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OBJECTIVE — Raised glucose levels extending from normal into the diabetic range (dysgly-
cemia) are an emerging risk factor for clinical cardiovascular events. The relationship between
dysglycemia and atherosclerosis (AS) in the general population and in different ethnic groups
remains controversial.

RESEARCH DESIGN AND METHODS — Glucose tolerance, HbA1c, other metabolic
risk factors for AS, and carotid mean maximal intimal media thickness were assessed in a random
sample of 979 Canadians of South Asian, Chinese, and European descent.

RESULTS — The age and sex-adjusted intimal medial thickness increased 0.026 mm for every
0.9% increase in HbA1c in all participants (P � 0.0001) and in those of South Asian (P � 0.018),
Chinese (P � 0.002), and European (P � 0.0001) descent. This progressive curvilinear rela-
tionship was most apparent at HbA1c levels �5.7%. The HbA1c-AS relationship persisted after
adjustment for ethnicity, age, sex, diabetes status, abdominal obesity, insulin resistance, insulin
secretion, fasting free fatty acids, blood pressure, and/or dyslipidemia (P � 0.004). Both diabetes
(P � 0.002) and HbA1c (P � 0.0001) were determinants of the intimal medial thickness when
included in separate statistical models. When included together in a single model, HbA1c (P �
0.0001) but not diabetes (P � 0.6) was a significant determinant.

CONCLUSIONS — The degree of AS is related to the level of HbA1c irrespective of diabetes
status and independent of abdominal obesity and other markers of the metabolic syndrome. This
progressive relationship between HbA1c and AS was observed within different ethnic groups.
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P eople with diabetes are at high risk
for cardiovascular (CV) disease (1).
This risk varies with glucose levels

as well as HbA1c levels. This graded rela-
tionship between plasma glucose and CV
risk is observed in people with diabetes

(2–4) and in nondiabetic individuals with
high glucose levels that are below the di-
abetes cutoffs (5–10).

These data suggest that glucose may
promote atherosclerosis (AS) either di-
rectly or indirectly. Alternatively, it may
be a marker for metabolic abnormalities
that may themselves promote AS. To date,
few studies have explored this link be-
tween dysglycemia (i.e., any elevated glu-
cose level) and AS using standardized
methods. In addition, this relationship
has not been explored within different
ethnic groups.

The Study of Health Assessment and
Risk in Ethnic Groups (SHARE) measured
diabetes prevalence, glucose intolerance,
HbA1c, other CV risk factors, and carotid
AS (by B-mode carotid ultrasound) in a
large population-based sample of Canadi-
ans of South Asian, Chinese, and Euro-
pean origin (11). This article reports on
the importance of dysglycemia as an AS
risk factor and explores the relationship
between ethnicity, metabolic CV risk fac-
tors, and AS in this population.

RESEARCH DESIGN AND
METHODS

Study population
SHARE was a population-based study of
carotid AS and its determinants in 985
individuals of South Asian, Chinese, and
European origin living in Canada for �5
years. Detailed descriptions of the proto-
col, sampling frames, and major results
have been published (11,12). Briefly, a
database of South Asian and Chinese sur-
names in the telephone directories of
Hamilton, Toronto, and Edmonton, Can-
ada, was randomly sampled. Selected
households were mailed an introductory
letter and then contacted by phone. Eligi-
ble individuals of the appropriate ethnic-
ity (defined by their ancestral origins)
aged 35–75 years who had lived in Can-
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ada for �5 years were invited for assess-
ment. Once a South Asian or Chinese
participant agreed to attend, a European
household was randomly sampled from
all of the other surnames within the same
geographic postal code. The results in 979
people in whom glucose tolerance status
could be determined are reported here.

