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ABSTRACT

BACKGROUND

The normal fasting plasma glucose level was recently defined as less than 100 mg per
deciliter (5.55 mmol per liter). Whether higher fasting plasma glucose levels within this
range independently predict type 2 diabetes in young adults is unclear.

METHODS

We obtained blood measurements, data from physical examinations, and medical and
lifestyle information from men in the Israel Defense Forces who were 26 to 45 years
of age.

RESULTS

A total of 208 incident cases of type 2 diabetes occurred during 74,309 person-years of
follow-up (from 1992 through 2004) among 13,163 subjects who had baseline fasting
plasma glucose levels of less than 100 mg per deciliter. A multivariate model, adjusted
for age, family history of diabetes, body-mass index, physical-activity level, smoking
status, and serum triglyceride levels, revealed a progressively increased risk of type 2
diabetes in men with fasting plasma glucose levels of 87 mg per deciliter (4.83 mmol
per liter) or more, as compared with those whose levels were in the bottom quintile
(less than 81 mg per deciliter [4.5 mmol per liter], P for trend <0.001). In multivariate
models, men with serum triglyceride levels of 150 mg per deciliter (1.69 mmol per liter)
or more, combined with fasting plasma glucose levels 0of 91 to 99 mg per deciliter (5.05
to 5.50 mmol per liter), had a hazard ratio of 8.23 (95 percent confidence interval, 3.6 to
19.0) for diabetes, as compared with men with a combined triglyceride level of less
than 150 mg per deciliter and fasting glucose levels of less than 86 mg per deciliter
(4.77 mmol per liter). The joint effect of a body-mass index (the weight in kilograms di-
vided by the square of the height in meters) of 30 or more and a fasting plasma glucose
level 0f 91 to 99 mg per deciliter resulted in a hazard ratio 0f 8.29 (95 percent confidence
interval, 3.8 to 17.8), as compared with a body-mass index of less than 25 and a fasting
plasma glucose level of less than 86 mg per deciliter.

CONCLUSIONS
Higher fasting plasma glucose levels within the normoglycemic range constitute an in-
dependent risk factor for type 2 diabetes among young men, and such levels may help,
along with body-mass index and triglyceride levels, to identify apparently healthy men
atincreased risk for diabetes.
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NORMAL FASTING PLASMA GLUCOSE LEVELS AND DIABETES IN YOUNG MEN

HE DEFINITION OF A NORMAL FASTING
plasma glucose level has recently been re-
vised by the Expert Committee on the Di-
agnosis and Classification of Diabetes Mellitus of
the American Diabetes Association. An impaired
fasting plasma glucose level is now considered to
include the range of 100 to 109 mg per deciliter
(5.55 to 6.05 mmol per liter).1 Although it raises
considerable controversy regarding the implica-
tions for health care policy,2-¢ the concept that per-
sons with fasting plasma glucose levels of 100 to
109 mg per deciliter are at increased risk for the de-
velopment of type 2 diabetes, as compared with
those with fasting plasma glucose levels of less than
100 mg per deciliter, is substantiated by data.>:7:8
Nonetheless, the question of whether there is an
association between elevated fasting plasma glu-
cose levels within the newly defined normal range
and an increased risk of diabetes, and whether this
association acts as an independent risk factor for
the disease, has not been answered. This issue is
particularly important for young adults, in whom
the association between fasting plasma glucose lev-
els and diabetes may have been masked in earlier
studies that analyzed populations with a wide age
range.®?° In young adults, the absolute incidence of
type 2 diabetes is low, but a marked surge in diabe-
tes-associated morbidity has recently been report-
ed.10 Better and earlier identification of young
adults at risk for the development of diabetes may
be warranted, given the success of interventions
aimed at delaying the onset of diabetes among high-
risk groups.11-15
Our investigation, which involved the use of data
from the Metabolic, Lifestyle, and Nutrition Assess-
ment in Young Adults (MELANY) study, assessed
whether fasting plasma glucose levels can help to
identify young, healthy, normoglycemic persons at
increased risk for type 2 diabetes.

