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95% CI 66.0–72.8).  Conclusions:  The cMetS score is a robust 
predictor of T2D and may be more effective and efficient 
than the current binary definition of MetS in predicting pro-
gression to T2D in our study population. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 The metabolic syndrome (MetS), which is a cluster of 
metabolic risk factors that are associated with insulin re-
sistance, is a complex disorder and increases the risk for 
all-cause mortality, cardiovascular disease (CVD) mor-
bidity and mortality, type 2 diabetes (T2D), and some 
cancers  [1].  It is highly prevalent worldwide but its clini-
cal value remains unsettled  [2] .

  The World Health Organization report suggested that 
MetS is a pre-morbid condition for predicting the devel-
opment of CVD and T2D rather than a clinical diagnosis 
 [3] . However, the current binary definition of MetS has 
limited practical utility as an evaluative or managerial 
tool. The question then arises whether the continuous 
MetS (cMetS) score is a better predictor of T2D risk than 
binary definition for epidemiological studies. Increasing 
evidence supports the use of a cMetS score in epidemio-
logical studies  [2]  because (a) dichotomizing continuous 
outcome variables reduces statistical power  [2, 4] ; (b) di-
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 Abstract 

  Background/Aim:  It is not clear whether levels of continu-
ous metabolic syndrome (cMetS) are associated with type 2 
diabetes (T2D). The aim of this study was to determine the 
ability of the cMetS score to predict progression to T2D in 
non-diabetic first-degree relatives (FDRs) of patients with 
T2D in Isfahan, Iran.  Methods:  A total of 1,869 non-diabetic 
FDRs 30–70 years old in 2003–2005 were followed through 
2014 for the occurrence of T2D. At baseline and through fol-
low-ups, participants underwent a standard 75 g 2-h oral 
glucose tolerance test. MetS was defined by the National 
Cholesterol Education Program-Adult Treatment Panel III. 
The cMetS score was calculated using age- and gender-stan-
dardized Z-score for MetS components. Receiver operating 
characteristic (ROC) curve was used to assess the association 
between cMetS and components of MetS with T2D.  Results:  
During 13,571 person-years of follow-up, 72 men and 210 
women developed diabetes. Those in the top quartile of 
cMetS were 8.0 times more likely to develop diabetes than 
those in the bottom quartile (OR 7.96; 95% CI 4.88–12.99). On 
ROC curve analysis, a higher area under the ROC were found 
for FPG (74.3%; 95% CI 70.8–77.8), than for cMetS (69.4%; 
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abetes risk is a progressive function of several MetS com-
ponents; (c) T2D risk increase progressively with increas-
ing number of MetS components  [5] ; and (d) the cMetS 
score is more sensitive and less error-prone, eliminating 
the need to dichotomize MetS components  [2, 4, 6, 7] . In 
the joint statement by the American Diabetes Association 
and European Association for the study of diabetes  [2] , it 
was recommended that one area of necessary research 
was the definition of the MetS based on continuous vari-
ables in a multivariate score system. To our knowledge, 
no cohort studies have described the possible association 
between cMetS score and the risk of T2D.

  The objective of this study, therefore, was to determine 
the ability of the cMetS score, using the age- and gender-
standardized Z-score for MetS components, to predict 
the incidence of T2D. We hypothesize that increase in the 
cMetS score is associated with T2D.

  Patients and Methods 

 Data Collection 
 This study was conducted using the data from the Isfahan Dia-

betes Prevention Study (IDPS), an ongoing prospective single-cen-
ter observational study in central Iran to assess the various poten-
tial risk factors for diabetes in subjects with family history of T2D 
(one of the main risk factors for T2D). The recruitment methods 
and examination procedures of the IDPS have been described pre-
viously  [8] . The IDPS sample at baseline comprised 3,483 (919 
men and 2,564 women) first-degree relatives (FDR) of consecutive 
patients with T2D. All patients were attendees at clinics at Isfahan 
Endocrine and Metabolism Research Center, which is affiliated to 
Isfahan University of Medical Sciences, Iran. The study was con-
ducted between 2003 and 2005. All participants were from Isfahan 
city and adjoining areas. They completed a standardized medical 
examination and laboratory tests including a standard 75 g 2-hour 
oral glucose tolerance test (OGTT), standardized blood pressure 
(BP), a questionnaire on their health status and on various poten-
tial risk factors for diabetes. Participants receive follow-up tests 
according to Standard of Medical Care in Diabetes  [9]  to update 
information on demographic, anthropometric, and lifestyle fac-
tors and on newly diagnosed diabetes. Accordingly, if OGTT was 
normal at baseline, repeat testing was carried out at least at a 3-year 
interval. Otherwise, repeat testing was carried out annually.

