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Pattern and Atherogenic Index of Dyslipidaemia
among Hypertensive Patients
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ABSTRACT

Objective: To describe the prevalence, pattern and atherogenic index of dyslipidaemia among hypertensive
patients.

Method: Cross-sectional study of hypertensive subjects at first presentation in a community-based cardiology
clinic in Delta State, Nigeria. The Delta State University Teaching Hospital Health Research Ethics Committee
granted ethical approval for the study. Fasting serum lipid profile was retrieved and atherogenic indices
calculated. Data analysis was done using SPSS version 23.0.

Result: The mean age of the 227 subjects was 55.4 (+13.6) years, and 111 (48.9%) were males. A total of 154
(67.8%) had at least one abnormal lipid profile level, out of which 56.5% were females (p=0.018). The pattern of
dyslipidaemia [isolated (56, 36.4%), two-combined (65, 42.2%), and mixed (33, 21.4%)] did not differ by sex (p
=0.173).

The predisposition to high cardiovascular risk was predicted by atherogenic index of plasma (59.5%),
atherogenic coefticient (43.6%), Castelliratios I, 11 (29.1%, 26.9%).

Conclusion: The prevalence of dyslipidaemia was 67.8%. Two-combined dyslipidaemia was the most common
pattern.
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Schéma et indice athérogeéne de la dyslipidémie
chez les patients hypertendus

Umuerri E.M.

Résumé

Objectif de I'étude: Décrire la prévalence, le profil et I'indice athérogéne de la dyslipidémie chez les patients
hypertendus

Méthode de I'étude: Etude transversale de sujets hypertendus lors de la premiére présentation dans une clinique
de cardiologie communautaire dans I'Etat du Delta, au Nigéria. Le comité d'éthique de la recherche sur la santé de
I'hopital universitaire de 1'Etat du Delta a accordé une approbation éthique a I'étude. Le profil lipidique sérique a
jeun a été récupéré et les indices athérogénes calculés. L'analyse des données a été effectuée a I'aide de la version
23.0de SPSS.

Résultat de I'étude : L'age moyen des 227 sujets était de 55,4 (= 13,6) ans et 111 (48,9%) étaient des hommes.
Un total de 154 (67,8%) avaient au moins un niveau de profil lipidique anormal, dont 56,5% étaient des femmes
(p=0,018). Le profil de la dyslipidémie [isolée (56, 36,4%), bi-combinée (65, 42,2%) et mixte (33, 21,4%)] ne
différait pas selon le sexe (p = 0,173). La prédisposition a un risque cardiovasculaire élevé était prédite par
l'indice athérogéne du plasma (59,5%), le coefficient athérogéne (43,6%), les rapports de Castelli I, I1 (29,1%,
26,9%).

Conclusion: La prévalence de la dyslipidémie était de 67,8%. La dyslipidémie a deux combinaisons était le
schéma le plus courant.

Mots-clés: Dyslipidémie, indice athérogeéne, hypertension, prévalence, Nigéria
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MATERIALSAND METHOD

This cross-sectional study was carried out at a
community-based cardiology clinic in Sapele, Delta
State, Nigeria. A formal ethics approval to conduct
the study was obtained from the Health Research
Ethics Committee of the Delta State University
Teaching Hospital (HREC/PAN/2019/048/0319).

The medical records of all the patients with systemic
hypertension who presented for the first time to the
clinic within the past 5 years were manually
retrieved. The record of patients with hypertension
who were aged less than 18 years, had a working
diagnosis of secondary hypertension and those with
incomplete or no documented fasting serum lipid
profile (total cholesterol, triglyceride, high density
lipoproteins and low density lipoproteins) results
were excluded from the study.

The age, sex, anthropometric indices, and laboratory
data extracted from the case notes were documented
in a structured data collection sheet. The weight in
kilograms (kg) and height in metres (m) of the
patients were also retrieved from the case notes. The
body mass index (BMI) computed thereafter in kg/m’
and categorized as underweight (<18.5), normal
weight (18.5-24.9), overweight (25.0-29.9) and
obese (= 30.0). The fasting blood glucose, fasting
serum lipid profile [total cholesterol (TC), high-
density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), triglyceride (TG)]
levels during the initial evaluation of the patients
were documented. The atherogenic index and lipid
ratios were calculated from the serum lipid profile
parameters.