METHODS

THE MELANY STUDY

The MELANY study has been conducted at the Is-
rael Defense Forces Staft Periodic Examination Cen-
ter, to which all career service personnel older than
25 years of age are referred every three to five years.
A computerized database established in 1992 is the
source of data for MELANY, which was designed
to investigate risk factors for common diseases in
young adults. At each visit to the Staff Periodic Ex-
amination Center, participants completed a detailed

questionnaire assessing demographic, nutritional,
lifestyle, and medical factors. Thereafter, blood sam-
ples were drawn after a 14-hour fast and analyzed.
A trained medical technician measured height and
weight, and a physician at the center performed a
complete physical examination. Primary care for all
Israel Defense Forces personnel between scheduled
visits to the center is obtained at designated military
clinics, and all medical information was recorded
in the same central database, thereby facilitating
ongoing, tight, and uniform follow-up.

The institutional review board of the Israel De-
fense Forces Medical Corps approved this study on
the basis of strict maintenance of participants’ an-
onymity during database analyses. Data from sub-
jects were recorded anonymously, and no individu-
al consent was obtained. The authors are solely
responsible for the design of the study, analysis and
interpretation of the data, and writing of the manu-
script, without any form of censorship or limita-
tion by the Israel Defense Forces.

INCLUSION AND EXCLUSION CRITERIA

Included in the study have been 13,163 men with
fasting plasma glucose levels of less than 100 mg
per deciliter at their initial Staff Periodic Examina-
tion Center visit, for whom follow-up data have
been available through either a subsequent sched-
uled visit or visits (average number of visits per per-
son, 2.5; range, 2 to 6) or from the primary physi-
cian for men who have received a diagnosis of
diabetes. The ongoing cohort of the MELANY
study currently includes 9538 additional men for
whom follow-up data are notyet available. Patients
were excluded from the study if they had con-
firmed type 1 or type 2 diabetes at the time of en-
rollment. Women were not included, since only
11 new cases of diabetes were diagnosed among
1961 normoglycemic women, an insufficient
number of incident cases to facilitate meaningful
analysis. Glucose-tolerance tests, shown rarely to
be impaired in people with fasting glucose levels
of less than 100 mg per deciliter,1¢ were not per-
formed, a decision consistent with current clinical
guidelines for the diagnosis of diabetes in young,
asymptomatic, normoglycemic persons.1”

OUTCOME DEFINITIONS

The diagnosis of type 2 diabetes was defined as the
primary end point of the study. All cases of diabetes
were diagnosed according to the criteria published
by the American Diabetes Association expert com-
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mittee.18 The diagnoses of all 208 new cases of di-
abetes in the MELANY study were made on the ba-
sis of two fasting plasma glucose levels of 126 mg
per deciliter (7.00 mmol per liter) or more. Since the
diagnostic criteria for diabetes were changed dur-
ing the follow-up period, all fasting glucose values
were revised to identify subjects with fasting plas-
ma glucose levels of 126 to 140 mg per deciliter
(7.00 to 7.77 mmol per liter). Of the 208 subjects
with diabetes, 26 received a diagnosis before July
1997, and three cases were detected when the new
diagnostic criteria were applied to the population
already enrolled in the study at that time. During
the follow-up period, two patients received a diag-
nosis of type 1 diabetes and were excluded from the
study. An end-point determination was made ateach
sequential Staff Periodic Examination Center visit
according to measurements of fasting plasma glu-
cose. Alternatively, between visits, the diagnosis of
diabetes was made by the Israel Defense Forces pri-
mary care physician on the basis of the same diag-
nostic criteria described above.18 Three army phy-
sicians reviewed and confirmed each of the cases
before recording them in the central medical corps
database.

LABORATORY METHODS

Biochemical analyses of blood were performed on
fresh samples in a core laboratory facility that han-
dles 1.2 million samples per year. The laboratory is
authorized to perform tests according to the inter-
national quality standard 1SO-9002. Periodic as-
sessment of quality control (by the British compa-
ny National External Quality Assessment Service)
has been performed on a regular basis. To ensure
thatvenous fasting plasma glucose levels were reli-
ably determined, blood samples were collected in
tubes containing sodium fluoride and delivered to
the laboratory within two hours. All measured
biochemical markers were identified with the use
of a BM/Hitachi917 automated analyzer (Boehring-
er Mannheim). Blood pressure measurements were
performed by medical technicians with the use of
mercury sphygmomanometers.

