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Metabolic syndrome: Performance of five different
diagnostic criterias
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Background: The aim of this study is to describe the metabolic syndrome (MS) and to evaluate five diagnostic criteria of the MS with
respect to their sensitivity and specificity in patients with type 2 diabetes mellitus (T2DM). Materials and Methods: It is a cross-sectional
case control study of T2DM patients and their first degree relatives (FDRs) recruited using convenience sampling and data collected
through questionnaire administered technique. Variables of interest included anthropometric indices, blood pressure, serum lipid
profile, fasting blood sugar (FBS), proteinuria, and microalbuminuria. The Chi-square test was used for comparison of proportions.
A Pvalue of less than 0.05 was taken as statistically significant. Kappa statistic was used to test the degree of agreement between the
diagnostic criteria. Results: The World Health Organization (WHO), International Diabetes Federation (IDF), revised National Cholesterol
Education Program (NCEP-R), NCEP Adult Treatment Panel (ATP)-Ill, and American Association of Clinical Endocrinologists (AACE)
criteria reported a prevalence of 87.1, 64.5, 61.3, 55.6, and 22.6%, respectively in persons with T2DM. Using the WHO criteria as a
reference or gold standard, the sensitivity of the IDF, NCEP-R, NCEP ATP-Ill, and AACE criteria among persons with T2DM were
71.3, 67.6, 61.1, and 25.9% respectively. Using the WHO criteria as a reference or gold standard, the specificity of the IDF, NCEP-R,
NCEP ATP-IIl, and AACE criteria among persons with T2DM were 81.3, 81.3, 81.3, and 100%, respectively. Using the WHO criteria
as a reference or gold standard, the level of agreement of the IDF, NCEP-R, NCEP ATP-lll, and AACE criteria with the WHO criteria
among persons with T2DM (as estimated by the kappa statistics) were 0.30, 0.26, 0.21, and 0.08 respectively. Conclusion: The level
of agreement appears to be generally poor, though the IDF criteria showed a fair level of agreement with the WHO criteria: Therefore
the IDF criteria is recommended for screening of the MS in persons with T2DM because of its ease of application and its level of
agreement with the WHO criteria being the best compared to the other three criteria.
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compared with people without it.” The risk of developing
DM is five-fold greater in people with this syndrome.
Clustered metabolic cardiovascular risk factors, including

INTRODUCTION

The metabolic syndrome (MS) is a cluster of cardiovascular
risk factors such as diabetes mellitus (IDM) and pre-diabetes,
central obesity, high cholesterol, and high blood
pressure.l'” It is estimated that about a quarter of the
world’s population has the syndrome and people with
this condition are likely to have a heart attack or stroke
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type 2 diabetes mellitus (T2DM), essential hypertension,
obesity, dyslipidemia, and ischemic heart disease, known as
the metabolic syndrome (MS), have been well-described.!
Its prevalence rates range from 13 to 30% and 70-80%
among the Caucasian nondiabetic®® and diabeticl™*
populations, respectively. The age-adjusted prevalence
of the MS in an Indian urban population was 24.9%."
Genetically determined insulin resistance in a setting of
suitable environmental factors is the pivotal pathogenic
mechanism undetlying the MS." Lipoprotein lipase
deficiency largely accounts for the lipid abnormalities,"”
while systemic hypertension is due to enhanced sympathetic
activities, salt sensitivity, and increased transmembrane
cation transport.'"'? The role of tumor necrosis factor in
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obesity and insulin resistance has also been described.!”’
Developing nations are witnessing rapid industrialization,
urbanization, and increased economic prosperity. The
resulting acquisition of the western lifestyle, characterized
by calorie excess and physical inactivity, would provide
suitable milieu for the development of the MS in genetically
predisposed individuals.

