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OBJECTIVE — Nondiabetic patients were studied to determine whether modest elevations in
blood glucose may be associated with a greater incidence of coronary artery disease (CAD).

RESEARCH DESIGN AND METHODS — Baseline morning blood glucose determina-
tions were evaluated with respect to subsequent coronary disease using records from 24,160
nondiabetic patients. CAD was identified from myocardial infarction, new diagnoses of angina,
or new prescriptions for nitroglycerin that occurred more than a year after baseline glucose
determinations.

RESULTS — Of 24,160 patients studied, 3,282 patients developed CAD over a total analysis
time at risk of 77,048 years. Higher baseline morning glucose (100–126 vs. �100 mg/dl) was
associated with a 53.9% greater myocardial infarction incidence rate, an 18.6% greater acute
coronary syndrome incidence rate, and a 26.4% greater number of new prescriptions for nitrates
(all P � 0.05). A Cox proportional hazards model with adjustment for age, BMI, sex, creatinine,
lipids, smoking, and medications showed that elevated fasting glucose was associated with an
increased hazard for new CAD (hazard ratio 1.13 [95% CI 1.05–1.21], glucose �100 vs. �100
mg/dl). Kaplan-Meier analysis showed that elevated baseline glucose was associated with a
progressive increase risk of CAD with time.

CONCLUSIONS — Patients with higher baseline blood glucose levels in the absence of
diabetes and after adjustment for covariants have a significantly greater risk for development of
CAD.
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Nondiabetic patients were studied to
determine whether elevations in
blood glucose may be associated

with increased risk for coronary artery
disease (CAD). Although diabetes is a
known risk factor for CAD (1–3), the risk
of higher blood glucose in the absence of
diabetes is unclear (4,5). Pathologic con-
sequences from modest elevations of glu-
cose are plausible since impaired glucose
tolerance and impaired fasting glucose
have been associated with macrovascular
disease (6) and greater mortality (7). Pa-
tients presenting with acute coronary
syndrome frequently have glucose intol-

erance (8), and it has been reported that
glucose intolerance but not impaired fast-
ing glucose may be associated with CAD
(5,9). In contrast, meta-analysis indicates
that glucose above a threshold of 100
mg/dl may also be a significant risk (10).
Since impaired fasting glucose is increas-
ingly common, affecting �35 million
adults in the U.S. (11), and CAD affects a
majority of older adults, associations be-
tween these common, morbid, and po-
tentially fatal conditions are of clinical
importance.

Adverse consequences from hyper-
glycemia may reflect effects of glucose as

well as hyperinsulinemia. Glycemic ef-
fects include elevations in reactive oxygen
species and formation of advanced glyca-
tion products (12). Hyperinsulinemia has
been associated with mitogenic effects on
vascular smooth muscle cells (13,14). Be-
cause elevated blood glucose is a common
and potentially treatable condition, char-
acterization of whether higher blood glu-
cose may contribute to CAD is of
particular clinical consequence.

The objectives of the current study
were to determine whether elevated glu-
cose in the absence of diabetes is a risk
factor for CAD after correction for covari-
ates. Because hyperglycemia is associated
with additional risk factors for CAD in-
cluding age, obesity, hypertension, and
hyperlipidemia, the relevance of glucose
was evaluated with multivariate regres-
sion models.

RESEARCH DESIGN AND
METHODS — Subjects received med-
ical care from one or more of eight north-
west Veterans Affairs medical centers in
Seattle, Portland, Boise, Spokane, Walla
Walla, Roseburg, White City, and An-
chorage. Data were extracted from the
electronic medical record systems of each
facility and aggregated into a standard
query language database without names,
addresses, or other personal identifiers.
The study was part of a larger project to
develop automated methods for identifi-
cation of associations between medica-
tion use, laboratory results, and medical
outcomes. The project was reviewed and
approved by the University of Washing-
ton-Seattle Investigational Review Board.

Computer-based records that in-
cluded laboratory testing were used to
identify nondiabetic subjects who had at
least 2 years of medical care and blood
glucose determinations at least 1 year be-
fore an initial indication of CAD as iden-
tified from ICD-9 coding and medication
use. The record database included ICD-9
diagnostic information, medication use,
laboratory data, and vital signs over the
period from 1994 through December
2003. Records were excluded if there was
any indication of possible diabetes in-
cluding ICD-9 diagnosis of diabetes or a
complication of diabetes, use of oral hy-
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poglycemic medication, use of insulin, or
a blood glucose �126 mg/dl (7.0 mmol)
at any time during the patient’s care. Since
glucocorticoids (oral or parenteral) could
affect glucose determinations, patients
who used these medications before a di-
agnosis of CAD were also excluded. With
the objective of including predominantly
fasting glucose determinations, only
morning glucose determinations before
10 A.M. were included. The mean of mea-
sures during the 1st year of care were used
to establish a baseline. Results were simi-
lar if only the single first measures were
evaluated. Blood glucose determinations
were performed at each hospital most of-
ten as part of an initial screening chemis-