STATISTICAL ANALYSIS

We excluded 3784 of the 16,947 young men at en-
rollment, 403 because of preexisting diabetes and
3381 because of impaired fasting plasma glucose
levels (100 mg per deciliter or more). For analysis,
we included 13,163 normoglycemic men with base-
line fasting glucose levels of less than 100 mg per

deciliter. A general linear model was used to assess
the age-adjusted means and proportions of the pop-
ulation’s characteristics across quintiles of fasting
glucose levels and to fit the median of the quintiles
as a continuous variable to estimate the trend of
variables across quintiles. We conducted a Cox pro-
portional-hazards analysis during each interval of
follow-up to estimate the hazard ratios and 95 per-
cent confidence intervals for the development of
type 2 diabetes. We added the values for body-mass
index (the weight in kilograms divided by the square
of the height in meters) and triglyceride levels sep-
arately to the age-adjusted model to evaluate the
potential role of each as a confounder of the tested
association between fasting plasma glucose level
and diabetes. In the final multivariate model, we
controlled for age, family history of diabetes, body-
mass index, serum triglyceride levels, physical-activ-
ity level, and smoking status. We tested for effect
modification with stratified analyses of body-mass
index, triglyceride levels, and family history of dia-
betes, all of which remained independent risk fac-
tors for diabetes in the multivariate model. Interac-
tion terms were computed by modeling the quintile
medians as continuous variables. Next, we evaluated
the joint risk attributed to fasting plasma glucose
levels (categorized according to the bottom two
quintiles, the median quintile, and the top two quin-
tiles) with either body-mass index (<25, 25 to 29.9,
and >30) or with triglyceride levels (<150 or 2150
mg per deciliter [1.69 mmol per liter]). We calcu-
lated the population attributable risk as previous-
ly described.1® All statistical analyses were per-
formed with the use of SAS statistical software,
version 8.0.

RESULTS

Data from 13,163 apparently healthy men (mean
age, 32 years; range, 26 to 45) with fasting plasma
glucose levels of less than 100 mg per deciliter at
baseline were analyzed. Age-adjusted values for
body-mass index, triglyceride levels, and the pro-
portion of men with a family history of diabetes
were more likely to increase across quintiles of
fasting glucose levels (Table 1).

During 74,309 person-years (mean follow-up,
5.7 years), there were 208 documented incident
cases of type 2 diabetes. Age-adjusted hazard ratios
for type 2 diabetes increased across quintiles of fast-
ing plasma glucose levels, reaching 3.05 (95 percent
confidence interval, 1.78 to 5.18) for the top quin-
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Glucose Levels.*

Table 1. Age-Adjusted Baseline Characteristics of 13,163 Men According to Quintiles of Normal Fasting Plasma

Characteristic

Fasting plasma glucose level (mg/dl)

HDL cholesterol level (mg/dl)
Total cholesterol:HDL cholesterol ratio 4.9+3.1
Blood pressure (mm Hg)

Quintilel Quintile2 Quintile3 Quintile4 Quintile5 P Value
(N=2529) (N=2545) (N=2598) (N=2719) (N=2772) for Trend

Mean 76.4+4.5 84.2+1.4 88.6x1.1 92.5+1.1 96.9+1.4 —

Median 78 84 89 92 97 —

Range 50-81 82-86 87-90 91-94 95-99 —
Age (yr) 32.4+4.6 32.6+4.8 32.5+4.7 32.6+4.8 33.0+4.7 <0.001
Triglyceride level (mg/dl)

Median 96 99 103 109 116 <0.001

25th, 75th percentile 66, 138 69, 148 72,153 76, 162 78,171

46.5+21.6  45.5+£20.7 45.7+20.9  45.5+20.9 44.9+21.4 0.05
5.0£2.9 5.2+2.9 5.2+2.9 5.31£3.0 <0.001

Systolic 118.3+13.0 119.2+12.9 119.3+13.0 119.9+13.0 120+13.0 <0.001

Diastolic 76.2+9.5 76.8+9.4 76.8+£9.5 77.2+9.5 77.2+9.5 <0.001
Body-mass index 25.0+3.9 25.3+3.8 25.5+3.9 25.6+3.9 25.9+3.9 <0.001
Family history of diabetes (%) 16.8 17.7 16.5 18.6 19.6 0.03
Smoking status (%)

