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OBJECTIVE — To determine whether there are thresholds for fasting and for 2-h glucose
above which the risk of death from all causes and from coronary heart disease (CHD)
increases.

RESULTS — For all causes of death, there were J-shaped relationships with both fasting and
2-h glucose concentrations, and the lowest observed death rates were in the intervals centered
on 5.5 mmol/l for fasting glucose and 5.0 mmol/l for 2-h glucose. The death rates for CHD were
low in this population: for fasting glucose, the hazards ratio was best modeled by a positive linear relationship; for 2-h glucose, it was modeled by a J-shaped curve and the lowest observed
death rate was in the interval centered on 6.0 mmol/l.
CONCLUSIONS — In the Paris Prospective Study, there were no clear thresholds for fasting or 2-h glucose concentrations above which mortality sharply increased; in the upper levels of the glucose distributions, the risk of death progressively increased with increasing fasting
and 2-h glucose concentrations.
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he current American Diabetes Association (ADA) criteria for defining diabetes from fasting plasma glucose
concentrations, namely $7.0 mmol/l, were
based on the observation that the incidence
and prevalence of retinopathy increased at
a fasting glucose concentration of ,7
mmol/l; for the 2-h glucose concentration
that follows a 75-g oral glucose tolerance
test, the corresponding level was close to
11 mmol/l (1). In addition, in Pima Indians, the fasting concentration of 7.2 mmol/l
was found to maximize the sum of the sensitivity and specificity for existing retinopathy (2). The choice of glucose thresholds to
define diabetes was based on the preva-

T

lence and incidence of retinopathy, because
the incidence of retinopathy, a specific
complication of diabetes, is closely related
to glucose concentrations. However, we
challenge the concept that microvascular
complications are the most important criteria. We believe that perhaps the ultimate
criteria should be longevity, although we do
not dispute the importance of the associated quality of life of diabetic patients with
microvascular, or even macrovascular, disease. We take the title of this article from
that of an editorial in Diabetes Care by Harris and Eastman (3), who commented on
our joint analysis of data from the Whitehall Study (U.K.), the Paris Prospective
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RESEARCH DESIGN AND
METHODS
Study population
We analyzed data from the Paris Prospective Study for 7,018 men, 44–55 years old
at baseline, who have been followed for
causes of death for an average of 23 years
(5). These men were examined during the
years 1967–1970, had not previously been
identified as diabetic, and had baseline glucose concentrations measured both during
a fasting state and 2 h after receiving a 75-g
oral glucose tolerance load.
Until the end of 1988, information on
causes of death was obtained from the family and treating physicians. The causes of
death were classified after review by a medical panel; for missing causes and for deaths
occurring after 1989, the officially certified
causes of death were used where available.
Causes of death were coded according to the
International Classification of Diseases (ICD),
Eighth Revision (5a), and the ICD, Ninth Revi sion (6): CHD corresponded to codes
410–414, and as is customary in France, the
following additional categories were used
(codes from the ICD, Eighth Revision, are
given): congestive heart failure (427.0), left
ventricular failure (427.1), acute edema of
lung (519.1), symptoms referable to the
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RESEARCH DESIGN AND METHODS — We studied 23-year mortality data from the
Paris Prospective Study of the 7,018 men, aged 44–55 years, who were not known as diabetic
at the baseline examination. The effect of glucose concentrations on mortality was studied
using the observed relative risks and an age-adjusted Cox proportional hazards model.

Study, and the Helsinki Policemen Study
(4). In that study, we showed that in nondiabetic subjects, the risks of early death
and death by coronary heart disease (CHD)
were increased in the upper percentiles of
the fasting and 2-h glucose distributions,
but we did not describe the risks associated
with glucose concentrations in the lower
80% of the distributions, nor did we
include the subjects who were classified as
diabetic during baseline screening; moreover, because of the different methods used
in the three studies, we were not able to
look at the risks associated with actual
plasma glucose concentrations. The aim of
the present analysis was to determine
whether there was a sharp increase in mortality, and in mortality from CHD, above
certain fasting and/or 2-h glucose concentrations, as in the relationship between glucose concentration and the incidence of
retinopathy (1,2).
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Table 1—Distribution of the 7,018 men not known as diabetic, according to fasting and 2-h
glucose categories for the diagnosis of diabetes, IGT, IFG, and normoglycemia: the Paris
Prospective Study

Fasting glucose (mmol/l)
Normal (≤6.0)
IFG (6.1–6.9)
Diabetes (7.0–7.7)
Diabetes ($7.8)
Overall

Normal
(≤7.7)
5,204
927
72
10
6,213 (89)

2-h glucose (mmol/l)
IGT
Diabetes
(7.8–11.0)
(≥11.1)
326
253
56
10
645 (9)

45
23
32
60
160 (2)

Overall
5,575 (79)
1,203 (17)
160 (2)
80 (1)
7,018

Data are n or n (%).