The prevalence of the MS is known to vary across the
world. Age and ethnicity of the populations studied are
also key issues influencing the prevalence."" In general, the
prevalence increases with age. Many studies have compared
available criteria of the MS in different populations or
groups. Gemalmaz e al, in a population based study
compared the International Diabetes Federation (IDF)
and Adult Treatment Panel (ATP) III criteria in a rural
Turkish population and found a prevalence of 41.4 and
38.1%, respectively. The rate of agreement between both
definitions was 91.1 £ 0.04%. Strazzullo ¢# al.'" compared
seven sets of criteria in an unselected sample of adult
males and reported a prevalence of 8.6% for American
Association of Clinical Endocrinologists (AACE) criteria,
16.4% for European Group for the Study of Insulin
Resistance (EGIR) criteria, 21.1% for World Health
Organization (WHO) criteria, 28.9% for ATP 111 (2001),
and 44.5% for the IDF criteria. Eregie and Edo in
their study of MS among T2DM persons in Benin City
reported prevalence rates of 33.4% with the WHO
criteria, 22.6% with the ATP III criteria, and 30.9% with
the IDF criteria.l')

The existence of multiple criteria for the diagnosis of the
MS has resulted in many research works using different
diagnostic criteria and this makes it difficult to compare such
studies. The performance of some of these criteria is not
well-established in T2DM individuals in our environment.
Due to the multiplicity of diagnostic criteria with different
cutoff points for similar components, the resultant
difficulties in making appropriate comparison of studies
on the MS, studies, which compare the performance of the
various diagnostic tools, with a view to recommending the
most appropriate for use in our environment, are urgently
required.

It will be worthwhile to determine the magnitude of
this syndrome in our locale using different diagnostic
criteria, checking the specificity, the sensitivity, and level
of agreement/correlation of these criteria. This study
also attempted to identify the best criteria for use among
T2DM persons in Nigeria. The multiplicity of guidelines
for the diagnosis of the MS and the resultant difficulties
in making appropriate comparison of studies on the MS
has resulted in the need compare these guidelines. So

far, there is no published local study on the sensitivity
and specificity of any of these guidelines in Nigerians
with T2DM.

Aims and objectives

The scope of this study is to evaluate five diagnostic criteria
of the MS with respect to their sensitivity and specificity
in patients with T2DM.

To determine the sensitivity, specificity, and level of
agreement of the WHO criteria with that of the IDE
National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP I1II), revised NCEP (NCEP-R), and
the AACE diagnostic criteria with a view of suggesting
the most suitable diagnostic criteria of the MS in persons
with T2DM.

MATERIALS AND METHODS

This is a cross-sectional, case-control study carried out in
the Diabetes Clinic of the University of Benin Teaching
Hospital (UBTH), a 500-bed Federal Government tertiary
hospital in Benin City, Edo State in the south-south
geopolitical region of Nigeria. The UBTH receives referral
cases from Edo State and neighboring States like Delta,
Ondo, Ekiti, and Kogi States and the Federal Capital
Territory, Abuja. A total of 124 subjects were recruited
from the Diabetes Clinic of the UBTH using the inclusion
criteria included people diagnosed as having T2DM
presenting to UBTH within the last 24 months using the
1999 WHO criteria,"® people aged 30 years and above,
on treatment with oral hypoglycemic drugs plus or minus
nonpharmacological therapy and not requiring insulin for
survival and subjects who consented to participate in the
study. The exclusion criteria included subjects diagnosed
of having other types of DM, those with T2DM with
age < 30 years and subjects who declined being a part of
the study. For nondiabetic first degree relatives (FDRs)
of persons with T2DM, 96 subjects were recruited from
among the outpatient department of the UBTH (general
practice clinic and consultant outpatient clinic) and staff
of UBTH with the inclusion criteria been; subject must
be a FDR of a diagnosed T2DM person, should be
aged 30 years and above, and should not be diagnosed
of having DM and subjects who consented to the study.
The exclusion criteria included FDR diagnosed with DM
and those that declined being a part of the study. For
the control subjects: 96 control subjects were recruited
from among the staff of UBTH and healthy relatives
of nondiabetic patients with the inclusion criteria been
nondiabetic age- and sex-matched adult with normal fasting
blood sugar (FBS) less than 110 mg/dL, while the exclusion
criteria included: Nondiabetics less than 30 years of age,
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FDR of type 2 diabetic and nondiabetics who declined
being a part of the study.

