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Metabolic syndrome (MetS) has been variously defined because of varying emphasis placed on its 
components - dyslipidaemia, hypertension (HBP), hyperglyecmia (HG) and abnormal weight. MetS may 
be associated with diabetes (DM), HBP, chronic kidney disease (CKD) and apparent health (AH). 
Unfortunately, the frequency of the diagnostic combination of the risk factors in these conditions has 
not been reported because it could have therapeutic implications. Data generated in earlier studies on 
1107 subjects were analyzed. MetS was diagnosed according to the NCEP-ATP 111 criteria. The 
frequency of the ten possible diagnostic combinations of the risk factor of MetS was counted and 
analyzed in each condition associated with the syndrome. The triad, truncal obesity (TO), HBP and 
decreased high density lipoprotein cholesterol (LHDC) recorded the highest frequency in AH subjects, 
(males 58.8 and females 38.1%)  Among the male patients, HBP, HG and decreased LHDC had the 
highest frequency (DM, 29.9%; HBP 31.8%; CKD 35.5%). The frequency of the diagnostic triads in the 
female patients differed from that of the males.  The combination of TO, HBP and hypertriglyceridaemia 
(HTG) absent among the male patients gave the highest frequency in female hypertension and CKD 
patients. The risk factors combination of TO, HBP and LHDLC can be used for screening MetS in the 
study population especially among the AH subjects. Moreover, TO appears to be the single most 
significant risk factor for MetS in the population. 
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INTRODUCTION 
 
Metabolic syndrome (MetS) is a multiplex risk  factor  that arises    from     insulin    resistance   (IR)   accompanying  
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abnormal adipose deposition and function. The MetS has 
been severally defined by various bodies and authors 
including World Health Organization, WHO (1999); 
European Group for the Study of Insulin Resistance 
(EGIR) (Balkua and Charles 1999); National Cholesterol 
Education Programme-Adult Treatment Panel III (NCEP-
ATP III) (Expert Panel 2001); American Association of 
Clinical Endocrinologists (AACE) (Einhorn et al., 2003:9); 
International Diabetes Federation (IDF) (Albert et al., 
2005); and American Heart Association/National Heart, 
Lung, and Blood Institute (Grundy et al., 2005).  

The differences in the various definitions lie in the 
emphasis placed on the components of the cluster which 
encompass atherogenic dyslipidaemia (HTG) and 
LHDLC, HBP, HG, a pro-thrombotic and pro-inflammatory 
state (World Health Organisation, 1999; Pasquale et al., 
2008; Albert et al., 2005). The criteria selected by the 
NCEP-ATP111 to identify individuals with the MetS 
simplified the definition to require 3 of the following 5 
components: abdominal obesity/increased waist 
circumference; (TO) measured as waist circumference 
≥102 cm for men and ≥  88cm for women; impaired 
fasting glucose, ≥5.6mmol/l; high fasting triglyceride, ≥1.7 
mmol/l; LHDLC≤ 1.0mmol/l for men, ≤ 1.3 mmol/l for 
women and HBP, ≥ 130/85 mmHg (National Cholesterol 
Education Programme-Adult Treatment Panel III (NCEP-
ATP III) (2001). 

MetS is often associated with other metabolic disorders 
such as DM, HBP (World Health Organisation, 1999), 
and CKD can occur in AH individuals. Metabolic syn-
drome is the end result from years of taking in “a modern 
day diet”, high in refined carbohydrate such as breads, 
starches and sweets. As diet differs with countries, it is 
possible that the combination of the risk factors of the 
syndrome may differ likewise.  Several studies of different 
ethnic groups suggest different patterns of clustering of 
the risk factors in MetS, (Sakkinen et al., 2001; Chen et 
al., 1999; Gray et al., 1998; Meigs et al., 1977). The 

frequency and combination of the risk factors in these 
conditions have not been reported. This study analyses a 
previous study to determine the composition and 
frequency of the diagnostic criteria as defined by NCEP-
ATP 111 in respect of the associated disorders because 
could have therapeutic implications. 
 
