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Association between lipid indices and 10-year cardiovascular risk of a 
cohort of black Africans living with type 2 diabetes mellitus

Introduction

Diabetes mellitus is a metabolic disorder that has been 
consistently associated with increased cardiovascular morbidity 
and mortality.1 This has created an enormous strain on the meagre 
health budgets of many nations, especially the developing 
nations in Africa.2 The presence of diabetes mellitus is often 
associated with the occurence of other traditional cardiovascular 
risk factors such as hypertension, dyslipidaemia and obesity.3 

Atherosclerotic coronary artery disease and other cardiovascular 
diseases contribute the largest proportion to the causes of deaths 
among people with diabetes.4 Diabetes mellitus increases the 
risk of fatal coronary artery disease by 2-4 times.1 A retrospective 
study has suggested that this cardiovascular burden is associated 
with reduced life expectancy among individuals with diabetes.5

The atherosclerosis mechanisms underlying cardiovascular 
diseases is a gradual process with varying contribution from both 
the traditional and the non-traditional cardiovascular risk factors.6 
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Historically, the Framingham study, a landmark prospective study, 
heralded the concerted efforts at unraveling cardiovascular risks 
and it culminated into the development of the Framingham 
risk calculator for quantifying 10-year cardiovascular risk of 
individuals between 30 and 74 years.7 The various cardiovascular 
risk estimators that have been documented in the literature are 
QRISK 3, Globorisk, ASCVD Risk calculator, Reynolds estimator, 
ASSIGN-SCORE and PROCAM calculator.1 Interestingly, all these 
risk estimators have been validated but they differ in what they 
are actually estimating and how the estimate could be applied 
to clinical practice. However, a study done to compare the 
sensitivity of these risk calculators showed marked variation in 
their performance.8 Framingham score was adjudged the best 
in the general population but it has been found to overestimate 
cardiovascular risk in individuals with diabetes.9 In another study, 
the QRISK Score performed better than the Framingham score and 
was, in addition, found to be useful in individuals with diabetes.10

The QRISK score is a cardiovascular risk equation developed in 
the United Kingdom and it has been validated in several trials.10 It 
has also been compared with other cardiovascular risk estimators 
and found to be, at least, as good as the other ones. In 2007, the 
first edition of the QRISK score was made public.11 A year after, the 
second edition (QRISK2) was released. Although, QRISK score was 
primarily designed for the British population, it has been used 
and validated internationally.12 The latest edition, QRISK 3, was 
published in 2017.13 The QRISK score has been recommended 
for usage among patients with type 2 diabetes mellitus by the 
National Institute of Health and Care Excellence (NICE).14

Several researches have established a strong association between 
dyslipidaemia and cardiovascular mortality.15–17 Clinically, 
dyslipidaemia is often assessed by determining absolute 
parameters such as low density lipoprotein-cholesterol (LDL-C), 
high density lipoprotein-cholesterol (HDL-C), triglycerides and 
total cholesterol. However, it has been demonstrated that these 
parameters may be inaccurate in the prediction of cardiovascular 
risk among individuals with diabetes mellitus.18,19 Lipid indices 
such as the atherogenic index of plasma (AIP), atherogenic 
coefficient (AC), Castelli’s risk index I (CR-I), Castelli’s risk index II 
(CR-II) and CHOLindex have been demonstrated to be superior in 
the prediction of cardiovascular risk compared with the individual 
parameters of the fasting lipid panel.20–22 However, there are 
extremely scanty data on the association between QRISK 3 score 
and these lipid indices among people living with diabetes in sub-
Saharan Africa.

Objective

The objective of the study was to determine the association 
between certain lipid indices- AIP, AC, C-I, CR-II and CHOLindex 
and 10-year cardiovascular risk of a cohort of persons living with 
type 2 diabetes in South-western Nigeria.

Methods

Study design and sample size

The study design was cross-sectional. The sample included 70 
individuals living with diabetes who attended the diabetes clinic 
of a referral hospital in South-western Nigeria. Males and females 
were equally distributed in the sample.

Ethical consideration

The ethical approval for the study was obtained from the Institute 
of Advanced Medical Research and Training. The reference number 
of the ethical body was NHREC/05/01/2008a while the approval 
number for the study was UI/EC/17/0284. In addition, written 
informed consent was obtained from the study participants.

