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Abstract

Background: The aim of this study was to determine the ability of glycated hemoglobin (GHb) to predict
metabolic syndrome in an Iranian population with normal glucose tolerance (NGT).
Methods: A cross-sectional study of first-degree relatives (FDRs) of patients with type 2 diabetes was conducted
from 2003 to 2005. A total of 1386 FDRs of consecutive patients with type 2 diabetes 30–60 years old (355 men
and 1031 women) with NGT were examined. All subjects underwent a standard 75-gram 2-h oral glucose
tolerance test and GHb measurement. Consensus criteria in 2009 were used to identify metabolic syndrome.
Unadjusted and adjusted multivariate logistic regression analysis was performed to assess the risk of metabolic
syndrome. The mean [standard deviation (SD)] age of participants was 42.4 (6.3) years.
Results: The prevalence of metabolic syndrome was 17.5% in men and 21.5% in women. The multivariate-
adjusted odds ratio (95% CI) of metabolic syndrome was 2.01 (1.03, 3.93) for the highest quintile of GHb
compared with lowest quintile. These data indicate that GHb was associated with metabolic syndrome,
independently of gender among FDRs of patients with type 2 diabetes with NGT.
Conclusions: These data indicate that GHb below the level for prediabetes might be a predictive measure of
metabolic syndrome in FDRs of patients with type 2 diabetes with NGT.

Introduction

Metabolic syndrome, a clustering of factors that
occur together more often than by chance alone, is an

important clinical and public health problem worldwide
and poses a significant risk for cardiovascular disease and
diabetes.1 Insulin resistance is the main factor involved in the
occurrence of the metabolic syndrome and later development
of type 2 diabetes. Although there is no doubt that insulin
resistance is the major etiological factor in development of
metabolic syndrome, the pathogenesis remains unclear.1–5

Theoretically, glycated hemoglobin (GHb) could reflect uni-
versal tissue protein glycation and might be a much better
index for overall biological effects of glucose above and
beyond its predictive value for the 3-month averages of
circulating glycemic levels.

While association between GHb level in the nondiabetic
persons and metabolic syndrome has been described in a few
studies from developed countries,6–9 to our knowledge, only
one study reported relationship between GHb and metabolic
syndrome in the normal glucose tolerance (NGT) range.10

However, the role of GHb in identifying persons with NGT
at risk of metabolic syndrome remains unsettled. The objec-
tives of this study, therefore, were to determine whether
higher GHb levels independently predict metabolic syn-
drome in an Iranian relatives of patients with type 2 diabetes
with NGT.

Racial disparities in GHb values and metabolic syndrome
exist.11–14 The reason for ethnic differences are not clear but
can be ascribed to differences in rates of obesity, hyperten-
sion, glucose intolerance, and body fat distribution patterns.
Comprehensive data for developing countries have not
been reported. Therefore, at an ethnological level, the study
contributes by characterizing the occurrence of metabolic
syndrome in a specific population from central Iran.

Subjects and Methods

Our sample comprised 3176 (818 men and 2358 women)
first-degree relatives (FDRs) of a consecutive sample of
patients with type 2 diabetes attending clinics in Isfahan
Endocrine and Metabolism Research Center affiliated to
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Isfahan University of Medical Sciences, Iran, between 2003
and 2005. Participants with diabetes mellitus (n = 292), im-
paired glucose tolerance (n = 655), impaired fasting glucose
(n = 581), and those with no GHb measured (n = 262) were
excluded from the study; 1386 subjects were included in
analysis of the distribution of GHb and its association with
metabolic syndrome. Pregnant women were excluded (Fig. 1).
We used individuals with NGT because prediabetes is one of
the risk factors used for the diagnosis of the metabolic syn-
drome. The study protocol was approved by the Institutional
Review Board of Isfahan University of Medical Sciences, Iran,
and an informed consent form was signed by each participant.

