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Introduction
Metabolic syndrome (MS) is a risk factor for 
the development of diabetes mellitus (DM) and 
cardiovascular disease (CVD) complications and the 
development to overt diabetes passes through subclinical 
prediabetic states that most times coexist with one 
or more metabolic disorders such as hypertension, 
dyslipidemia, and/or obesity.[1] MS involves related 
and connected factors that increase the risk of coronary 

heart disease (CHD), CVDs, and DM type 2 (DMT2). 
The principal features include dyslipidemia (elevated 
triglycerides and apolipoprotein B (apoB)-containing 
lipoproteins and low high-density lipoproteins (HDL), 
hypertension, and dysregulated glucose hemostasis. 
Abdominal obesity and/or insulin resistance (IR) are 
also core manifestations of the syndrome. The defi nition 
is growing to include chronic proinfl ammatory and 
prothrombic states, nonalcoholic fatty liver disease, 
and sleep apnea. There is still no universally accepted 
pathogenic mechanism or clearly defi ned diagnostic 
criteria.[2] Perhaps, this explains the various criteria used 
and the need to defi ne the criteria used in studying or 
diagnosing this syndrome.

The 2009 Atlas report of the International Diabetes 
Federation (IDF) on the prevalence rates of diabetes 
showed that diabetes prevalence is much more prominent 
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in the developing regions of the world and more than 
438 million people will be living with diabetes by the year 
2030[3,4] citing IDF 2004, 2006 and WHO 2000 reported 
noted that 70% of world diabetes cases are resident 
in the developing countries. A prevalence of 13-30% 
in developing countries and approximately 30-35% in 
developed countries for MS has been reported.[5,6]

An area that needs studying is the prevalence of chronic 
disorders in young adult populations in rural areas 
with limited health services. Thus, the Prediabetes 
and Cardiovascular Complications Study (PACCS), 
including this preliminary study, focuses on the Ndokwa 
local government area of Nigeria. Health disparity issues 
between the poor and the rich, the urban and rural 
dwellers, and ethnic/racial minority and majority groups 
are factors that influence the prevalence of chronic 
diseases. Knowledge, attitude, and practice (KAP) gaps 
of individuals in these communities also predispose to 
the risk of developing diabetes and CVDs. Education of 
communities at risk can become a cost-effective public 
health strategy. It has been shown that self-care among 
individuals with type 2 diabetes improved glycemic 
control and reduced complications.[7,8] Therefore, health 
education and counseling is an indispensable component 
of the management strategies of CVD and DM risk 
factors.

Assessment of prediabetes and MS is a useful tenet to 
determine the level of prevalence of these risk factors and 
this can be achieved through screening and identifying 
the knowledge and perceptions of the communities 
towards these risk factors. These will allow advice and 
the desirable management protocols to be instituted. 
Part of the objectives of this pilot data is to gather data 
on prevalence of MS and prediabetes in the Ndokwa 
region with a view to develop program for prevention.[8,9]

Materials and Methods
Ethics approval was obtained from Human Research 
Ethics Committee of Novena University and the Local 
Government Ministry of Health at Kwale, Delta State 
Nigeria. This work was the fi rst pilot from PACCS.[10] 
The mixed secondary/high (Abbi Grammar School) 
institution was contacted through the principal for a 
public lecture and recruitment of participants among 
the staff and students. Churches in the community 
were also contacted through their respective pastors. 
In all cases public lectures were followed by provision 
of information sheets as well as consent forms and 
questionnaires. Seventy-four volunteers, of equal 
number (37) of each gender, complied/responded, and 
were included in the pilot screening. Exclusion criteria 
were age less than 18years or greater than 60 years, if 
the subject had previous diagnosis of diabetes, and the 

inability to provide contacts for future follow-up should 
screening for MS and prediabetes be positive.