 Eligibility criteria

Individuals (30 years and above in age) who were previously 
diagnosed with type 2 diabetes, using the World Health 
Organization (WHO) criteria,23 were enrolled into the study while  
Individuals diagnosed with any acute illness or hospitalized in the 
preceding 3 months to the study were excluded from the study.

Laboratory analysis and derivation of lipid indices

Participants had venous blood sample collected following an 
overnight fast of about 8 – 12 hours. Using a fasting plasma 
sample, high density lipoprotein-cholesterol (HDL-C), total 
cholesterol and total glycerides were quantified using the 
enzymatic methods on automated chemistry analyzer LandWind 
C 100 plus. Friedewald equation was employed in determining 
the low density lipoprotein-cholesterol (LDL-C) equation provided 
that the triglyceride was not more than 400mg/dl.24 The lipid 
indices were calculated as shown below.

LDL-C = Total cholesterol – HDL-C – total triglycerides/5. 
(Friedewald equation)

Atherogenic index of plasma (AIP) = Log   TG/LDL-C

Atherogenic coefficient (AC) =     (T C  –  HDL-C)/HDL-C

Castelli’s risk index I (CR-I) =  TC/ LDL-C

Castelli’s risk index II (CR-II) = HDL-C/ LDL-C

CHOLindex = LDL-C – HDL-C

Glycated haemoglobin (HbA1c) was measured using the high 
performance liquid chromatography method. Fasting plasma 
glucose was determined by glucose oxidase enzymatic method 
on automated chemistry analyzer LandWind C 100 plus. QRISK 3 
was determined using an appropriate online calculator.25

Data analysis

The obtained clinical and laboratory variables were scrutinized 
and entered into Microsoft Excel datasheet. The data was later 
analyzed with the Statistical Package for Social Sciences software, 
(SPSS) version 22 manufactured by the International Business 
Machines Corporation (IBM) New York, USA.. Quantitative variables 
were presented as mean ± standard deviation whereas categorical 
variables were presented as frequencies and percentages. The 
association between lipid indices and 10-year cardiovascular risk, 
using QRISK 3, was determined using Pearson’s correlation. p 
value less than 0.05 was considered to be statistically significant.

Results

The study involved 35 male and 35 female participants. The mean 
age of the participants was 53.34 ± 9.57 years. The mean duration 
of diabetes mellitus among the participants was 6.29 ± 2.78 years. 
Table 1 shows the parameters of the participants. Table 2 shows 
the association between QRISK 3 and the lipid indices.
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Table 1: Parameters of the participants

** - statistically significant

r – Pearson’s correlation coefficient

Discussion

The majority of the participants (88.6%) were of the middle-age 
and elderly age groups. Studies have shown that the highest prev-
alence of type 2 diabetes mellitus is found in the middle-age and 
elderly age groups.26–28 The reasons for this observation include 

Parameter Category Frequency 

(N=70)

Percentage Mean 

(N=70)

SD

Age category (years) 30-44

45-64

≥ 65

14

48

8

20.0%

68.6%

11.4%

Smoking history Non-smoker

Ex-smoker

Current smoker

61

9

0

87.1%

12.9%

0.0%

HDL-C (mg/dl) 50.17 12.16

LDL-C (mg/dl) 127.29 27.63

TG (mg/dl) 101.71 17.16

TC (mg/dl) 193.94 41.88

AIP -0.13 0.22

AC 3.07 1.30

CR-I 4.06 1.29

CR-II 2.70 0.99

CHOLindex 77.13 29.06

QRISK3 7.58 4.80

HbA1c (%) 6.98 0.72

FPG (mmol/L) 6.32 0.87

Table 2: Association between QRISK 3 and the lipid indices

Lipid index r p

Atherogenic index of plasma (AIP) 0.368 0.002**

Atherogenic coefficient (AC) 0.324 0.006**

Castelli’s risk index I (CR-I) 0.324 0.006**

Castelli’s risk index II (CR-II) 0.354 0.003**

CHOLindex 0.218 0.07

increased life expectancy, reduced physical activity with ageing, 
increased central obesity with ageing and widening adoption of 
western lifestyles.26 In addition, the topic of cardiovascular risk 
is more relevant in this age group because cardiovascular risk is 
highest in the middle-aged and elderly people.29