 
MATERIALS AND METHODS 

 
Data generated in earlier study by Ogbu (2009) were analyzed. The 
study was a cross-sectional study done between March and August 
on 1107 subjects including 366 DM (men, 210), 436 HBP (men, 
214), 168 CKD patients (men, 86) and 137 (men, 68) AH subjects. 
The subjects were all aged ≥30 years at the time of study. Subjects 
on anti-lipid drugs, pregnant or lactating mothers and those  below  
the obtained from Hospital Ethic Committee and written informed 
consent was obtained in each case before sample collection. 
Fasting blood samples, (3ml), were collected from subjects between 
8 and 11 am each day using standard methods (Dacie and Lewis, 
1975)

 
and allowed to clot at room temperature. The samples were 

spun   and   sera   harvested   and  used  for  the  determination   of  
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triglyceride, (TG), and HDLC by method of Buccolo and David 
(1973) and Allain et al. (1974),

 
respectively. Cromatest

R 
Mono-

reagent kits were used for the biochemical determinations. 
Analyses of data were done with GraphPad prism version 2 

statistical programme. MetS was diagnosed according to the 
NCEP-ATP 111 criteria (National Cholesterol Education 
Programme-Adult Treatment Panel III (NCEP-ATP III) (2001). 

The risk factors selected by NCEP-ATP 111 are TO/increased 
waist circumference;  (TO) ≥102cm for men; ≥ 88cm for women; 
HBP ≥135/85 mmHg;  HG ≥5.6 mmol/l;  LHDLC ≤1.0mmol/l for men 
and ≤1.3mmol/l for women;  HTG ≥1.7 mmol/l. Out of these there 
can be ten possible combinations for diagnosis of MetS; 

 
(1) [TO. HBP. HG]. 
(2) [TO. HBP. LHDLC] 
(3) [TO HBP. HTG] 
(4) [TO. HG. LHDLC] 
(5) [TO. HG. HTG] 
(6) [TO. LHDLC. HTG] 
(7) [HBP. HG. LHDLC] 
(8) [HBP. HG  HTG] 
(9) [HG LHDLC. HTG] 
(10) [HG. LHDLC. HTG] 

 
The occurrence of each of these combinations was counted in the 
test subject groups and their frequency determined.  

Where a subject had only three of the risk factors the count is 
one; four risk factors in an individual give four combinations of the 
triad while the presence of all five risk factors gives ten separate 
combinations. The reason for using this approach is that all the risk 
factors could not have appeared at the same time in an individual. 
At one time the subject may have 3, later 4 and eventual all 5 and 
in any possible combination. Hence the subtotal and total numbers 
would differ from the number of subjects with the Met. . Prevalence 
was calculated as a percentage of the subtotal in a group. 

 
 
RESULTS 
 
The previous study recorded a prevalence of 51% for 
outpatients and 27% for AH subjects.  MS-DM had the 
highest prevalence of 68% followed by MS-HBP, MS-
CKD and MS-AH; 47%, 35% and 26%, respectively. 

Table 1 shows the frequency of the individual triads in 
subjects with MetS while Table 2 shows the calculated 
prevalence of each diagnostic triad.  

In the present study; the combination of [TO, HBP and 
LHDLC] recorded the highest prevalence both in male 
and female MS-AH subjects, (58.8 and 38.1%, 
respectively) followed by [HBP. HG. LHDLC] combination 
in the males (17.6%) and [TO. LHDLC. HTG]; (19.1) in 
the female subjects. Other combinations together 
recorded a prevalence of <25% among the males and 
<50% among the female AH subjects thus making TO, 
HBP, LHDLC and HG the most prevalent among the AH 
individuals with the MetS. 

Among the male DM, HBP and CKD patients, [HBP, 
HG and LHDLC] has the highest prevalence; 29.9, 31, 8, 
35.5%, respectively, followed by [HBP. HG. HTG] 
(13.2%) in DM, [TO. HBP. HTG] in HBP (26.8%) and 
[HG. LHDLC. HTG] (25.8%) in CKD. These were the 
dominant triads in the male patients.  

