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■ Abstract

38.2) per 1,000 person-years based on 4,489 person-years of
follow-up, respectively. FPG was associated with the incidence of diabetes, IGT, and IFG. The multivariate-adjusted
hazard ratios (95% CI) for diabetes, IGT, and IFG were 1.36
(1.01-1.84), 1.45 (1.10-1.91) and 1.31 (1.00-1.71), for the
highest quintile of FPG compared with the lowest quintile,
respectively. CONCLUSIONS: An increase in FPG in the
normal range is associated with an increase in the incidence
of IGT, IFG, and type 2 diabetes. These results prove FPG in
the normal range to be useful in identifying apparently
healthy FDRs of patients with type 2 diabetes at risk of developing prediabetes and diabetes.

AIM: To determine the association of fasting plasma glucose (FPG) level within normal range and the risk of prediabetes and type 2 diabetes in an Iranian population. METHODS: A total of 806 first-degree relatives (FDRs) of patients
with type 2 diabetes who had FPG levels less than 5.6
mmol/l (100 mg/dl) in 2003 to 2005, and who did not have
diabetes or impaired fasting glucose (IFG), were followed
through 2010 for the occurrence of prediabetes or type 2
diabetes. At baseline and through follow-ups, participants
underwent a standard 75 g 2-hour oral glucose tolerance test
(OGTT). RESULTS: The incidence of type 2 diabetes, impaired glucose tolerance (IGT), and IFG was 9.6 (95% confidence interval (CI): 6.8-12.4), 28.7 (23.8-33.6), and 33.0 (27.7-

Keywords: prediabetes · type 2 diabetes · impaired fasting
glucose · impaired glucose tolerance · first-degree relative

mmol/l (100 mg/dl), since subjects with a FPG between 5.6 mmol/l and 6.1 mmol/l were found to
have a greater risk of developing diabetes and its
complications than subjects with a FPG below 5.6
mmol/l [2-7]. In fact, lowering the criterion for IFG
was suggested primarily to balance the population
risk of developing diabetes between IFG and impaired glucose states [3, 6]. Recent studies suggested that even a lower FPG level within the considered normoglycemic range (i.e. <5.6 mmol/l)
could account for an increased risk for type 2 diabetes [7-10]. However, considerable controversy
exists regarding the advantage and economic feasibility of this approach [11-13].

Introduction
asting plasma glucose (FPG) is the most
widely used diagnostic and screening test for
the detection of diabetes. Previously, we have
shown that FPG has more discriminatory power to
distinguish between individuals at diabetes risk
and those not at risk than post-load glucose values
during oral glucose tolerance test (OGTT) and
HbA1c [1].
In 2003, the American Diabetes Association
(ADA) Expert Committee recommended lowering
the diagnostic cut-off value for impaired fasting
glucose (IFG) from 6.1 mmol/l (110 mg/dl) to 5.6
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The association between FPG levels in the normal range and type 2 diabetes has been described
in a few studies from developed countries. However, the incidence and relative risk of diabetes using repeat standard OGTT in individuals grouped
by different baseline FPG levels and comprehensive data based on standard OGTT for developing
countries and prediabetes has not been examined
so far. Therefore, at ethnological and etiological
levels, the study contributes by characterizing the
occurrence of prediabetes and diabetes in a specific
population.
Glucose metabolism risk factors are determined
by genetic and early environmental influences [1416]. First-degree relatives (FDRs) of patients with
type 2 diabetes have a common genetic basis, and
are at increased risk of glucose intolerance and
diabetes. Therefore, this population is appropriate
to test the hypothesis whether individuals with
FPG levels in the normal range can also be at risk
of developing diabetes, similar to those with elevated FPG levels of above 5.6 mmol/l (100 mg/dl).
This test was included in the ongoing Isfahan Diabetes Prevention Study (IDPS). Another important
feature of IDPS is that it includes a large cohort of
more than 3,000 FDRs who were followed up for a
long period of more than 10 years. In particular,
we intended to determine whether a higher FPG
level, still within normal range, may independently constitute a risk factor for prediabetes and
type 2 diabetes.
Abbreviations:
ADA - American Diabetes Association
ANOVA - analysis of variance
BMI - body mass index
BP - blood pressure
CI - confidence interval
DBP - diastolic blood pressure
DCCT - Diabetes Control and Complications Trial
FDR - first-degree relatives
FPG - fasting plasma glucose
HbA1c - glycated hemoglobin
HDL - high-density lipoprotein
HR - hazard rate
IFG - impaired fasting glucose
IGT - impaired glucose tolerance
IPDS - Isfahan Diabetes Prevention Study
LDL - low-density lipoprotein
NGT - normal glucose tolerance
OGTT - oral glucose tolerance test
PG - plasma glucose
ROC - receiver-operating characteristic
SD - standard deviation
SE - standard error
WC - waist circumference
WHR - waist-to-hip ratio
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Subjects and methods
The IDPS is being conducted in Isfahan, a large
urban area situated in central Iran, with a population of almost four and half million in 2006
(2,335,399 men, 2,223,857 women). IDPS is an ongoing cohort study to assess the efficacy of intensive diet and exercise to prevent or delay the onset
of type 2 diabetes in FDRs of patients with type 2
diabetes.