Ethical approval was sought from the Ethics and Research
Committee of the UBTH before the commencement of
the study.

A convenience sampling technique was used to recruit 106
persons with T2DM, 106 people who are FDRs of type 2
diabetic persons and 106 controls and questionnaires were
administered. The following were assessed: Anthropometric
indices, blood pressure, serum lipid profile, FBS, proteinuria,
and microalbuminutria.'” The following terms wete used
in this study.

1. Hypertension defined as BP = 140/90 mmHg

2. T2DM will be diagnosed in any person with DM aged
30 years and above on oral hypoglycemic drugs for control
of blood sugar. FBS - 6.1-6.9 mmol/L (110-125 mg/dL)
WHO NCEP-ATP III and ACCE. FBS - 5.6-6.9
mmol/L (100-125 mg/dL) NCEP-R and IDF

3. Obesity: a) General obesity, b) central obesity (defined
by the WHO, NCEP-ATP 111, IDF definition)

4. Dyslipidemia: Defined as presence of one or more of:
(i) Hypertriglyceridemia - fasting serum triglyceride
level 2 1.7 mmol/L (150 mg/dL) as defined by WHO,
NCEP ATP 111, NCEP-R, IDF, and AACE definitions.
(ii) Reduced high density lipoprotein (HDL)-cholesterol:
Serum HDL-cholesterol < 40 mg/dL (males)
or <50 mg/dL (females) by NCEP ATP
III, NCEP-R, and IDF definitions. iii) Serum
HDL-cholesterol = 35 mg/dL (males)
ot <39 mg/dL (females) by WHO definition

5. The AACE diagnostic criteria will be met when there
is overweight, dyslipidemia, impaired fasting glycemia,
and hypertension all as defined by the AACE criteria
plus anyone of family history of type 2 diabetes,
hypertension, or CVD and sedentary lifestyle.

I Sensitivity (%): The proportion of people with the
target disorder who have a positive test. For a test to
be useful in ruling out a disease, it must have a high
sensitivity

II. Specificity (%0): The proportion of people without the
target disorder who have a negative test. For a test to
be useful at confirming a disease, it must have a high
specificity

III. Positive predictive value (PPV, %): This is the
probability of disease among patients with a positive
test

IV. Negative predictive value (NPV, %): This is the
probability of no disease among patients with a negative
test.

The data obtained were analyzed using the statistical
software-Statistical Package for Social Sciences (SPSS)
version 16. Statistical comparisons were made with Student’s
#-test for quantitative variables and the Chi-square test was
used for comparison of proportions. A Pvalue of less than
0.05 was taken as statistically significant. Kappa statistic was
used to test the degree of agreement between the diagnostic
criteria. The coefficient of variation for the biochemical
assays was done in the study as shown in Table 1.

REsuLTs

Irrespective of the diagnostic criteria in use, more T2DM
persons had the MS than persons in the control or FDR
groups. Similarly, a higher number of persons in the
FDR group had the MS than persons in the control or
FDR group. A group by group comparison of proportions
of person with MS showed a statistically significant higher
proportion of persons with MS in the T2DM group (87.1%)
than in the control group (13.5%) (x> = 1.183, degrees of
freedom (df) = 1, P=0.000) [Table 2 and Figure 1]. Using
the WHO criteria as a reference standard, the performance
of the other four criteria was analyzed in relation to their
sensitivity, specificity, PPV and NPV. The IDF criteria
had the best sensitivity (71.2%) followed closely by the
NCEP-R criteria and then the IDF criteria (67.6%),
however, the AACE criteria had the worse sensitivity. The
specificity of the AACE criteria was 100%, while that
of IDF, NCEP ATP III, and NCEP-R was 81.3% each.
The PPV of the AACE criteria was superior (100%) to
the others which had a PPV of over 95% each. The IDF
criteria had the best NPV of the four (IDF, NCEP ATP
III, NCEP-R, and AACE) criteria [Table 3]. The criteria all
had a fair level of agreement with the WHO criteria except
for the AACE criteria that had a slight level of agreement
with the WHO criteria. See Tables 5 and 6 for the details
on how the figures in Table 3 were derived. Furthermore,
Figure 1 shows that irrespective of the diagnostic criteria
in use, persons with T2DM have a higher prevalence of
MS than both the control and the FDR groups.