  Ethics Statement 
 The Iranian government’s ethical guidelines regarding epide-

miological studies in accordance with the current version of the 
Declaration of Helsinki were followed, and Isfahan University of 
Medical Sciences ethical committee approval was granted, and an 
informed consent form was signed by each participant.

  Follow-Up and Ascertainment of T2D 
 Among 3,483 persons who participated at baseline, 319 sub-

jects were excluded because of diagnosis of T2D at baseline and 
1,295 did not attend any follow-up examination, leaving 1,869 par-

ticipants with a mean (SD) age of 43.0 (6.5, range 30–70) for this 
analysis, all of whom had at least one subsequent review during a 
mean (SD) follow-up period of 7.3 (2.2, range 1–10) years. Preg-
nant women were excluded. The most prominent characteristics 
of individuals who did not attend follow-up visit, such as age, 
height, weight, body mass index (BMI), waist circumference (WC), 
hip circumference (HC), waist-to-hip ratio (WHR), and low-den-
sity lipoprotein cholesterol (LDLC), total cholesterol, triglyceride 
(Tg) and obesity, were similar to the characteristics of those who 
attended the baseline study. However, non-attendees had slightly 
lower fasting plasma glucose (FPG; 94.7 vs. 95.7 mg/dl, p < 0.05), 
plasma glucose (PG) at 30 min (139.5 vs. 144.2 mg/dl, p < 0.001), 
60 min (140.8 vs. 149.8 mg/dl, p < 0.001), and 120 min (110.6 vs. 
119.5 mg/dl, p < 0.001), levels of glycosylated hemoglobin (HbA1c, 
5.0 vs. 5.1%, p < 0.05), systolic BP (113.2 vs. 115.7 mm Hg, p < 
0.001), diastolic BP (73.4 vs. 75.7 mm Hg, p < 0.001), and higher 
high-density lipoprotein cholesterol (HDLC, 46.7 vs. 45.0 mg/dl, 
p < 0.001).

  Procedures 
 Information on age, gender, body size, HbA1c, cholesterol, 

LDLC, HDLC, Tg and BP, family and personal medical history was 
collected at the baseline and through follow-ups. The same method-
ology was used for both the prevalence and incidence studies. They 
included siblings or children and they 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 in-
formation given by the participants 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 ap-
paratus. Weight was measured to the nearest 0.1 kg on a calibrated 
beam scale. Height, waist, and HC were measured to the nearest 
0.5 cm with a measuring tape. Waist was measured midway between 
the lower rib margin and the iliac-crest at the end of a gentle expira-
tion. HC was measured over the greater trochanters directly over the 
underwear. A physician measured BP after subjects had been seated 
for 10 min by using a mercury sphygmomanometer and appropri-
ately sized cuffs, using standard techniques. FPG was measured us-
ing the glucose oxidase method. Subjects with FPG <126 mg/dl un-
derwent a standard OGTT (75 g glucose 2-hour) at baseline and the 
follow-ups. Venous blood was sampled at fasting, 30, 60, and 
120 min after oral glucose administration. Plasma samples obtained 
after centrifuge were analyzed the same day.

  HbA1c (measured by ion-exchange chromatography), total 
cholesterol, Tg, HDLC, and LDLC (calculated by the Friedewald 
equation  [10]  provided total Tgs did not exceed 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 the enzyme-linked method.

  Definitions 
 We calculated BMI as the ratio of weight (kg) to squared height 

(m 2 ), the latter being assessed only at baseline. Those participants 
with FPG  ≥ 200 mg/dl or pharmacological treatment were consid-
ered 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 diabetic. FPG  ≥ 126 mg/dl or 2-hour 
PG of  ≥ 200 mg/dl defined diabetes mellitus. The definition of MetS 

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f M
ic

hi
ga

n,
 T

au
bm

an
 M

ed
.L

ib
.  

   
   

   
   

   
   

14
1.

21
1.