Participants and data collection
The study was performed between 2003 and
2005. 3176 FDRs (826 men and 2350 women) of a
consecutive sample of type 2 diabetes patients attending the clinics at the Isfahan Endocrine and
Metabolism Research Center were evaluated for
inclusion in the study. The participants completed
laboratory tests including standard 75 g 2-hour
OGTT, HbA1c, and a questionnaire on their health
status and on various potential risk factors for diabetes. The participants received follow-up tests according to a medical care standard in diabetes [17]
to update the information on demographic, anthropometric, and lifestyle factors and on newly diagnosed diabetes. Accordingly, if OGTT was normal at baseline, repeated testing was carried out
at least at 3-year intervals. Otherwise, repeat testing was carried out annually. The IDPS baseline
methods have been described in detail elsewhere
[18]. The participants included siblings and children. The tenants of the Declaration of Helsinki
were followed. The institutional review board of
the Isfahan University of Medical Sciences approved the study, and informed consent was obtained from every participant.

Ascertainment of prediabetes and diabetes
Cases of prediabetes and diabetes were identified by baseline and follow-up OGTT according to
ADA criteria [6]. Pregnant women were excluded.
The study included data of 806 FDRs (184 men
and 622 women) who had the following characteristics:
-

FPG levels less than 5.6 mmol/l (100 mg/dl)
at registration
Absence of diabetes or impaired fasting glucose (IFG)
At least one subsequent review in mean (SD)
follow-up period of 5.6 (1.3) years
Aged 30 years and over (Figure 1)
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Total cohort
(n = 3176)

Subjects excluded
(n = 2370)

Studied subjects
(n = 806)

Incidence of IFG
(n = 148)

Incidence of IGT
(n = 129)

Incidence of diabetes
(n = 43)

Not subsequently
reviewed (n = 1919)

FPG ≥ 100
(n = 451)

Figure 1. Schematic diagram of the study population and course of investigation. Of the 3176 first-degree relatives (FDRs) of
type 2 diabetes patients, followed between 2003 and 2010, 806 individuals fulfilled the inclusion criteria (FPG ≤ 5.6 mmol/l,
absence of IFG or diabetes, age ≥ 30 yr, and at least one review in follow-up period of 5.6 yr), and were included in the study
to test for diabetes development. 2370 individuals were exceluded because they did not fulfill the inclusion chriteria or because of pregnancy. 1919 of these did not have a clinical visit in follow up, 451 had FPG ≥ 100. Of the 806 included subjects, 148 developed IFG, 129 IGT, and 43 diabetes. The other 486 FDRs remained without signs of diabetes development.
FPG: fasting plasma glucose. IFG: impaired fasting glucose. IGT: impaired glucose tolerance.

