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Background: The administration of tenofovir (TDF) based (tenofovir/
lamivudine/efavirenz) antiretroviral regimen for the management of HIV has
remained a concern to both clinicians and patients, thus necessitating the need for
suitable supplement for the management of ART induced metabolic
abnormalities. The study evaluated the effects of Moringa supplementation on
the atherogenic lipoprotein indices of HIV patients on TDF-based regimen at the
University of Port Harcourt Teaching Hospital, Rivers State, Nigeria.
Methods: The study was designed as a time dependent investigation structured
into 3 visits, visit 1 (cross sectional, baseline), visit 2 (4 weeks after
administration) and visit 3 (12 weeks post administration). Subjects recruited
(140) into this study comprised of two groups, TDF-M (n=56, administered
Moringa Supplement) and TDF-NM (n=84, no supplement).
Results: At baseline, more than 50% of the patients had at least one abnormal
atherogenic lipoprotein indices (Log (TC/HDL-C) = 85.7%, TC/HDL-C=58.5%
and LDL-C/HDL-C=51.4%), although at lower limits. At the end of 12 weeks of
Moringa supplement administration, the results showed subjects in the TDF-M
group who were at risk of CVD had fallen to 20%, indicating a dramatic (40.4%)
decrease, while the prevalence of TDF-NM subject at risk of CVD rose to 53.6%
(χ2=26.67, P <0.001). HIV patients on TDF-based regime, who were at risk of
CVD had elevated triglycerides and low-density lipoprotein cholesterols which
inversely affected the levels of high-density lipoprotein and negatively impacting
the atherogenic indices.
Conclusions: Moringa oleifera supplementation may be helpful in ameliorating
the metabolic abnormalities associated with HIV patients on TDF-based regimen.
Keywords: Human immunodeficiency viruses, Tenofovir disoproxil fumarate,
Metabolic abnormalities, M. oleifera

INTRODUCTION
Complications associated with Human Immunodeficiency
Virus (HIV) infection since it was first reported has
become a global issue worthy of research.1 Newer
complications are emerging frequently, which poses as
therapeutic challenges for the clinicians.1 Following the
introduction of combination ART such as the tenofovir
(TDF)
based
(tenofovir/lamivudine/efavirenz)
antiretroviral regimen, there is great concern among
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patients using and clinician administering these
regimens.1-3 More concerns have emerged following the
increased prevalence of fat redistribution, central obesity,
and visceral abdominal lipoaccumulation, and
lipoatrophy.3-5 In addition to the changes in fat disorder,
other metabolic abnormalities identified in patients on
combination ART included the disorder of lipoprotein
metabolism, diabetes, irresponsiveness to insulin, and
steatohepatitis.6 Evidence from calculations, analysis, and
modelling of cardiovascular risk factors such as stroke,
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myocardial infarctions (MIs), and sudden cardiac death
have cumulatively strengthened these findings, suggesting
that cardiovascular diseases have surfaced as a significant
cause of death in HIV-infected patients.3,7-9
The atherogenic plasma index, the logarithm of the ratio of
plasma concentration of triglycerides to HDL-cholesterol
(Log (TG/HDL-C)) have been extensively studied and
shown to correlate with cholesterol esterification rates in
apoB-lipoprotein-depleted plasma (FER(HDL)) and
lipoprotein particle size, thus finding relevance in its use
as a biomarker of plasma atherogenicity in the
establishment of cardiovascular risk.10,11 Evidences based
on several observational studies, including the
Framingham, the Prospective Cardiovascular Münster
(PROCAM) and the Lipid Research Clinics Program
(LRCP) suggests that total cholesterol (TC) to HDL
cholesterol ratio is a more powerful coronary risk predictor
than independently used TC, LDL cholesterol and HDL
cholesterol, either solely or in combinations.12-14 In a
multivariate analysis conducted by WOSCOPS,
AFCAPS/TexCAPS and 4S study suggested that
atherogenic lipoprotein indices have higher predictive
value for the development of coronary events when
compared to other lipid parameters.15-17

Study design
This study was designed as a Longitudinal Randomized
Comparative Trial (LRCT) carried out from February
2016 to May 2016. This type of research design is used in
clinical practice when patients will require some form of
treatment allocated to one or more groups over time. The
groups represent the different treatments under study. This
study design is in-part an FDA/WHO phase II
classification of randomized controlled clinical trials
during drug testing. However, it has been clarified by
DFA/WHO that the essence of a controlled clinical trial is
not to "discover" a new drug or therapy, rather, to affirm
or refute unverifiable clinical impressions, and to define in
a scientific way the extent (effectiveness and limitations)
of the drugs.21
Patient recruitment and sample size determination for
Randomized Comparative Trial (RCT)
The sampling technique was adopted from the model of
Schulz KF et al.22 With some modification to fit purpose
(Figure 1) and sample sizes ranging from 100 to 200
participants.21
Eligibility and enrollment

From the experimental investigation, M. oleifera reduced
dyslipidemia, normalizes the activities of myocardial
marker enzymes and possess cardiac protective
qualities.18,19 Therefore this study investigated the effect of
known, acceptable supplement (M. oleifera) on
atherogenic lipoprotein indices, in other to assess its
mitigating qualities in HIV patients.