4.
22

4 
- 

5/
20

/2
01

6 
10

:4
3:

46
 P

M



 cMetS Score and T2D Ann Nutr Metab 2016;68:19–25
DOI: 10.1159/000441851

21

used in this study is based on the 2009 consensus criteria  [11] , which 
was the same as the third report of the National Cholesterol Educa-
tion Program Adult Treatment Panel III (NCEP-ATP III)  [12]  by 
the presence of three or more of the following abnormalities: BP 
 ≥ 130/85 mm Hg or a history of hypertension and current use of an-
tihypertensive treatment; waist girth >102 cm for men and >88 cm 
for women, serum Tg  ≥ 150 mg/dl and/or HDL cholesterol (<40 mg/
dl for men and <50 mg/dl for women), and FPG levels  ≥ 100 mg/dl. 
The mean arterial pressure (MAP) was calculated using the follow-
ing formula: MAP = ((systolic BP – diastolic BP)/3) + diastolic BP.

  The cMetS score was calculated by the use of standardized re-
siduals (Z-score) of MAP, Tg, FPG, WC and HDLC  [7] . The score 
is a summary measure. By subtracting the overall mean and di-
vided by the standard deviation, a Z-score was obtained. All indi-
viduals were assigned this value, reflecting their deviation from the 
mean. Z-scores for all items in the MetS definition of NCEP-ATP 
III were then summed. The cMetS ranged from –8.98 to 17.57. 
Higher scores signify less favourable metabolic profile. The stan-
dardized HDLC was multiplied by –1 since it is inversely related 
to metabolic risk. MAP was used since including both systolic and 
diastolic would load 2 BP variables into the calculation, and MAP 
represent both systolic and diastolic BP.

  Analysis 
 Incidence was expressed as the number of cases of T2D per 

1,000 person-years of follow-up beginning on the date of comple-
tion of the baseline examination in 2003–2005 and continuing un-
til the occurrence of T2D, the date of the last completed follow-up, 
death, or end of follow-up on March 21, 2014, whichever came first. 
Statistical methods used included the Student’s t test, chi-square 
test, and multiple logistic regression. The incidence of T2D was 
calculated according to the quartile of cMetS level and compared 
the risk of developing T2D in each quartile with the lowest catego-
ry of risk (reference group). Univariate and multivariate logistic 
regressions were fitted to identify predictors of new-onset diabetes 
using the SPSS for Windows (SPSS Inc., Chicago, Ill., USA). Adjust-
ment for age and gender was examined in separate models. Age- 
and gender-adjusted means were calculated and compared using 
general linear models. The number of subjects included in the in-
dividual analyses varies slightly because of missing values. The abil-
ity of cMetS and components of MetS to predict incidence diabetes 
was examined by receiver operating characteristic (ROC) curve and 
their respective areas under the curve, in which sensitivity is plotted 
as a function of 1 – specificity. Areas under the ROC curves were 
compared by the algorithm developed by DeLong et al.  [13] . All 
tests for statistical significance were 2-tailed, and performed as-
suming a type I error probability of <0.05.

  Results 

 Characteristics 
 During the follow-up, a total of 282 (72 men and 210 

women) incident cases of T2D occurred during 13,571 
(3,460 men and 10,111 women) person-years of follow-up. 
Baseline characteristics of the 1,587 (84.9%) participants 
without and 282 (15.1%) with T2D are shown in  table 1 . As 

expected, those who developed T2D were older and had 
higher age- and gender-adjusted mean BMI, WC, HC, 
FPG, and PG at 30, 60 and 120 min, higher HbA1c, Tg, 
cholesterol, diastolic BP and cMetS score at baseline, and a 
higher proportion of overweight and MetS. The mean (SD) 
age was 44.4 (6.8) for those with and 42.7 (6.4) for those 
without T2D. The mean (SD) cMetS score was 1.51 (2.7) 
for those with and –0.27 (2.7) for those without T2D.

  The baseline characteristics of the study participants 
by the cMetS score quartile are shown in  table 2.  When 
variables at baseline were compared, it was found that all 
variables were more likely to increase, and HDLC and 
follow-up duration were more likely to decrease across all 
four subject groups.

  Incidence of Diabetes 
 The overall incidence of subsequent diabetes was 20.8 

(95% CI 18.4–23.2) per 1,000 person-years. Incidence 
rates were similar in women (20.8, 95% CI 18.0–23.5 per 
1,000 person-years) and men (20.8, 95% CI 16.3–26.2).