Biochemical measurements
After providing written informed con-
sent, participants had a detailed clinical
assessment and provided urine and fast-
ing blood samples. Individuals with no
history of diabetes also had an oral glu-
cose tolerance test. All assays were per-
formed centrally without any clinical
information. Glucose and lipids were
measured as previously described (11).
HbA1c was measured by low-pressure
cation exchange chromatography on a
Ciba Corning 765 Glycomat analyzer and
a Glucamal reagent kit (Drew Scientific,
London, U.K.). Insulin was measured by a
highly specific radioimmunoassay, with
cross-reactivity with only proinsulin of
�40% at mid-curve (Coat A Count; Diag-
nostic Products, Los Angeles, CA). Free
fatty acids were measured by an assay that
detects fatty acids of 6–20 carbon lengths
(NEFA C; Wako Chemical, Richmond,

VA). The arithmetic approximation to the
homeostasis model assessment (HOMA)
for �-cell secretion (HOMA-�) and for in-
sulin resistance (HOMA-IR) were calcu-
lated from the fasting plasma glucose and
insulin levels as follows (13): HOMA-� �
(20 � fasting insulin [mU/l])/(fasting
plasma glucose [mmol/l] � 3.5) and
HOMA-IR � (fasting insulin [mU/l]) �
(fasting plasma glucose [mmol/l]/22.5).

Carotid ultrasound measurements
All participants underwent carotid B-
mode ultrasonography as previously de-
scribed (11). The mean of the maximum
intimal media thickness (MMIMT) was
calculated by averaging the segment max-
imum IMT measurements from the far
and near walls of the left and right com-
mon, bifurcation, and internal carotid ar-
tery segments. All scans and off-line
measurements were performed by sonog-
raphers blinded to the participants’ other
data.

Statistical analyses
All analyses were performed with SAS
(Version 6.12) and (unless indicated oth-
erwise) were age- and sex-adjusted to the
whole SHARE population. �2 testing was
used to compare proportions; ANCOVA

was used to analyze continuous variables,
and the Tukey-Kramer test was used for
pairwise comparisons. Logistic regression
and multiple regression models were used
to assess independent determinants of ab-
normal glucose categories and MMIMT,
respectively. HbA1c deciles were used to
divide the study groups, and the mean
HbA1c within each decile (for all partici-
pants) was plotted against the adjusted
MMIMT.

RESULTS

Participants
Data were collected from 979 of the 985
South Asian (n � 340, 45% female), Chi-
nese (n � 315, 49% female), and Euro-
pean (n � 324, 52% female) participants
who either completed a glucose tolerance
test or had a diabetes history. There were
no differences in sex. However, European
participants (mean age 51.3 years) were
significantly older than South Asian
(mean age 49.4 years, P for comparison �
0.01) and Chinese participants (mean age
47.8 years, P for comparison �0.0001),
and South Asian participants were signif-
icantly older than Chinese participants
(P � 0.04). Age- and sex-adjusted

Table 1—Relationship between glucose tolerance and related cardiovascular risk factors

NGT IGT New diabetes Old diabetes P

n 734 (75.0) 142 (14.5) 66 (6.7) 37 (3.8) N/A
Ethnicity — — — — 0.0002

South Asian 229 (67.4) 59 (17.4) 32 (9.4) 20 (5.9) 0.0004*
Chinese 246 (78.1) 47 (14.9) 14 (4.4) 8 (2.5) 0.07†
European 259 (79.9) 36 (11.1) 20 (6.2) 9 (2.8) 0.0005‡

Age 48.1 	 9.5 51.4 	 9.7 56.0 	 10.3 58.2 	 9.3 �0.0001
Male subjects 360 (49.1) 67 (47.2) 29 (43.9) 18 (48.7) 0.54
Treated hypertension§ 67 (9.2) 29 (20.4) 18 (27.3) 17 (46) �0.0001
Treated hyperlipidemia§ 34 (4.6) 12 (8.5) 6 (9.1) 7 (18.9) 0.02
BMI (kg/m2)§ 25.5 	 4.3 26.8 	 4.3 27.9 	 4.3 27.4 	 4.3 �0.0001
Waist-to-hip ratio§ 0.86 	 0.07 0.88 	 0.07 0.92 	 0.07 0.92 	 0.07 �0.0001
Systolic pressure (mmHg)§ 116.7 	 15.5 121.9 	 15.4 127.2 	 15.6 126.8 	 15.6 �0.0001
Diastolic pressure (mmHg)§ 73.6 	 10.5 76.4 	 10.4 80.7 	 10.6 78.8 	 10.6 �0.0001
Triglycerides (mmol/l)§ 1.60 	 1.22 2.16 	 1.22 2.76 	 1.23 2.55 	 1.23 �0.0001
HDL cholesterol (mmol/l)§ 1.18 	 0.32 1.07 	 0.320 1.01 	 0.33 0.90 	 0.33 �0.0001
LDL cholesterol (mmol/l)§ 3.19 	 0.79 3.31 	 0.79 3.21 	 0.80 2.98 	 0.79 0.71
Total cholesterol (mmol/l)§ 5.09 	 0.92 5.30 	 0.91 5.32 	 0.92 4.97 	 0.92 0.16
Free fatty acids (mg/l)§ 483 	 210 594 	 208 667 	 211 725 	 211 �0.0001
Fasting insulin (pmol/l)§ 73.8 	 52.3 92.8 	 51.9 131.4 	 52.6 162.4 	 52.6 �0.0001
HOMA-IR (mU � mmol/l2)§ 2.33 	 2.5 3.16 	 2.5 6.51 	 2.5 9.81 	 2.5 �0.0001
HOMA-� (mU/mmol)§ 138.5 	 70.5 141.8 	 70.1 108.1 	 71.0 91.5 	 71.0 �0.0001