try panel. Ninety-three percent of patients
followed at least 2 years with any labora-
tory testing had measures of blood glu-
cose performed. After exclusions, 24,160
records were available for nondiabetic
subjects with information concerning at
least 2 years of care, ICD-9 diagnostic
coding, and baseline information includ-
ing age, sex, BMI, blood pressure, smok-
ing status, glucose, creatinine, lipid
determinations, and medications. Medi-
cations were identified from pharmacy
data (prescription issue dates corre-
sponding to period of follow-up).

The onset of CAD was identified from
a new ICD-9 diagnosis (ICD-9 codes, in-
cluding 410, 411, 413, and 414 sub-

groups) in clinic or at admission. New
prescriptions for nitroglycerin or isosor-
bide were identified from pharmacy data.

Statistical analysis
Subjects with baseline blood glucose
�100 mg/dl were compared with those
who had glucose of 100–125 mg/dl with
respect to risk for subsequent CAD using
Cox proportional hazards regression
models and Kaplan-Meier survival analy-
sis. Statistical significance was defined by
a two-tailed P value of �0.05. Data were
aggregated using Microsoft SQL Server
2000 and analyzed using Stata SE version
8.0 (Stata, College Station, TX).

RESULTS — Subject groups were de-
fined by baseline glucose determinations
with comparisons between subjects who
had glucose �100 mg/dl and those with
glucose of 100–125 mg/dl. As shown in
Table 1, characteristics of the groups were
similar, although the higher glucose
groups had slightly greater age, BMI, and
blood pressure. Over the average 6- to 7-
year period of care following an initial
glucose determination, higher glucose
was associated with more frequent myo-
cardial infarction, more new diagnoses of
CAD (including diagnoses of angina and
acute coronary syndrome), and greater
numbers of new prescriptions for nitro-
glycerin. The incidence rate of myocardial
infarction increased from 2.1 cases/1,000
person-years (baseline glucose �100 mg/
dl) to 3.2 cases/1,000 person-years (glu-
cose 100 –125 mg/dl, P � 0.05). The
incidence rate for CAD increased from
11.9 cases/1,000 to 14.1 cases/1,000 per-
son-years (P � 0.05), while new nitrate
prescriptions increased from 22.6/1,000
to 28.6/1,000 person-years (P � 0.05) for
patients with higher baseline glucose de-
terminations. Thus, a new diagnosis of
CAD that included myocardial infarction,
a new diagnosis of CAD, or a new pre-
scription for nitroglycerin was signifi-
cantly more frequent when the baseline
morning glucose was 100 –125 mg/dl
(5.5–7 mmol/l) in contrast to �100 mg/dl
(Fig. 1).

Kaplan-Meier survival/morbidity
analysis showed that patients with higher
baseline glucose had a progressive in-
crease in incidence of CAD that may ap-
proach 30% after 8 years (Fig. 2).

Multivariate regression analysis was
performed to evaluate the risk of elevated
glucose in the context of additional fac-
tors associated with coronary disease.
Without correction for covariates, a Cox

Figure 1—Incidence rate of CAD (person-years; multiply by 1,000 for cases per 1,000 person-
years) was significantly increased for patients with higher glucose (�100 mg/dl, n � 1,623;
33,784 years, n � 985, P � 0.05) as compared with those who had baseline glucose of �100 mg/dl
(n � 1,659; 43,264 years).

Table 1—Subgroup characteristics with respect to baseline glucose determinations

Glucose subgroup �100 mg/dl 100–125 mg/dl

n 13,224 10,936
Sex (% female) 9.3 4.9*
Years of care 6.66 � 2.42 6.61 � 2.43
Glucose (mg/dl) 91.1 � 6.6 108.2 � 6.6*
Age 54.4 � 13.3 57.2 � 12.2*
BMI 28.4 � 5.0 29.6 � 5.3*
Creatinine 1.01 � 0.27 1.02 � 0.31*
Systolic blood pressure 136 � 13 139 � 14*
Diastolic blood pressure 78 � 8 79 � 9*
LDL cholesterol 129 � 33 129 � 33
HDL cholesterol 48 � 14 47 � 14
Triglycerides 167 � 101 186 � 111*
Smoker 42% 41%
Mortality 3.9% 4.3%*