CardioChek® point of care testing (POCT) equipment 
was used to measure blood glucose level and lipid profi le 
according to manufacturer’s instructions. Glucose was 
measured by the glucose oxidase/peroxidase reaction.[11] 
Cholesterol and HDL-cholesterol (in very low-density 
lipoprotein (VLDL) and LDL depleted plasma) by the 
cholesterol esterase and oxidase/peroxidase reactions, 
while triglycerides was by the lipoprotein lipase/glycerol 
kinase/glycerophosphate and oxidase/peroxidase 
reactions.[12] Specimens were fresh capillary whole blood 
collected by fi nger prick. All the biochemistry blood 
tests were performed following fasting by the subjects. 
Two participants initially presented with high blood 
glucose level that was interpreted as diabetes and on the 
consideration of concerns and merits of POCT,[13-15] the 
participants were invited for repeat screening and are 
scheduled for follow-up. Blood pressure was determined 
using digital meter (Omron®) meter. Anthropometric 
measures included height and waste circumference 
(WC), which were measured by tape and weight by 
Precision Scale. The waist was defi ned as the midway 
between iliac crest and coastal margin (lower rib); while 
the hip circumference was defi ned as being the widest 
circumference over the buttocks and below the iliac 
crest.[16]

MS in this study is defi ned according to three criteria 
as indicated in Table 1. Given that European criteria is 
recommended pending availability of specifi c criteria,[1,17] 
ethnic specific waist circumference (WC) as other 
considered factor in IDF 2005 criteria was presumed 
from the mean values to be obtained. This study was 
limited by inability to test for insulin sensitivity and 
microalbuminuria. Screening of the participants from 
Abbi Grammar School occurred in the school, while 
those recruited through the Churches took place at the 
privately owned St Mathias Hospital, Abbi.

Results
The study population has, on average, a healthy body 
mass index (BMI) of 24 kg/m2, WC of 82 cm, blood 
pressure of 131/76 mmHg, blood glucose level of 
96 mg/dL, and total cholesterol (TC)/HDL ratio of 
4.0. Descriptive statistics for the female and male groups 
are presented in Table 2.

Evaluation of data shows that more females are worse in 
almost all indices than males, except in blood pressure 
and HDL [Figure 1]. Multivariate statistical comparison 
of the female versus male group show a statistically 
signifi cant difference (multivariate analysis of variance 
(MANOVA): P < 0.001). The prevalence of MS according 
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to the three different criteria show some disparity in 
outcome between the WHO 1999 system compared to 
the other two defi nitions [Figure 2].

It should be noted that IDF in Figure 2 include evaluation 
based on the IDF European standard. What is new in this 
pilot result is the attempt “to develop the WC cut point 
for sub-Saharan African community”. Hence, the IDF 
Ethnic in this pilot report is based on ‘mean’ WC of the 
studied population substituted for “> 102 cm in men and 
88cm in women” of Europeans. We acknowledge that the 

Table 1: Th e three diff erent criteria for diagnosis of metabolic syndrome used in this study
Components WHO 1999 ATPIII 2001 IDF 2005
Blood glucose (mg/dL) Fasting IFG (fast>110) IFG (fast>110) IFG (fast ≥ 110)

Non-fasting IGT (2h>140) T2DM T2DM
Obesity Men BMI>30kg/m2 WC>102 cm WC*>94 cm

Women WC>88 WC*>90cm
Blood pressure (mmHg) ≥140/90 ≥130/85 ≥130/85†

Triglycerides (mg/dL) ≥150 ≥150 ≥150†

HDL (mg/dL) Men ≤ 35 ≤40 ≤40†

Women ≤39 ≤50 ≤50†

Marker of insulin resistance Low insulin sensitivity — —
Other considered factors Low insulin sensitivity, or Microalbuminuria — Ethnic specifi c WC
Metabolic syndrome 
defi nition

Low insulin sensitivity or IFG/IGT or T2DM; 
plus 2 of other 4 factors

Any 3 of 5 factors Obesity +2 of other 
4 factors

HDL = High-density lipoprotein, BMI = Body mass index, IFG = Impaired fasting glucose, IGT = Impaired glucose tolerance, ATP III = Third adult treatment 
panel, IDF = International diabetes federation, WHO = World health organization, WC = Waist circumference, T2DM = Type 2 diabetes mellitus, *Europeans 
criteria recommended pending availability of specifi c criteria,[1,17]†or if client is on therapy to manage parameter

Table 2: Descriptive statistics
Stats Gender Age 

(years)
BMI 

(kg/m2)
WC 
(cm)

SBP 
(mmHg)