Statistical analysis
The observed death rate was calculated
using the number of person-years of follow-up as the denominator for each glucose class. The observed relative risks for all
causes of death were calculated by intervals
of width of 0.5 mmol/l, with reference to
the interval centered on 5.5 mmol/l; for
death by CHD, intervals of width of 1.0
mmol/l were used, and the reference interval was centered on 5.0 mmol/l. An ageadjusted Cox proportional hazards model
was used to assess the effect of the glucose
levels (logarithmically transformed to
ensure more symmetrical distributions) on
the time until death. By using a x2 log-likelihood ratio test and comparing nested
models, we tested whether the hazards
ratios for mortality were adequately
explained by just the linear term in the logarithm of glucose, or whether a squared
logarithmic term should be added. The
hazards ratios were determined with reference to 5.5 mmol/l for all causes of death,
and 5.0 mmol/l for death by CHD, for easy
comparison with the observed relative
risks. Hazards ratios and their 95% CIs
were also calculated for specific fasting and
2-h glucose concentrations, after adjusting
for age alone; further adjustments were
made for other risk factors when the data
were available (n = 6,981): systolic blood
pressure, cholesterol concentration, iliac
circumference, and current smoking.
RESULTS — None of the 7,018 men
had previously been identified as diabetic;
240 (3.4%) had undiagnosed diabetes,
defined as fasting glucose $7.0 mmol/l;
and 1,203 (17%) had impaired fasting gluDIABETES CARE, VOLUME 22, NUMBER 5, MAY 1999

cose (IFG), defined as fasting glucose from
6.1 to 6.9 mmol/l (Table 1). If the 2-h glucose alone were used to diagnose diabetes,
160 (2.3%) subjects would be identified as
diabetic (2-h glucose $11.1 mmol/l), and
645 (9%) would be classified as having
impaired glucose tolerance (IGT) (2-h glucose from 7.8 to 11.0 mmol/l). According
to the current ADA criteria, which are

Figure 1—Fasting and 2-h glucose distributions, and relative risks of death by all causes and by death
from CHD, observed (d) and predicted by the Cox model (
). Data are from the Paris Prospective
Study.
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cardiovascular and lymphatic systems
(782), and sudden death (795).

based on both fasting and 2-h glucose concentrations (1), a total of 308 diabetic men
were screened, giving a prevalence of undiagnosed diabetes of 4.4%.
Overall, there were 1,924 deaths, of
which 347 were from CHD. The observed
all-cause mortality was lowest for subjects
with fasting glucose of 5.25–5.75 mmol/l,
and for subjects with 2-h glucose of
4.75–5.25 mmol/l (Fig. 1). Modeling with
glucose as a continuous variable showed a
statistically significant curvilinear relationship between both fasting and 2-h glucose
concentrations and all-cause mortality (x2 =
5.6, df = 1, P , 0.02; x2 = 40.9, df = 1, P
, 0.0001, respectively). A subject with a
fasting glucose level of 7.8 mmol/l (previously the fasting glucose level for defining
diabetes) had a risk of death 40% greater
than a subject with a fasting glucose level of
6.0 mmol/l (the upper limit of normal,
according to the ADA criteria [1]) (Table 2).
When other risk factors were taken into
account, the relationship was no longer
curvilinear for fasting glucose (x2 = 2.7, df
= 1, P , 0.1), but fasting glucose remained
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Table 2—Hazard ratio and 95% CIs for all causes of death and for death by CHD for given fasting and 2-h glucose concentration: the Paris
Prospective Study

Fasting glucose (mmol/l)
7.8 vs. 6.0
7.0 vs. 6.0
2-h glucose (mmol/l)
11.1 vs. 7.7

Death by all causes
Adjusted for age
Adjusted for age
and risk factors*

Death by CHD
Adjusted for age
Adjusted for age
and risk factors*

1.40 (1.22–1.61)
1.19 (1.09–1.30)

1.31 (1.02–1.36)
1.08 (1.01–1.15)

1.42 (1.15–1.82)
1.24 (1.09–1.42)

1.04 (0.81–1.33)
1.02 (0.88–1.18)

1.55 (1.46–1.65)

1.38 (1.29–1.47)

1.58 (1.37–1.83)

1.31 (1.11–1.53)

Data are hazard ratios (95% CI). *Risk factors were systolic blood pressure, cholesterol concentration, iliac circumference, and current smoking.

