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Hy p e rglycemia has long been re c o g-
nized as a strong risk factor for
c h ronic eye, kidney, nerve, and car-

diovascular disease. However, identific a-
tion of the glucose thresholds above
which the risk of these chronic diseases
begins to increase has been contro v e r s i a l .
Several population studies have clearly
shown that a 2-h postchallenge glucose
level of 11.1 mmol/l (200 mg/dl) or
higher during an oral glucose tolerance
test clearly identifies individuals at high
risk for retinopathy and nephro p a t h y.
Indeed, the current definition of diabetes
was based on these studies and on obser-
vations that a fasting plasma glucose level
of 7.0 mmol/l has very high specificity for
a 2-h glucose of 11.1 mmol/l (1). Thus
diabetes is, by definition, a risk factor for
eye and kidney disease (i.e., micro v a s c u-
lar disease). More o v e r, because the risk of
m i c rovascular disease rises with the
plasma glucose, and falls as the glucose
level is reduced in patients with both
type 1 (2) and type 2 diabetes (3), plasma
glucose within the diabetic range is a
continuous and modifiable risk factor for
m i c rovascular disease.

Although several studies have also
clearly shown that glucose levels that are
higher than the diabetes threshold are a
continuous risk factor for card i o v a s c u l a r
disease (4–7), the current definition of dia-
betes was not based on either the risk for
c a rdiovascular disease or the risk of death
f rom all causes. There is, there f o re, no a pri-
ori reason for the diabetes glucose thre s h-
olds to be relevant to the risk for these
outcomes, and there is no reason that the
g l u c o s e - c a rdiovascular relationship should
not extend below the diabetes thre s h o l d s .
Indeed, there is a rapidly growing body of
epidemiologic evidence demonstrating that
the risk for both cardiovascular events and
for athero s c l e rosis does extend below these
m i c rovascular thresholds (8–11).

Balkau et al. (12) add to the epidemio-
logic evidence in this issue of Diabetes Care
t h rough a new analysis of data from the
Paris Prospective Study. They studied 7,018
men aged 44–55 years with no prior his-
t o ry of diabetes, who had a 75-g oral glu-
cose tolerance test between 1967 and 1970

and who were followed for a mean period
of 23 years from enrollment. Cause of
death was determined prospectively in a
s t a n d a rdized fashion and analyzed accord-
ing to the results of the baseline fasting and
postload glucose values.

At baseline, 4.4% of all part i c i p a n t s
had diabetic glucose tolerance tests, and a
f u rther 8.3% had impaired glucose toler-
ance. Fasting and 2-h glucose values of
5.25–5.75 and 4.75–5.25 mmol/l, re s p e c-
t i v e l y, were associated with the lowest all-
cause mort a l i t y. Similar fasting and 2-h
values of 4.5–5.5 and 5.5–6.5 mmol/l,
re s p e c t i v e l y, were associated with the 
lowest coro n a ry heart disease mort a l i t y.
Data modeling showed that pro g re s s i v e
i n c reases in either fasting or 2-h glucose
levels predicted significant increases in the
risk of both total and coro n a ry heart disease
m o rt a l i t y. A significant relationship between
fasting glucose and all-cause mort a l i t y, and
between 2-h glucose and both all-cause
and coro n a ry heart disease mortality was
maintained even after data from the part i c-
ipants with diabetic glucose tolerance tests
w e re removed. The relationship between
glucose levels and mortality was curv i l i n e a r.

This re p o rt concludes that glucose is a
continuous risk factor for all-cause or coro-
n a ry heart disease death in the upper levels
of the nondiabetic distribution. For exam-
ple, the hazard ratio of a fasting glucose of
7.0 mmol/l (126 mg/dl) compared with 6.0
mmol/l (108 mg/dl) was 1.24. There are
i n s u fficient numbers of events (and there-
f o re insufficient power) to completely ru l e
out the possibility that the glucose-mort a l-
ity relationship might be driven by the high-
est nondiabetic glucose levels (for example
by only those participants with impaire d
glucose tolerance or impaired fasting glu-
cose). For example, using the data fro m
this study, the hazard ratio for a 2-h glucose
of 7.5 compared with 6.5 mmol/l is unlikely
to be statistically significant. Nevert h e l e s s ,
the fact that the crude relative risks incre a s e
p ro g ressively across the range of glucose
levels is consistent with a graded glucose-
m o rtality re l a t i o n s h i p .