DBP 
(mmHg)

BGL 
(mg/dL)

TG 
(mg/dL)

HDL 
(mg/dL)

TC 
(mg/dL)

T/H

Mean Females 42 25 83 132 77 74 90 59 180 4
Males 37 24 82 130 76 72 90 43 157 4

Median Females 43 24 83 121 73 72 72 59 168 3
Males 35 24 81 122 76 72 75 37 154 4

SD Females 11 9 9 28 15 25 36 26 55 2
Males 16 3 11 19 11 16 36 19 44 2

Min Females 22 16 60 88 52 33 50 10 95 2
Males 18 16 66 92 54 48 50 10 95 2

Max Females 60 69 102 204 110 194 189 110 364 14
Males 74 33 108 169 98 144 189 97 251 10 

BMI = Body mass index, WC = Waist circumference, SBP/DBP = Systolic/diastolic blood pressure, BGL = Blood glucose level, TG = Triglycerides, 
HDL = High-density lipoprotein, TC = Total cholesterol, T/H = Total cholesterol/HDL ratio

Figure 1: Prevalence (%) of individual risk factors of metabolic 
syndrome. *WHO, **ATPIII and IDF, †ATPIII, ‡IDF European, †‡IDF 
ethnic. ATP III = Third adult treatment panel, IDF = International 
diabetes federation, WHO = World health organization, 
BP = Blood pressure, BGL = Blood glucose level, TG = Triglyceride, 
HDL = High-density lipoprotein, BMI = Body mass index, 
WC = Waist circumference

Figure 2: Prevalence of metabolic syndrome according to the three 
different criteria. ***BMI >25 kg/m2
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best approach to develop reference values is by running 
a population study to establish ‘mean ± 2 standard 
deviation (SD)’ range. In this circumstance, we want to 
establish reference range of WC in the community; in 
order to authoritatively substitute for “>102 cm in men 
and 88cm in women” of Europeans.

Discussion
A POCT was chosen in this study because the machine 
is portable; specimen collection is relatively not 
traumatic to participants, and fast turnaround time of 
results. Such factors make POCT ideal for screening, 
especially in rural communities. Using the three criteria, 
the results from this pilot study show that abnormal 
levels of the individual parameters of MS such as blood 
glucose, triglyceride levels, and WC; as well as high 
blood pressure (WHO defi nition), are more prevalent 
in females compared to males. Therefore, when these 
particular indices are considered separately; more 
females than males seem to be at risk of CVD. However, 
the prevalence of abnormal HDL cholesterol as well as 
high blood pressure (ATP III and IDF defi nitions) is less 
in females than in males [Figure 1].

The observation from this preliminary study indicate 
that the WHO 1999 criteria identifi ed the least, but equal 
prevalence (3%) in females and males. The ATPIII 2001 
and IDF 2005 criteria identifi ed more MS in males than 
in females [Figure 2]. Our study shows prevalence of 8% 
in females and 11% in males (ATPIII 2001 criteria), 5% 
in females and 8% in males (IDF2005 European criteria), 
and 14% females and 17% males (IDF 2005 Ethnic 
criteria), and 14% males and 17% females (IDF 2005 
Ethnic criteria). These fi gures are comparatively lower 
than for instance in Seychelles, another low-mid income 
country from African region where higher prevalence 
levels (25-30%) of MS at the age of 25-64 years; and using 
the ATP, WHO, and IDF defi nitions the prevalence of 
24, 25, and 25.1% in men and 32.2, 24.6, and 35.4% in 
women, respectively, were reported.[18]

The study on Spanish adult workers using IDF and ATP 
III diagnostic criteria reports that in adult Spanish males 
and females, the presence of MS with adjusted global 
prevalence was 12.4% using ATP III criteria and 16.5% 
using the IDF criteria; and prevalence in males was 
always higher than in females.[5] The European standard 
of IDF identifi ed more MS than the ATPIII, as the ethnic 
specifi c standard of IDF in this study did. Results from 
the Spanish study are comparable to ours, but we are 
mindful of the differences in settings and these include 
urban in the Spanish study, while our study was rural 
based. The infl uences of other factors such as physical 
and socioeconomic factors, which are different, are not 
established.

