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ABSTRACT 

Objectives: We aimed to 1) investigate the prevalence of MS in apparently healthy, non-hypertensive non-diabetic in- 
dividuals living in Jeddah using the IDF and the NCEP-ATP III criteria to test for agreement in classification, and to 
determine the characteristics of subjects identified by either definition, and 2) examine the significance of family medi- 
cal history and life style habits. Methods: 557 apparently healthy individuals aged 18 - 50 y were randomly approached 
in Jeddah health centres. 412 agreed to participate, while 55 were excluded because they were found to be frankly hy- 
pertensive and/or diabetic. Finally, 357 apparently healthy subjects with no hypertension or diabetes were fully studied. 
Anthropometric and demographic information were collected. Insulin, glucose, and lipid profile were obtained in fast- 
ing blood samples. Individuals were identified using the two definitions of metabolic syndrome, and their characteristics 
were compared statistically to the rest of the population. Results: Of the 233 subjects fulfilling the inclusion criteria, 44 
and 39 (18.9% and 16.7%) were identified as having MS by the IDF or ATPIII definitions, respectively. The most 
common characteristic was central obesity using the IDF definition, and low HDL-cholesterol using the NCEP-ATP III 
definition. As expected from our exclusion criteria, the least common feature was high blood pressure in both cases. 
There was no significant difference between subgroups with and without MS with regard to smoking, exercise, and 
family history of disease. Regression analysis indicated the strongest predictors of MS were: blood glucose, 
LDL-C/HDL-C ratio and plasma insulin using the NCEP-ATPIII definition, and blood glucose, Waist /Hip ratio and 
plasma atherogenic index (PAI) using the IDF definition. Conclusions: In the absence of local cut-off thresholds for 
waist circumference, subjects might escape diagnosis using the IDF definition. The use of waist/Hip ratio, LDL-C: 
HDL-C, PAI and circulating insulin help with the diagnosis. 
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1. Introduction 

The metabolic syndrome (MS) is a term used to describe 
a cluster of common pathologies, that include: obesity, 
insulin resistance, dyslipidemia, and hypertension, which 
predispose an individual to an increased risk of develop-
ing type 2 diabetes and cardiovascular disease (CVD) 
[1,2]. Expert groups have developed several sets of 
clinical criteria for the diagnosis of the syndrome. All 
groups agree on the core components of the syndrome 
mentioned above, but they apply the criteria differently 
to identify such a cluster. The latest International Diabe- 
tes Federation (IDF) consensus definition [3] emphasizes 
waist circumference as the central criterion, whilst the 
earlier National Cholesterol Education Program-Adult 
Treatment Panel III (NCEP-ATP III) definition [4] gives 
equal importance to different risk factors. The prevalence  

of MS is increasing globally as a result of changes in 
lifestyle, available nutrition, and the exposure to stress. 
Early detection, and hence intervention prevents, or de-
lays the progression of MS to the more serious conditions 
[5,6]. Due to the fact that the prevalence of all forms of 
diabetes is increasing in the Kingdom of Saudi Arabia [7], 
it is imperative to investigate the prevalence of MS, and 
initiate local programmes for management. A few studies 
were carried out in different parts of the Kingdom [8-13] 
using different definitions for diagnosis, but none fo-
cused on apparently healthy individuals, and no pro- 
perly conducted survey was carried out in our region. 
Therefore, we aimed to investigate the prevalence of MS 
in apparently healthy individuals living in Jeddah using 
the IDF and the NCEP-ATP III definitions to compare 
the degree by which the two definitions agree in classi- 
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fying subjects, and to determine the characteristics of 
subjects identified by only one of either definitions. It 
was also our intention to investigate the importance of 
family medical history and life style habits.  