Data are means � SD, unless otherwise indicated. Subgroups based upon baseline morning glucose deter-
minations. Years of care indicate the period of follow-up after initial laboratory studies. *P � 0.05.
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proportional hazards regression model
showed that baseline glucose �100 mg/dl
was associated with a significant risk for
CAD (hazard ratio 1.24 [95% CI 1.16–
1.33]). A model was then constructed
with correction for age, sex, BMI, creati-
nine, diagnosis of hypertension (using
ICD-9 coding), smoking, LDL choles-
terol, HDL cholesterol, triglycerides, and
medication use (�-blockers, statins, thia-
zide diuretics, ACE inhibitors, and angio-
tensin receptor blockers). Age, BMI,
creatinine, LDL and HDL cholesterol, and
triglycerides were analyzed as continuous
variables. Cox regression analysis of
24,160 records comprising 77,048 years
at risk and 3,282 instances of new coro-
nary disease demonstrated increased risk
for CAD (hazard ratio 1.13 [95% CI 1.05–
1.21], P � 0.001) after corrections.

To evaluate whether progressively
greater glucose may be associated with
more frequent CAD, subjects were evalu-
ated in four groups. A total of 12.1% of
patients with glucose �90 mg/dl (n �
4,404) manifested coronary disease com-
pared with 12.8 (glucose 90–100 mg/dl,
n � 8,820, NS), 13.9 (glucose 100–110
mg/dl, n � 7,103, P � 0.05), and 16.6%
(glucose 110–125 mg/dl, n � 3,833, P �
0.05) of patients with higher glucose
(ANOVA P � 0.001). Subgroup evalua-
tion showed patients with glucose 100–
110 mg/dl or glucose 110–125 mg/dl had
significantly more CAD than groups with
glucose �100 mg/dl (Bonferroni, P �
0.05).

CONCLUSIONS — The results of
this study demonstrate that elevated glu-
cose in the absence of diabetes is associ-

ated with greater incidence of CAD
independent of other recognized risk fac-
tors including age, weight, hyperlipid-
emia, renal failure, and hypertension.
Both the relative risk for coronary disease
and the progressive increase in incidence
that appeared to approach 30% after 8
years indicate that modest increases in
blood glucose are associated with an in-
creased incidence of CAD. These results
extend previous descriptions of the asso-
ciation between elevated glucose and
CAD (4,8,15,16) and confirm that com-
monly used morning glucose determina-
tions can provide a significant indication
of CAD risk.

Our results indicate that elevations in
glucose are significant even after adjust-
ment for other variables that contribute to
CAD. Furthermore, because glucose de-
terminations were performed at least a
year before a first diagnosis of coronary
disease, the results are consistent with the
possibility that elevated glucose contrib-
utes to the pathogenesis of coronary dis-
ease. Although risk factors including
hyperlipidemia, hypertension, obesity,
and sedentary lifestyle are well recog-
nized, a substantial percentage of appar-
ently lower-risk individuals manifest
coronary disease. Elevations of glucose in
the absence of diabetes appear to be an
important additional risk factor that may
improve identification of patients requir-
ing further evaluation or treatment.

Glucose intolerance has been associ-
ated with coronary disease (4), while
studies of fasting glucose have been less
consistent (17,18). Since fasting glucose
is the standard approach to initial evalu-
ation of glycemic control, it is clinically

important that our results confirm that
morning glucose can identify patients at
risk for coronary disease. Elevated fasting
glucose is often associated with impaired
glucose intolerance and assessment with
an oral glucose tolerance test may more
sensitively detect patients at risk. It is not
clear whether impaired glucose tolerance
is a necessary factor in CAD risk. The fact
that an association of elevated glucose
with CAD was significant in contrast to
some past studies is likely due to the large
size of the current study.

Pathologic consequences associated
with elevated blood glucose may be re-
lated to both glucose concentration and
insulin. Vascular disease may be related to
endothelial dysfunction (19), proinflam-
matory changes (20), and a prothrom-
botic state (21). Elevated glucose induces
nonenzymatic protein glycosylation, pro-
tein kinase C activation, and oxidative
stress (22). Hyperinsulinemia has been
associated with collagen deposition and
myocardial fibrosis (23). Many effects of
glucose may not have a lower threshold.
To the extent that hyperinsulinemia pre-
cedes recognized hyperglycemia, it is plau-
sible that the disease process initiates with
very modest changes in blood glucose.