Eligibility was dependent on conformance to the set
minimum requirements stated in the inclusion criteria and
enrollment procedure was in line with the RCT model as
established by Schulz KF et al, Chalmers TC et al, and
Ranjith G.22-24
Administration of Moringa supplement

METHODS
Prior to the study, ethical clearance was obtained from the
Research Ethics Committee of the University of Port
Harcourt, Nigeria and this was approved with reference
number UPH/R&D/REC/04. The study was conducted in
line with the current Revised CIOMS (Council for
International Organization of Medical Sciences)
International Ethical Guidelines and other relevant
regulatory requirements were strictly adhered to.20
Informed consents were obtained from all volunteer
subjects recruited into the research.
Study area
This study was carried out at the HIV clinic of the Outpatient Department of the University of Port Harcourt
Teaching Hospital, Port Harcourt, Nigeria.

This research was designed as a time-dependent
comparative study with two groups. Group 1 consisted of
HIV patients administered the test drug (M. oleifera
supplement) tagged ART-M and group 2 were HIV
patients on anti-retroviral therapy alone, designated ARTNM. The supplements were administered from the day
after the baseline data (visit 0) were obtained through 12
weeks, and assessment was in line with the design in
Figure 1.
Biological samples were obtained as indicated in the three
visits, baseline (commencement), 4 weeks follow-up, and
12 weeks post commencement of supplements (end of
study). The study design allowed for differential
comparative analysis of the biological parameters of the
group to determine the effects of Moringa supplement on
atherogenic lipoprotein indices such as Log (TG/HDL-C),
TC/HDL-C and LDL/HDL-C.

Study population
Sample size determination (analysis phase)
The subjects were drawn from the population of HIV
patients on ART attending the medical out-patient clinic in
UPTH, Port Harcourt, Nigeria which serves as a regional
center for the management of HIV patients.

The sample size was determined using the superiority
design by Li LM et al, and Zhong B.25,26
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N=2×(

Z1−α + z1−β
2

δ

2

) × S2

•

S2=Polled standard deviation of both comparison
=152=225.

Using the above data,
Where,
•
•
•

Zα=0.05 at 95% confidence desired (two tailed
test)=1.96.
Zβ=power to detect such a difference (set at 80%)
with a 20% withdrawal rate=0.84.
δ=difference to be detected in the percentage
change=5.

N = 2×(

1.96 + 0.84 2
) × 152
5

N=140 (minimum sample size for the study).
The sample sizes per stratum were equally allocated at the
end of visit 2, since the experimenting population is above
the required sample size.

Figure 1: Schulz et al, model for random comparative trail with modifications.22

Inclusion/exclusion criteria
The inclusion criteria included subjects must be HIV
positive and on ART for at least 3 months and not
terminally ill, within ages 18 to 55 years, with the ability
to give informed consent and not on any herbal, traditional

or complementary medicine in the last 2 weeks prior to the
commencement of the study. Excluded subjects were HIV
patients above or below the set age limits, unable to give
informed consent or severely ill patients and those who are
pregnant or planning to be pregnant within the next 4
months.
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Data (sample) collection
Study participants were randomly assigned to groups and
their venous blood samples were obtained after they duly
signed the consent form. The blood was analysed in the
HIV research lab within the premises, a physician attended
to the participants at each follow-up visit to ascertain the
level of compliance.

ratio is 0.3, however, it is important to keep the ratio
above 0.3, the
•
Optimum ratio is 0.35 or close to 0.4. If the
reverse is used (LDL/HDL) the ratio is 3.5.
Therefore, it is of clinical importance to
maintain the ratio below 3.5.
•
Log (TG/HDL): Log (TG/HDL) of -0.3 to 0.1
is associated with low, 0.1 to 0.24 with
medium and above 0.24 with high CV risk.