DEFINITIONS
Dyslipidaemia

Dyslipidaemia was defined using the third report of
the National Cholesterol Education Programme
expert panel on detection, evaluation, and treatment
of high blood cholesterol in adults (NCEP ATP III)
(14). Optimal/desirable fasting lipid profile levels
were total cholesterol <200 mg/dl, LDL <100 mg/dl,
HDL >40 mg/dl for males, >50 mg/dl for females and
serum TG <150 mg/dl. Levels of TC = 200mg/dl,
LDL = 130mg/dl and TG = 150mg/dl were elevated
while HDL < 40mg/dl and < 50mg/dl were low for
males and females, respectively.
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Pattern of dyslipidaemia

The pattern of dyslipidaemia was defined as isolated
single parameter, combined two parameters or mixed
dyslipidaemia. Isolated dyslipidaemia is defined as
elevated TC, LDL, TG or low HDL occurring in
isolation with the other parameters within normal
range. Two-combined parameter dyslipidaemia
implies combination of any two of the serum lipid
profile abnormality. For example, high TC and TG,
high TC and low HDL, high TG and LDL. Mixed
dyslipidaemia is a combination of any three or all
four abnormal serum lipid profile parameters.

Atherogenic Indices

The atherogenic index of plasma (AIP) was defined
as the logarithm of the ratio TG and HDL (log,,
TG/HDL). AIP values less than 0.1 are associated
with low cardiovascular risk while values between
0.1-0.24, and >0.24 are associated with medium and
high cardiovascular risk, respectively (15).

The Castelli's risk index (CRI) was defined as the
ratio of TC and HDL (CRI-I) and the ratio of LDL and
HDL (CRI-II). Increased cardiovascular risk is
associated with CRI-I values >5.0 and >4.5 in male
and females, respectively (10, 16) and CRI-II values
>3.5 and >3.0 in male and females, respectively (17).

The atherogenic coefficient (AC) was defined as the
ratio of the difference of TC and HDL and HDL;
([TC-HDL]/HDL). A value greater than 3.0 was
considered to be abnormal (3).

Data Analysis

The data obtained were keyed into the Microsoft
Excel spreadsheet before exporting to the Statistical
Product and Service Solutions (SPSS) version 23.0
software (SPSS Inc, Chicago, Illinois, USA) for
analysis. Descriptive and inferential analyses of the
variables were performed with p-value <0.05 as
significant. The categorical variables were
summarized as frequency and percentages. The
continuous variables were described by calculating
the means and standard deviation (SD). The
independent t-test was used to assess the difference
between means. The association between categorical
variables was analysed using Chi-square test.
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RESULTS

A total of 227 subjects met the study criteria out of
which 111 (48.9%) were males. The age range of the
subjects was 27 — 91 years with a mean (SD) age of
55.4 (+13.6) years. Table 1 shows the clinical
characteristics of the subjects. Compared to males,
female subjects had significantly higher mean body
mass index (BMI) (28.6 vs 30.8 kg/m’, p = 0.009).
Although the mean total cholesterol (TC), high
density lipoprotein (HDL) and low-density
lipoprotein (LDL) in females were higher than males,
the difference was only significant for HDL (p =
0.015). The male subjects had a significantly higher
mean atherogenic index of plasma (AIP) (0.33 vs
0.25,p=0.009).

Of the 227 subjects studied, 154 had at least one
abnormal lipid profile level. Thus, the overall
prevalence of dyslipidaemia in this study was 67.8%.
A total of 73 (32.2%) subjects had no form of lipid
abnormality. Table 2 shows the distribution of lipid
abnormality in the index study. A significantly higher
proportion of the subjects with dyslipidaemia were
females, 56.5% vs 43.5%, (' = 5.572, df=1, p =
0.018).

Of the 154 subjects with abnormal lipid profile, 56
had isolated dyslipidaecmia, 65 had two-combined
dyslipidaemia and 33 had mixed dyslipidaemia.
(figure 1)

Table 1: Clinical characteristics of subjects

Low HDL was the most common form of isolated
dyslipidaemia in this study. It accounted for 64.2%
(36/56) of all forms of isolated dyslipidaemia and
23.4% of total dyslipidaemia. (Table 3) The most
frequent form of two-combined dyslipidaecmia was
high TC and high LDL, accounting for 67.7% (44/65)
of this form of dyslipidaemia and 28.6% of total
dyslipidaemia. (Table 3) The combination of high
TC, high LDL and low HDL was the commonest
form of mixed dyslipidaemia. (Table 3). The pattern
of dyslipidaemia observed in this study did not differ
significantly by sex (= 15.202, df=11,p=0.173).