Table 1.  Age, and age-, gender-adjusted means (SE) and propor-
tions of selected baseline characteristics between 282 first-degree 
relatives of patients with T2D who did and 1,587 who did not de-
velop diabetes

Variables Developed 
diabetes mean (SE)

Not developed 
diabetes mean (SE)

Age, years 44.4 (0.39) 42.7 (0.16)***
cMetS 1.51 (0.15) –0.27 (0.06)***
Height, cm 159.4 (0.33) 159.9 (0.14)
Weight, kg 76.9 (0.68) 73.3 (0.29)***
BMI, kg/m2 30.3 (0.25) 28.7 (0.10)***
WC, cm 92.2 (0.54) 88.7 (0.23)***
HC, cm 109.9 (0.52) 107.0 (0.22)***
WHR 0.84 (0.003) 0.83 (0.001)**
Systolic BP, mm Hg 117.5 (0.95) 115.5 (0.40)
Diastolic BP, mm Hg 77.1 (0.71) 75.5 (0.30)*
Baseline fasting glucose, mg/dl 104.4 (0.67) 94.1 (0.28)***
PG 30 min, mg/dl 164.0 (1.86) 140.6 (0.77)***
PG 60 min, mg/dl 186.5 (2.41) 143.2 (1.01)***
PG 120 min, mg/dl 146.6 (1.84) 114.7 (0.77)***
HbA1c, % 5.4 (0.05) 5.0 (0.02)***
Tg, mg/dl 194.7 (5.96) 161.3 (2.48)***
Cholesterol, mg/dl 200.9 (2.42) 195.7 (1.01)*
HDLC, mg/dl 44.0 (0.71) 45.2 (0.30)
LDLC, mg/dl 120.2 (2.20) 119.4 (0.89)
Women, % 74.5 73.8
Overweight (BMI ≥25) 90.6 82.9***
MetS, % 55.3 34.5***

 Age-adjusted means were calculated using general linear models. The 
difference in the mean or percentage of the variables between diabetes and 
no diabetes. * p < 0.05, ** p < 0.01, *** p < 0.001.
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  The incidence of T2D was 39.4 per 1,000 person-years 
(95% CI 32.8–46.8) for participants in the highest quartile 
of cMetS score, and 6.2 per 1,000 person-years (95% CI 
3.9–9.3) for the lowest quartile. The risk of T2D increased 
with increasing quartiles of the cMetS score. Compared 
with participants in the lowest quartile, the risk of T2D 
was 8.0 times higher in those in the highest quartile at 
baseline (OR 7.96; 95% CI 4.88–12.99) and 4.7 times 
higher in those in the 3rd quartile (OR 4.69; 95% CI 2.86–
7.69) and 2.4 times higher in those in the 2nd quartile (OR 
2.38; 95% CI 1.41–4.01) in age- and gender-adjusted 
models ( table 3 ).

  The ROC curves for the incidence of T2D for the 
cMetS score and each component of MetS are shown in 
 figure 1 . The areas under the ROC curves from the larg-
est to the least area were 0.743 (95% CI 0.708–0.778, p < 
0.001) for FPG, 0.694 (95% CI 0.660–0.728, p < 0.001) for 
the cMetS score, 0.613 (95% CI 0.578–0.649, p < 0.001) 

for WC, 0.586 (95% CI 0.548–0.525, p < 0.001) for Tg, 
0.553 (95% CI 0.514–0.593, p < 0.01) for MAP, and 0.541 
(95% CI 0.502–0.580, p < 0.05) for HDLC. All parameters 
were significant predictors of T2D. HDLC had an area 
smaller than that of other components of MetS. Pairwise 
comparison results indicates that the areas under the 
curves between cMetS score and FPG vs. HDLC, MAP, 
Tg, and WC were statistically significant (p  < 0.001). 
Also, the area under the ROC curves for FPG and cMetS 
is not significantly different. It is apparent that in this 
population of FDRs of patients with T2D, the cMetS 
score was slightly inferior to FPG in identifying those 
who developed T2D according to area under the ROC 
curve, although the difference was not statistically sig-
nificant.

  At a cMetS score of zero or higher, the sum of sensitiv-
ity and specificity was maximized. Accordingly, the opti-
mal cut-point for detecting T2D was a cMetS score great-

Table 2.  Age and age-, gender-adjusted mean (SE) and proportion of first-degree relatives of patients with T2D by cMetS score quartile 
in the IDPS

Characteristic Total  cMetS at baseline

1st quartile 
(<–1.91)

2nd  quartile 
(–1.92 to –0.13)

3rd quartile 
(–0.14 to 1.75)

4th quartile 
(>1.75)