Instrumentation/sample analysis
Samples were analysed in the research laboratory of the
University of Port Harcourt Teaching Hospital (UPTH),
Port Harcourt, Nigeria using the clinical chemistry
analyser (VS10) manufactured by Vitro Scient. The
machine utilises the operational principle guided by Beerlambert’s law (i.e. the linear relationship between
absorbance and concentration of an absorbing species).

Analysis was carried out using SPSS (IBM® version 3)
and XLSTAT (4.0.1, 2015). Summary statistics were
performed (continuous data were represented as mean
(S.D) while frequency (%) for all categorical data) to
compare changes. Adjusted t-test and Chi-square analysis
of association were used to determine the differences in the
distribution.

Determined parameters
RESULTS
The study design allowed for differential comparative
analysis of the biological parameters of the group to
determine the effects of Moringa supplements on cardiac
risk factors such as BMI, lipid profile and atherogenic
index (Log (TC/HDL-C), TG/HDL-C.
The categorization of the atherogenic lipoprotein indices
for deviation from normal range was assessed using values
provided by Dobiásová M and Nwagha U et al.10,27
•

•

TC/HDL cholesterol ratio- For example, if a person
has total cholesterol of 200 mg/dL and an HDL
cholesterol level of 50 mg/dL, the cholesterol ratio is
4.0, however, it is important to keep the ratio below
5.0, the optimum ratio is 3.5.
LDL/HDL cholesterol ratio- apart from TC/HDL, the
proportion of HDL/LDL can also be used. For
example, if a person has an LDL of 140 mg/dL and
an HDL cholesterol level of 40 mg/dL, the HDL/LDL

At the end of the enrollment, complete data were obtained
from 140 patients (mean age, 36.01±9.41) comprising 53
males (mean age, 39.11±10.46) and 87 females (mean age
35.63±8.33). The BMI of males (23.77±3.26 kgm-2) and
females (24.79±4.60 kgm-2) patients were statistically
indifferent (P >0.05).
The mean (±SEM) atherogenic index (Log (TG/HD)) of
HIV patients on TDF taking moringa supplement (TDF-M)
and those not taking the supplement (TDF-NM) at visit 0
(baseline) were 0.02±0.03 and -0.02±0.03, at visit 1 (4
weeks after administration) was 0.009±0.03 and -0.044
±0.03 respectively, while at visit 2 (end of 12 weeks
administration) was -0.14±0.04 and -0.11±0.03
respectively. The mean (±SEM) values for lipogenic ratios
(TC/HDL and LDL/HDL) were as follows, at visit 0,
TC/HDL (TDF-M=3.60±0.18, TDF-NM=3.60±0.19) and
LDL/HDL (TDF-M=2.05±0.15, TDF-NM=2.05±0.17).

Table 1: Descriptive characteristics of atherogenic lipid indices of the HIV patients on ART at the various visits.
Regimen
TDF-M
TDF-NM
TDF-M
TDF-NM
TDF-M
TDF-NM

Atherogenic lipid indices (Mean±S.E.)
Visit 0 (Baseline)
Visit 1 (4 weeks admin.)
Log (TG/HDL)
0.02±0.03
0.009±0.03
Decrease
-0.02±0.03
-0.044±0.03
Decrease
TC/HDL
3.60±0.18
3.53±0.17*
Decrease
3.60±0.19
3.40±0.15
Decrease
LDL/HDL
2.05±0.15
2.13±0.20
Increase
2.05±0.17
1.86±0.12
Decrease

Visit 2 (12 weeks admin.)
-0.14±0.04
-0.011±0.03

Decrease
Increase

3.15±0.26*
3.74±0.57

Decrease
Increase

1.42±0.15*
1.85±0.11

Decrease
Decrease

TC=Total cholesterol, TG=Triglyceride, HDL=High density lipoproteins, LDL = Low density lipoproteins, C=Cholesterol, S.E=Standard
error of mean. *Significant at P<0.05
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At visit 1, TC/HDL (TDF-M=3.53±0.17, TDFNM=3.40±0.17) and LDL/HDL (TDF-M=2.13±0.20,
TDF-NM=1.86±0.12). At the end of visit 2, TC/HDL
(TDF-M=3.15±0.26, TDF-NM=3.74±0.57) and LDL/HDL
(TDF+M=1.42±0.20, TDF-NM=1.85±0.11). Significant

differences were observed in TDF-M and TDF-NM groups
were observed for TC/HDL at visit 1 and 2 and LDL/HDL
at visit 2 (P <0.05). All other differences observed in the
parameters were statistically insignificant across the
various visits (P >0.05) (Table 1).

Figure 2: Log (TG/HDL) cut off distribution of HIV patients on TDF-M and TDF-NM at the various visits.