Table 4 shows the distribution of predicted
cardiovascular risk profile using the atherogenic
indices. The predisposition to high cardiovascular
risk was mostly predicted by AIP (59.5%). The
prevalence of predicted high cardiovascular risk
using CRI-I, CRI-IT and AC were 29.1%. 26.9% and
43.6%, respectively. Using AC, male subjects had a
significantly higher cardiovascular risk (56.6% vs
43.4%, p = 0.042). The other atherogenic indices did
not differ significantly between sexes.

All the subjects with predicted high CVD risk had
dyslipidaemia using the Castelli Risk Index (CRI-I
and CRI-II). (Table 4) On the contrary, 21.5% of the
subjects with high CVD risk predicted by AIP did not
have any form of dyslipidaemia. (Table 4)

Variable Mean (£SD) 95% CI p-value

Total Male Female

(n=227) (n =111) (n=116)
Age (years) 55.4 (13.6) 56.0 (14.5) 54.9 (12.8) -2.513 to 4.614 0.562
BMI (kg/m?) 29.8 (5.5) 28.6 (4.6) 30.8 (6.1) -3.906 to -0.560 0.009
SBP (mmHg) 156.0 (27.3) 155.6 (27.0) 156.6 (27.7) -8.317 to 6.259 0.781
DBP (mmHg) 92.9 (15.1) 94.3 (15.8) 91.6 (14.4) -1.390 to 6.646 0.199
FBG (mg/dl) 105.5 (41.2) 109.0 (44.5) 102.4 (38.0) -5.628 to 18.788 0.289
TC (mg/dl) 197.1 (54.7) 192.2 (55.9) 201.8 (53.3) -23.877 to 4.705 0.188
HDL (mg/dl) 50.4 (14.6) 48.1 (14.0) 52.7 (14.8) -8.456 to -0.905 0.015
LDL (mg/dl) 124.9 (47.4) 118.8 (43.4) 130.8 (50.4) -24.347 t0 0.303 0.056
TG (mg/dl) 103.8 (46.2) 109.0 (53.1) 98.8 (38.0) -1.851 to 22.204 0.097
CRI-I 4.17 (1.51) 4.29 (1.58) 4.05 (1.44) -0.165 to 0.625 0.252
CRI-II 2.72 (1.39) 2.74 (1.42) 2.70 (1.37) -0.331 t0 0.397 0.859
AC 3.17 (1.51) 3.29 (1.58) 3.05 (1.44) -0.165 to 0.625 0.252
AIP 0.29 (0.22) 0.33 (0.23) 0.25(0.21) 0.019t0 0.134 0.009

SD: Standard Deviation, CI: Confidence Interval, BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure, FBS: Fasting Blood Glucose, TC: Total Cholesterol, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein,
TG: Triglyceride, CRI-I: Castelli's risk index I, CRI-II: Castelli's risk index II, AC: Atherogenic Coefficient, AIP: Atherogenic

Index of Plasma

256



Umuerri Dyslipidaemia in Patients with Hypertension

Table 2: Distribution of abnormal lipid profile among subjects

Variable Total (%) Male (%) Female (%) p-value
n =227 n=111 n=116

High TC 93 (41.0) 42 (37.8) 51 (44.0) 0.348

Low HDL 77 (33.9) 27 (24.3) 50 (43.1) 0.003

High LDL 90 (39.6) 44 (39.6) 46 (39.7) 0.998

High TG 30(13.2) 18 (16.2) 12 (10.3) 0.192

TC: Total Cholesterol, HDL: High Density Lipoprotein, LDL: Low Density
Lipoprotein, TG: Triglyceride

Table 3: Distribution of specific forms of dyslipidaemia

Pattern of Category Total (%) Male (%) Female (%)
Dyslipidaemia n =154 n =67 n =87
Isolated High TC 11 (7.1) 2(3.0) 9(10.3)
dyslipidaemia High TG 6(3.9) 5(7.5) 1(1.1)
High LDL 3(1.9) 2 (3.0) 1(1.1)
Low HDL 36 (23.4) 12 (17.9) 24 (27.6)
Two-combined  High TC + High TG 3(1.9) 2 (3.0) 1(L.1)
dyslipidaemia High TC + High LDL 44 (28.6) 22 (32.8) 22 (25.3)
High TC + Low HDL 2(1.3) 0(0.0) 2(2.3)
High TG + Low HDL 6(3.9) 2 (3.0) 4 (4.6)
High LDL + Low HDL 10 (6.5) 4 (6.0) 6 (6.9)
Mixed High TC + High TG + 5(.2) 2(3.0) 3(3.4)
Dyslipidaemia ~ High LDL + Low HDL
High TC + High LDL + 18 (11.7) 7(10.4) 11 (12.6)
Low HDL
High TC + High TG + 10 (6.5) 7(10.4) 3(33.4)
High LDL