Number, % 1,869 (100) 467 (25.0) 467 (25.0) 468 (25.0) 467 (25.0)
cMetS 0.00 (0.00) –3.36 (0.05) –0.95 (0.05) 0.80 (0.05) 3.51 (0.06)**
Age, years 43.0 (0.15) 41.6 (0.30) 41.8 (0.30) 43.9 (0.30) 44.7 (0.30)**
Height, cm 159.8 (0.19) 159.0 (0.26) 159.5 (0.26) 160.3 (0.26) 160.3 (0.27)*
Weight, kg 73.8 (0.28) 65.6 (0.47) 71.4 (0.47) 76.5 (0.46) 81.9 (0.48)**
WC, cm 89.2 (0.22) 81.6 (0.35) 87.2 (0.34) 91.5 (0.35) 96.7 (0.35)**
HC, cm 107.4 (0.21) 102.1 (0.38) 105.8 (0.37) 109.4 (0.37) 112.5 (0.38)**
WHR 0.83 (0.002) 0.80 (0.002) 0.83 (0.002) 0.84 (0.002) 0.86 (0.002)**
BMI, kg/m2 28.9 (0.10) 26.0 (0.17) 28.1 (0.17) 29.9 (0.17) 31.8 (0.17)**
Follow-up duration, years 7.3 (0.05) 7.6 (0.10) 7.5 (0.10) 7.2 (0.10) 6.8 (0.10)**
FPG, mg/dl 95.6 (0.28) 88.0 (0.50) 93.2 (0.50) 98.5 (0.49) 102.8 (0.51)**
PG 30 min, mg/dl 144.1 (0.51) 131.6 (1.45) 141.3 (1.43) 148.3 (1.44) 155.7 (1.49)**
PG 60 min, mg/dl 149.7 (1.02) 130.6 (1.90) 141.2 (1.89) 156.1 (1.89) 171.5 (1.95)**
PG 120 min, mg/dl 119.5 (0.78) 107.8 (1.50) 115.4 (1.48) 123.0 (1.47) 131.7 (1.52)**
HbA1c 5.1 (0.02) 4.9 (0.04) 5.1 (0.04) 5.2 (0.4) 5.2 (0.04)**
Cholesterol, mg/dl 196.5 (0.95) 192.0 (1.88) 194.2 (1.86) 194.1 (1.85) 205.7 (1.91)**
LDLC, mg/dl 119.5 (0.84) 117.4 (1.66) 119.8 (1.65) 119.8 (1.64) 121.2 (1.78)**
HDLC, mg/dl 45.0 (0.28) 53.2 (0.49) 46.7 (0.49) 42.2 (0.49) 37.8 (0.50)**
Tg, mg/dl 166.3 (2.35) 112.2 (4.10) 141.3 (4.07) 162.8 (4.04) 248.6 (4.14)**
Systolic BP, mm Hg 115.7 (0.38) 105.0 (0.65) 113.4 (0.64) 117.3 (0.65) 127.2 (0.66)**
Diastolic BP, mm Hg 75.7 (0.28) 67.3 (0.49) 73.8 (0.48) 77.7 (0.48)† 84.2 (0.49)**
MAP, mm Hg
Women, n (%) 1,380 (73.9) 415 (89.1) 383 (82.0) 326 (69.7) 256 (54.8)**
Overweight, n (%) 1,152 (84.1) 358 (77.2) 377 (82.3) 420 (91.5) 447 (96.1)**
MetS, n (%) 704 (37.7) 3 (0.6) 46 (9.9) 243 (51.9) 412 (88.2)**

 Data are expressed as mean (SE) or number (%). * p < 0.01, ** p < 0.001 comparison across all 4 groups.
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er than or equal to zero. Of the total sample, 48.2% had a 
score of zero or higher. At a cMetS score greater or equal 
to zero, sensitivity was 74.1% and specificity was 56.4%. 
However, the sensitivity and specificity of binary defini-
tion of MetS were 55.3 and 65.5%, respectively. Thus, the 
Youden’s index of optimum cMetS score was higher than 
the binary-defined MetS.