2370 subjects were excluded because of diviating characteristics. The number of screenings and
follow-up visits ranged from 2 to 7 times. Overall,
72.6% of participants were screened three times or
more, 41.5% were screened four to seven times.
The total follow-up was 4,489 person-years. Attendees at follow-up visits did not differ significantly
from non-attendees with respect to most baseline
characteristics, including gender, height, hip circumference, HbA1c, triglycerides, and blood pressure (BP). However, non-attendees had:
-

-

-

Higher waist circumference (WC) (89.1 cm
versus 88.1 cm, p = 0.011)
Higher body mass index (BMI) (29.0 vs. 28.6,
p = 0.025)
Higher FPG (5.4 mmol/l vs. 4.9 mmol/l, p =
0.001)
Higher plasma glucose at 30 min (8.0 mmol/l
versus 7.6 mmol/l, (p = 0.001) and 60 min
(8.2 mmol/l vs. 7.8 mmol/l, p = 0.001)
Higher cholesterol (5.2 mmol/l vs. 4.9 mmol/l,
p < 0.01)
Higher high density lipoprotein (HDL) cholesterol (1.19 mmol/l vs. 1.16 mmol/l, p =
0.011)
Higher low density lipoprotein (LDL) cholesterol (3.1 mmol/l vs. 3.0 mmol/l, p = 0.001)

Also non-attendees were older (43.4 years vs.
42.2 years, p = 0.001).

Rev Diabet Stud (2011) 8:490-498

Procedures
The participants reported to the clinic in the
morning after overnight fast. Patients were asked
to abstain from vigorous exercise on the evening
before and in the morning of the investigation.
Smokers were encouraged to abstain from smoking
in the morning of the investigation.
On arrival at the clinic, the information given
by the participants in the questionnaire on family
history was verified. Subsequently, height, weight,
waist, and hip circumference were measured using
standard techniques, with the patients in light
clothes and without shoes. Weight was measured
to the nearest 0.1 kg. Height, waist, and hip circumference were measured to the nearest 0.5 cm.
Waist was measured midway between the lower
rib margin and the iliac-crest at the end of a gentle
expiration. Hip circumference was measured over
the greater trochanters directly over the underwear. BMI (calculated as weight in kg, divided by
height in meters squared) was used as a measure
of overall obesity. Resting BP was measured after
the subjects had been seated for 10 minutes, using
standard techniques.
FPG was measured using the glucose oxidase
method. All subjects underwent a standard OGTT
(75 g 2-hour glucose), including FPG assessment,
at baseline and follow-up. Venous blood was sampled at fasting, 30, 60, and 120 min. after oral glucose administration. Plasma samples obtained after centrifugation were analyzed the same day.
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Table 1. Age, age-adjusted and proportional characteristics of first-degree relatives of type 2 diabetes patients grouped by
quintile of fasting plasma glucose at baseline in the Isfahan Diabetes Prevention Study (IDPS), 2003-2010
Characteristic

Fasting plasma glucose (mg/dl)
<4.6
(n = 148)

Age (yr)

4.6-4.8
(n = 156)

4.8-5.1
(n = 173)

p

5.1-5.3
(n = 155)

5.3-5.6
(n = 170)

40.7 (0.51)

41.6 (0.50)

42.7 (0.47)

42.8 (0.50)

43.0 (0.47)

Height (cm)

159.1 (0.66)

159.5 (0.64)

158.8 (0.61)

159.4 (0.64)

160.1 (0.61)

NS

Weight (kg)

71.8 (0.96)

72.5 (0.94)

71.2 (0.88)

73.1 (0.94)

74.5 (0.89)

0.09

Waist circumference (cm)

87.7 (0.76)

87.6 (0.74)

85.9 (0.70)

88.7 (0.75)

89.7 (0.70)

106.6 (0.72)

107.0 (0.70)

107.1 (0.66)

107.6 (0.71)

108.1 (0.66)

Hip circumference (cm)
Waist-to-hip ratio

0.003

0.003
NS

0.82 (0.005)

0.82 (0.005)

0.80 (0.005)

0.82 (0.005)

0.83 (0.005)

0.001

28.3 (0.34)

28.5 (0.33)

28.3 (0.31)

28.8 (0.33)

29.1 (0.31)

NS

Follow-up duration (yr)

5.8 (0.11)

5.8 (0.10)