2. Subjects and Methods 

A cross-sectional study design was implemented. Heal- 
thy subjects aged 18 - 50 years were recruited randomly 
from apparently individuals visiting health centers as 
companions of sick relatives between July 2005-Janua- 
ry 2007. Ethical approval was granted by the bioethics 
and research committee of the King Abdulaziz Univer- 
sity. 

Six health centers (representing the six health sectors 
of Jeddah) were chosen using a computer program, and 
according to earlier prevalence studies of MS in Saudi 
Arabia, and population density of chosen sectors, a sam-
ple size was calculated for each centre to give a total 
number of 230 subjects. Exclusion criteria included: 
known diabetes mellitus (or fasting plasma glucose ≥ 126 
mg/dl; i.e. 7.0 mmol/L; upon testing), other endocrine 
disorders, hypertension, and known dyslipidaemia and 
coronary heart diseases. Hypertension was defined as a 
systolic blood pressure > 140 mmHg, or diastolic blood 
pressure > 90 mmHg, or current use of antihypertensive 
medications. Dyslipidaemia was defined as total choles-
terol level ≥ 5.2 mmol/L, a LDL-C ≥ 3.36 mmol/L, 
and/or a HDL-C < 1.04 mmol/L, and/or triglycerides 
level ≥ 150 mg/dl (1.7 mmol/L). 

Informed consent was obtained from all the study par-
ticipants. Recruits were checked for hypertension and 
diabetes mellitus type 2. Blood pressure was measured 
using a standard mercury sphygmomanometer with the 
cuff on the right upper arm for all recruits. Two blood 
pressure readings were taken after the participant had 
rested for 10 minutes, and the mean of the two readings 
was calculated. When the difference between the two 
measures was larger than 5 mmHg for systolic or dia-
stolic blood pressure, a third measurement was taken and 
the mean of the two closest values was registered. Indi-
viduals not taking any antihypertensive medications, and 
with a systolic blood pressure < 140 mmHg, and dias- 
tolic blood pressure < 90 mmHg were interviewed by 
trained interviewers using structured questionnaire. Data 
on social, demographic, past personal and family medical 
conditions and behavioural characteristics (regarding 
smoking; participants who smoked during the previous 6 
months were classified as smokers) were self-reported. 
Anthropometric indices were taken also with the subject 
in light clothing and barefoot. Body weight was meas-
ured to the nearest 0.1 kg using a digital scale, and height 
to the nearest centimeter in the standing position using a 
wall stadiometer. Body mass index (BMI) was calculated 
as weight in kilograms divided by the height in meters, 

squared. Waist and hip circumference were measured to 
the nearest centimeter, with the subject standing, using a 
flexible and non-distensible tape and avoiding exertion of 
pressure on the tissues. The waist circumference (WC) 
was measured midway between the lower limit of the rib 
cage and the iliac crest. The hip circumference was con-
sidered as the maximal circumference over the femoral 
trochanters. Waist-to-hip circumference ratio was calcu- 
lated (WHR). 

Subjects were given an appointment for blood collec- 
tion following a 12 hour fast. Collected samples were 
immediately placed on ice prior to processing. Glucose 
was determined first in separated serum, and subjects 
showing hyperglycemia of ≥ 126 mg/dl (7.0 mmol/L) 
were excluded. Remaining samples were divided into 
aliquots and frozen at –70˚C for later measurements of 
lipids profile, insulin and free fatty acids (FFA). 

Glucose, total cholesterol, HDL-cholesterol, LDL- 
cholesterol and triglycerides (TG) were estimated using 
automated enzymatic methods (Dade Behring Inc., UK). 
Insulin was estimated using the “electro chemilumines-
cence immunoassay” “ECLIA” on Modular Analytics E 
170 (Elecys module) immunoassay analyzer, supplied by 
Roche Diagnostics GMbH. All measurements were car-
ried out at the university hospital biochemistry laboratory. 
FFAs were estimated manually in serum using an enzy- 
matic method (Wako chemicals GMbH).  