Data for continuous variables are means 	 1 SD; data for count variables are N (%). *P for distribution across glucose tolerance status vs. Chinese; †P for distribution
vs. Europeans; ‡P for distribution vs. South Asians; §age and sex adjusted rates and values. IGT, impaired glucose tolerance; NGT, normal glucose tolerance.
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MMIMT values for these three groups
have been reported previously (11).

Relationship between glucose
tolerance status and other metabolic
CV risk factors
Individuals with higher degrees of glu-
cose intolerance were older and more
likely to be of South Asian ethnicity than
individuals with normal glucose tolerance
(Table 1). Indeed, the age- and sex-
adjusted HbA1c levels (	 SD) in the sub-
jects of South Asian, Chinese, and
European ethnicity were 5.90 	 0.86,
5.63 	 0.87, and 5.43 	 0.86%, respec-
tively (F � 29.13 and P � 0.0001 for
differences among all three groups; P �
0.0003 for South Asian vs. Chinese; P �
0.0001 for South Asian vs. European; and
P � 0.077 for Chinese vs. European). Af-
ter adjusting for age and sex, individuals
with higher degrees of glucose intolerance
were also more likely to have a history of
treated hypertension (P � 0.0001); a his-
tory of hyperlipidemia (P � 0.02); higher
blood pressure, BMI, waist-to-hip ratio,
fasting insulin, estimated insulin resis-
tance, free fatty acids, and triglycerides;
and lower HDL cholesterol and estimated
�-cell function (P � 0.0001 for all) (Table
1).

When these risk factors were ana-

lyzed in a multivariate model (Table 2),
the independent determinants of any ab-
normal glucose category (i.e., either im-
paired fasting glucose, impaired glucose
tolerance, or diabetes) were ethnicity
(specifically the South Asian compared
with the Chinese group), age, waist-to-
hip ratio, and the natural logarithm of
triglycerides and fasting free fatty acids.
Insulin secretion and insulin resistance
(by HOMA) were highly correlated with
each other and with insulin levels; when
tested in separate models that included
the other variables in Table 2, they were
also strong independent determinants of
any abnormal glucose category (P �
0.0001) (Table 3).

Relationship between HbA1c,
glucose, other metabolic CV risk
factors, and AS
The relationship between metabolic CV
risk factors and AS was explored by ana-
lyzing the relationship between ambient
glycemia (i.e., HbA1c), determinants of
abnormal glucose tolerance, and
MMIMT. After age and sex adjustment
(Table 4), significant determinants of
MMIMT included HbA1c and fasting
plasma glucose (P � 0.0001 for both),
HOMA-� (P � 0.001), BMI (P � 0.03),
and systolic blood pressure (P � 0.0001).
MMIMT was not associated with postload
glucose, HOMA-IR, any lipid abnormal-
ity, fasting free fatty acids, fasting insulin,
abdominal obesity, or diastolic blood
pressure (Table 4).