Current 349 32.4 313 32,6 33.1 0.25

Former 195 19.4 194 19.3 20.9 0.34
Physical activity (%) 11.8 13.0 13,5 12.0 11.3 0.21
Activity index (min/wk)§ 153.0 151.0 156.0 152.0 152.0 0.96
Mean follow-up (yr) 5.5 5.5 5.7 5.8 5.9 0.03

* Plus—minus values are means +SD. To convert the values for glucose to millimoles per liter, multiply by 0.05551. To con-
vert the values for triglycerides to millimoles per liter, multiply by 0.01129. To convert the values for cholesterol to milli-

moles per liter, multiply by 0.02586.

i A family history of diabetes indicates the presence of type 2 diabetes in a first-degree relative.
i Physical activity denotes engagement in physical activity for a minimum of 20 minutes at least three times per week.

§ The activity index is the number of reported minutes of physical activity per week among subjects who engaged in phys-

ical activity.

tile as compared with the bottom quintile (P for
trend <0.001) (Table 2). Further adjustments for
body-mass index and triglyceride levels only mildly
attenuated the risk values. In a multivariate model
adjusted for age, family history of diabetes, body-
mass index, serum triglyceride levels, physical ac-
tivity, and smoking status, we observed a significant
and progressive increase in the risk of diabetes in
men with fasting plasma glucose levels in the third,
fourth, and fifth quintiles as compared with the
bottom quintile (P for trend <0.001) (Table 2). This
association remained unchanged after further ad-
justment for blood pressure and for the ratio of
total cholesterol to high-density lipoprotein (HDL)
cholesterol, as well as after a secondary analysis that
excluded 27 subjects who had received a diagnosis
of diabetes within the first two years of follow-up
(data not shown).
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The addition of fasting plasma glucose levels to
a model adjusted for age, body-mass index, family
history of diabetes, smoking status, the presence or
absence of hypertension, physical-activity level, tri-
glyceride levels, and ratio of total cholesterol to HDL
cholesterol further improved the prediction model
(P<0.001 on the basis of the likelihood-ratio test).

In the multivariate model, serum triglyceride
levels and family history of diabetes, in addition to
fasting plasma glucose levels and body-mass index,
remained independent risk factors for the develop-
ment of diabetes (data not shown). Thus, we fur-
ther assessed the association between fasting plas-
ma glucose levels and the occurrence of type 2
diabetes among strata of these independent risk
factors (Table 3). In the multivariate models, in-
creased levels of normal fasting plasma glucose
were more strongly associated with diabetes among
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Table 2. Hazard Ratios for Type 2 Diabetes among 13,163 Men According to Quintiles of Normal Fasting Plasma
Glucose Levels.*
Quintilel Quintile2 Quintile3 Quintile4 Quintile5 P Value
Variable (N=2529) (N=2545) (N=2598) (N=2719) (N=2772) forTrend
Fasting plasma glucose levels (mg/dl) 50-81 82-86 87-90 91-94 95-99 —
Person-years of follow-up 13,830 13,969 14,631 15,637 16,242 —_
No. of incident cases of diabetes 20 24 37 50 77 —
Adjusted risk ratio (95% Cl)
Age 1 1.47 1.81 2.33 3.05 <0.001
(0.97-2.23) (1.16-2.83) (1.42-3.83) (1.78-5.18)
Age and body-mass index 1 1.35 1.65 2.17 2.68 <0.001
(0.89-2.05) (1.06-2.58) (1.32-3.56) (1.57-4.56)
Age, triglyceride level, and body- 1 1.30 1.58 2.05 2.40 <0.001
mass index (0.86-1.99) (1.02-2.48) (1.25-3.37) (1.40-4.11)
Multivariate 1 1.43 1.82 2.64 2.84 <0.001
(0.94-2.19) (1.16-2.86) (1.60-4.37) (1.67-4.87)

* Cl denotes confidence interval. To convert the values for glucose to millimoles per liter, multiply by 0.05551.

7 The multivariate Cox regression model was adjusted for age, body-mass index, and triglyceride levels as continuous
variables; physical activity (<60 or >60 minutes per week or missing information); family history of diabetes (positive,
negative, or missing information); and smoking status (never smoked, former smoker, current smoker, or missing in-
formation).