Table 1: Coefficient of variation for the biochemical
assays done in the study

No. of assay runs CV (%)

FBG TC HDL TG
Intra-assay (mg/dL)
Low 20 4.6 4.9 6.7 5.3
High 20 3.8 5.7 7.2 6.1
Inter-assay (mg/dL)
Low 20 3.2 8.3 9.6 4.8
High 20 2.8 7.2 5.7 5.2

CV: Coefficient of variation, FBG: Fasting blood glucose, HDL: High density
lipoprotein, TC: Total cholesterol, TG: Triglyceride. The coefficient of the
biochemical parameters were within acceptable limits
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DiscussioN

Of 124 persons with T2DM who were included in this
study, the prevalence of MS as defined by the WHO
criteria was 87.1% [Table 4|. The sex prevalence of the
MS in T2DM males was 88%, while that of females was
86.5%. Ogberal! reported a prevalence of MS of 86% with
a sex prevalence of 86% in females and 83% in males®!
similar to the findings in this study and based on the new
streamlined criteria (NCEP-R). The study by Alebiosu
and Odusan® (which was based on the WHO criteria)
reported a prevalence of 25.2% of T2DM patients. This
study was, however, concluded in August, 2001. A previous
study by Eregie and Edo!' in 2003 in this locale reported a

Table 2: Comparison of the prevalence of the metabolic
syndrome using five

Parameters n (%) 2 df P
Control FDR T2DM
N=96 N=96 N=124
Who criteria
MS 13 (13.5) 16 (16.7) 108(87.1) 159.196 2 0.01*
NO MS 83(86.5) 80(83.3) 16 (12.9)
NCEP ATP lll criteria
MS 22(22.9) 22(22.9) 69 (55.6) 35.131 2 0.01*
NO MS 74 (77.1) 74 (77.1) 55 (44.4)
NCEP-R criteria
MS 28(29.2) 28(29.2) 76 (61.3) 31.965 2 0.01*
NO MS 68(70.8) 68(70.8) 48(38.7)
IDF criteria
MS 38(39.6) 30(31.3) 80 (64.5) 26.960 2 0.01*
NO MS 58(60.4) 66 (68.8) 44 (35.5)
AACE criteria
MS 4(4.2) 13(13.5) 28(22.6) 15.078 2 0.01*
NO MS 92(95.8) 83(86.5) 96 (77.4)

x*=Chi square, df=Degree of freedom, P=Probability value,

n=number, N=sample size and *=P<0.05(statistically significant) NCEP
ATP lII: National cholesterol education program adult treatment panel Ill,
NCEP-R: NCEP-R: Revised NCEP, IDF: International diabetes federation,
AACE: American association of clinical endocrinologists, WHO: World Health
Organization, MS: Metabolic syndrome, T2DM: Type 2 diabetes mellitus

prevalence of 33.4% in persons with T2DM using the WHO
criteria. The work by Adediran and Ohwovoriole!™! in 2003
reported a prevalence of 51.5% in Lagos also using modified
WHO criteria in persons with T2DM. It is important to
note that Adediran and Ohwovoriole®™! did not include
dyslipidemia and microalbuminuria among the diagnostic
criteria, and thus probably underestimated the prevalence
of the MS in persons living with T2DM. The prevalence of
the MS among African-Americans with T2DM was reported
by Chaiken ¢# a/.,*" to be as high as 70%.

The prevalence of the MS is known to vary depending on
the population being studied and the diagnostic criteria in
use. In this study, WHO criteria gave a prevalence of 13.3%
in the control group, 16.7% in FDR group, and 87.1% in the
T2DM group. The NCEP ATP 111 criteria gave a prevalence
of 22.9% in the control group, 22.9% in the FDR group,
and 55.6% in patients with T2DM. The NCEP-R criteria
gave a prevalence of 29.2% in the control group, 29.2% in
the FDR group and 61.3% in the T2DM group. The IDF

100%,
90%{ 87%
80%-{

CONTROL
]
T2DM

70% 64.51%
60%.