Further analyses focused on the rela-
tionship between HbA1c and the carotid
MMIMT. First, the whole study popula-
tion was divided into 10 equally sized
groups by HbA1c decile. As shown in Fig.
1A, there was a progressive curvilinear re-
lationship between age- and sex-adjusted
MMIMT and HbA1c. Although this rela-
tionship was most apparent as the HbA1c
level rose above 5.7%, no threshold was
detectable using a nonlinear statistical
analysis. Second, a similar statistically sig-
nificant relationship was noted when par-
ticipants of South Asian (P � 0.018),
Chinese (P � 0.002), and European (P �
0.0001) descent were analyzed separately
using multiple regression techniques
(Fig. 1B). Moreover, the strong significant
relationship between HbA1c and MMIMT
persisted after adjusting for ethnicity in
the multiple regression analysis (P �
0.0001) (Table 5), with no evidence of
any heterogeneity between ethnicities (P
for interaction between HbA1c and eth-
nicity � 0.07). Third, several other re-

Table 2—Multivariate relationship between risk factors and any abnormal glucose category*

Independent variables

Dependent variable:
impaired glucose tolerance, impaired

fasting glucose, or diabetes

Odds ratio (95% CI) P

Age (per 10 years) 1.65 (1.29–2.12) �0.0001
Male sex 0.63 (0.36–1.10) 0.1
Ethnicity 0.01

South Asian vs. European 1.25 (0.73–2.15) 0.4
South Asian vs. Chinese 2.30 (1.33–3.97) 0.003
Chinese vs. European 0.54 (0.28–1.06) 0.07

Hypertension on therapy 0.93 (0.53–1.62) 0.8
Hyperlipidemic on therapy 1.52 (0.74–3.13) 0.3
BMI (per 4.4 kg/m2) 0.84 (0.64–1.10) 0.2
Waist-to-hip ratio (per 0.09) 1.51 (1.13–2.03) 0.005
Systolic BP (per 18 mm) 1.22 (0.92–1.63) 0.2
Diastolic BP (per 12 mm) 1.23 (0.91–1.66) 0.2
Ln triglyceride (per 0.57 mmol/l) 1.50 (1.16–1.94) 0.002
Total cholesterol (per 0.94 mmol/l) 0.89 (0.71–1.11) 0.3
Ln fasting FFA (per 0.46 mg/l) 1.47 (1.14–1.89) 0.0027

*Impaired glucose tolerance, impaired fasting glucose, or diabetes. All estimates are adjusted for the variables
listed above as well as natural logarithm fasting insulin levels. BP, blood pressure; FFA, free fatty acid; Ln,
natural logarithm.

Table 3—Multivariate relationship between measures of both insulin resistance and �-cell
function and any abnormal glucose category

Independent variable

Dependent variable:
impaired glucose tolerance, impaired

fasting glucose, or diabetes

Odds ratio (95% CI) P

Ln fasting insulin (per 0.55 mmol/l rise) 2.14 (1.59–2.87) �0.0001
Ln HOMA-� (per 0.66 rise) 0.26 (0.20–0.35) �0.0001
Ln HOMA-IR (per 0.52 rise) 6.03 (4.13–8.80) �0.0001

Estimates of the odds ratios for the independent variables in each row were determined in separate logistic
regression models and were adjusted for all of the variables in Table 2. Ln, natural logarithm.
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gression models were tested to determine
whether the HbA1c relationship could be
explained by confounding with related
variables. As noted in Table 5, a strong
and robust relationship between MMIMT
and HbA1c was noted in different models
that adjusted for diabetes status, abdom-
inal obesity, insulin resistance, insulin se-
cretion, fasting free fatty acids and/or
dyslipidemia (P � 0.004 for all models).

Finally, to determine the relative im-
portance of any diabetes (i.e., either new
or established) versus HbA1c as a determi-
nant of AS, both of these variables were
assessed separately and then together in
the same regression model. After adjust-
ment for age, sex, and ethnicity, both di-
abetes (P � 0.002) and HbA1c (P �
0.0001) were significant determinants of
MMIMT when they were included in sep-
arate models. However, when they were
included together in the same model,
HbA1c (P � 0.0001) but not diabetes (P �
0.6) was a significant determinant of
MMIMT (Fig. 2). This finding was con-
firmed when the analysis was repeated in
the subset of individuals without evi-
dence of diabetes; as in the overall group,
HbA1c remained an independent deter-
minant of MMIMT after adjustment for
age, sex, and ethnicity (P � 0.029).