Two definitions were used to identify apparently non- 
hypertensive, non-diabetic individuals with MS, the IDF 
[3] and the NCEP-ATP III [4] definitions.  

3. Statistical Analysis 

Analyses were performed using SPSS statistical package 
version 16. Descriptive statistics such as mean ± S.D. for 
normally distributed data or median, and inter quartile 
range (IQR) for non-normally distributed variables were 
calculated for all parameters in each of the four resulting 
subgroups. Categorical variables were presented as fre-
quency and percentage. 

An unpaired Student t-test and a Mann Whitney-U test 
was employed for comparison of normally distributed 
and non-normally distributed parameters respectively, 
while a χ² test was used to compare categorical parame-
ters. The kappa coefficient was used to analyze statistical 
agreement between the two definitions. 

Multiple logistic regression were used to adjust for 
confounding factors. Crude and adjusted Odds Ratio (OR) 
with its 95% Confidence Interval (CI) for the Predictor of 
Metabolic syndrome according to NCEP-ATPIII defini-
tion and IDF definition were presented. Age, sex, smok-
ing, family history of DM, family history of heart dis-
eases, BMI, WHR, cholesterol, TG, insulin, fasting blood 
glucose, FFA and LDL/HDL ratio were included in the 
model as independent variables. Significance was as-
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signed at p < 0.05.  

4. Results 

Out of 557 individuals approached, 412 agreed to par-
ticipate indicating a response rate of 74%. Only 357 sub-
jects were found to be normotensive. Thus, undiagnosed 
hypertension was detected in >13% of the recruited sub-
jects. Moreover, after testing FBG, 34.7% of this ran-
domly recruited apparently healthy population had blood 
glucose value ≥ 7 mmol/L, and were excluded from fur- 
ther analysis according to our criteria. Therefore, only 
233 subjects satisfied the criteria and provided the re- 
quired samples (94 males and 139 females, representing 
40.3% and 59.7% of the total study population). The 
demographic, anthropometric and biochemical charac- 
teristics of the studied population is presented in Table 1. 

Using the ATP III definition 39 subjects (8 M + 31 F) 
were diagnosed with MS representing 16.7% of the total 
study population (95% CI 12.5 - 22.1). The percentage of 
females with MS (22.3% of females) was significantly (p 
= 0.006) higher than that of males (8.5% of all males). 

Using the IDF definition 44 (13 M and 31 F) subjects 
were diagnosed with MS, representing 18.9% of the total 
population (95% CI = 14.4 - 24.4). The percentage of 
females with MS (22.3% of females) was higher than 
that of males (13.8% of all males), but not significantly 
(p = 0.105).  

Only 26 subjects were diagnosed by both definitions to 
have MS, but 202 subjects (86.7% of the studied popula-
tion) were similarly classified by the two definitions 
(Kappa = 0.55). Subjects identified by IDF, but not ATP 
III definition, were all obese (BMI ≥ 30). Subjects identi-
fied by the ATP III, but not IDF definition, were either 
slightly overweight or of normal weight (BMI = 25 - 
27.4), but suffered from hypertriglyceridemia.  
 
Table 1. Demographic, anthropometric and biochemical cha- 
racteristics of the studied population. 

 Mean ± SD Median (IQR)

Age (years) 31.0 ± 9.4  

BMI (Kg/M2 ) 26.9 ± 6.6  

Waist: Hip ratio 0.81 ± 0.10  

Total cholesterol (mmol/L) 5.24 ± 1.09  

Triacylglycerols (mmol/L)  1.19 (0.74)

HDL-cholesterol (mmol/L) 1.45 ± 0.39  

LDL-C/HDL-C ratio 2.31 ± 0.81  

Insulin (mU/L)  7.72 (6.49)

Glucose(mmol/L) 5.60 ± 0.82  

Free fatty acids (mg/dl)  8.50 (5.34)

Plasma atherogenic index (PAI) 0.78 ± 0.36  

[Log(Triglycerides/HDL-Cholesterol)]   

The prevalence of MS and its different components by 
ATPIII & IDF in the population studied is presented in 
Figure 1. 