Procedures

The FDRs of patients with type 2 diabetes included siblings
or children 30–60 years old and reported to clinics in the
morning after an overnight fast. Subjects were asked to
abstain from vigorous exercise in the evening before and in
the morning of the investigations. Smokers were encouraged
to abstain from smoking in the morning of the investigations.
On arrival in the clinic, the information given by the FDRs in
the questionnaire on family history was first verified. Then
height and weight were measured with subjects in light
clothes and without shoes using standard apparatus. Weight
was measured to the nearest 0.1 kg on a calibrated beam
scale. Height, waist, and hip circumference were measured to
the nearest 0.5 cm with a measuring tape. The waist mea-
surement was 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. Body mass index (BMI) (weight/height2 [kg/m2])
is recognized as the measure of overall obesity. Resting blood
pressure (BP) was measured after subjects had been seated for
10 min by using a mercury sphygmomanometer and appro-
priately sized cuffs, using standard techniques. Those FDRs
with fasting plasma glucose (FPG) ‡ 200 mg/dL were con-
sidered as diabetic. If FPG was ‡ 126 and < 200 mg/dL, a
second FPG was measured on another day. If the second FPG
was also ‡ 126 mg/dL, participants were considered to be
diabetic. Subjects with FPG < 126 mg/dL underwent a stan-
dard oral glucose tolerance test [OGTT (75 grams of glucose
for 2 h)] according to the American Diabetes Association
criteria.15 Venous blood was sampled 0, 30, 60, and 120 min
after oral glucose administration. Plasma samples obtained
after centrifugation were analyzed the same day.

GHb was measured by ion-exchange high-performance
liquid chromatography. The methodology was certified by
the National Glycohemoglobin Standardization Program

(NGSP). Total cholesterol, triglyceride, high-density lipo-
protein cholesterol (HDL-C) (measured using standardized
procedures), and low-density lipoprotein cholesterol (LDL-C)
(calculated by the Friedewald equation16: LDL = (total cho-
lesterol - HDL - triglyceride)/5, for total triglycerides less
than 400 mg/dL) were assessed. All the blood-sampling
procedures were performed in the central laboratory of the
Isfahan Endocrine and Metabolism Research Center using an
enzyme-linked method.

Definitions

NGT was defined as having FPG < 100 mg/dL and 2-h
plasma glucose < 140 mg/dL.15 Cases of metabolic syn-
drome were identified according to the consensus criteria in
2009,1 which were the same as the third report of the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III).14 Metabolic syndrome was con-
sidered present when at least three of the following charac-
teristics were observed: Central obesity, defined using
ethnic-specific cut points of waist [waist circumference (WC)
‡ 102 cm in men and ‡ 88 cm in women]; triglycerides
‡ 150 mg/dL; HDL < 40 mg/dL in men and < 50 mg/dL
in women; BP ‡ 130/85 mmHg or on antihypertensive
medication, or raised plasma glucose, defined as FPG
‡ 100 mg/dL or on antidiabetic medication.

Statistical analysis

Analyses were performed using SPSS version 13 for
Windows (SPSS Inc., Chicago, IL). Statistical methods used
included the Student t-test, chi-squared test, analysis of
variance, or Kruskal–Wallis test for normally or nonnormally
distributed continuous variables, respectively, and stepwise
binary logistic regression. Multiple logistic regressions were
carried out to obtain the odds ratio (OR), accompanied by
95% confidence intervals (CI). We considered the following
covariates in the multivariate-adjusted analyses: Age, gen-
der, BMI, WC, triglycerides, LDL-C, HDL-C, total choles-
terol, and systolic BP (SBP). Adjustment for age and gender
were examined in separate models. Multiple linear regres-
sion analysis was also done using GHb as the dependent
variable. Age-adjusted means were calculated and compared
using general linear models. Pearson correlation analysis
was carried out to determine the correlation of GHb with
cardiovascular risk factors. The ability of GHb to predict the
metabolic syndrome was examined by a receiver operating
characteristic (ROC) curve and the respective areas under
the curve, in which sensitivity was plotted as a function of

FIG. 1. Schematic diagram of the study population.
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1-specificity. An optimal cutoff is the one providing maxi-
mum sums of sensitivity and specificity for a given test value
from the ROC curve. Analyses were initially stratified by
gender, but because the findings were similar, the results are
presented for both genders combined to increase statistical
power. Study individuals were categorized into quintiles of
GHb, and unequal numbers were found in the quintiles
because of decimals. All tests for statistical significance were
two-tailed; CIs were set at 95%, and P < 0.05 was considered
significant.