CONCLUSIONS — These data show
that the degree of glycemia as measured
by HbA1c is a strong independent deter-
minant of AS. They demonstrate that the
relationship between HbA1c and AS is
similar in different ethnic groups and can-
not be accounted for by differences in ab-
dominal obesity, dyslipidemia, free fatty
acids, insulin secretion, or insulin resis-
tance. The fact that the HbA1c-AS rela-
tionship exists after controlling for the

presence of diabetes, and the fact that
there is no relationship between diabetes
and MMIMT after controlling for HbA1c
(Fig. 2), suggests that the relationship be-
tween diabetes and AS is accounted for by
the relationship between glucose levels
and AS, and not by the presence or ab-
sence of diabetes per se.

These data also confirm that diabetes
and glucose intolerance are strongly asso-
ciated with other risk factors for CV dis-
ease, including age, abdominal obesity,

hypertriglyceridemia, high free fatty ac-
ids, reduced insulin secretion, and in-
creased insulin resistance. Furthermore,
they confirm that 1) the prevalence of di-
abetes and glucose intolerance clearly dif-
fers between ethnic groups, and 2) the
relationship between ethnicity and an ab-
normal glucose category is independent
of the presence of other measured CV risk
factors.

A few other studies have examined
the relationship between diabetes, glu-

Figure 1—The mean age- and sex-adjusted MMIMT within each group identified by decile is
plotted against the mean HbA1c within each decile group for all participants (A) and participants
within each ethnicity (B).

Table 4—Univariate relationship between MMIMT and metabolic cardiovascular risk factors

Variable � P
MMIMT (mm) rise/1 SD of the variable

(95% CI)*
Variable’s

SD

HbA1c 0.0287 �0.0001 0.026 (0.0159–0.0362) 0.91
FPG 0.0206 �0.0001 0.030 (0.0199–0.040) 1.5
BMI 0.003 0.03 0.011 (0.001–0.021) 4.4
Waist-to-hip ratio 0.1082 0.1 0.010 (�0.003 to 0.023) 0.09
Systolic BP 0.002 �0.0001 0.034 (0.023–0.045) 18
Diastolic BP �0.001 0.1 0.009 (�0.002 to 0.020) 12
Ln HOMA-� �0.032 0.001 �0.017 (�0.027 to �0.007) 0.66
Ln HOMA-IR 0.012 0.1 0.008 (�0.002 to 0.018) 0.52

All data are age and sex adjusted. Other variables tested for which the P value exceeded 0.1 were 2-h plasma glucose, total cholesterol, HDL cholesterol, LDL
cholesterol, non-HDL cholesterol, and the natural logarithms of fasting triglyceride, fasting insulin, and fasting free fatty acids. *Increase in MMIMT per 1 SD change
in the measured variable. BP, blood pressure; FPG, fasting plasma glucose; Ln, natural logarithm.
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cose, insulin resistance, and the anatomic
extent of AS. Although people with diabe-
tes were shown to have a higher IMT than
nondiabetic people (14), significant asso-
ciations between glucose levels, insulin
levels, and carotid AS (15), or between
insulin resistance and carotid AS (16–
19), have not been consistently observed.
Unfortunately, HbA1c was not measured
in these previous studies. Indeed, in at
least two studies in which HbA1c was
measured, it was noted to be an important
risk factor for carotid AS (20,21). These
latter studies, as well as recent evidence
that a period of glucose lowering with in-
tensified insulin therapy reduced pro-
gression of carotid AS in people with type
1 diabetes who were in the Diabetes Con-
trol and Complications Trial (22), pro-
vide further support for the importance of
HbA1c as a powerful (and potentially
modifiable) risk factor for AS.