  Discussion 

 This study showed that the cMetS score is a strong pre-
dictor of incident T2D in a cohort of FDR of patients with 
T2D in Iran. The area under the ROC curve of FPG was 
higher than other MetS components, further emphasiz-
ing the utility of glucose testing alone in predicting T2D. 
The cMetS score is a slightly weaker diabetes risk predic-
tor than FPG. However, a simple FPG measurement was 
a better predictor of future diabetes than the expense and 
inconvenience necessary to measure the cMetS score. No 
study has assessed the risk of T2D in persons with the 
cMetS score. Several studies have assessed risks of diabe-
tes in persons with binary definition of MetS, and the re-
sults are inconsistent. Some of them showed that the pres-
ence of binary MetS was predictive of progression to dia-
betes  [5, 14–22],  whereas more recent studies showed no 
significant association of binary MetS in the development 
of T2D  [23–28] . Our previous study  [28]  and other stud-
ies  [5, 17, 23, 27]  took into consideration that FPG has a 
greater impact on the development of T2D than other 
components of MetS. On the basis of our overall findings, 
FPG could be argued to be the best and most practical 
predictor of progression to diabetes.

  The possible explanation for the superior predicting 
ability of the FPG and cMetS score is that the FPG and 

cMetS score are treated as continuous variables and not 
dichotomized as in NCEP-ATP III-defined MetS. Simi-
larly, our findings confirm those of other studies  [5, 23, 
28]  that the ability of cMetS scores to predict risk of dia-
betes can largely be attributed to its glucose component.

Table 3.  Incidence rates and OR of diabetes by cMetS score quartile at baseline, the IDPS

 cMetS at baseline

1 st quartile 
(<–1.91)

2nd quartile 
(–1.92 to –0.13)

3rd quartile 
(–0.14 to 1.75)

4th quartile 
(>1.75)

Number of cases, % 22 (4.7) 49 (10.5) 87 (18.6) 124 (26.6)
Person-years 3,549 3,510 3,371 3,150
Incidence/1,000 person-year (95% CI) 6.2 (3.9–9.3) 14.0 (10.3–18.4) 25.8 (20.7–31.7) 39.4 (32.8–46.8)
Unadjusted OR (95% CI) 1.00 2.37 (1.41–3.99)** 4.62 (2.84–7.52)** 7.31 (4.55–11.76)**
Gender-adjusted OR (95% CI) 1.00 2.44 (1.45–4.11)* 5.04 (3.09–8.24)** 8.61 (5.30–14.00)**
Age- and gender-adjusted OR (95% CI) 1.00 2.38 (1.41–4.01)* 4.69 (2.86–7.69)** 7.96 (4.88–12.99)**

OR (with 95% CI) calculated by binary logistic regression. * p < 0.01, ** p < 0.001.

  Fig. 1.  ROC curves for cMetS score, FPG, WC, Tg, MAP and HDLC 
to predict T2D in non-diabetic FDRs of patients with T2D. The esti-
mates of the area under the ROC curves and their 95% CIs are shown. 
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  The aim of the original concept for MetS itself was to 
encourage individuals who were diagnosed as MetS to 
pay attention to the clustering of often overlooked cardio-
vascular risk factors with the aim of improving cardiovas-
cular and T2D prevention strategies; it was not intended 
for conducting clinical diagnosis  [3, 29] . On the basis of 
our overall findings, FPG and the cMetS score could be 
argued to be the best and FPG could be the most practical 
predictor of progression to T2D to avoid the costs and 
inconveniences of a cMetS score.

  Our study has several strengths and limitations. This 
is the first study to examine the association of cMetS score 
and T2D incidence. Although the use of cMetS score im-
plies population specific results, the cMetS score is more 
appropriate than using the binary definition of MetS for 
epidemiological studies. Additional strengths of this 
study include the prospective cohort design, the sample 
consisting of both men and women of a wide age range, 
diagnosis of diabetes based on standard OGTT, and in-
formation on potential determinants of diabetes. Selec-
tion and information bias were unlikely because of the 
prospective design. However, some limitations of this 
study should be addressed. Some selection bias might 
have occurred because the current sample is not fully rep-
resentative of the Iranian FDR of patients with T2D.

  In conclusion, the results of this study indicates that 
although the cMetS risk score is a robust predictor of T2D 
and may be more effective and efficient than the current 
binary definition of MetS in predicting progression to 

T2D, FPG appeared to be a more robust predictor of T2D 
in our study population. More researches are needed to 
determine the effectiveness of the cMetS score in other 
regions and populations.

  Acknowledgements 

 We are grateful to Mr. Majid Abyar for computer technical as-
sistance. This study was supported in part by the Isfahan Univer-
sity of Medical Sciences, Iran (IR.MUI.REC.1394.1.083). This 
study could not have been conducted without the contribution of 
the FDR of patients with T2D who consented to participate.

  Declaration of Competing Interests 

 None to declare.

  Authors Contributions 

 M.J. conceived and designed the study, analyzed the data and 
wrote the manuscript; M.A. recruited samples and contributed to 
the discussion and revision of the manuscript and obtained fund-
ing for the IDPS.