Results

The characteristics of the study participants by quintile of
GHb are shown in Table 1. In age-adjusted comparisons of
variables, age, plasma glucose at 30 min and 60 min, GHb,
LDL-C, BP, and proportion of metabolic syndrome were
more likely to increase and HDL-C more likely to decrease
across the quintiles of GHb. The mean [standard deviation
(SD)] age of participants was 42.0 (6.2) years and 74.0% were
women. The mean (range) GHb quintiles were as follows:
Quintile 1, 4.0% ( < 4.4%); quintile 2, 4.6% (4.4%–4.8%);
quintile 3, 4.9% (4.8%–5.1%); quintile 4, 5.3% (5.1%–5.6%);
and quintile 5, 6.1% ( ‡ 5.6%).

Characteristics of the 1101 (79.4%) participants without
and 285 (20.6%) with metabolic syndrome are shown in
Table 2. As expected, those who had metabolic syndrome
were older and had higher age-adjusted mean weight, BMI,
WC, waist-to-hip ratio, hip circumference, plasma glucose
(PG) at 30, 60, and 120 min, triglycerides, and cholesterol,

and had lower mean HDL-C and had a higher proportion of
obesity. Those who had metabolic syndrome had higher
GHb. The age-adjusted mean (SD) GHb was 5.1% (7.8) for
those with and 5.0% (8.0.) for those without metabolic
syndrome (P < 0.01).

Table 3 shows the prevalence of metabolic syndrome by
GHb levels. Of the 1386 participants, (355 men and 1031
women), 285 had metabolic syndrome. Overall prevalence
of metabolic syndrome was 20.6% (95% CI 18.4, 22.7).
Prevalence of metabolic syndrome was higher in women
(21.5%; 95% CI 19.2, 23.8) than men (17.5%; 95% CI 13.9,
21.2), but its difference was not statistically significant.

The prevalence of metabolic syndrome increased across
the five subject groups. It was 27.3% (95% CI 21.9, 32.6) for
participants in the highest quintile of GHb and 16.1% (95%
CI 11.6, 20.7) for the lowest quintile. Compared with par-
ticipants with GHb < 4.4% (bottom quintile), the risk of
metabolic syndrome was 1.95 times higher in those with
GHb ‡ 5.6% (top quintile) (OR 1.95; 95% CI 1.27, 3.00) in
unadjusted models. Controlling for age slightly reduced the
OR compared to the unadjusted model. Controlling for age
and gender did not alter the relationship between metabolic
syndrome compared to the model adjusted for age alone. In
a multivariate model, the additional adjustment for other
time-dependent covariates increased the relationship be-
tween metabolic syndrome compared to the model adjusted
for age and gender. In this model, the prevalence of meta-
bolic syndrome was over two times higher among subjects
with a GHb ‡ 5.6% (top quintile) compared to those with
GHb < 4.4 (bottom quintile).