Table 3. Stratified Analysis of Multivariate Hazard Ratios for Type 2 Diabetes among 13,163 Men According to Quintiles
of Normal Fasting Glucose Plasma.*

PValue P Value for
Variable Hazard Ratio (95% Cl) forTrend  Interaction

Quintilel Quintile2  Quintile3  Quintile4  Quintile 5

Body-mass indext

<25 1 1.48 1.64 1.71 1.73 <0.001 0.03
(0.52-4.23) (0.54-5.29) (0.73-6.42) (0.79-6.60)
=25 1 1.36 1.66 2.44 3.78 <0.001

(0.86-2.15) (1.02-2.68) (1.43-4.16) (1.95-7.35)
Triglyceride level

<150 mg/dl 1 1.21 1.50 2.43 2.73 <0.001 0.87
(0.63-2.29) (0.76-2.97) (1.14-5.23) (1.28-6.67)
2150 mg/dl 1 1.41 1.90 237 3.24 <0.001

(0.80-2.49) (1.03-3.51) (1.25-4.50) (1.48-7.10)
Family history

Negative 1 1.24 1.50 3.77 6.49 <0.001 0.37
(0.66—2.35) (0.78-2.87) (1.62-8.77) (2.25-18.86)
Positive 1 1.96 2.51 2.57 4.58 <0.001

(0.77-5.02) (0.88-7.19) (0.94-6.99) (1.58-13.33)

* The Cox regression analysis was adjusted, if not stratified, for age, body-mass index, and triglyceride levels, as continu-
ous variables; physical activity (<60 or >60 minutes per week or missing information); family history of diabetes (posi-
tive, negative, or missing information); and smoking status (current smoker, non-current smoker, or missing informa-
tion). When stratified according to a value of less than 25 or 25 or more, body-mass index was adjusted as a continuous
variable within each stratum. Cl denotes confidence interval.

7 The median of the distribution for body-mass index was found to be 25; therefore, this value was used as the cutoff point
for stratification.
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Figure 1. Joint Effect of Fasting Plasma Glucose Levels,
Triglyceride Levels, and Body-Mass Index in Predicting
Type 2 Diabetes among 13,163 Men.

Panel A shows the hazard ratios for diabetes according
to fasting plasma glucose and triglyceride levels. The
number of new cases of diabetes that were detected in
each of the fasting plasma glucose groups, according to
the two triglyceride levels (<150 and =150 mg per decili-
ter, respectively), are as follows: a fasting plasma glucose
level of 86 mg per deciliter or less, 20 of 3821 subjects
and 30 of 1595; a level of 87 to 90 mg per deciliter, 37 of
2779 and 20 of 592; and a level of 91 to 99 mg per decili-
ter, 40 0of 2997 and 61 of 1379. Panel B shows the relative
risk according to body-mass index. The number of new
cases of diabetes detected in each group according to
body-mass index (less than 25 [lean], 25 to 29.9 [over-
weight], or higher than 30 [obese]), respectively, were as
follows:a fasting plasma glucose level of 86 mg per deci-
liter or less, 11 of 2511 subjects, 23 of 2057, and 13 of
506; a level of 87 to 90 mg per deciliter, 5 of 1177, 18 of
1129, and 17 of 292; and a level of 91 to 99 mg per decili-
ter, 19 of 2292, 64 of 2528, and 38 of 671. The multivari-
ate model was adjusted, if not stratified, for age, body-
mass index, and triglyceride levels as continuous varia-
bles; physical activity (<60 or >60 minutes per week or
missing information); family history of diabetes (posi-
tive, negative, or missing information); and smoking sta-
tus (current smoker, non-current smoker, or missing
information). CI denotes confidence interval.

overweight and obese men (those with a body-mass
index of 25 or more) than among leaner men (P for
interaction, 0.03). The trend of increased risk of
type 2 diabetes across increasing quintiles of nor-
mal fasting plasma glucose levels appeared to be
similar among subgroups classified according to
triglyceride levels and family-history status (P for
interaction >0.05).