Such a graded relationship is highly
similar to the relationships between card i o-
vascular risk and either cholesterol or blood

p re s s u re levels previously demonstrated in a
12-year follow-up of 316,099 middle-aged
men screened for the Multiple Risk Factor
I n t e rvention Trial (MRFIT) (13). This larg e
amount of data was needed to demonstrate
that even modest elevations in cholesterol or
blood pre s s u re predicted a sustained
i n c reased risk for coro n a ry heart disease
death. For example, the adjusted re l a t i v e
risks for coro n a ry heart disease death of
c h o l e s t e rol levels of 4.7–5.2 mmol/l
(182–202 mg/dl) and 5.2–5.7 mmol/l
(203–220 mg/dl) compared with levels
below 4.7 mmol/l (182 mg/dl) were 1.4
and 1.7, re s p e c t i v e l y. The adjusted re l a t i v e
risks of a diastolic blood pre s s u re of 76–80
and 81–85 mm (compared with a diastolic
blood pre s s u re ,76 mm) were 1.2 and 1.3,
re s p e c t i v e l y. Curvilinear relationships were
also noted for both of these variables.

The hypothesis that there is a graded
relationship between glucose and card i o-
vascular disease that begins at normal lev-
els and rises into the diabetic range is
consistent with other data. An early re p o rt
of the Whitehall Study (14) demonstrated
a 1.5- to twofold increase in coro n a ry heart
disease and stroke mortality after 10 years
in men whose postload (50 g) capillary
glucose was as low as 5.4 mmol/l. A 
22-year follow-up study showed that non-
diabetic men with fasting glucose levels
.4.7 mmol/l (85 mg/dl) had a 1.4-fold
higher risk of cardiovascular mortality than
men with lower glucose values (15).
Another epidemiologic study with data fro m
a follow-up period of 14 years (16) demon-
strated that men with fasting glucose levels
of 6.1–6.6 mmol/l (110–119 mg/dl) and
6.7–7.2 mmol/l (120–129 mg/dl) had a
,1.3- and ,1.5-fold higher adjusted risk
of ischemic heart disease mortality than
men with glucose levels ,5.5 mmol/l 
(100 mg/dl). Finally, a recent systematic
o v e rview and metare g ression analysis of
several epidemiologic studies (the majority
of which followed nondiabetic men) also
c o n firmed a graded relationship between
fasting and postprandial glucose levels and
c a rdiovascular risk (17). There f o re, if there
is a dysglycemic level above which indi-
viduals are at risk for cardiovascular dis-
ease, it may be as low as 5.5 mmol/l for
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fasting values and 6.5 mmol/l for 2-h values
(i.e., substantially below both the diabetes
t h reshold and the impaired glucose toler-
ance thre s h o l d ) .

This relationship between pro g re s-
sive increases in glucose and mort a l i t y
risk has several implications. First, the
majority of these studies have been done
in men; the degree to which these con-
clusions apply to women is, there f o re ,
u n c l e a r. Second, up to 25% of men aged
45–64 years without a clinical diagnosis
of diabetes have a fasting glucose level
.5.7 mmol/l (103 mg/dl), and up to
50% have a 2-h glucose level .5 . 9
mmol/l (107 mg/dl) (18). Thus, a sub-
stantial fraction of men in the general
population have at least one easily meas-
u red metabolic risk factor for coro n a ry
h e a rt disease mort a l i t y. Identification of
these higher-risk men could identify
individuals in whom initiating card i o-
vascular screening or prevention pro-
grams may be appropriate. Third ,
although no cardiovascular studies of
i n t e rventions that lower glucose in non-
diabetic people have been re p o rted, this
may be important for high-risk patients
(for example, those with a pre v i o u s
m y o c a rdial infarction). Indeed, the fact
that card i o p rotective interventions such
as exercise, weight loss, and smoking ces-
sation also improve glucose tolerance
s u p p o rts this possibility. More o v e r, stud-
ies such as the Cholesterol and Recurre n t
Events (CARE) Study, which demonstrate
the benefits of lipid lowering in high-
risk patients with average lipid values
(19), support the hypothesis that a simi-
lar approach directed at glucose is wort h
studying. Fourth, demonstration that
glucose is a continuous risk factor for
c o ro n a ry heart disease and all-cause mor-
tality provides no information on
whether it causes these outcomes. Several
a l t e rnative explanations may account for
the observed relationship (9,17).

C a rdiovascular disease will develop in
49% of middle-aged men during their life-
time (20). There are clearly many classic
and emerging risk factors of this disease,
some of which are modifiable. As new risk
factors are identified, new insights into this
disease and new opportunities for primary
and secondary prevention will appear. This
study provides another reason to add glu-

cose to the list of established continuous
c a rdiovascular risk factors.
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