5.7 (0.10)

5.4 (0.10)

5.1 (0.10)

0.001

Follow-up visits (n)

3.9 (0.12)

3.8 (0.12)

3.8 (0.11)

3.7 (0.12)

3.5 (0.11)

0.062

FPG (mmol/l)

4.3 (0.01)

4.7 (0.01)

4.9 (0.01)

5.2 (0.01)

5.4 (0.01)

0.001

PG 30 min (mmol/l)

6.7 (0.12)

7.2 (0.11)

7.7 (0.11)

8.0 (0.11)

8.2 (0.11)

0.001

PG 60 min (mmol/l)

7.0 (0.17)

7.2 (0.16)

7.8 (0.15)

8.2 (0.16)

8.5 (0.15)

0.001

PG 120 min (mmol/l)

5.9 (0.14)

5.9 (0.14)

6.3 (0.13)

6.6 (0.14)

6.9 (0.13)

0.001

HbA1c (%)

5.0 (0.08)

5.1 (0.07)

5.0 (0.06)

4.9 (0.07)

5.0 (0.06)

NS

Total cholesterol (mmol/l)

4.7 (0.08)

4.8 (0.08)

4.9 (0.08)

4.9 (0.08)

5.1 (0.08)

0.003

LDL-cholesterol (mmol/l)

2.8 (0.08)

2.9 (0.08)

2.9 (0.07)

2.9 (0.08)

3.1 (0.08)

0.045

HDL-cholesterol (mmol/l)

1.1 (0.03)

1.1 (0.02)

1.2 (0.02)

1.1 (0.02)

1.1 (0.02)

0.044

Triglycerides (mmol/l)

1.7 (0.09)

1.8 (0.09)

1.7 (0.08)

2.0 (0.09)

2.0 (0.08)

0.024

Systolic blood pressure (mm Hg)

110.7 (1.30)

113.9 (1.25)

111.5 (1.18)

115.1 (1.24)

116.8 (1.17)

Diastolic blood pressure (mm Hg)

72.6 (1.00)

73.8 (0.97)

72.7 (0.91)

74.3 (0.96)

75.7 (0.91)

NS

Women, no. (%)

113 (76.4)

121 (77.1)

143 (81.7)

116 (74.4)

129 (75.9)

NS

46 (31.3)

52 (33.8)

54 (31.6)

53 (34.4)

61 (36.3)

NS

2

BMI (kg/m )

Obesity (BMI ≥ 30), no. (%)

0.002

Legend: Age-adjusted means were calculated using general linear models. Data are expressed as mean (SE) or number (%). P-values represent comparisons across all five quintile groups using ANOVA. BMI: body mass index. FPG: fasting plasma glucose. HbA1c: glycated hemoglobin. HDL: high-density lipoprotein. LDL: low-density lipoprotein. PG: plasma glucose. NS: not significant.

HbA1c (measured by ion-exchange chromatography), total cholesterol, triglyceride, HDL, and
LDL cholesterol (calculated by Friedewald equation, provided total triglycerides did not exceed 4.5
mmol/l [19]) were assessed at the baseline and
through follow-ups. Original HbA1c values were
converted to Diabetes Control and Complications
Trial (DCCT)-aligned HbA1c. All blood sample
procedures were performed in the central laboratory of the Isfahan Endocrine and Metabolism Research Center using the enzyme-linked method.
The same methodology was used at baseline and
follow-ups.

Definitions
Based on the data at last follow-up, participants were classified as normoglycemic, predia-
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betic, or diabetic according to ADA criteria [6].
Diabetes was defined as:
1. FPG ≥7.0 mmol/l (≥126 mg/dl), or
2. 2-hour plasma glucose of ≥11.1 mmol/l
(≥200 mg/dl).
Prediabetes was defined as:
1. IFG (FPG: 5.6-6.9 mmol/l (100-125 mg/dl),
and
2. 2-hours plasma glucose <7.8 mmol/l (<140
mg/dl)), or
3. IGT (FPG <7.0 mmol/l (<126 mg/dl), but
with 2-hour plasma glucose concentration
of ≥7.8 mmol/l (≥140 mg/dl) and <11.1
mmol/l (<200 mg/dl)).
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Table 2. Age, age-adjusted and proportional characteristics of first-degree relatives of type 2 diabetes patients grouped by diabetes status in the Isfahan Diabetes Prevention Study (IDPS), 2003-2010
Characteristic

