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Background: Prevalence of metabolic syndrome (MetS) and consequential cardiovascular disease (CVD) events
are on the increase in Nigeria. The study aimed to identify the prevalence of 10-year CVD risk in a Nigerian
population and assess its relationship with different indices of MetS.

Method: A cross-sectional study was carried out on apparently healthy persons aged 18 years of age or older.
Ten-year risk was calculated using the ATPIII/Framingham criteria. Subjects with risk score <10% were consid-
ered as having low risk, 10–20% moderate risk and >20% at high risk of developing CVD in 10 years. MetS
was defined based on the Joint Scientific Statement on Harmonizing the MetS.

Result: Of the 211 subjects, mean age was 51.3±17.3 years. Average risk of developing CVD in the next 10 years
was 3.7±5.3%. Prevalence of low, moderate and high risk of developing CVD among study participants was
86.3% (95% CI 82.0–91.3%), 11.8% (95% CI 6.9–16.1%) and 1.9% (95% CI 0.0–3.8%), respectively. Prevalence of
MetS was 26.7% (95% CI 21.0–33.3%). There was poor agreement between MetS and the CVD risk scores (kap-
pa=0.209, p=0.001)

Conclusions: The results showed that complementary use of MetS and CVD risk score is imperative, as there is
indication of risk in individuals without MetS. Also a large proportion of the study population requires lifestyle
intervention. These findings provide the evidence necessary to tailor public health interventions in this popula-
tion, especially towards younger age groups.
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Introduction
Metabolic syndrome (MetS) is a constellation of independent risk
factors for cardiovascular diseases (CVD).1 The importance of
identifying individuals with MetS, who are at increased risk of CVD,
is recognised by several guidelines.2–4 This supports the evidence
that the presence of four or five features of MetS is associated
with a 3.7 increase in coronary heart disease risk and a huge 24.5
increase in the incidence of diabetes.5, 6 In sub-Saharan Africa,
more premature acute myocardial infarction or heart failure
occurs,7 most of which are undiagnosed.

The concept of risk assessment and reduction forms the foun-
dation of preventive/therapeutic strategies for cardiovascular
events.8 According to Klug, Raal3 risk scoring using well documen-
ted key risk factors is appropriate to estimate the total cardiovas-
cular risk in asymptomatic adults. The Framingham risk score,

which was validated in black populations, was shown to be a bet-
ter screening tool than the MetS.9–11

In Nigeria, the incidence and prevalence of CVD is still unclear;
and some reports on stroke show a higher mortality rate and a
younger age of onset, with hypertension implicated as the main
risk factor.12,13 Prevalence of MetS is estimated at above 28%,14

with increasing unhealthy lifestyle changes driving the distribution
of risk factors, such as obesity, hyperglycaemia, hypertension and
dyslipidaemia. Reports on CVD prevalence are those from hospita-
lised patients and archived death records resulting from CVD.15–17

Even though a large body of evidence suggests that early screen-
ing and detection of CVD risk factors enhances intervention at the
stage where the disease can be reversed, reports in rural popula-
tions with limited access to quality health care is still lacking.

The objective of this study is to assess the association of
MetS and risk factors with 10–year risk of developing CVD. It
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also sought to investigate the proportion of the study popula-
tion that would require intervention using the low lipoprotein
cholesterol levels as a function of the risk scores.

Methods
Study design
This study is a population-based, cross-sectional, study in a
Nigerian sub-population. Participants were recruited following a
two-stage cluster sampling technique as described in an earlier
paper.18 The study was part of the Pre-diabetes and
Cardiovascular Complications Study (PACCS).