A study in a rural African population, Ghana, reports the 
overall prevalence of MS by the IDF and ATP III criteria 
were 35.9 and 15.0%, respectively. The study further 
noted alarming female preponderance by both criteria 
and that the triad of central obesity, high blood pressure, 
and low HDL cholesterol were most responsible for the 
syndrome in this rural population.[19] In evaluating the 
various criteria for MS, it has been noted that the IDF is 
closest to ATPIII in that it includes the same variables, but 
it differs in that central obesity is an essential component. 
Also the waist measurement is set at a lower level than in 
ATP III and it is ethnic-specifi c. In a study of adults over 
20 years, in Chennai, a city in Southern India, MS was 
in 23.2% by the WHO criteria, 18.3% by ATP III criteria, 
and 25.8% by the IDF criteria. The WHO criteria marked 
out a much higher population for coronary artery disease 
(CAD) risk compared to ATP III and IDF criteria in males 
but not in females. Although the prevalence of MS varies 
according to the defi nition used, the study identifi ed a 
greater number in males,[20] which further corroborate 
with our observation presented in Figure 2.

Our data [Figure 2] show that ATPIII criteria pick up MS 
that is otherwise missed by WHO classifi cation. While 
this may be argued as due to our acknowledged study 
limitation, it is noteworthy that nowadays, following the 
general consensus, the two most widely used defi nitions 
of MS are those of the ATPIII and the IDF.[5,16] Using 
these criteria, a prevalence of 13-30% of MS in developing 
countries and approximately 30-35% in developed 
countries is usually found.[5,6] It has been noted that 
the WHO defi nition is better suited as a research tool, 
whereas the National Cholesterol Education Program 
(NCEP) ATP III defi nition was more useful for clinical 
practice.[21] Clinicians prefer simple tools to assess 
patients and improve their management and it is 
generally agreed that the NCEP ATPIII defi nition is 
simpler for practice. It requires only a fasting assessment 
of blood glucose, whereas the WHO definition can 
require an oral glucose tolerance test. Further the WHO 
defi nition can also require assessment of IR and this is a 
relatively complicated test.[21,22] There is no single test that 
can directly diagnose IR in clinical practice;[23,24] and it is 
irrational to recommend such test where basic laboratory 
services are either inaccessible or unaffordable.

The prevalence of 6% in females and 3% in males for 
prediabetes in our study was lower than 10% of people in 
the age group 25 years and above reported in Pakistan are 
suffering from prediabetes and in the same article they 
noted that prevalence of prediabetes was 23.4% among 
South Asians.[25] The fi ndings of the present study are still 
lower than the observation of Sabir et al.,[26] who found 
that in the adult Fulanis of Northern Nigeria there was 
a high prevalence of prediabetes using impaired fasting 
glucose (IFG) or impaired glucose tolerance (IGT) as 
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indices. They found prevalence rates of IGT and IFG were 
8 and 6.9%, respectively, and noted that the relative high 
prevalence of IGT was similar to IDF estimates of about 
8% prevalence for IGT in Nigeria. A nationwide survey 
in Bangladeshi reported that 23% have prediabetes.[27]

These higher prevalence reports indicate that larger 
sample sized cross-sectional study is required to confi rm 
our observation regarding the prediabetes in Ndokwa 
community of Nigeria. This pilot study is PACCS’ 
fi rst preliminary investigation in the rural community 
of Nigeria; and it is envisaged to expand the study 
longitudinal with more samples population and vertical 
with follow-ups. POCT may be best suited in a rural 
setting in a developing community to screen for diabetes 
and MS. This study is mindful that other parameters that 
contribute to diabetes or MS were not studied, but the 
observations are signifi cant.

Conclusion
The results show that prevalence of prediabetes MS may 
be low in the Ndokwa region of Nigeria by comparison 
with rural communities elsewhere. However, it appears 
females are at greater risk than males to develop diabetes; 
whereas males seem more at risk of MS perhaps due to 
HDL cholesterol and stricter defi nition of blood pressure. 
Relative to ATPIII 2001 criteria, either the IDF2005 
European standard may underestimate MS, or the IDF 
ethnic specifi c could overestimate the prevalence. It is 
therefore important to defi ne the criteria to be used.
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