The most common feature of metabolic syndrome 
varied according to the definition used. With the IDF 
definitions the most common feature was central obesity, 
but using the NCEP-ATP III definition, low HDL-cho-
lesterol was the commonest, followed by high fasting 
glucose in both cases. On the other hand, the least com-
mon feature was high blood pressure, whichever defini-
tion was used. It was also noted that the frequency of 
dyslipidaemia was similar regardless of the definition 
used. 

The demographic characteristics of normal and MS 
groups using both ATP III & IDF definitions are pre-
sented in Table 2. 

There was no significant difference between sub-
groups with and without MS with regard to smoking, 
exercise, family history of diabetes or CVD when either 
of the definitions were applied, in contrast to BMI, which 
was noted to be significantly higher in the MS subgroup 
under both definitions. Age appeared to be significantly 
higher in MS subgroup only when the IDF definition was 
used [5].  
 

 
 

 
Figure 1. Prevalence of metabolic syndrome and its indi-
vidual components according to the definitions by NCEP- 
ATPIII & IDF. 
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Table 2. Demographic characteristics of normal and MS groups using both NCEP-ATP III & IDF definitions. 

 Using NCEP-ATP III Def.  Using IDF Def.  

 
+MS 

(n = 39) 
–MS 

(n = 194) 
P 

Value 
+MS 

(n = 44) 
–MS 

(n = 189) 
p 

Value 

Age (years) 33.6 ± 9.8 31.0 ± 9.7 0.126 35.2 ± 10.1 30.5 ± 9.5 0.007 

BMI (Kg/M2 ) 28.6 ± 6.2 26.0 ± 6.0 0.027 29.0 ± 5.4 25.8 ± 6.1 0.001 

Smoking (n, %) 7 (17.9%) 47 (24.2%) 0.533 7 (15.9%) 47 (24.9%) 0.239 

Exercise (n, %) 22 (56.4%) 81 (41.8%) 0.112 23 (52.3%) 80 (42.3%) 0.243 

Family history of DM 17 (43.6%) 94 (49.2%) 0.600 24 (54.5%) 87 (46,8%) 0.403 

Family history of CVD 12 (30.8%) 37 (19.3%) 0.132 13 (29.5%) 36 (19.3%) 0.152 

 
Biochemical profile of normal and MS groups using 

both the NCEP-ATP III and the IDF definitions are pre-
sented in Table 3. 

In addition to the three parameters used to diagnose 
MS in the studied subjects (i.e. fasting glucose, triglyc-
erides and HDL-cholesterol), there was a significant dif-
ference between the subgroups with and without MS in 
insulin level, LDL-C/HDL-C ratio, and plasma athero- 
genic index (PAI). 

Using regression analysis, the strongest predictors of 
MS were the level of fasting glucose and LDL-C/HDL-C 
ratio, as well as insulin when NCEP-ATPIII definition 
was used, and level of glucose, as well as Waist /Hip 
ratio and PAI) when the IDF definition was used. Crude 
and adjusted OR are presented in Tables 4 and 5, respec-
tively. 

5. Disscussion 

The high percentage of hypertensive subjects, and the 
even higher percentage of subjects with fasting hyper-
glycemia (FBG above 7.00 mmol/L) in the self-reported 
healthy population raises questions and concerns about 
the adequacy of current health awareness programmes in 
our community. The prevalence of MS in our apparently 
healthy nonhypertensive, nondiabetic population is simi-
lar to some [8,9], but lower than other [10-13] earlier 
studies on Saudi subjects. This might be because of dif-
ferences in exclusion criteria, type of subjects, region, 
diet and lifestyle. Our population excluded hypertensive 
and diabetic subjects, as well as those with other meta-
bolic abnormalities, whilst other earlier studies did not. 
In spite of this, the prevalence of MS was relatively high 
for healthy individuals receiving no medical counselling 
(16.7% and 18.9% for ATPIII and IDF definition, re-
spectively). Individuals with metabolic syndrome should 
be identified early so that their cardiovascular risk factors 
can be reduced, hence, the importance of our study. 