The HbA1c level reflects the fasting
and postprandial glucose levels during a
2–3 month window (23). The fact that it
was a strong determinant of AS suggests
that it is to be preferred over other mark-
ers of dysglycemia (such as postload glu-
cose) and may be the glycemic measure of
choice when assessing risk for AS in both
clinical practice and epidemiological re-
search. The absence of a significant rela-
tionship between 2-h postload glucose
and MMIMT, despite a strong relation-
ship between AS and both HbA1c and fast-
ing glucose, may have been due to at least
three possibilities. First, people with
known diabetes did not have glucose tol-
erance testing in this study. Therefore,
postload glucose measures were not avail-
able for these individuals, who presum-
ably had the highest levels and the highest
MMIMT. Second, few people with normal

glucose tolerance have elevated fasting
plasma glucose levels; for example, in one
study of randomly selected patients in the
U.S. (10), only 7.9% of 2,142 people with
normal glucose tolerance had a fasting
glucose level �6.1 mmol/l, whereas 33%
of 2,932 people with normal fasting glu-
cose levels already had a postload glucose
level �7.8 mmol/l (10). Therefore, in
nondiabetic individuals, elevated fasting
plasma glucose is likely to reflect more
advanced and perhaps longer-duration
dysglycemia than an elevated postload
glucose level, and it may therefore be
more closely linked to MMIMT. Third,
the high intrasubject variability of post-
load glucose levels may have obscured
any relationship with MMIMT.

These data reflect a strong relation-
ship between dysglycemia and AS that is
independent of the presence or absence of
diabetes. Moreover, the 0.032-mm differ-

ence in MMIMT that was noted per 0.9%
rise in HbA1c (after age, sex, ethnicity, and
diabetes adjustment) (Table 5) is similar
to the 0.036-mm difference in MMIMT
observed between individuals taking 10
mg of ramipril and placebo during 4.5
years of follow-up in a substudy of the
Heart Outcomes Prevention Evaluation
Study (24,25). The fact that this study
showed that ramipril reduced the risk of
CV events by 22% suggests that modest
differences in HbA1c may reflect clinically
relevant differences in CV risk.

Finally, these data do not explain why
rising glucose levels are related to AS; nev-
ertheless, they clearly support the inclu-
sion of HbA1c level in the list of AS risk
factors in all people (not just those with
diabetes). They also provide support for
the hypothesis that therapies that lower
glucose levels in people with even mod-

Figure 2— Three regression models describing the relationship between the rise in carotid mean
maximal IMT and either diabetes status or the rise in HbA1c. All three models are adjusted for age,
sex, and ethnicity. Model A shows the additional effect of diabetes, model B shows the additional
effect of a rise in HbA1c of 0.9% (1 SD), and model C shows the importance of both HbA1c and
diabetes when they are analyzed together.

Table 5—HbA1c as an independent determinant of carotid atherosclerosis

Relationship between MMIMT and HbA1c after adjustment for: � P MMIMT (mm) rise/0.9%* (95% CI)

Age and sex 0.03 �0.0001 0.0260 (0.0159–0.0362)
Age, sex, and ethnicity 0.03 �0.0001 0.0299 (0.0197–0.040)
Age, sex, ethnicity, and any diabetes 0.04 0.0001 0.0320 (0.0190–0.045)
Age, sex, and Ln-FFA 0.03 �0.0001 0.0263 (0.0159–0.0366)
Age, sex, Ln-FFA, and Ln-fTG HDL 0.03 �0.0001 0.0258 (0.0152–0.0363)
Age, sex, Ln-FFA, and Ln-fTG HDL ln-finsulin 0.03 �0.0001 0.0273 (0.0166–0.0380)
Age, sex, Ln-FFA, Ln-fTG HDL ln–Fasting insulin SBP, DBP, and WHR 0.03 �0.0001 0.0282 (0.0176–0.0387)
Age, sex, and Ln-HOMA-� 0.03 �0.0001 0.0230 (0.0124–0.0335)
Age, sex, and Ln-HOMA-IR 0.03 �0.0001 0.0278 (0.0166–0.0391)
Age, sex, Ln-HOMA-�, and Ln-HOMA-IR 0.02 0.0038 0.0202 (0.007–0.0339)

*0.9% � 1 SD of HbA1c. FFA, fasting free fatty acid; fTG, fasting triglyceride; Ln, natural logarithm, WHR, waist-to-hip ratio.
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estly elevated levels may reduce the risk of
AS.