Diabetes status
NGT
(n = 484)

Age (yr)

IFG
(n = 147)

IGT
(n = 128)

p
Diabetes
(n = 43)

41.7 (0.28)

42.3 (0.51)

43.3 (0.55)

43.8 (0.95)

0.024

Height (cm)

159.6 (0.36)

160.9 (0.66)

157.3 (0.70)

158.0 (1.20)

0.001

Weight (kg)

72.0 (0.53)

75.2 (0.97)

70.9 (1.02)

76.2 (1.76)

0.002

Waist circumference (cm)

86.9 (0.42)

89.8 (0.76)

88.0 (0.81)

92.1 (1.41)

0.001

107.0 (0.39)

107.8 (0.71)

106.9 (0.77)

110.4 (1.33)

0.071

Hip circumference (cm)
Waist-to-hip ratio
2

BMI (kg/m )

0.81 (0.003)

0.83 (0.005)

0.82 (0.006)

0.83 (0.01)

0.006

28.3 (0.19)

29.1 (0.34)

28.7 (0.36)

30.6 (0.62)

0.002

Follow-up duration (yr)

5.5 (0.06)

6.0 (0.10)

5.6 (0.11)

5.9 (0.20)

0.004

Follow-up visits (n)

3.7 (0.07)

3.9 (0.12)

4.1 (0.13)

3.0 (0.22)

0.001

FPG (mmol/l)

4.8 (0.02)

5.1 (0.03)

5.0 (0.04)

5.1 (0.06)

0.001

PG 30 min (mmol/l)

7.3 (0.07)

7.9 (0.12)

8.0 (0.13)

8.4 (0.23)

0.001

PG 60 min (mmol/l)

7.2 (0.09)

8.1 (0.16)

8.7 (0.17)

9.7 (0.29)

0.001

PG 120 min (mmol/l)

5.9 (0.07)

6.3 (0.13)

7.5 (0.14)

8.1 (0.24)

0.001

HbA1c (%)

5.0 (0.04)

5.1 (0.08)

5.0 (0.08)

5.4 (0.15)

0.02

Total cholesterol (mmol/l)

4.9 (0.05)

4.8 (0.08)

5.0 (0.09)

5.4 (0.16)

0.015

LDL-cholesterol (mmol/l)

2.9 (0.04)

2.9 (0.08)

2.9 (0.08)

3.3 (0.15)

0.085

HDL-cholesterol (mmol/l)

1.2 (0.01)

1.1 (0.02)

1.2 (0.03)

1.1 (0.05)

0.003

Triglycerides (mmol/l)

1.7 (0.05)

1.9 (0.09)

2.0 (0.10)

2.2 (0.17)

112.8 (0.71)

115.1 (1.29)

113.9 (1.38)

117.7 (2.39)

Systolic blood pressure (mm Hg)

0.012
NS

Diastolic blood pressure (mm Hg)

73.1 (0.55)

75.4 (0.99)

74.3 (1.06)

76.3 (1.84)

0.086

Women, no. (%)

371 (76.3)

104 (70.3)

112 (86.8)

35 (81.4)

0.01

Obesity (BMI ≥ 30), no. (%)

145 (30.1)

55 (38.5)

44 (34.9)

22 (51.2)

0.042

Legend: Age-adjusted means were calculated using general linear models. Data are expressed as mean (SE) or number
(%). P-values represent comparisons across all four groups using ANOVA. BMI: body mass index. FPG: fasting plasma
glucose. HbA1c: glycated hemoglobin. HDL: high-density lipoprotein. LDL: low-density lipoprotein. PG: plasma glucose.
NS: not significant.

Whereas, normal glucose tolerance (NGT) was
present if FPG was below 5.6 mmol/l and 2-hours
plasma glucose was less than 7.8 mmol/l [6, 17].