Due to the different cut-offs used by the two defini-
tions some individuals might have been missed or 

wrongly classified when either definition were used 
alone.  

The use of the IDF definition has been reported to re-
sult in higher prevalence, [14-16] probably reflecting the 
IDF criteria for defining hypertension, hyperglycemia 
and central obesity. [17] In our study, the prevalence of 
high waist circumference considered by the IDF criteria 
(45.9%) was much higher than that estimated by the 
NCEP-ATP III Def. (25.3%), probably due to the lower 
cut-off used by the IDF. However, the overall impact of 
the mandatory use of this feature was small in relation to 
the overall prevalence of the syndrome (from 16.7% by 
NCEP-ATP III Def. to 18.9 by IDF). This was noted in 
other studies [18,19] reporting that waist circumference 
as a definition prerequisite did not affect prevalence of 
metabolic syndrome. Different results have been ob- 
served in other ethnic groups, such as that reported in 
Korean [20] and Turkish [21] populations, where central 
obesity seems to have a greater impact on the overall 
prevalence of the syndrome, challenging the appropria- 
teness of IDF criteria in such situations. In our study, 
IDF definition failed to identify non-obese subjects with 
a metabolically abnormal profile, increasing their future 
risk for type II diabetes and CVD.  

When using the NCEP-ATP III definition, the preva- 
lence of MS is gender dependent as reported earlier in 
Saudi Arabia [11] and other parts of the world [14-16]. 
Moreover, even though age appeared to play a role when 
the IDF definition was used as reported in earlier studies 
[19-22], it did not continue to be so following regression 
analysis. This could be due to the younger age of our 
subjects (18 - 50 years), compared to other studies with- 
out an age limit, and reporting an increase with age 
above 50 years [19-23]. 

Similarly, before, but not after, regression analysis, 
overweight and obesity, as measured by higher mean 
BMI, appeared to be an important feature, whichever 
definition was used. This emphasises the importance of 
visceral versus general obesity. 
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Table 3. Biochemical profile of normal and MS groups using both NCEP-ATP III definition & IDF definitions. 

 Using NCEP-ATP III Def.  Using IDF Def.  

 
+MS 

(n = 39) 
–MS 

(n = 194) 
p 

Value 
+MS 

(n = 44) 
–MS 

(n = 189) 
p 

Value 

Triacylglycerols (mmol/L) 2.62 ± 1.37 1.17 ± 0.63 0.000 1.93 ± 1.10 1.30 ± 0.90 0.001 

Total cholesterol (mmol/L) 5.34 ± 1.19 5.11 ± 1.01 0.204 5.10 ± 1.10 5.16 ± 1.03 0.746 

LDL-cholesterol (mmol/L) 3.31 ± 0.81 3.05 ± 0.78 0.061 3.21 ± 0.73 3.07 ± 0.80 0.269 

HDL-cholesterol (mmol/L) 1.16 ± 0.32 1.50 ± 0.38 0.000 1.20 ± 0.32 1.49 ± 0.39 0.000 

LDL-C/HDL-C ratio 2.95 ± 0.77 2.17 ± 0.74 0.000 2.8 ± 0.72 2.2 ± 0.78 0.000 

Plasma atherogenic index (PAI) 1.05 ± 0.27 0.74 ± 0.33 0.000 1.00 ± 0.26 0.74 ± 0.35 0.000 

Free fatty acids (mg/dl) 9.10 ± 4.80 9.17 ± 4.71 0.935 9.63 ± 4.36 9.05 ± 4.8 0.469 

Fasting glucose (mmol/L) 5.96 ± 0.74 5.42 ± 0.82 0.000 5.98 ± 0.80 5.40 ± 0.8 0.000 

Insulin (mU/L) 12.34 ± 8.28 8.80 ± 5.56 0.002 12.17 ± 8.26 8.74 ± 5.46 0.002 

 
Table 4. Crude and adjusted OR for the prediction of 
metabolic syndrome according to NCEP-ATPIII definition. 