Because elevations of glucose were in-
dependently associated with risk for fu-
ture onset of symptomatic coronary
disease and mechanisms of glucose-
induced adverse effects are recognized, it
is plausible that treatment or lifestyle
changes to control glucose even in nondi-
abetic patients could reduce coronary
events. Intensive insulin therapy has been
shown to improve outcomes for patients
suffering acute myocardial infarction (24)
or undergoing coronary bypass grafting
(25). However, there is little clinical evi-
dence that improved glycemic control can
improve cardiac function and prevent
CAD. Unfortunately, clinical evaluation is
difficult. Multiple comorbidities contrib-
ute in the pathogenesis of CAD and com-
plicate evaluation of glycemic control.
Modest improvements in glycemic con-
trol are associated with less marked clin-
ical improvement with the consequence
that studies evaluating interventions in
better controlled patients may not dem-
onstrate statistical significance (26) un-
less many patients are included. Finally,
since our current data suggest that even
modest degrees of hyperglycemia may be
of pathologic significance, a relatively
stringent degree of glycemic control may
be required to achieve some clinical end
points.

Figure 2—Kaplan-Meier failure analysis for CAD (myocardial infarction, diagnosis of angina/
acute coronary syndrome, and new prescription of nitroglycerin) from patients with baseline
glucose �100 mg/dl or 110–125 mg/dl as indicated.

Glucose and coronary disease
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The results of this study are from ret-
rospective analysis, and clearly conclu-
sions concerning interventions with
respect to effects of controlling glucose to
low levels are not warranted. Since the
study population was older and includes
few females, results may not be applicable
to all patients. While it is plausible that
elevated glucose has pathologic effects, it
is not possible from retrospective study to
exclude the possibility that glucose is only
a covariant.

In summary, our data demonstrate
the association of elevated glucose with
subsequent risk for CAD in a population
of predominantly male, nondiabetic vet-
erans. Although it remains unclear
whether there is a lower glucose threshold
for adverse effects, our results demon-
strate a significant risk �100 mg/dl. Ele-
vated fasting glucose appears to be an
additional indication for careful clinical
evaluation with respect to risks for subse-
quent CAD.

Acknowledgments— This work was sup-
ported by funding through grants from the
American Heart Association and the Mountain
State Tumor Institute/Mountain States Medi-
cal Research Institute and was performed us-
ing facilities of the Department of Veterans
Affairs.

References
1. Haffner SJ, Cassells H: Hyperglycemia as a

cardiovascular risk factor (Review). Am J
Med 115 (Suppl. 8A):6S–11S, 2003

2. Hurst RT, Lee RW: Increased incidence of
coronary atherosclerosis in type 2 diabe-
tes mellitus: mechanisms and manage-
ment. Ann Intern Med 139:824–834,
2003

3. Laakso M: Glycemic control and the risk
for coronary heart disease in patients with
non-insulin-dependent diabetes mellitus:
the Finnish studies. Ann Intern Med 124:
127–130, 1996

4. Rodriguez BL, Lau N, Burchfiel CM, Ab-
bott RD, Sharp DS, Yano K, Curb JD: Glu-
cose intolerance and 23-year risk of
coronary heart disease and total mortality:
the Honolulu Heart Program. Diabetes
Care 22:1262–1265, 1999

5. Blake DR, Meigs JB, Muller DC, Najjar SS,
Andres R, Nathan DM: Impaired glucose
tolerance, but not impaired fasting glu-

cose, is associated with increased levels of
coronary heart disease risk factors: results
from the Baltimore Longitudinal Study on
Aging. Diabetes 53:2095–2100, 2004

6. Baron AD: Impaired glucose tolerance as a
disease (Review). Am J Cardiol 88:16H–
19H, 2001

7. Saydah SH, Loria CM, Eberhardt MS,
Brancati FL: Subclinical states of glucose
intolerance and risk of death in the U.S.
Diabetes Care 24:447–453, 2001

8. Hashimoto K, Ikewaki K, Yagi H, Naga-
sawa H, Imamoto S, Shibata T, Mochizuki
S: Glucose intolerance is common in
Japanese patients with acute coronary
syndrome who were not previously
diagnosed with diabetes. Diabetes Care
28:1182–1186, 2005

9. Brown DW, Giles WH, Greenlund KJ,
Valdez R, Croft JB: Impaired fasting glu-
cose, diabetes mellitus, and cardiovascu-
lar disease risk factors are associated with
prolonged QTc duration: results from the
Third National Health and Nutrition Ex-
amination Survey. J Cardiovasc Risk 8:
227–233, 2001