The most frequent  abnormalities in these male patients  
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Table 1. Showing the frequency (%), according to gender, (M and F), of the diagnostic triad in the subjects with the metabolic syndrome 
associated with diabetes (MS-DM), hypertension (MS-HBP), chronic kidney disease (MS-CKD) and apparent health (MS-AH) (Number of 
subjects in bracket). 
 

S/N Diagnostic Triad 
MS-DM.  (249) MS-HBP. (205) MS-CKD. (59) MS-AH   (37) 

M (118) F (131) M (77) F (128) M (36) F (23) M (12) F (25) 

1 [TO. HBP. HG].  30 64 6 16 2 2 0 3 

2 [TO. HBP. LHDLC] 18 46 22 36 4 12 10 16 

3 [TO. HBP. HTG] 6 36 0 44 0 12 2 2 

4 [TO. HG. LHDLC] 28 74 6 8 2 4 0 3 

5 [TO. HG. HTG] 10 44 0 10 0 2 0 1 

6 [TO. LHDLC. HTG] 8 32 0 16 0 12 0 8 

7 [HBP. HG. LHDLC] 86 70 26 12 22 2 3 5 

8 [HBP. HG.  HTG] 38 52 6 18 10 2 0 0 

9 [HG. HDLC. HTG] 28 34 12 22 16 10 1 4 

10 [HG. HDLC. HTG] 36 46 4 8 6 0 1 0 

 Subtotal 288 498 82 190 62 58 17 42 

 TOTAL 786 272 120 59 
 

TO = truncal obesity/increased waist circumference; HBP = hypertension; HG = hyperglycaemia; LHDLC = low high density lipoprotein cholesterol; 
HTG = hypertriglyceridaemia. N = number of subjects with the MetS, Subtotal and Total are the sums of the possible numbers of the diagnostic 
triads seen in the subjects. 

 
 
 
Table 2. Showing the prevalence (%; over subtotal) of the diagnostic triad among the diabetes, hypertension, chronic kidney disease and 
apparently healthy subjects with the MetS. 
 

S/N Diagnostic triad 
MS– DM MS – HBP MS – CKD MS – AH 

M F M F M F M F 

1 [TO. HBP. HG].  10.4 12.8 7.3 8.4 3.2 3.4 0.0 7.1 

2 [TO.HBP. LHDC] 6.2 9.3 26.8 18.9 6.5 20.7 58.8 38.1 

3 [TO. HBP. HTG] 2.1 7.3 0.0 23.2 0.0 20.7 11.8 4.8 

4 [TO. HG. LHDC] 9.7 14.9 7.3 4.2 3.2 7.0 0.0 7.1 

5 [TO. HG. HTG] 3.5 8.8 0.0 5.3 0.0 3,4 0.0 2.4 

6 [TO. LHDC.HTG] 2.8 6.4 0.0 8.4 0.0 20.7 0.0 19.1 

7 [HBP.HG.LHDC] 29.9 14.1 31.8 6.3 35.5 3.4 17.6 11.9 

8 [HBP. HG.  HTG] 13.2 10.4 7.3 9.5 16.1 3.4 0.0 0.0 

9 [HG. LHDC.HTG] 9.7 6.8 14.6 11.6 25.8 17.3 5.9 9.5 

10 [HG. LHDC.HTG] 12.5 9.2 4.9 4.2 9.7 0.0 5.9 0.0 

  100 100 100 100 100 100 100 100 
 

TO = truncal obesity/increased waist circumference; HBP = hypertension; HG = hyperglycaemia; LDHC = low high density lipoprotein 
cholesterol; HTG = hypertriglyceridaemia. 

 
 
 
were HBP and HG while the most frequent abnormalities 
in female patients were the frequency of the diagnostic 
triads in the female patients differed from that of the 
males. [TO. HBP. HTG] that recorded zero prevalence 
among the male patients gave the highest frequency in 
female hypertension and chronic kidney disease patients. 
Three combinations of [TO. HBP. HTG], [TO. HBP. HTG] 
and [TO. LHDLC. HTG] gave same peak prevalence 
value (20.7%), in chronic kidney disease patients.  