We assessed the joint effect of fasting plasma
glucose levels and either triglyceride levels or body-
mass index on the risk of type 2 diabetes. In multi-
variate models, serum triglyceride levels of 150 mg
per deciliter or more were associated with an in-
creased risk of diabetes in each category of fasting
plasma glucose levels, as compared with the risk in
the respective low-serum-triglyceride group (Fig.
1A). Men with fasting plasma glucose levels at the
high end of the normal range (91 to 99 mg per deci-
liter [5.05 to 5.50 mmol per liter]) and serum tri-
glyceride levels of 150 mg per deciliter or more had
arisk 0of 8.23 (95 percent confidence interval, 3.6 to
19.0) for the development of diabetes, as compared
with those with fasting glucose levels of 86 mg per
deciliter (4.77 mmol per liter) or less and triglyceride

N ENGL J MED 353;14 WWW.NEJM.ORG
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levels of less than 150 mg per deciliter. When we
cross-classified body-mass index with fasting plas-
ma glucose levels, we observed that each risk factor
enhanced the association of the other factor with
type 2 diabetes (Fig. 1B). Obese men (those with a
body-mass index of 30 or more) with fasting plas-
ma glucose levels in the high-normal range had a
hazard ratio of 8.29 (95 percent confidence inter-
val, 3.8 to 17.8) for the development of diabetes, as
compared with the reference group, whereas those
with fasting plasma glucose levels between 87 and
90 mg per deciliter had a risk of 7.78 (95 percent
confidence interval, 3.2 to 18.7). The joint effect of
obesity and fasting plasma glucose levels was also
apparent in the population attributable risk. Among
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lean men, 27.5 percent of cases of diabetes could be
prevented by modifying the risk attributable to ele-
vated fasting plasma glucose levels, and in men with
the lowest range of fasting plasma glucose levels,
29.1 percent of cases could be attributed to obesi-
ty. The combined, population attributable risk in-
creased to 60.5 percent among men with the high-
est values for both body-mass index and fasting
plasma glucose levels, as compared with the refer-
ence group.

DISCUSSION

In this follow-up study of 13,163 apparently healthy
young adult men, we found an increased risk of
type 2 diabetes across quintiles of fasting plasma
glucose levels within the newly defined normal
range; this increase was independent of other tra-
ditional risk factors for diabetes. Our findings sug-
gest that among young adults, who generally have
a relatively low incidence of diabetes, elevated nor-
mal fasting plasma glucose levels may predict type 2
diabetes.

Several limitations of this study warrant consid-
eration. First, the MELANY cohort may be consid-
ered representative of a unique group of healthy
young men. However, the characteristics of the pop-
ulation are strikingly similar to those of cohorts in
published studies of young men from various indus-
trialized countries,2°-24 and the relatively homoge-
neous environment to which participants in our
study were exposed might reduce the effect of un-
known confounders. Second, although they did not
compromise the outcome definition, measurements
of circulating insulin, C-peptide, or both were not
obtained in this study, limiting our ability to assess
the role of insulin resistance in the association be-
tween normal fasting plasma glucose levels and
diabetes. Finally, we did not measure glycosylated
hemoglobin levels or perform glucose-tolerance
tests. Although the current definition of normal
fasting plasma glucose levels resulted in a substan-
tial increase in the overlap with normal glucose tol-
erance, as defined by glucose-tolerance testing,8 we
may have missed men with normal fasting plasma
glucose levels who were already glucose intolerant
atenrollment. To limit this possibility, we confirmed
our results by performing a secondary analysis in
which a two-year lag between enrollment and out-
come was used. The strengths of the MELANY study
include the detailed, uniform, and systematic fol-
low-up and outcome definition; the use of mea-

sured (rather than reported) values for the body-
mass index; the availability of reliable determina-
tions of glucose levels in fresh venous blood; and
the direct measurements of lipids.