10. Levitan EB, Song Y, Ford ES, Liu S: Is
nondiabetic hyperglycemia a risk factor
for cardiovascular disease? A meta-analy-
sis of prospective studies. Arch Intern Med
164:2147–2155, 2004

11. Schriger DL, Lorber B: Lowering the cut
point for impaired fasting glucose: where
is the evidence? Where is the logic? Dia-
betes Care 27:592–601, 2004

12. Singleton JR, Smith AG, Russell JW, Feld-
man EL: Microvascular complications of
impaired glucose tolerance. Diabetes 52:
2867–2873, 2003

13. Hsueh WA, Law RE: Cardiovascular risk
continuum: implications of insulin resis-
tance and diabetes (Review). Am J Med
105:4S–14S, 1998

14. Reusch JE: Current concepts in insulin re-
sistance, type 2 diabetes mellitus, and the
metabolic syndrome (Review). Am J Car-
diol 90:19G–26G, 2002

15. Meigs JB, Nathan DM, D’Agostino RB Sr,
Wilson PW: Fasting and postchallenge
glycemia and cardiovascular disease risk:
the Framingham Offspring Study. Diabe-
tes Care 25:1845–1850, 2002

16. Norhammar A, Tenerz A, Nilsson G,
Hamsten A, Efendic S, Ryden L, Malm-
berg K: Glucose metabolism in patients
with acute myocardial infarction and no
previous diagnosis of diabetes mellitus: a
prospective study. Lancet 359:2140–
2144, 2002

17. Tominaga M, Eguchi H, Manaka H, Iga-
rashi K, Kato T, Sekikawa A: Impaired

glucose tolerance is a risk factor for car-
diovascular disease, but not impaired fast-
ing glucose: the Funagata Diabetes Study.
Diabetes Care 22:920–924, 1999

18. Bartnik M, Ryden L, Ferrari R, Malmberg
K, Pyorala K, Simoons M, Standl E, Soler-
Soler J, Ohrvik J: The prevalence of ab-
normal glucose regulation in patients
with coronary artery disease across Eu-
rope: the Euro Heart Survey on diabetes
and the heart. Eur Heart J 25:1880–1890,
2004

19. Vehkavaara S, Seppala-Lindroos A, Wes-
terbacka J, Groop PH, Yki-Jarvinen H: In
vivo endothelial dysfunction character-
izes patients with impaired fasting glu-
cose. Diabetes Care 22:2055–2060, 1999

20. Festa A, Hanley AJ, Tracy RP, D’Agostino
R, Jr, Haffner SM: Inflammation in the
prediabetic state is related to increased in-
sulin resistance rather than decreased in-
sulin secretion. Circulation 108:1822–
1830, 2003

21. Carr ME: Diabetes mellitus: a hypercoag-
ulable state (Review). J Diabetes Complica-
tions 15:44–54, 2001

22. Aronson D, Rayfield EJ: How hyperglyce-
mia promotes atherosclerosis: molecular
mechanisms. Cardiovasc Diabetol 1: 1,
2002

23. Mizushige K, Yao L, Noma T, Kiyomoto
H, Yu Y, Hosomi N, Ohmori K, Matsuo H:
Alteration in left ventricular diastolic fill-
ing and accumulation of myocardial col-
lagen at insulin-resistant prediabetic stage
of a type II diabetic rat model. Circulation
101:899–907, 2000

24. Schnell O, Schafer O, Kleybrink S, Doer-
ing W, Standl E, Otter W: Intensification
of therapeutic approaches reduces mor-
tality in diabetic patients with acute myo-
cardial infarction: the Munich registry.
Diabetes Care 27:455–460, 2004

25. Furnary AP, Gao G, Grunkemeier GL, Wu
Y, Zerr KJ, Bookin SO, Floten HS, Starr A:
Continuous insulin infusion reduces
mortality in patients with diabetes under-
going coronary artery bypass grafting.
J Thorac Cardiovasc Surg 125:1007–1021,
2003

26. Malmberg K, Ryden L, Wedel H, Birke-
land K, Bootsma A, Dickstein K, Efendic
S, Fisher M, Hamsten A, Herlitz J, Hilde-
brandt P, MacLeod K, Laakso M, Torp-
Pedersen C, Waldenstrom A: Intense
metabolic control by means of insulin in
patients with diabetes mellitus and acute
myocardial infarction (DIGAMI 2): effects
on mortality and morbidity. Eur Heart J
26:650–661, 2005

Nielson, Lange, and Hadjokas

DIABETES CARE, VOLUME 29, NUMBER 5, MAY 2006 1001

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/5/998/562612/zdc00506000998.pdf by guest on 10 April 2024