TC: Total Cholesterol, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein,
TG: Triglyceride

Table 4: Atherogenic indices' cardiovascular disease risk prediction by
sex and presence of dyslipidaemia

Atherogenic CVD Risk Total (%) Sex Dyslipidaemia
Index N=227  "Male Female  Absent Present
CRI-I Low Risk 161 (70.9) 81(50.3) 80(49.7) 73(453) 88(54.7)
High Risk 66 (29.1) 30 (45.5) 36(54.5) 0(0.0) 66 (100.0)
p=0.506 p<0.001
CRI-II Low Risk 166 (73.1) 84 (50.6) 82(49.4) 73 (44.1) 93 (56.0)
High Risk 61 (26.9) 27 (443) 34(55.7) 0(0.0) 61 (100.0)
p=0.397 p<0.001
AC Low Risk 128 (56.4) 55(43.0) 73(57.0) 67(52.3) 61 (47.7)
High Risk 99 (43.6) 56 (56.6) 43 (43.4) 6(6.1) 93 (93.9)
p=0.042 p<0.001
AIP Low Risk 45 (19.8) 16 (35.6) 29 (64.4) 27(60.0) 18 (40.0)
Medium Risk 47 (20.7) 26 (553) 21(44.7) 17(36.2) 30 (63.8)
High Risk 135(59.5) 69 (51.1) 66(48.9) 29(21.5) 106 (78.5)
p=0.120 p<0.001

CVD: cardiovascular Disease, CRI-I: Castelli's risk index I, CRI-II: Castelli's risk index II,
AC: Atherogenic Coefficient, AIP: Atherogenic Index of Plasma
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Mixed
dyslipidaemia,
21.4%

Two-combined
dyslipidaemia,
42.2%

Isolated
dyslipidaemia,
36.4%

Figure 1: Pattern of dyslipidaemia

DISCUSSION

The prevalence of dyslipidaemia among patients with
hypertension in this study was high. Two out of every
three subjects had at least one abnormal lipid profile
parameter. This finding substantiates the fact that
cardiovascular risk factors often coexist in clusters;
dyslipidaemia and hypertension in this instance.
Similar to this study, previous studies in Nigeria also
reported high prevalence rates of dyslipidaemia
among patients with hypertension (8, 18-20). The
prevalence of dyslipidaemia among newly
presenting hypertensive patients in a hospital-based
study in North Central Nigeria was 64% (18).
Akintunde et al reported an overall prevalence of
dyslipidemia of 58.9% (96/163) among newly
diagnosed Nigerian hypertensive subjects in South
West Nigeria (8). In a hospital-based study of elderly
patients with hypertension in South East Nigeria, [loh
et al reported an overall prevalence of dyslipidaemia
0f'44.3% (54/122) (18). In a community-based study
of 413 newly diagnosed hypertensives in South West
Nigeria, Olamoyegun et al reported an overall
prevalence of dyslipidaemia of 74.9% (19).

The two-combined dyslipidaemia (42.2%) was the
most common pattern observed in this study,
followed by isolated dyslipidaemia (36.4%), and
lastly, mixed dyslipidaemia (21.4%). Akintunde et al
however, reported a higher prevalence of isolated
dyslipidaemia (41.1% vs 36.4%) (8). Low HDL was
the most prevalent isolated dyslipidaemia in this
study. This pattern is reported by other Nigerian
based studies among patients with hypertension (8, 9,
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18-21)and in the general population (5-7).

The atherogenic indices used to predict
cardiovascular disease risk performed differently in
this study. The atherogenic index of plasma (AIP)
predicted high cardiovascular disease risk among
more subjects compared to atherogenic coefficient
and Castelli risk index. Although relatively novel,
AIP is a better biomarker of atherosclerotic
cardiovascular disease than other lipid ratios (22, 23).
It has been shown to be a strong and independent
predictor of coronary artery disease (24, 25).

CONCLUSION

The prevalence of dyslipidaemia in this study was
high. The pattern of dyslipidaemia observed in
descending order of frequency were two-combined,
isolated, and mixed dyslipidaemia. Low HDL and
combined high TC and high LDL were the most
prevalent forms of isolated and two-combined
dyslipidaemia, respectively. AIP's prediction of high
cardiovascular disease risk was twice that of the
Castelli ratios (CRI-I and CRI-II). Fasting serum
lipid profile should be routinely performed among
patients with hypertension, and AIP should
preferably be the atherogenic index used to predict
cardiovascular disease risk.
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