The identification of a high-normal fasting plas-
ma glucose level as a risk factor for type 2 diabetes
may help to identify young, healthy men for whom
preventive interventions might be considered. In-
deed, a number of strategies, including lifestyle
modification!* and medications such as metfor-
min,*# thiazolidinediones,13 acarbose,11:12 and
orlistat!> have been reported as efficient interven-
tions that may delay the onset of diabetes in selected
groups that have classic risk factors for the disease.
If such strategies are also found to be efficacious in
preventing diabetes in young men with high-normal
fasting plasma glucose levels, the findings of our
study may facilitate efforts to halt the diabetes pan-
demic that is increasingly affecting people in the
third to fifth decades of life.1°

An impaired fasting plasma glucose level is a
known risk factor for diabetes, along with other tra-
ditional risk factors such as a family history, seden-
tary lifestyle, central adiposity, dyslipidemia, and hy-
pertension.25 However, the definition of a normal
fasting plasma glucose level was recently revised to
be less than 100 mg per deciliter.2 It is interesting
to note that a few studies have reported the absence
of a threshold in the association between fasting
plasma glucose levels and the risk of diabetes in
cohorts with a wide age range. Furthermore, a fast-
ing plasma glucose level of 94 mg per deciliter
(5.22 mmol per liter) was suggested as an optimal
point of specificity and sensitivity for predicting
type 2 diabetes.3:9 Our results suggest that in young
men, fasting plasma glucose levels within the nor-
moglycemic range can predict type 2 diabetes. Con-
sistent with our findings is the observation that
elevated fasting plasma glucose levels within the
normoglycemic range can predict cardiovascular,
cerebrovascular, and overall mortality risks in per-
sons 45 years of age or older.2:27 Thus, subcatego-
ries within the range defined as normal for fasting
plasma glucose levels contain information relevant
for the assessment of the risk of various diseas-
es,28:29 as indicated here for type 2 diabetes.

More than half of the entire study population
had fasting plasma glucose levels exceeding 90 mg
per deciliter (5.00 mmol per liter), which were asso-
ciated with a significantly increased risk of diabe-
tes during the mean follow-up of nearly six years.
The absolute incident risk of type 2 diabetes among
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men who had fasting plasma glucose levels 0f 91 to
99 mg per deciliter was 2.3 percent during this fol-
low-up period. Therefore, designating a fasting
plasma glucose level of more than 90 mg per deci-
liter as the sole marker of imminent diabetes is un-
likely to be useful. Alternatively, the use of an indi-
vidualized definition of a normal fasting plasma
glucose level, which incorporates the compound
effect observed with body-mass index and triglyc-
eride levels (Fig. 1), may prove to be of greater clin-
ical value. Indeed, among normoglycemic obese
subjects with fasting plasma glucose levels of more
than 90 mg per deciliter, the incidence of diabetes
was 5.7 percent, as compared with 0.4 percent in
lean men with glucose levels of 86 mg per deciliter
or less. On the basis of population attributable risk,
60.5 percent of the cases might be preventable by a
joint reduction in the risks associated with obesity
and high-normal fasting plasma glucose levels.
Risk stratification for the definition of normogly-
cemia is reminiscent of the current guidelines for
antidyslipidemic and antihypertensive interven-
tions.3°0

Our study raises potential testable hypotheses
with regard to mechanisms. The fasting plasma
glucose level is largely determined by hepatic glu-

cose production.31 Thus, the observation that a
high-normal fasting plasma glucose level predicts
type 2 diabetes suggests that a relative overproduc-
tion of hepatic glucose already exists early in the
natural history of diabetes and is exaggerated by
obesity (Fig. 1B). Obese persons who do not have
diabetes consistently exhibit an enhanced rate of
glucose production.32 This enhanced rate may em-
anate from elevated levels of free fatty acids that
directly accelerate the rate of hepatic gluconeogen-
esis,33 combined with desensitization of the hepat-
ic regulatory loop involving hypothalamic sensing
of fatty acids.34 Obesity-associated altered secretion
of adipocytokines from adipocytes, macrophages in
fat tissue, or both has been suggested as the mech-
anism involved in mediating such dysregulated
“crosstalk” between fatty tissue and the liver.35-38
Understanding the operative mechanisms thatreg-
ulate fasting plasma glucose levels may bring us
closer to finding new and effective measures to pre-

vent type 2 diabetes in young adults.
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CORRECTION

Normal Fasting Plasma Glucose Levels and Type 2
Diabetes in Young Men

Normal Fasting Plasma Glucose Levels and Type 2 Diabetes in Young
Men . On page 1460, lines 1 through 3 of the last partial paragraph
should have read, “More than half of the entire cohort of career ser-
vice personnel had baseline fasting plasma glucose levels exceeding
90 mg per deciliter,” rather than “More than half of the entire study
population had fasting plasma glucose levels,” as printed.
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