Table 1. Age, Age-Adjusted Mean and Proportion Characteristics of First-Degree Relatives

of Patients with Type 2 Diabetes with Normal Glucose Tolerance by Quintile

of Glycated Hemoglobin (GHb) in the Isfahan Diabetes Prevention Study

GHb (%)

Characteristic
1st quintile

( < 4.4)
2nd quintile

(4.4–4.8)
3rd quintile

(4.8–5.1)
4th quintile
(5.1–5.6)

5th quintile
( ‡ 5.6) P value

Number (%) 254 (18.3) 273 (19.7) 355 (25.6) 240 (17.3) 264 (19.0) —
Age (years) 41.1 (0.40) 42.2 (0.38) 42.1 (0.33) 42.6 (0.41) 43.9 (0.37) 0.000
Height (cm) 159.3 (0.54) 160.0 (0.52) 159.6 (0.45) 159.8 (0.56) 161.3 (0.08) 0.172
Weight (kg) 72.1 (0.81) 72.4 (0.78) 72.8 (0.68) 72.5 (0.83) 74.5 (0.79) 0.223
Waist circumference (cm) 87.3 (0.63) 87.6 (0.60) 87.6 (0.53) 87.5 (0.65) 88.3 (0.62) 0.813
Hip circumference (cm) 106.5 (0.56) 106.9 (0.54) 106.9 (0.47) 106.3 (0.58) 107.8 (0.55) 0.400
Waist-to-hip ratio 0.82 (0.004) 0.82 (0.004) 0.82 (0.004) 0.82 (0.005) 0.82 (0.004) 0.981
Body mass index (kg/m2) 28.4 (0.27) 28.3 (0.26) 28.6 (0.23) 28.3 (0.28) 28.7 (0.27) 0.747
Fasting plasma glucose (mg/dL) 88.0 (0.47) 88.4 (0.45) 88.1 (0.39) 88.5 (0.48) 89.6 (0.46) 0.098
Plasma glucose 30 min (mg/dL) 126.4 (1.73) 129.9 (1.67) 130.3 (1.44) 132.5 (1.75) 133.5 (1.70) 0.042
Plasma glucose 60 min (mg/dL) 121.6 (2.10) 126.2 (1.99) 125.9 (1.74) 129.5 (2.12) 133.7 (2.01) 0.001
Plasma glucose 120 min (mg/dL) 98.7 (1.40) 100.5 (1.33) 98.9 (1.16) 100.3 (1.43) 102.9 (1.35) 0.187
Glycated hemoglobin (%) 4.0 (0.02) 4.6 (0.02) 4.9 (0.02) 5.3 (0.02) 6.1 (0.02) 0.000
Cholesterol (mg/dL) 192.2 (2.35) 192.9 (2.26) 197.8 (1.95) 193.1 (2.40) 192.2 (2.30) 0.257
LDL-C (mg/dL) 115.2 (2.09) 116.7 (2.03) 122.6 (1.72) 119.1 (2.14) 116.8 (2.07) 0.047
HDL-C (mg/dL) 46.3 (0.75) 45.8 (0.72) 46.3 (0.62) 45.0 (0.76) 43.5 (0.73) 0.035
Triglyceride (mg/dL) 157.7 (5.91) 162.8 (5.69) 148.5 (4.93) 147.4 (6.08) 163.9 (5.84) 0.105
SBP (mmHg) 111.5 (1.02) 111.8 (0.98) 114.8 (0.85) 114.3 (1.05) 114.7 (1.01) 0.022
DBP (mmHg) 72.5 (0.78) 72.8 (0.75) 75.0 (0.65) 74.6 (0.80) 75.1 (0.77) 0.026
Obesity (BMI ‡ 30), no. (%) 80 (18.6) 73 (16.9) 112 (26.0) 80 (18.6) 86 (20.0) 0.795
Metabolic syndrome, no. (%) 41 (16.1) 48 (17.6) 74 (20.8) 50 (20.8) 72 (27.3) 0.019

Age-adjusted means were calculated using general linear models. Data are express as mean [standard error (SE)] or number (%). P value
comparison across all five groups.

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure.
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Compared with individuals with GHb levels less than
4.4% those in the 5.1%–5.6% category were not at signifi-
cantly greater risk of metabolic syndrome after adjustment
for other risk factors. However, those in the 5.1%–5.6% group
had a 13% greater risk of metabolic syndrome relative to the
individuals in the less than 4.4% group (OR 1.13; 95% CI
0.56, 2.29).