Determination of prediabetes and diabetes incidence
The incidence of prediabetes and diabetes was
expressed as the number of IFG, IGT, or type 2
diabetes cases per 1,000 person-years of follow-up.
As relevant period was considered the date of completion of the baseline examination between 2003
and 2005 either until:
1.
2.
3.
4.

the occurrence of prediabetes or diabetes,
the date of the last completed follow-up,
death, or
end of follow-up on December 31, 2010,

whatever came first.

Rev Diabet Stud (2011) 8:490-498

Statistical analysis
Statistical methods used included Student’s ttest, chi squared test, analysis of variance,
Kruskal-Walis test for normally or non-normally
distributed continuous variables respectively, and
Cox’s proportional hazards model. Univariate and
multivariate Cox’s proportional hazards models
were matched to identify predictors of new-onset
prediabetes or diabetes using SPSS version 18 for
Windows (SPSS Inc., Chicago, IL, USA).
Variables age, BMI, WC, triglyceride, LDL,
HDL, total cholesterol, and systolic BP were entered into multivariate-adjusted analyses as continuous variables, while gender and quintiles of
FPG were categorical. Adjustment for age and
gender was examined in separate models. Ageadjusted means were calculated and compared us-
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Table 3. Incidence rates and relative risks of prediabetes and type 2 diabetes by quintiles of fasting plasma glucose in the
Isfahan Diabetes Prevention Study (IDPS), 2003-2010
FPG (mmol/l)
Diabetes
1st quintile (<4.6)
2nd quintile (4.6-4.8)
3rd quintile (4.8-5.1)
4th quintile (5.1-5.3)
5th quintile (5.3-5.6)
Impaired glucose tolerance
1st quintile (<4.6)
2nd quintile (4.6-4.8)
3rd quintile (4.8-5.1)
4th quintile (5.1-5.3)
5th quintile (5.3-5.6)
Impaired fasting glucose
1st quintile (<4.6)
2nd quintile (4.6-4.8)
3rd quintile (4.8-5.1)
4th quintile (5.1-5.3)
5th quintile (5.3-5.6)

Cases
(n)

Inci‡
dence

Age-adjusted HR
†
(95% CI)

Age- and genderMulti-variate-adjusted
†
†
adjusted HR (95% CI)
HR (95% CI)

3
7
3
16
14

3.5
7.7
3.0
18.8
16.1

1.00
0.99
1.07
1.20
1.43

(0.76
(0.83
(0.91
(1.08

-

1.29)
1.39)
1.56)
*
1.89)

1.00
0.99
1.07
1.20
1.43

(0.76
(0.83
(0.92
(1.08

-

1.29)
1.40)
1.57)
*
1.90)

1.00
1.02
1.06
1.19
1.36

(0.77
(0.79
(0.89
(1.01

-

1.37)
1.42)
1.59)
*
1.84)

17
25
30
24
33

19.9
27.3
29.9
28.3
38.1

1.00
0.93
1.07
1.21
1.47

(0.73
(0.84
(0.94
(1.13

-

1.19)
1.36)
1.57)
**
1.90)

1.00
0.93
1.06
1.23
1.47

(0.73
(0.83
(0.95
(1.14

-

1.19)
1.35)
1.58)
**
1.90)

1.00
0.95
1.06
1.24
1.45

(0.73
(0.81
(0.94
(1.10

-

1.25)
1.38)
1.64)
**
1.91)

16
22
34
28
48

18.7
24.0
33.9
33.0
55.4

1.00
1.01
1.03
1.16
1.36

(0.79
(0.81
(0.90
(1.06

-

1.29)
1.31)
1.49)
*
1.74)

1.00
1.01
1.03
1.16
1.36

(0.79
(0.81
(0.90
(1.06

-

1.29)
1.31)
1.49)
*
1.74)

1.00
1.03
1.04
1.16
1.31

(0.79
(0.80
(0.88
(1.00

-

1.35)
1.36)
1.52)
*
1.71)