  Disclosure Statement 

 None. 

 References 

  1 Ford ES: Risks for all-cause mortality, cardio-
vascular disease, and diabetes associated with 
the metabolic syndrome: a summary of the 
evidence. Diabetes Care 2005;   28:   1769–1778. 

  2 Kahn R, Buse J, Ferrannini E, Stern M: The 
metabolic syndrome: time for a critical ap-
praisal. Joint statement from the American 
Diabetes Association and the European As-
sociation for the Study of Diabetes. Diabetes 
Care 2005;   28:   2289–2304. 

  3 Simmons RK, Alberti KG, Gale EA, Colagiuri 
S, Tuomilehto J, Qiao Q, et al: The metabolic 
syndrome: useful concept or clinical tool? Re-
port of a WHO expert consultation. Diabeto-
logia 2010;   53:   600–605. 

  4 Ragland DR: Dichotomizing continuous out-
come variables: dependence of the magnitude 
of association and statistical power on the cut-
point. Epidemiology 1992;   3:   434–440. 

  5 Sattar N, McConnachie A, Shaper AG, Blauw 
GJ, Buckley BM, de Craen AJ, et al: Can met-
abolic syndrome usefully predict cardiovas-

cular disease and diabetes? Outcome data 
from two prospective studies. Lancet 2008;  
 371:   1927–1935. 

  6 Klein BE, Klein R, Lee KE: Components of the 
metabolic syndrome and risk of cardiovascu-
lar disease and diabetes in Beaver Dam. Dia-
betes Care 2002;   25:   1790–1794. 

  7 Wijndaele K, Beunen G, Duvigneaud N, Mat-
ton L, Duquet W, Thomis M, et al: A continu-
ous metabolic syndrome risk score: utility for 
epidemiological analyses. Diabetes Care 2006;  
 29:   2329. 

  8 Amini M, Janghorbani M: Diabetes and im-
paired glucose regulation in first-degree rela-
tives of patients with type 2 diabetes in Isfah-
an, Iran: prevalence and risk factors. Rev Dia-
bet Stud 2007;   4:   169–176. 

  9 Executive summary: Standards of medical 
care in diabetes – 2008. Diabetes Care 2008;  
 31:S5–S11. 

 10 Friedewald WT, Levy RI, Fredrickson DS: Es-
timation of the concentration of low-density 

lipoprotein cholesterol in plasma, without use 
of the preparative ultracentrifuge. Clin Chem 
1972;   18:   499–502. 

 11 Alberti KG, Eckel RH, Grundy SM, Zimmet 
PZ, Cleeman JI, Donato KA, et al: Harmoniz-
ing the metabolic syndrome: a joint interim 
statement of the International Diabetes Fed-
eration Task Force on Epidemiology and Pre-
vention; National Heart, Lung, and Blood In-
stitute; American Heart Association; World 
Heart Federation; International Atheroscle-
rosis Society; and International Association 
for the Study of Obesity. Circulation 2009;  
 120:   1640–1645. 

 12 Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in 
Adults: Executive summary of the third re-
port of the national cholesterol education 
program (NCEP) expert panel on detection, 
evaluation, and treatment of high blood cho-
lesterol in adults (adult treatment panel III). 
JAMA 2001;   285:   2486–2497. 

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f M
ic

hi
ga

n,
 T

au
bm

an
 M

ed
.L

ib
.  

   
   

   
   

   
   

14
1.

21
1.

4.
22

4 
- 

5/
20

/2
01

6 
10

:4
3:

46
 P

M



 cMetS Score and T2D Ann Nutr Metab 2016;68:19–25
DOI: 10.1159/000441851

25

 13 DeLong ER, DeLong DM, Clarke-Pearson 
DL: Comparing the areas under two or more 
correlated receiver operating characteristic 
curves: a nonparametric approach. Biomet-
rics 1988;   44:   837–845. 

 14 Laaksonen DE, Lakka HM, Niskanen LK, Ka-
plan GA, Salonen JT, Lakka TA: Metabolic 
syndrome and development of diabetes mel-
litus: application and validation of recently 
suggested definitions of the metabolic syn-
drome in a prospective cohort study. Am J 
Epidemiol 2002;   156:   1070–1077. 

 15 Sattar N, Gaw A, Scherbakova O, Ford I, 
O’Reilly DS, Haffner SM, et al: Metabolic syn-
drome with and without C-reactive protein as 
a predictor of coronary heart disease and dia-
betes in the West of Scotland Coronary Pre-
vention Study. Circulation 2003;   108:   414–
419. 