A GHb of ‡ 5.6% predicted the presence of metabolic
syndrome with a sensitivity of 25.3% and specificity of
82.6%. The area under the ROC curves for metabolic
syndrome was 0.560 (95% CI 0.523, 0.597) for the GHb
(Fig. 2). GHb was a significant predictor for metabolic
syndrome (P < 0.01).

GHb was correlated with age (r = 0.147, P < 0.001), weight
(r = 0.059, P < 0.05), waist circumference (r = 0.056, P < 0.05),

FPG (0.078, P < 0.01), PG at 30 min (r = 0.105, P < 0.001), PG at
60 min (r = 0.127, P < 0.001), SBP (r = 0.107, P < 0.001), and
diastolic blood pressure (DBP) (r = 0.112, P < 0.001) and
inversely correlated with HDL-C (r = - 0.065, P < 0.05).

Multiple linear regression analysis revealed that age
(b= 0.121, P < 0.001), FPG (b = 0.74, P < 0.01), and SBP
(b= 0.071, P < 0.05) had a significant association with GHb.

Discussion

In this cross-sectional study of FDRs of patients with type
2 diabetes with NGT, prevalence of excess (top quintile) GHb
level within NGT range was significantly associated with
metabolic syndrome. These associations remained significant
even after adjusting for a wide range of patient

Table 3. Prevalence Rates and Odds Ratio (95% CI) of Metabolic Syndrome

by Quintiles of GHb, the Isfahan Diabetes Prevention Study

Variables
Cases
(No.)

Prevalence
(%)

Crude odds
ratio (95% CI)

Age-adjusted
odds ratio (95% CI)

Age and gender-adjusted
odds ratio (95% CI)

Multivariate-adjusted
odds ratio (95% CI)a

1st quintile ( < 4.4) 41 16.1 1.00 1.00 1.00 1.00
2nd quintile (4.4–4.8) 48 17.6 1.11 (0.70, 1.75) 1.03 (0.65, 1.64) 1.04 (0.65, 1.65) 0.90 (0.45, 1.79)
3rd quintile (4.8–5.1) 74 20.8 1.37 (0.90, 2.08) 1.29 (0.85, 1.98) 1.29 (0.84, 1.97) 1.59 (0.84, 3.01)
4th quintile (5.1–5.6) 50 20.8 1.37 (0.87, 2.16) 1.22 (0.76, 1.93) 1.22 (0.77, 1.94) 1.13 (0.56, 2.29)
5th quintile ( ‡ 5.6) 72 27.3 1.95 (1.27, 3.00)** 1.73 (1.12, 2.67)* 1.75 (1.13, 2.71)* 2.01 (1.03, 3.93)*

aOdds ratios (with 95% CI) calculated by multiple logistic regression. Adjusted for age, gender, body mass index, waist circumference,
triglyceride, LDL-C, HDL-C, total cholesterol, and blood pressure.

*P < 0.05.
**P < 0.001.
CI, confidence interval; GHb, glycated haemoglobin; OR, odds ratio.

Table 2. Age, Age-Adjusted Means (SE), and Proportions of Selected Characteristics

Between 285 First-Degree Relatives of Patients with Type 2 Diabetes

with Normal Glucose Tolerance with Metabolic Syndrome and 1101 Without Metabolic Syndrome

With metabolic syndrome Without metabolic syndrome
Variables Mean (SE) Mean (SE) Difference (95% CI)

