and subclinical
cardiovascular disease: the multi-ethnic study

70 HbA1c and CAC Diabetes Care Volume 38, January 2015



of atherosclerosis. Diabetes Care 2009;32:
1727–1733
11. Friedman GD, Cutter GR, Donahue RP, et al.
CARDIA: study design, recruitment, and some
characteristics of the examined subjects. J Clin
Epidemiol 1988;41:1105–1116
12. National Heart Lung and Blood Institute.
The Coronary Artery Risk Development in Young
Adults manual of operations: year 20-cardia vii
exam, 2006. Birmingham, AL, CARDIA Coordi-
nating Center, Division of Preventive Medicine,
The University of Alabama at Birmingham. Avail-
able from http://www.cardia.dopm.uab.edu/
exam-materials2012/manual-of-operations/
year-2020. Accessed 13 February 2013
13. Carr JJ, Nelson JC, Wong ND, et al. Calcified
coronary artery plaque measurement with car-
diac CT in population-based studies: standard-
ized protocol of Multi-Ethnic Study of
Atherosclerosis (MESA) and Coronary Artery
Risk Development in Young Adults (CARDIA)
study. Radiology 2005;234:35–43
14. Mao SS, Pal RS, McKay CR, et al. Compari-
son of coronary artery calcium scores between
electron beam computed tomography and 64-
multidetector computed tomographic scanner.
J Comput Assist Tomogr 2009;33:175–178
15. Agatston AS, Janowitz WR, Hildner FJ,
Zusmer NR, Viamonte M Jr, Detrano R. Quanti-
fication of coronary artery calcium using ultra-
fast computed tomography. J Am Coll Cardiol
1990;15:827–832
16. Zou G. A modified poisson regression ap-
proach to prospective studies with binary
data. Am J Epidemiol 2004;159:702–706
17. Hokanson JE, MacKenzie T, Kinney G, et al.
Evaluating changes in coronary artery calcium:

an analytic method that accounts for interscan
variability. AJR Am J Roentgenol 2004;182:
1327–1332
18. Di Angelantonio E, Gao P, Khan H, et al.;
Emerging Risk Factors Collaboration. Glycated
hemoglobin measurement and prediction of
cardiovascular disease. JAMA 2014;311:1225–
1233
19. Gerstein HC, Anand S, Yi QL, et al.; SHARE
Investigators. The relationship between dysgly-
cemia and atherosclerosis in South Asian, Chi-
nese, and European individuals in Canada:
a randomly sampled cross-sectional study. Di-
abetes Care 2003;26:144–149
20. Huang Y, Bi Y, Wang W, et al. Glycated he-
moglobin A1c, fasting plasma glucose, and
two-hour postchallenge plasma glucose levels
in relation to carotid intima-media thickness in
chinese with normal glucose tolerance. J Clin
Endocrinol Metab 2011;96:E1461–E1465
21. Okada M, Miida T, Hama H, et al. Possible
risk factors of carotid artery atherosclerosis in
the Japanese population: a primary prevention
study in non-diabetic subjects. Intern Med
2000;39:362–368
22. Bobbert T, Mai K, Fischer-Rosinsky A, Pfeiffer
AF, Spranger J. A1C is associated with intima-
media thickness in individuals with normal glu-
cose tolerance. Diabetes Care 2010;33:203–204
23. Dawson JD, Sonka M, Blecha MB, Lin W,
Davis PH. Risk factors associated with aortic
and carotid intima-media thickness in adoles-
cents and young adults: the Muscatine Off-
spring Study. J Am Coll Cardiol 2009;53:
2273–2279
24. Jørgensen L, Jenssen T, Joakimsen O, Heuch
I, Ingebretsen OC, Jacobsen BK. Glycated

hemoglobin level is strongly related to the prev-
alence of carotid artery plaques with high echo-
genicity in nondiabetic individuals: the Tromsø
study. Circulation 2004;110:466–470
25. Bonora E, Kiechl S, Willeit J, et al. Plasma
glucose within the normal range is not associ-
ated with carotid atherosclerosis: prospective
results in subjects with normal glucose toler-
ance from the Bruneck Study. Diabetes Care
1999;22:1339–1346
26. Stary HC, Chandler AB, Dinsmore RE, et al. A
definition of advanced types of atherosclerotic
lesions and a histological classification of ath-
erosclerosis. A report from the Committee on
Vascular Lesions of the Council on Arterioscle-
rosis, American Heart Association. Circulation
1995;92:1355–1374
27. Kronmal RA, McClelland RL, Detrano R,
et al. Risk factors for the progression of coro-
nary artery calcification in asymptomatic sub-
jects: results from the Multi-Ethnic Study of
Atherosclerosis (MESA). Circulation 2007;115:
2722–2730
28. Little RR, Sacks DB. HbA1c: how do wemea-
sure it and what does it mean? Curr Opin Endo-
crinol Diabetes Obes 2009;16:113–118
29. Soranzo N, Sanna S, Wheeler E, et al.;
WTCCC. Common variants at 10 genomic loci
influence hemoglobin A₁(C) levels via glycemic
and nonglycemic pathways [published correc-
tion appears in Diabetes 2011;60:1050–1051].
Diabetes 2010;59:3229–3239
30. McEvoy JW, Blaha MJ, Defilippis AP, et al.
Coronary artery calcium progression: an impor-
tant clinical measurement? A review of pub-
lished reports. J Am Coll Cardiol 2010;56:
1613–1622

care.diabetesjournals.org Carson and Associates 71

http://www.cardia.dopm.uab.edu/exam-materials2012/manual-of-operations/year-2020
http://www.cardia.dopm.uab.edu/exam-materials2012/manual-of-operations/year-2020
http://www.cardia.dopm.uab.edu/exam-materials2012/manual-of-operations/year-2020
http://care.diabetesjournals.org