Anthropometric measurements
The procedure and measuring instrument used to assess obesity
and hypertension in this study was as published in an earlier art-
icle.18 Body mass index (BMI) was calculated using body weight
divided by the square of height (kg/m2). The BMI of participants
were further categorised into underweight (<18.5 kg/m2), nor-
mal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2)
and obese (>30 kg/m2). Central obesity was classified as obesity
status ‘Yes’ in males if waist circumference (WC) >94 cm and
obesity status ‘Yes’ in females if WC >80 cm. Hypertension was
classified as systolic blood pressure reading ≥130 mmHg and/or
diastolic blood pressure of ≥85 mmHg.1

Biochemical parameters
CardioChek Professional Analyser (Polymer Technology Systems,
Inc, IN, USA) was used to screen for blood glucose level and lipid
profile according to the manufacturer’s instructions. The cut-off
values of 100–125 mg/dL (prediabetes) and ≥126 mg/dL (dia-
betes) for impaired fasting glucose were used to classify partici-
pants who fasted for at least 8 h. Participants who did not meet
the required fasting hours were assessed using 140–199 mg/dL
(prediabetes) and ≥200 mg/dL for random blood sample. For lipid
profile, the cut-off values were ≥200 mg/dL (hypercholesterol-
aemia), ≥150 mg/dL (hypertriglyceridaemia), ≤40 mg/dL (low
high-density lipoproteins [HDL] in men) and ≤50 mg/dL (low HDL
in women). MetS was defined as central obesity plus any two of
hypertriglyceridaemia, low HDL, hypertension or hyperglycaemia.
This is according to the Joint Scientific Statement on Harmonizing
the Metabolic Syndrome definition for sub-Saharan ethnicity.1

Total cholesterol, triglyceride and HDL values were used to derive
low-density lipoproteins (LDL) using the Friedewald equation.19

Adult Treatment Panel (ATP III) Framingham 10-year-
risk of CVD
After collection of body measurements, systolic and diastolic
blood pressure parameters and biochemical components
(including blood sugar, total cholesterol, triglyceride, high and
low density lipoprotein cholesterols), the 10-year-risk of CVD
was calculated using the updated Framingham risk assessment
tool. Variables including age, gender, total cholesterol, HDL-
cholesterol, smoking status, systolic blood pressure and hyper-
tension treatment status, were used to calculate the 10-year
CVD risk. A total of 422 individuals participated in the study.18

The initial data collected for age and other independent risk
variables were of different ranges. However, data were cleaned
to select variables within the following ranges: age: 20–99 years;
total cholesterol: 130–320 mg/dL; HDL: 20–100 mg/dL; and sys-
tolic blood pressure: 90–200 mmHg.

This was to enable calculation using the Framingham risk
assessment tool.20 Any participant that had a value lower than
the minimum range was not included in the calculation.
Participants having values higher than the maximum range were
truncated to enable computation of the risk levels, since the risk
assessment tool does not accept calculation of values above or
below the ranges of age, total cholesterol, HDL and systolic blood
pressure outlined above. After these procedures, 211 participants
were excluded. The number of participants after the exclusions
was 211 (81 males and 130 females). Subjects with risk score
<10% were considered as having low risk, 10–20% moderate risk
and >20% at high risk of developing CVD in 10 years.

Statistical analysis
Descriptive statistics were used to determine mean and stand-
ard deviation of age and 10-year CVD risk score. Frequency dis-
tribution of the 10-year CVD risk scores was also investigated.
Bootstrapping was applied to generate 95% confidence interval
of the prevalence of each risk score.

Cross-tabulation between MetS and its risk factors with 10-
year CVD risk score was created to assess their association with
each other. Chi-square was used to test for statistical significance,
except otherwise stated. Association coefficients between MetS
and 10-year CVD risk score categories were tested using Cohen’s
Kappa and Cramer’s V.

The 10-year CVD risk was recalibrated and dichotomised.
Moderate risk and high risk were merged to form moderate-to-
high risk (≥10%) since very few participants had high risk
(>20%), and then low risk (<10%) remained the same. A 2×2
contingency table was generated and the odds of having a
moderate-to-high risk (≥10%) of CVD were calculated for parti-
cipants with MetS and each of the risk factors.

The proportion of participants that would require intervention
based on the Framingham total CVD risk score,3 and LDL-
chloesterol (LDL-C) levels,21 was also assessed. For this, subjects
with low risk (<10%), moderate risk (10–20%) and high risk
(>20%) were cross-tabulated/rated with four different levels of
LDL-C targets: <69.48 mg/dL, 69.48–96.50 mg/dL, 96.50–189.14
mg/dL and >189.14 mg/dL.

Data analysis was carried out using IBM SPSS (Version 22 for
Windows, IL, USA) and XLSTAT (Version 2015.2 for Windows,
Addinsoft, NY, USA) .