CONCLUSIONS — It is noteworthy
that the relationship between glucose concentration and mortality followed a Jshaped curve, except for fasting glucose
concentration and death from CHD, which
had a positive and linear relationship. The
observed and the modeled relative risks
were higher at very low glucose levels, and
the lowest death rates correspond to glu698

cose levels well below the World Health
Organization’s fasting and 2-h glucose criteria (7), and even below the new ADA fasting glucose criterion (1) for the definition
of diabetes. The modeled relationship
between fasting glucose concentration and
CHD mortality was linear, although a
higher death rate was observed in the lowest fasting glucose class; the number of
CHD deaths may have been too low to
show a significant curvilinear relationship.
This analysis of the Paris Prospective
Study includes 308 undiagnosed diabetic
patients, and they had higher all-cause and
CHD mortality rates. This finding is in concordance with the results from the U.K.
Prospective Diabetes Study, where coronary artery disease and fatal myocardial
infarction were significantly more frequent
in diabetic subjects with higher baseline
fasting glucose concentrations (8). When
the 308 men with newly diagnosed diabetes were excluded from the analyses,
there were still positive and curvilinear relationships between glucose concentrations
and both all-cause and CHD mortality,
except for fasting glucose concentration
and CHD mortality, for which there was no
statistically significant relationship.
Death rates were higher for the men
with the lowest glucose concentrations.
The men with either fasting or 2-h glucose
concentrations #4.75 or #2.75 mmol/l,
respectively, had lower mean values of systolic blood pressure, cholesterol concentration, and iliac circumference, and fewer of
them smoked (29 vs. 43%). However, there
were more men with suspected cirrhosis in
this group (8.7 vs. 5.4%, P , 0.0001).
Cirrhosis is known to be associated with
lower postabsorptive glucose concentrations, although hypoglycemia is unusual
(9). The curvilinear relationship between
2-h glucose concentrations and both allcause and CHD mortality remained when

the men with these low 2-h glucose concentrations were removed from the analysis, whereas there was no longer a
statistically significant relationship between
fasting glucose concentration and CHD.
The liver is central in glucose homeostasis,
and cirrhosis is also associated with high
glucose concentrations, as we have already
shown in this cohort (10).
The observed relative risks at high glucose concentrations appeared to rise more
steeply than the modeled curves. With few
exceptions, the observed relative risk
increased with increasing glucose concentrations. For fasting glucose concentrations
and all causes of death, we could estimate
by visual interpolation between the
observed relative risks that a fasting glucose
concentration of 7.5 mmol/l corresponds to
a relative risk of 2.0; for CHD mortality, the
corresponding fasting glucose concentration would be 8 mmol/l. For the 2-h glucose concentration, the observed relative
risk reached 2.0 for all-cause mortality, with
a corresponding 2-h glucose level of 10.5
mmol/l for CHD mortality. These cutoff
points corresponding to a relative risk of
2.0 are very close to the criteria for defining diabetes. Furthermore, for fasting
glucose concentrations above ,7–8
mmol/l, the observed death rates were
higher than in the remainder of the population; for the 2-h glucose concentration, the corresponding values were
,10–11 mmol/l.
There is no doubt that the increasing
all-cause and CHD mortality associated
with increasing concentrations of both fasting and 2-h glucose is in part due to the
worsening risk factor profile with increasing glucose concentrations (11). The hazards ratios decreased after adjustment was
made for other risk factors, but the fasting
glucose levels still carried a statistically
significant risk for all causes of death, as did
DIABETES CARE, VOLUME 22, NUMBER 5, MAY 1999
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a significant predictor of mortality (x2 =
5.0, df = 1, P , 0.03). For 2-h glucose, a
concentration of 11.1 mmol/l carried a
55% higher risk than 7.7 mmol/l (Table 2).
The relationship remained curvilinear for
the 2-h glucose after adjustment was made
for other risk factors (x2 = 22.6, df = 1, P ,
0.0001). For both fasting and 2-h glucose
concentrations, the hazards ratios were
lower after adjustment for the other risk
factors (Table 2).
The lowest CHD death rates were
observed in the intervals 4.5–5.5 mmol/l
for fasting glucose and 5.5–6.5 mmol/l for
2-h glucose (Fig. 1). Fasting glucose and
CHD mortality were positively and linearly associated (x2 = 9.4, df = 1, P ,
0.002), with no significant curvilinear
relationship (x2 = 0.08, df = 1, P , 0.4).
For the 2-h glucose concentration, there
was a curvilinear relationship for the risk
of death by CHD (x2 = 8.7, df = 1, P ,
0.003). A fasting glucose concentration of
7.8 mmol/l carried a 42% higher risk for
death by CHD than did a concentration of
6.0 mmol/l; however, this association was
no longer significant after adjusting for
other risk factors (x2 = 0.01, df = 1, P ,
0.9). For the 2-h glucose concentration,
the risk increased by 58% in passing from
7.7 to 11.1 mmol/l; after adjustment for
other risk factors, the curvilinear relationship remained significant (x2 = 4.9, df =
1, P , 0.03), but the hazards ratio was
lower (Table 2).
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the 2-h glucose concentration for both allcause and CHD mortality.
In the Paris Prospective Study, there
was no clear concentration of either fasting
or 2-h plasma glucose above which the
risk of death or death by CHD sharply
increased. These results do not challenge
the existing diagnostic criteria for diabetes
of 7.0 mmol/l for fasting and 11.1 mmol/l
for 2-h glucose concentrations, which were
based on data that showed a sharp increase
in retinopathy incidence and prevalence.
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