 16 Lorenzo C, Okoloise M, Williams K, Stern 
MP, Haffner SM; San Antonio Heart Study: 
The metabolic syndrome as predictor of type 
2 diabetes: the San Antonio heart study. Dia-
betes Care 2003;   26:   3153–3159. 

 17 Wilson PW, D’Agostino RB, Parise H, Sulli-
van L, Meigs JB: Metabolic syndrome as a pre-
cursor of cardiovascular disease and type 2 
diabetes mellitus. Circulation 2005;   112:   3066–
3072. 

 18 Schmidt MI, Duncan BB, Bang H, Pankow JS, 
Ballantyne CM, Golden SH, et al; The Ath-
erosclerosis Risk in Communities Investiga-

tors: Identifying individuals at high risk for 
diabetes: the atherosclerosis risk in commu-
nities study. Diabetes Care 2005;   28:   2013–
2018. 

 19 Lorenzo C, Williams K, Hunt KJ, Haffner SM: 
The national cholesterol education pro-
gram – adult treatment panel III, internation-
al diabetes federation, and World Health Or-
ganization definitions of the metabolic syn-
drome as predictors of incident cardiovascular 
disease and diabetes. Diabetes Care 2007;   30:  
 8–13. 

 20 Hanley AJ, Karter AJ, Williams K, Festa A, 
D’Agostino RB Jr, Wagenknecht LE, Haffner 
SM: Prediction of type 2 diabetes mellitus 
with alternative definitions of the metabolic 
syndrome: the insulin resistance atheroscle-
rosis study. Circulation 2005;   112:   3713–3721. 

 21 Wannamethee SG, Shaper AG, Lennon L, 
Morris RW: Metabolic syndrome vs Framing-
ham risk score for prediction of coronary 
heart disease, stroke, and type 2 diabetes mel-
litus. Arch Intern Med 2005;   165:   2644–2650. 

 22 Hanson RL, Imperatore G, Bennett PH, 
Knowler WC: Components of the ‘metabolic 
syndrome’ and incidence of type 2 diabetes. 
Diabetes 2002;   51:   3120–3127. 

 23 Cameron AJ, Magliano DJ, Zimmet PZ, Wel-
born TA, Colagiuri S, Tonkin AM, et al: The 
metabolic syndrome as a tool for predicting 
future diabetes: the AusDiab study. J Intern 
Med 2008;   264:   177–186. 

 24 Wang JJ, Hu G, Lappalainen J, Miettinen ME, 
Qiao Q, Tuomilehto J: Changes in features of 
the metabolic syndrome and incident im-
paired glucose regulation or type 2 diabetes in 
a Chinese population. Diabetes Care 2005;   28:  
 448–450. 

 25 Ramachandran A, Snehalatha C, Satyavani K, 
Sivasankari S, Vijay V: Metabolic syndrome 
does not increase the risk of conversion of im-
paired glucose tolerance to diabetes in Asian 
Indians – result of Indian diabetes prevention 
programme. Diabetes Res Clin Pract 2007;   76:  
 215–218. 

 26 Bruno G, Merletti F, Biggeri A, Bargero G, 
Ferrero S, Runzo C, et al: Metabolic syndrome 
as a predictor of all-cause and cardiovascular 
mortality in type 2 diabetes: the Casale Mon-
ferrato study. Diabetes Care 2004;   27:   2689–
2694. 

 27 Stern MP, Williams K, González-Villalpando 
C, Hunt KJ, Haffner SM: Does the metabolic 
syndrome improve identification of individu-
als at risk of type 2 diabetes and/or cardiovascu-
lar disease? Diabetes Care 2004;   27:   2676–2681. 

 28 Amini M, Janghorbani M: Comparison of 
metabolic syndrome with glucose measure-
ment for prediction of type 2 diabetes: the Is-
fahan diabetes prevention study. Diabetes 
Metab Syndr Clin Res Rev 2009;   3:   84–89. 

 29 Reaven GM: The metabolic syndrome: time 
to get off the merry-go-round? J Intern Med 
2011;   269:   127–136.   

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f M
ic

hi
ga

n,
 T

au
bm

an
 M

ed
.L

ib
.  

   
   

   
   

   
   

14
1.

21
1.

4.
22

4 
- 

5/
20

/2
01

6 
10

:4
3:

46
 P

M