61.29%

% 50%-
40%|
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Figure 1: Prevalence of Metabolic syndrome in three different study groups
using five guidelines

Table 3: Comparison of the perormance and level of agreement of the other four criteria

Criteria WHO Sensitivity Specificity PPV NPV Kappa Agreement
MS No MS (%) (%) (%) (%)

IDF
Positive 77 3 71.2 81.3 96.1 29.5 0.30 Fair
Negative 31 13

NCEP-ATP-II
Positive 66 3 61.1 81.3 95.7 23.6 0.21 Fair
Negative 42 13

NCEP-R
Positive 73 3 67.6 81.3 96.4 271 0.26 Fair
Negative 35 13

AACE
Positive 28 0 25.9 100 100 16.6 0.08 Slight
Negative 80 16

PPV: Positive predictive value, NPV: Negative predictive value, NCEP ATP Ill: National Cholesterol Education Program Adult Treatment Panel Ill, NCEP-R: NCEP-R: Revised
NCEP IDF: International diabetes federation, AACE: American association of clinical endocrinologists, WHO: World Health Organization, MS: Metabolic syndrome,

T2DM: Type 2 diabetes mellitus
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Table 4: Comparison of five diagnostic guidelines of the metabolic syndrome

WHO (1999) NCEP-ATP Il (2001)

NCEP-R (2004)

IDF (2005) AACE

Obesity WHR WC WC

[REQUIREMENT] Overweight/Obesity

>0.90 (male) >102 cm (male) >102 cm (male) WC BMI>25 kg/m?
>0.85 (female) >88 cm (female) >88 cm (female) >94 c¢cm (male)

or >80 cm (female)

BMI>30 kg/m?
Serum >150 mg/dl >150 mg/dl >150 mg/dl >150 mg/dl >150 mg/dl
triglycerides or medication or medication
Serum HDL <35 mg/dl (male) <40 mg/dl (male) <40 mg/dl (male) <40 mg/dl (male) <40 mg/dl (male)
Cholesterol <39 mg/dl (female) <50 mg/dl (female) <50 mg/dl (female) <50mg/dl (female) <50 mg/dl (female)

or medication or medication

Blood >140/90 mmHg >130/85 mmHg >130/85 mmHg >130/85 mmHg >130/85 mmHg
pressure or medication or medication or medication or medication
Fasting [REQUIREMENT] >110 mg/dl >100 mg/dl >100 mg/dI 110-126 mg/dl
plasma FPG>110 mg/dl or previously diagnosed
glucose T2DM
Other risk Urinary albumin excretion Family history of T2DM,
factors rate>20 p.g/min HTN, or CVD. Polycystic

or albumin/creatinine ovary syndrome, sedentary

ratio>30 mg/g life style, Advancing age

and ethnic groups having
high risk for DM or CVD

Diagnosis Impaired FPG+any 2 criteria  Any 3 criteria Any 3 criteria WC+any 2 citeria Physician’s judgement

T2DM: Type 2 diabetes mellitus, HTN: Hypertension, CVD: Cerebrovascular accident, DM: Diabetes mellitus, WC: Waist circumference. NCEP ATP IlI: National
cholesterol education program adult treatment panel Ill, NCEP-R: NCEP-R: revised NCEP, IDF: International diabetes federation, AACE: American association of clinical
endocrinologists, WHO: World Health Organization, WHR: Waist-to-hip ratio, BMI: Body mass index, HDL: High density lipoprotein