†

Legend: Hazard ratios (95% CI) calculated by Cox’s proportional hazards model, adjusted for age, gender, body mass in‡
dex, waist circumference, triglyceride, LDL, HDL, total cholesterol, and blood pressure. Per 1000 person-years. * p < 0.05.
** p < 0.01. CI: confidence interval. FPG: fasting plasma glucose. HR: hazard ratio.

ing general linear models. The ability of FPG <5.6
mmol/l (<100 mg/dl) to predict the incidence of
prediabetes or diabetes was examined by receiveroperating characteristic (ROC) curves and their
respective areas under the curve, with sensitivity
plotted as a function of 1-specificity. Areas under
the ROC curves were compared by the algorithm
developed by DeLong et al. [20]. In the analyses,
men and women were combined to increase statistical power and to simplify the presentation. All
tests for statistical significance were two-tailed.
Confidence intervals (CI) were set at 95%. P < 0.05
was considered significant.

Results
Characteristics
The study participants are classified into five
groups (quintiles) depending on their baseline
FPG. Their baseline characteristics of the study
participants by quintiles of FPG are shown in Table 1. In age-adjusted comparisons of variables at
baseline, age, WC, waist-to-hip ratio (WHR), FPG,
plasma glucose at 30, 60, and 120 min, cholesterol
LDL, triglyceride, and systolic BP were more likely
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to increase and follow-up duration more likely to
decrease across the quintiles of FPG. The mean
(SD) age of participants was 42.2 (6.2) years,
77.2% were women.
The analysis showed that:
-

484 (60.3%) participants had NGT,
147 (18.3%) developed IFG,
128 (16.0%) developed IGT, and
43 (5.4%) developed diabetes.

Baseline characteristics of these patients are
shown in Table 2. As expected, those who developed diabetes were older and had higher ageadjusted mean weight, BMI, WC, hip circumference, WHR, FPG, and plasma glucose at 30, 60,
and 120 min, HbA1c, triglyceride, and cholesterol,
but lower HDL, and proportionally more frequently obese and female.
The overall incidence of subsequent diabetes
was 9.6 (95% CI: 6.8-12.4) per 1,000 person-years.
The incidence of IGT and IFG was 28.7 (23.8-33.6)
and 33.0 (27.7-38.2) per 1,000 person-years. Compared with participants with FPG < 4.6 mmol/l
(bottom quintile), age-adjusted risk of diabetes,
IGT, and IFG was 43%, 47%, and 36% higher in
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those with FPG ≥5.3 mmol/l (top quintile) at baseline in age-adjusted models.
Controlling for age and gender did not alter the
relationship between diabetes, IGT, and IFG, compared to the model adjusted for age alone. The additional adjustment for other time-dependent covariates slightly reduced the relationship between
diabetes, IFG and IGT, and FPG compared to the
model adjusted for age and gender. Over 32% of
incident cases of diabetes and IFG, and over 25%
cases of IGT, arose among subjects with a baseline
FPG between 5.3 to 5.6 mmol/l (top quintile) (Table 3).
Compared with individuals with FPG levels below 4.6 mmol/l, those in the 4.6 to 5.1 mmol/l category were not at significantly greater risk of diabetes, IGT, and IFG, after adjustment for other risk
factors. However, those in the 5.1 to 5.3 mmol/l
group had a 19% greater risk of diabetes relative
to the individuals in the less than 4.6 mmol/l
group (HR 1.19; 95% CI: 0.89-1.59).
The areas under the ROC curves for incidence
of type 2 diabetes, IGT, and IFG were 0.692 (95%
CI: 0.613-0.771), 0.592 (95% CI: 0.538-0.645), and
0.641 (95% CI: 0.590-0.691) for FPG < 5.6 mmol/l,
respectively (Figure 2 and Table 4). Fasting
plasma glucose <5.6 mmol/l were significant predictors for future risk of type 2 diabetes, IGT, and
IFG (p < 0.001). The areas under the curves for
FPG < 5.6 mmol/l for type 2 diabetes was slightly,
but not significantly, greater than that of IGT or
IFG.