Results
A total of 211 participants qualified for assessment using the
ATPIII/Framingham risk assessment tool. Mean age and 10-year
CVD risk of participants was 51.3±17.3 years and 3.7±5.3%,
respectively. Prevalence of low, moderate and high risk of devel-
oping CVD among study participants was 182/211, 86.3% (95%
CI 82.0–91.3%); 25/211, 11.8% (95% CI 6.9–16.1%); and 4/211,
1.9% (95% CI 0.0–3.8%), respectively. The highest distribution of
moderate and high risk categories in the study population was
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recorded in male participants. Risk distribution between male
and female participants were statistically significant (p<0.0001).
Risk was higher in males than in females. The results also indi-
cate that risk level increased with increase in age of participants.

The frequency of 10-year risk of CVD in the study population
indicates that individuals with 0% risk had the highest distribution
of 75/211; 35.5% (95% CI 29.7–42.2%). There was a considerable
decrease in distribution with increase in risk score (Table 1).

Risk factors distribution across 10-year CVD risk categories is
presented in Figure 1. The results show that the highest high risk
levels were found in participants with hypertension (100%; 4/4),
followed by high levels of triglycerides (75%; 3/4), and then low
HDL (50%, 2/4). Moderate risk level was highest in participants
with high levels of cholesterol (64%; 16/25), ex-smokers (33%;
7/21) and overall obesity (24%; 6/25), compared to other risk
categories; while the low risk category was highest in partici-
pants with central obesity (75.3%; 134/178). Generally, central
obesity was associated with higher risk than overall obesity.

Table 2 (A and B) shows the association between MetS, and 10-
year CVD risk score. Overall prevalence of MetS was 56/210, 26.7%
(95% CI 21.0–33.3%). MetS was found at each risk category.
Prevalence of MetS in the low risk category was 41/56 (23%), mod-
erate risk 13/25 (52%) and at high risk 2/4 (50%). The association
and agreement between MetS and the risk score categories were
poor (K=0.209, V=0.227, p=0.001). However, there was significant
prevalence of 10-year CVD risk in participants without MetS.

Presence of MetS (OR 3.7; 95% CI=1.7–8.1; p<0.0001) and
high triglyceride level (OR 3.8; 95% CI=1.7–84.0, p<0.002) also
increased 10-year CVD risk (Table 3).

The distribution of intervention strategies based on the
Framingham total CVD risk score and LDL-C levels shows that a
significant number of the study population requires at least a
life style intervention (Table 3). Apart from 41/182 (22.5%) and

Table 1. Frequency of 10-year risk of developing CVD in the study
population

10-Year CVD
risk score %

Frequency Prevalence
(95% CI)

SE

0 75 35.5 (29.7–42.2) 3.2
1 33 15.6 (9.8–20.7) 2.5
2 23 10.9 (6.6–16.1) 2.3
3 9 4.3 (1.9–7.6) 1.4
4 10 4.7 (1.9–7.9) 1.6
5 6 2.8 (0.9–5.2) 1.2
6 9 4.3 (1.4–7.1) 1.4
7 7 3.3 (0.9–6.2) 1.3
8 6 2.8 (0.9–5.2) 1.2
9 4 1.9 (0.5–3.8) 0.9
10 4 1.9 (0.5–4.3) 1.0
11 7 3.3 (0.9–6.0) 1.3
12 7 3.3 (1.1–5.7) 1.3
13 1 0.5 (0.0–1.4) 0.4
14 2 0.9 (0.0–2.4) 0.6
15 1 0.5 (0.0–1.4) 0.4
19 2 0.9 (0.0–2.4) 0.7
20 1 0.5 (0.0–1.4) 0.4
21 1 0.5 (0.0–1.4) 0.5
22 1 0.5 (0.0–1.4) 0.5
30 2 0.9 (0.0–2.4) 0.7
Total 211 100.0 0.0

CVD: Cardiovascular disease.