Age (years) 43.5 (0365) 42.0 (0.18) 1.5 (0.71, 2.29)**
Height (cm) 159.9 (0.46) 160.0 (0.24) - 0.1 ( - 1.12, 0.92)
Weight (kg) 81.1 (0.65) 70.7 (0.33) 10.4 (8.96, 11.80)**
BMI (lg/m2) 31.7 (0.22) 27.6 (0.11) 4.1 (3.62, 4.58)**
Waist circumference (cm) 95.2 (0.49) 85.7 (0.25) 9.5 (8.41, 10.6)**
Hip circumference (cm) 112.3 (0.46) 105.6 (0.23) 6.7 (5.70, 7.70)**
Waist-to-hip ratio 0.85 (0.004) 0.81 (0.002) 0.04 (0.03, 0.05)**
SBP (mmHg) 125.1 (0.81) 110.1 (0.41) 15.0 (13.20, 16.80)**
DBP (mmHg) 82.2 (0.62) 71.6 (0.32) 10.6 (9.22, 12.80)**
Fasting plasma glucose (mg/dL) 88.5 (0.41) 88.1 (0.21) 0.4 ( - 0.50, 1.30)
Plasma glucose 30 min (mg/dL) 135.0 (1.48) 129.0 (0.75) 6.0 (2.74, 9.26)**
Plasma glucose 60 min (mg/dL) 137.0 (1.78) 124.7 (0.90) 12.3 (8.24, 16.30)**
Plasma glucose 120 min (mg/dL) 103.3 (1.20) 99.4 (0.61) 3.9 (1.27, 6.53)*
GHb (%) 5.1 (0.05) 5.0 (0.02) 0.1 (0.002, 0.20)*
Triglyceride (mg/dL) 225.8 (4.78) 139.6 (2.46) 86.2 (75.70, 96.70)**
Cholesterol (mg/dL) 199.7 (2.07) 192.2 (1.06) 7.5 (2.87, 12.10)*
HDL-C (mg/dL) 39.2 (0.62) 47.5 (0.32) - 8.3 ( - 9.67, - 6.93)**
LDL-C (mg/dL) 118.4 (1.92) 117.3 (0.97) 1.1 ( - 3.17, 5.37)
Obesity (BMI ‡ 30) (%) 64.3 23.3 41.0 (35.40, 46.60)**

Age-adjusted means were calculated using general linear models. The difference in the mean or percentage of the variables between
metabolic syndrome and no metabolic syndrome.

*P < 0.01.
**P < 0.001.
SE, standard error; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; GHb, glycated hemoglobin; HDL-C,

high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

GLYCATED HEMOGLOBIN AND METABOLIC SYNDROME 433



characteristics. A trend in prevalence of metabolic syndrome
with an increase in quintile of GHb was observed; however,
the difference in prevalence between quintiles did not reach
statistical significance, probably because of small number of
individuals with metabolic syndrome. Although GHb is
not considered to be a diagnostic criterion for metabolic
syndrome, it might provide a simple method of predicting
metabolic syndrome in a screening program. Furthermore,
GHb values ‡ 5.6% were found to represent an optimal
cutoff point for predicting metabolic syndrome in this
population.

Although there are many studies that report the utility of
GHb in predicting cardiovascular disease and diabetes, there
are few that investigate the usefulness of GHb as a predictor
of metabolic syndrome, and the present study adds valuable
information to the existing literature. In a study by Nguyen
et al.,8 prevalence of GHb levels between 6.0 and 6.9 was
significantly higher among nondiabetic adults with meta-
bolic syndrome. Sung et al.9 in a large cross-sectional study
of nondiabetic Korean population reported that a GHb of
5.45% was the closest value to the point with ideal sensitivity
and specificity for the diagnosis of metabolic syndrome. Osei
et al.7 reported that in 219 healthy nondiabetic, obese, FDRs
of African-American patients with type 2 diabetes, the upper
tertile of GHb (5.7%–6.4%) reflected some components of
metabolic syndrome. Their results suggest that GHb may be

a surrogate marker not only of future diabetes, but also of
cardiovascular disease. Similarly, Veeranna et al.6 in nondi-
abetic participants of the National Health and Nutrition
Examination Survey, 1999–2008, reported that a GHb level
of ‡ 5.2% predicted the presence of metabolic syndrome in
the population with normal glucose levels. Dilley et al.10 in a
cross-sectional study of Asian Indians population with NGT
reported that GHb had a strong association with metabolic
syndrome.