Table 5: The key to kappa statistic
Key to kappa statistic

Kappa (k) Strength of agreement
<0.01 Poor

0.01-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Almost perfect

~ Observed disagreement
Disagreement expected bychang

Table 6: 2x2 table comparing the diagnostic criteria and
the measured UKPDS risk

Diagnostic criteria WHO
MS NO MS
(NCEP APT IlI, NEP-R IDF and AACE)
MS a b
NO MS c d

e a d
Sensitivity =——x 100 and ificit
y P specifici yB

g %100, Positive predictive value
+

_ 2 5 x100 and Negativepredictivevalue = 5 d r x100 UKPDS: United
+

a+
kingdom prospective diabetes study, NCEP ATP Ill: National cholesterol

education program adult treatment panel Ill, NCEP-R: NCEP-R: Revised NCEP,
IDF: International diabetes federation, AACE: American association of clinical
endocrinologists, WHO: World health organization, MS: Metabolic syndrome

criteria gave a prevalence of 39.6% in the control group,
31.3% in the FDR group, and 64.5% in the T2DM group.
An observed trend was that the prevalence of MS in the
control and FDR groups increased with the NCEP ATP 111,
NCEP-R, and IDF criteria; while that of the T2DM group
declined. The AACE criteria gave the least prevalence for

each of the groups; 4.2% in the control group, 13.5% in
the FDR group, and 22.6% in the T2DM group.

In the study by Eregie and Edo!"” which compared three
criteria in a T2DM population, the WHO prevalence was
33.4%, NCEP ATP I1I criteria gave a prevalence of 22.6%
and the IDF criteria gave a prevalence of 30.9%. A similar
trend of decline was observed in this study starting from
the WHO criteria to others. This tends to suggest the
other criteria may underestimate the prevalence of persons
with the MS or that the WHO criteria overestimates
the prevalence of persons with the MS. Alshkri and
Elmehdawi®! in Libya compated the NCEP ATP III
criteria and the IDF criteria in persons with T2DM and
reported a prevalence of 92 and 80.8%, respectively, the
IDF prevalence being higher than the NCEP ATP I1I just
like in this study and the study by Eregie and Edo.!"”

Performance of the diagnostic criteria: Comparing the other
four criteria to the WHO criteria; the sensitivity, specificity,
PPV, and NPV for each of the four criteria were determined.
The NCEP ATP III criteria had a sensitivity of 61.1%,
specificity of 81.3%, PPV of 95.7%, and a NPV of 23.6%.
The NCEP-R criteria had a sensitivity of 67.6%, specificity
of 81.3%, PPV of 96.5%, and a NPV of 27.1%. The IDF
criteria had a sensitivity of 71.3%, specificity of 81.3%, PPV
of 96.3%, and a NPV of 29.5%. The ACCE criteria had a
sensitivity of 25.9%, specificity of 100%, PPV of 100%, and
aNPV of 16.6%. From these results, the AACE criteria had
the best specificity (100%). The IDF criteria had the best
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sensitivity (71.3%) followed closely by the NCEP-R criteria.
However, the AACE criteria had a poor sensitivity (25.9%)
compared to the others. These have made the IDF criteria
superior to the others in addition to its PPV of 96.3%. The
IDF criteria therefore appears superior to the others.

The level of agreement of the WHO criteria with the NCEP
ATP III, NCEP-R, and IDF criteria were found to be
fair (kappa = 0.21-0.40), while that of the AACE criteria was
slight (kappa = 0.083). Qiao ¢ al.,* reported a poor level of
agreement of the WHO, EGIR, and NCEP ATP 11 criteria
in nondiabetic Europeans. From the parameters above, the
IDF criteria may be a good alternative to the WHO criteria
in the screening of T2DM persons for the MS.

CoNCcLUSION

Using the WHO criteria as a gold standard for the diagnosis
of the MS, this study has demonstrated a good performance
of the IDF criteria compared to the other three criteria. The
IDF criteria are recommended for screening of the MS in
persons with T2DM because of its ease of application and
its level of agreement with the WHO criteria being the best
compared to the other three criteria. Furthermore, the lower
cutoff for hypertension will help persons with T2DM achieve
and maintain their blood pressure target. Compared to the
WHO critetia, the HDL cutoff of the IDF ctiteria (<40 mg/
dL for males and <50 mg/dL for females) is higher. Knowing
that the HDL cholesterol is the ‘cardiac friendly’ cholesterol,
using the WHO cutoff (<35 mg/dL for males and <39 mg/
dL for females) will further encourage the risk of coronary
events in the T2DM persons who themselves are already at
some risk by virtue of the DM they have.
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