Figure 1. Comparison between independent risk factors with risk of developing CVD using ATPIII/Framingham risk score. CHOL: total cholesterol;
HDL; high density lipoprotein cholesterol; TG: triglycerides; BMI: body mass index; WC: waist circumference; arrow up: high levels; arrow down: low
levels.
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35/182 (19.2%) of participants who did not require lipid inter-
vention, the remaining 135 of the total 211 study population
required lifestyle and drug intervention. Altogether, 75% (3/4)
participants were considered to require immediate drug inter-
vention based on their CVD risk score and the corresponding
LDL-C levels (Table 4).

Discussion
Our study has shown that a sizeable prevalence of 10-year CVD
risk exists in the study population; 86.3%, 11.8% and 1.9% were

found to have low, moderate and high risk of CVD, respectively.
The decrease in prevalence of 10-year risk of CVD with increas-
ing risk score is an affirmation that the study population is still
at an early stage of epidemiological transition. Hence, efforts to
mitigate morbidity and mortality from CVD events through early
screening are pertinent.

Gender distribution of the 10-year CVD risk in our study indi-
cates that males were at higher risk than females. This is in
agreement with the study of Hoang et al.22 who showed that
men were associated with higher risk of CVD than women.
However, it has been established that when multiple risk factors
are present, women younger than 75 years old may not be able
to exceed 10% predicted risk for coronary heart disease.3,16 The
life time risk of CVD in almost all women is high, especially as a
single risk factor is capable of increasing the risk.23 Therefore,
programmes aimed at prevention of CVD risk factors would
improve life expectancy.

High levels of triglycerides, low HDL, total cholesterol, obesity,
hypertension and ex-cigarette smoking contributed to at least
moderate (≥10%) risk of 10-year risk of CVD. These risk factors
are considered to becoming increasingly widespread in Nigeria
as a result of unhealthy lifestyle changes from increasing urban-
isation and westernisation.14,24 More so, the presence of these
risk factors in our study population is consistent with the find-
ings of the INTERHEART African study that shows that smoking
history, diabetes history, hypertension history, abdominal obes-
ity, and ratio of apolipoprotein B to apolipoprotein A-1 provided
a population attributable risk of 89.2% for acute myocardial
infarction.7

Whether or not the MetS is a better screening tool than the
CVD risk assessment tool is still an issue on debate. Our study
noted that MetS was prevalent at each CVD risk level, with the
highest proportion of MetS recorded at the low risk level.
However, evidence suggests that the presence of MetS is asso-
ciated with a two to three fold increase in CVD event.5,6,25. Also
the high proportion of 10-year CVD risk in participants without

Table 2. Association between metabolic syndrome and 10-year CVD risk score

A. Low risk Moderate risk High risk Total p-value
No MetS 140 (77.3) 12 (48.0) 2 (50.0) 154 0.004b

MetS 41 (22.7) 13 (52.0) 2 (50.0) 56
Total 181 25 4 210a

Cohen’s Kappa 0.193 0.001
Cramer’s V 0.227 0.004
B. Low risk Moderate to high risk Total p-value
No MetS 140 14 154 0.003
MetS 41 15 56
Total 181 29 210*
Cohen’s Kappa 0.209 0.001
Cramer’s V 0.227 0.001
Prevalence of MetS 56/210 (26.7%, CI 21.0%–33.3%)

CVD: Cardiovascular disease; MetS: metabolic syndrome.
a There was one missing variable for MetS, otherwise the total sum of participants was 211.
b Based on Fisher’s exact test.

Table 3. Distribution and odd ratio of moderate to high (≥10%) risk
of CVD

CVD risk factors No.
(%)

Odd ratio
(95% CI)

p-value

Gender Male 26 (89.7) 20.0 (6.3–63.7) <0.0001
Female 3 (10.3) 0.05 (0.0–0.2)

Triglyceride
level

Normal 11 (37.9) 0.3 (0.1–0.6) 0.002
High 18 (62.1) 3.8 (1.7–8.4)

BMI Non-obese 23 (79.3) 1.0 (0.4–2.5) NS
Obese 6 (20.7) 1.0 (0.4–2.7)

WC Normal 8 (29.6) 1.3 (0.5–3.1) NS
Obesity 19 (70.4) 0.8 (0.3–1.9)

Prediabetes No 28 (96.6) 1.8 (0.3–10.3) NS
Yes 1 (3.4) 0.6 (0.1–3.2)