Our study results support the conclusion made by Dilley
et al.10 that a GHb level of ‡ 5.6% had the highest accuracy
for predicting metabolic syndrome. Our study reveals that
in a population with NGT, GHb levels of ‡ 5.6% predicted
the presence of metabolic syndrome after adjusting for
known confounders and effect modifiers, indicating the
possibility that identification of metabolic syndrome by
GHb is not entirely due to FPG. GHb and FPG may each
represent the measurement of a different physiological
process, with an elevated GHb representing an increased
glycation rate or elevated postprandial glucose levels,
whereas FPG levels are dependent on hepatic glucose pro-
duction.15 Our findings support the conclusion made by a
few other studies6,7,9 that an elevated GHb level of ‡ 5.6%
can be considered as a marker for metabolic syndrome. This
cutoff level is slightly lower than the recommended level
used for classification of a person as prediabetic (GHb level
of 5.7%–6.4%), indicating that an active search for screening
metabolic syndrome should be performed, even at GHb
levels below 5.7%.

Our study sample was addressed to individuals at in-
creased risk of metabolic syndrome, cardiovascular disease,
and type 2 diabetes, because they had FDRs with the disease
and this might be explained by the differences in levels of
other risk factors. This group of individuals will only in-
crease further over time because the prevalence of diabetes
and metabolic syndrome is expected to increase worldwide.
Different studies have found that the incidence and preva-
lence of metabolic syndrome, cardiovascular disease, and
type 2 diabetes are greater in those persons who have a
family history of the disease.17–23

Our study has strengths and limitations. The strengths
include a sample consisting of both men and women of a
wide age range, simultaneous assessment of plasma glucose
during a standard OGTT and GHb, and information on
cardiometabolic risk factors. More importantly, to the best of
our knowledge, the present study is the first in high-risk
NGT individuals to examine the relationship between GHb
as a predictor of metabolic syndrome in the Middle East. The
present study also has some limitations. Most notably, the
cross-sectional and observational nature of our study did not
provide insight into the time course of the development of
metabolic syndrome; therefore, no conclusions regarding the
cause–effect relation or pathophysiological mechanisms can
be made. In addition, the present findings were derived only
from a specific population from central Iran, and the results
could vary as a function of ethnic group. Previous studies
have shown that racial disparities in GHb values and met-
abolic syndrome exist.11–14

Whether our findings could be extrapolated to NGT
subjects who are not genetically predisposed to diabetes or to
other racial and ethnic populations remains to be elucidated.
Even though the study included 1386 participants who
were thoroughly examined and the study was sufficiently

FIG. 2. Receiver operating characteristic (ROC) curves for
glycated haemoglobin (GHb) for prediction of metabolic
syndrome in first-degree relatives of patients with type 2
diabetes with normal glucose tolerance. The estimates of the
sensitivity, specificity and area under the ROC curves (AUC)
are shown.
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powered to give statistically significant results, the sample
size of quintiles with metabolic syndrome was compara-
tively small. Due to the still-conflicting results in assessing
metabolic syndrome prediction, a long-term follow-up in a
large cohort could therefore contribute further to a clarifi-
cation of the question. Furthermore, the advantages of the
GHb test are that it can be measured at any time of the day.
The disadvantages are that GHb cannot be measured in the
presence of hemoglobin variants by several methods and the
difficulty in standardization.24 Finally, the study included
only individuals with NGT, thus excluding from the analysis
those at high risk of the metabolic syndrome.

In conclusion, these data provides further evidence that
GHb might be a predictive measure of metabolic syndrome
in FDRs of patients with type 2 diabetes, even among indi-
viduals with NGT. Our study results support the conclusions
made by others6,7,9 that, apart from serving as a screening
tool for prediabetes and diabetes, GHb level can be consid-
ered as a screening tool for metabolic syndrome. Further
cohort studies are needed to better understand the role of
GHb on metabolic syndrome.