Figure 3: TC/HDL-C ratio cutoff distribution of HIV patients on TDF-M and TDF-NM at the various visits.
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Figure 4: LDL/HDL-C ratio cut off distribution of HIV patients on TDF-M and TDF-NM at the various visits.

The atherogenic lipid indices cut off values showed that
TDF-NM group had a steady proportion (52.1% at visit 0,
54.3% at visit 1 and 53.6% visit 2) of patients at risk of
CVD using the Log (TG/HD) index, while the TDF-M had
a decrease from 33.6% at visit 0 to 20.0% at visit 2. The
reduction trend was statistically significant at visit 2
(χ2=26.67, P <0.001) but not 1 (χ2=2.933, P=0.07) (Figure
2). The proportion of patient with abnormal TC/HDL-C
ratio in the TDF-M group, slightly significantly reduced
through visit 0 (40%), visit 1 (20.7%) to visit 2 (15%) while
a slight increase was observed in the TDF-NM (27.1% at
visit 0, 38.6% at visit 1 and 44.3% at visit 2). The
distribution was significant at visit 0 (χ2=8.296, P=0.04)
and visit 2 (χ2=18.352, P <0.001) but not visit 1 (χ2=3.559,
P=0.080) (Figure 3).
LDL-C/HDL-C cut off values for normalcy in the TDF-M
group significantly increased from 17.9% at baseline to
32.9% at visit 2 (12 weeks after administration) while the
TDF-NM group had a steady abnormally distributed
C/HDL-C cut off values through the experiment, visit 0
(30.7%), visit 1 (34.3%) and visit 2 (36.4%). The
difference in proportion was significant at visit 2
(χ2=25.101, P <0.001) (Figure 4).
DISCUSSION
The results showed that 73.5% of patients were at various
levels of risk (ranging from low, medium to high risk using
the Log (TG/HDL-C) index of developing cardiovascular

diseases (CDs). While the cholesterol ratios TC/HDL-C
and LDL-C/HDL-C picked abnormal ratios of 32.9% and
30.7% at baseline respectively. It should be noted that
cardiovascular risk increased in relation to TC/HDL-C
levels, regardless of TC or LDL cholesterol levels with a
better predictive capability when compared to standalone
univariate biomarkers.28-30 The most important
relationship between HDL and LDL is the relative quantity
of either one that circulates in the bloodstream. Therefore,
HIV patient on ART need to maintain a high HDL and low
levels of LDL to reduce the chance of coronary heart
disease or CVDs.31,32 Boden WE also suggested that
decreased level of HDL-C is an independent risk factor for
coronary heart disease (CHD) as elevated levels of
triglycerides (TG) contribute to the reoccurrence of CHDs
in these patients.33,34 However, the inverse relationship
between HDL-C and TG has been established in
hypertriglyceridemic conditions.35
Although human studies on the effect of Moringa on
atherogenic lipid indices are scarce, however, this study
observed that most of the subject at risk of CDs (using the
Log (TC/HDL-C) index) was at the lower limits range of
4.1-4.9 and this contributed to over 60% of the cases in this
study. However, it must be noted that the findings of this
study have not categorically established dyslipidemic
abnormalities but has thrown a pointer to the possibility of
HIV-patients on ART developing CVDs.10,11 The influence
Moringa supplement had on TC/HDL-C and LDLC/HDL-C were most significant at the end of the 12 weeks
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of administration (visit 2) as there was a marked reduction
in the proportion of patients with abnormal TC/HDL-C
and LDL-C/HDL-C levels. There is no doubt that
lipoprotein indices or ratios are indicators of dyslipidemia,
however, the prevalence could differ between sexes as well
as across regions.32,36 This postulation is not surprising as
experimental reports suggest that a co-factorial effect of
ART therapy and the HIV infection could have
predisposed patients to dyslipidemia, while the different
antiretroviral therapies, feeding pattern, and lifestyle could
additionally play a role.32,37

6.

Generally, clinical animal experimentation on the effect of
Moringa plant parts on the lipid profile and indices have
been researched with reports of positive antihypertensive,
hypolipidemic and hypocholesterolaemic effects which
has been attributed to the presence of β-sitosterol.18,38,39,40

9.

7.

8.

10.

CONCLUSION
11.
There was a high proportion of HIV patients on TDF based
regime at risk of CDs, which were found to have values at
the borderline of normalcy and abnormality; suggesting the
need for broader classification. The administration of
Moringa supplement proved to be effective in ameliorating
the dyslipidemic state of patients on TDF based
antiretroviral regimen; thus, strengthen the advocacy for
the inclusion as a dietary supplement for HIV management.
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