Acknowledgments— This study was funded
by the Medical Research Council of Canada
(MRC Grant MT-13734) and by Merck Frosst
Canada. H.C.G. holds the Population Health
Institute Chair in Diabetes Research (spon-
sored by Aventis); S.A. holds the Eli Lilly Chair
in Women’s Health and holds a Canadian In-
stitutes of Health Research Clinician Scientist
award; and S.Y. holds a Heart and Stroke
Foundation of Ontario Chair in Cardiovascu-
lar Research and is a Senior Scientist of the
Canadian Institutes of Health Research.

References
1. Gu K, Cowie CC, Harris MI: Diabetes and

decline in heart disease mortality in US
adults. JAMA 281:1291–1297, 1999

2. Stratton IM, Adler AI, Neil HA, Matthews
DR, Manley SE, Cull CA, Hadden D,
Turner RC, Holman RR: Association of
glycaemia with macrovascular and micro-
vascular complications of type 2 diabetes
(UKPDS 35): prospective observational
study. BMJ 321:405–412, 2000

3. Glucose tolerance and mortality: com-
parison of WHO and American Diabetes
Association diagnostic criteria: the
DECODE study group. European Dia-
betes Epidemiology Group: Diabetes
Epidemiology: Collaborative Analysis of
Diagnostic Criteria in Europe. Lancet
354:617– 621, 1999

4. Glucose tolerance and cardiovascular
mortality: comparison of fasting and
2-hour diagnostic criteria. Arch Intern Med
161:397–405, 2001

5. Khaw KT, Wareham N, Luben R, Bing-
ham S, Oakes S, Welch A, Day N:
Glycated haemoglobin, diabetes, and
mortality in men in Norfolk cohort of Eu-
ropean Prospective Investigation of Can-
cer and Nutrition (EPIC-Norfolk). BMJ
322:15–18, 2001

6. Coutinho M, Gerstein HC, Wang Y, Yusuf
S: The relationship between glucose and
incident cardiovascular events: a metar-
egression analysis of published data from
20 studies of 95,783 individuals followed
for 12.4 years. Diabetes Care 22:233–240,
1999

7. Bjornholt JV, Erikssen G, Aaser E, Sand-
vik L, Nitter-Hauge S, Jervell J, Erikssen J,
Thaulow E: Fasting blood glucose: an un-
derestimated risk factor for cardiovascu-
lar death: results from a 22-year follow-up
of healthy nondiabetic men. Diabetes Care

22:45–49, 1999
8. Simons LA, Friedlander Y, McCallum J,

Simons J: Fasting plasma glucose in non-
diabetic elderly women predicts increased
all-causes mortality and coronary heart
disease risk. Aust N Z J Med 30:41–47,
2000

9. de Vegt F, Dekker JM, Ruhe HG, Stehou-
wer CD, Nijpels G, Bouter LM, Heine RJ:
Hyperglycaemia is associated with all-
cause and cardiovascular mortality in the
Hoorn population: the Hoorn Study. Dia-
betologia 42:926–931, 1999

10. Barzilay JI, Spiekerman CF, Wahl PW,
Kuller LH, Cushman M, Furberg CD,
Dobs A, Polak JF, Savage PJ: Cardiovascu-
lar disease in older adults with glucose
disorders: comparison of American Dia-
betes Association criteria for diabetes mel-
litus with WHO criteria. Lancet 354:622–
625, 1999

11. Anand SS, Yusuf S, Vuksan V, Devanesen
S, Teo KK, Montague PA, Kelemen L, Yi
C, Lonn E, Gerstein H, Hegele RA, Mc-
Queen M: Differences in risk factors, ath-
erosclerosis, and cardiovascular disease
between ethnic groups in Canada: the
Study of Health Assessment and Risk in
Ethnic groups (SHARE). Lancet 356:279–
284, 2000

12. Anand SS, Yusuf S, Vuksan V, Devanesen
S, Montague P, Kelemen L, Bosch J, Si-
gouin C, Teo KK, Lonn E, Gerstein HC,
Hegele RA, McQueen M: The Study of
Health Assessment and Risk in Ethnic
groups (SHARE): rationale and design:
the SHARE Investigators. Can J Cardiol
14:1349–1357, 1998