Acknowledgments

This work was supported by grants from the Isfahan
Endocrine and Metabolism Research Center, Iran. The au-
thors are grateful to Mr. Majid Abyar for computer technical
assistance.

Author Disclosure Statement

No competing financial interests exist. M. Janghorbani
conceived and designed the study, analyzed the data, and
wrote the manuscript. M. Amini recruited samples and
contributed to discussion and revision of the manuscript,
and obtained funding for the Isfahan Diabetes Prevention
Study.

References

1. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA, et al. Harmonizing the metabolic syndrome: A
joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Athero-
sclerosis Society; and International Association for the Study
of Obesity. Circulation 2009;120:1640–1645.

2. Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task
Force Consensus Group. The metabolic syndrome—a new
worldwide definition. Lancet 2005;366:1059–1062.

3. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, et al.; American Heart Association; National
Heart, Lung, and Blood Institute. Diagnosis and manage-
ment of the metabolic syndrome: An American Heart asso-
ciation/National Heart, Lung, and Blood Institute Scientific
Statement. Circulation 2005;112:2735–2752.

4. Ferrannini E, Haffner SM, Mitchell BD, Stern MP. Hyper-
insulinaemia. The key feature of a cardiovascular and met-
abolic syndrome. Diabetologia 1991;34:416–422.

5. Reaven G. The metabolic syndrome or the insulin resistance
syndrome? Different names, different concepts, and different
goals. Endocrinol Metab Clin North Am 2004; 33:283–303.

6. Veeranna V, Ramesh K, Zalawadiya SK, Niraj A, Pradhan J,
Jacob S, Afonso L. Glycosylated hemoglobin and prevalent
metabolic syndrome in nondiabetic multiethnic U.S. adults.
Metab Syndr Relat Disord 2011;9:361–367.

7. Osei K, Rhinesmith S, Gaillard T, Schuster D. Is glycosylated
hemoglobin A1c a surrogate for metabolic syndrome in
nondiabetic, first-degree relatives of African-American
patients with type 2 diabetes? J Clin Endocrinol Metab 2003;
88:4596–4601.

8. Nguyen QM, Srinivasan SR, Xu JH, Chen W, Berenson GS.
Distribution and cardiovascular risk correlates of hemoglo-
bin A(1c) in nondiabetic younger adults: the Bogalusa Heart
Study. Metabolism 2008;57:1487–1492.

9. Sung KC, Rhee EJ. Glycated haemoglobin as a predictor for
metabolic syndrome in non-diabetic Korean adults. Diabet
Med 2007;24:848–854.

10. Dilley J, Ganesan A, Deepa R, Deepa M, Sharada G,
Williams OD, Mohan V. Association of A1C with cardio-
vascular disease and metabolic syndrome in Asian Indians
with normal glucose tolerance. Diabetes Care 2007;30:
1527–1532.

11. Park Y-W, Zhu S, Palaniappan L, Heshka S, Carnethon MR,
Heymsfield SB. The metabolic syndrome: Prevalence and
associated risk factor findings in the US population from the
Third National Health and Nutritional Examination Survey,
1998–1994. Arch Intern Med 2002;163:427–436.

12. Cleeman JI, LeFant C. The National Cholesterol Program:
Progress and prospects. JAMA 1998;280:2059–2060.

13. Boomgarden ZT. Americans Association of Clinical En-
docrinologists (AACE) consensus conference on the insulin
resistance syndrome. Diabetes Care 2003;26:933–939.

14. Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive summary of the
third report of the National Cholesterol Education Program
(NECP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). JAMA 2001;285:2486–2497.

15. American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2010;33(Suppl 1):S62–S69.

16. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plas-
ma, without use of the preparative ultracentrifuge. Clin Chem
1972;18:499–502.

17. Janghorbani M, Amini M. Diabetes risk among first-degree
relatives of patients with type 2 diabetes in Isfahan, Iran.
Obes Metab 2009;5:114–120.
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