Discussion
In this follow-up study, we found an increased
risk of prediabetes and diabetes across quintiles of
FPG level within the normal range. These associations remained significant even after adjusting for
a wide range of patient characteristics.
Some studies have assessed the risks of diabetes with FPG levels within the normoglycemic
range [2, 7-10]. However, none of these studies
have examined the incidence and relative risk of
diabetes using repeat standard OGTT in individuals defined by different baseline FPG levels. Similar to our findings, all of these studies have shown
that FPG levels within the normoglycemic range
are a risk factor for type 2 diabetes. In an Israeli
study, Tirosh et al. adjusted analysis for a number
of diabetes risk factors and showed that FPG levels greater than 4.8 mmol/l (87 mg/dl) significantly
increased diabetes risk among young men with
FPG level <5.6 mmol/l (<100 mg/dl) [8]. In a study
conducted on the island of Mauritius, Shaw et al.
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Figure 2. Receiver operating characteristic (ROC) curves for
normal fasting plasma glucose for prediction of IGT, IFG,
and type 2 diabetes in first-degree relatives of type 2 diabetes patients, with baseline FPG levels <5.6 mmol/l. The estimates of the area under the ROC curves and their 95% confidence intervals are shown in Table 4.

Table 4. Area under the curve (95% confidence interval)
Variable

Area under the curve
(95% CI)

Diabetes
Impaired glucose tolerance
Impaired fasting glucose

0.692 (0.613 - 0.771)
0.592 (0.538 - 0.645)
0.641 (0.590 - 0.691)

found that the risk of diabetes start to increase at
a FPG level of greater than 5.2 mmol/l (94 mg/dl)
[2]. In another study conducted in Italy, Brabbilla
et al. found an increased risk of type 2 diabetes for
FPG levels between 5.0 and 5.5 mmol/l (91 and 99
mg/dl) [7]. In a cohort analysis of 46,578 community-based health maintenance organization subjects, Nichols et al. found a strong association between normal FPG levels and diabetes incidence
after controlling for a large number of known risk
factors [9]. In their data, a FPG level of 5.0 to 5.2
mmol/l (90 to 94 mg/dl) conferred a 49% greater
risk of developing diabetes compared to a level less
than 4.7 mmol/l (85 mg/dl). In healthy Japanese
workers, Hayashino et al. found that an increased
FPG level within the normal range was associated
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with the risk of diabetes, with a threshold level of
94 mg/dl (fourth quartile) above which the risk of
diabetes was significantly increased [10].
The present study shows that a relation exists
between the level of FPG in the normal range and
diabetes development. The lower the FPG levels at
baseline the lower the risk of progression to diabetes, IGT, and IFG. The FPG level of 5.3 mmol/l (96
mg/dl) is largely consistent with the suggested
FPG level of 5.2 mmol/l (94 mg/dl) as an optimal
point of specificity and sensitivity for predicting
type 2 diabetes [21, 22]. Other studies have even
suggested a lower threshold [7-9]. Furthermore,
the HR of 1.19 in the group with baseline FPG levels between 5.1 mmol/l and 5.3 mmol/l, despite not
statistically significant, suggests that the upper
portion of this range may also carry some risk.
However, those who progressed to diabetes, IFG,
and IGT had other adverse characteristics that
may help to identify their increased risk, namely
high obesity and poor lipid profiles. FDRs of patients with type 2 diabetes are at high risk of glucose intolerance. They would likely benefit from
lifestyle modifications that are known to reduce
diabetes risk [23-25].
The mechanism by which higher normal FPG
levels reflect negative effects on diabetes risk is
not entirely clear. Putative mechanisms include
increased hepatic insulin resistance [26, 27], impaired early insulin response [28], and decrease
non-insulin-dependent glucose clearance [29]. Progressive beta-cell failure is the principal factor responsible for the development of prediabetes and
diabetes [30].
The strengths of the present study include the
prospective cohort design with a large pool of longterm followed up FDRs of diabetes patients, the
sample consisting of both men and women of a
wide age range from an Iranian population, and
the reliable method of diabetes diagnosis based on
both repeat standard OGTT and information on
potential determinants of diabetes. The multiple
examinations with OGTTs make the progression
rates very accurate. Another important aspects of
the study is that anthropometric variables were
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