13. Haffner SM, Kennedy E, Gonzalez C,
Stern MP, Miettinen H: A prospective
analysis of the HOMA model: the Mexico
City Diabetes Study. Diabetes Care 19:
1138–1141, 1996

14. Haffner SM, Agostino RD Jr, Saad MF,
O’Leary DH, Savage PJ, Rewers M, Selby J,
Bergman RN, Mykkanen L: Carotid artery
atherosclerosis in type-2 diabetic and
nondiabetic subjects with and without
symptomatic coronary artery disease (the
Insulin Resistance Atherosclerosis Study).
Am J Cardiol 85:1395–1400, 2000

15. Rantala AO, Paivansalo M, Kauma H,
Lilja M, Savolainen MJ, Reunanen A,
Kesaniemi YA: Hyperinsulinemia and
carotid atherosclerosis in hypertensive
and control subjects. Diabetes Care 21:
1188 –1193, 1998

16. Kong C, Elatrozy T, Anyaoku V, Robinson
S, Richmond W, Elkeles RS: Insulin resis-
tance, cardiovascular risk factors and
ultrasonically measured early arterial

disease in normotensive type 2 diabetic
subjects. Diabetes Metab Res Rev 16:448–
453, 2000

17. Bokemark L, Wikstrand J, Attvall S,
Hulthe J, Wedel H, Fagerberg B: Insulin
resistance and intima-media thickness in
the carotid and femoral arteries of clini-
cally healthy 58-year-old men: the Ath-
erosclerosis and Insulin Resistance Study
(AIR). J Intern Med 249:59–67, 2001

18. Hedblad B, Nilsson P, Janzon L, Berglund
G: Relation between insulin resistance
and carotid intima-media thickness and
stenosis in non-diabetic subjects: results
from a cross-sectional study in Malmo,
Sweden. Diabet Med 17:299–307, 2000

19. Shinozaki K, Hattori Y, Suzuki M, Hara Y,
Kanazawa A, Takaki H, Tsushima M, Ha-
rano Y: Insulin resistance as an indepen-
dent risk factor for carotid artery wall
intima media thickening in vasospastic
angina. Arterioscler Thromb Vasc Biol 17:
3302–3310, 1997

20. Vitelli LL, Shahar E, Heiss G, McGovern
PG, Brancati FL, Eckfeldt JH, Folsom AR:
Glycosylated hemoglobin level and ca-
rotid intimal-medial thickening in nondi-
abetic individuals: the Atherosclerosis
Risk in Communities Study. Diabetes Care
20:1454–1458, 1997

21. Okada M, Miida T, Hama H, Yata S, Su-
naga T, Tsuda A, Saito H: Possible risk
factors of carotid artery atherosclerosis in
the Japanese population: a primary pre-
vention study in non-diabetic subjects.
Intern Med 39:362–368, 2000

22. Molitch ME, Cleary PA, Orchard TJ, Back-
lund J-YC, O’Leary DH, the DCCT/EDIC
Study Group: Changes in carotid artery
wall thickness in the DCCT/EDIC cohort.
Diabetes 50 (Suppl. 2):A74, 2001

23. Avignon A, Radauceanu A, Monnier L:
Nonfasting plasma glucose is a better
marker of diabetic control than fasting
plasma glucose in type 2 diabetes. Diabe-
tes Care 20:1822–1826, 1997

24. Lonn E, Yusuf S, Dzavik V, Doris C, Yi Q,
Smith S, Moore-Cox A, Bosch J, Riley W,
Teo K; SECURE Investigators: Effects of
ramipril and vitamin E on atherosclerosis:
the Study to Evaluate Carotid Ultra-
sound Changes in Patients Treated with
Ramipril and Vitamin E (SECURE). Circu-
lation 103:919–925, 2001

25. The Heart Outcome Prevention Evalua-
tion Study Investigators: Effects of an an-
giotensin-converting enzyme inhibitor,
ramipril, on cardiovascular events in high
risk patients. N Engl J Med 342:145–153,
2000

Gerstein and Associates

DIABETES CARE, VOLUME 26, NUMBER 1, JANUARY 2003 149

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/1/144/648185/dc0103000144.pdf by guest on 10 April 2024