MetS IDF No 14 (48.3) 0.3 (0.1–0.6) <0.0001
Yes 15 (51.7) 3.7 (1.7–8.1)

CVD: Cardiovascular disease; MetS: Metabolic syndrome; NS: not
significant.
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MetS highlights the poor agreement between both methods in
screening individuals at risk of CVD. Again, for the fact that the
Framingham risk tables may underestimate total CVD risk in
middle-aged and older women,3 the MetS may serve as a com-
plementary tool especially in resource constrained low-middle
income countries. This is particularly of value as our study shows
that the presence of MetS yielded significant odds of ≥10% risk
of CVD in 10 years (Table 2). It must be noted MetS and CVD risk
are overlapping; and the interest of this study was not the sig-
nificance of factors already incorporated in available risk tools.
However, while the statistical significance may have been
expected, due to overlap of some independent risk factors used
in classifying MetS and the Framingham risk tool, the assess-
ment of different risk factors used in classifying each method
(age, gender and smokers–not captured in MetS; and hypertri-
glyceridemia, hyperglycemia and obesity–not captured by the
ATPIII/Framingham risk tool) are essential.

The study found that a significant number of the study popu-
lation, who were apparently healthy, qualified for aggressive life-
style and drug intervention based on their CVD risk scores and
corresponding LDL-C values. As reported in another paper on this
study population, over 71% of participants were unaware of their
blood glucose and lipid level; and have poor health seeking
behaviour, even though the majority of participants had second-
ary education and are considered relatively literate.26 However,
the importance of screening and how effective it is in identifying
individuals that may benefit from preventive lifestyle interven-
tions and pharmacological treatment is highlighted.27 Therefore,
the need to have a paradigm shift to preventive medicine rather
than ‘corrective’medicine in Nigeria is advocated.

Limitations
These results are from a sub-population study and cannot be
considered to represent the entire Nigerian population. Given
that it is a cross-sectional study, only a ‘snapshot’ of the asso-
ciations between MetS and risk factors associated with 10-year
CVD risk could be assessed. Unfortunately we did not assess

family history of CVD. This could be considered a limitation of
the study. One of the reasons that such assessment in our sam-
ple population was not practical is the fact that there is a
knowledge gap regarding what CVD entails. Most CVD cases are
undetected and when such deaths occur people mythicise it.
According to the South African Dyslipidaemia Guideline
Consensus Statement,3 individuals with established atheroscler-
otic disease, such as coronary artery disease, cerebrovascular
disease, and peripheral arterial disease; type 2 diabetes and
genetic dyslipidaemia are not required to undergo CVD risk scor-
ing due to possibility of risk underestimation. However, in a
population with inadequate health awareness, literacy and low
health seeking behaviour like ours,26 this could be problematic.

Conclusion
The study has shown that complementary use of MetS and CVD
risk score is imperative, as there is indication of risk in individuals
without MetS. A large proportion of the study population
requires lifestyle intervention. These findings provide the evi-
dence necessary to tailor public health interventions in this
population, especially towards younger age groups.
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Table 4. Percentage of study population requiring intervention strategies based on the Framingham total CVD risk score and the LDL-C levels

Total CVD risk score LDL-C Levels Total

<69.48 mg/dL 69.48–96.5 mg/dL 96.5–189.14 mg/dL >189.14 mg/dL

<10% Low risk 41 (22.5%)a 35 (19.2%)a 82 (45.1%)b 24 (13.2%)c 182 (100%)
10–20% Moderate risk 4 (16.0%)b 4 (16.0%)b 15 (60.0%)c 2 (8.0%)c 25 (100%)
>20% High risk 0 (0.0%)d 1 (25.0%)d 3 (75.0%)e 0 (0.0%)e 4 (100%)
Total 45 (21.3%) 40 (19.0%) 100 (47.4%) 26 (12.3%) 211 (100%)

CVD: Cardiovascular disease; LDL-C: Low density lipoprotein-cholesterol.
a No lipid intervention.
b lifestyle intervention.
c lifestyle intervention, consider drug if uncontrolled.
d lifestyle intervention, consider drug.
e lifestyle intervention, and immediate drug intervention.
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