The frequency of the triads was more evenly distributed 
among the female patients  than  their  male counterparts 

in whom some of the combinations were absent 
especially among the MS-HBP, MS-CKD and MS-AH 
groups. The highest frequency recorded by a single triad 
in the female patients is 23.2% as against 35.5% among 
the male patients. 
 
 
DISCUSSION 
 
Starting with the AH subjects, the most prevalent triad in 
both males  and  females was TO, HBP and LHDLC. The  



 
 
 

 
prevalence of overweight and obesity has increased 
dramatically both in developed and developing countries 
of the world in the last 20 years (Hedley et al., 2004). 
Obesity is a strong and independent risk factor for type 2 
diabetes mellitus, coronary heart disease (CHD), stroke, 
some types of cancer, hypertension, dyslipidaemia, 
gallbladder disease, sleep apnoea, osteoarthritis (Krauss 
et al., 1998; Musta et al., 1999), as well as psychosocial 
consequences, such as a limitation of capacity for 
physical activity, (Fontaine et al., 1996, WHO, 2000). 
Weight gain in adults carries with it the risk of coronary 
heart disease, HBP and type 2 diabetes is proportional to 
the weight gained (Hedley et al., 2004; Musta et al., 
1999). The absence of weight gain particularly among 
adult of more than 50 years of age does not indicate that 
fat has not accumulated. Muscle mass is to a varying 
degree replaced by fat, much of it within the abdomen 
leading to increasing waist circumference.  TO has been 
reported to be a more a sensitive indicator of IR/MetS 
than BMI (Fontaine et al., 1996). Moreover, TO is an 
indicator of visceral body fat mass (World Health 
Organisation, 2000). IR is a prevalent medical condition 
that accompanies type 2 diabetes, obesity, hypertension, 
metabolic syndrome and polycystic ovarian disease 
(Huang et al., 1998). Visceral fat is of the white type and 
it is resistant to the anti-lipolytic action of insulin (Willet et 
al., 1995). Previous study revealed that all AH individuals 
with excess waist circumference had the MetS (Ogbu, 
2009). Analysis also revealed that an average of 74.4% 
of the triads contain excess waist circumference among 
the AH subjects. In that case, TO may be a sensitive 
predictor of the MetS that appear in an individual before 
the appearance of other risk factors. This suggests that 
the parameter may be used in screening for the MetS in 
the test population, especially among AH subjects. The 
significance of TO diminished among the patients 
accounting for <50% especially among the male subjects. 
The lower prevalence of excess WC in the patients may 
be due to illness but not due to absence of visceral fat 
accumulation. Traditional biomarkers replaced excess 
WC in the patients; HG in MS-DM, HBP in MS-BPH and 
HTG in MS-CKD. However, the significance of LHDLC is 
obvious especially among the male subjects. The 
definition of metabolic syndrome includes dyslipidaemia 
of the HTG, LHDLC type. This combination is the 
hallmark of the metabolic syndrome and risk factor for 
ischaemic heart disease (Downs et al., 1998). Fortunately 
HTG is not common in AH-MetS. 

The IR occasioned by excess visceral fat mass gives 
rise to hyperinsulinaemia which can cause HBP by one or 
a combination of four mechanisms; (i) sodium ion 
retention; (ii) sympathetic nervous system over-activity; 
(iii) disturbed membrane ion transport; (iv) proliferation of 
vascular smooth  muscle  cells  (Ogbu  and  Chukwukelu, 
2015).  

Visceral fat is of the white type and it is resistant to the 
anti-lipolytic action of insulin (Willet et al., 1995). Lipolysis,  
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therefore, occurs freely in the subject with excess visceral 
fat releasing TG into the circulation. There is also raised 
level of hepatic production of triglycerides-rich very low 
density lipoproteins in MetS as a result of IR. Cholesterol 
ester transfer protein, (CETP), transfers cholesterol from 
HDL to VLDL in exchange for TG. Hence serum TG 
increases while HDLC decreases. This will account for 
the high prevalence of the triad TO, HBP and decreased 
HDLPC among the AH subjects. 
 
 
Conclusion 
 
The risk factor combination of TO, HBP, LHDLPC can be 
used for screening for MetS in the study population 
especially among the AH subjects.  
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