Predictors 
Crude OR  
(95% CI) 

p Value 
Adjusted OR 

(95% CI) 
p Value

Insulin 1.08 (1.02 - 1.14) 0.004 1.1 (1 - 1.1) 0.05 

Glucose 2.2 (1.4 - 3.5) <0.001 3 (1.6 - 5.6) 0.001 

LDL/HDL 3.7 (2.2 - 6) <0.001 2.7 (1.5 - 4.8) 0.001 

 
Table 5. Crude and adjusted OR for the prediction of 
metabolic syndrome according to IDF definition. 

Predictors 
Crude OR 
(95%CI) 

p Value 
Adjusted OR 

(95% CI) 
p Value

Waist/Hip 
ratio 

231 (186 - 287) <0.001 313.6 (100 - 981) <0.001

Glucose 2.4 (1.6 - 3.7) <0.001 2.9 (1.6 - 5.3) <0.001

Plasma 
atherogenic 

index 
10.7 (3.4 - 34) <0.001 5.5 (1.4 - 23) <0.001

 
The importance of waist : hip ratio becomes apparent 

following regression analysis, and might be a good al-
ternative to waist circumference, which is dependent on 
ethnicity [3], particularly as there are no national specific 
criteria for abdominal obesity. Moreover, our population 
is multiethnic, and there are intermarriages between dif-
ferent ethnic groups making it hard to identify ethnic 
origin accurately. 

Insulin resistance is the most accepted unifying hy-
pothesis to describe the pathophysiology of the metabolic 
syndrome [24]. This is reflected on higher than normal 
insulin level needed to control blood glucose. In our 
study, estimation of insulin appears to be a useful indi-

cator, even after adjustment with regression analysis. 
Similarly, PAI, as well as the LDL-C: HDL-C ratio 

may also be useful markers, especially as it has been re-
ported that there are distinct patterns of lipid profiles 
associated with ethnicity regardless of the glucose levels 
[25]. The use of ratios rather than absolute values might 
help to overcome the problem of not having national 
cutoff values for dyslipidaemia. Furthermore, it is diffi-
cult to follow other ethnic guidelines due to mixed eth-
nicity in our population as mentioned earlier.  

Studies suggest that an overabundance of circulating 
fatty acids could play a major role in the metabolic syn-
drome by increasing insulin resistance and inhibiting 
insulin signaling pathways [26-28]. However, there was 
no significant difference between fatty acid levels in the 
subgroups with and without MS, even though signifi-
cantly higher levels were associated with higher insulin 
resistance in an earlier study [29]. A possible explanation 
is that insulin resistance is one major component rather 
than the entire picture of the metabolic syndrome. Ge- 
netic, environmental and dietary factors might also play a 
role. 

6. Conclusion 

Metabolic syndrome was common in our population of 
apparently healthy nonhypertensive, nondiabetic indi-
viduals. The exact figures are dependent on the definition 
used. In the absence of local data on the definition of 
central obesity, it might be inappropriate to use the IDF 
definition, which excluded non-obese subjects with 
dyslipidemia. The use of waist: Hip ratio, LDL-C: HDL- 
C, PAI and insulin level might help with the diagnosis. 
Further larger studies are needed before making firm 
recommendations regarding detection, prevention or 
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management. Weight reduction and exercise are likely to 
be key aspects for intervention, and follow up of the 
population studied will help clarify the most appropriate 
indicators of MS, and the best cut-off values. 
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