The bulk of the participants (87.1%) have never smoked cigarette. 
In a meta-analysis of studies done in Nigeria, Adeloye et al., also 
concluded that prevalence of smoking in Nigeria is very low when 
compared with the western world.30 Poverty and improved public 
awareness of the detriments of smoking may be responsible for 
this. Interestingly, this study demonstrated that nobody is pres-
ently smoking among the participants. Intensive health educa-
tion, which is a core component of diabetes care in referral hospi-
tals in Nigeria might have contributed to this finding.31

The short term and long term glycaemic control of the partici-
pants was averagely good. The mean HbA1c (an indicator of long 
term glycaemic control) was 6.98% while the mean fasting plasma 
glucose (an indicator of short term glycaemic control) was 6.32 
mmol/L. These values are within the recommended targets of the 
American Diabetes Association (ADA).32 In Nigeria, referral health 
facilities usually have the best expertise and this may explain why 
glycaemic control among patients with diabetes attending tertia-
ry care facilities tends to be relatively good although a few studies 
have reported a contrary finding.33

The findings of this study showed a statistically significant posi-
tive correlation between 10-year cardiovascular risk, using QRISK 
3, and atherogenic index of plasma (r=0.368; p=0.002). Bo et al., 
also reported a significant association between AIP and the pres-
ence of cardiovascular risk factors.34 Li et al., documented a sig-
nificant association between AIP and the development of chronic 
complications among individuals living with diabetes.35 A study 
done in Cameroon has also found a significant association be-
tween AIP and 10-year cardiovascular risk among black Africans 
but the participants were not diagnosed with diabetes.36 AIP is a 
mathematical derivative of HDL-C and triglycerides which have 
been directly linked with the risk of cardiovascular mortality and 
this might partly explain the strong association between AIP and 
10-year cardiovascular risk.37

Furthermore, in the present study, a statistically significant pos-
itive correlation was found between atherogenic coefficient 
(r=0.324; p=0.006) and QRISK 3, a validated 10-year cardiovascular 
risk estimator. The findings from a previous study also corroborat-
ed this observation by demonstrating that atherogenic coefficient 
could be used in assessing cardiovascular risk in people living with 
diabetes.38 Atherogenic coefficient makes use of non-HDL choles-
terol, a lipid parameter that has been demonstrated to be a superi-
or predictor of atherosclerosis compared with other conventional 
lipid values.39 This might be responsible for the observed associa-
tion between AC and 10-year cardiovascular risk score.

Moreover, the present study also observed a statistically signif-
icant and positive correlation between QRISK 3 and Castelli risk 
index I (r=0.324; p=0.006) as well as Castelli risk index II (r=0.354; 
p=0.003). Olamoyegun et al., in their studies, also reported that CR 
I and CR II could be used in predicting cardiovascular risk among 
Nigerians.22 Similarly, Pusapati et al., also posited that CR I and CR 
II could be used in identifying individuals with higher risk of car-
diovascular disease especially when the absolute lipid parameters 
are not markedly deranged, as found in this study.40

The present study, however, did not find a statistically significant 
association between 10-year cardiovascular risk score and CHO-
Lindex (r = 0.218;p= 0.07). In the study done among Nigerian par-
ticipants, Olamoyegun et al., also showed that CHOLindex had the 
lowest performance in predicting cardiovascular risk when com-
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pared with other lipid indices.22 In another study done in Nigeria, 
Williams demonstrated that the correlation between HDL and lip-
id indices were statistically significant except for CHOLindex. How-
ever, the William’s study was done among individuals with hyper-
tension only but the present study was done among individuals 
with diabetes although a few of them also had hypertension.

Limitations

The sample size was small. A larger study would be more repre-
sentative. Similarly, it was a hospital-based study and might not 
reflect what is obtainable in the community.

Conclusion

There was a statistically significant association between QRISK 3 
and AIP, AC, CR I as well as CR II among black Africans with type 2 
diabetes mellitus. Therefore, these ratios may be used as simple 
surrogate markers of 10-year cardiovascular risk among individu-
als with diabetes mellitus in Africa.
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