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Abstract
Background: Highly active antiretroviral drug therapy (HAART) remains the only officially available option for the
management of human immunodeficiency virus (HIV) infection at designated medical institutions in Nigeria. This
study investigated the impact of HAART on glucose level, lipid profile, blood parameters and growth indices of HIVinfected patients at a tertiary health center in Nigeria. Biochemical and hematologic indices were determined in HIV
patients on HAART at the Federal Medical Centre (FMC), Owo, Nigeria. Plasma glucose and lipid profile were biochemically determined in 140 age-matched individuals divided into three groups: Group I (n = 70) comprised seventy
clinically diagnosed and laboratory-confirmed HIV-positive patients before receiving HAART (HIV-positive group);
Group II (n = 70) comprised the same set of HIV-positive patients who had received HAART for 1 year (HAART group);
and Group III (n = 70) comprised healthy controlled subjects who proved HIV-negative (HIV-negative group). Growth
indices were used to monitor the changes in immune response (white blood cell counts) of the HIV-infected patients.
Results: HAART ameliorated reduced body mass index and disorder in white blood cell counts but not dyslipidemia
and hyperglycemia caused by HIV infection. Results confirmed the effectiveness of HAART in preventing the development of full-blown acquired immune deficiency syndrome in HIV-positive patients. However, increases in cholesterol
and low-density lipoprotein-cholesterol levels coupled with increased atherogenic index occasioned by HAART
portend the risk of cardiovascular disease.
Conclusions: HIV infection has a negative impact on the anthropometric, hematologic and biochemical indices
of patients. Although HAART is helpful to improve anthropometric and hematological indicators, there is a need to
improve drug regimens to reduce or eliminate undesirable metabolic complications.
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Background
Human immunodeficiency virus (HIV) is the etiologic
agent for the acquired immune deficiency syndrome
(AIDS) which weakens the immune system paving
the way for opportunistic infections which are the main
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cause of death in HIV-infected patients (Ryu and Ryu
2017). The classification of HIV and its mode of expression after infecting a host have been adequately reported
in the literature (Harrington and Carpenter 2000; Melhuish and Lewthwaite 2018). Data on the worldwide and
regional prevalence of HIV have also been published
(Etukumana et al. 2011; Adeyemo et al. 2014; Murray et al. 2014, 2018; Fact sheet 2019). The prevalence
of HIV—1 patients, HIV—2 patients, and patients with
coinfection by both viruses in Nigeria was 97.5%, 2.4%,
and 0.1%, respectively (Harrington and Carpenter 2000).
The onset of AIDS marks the end of a dynamic struggle
between the virus and the immune system when the virus
breaks through the host’s immune defenses. Knowledge
of the means by which HIV gains access to CD4+ cells
and its replication mechanism led to the development of
several agents to control the disease. At present, the combination therapy known as Highly Active Antiretroviral
Therapy (HAART) is the gold standard in the management of AIDS. The effectiveness of HAART in reducing mortality and morbidity from HIV infection was
noted decades ago (Palella et al. 1998). HAART reduces
the viral load, at times to undetectable levels by current
blood testing techniques, by targeting susceptible points
in the life cycle of HIV (Roy et al. 2002).
High-density lipoprotein (HDL) clears cholesterol from
the arteries and delivers it to the liver and apolipoprotein
A (ApoA) is the protein component of HDL. Low-density
lipoproteins (LDL) carry cholesterol and fat throughout the body through the arteries. Apolipoprotein B
(ApoB) is the major protein component of chylomicrons,
very LDLs (VLDLs), intermediate-density lipoproteins,
lipoprotein(a) and LDLs, and it carries fat and cholesterol
through the body. ApoB particles are potentially atherogenic particles and ApoA-I particles are non-atherogenic
particles. If an ApoB particle enters the vessel wall, its
moiety attaches (fixes) to arterial wall proteoglycans, and
the surface phospholipids are subject to modification by
reactive oxygen species, and the proteins by glycation
from glucose. The oxidized phospholipids are subject to
further lipolysis by lipoprotein-associated phospholipase
A2 and the hydrolytic products (oxidized fatty acids and
lysophosphatidylcholine), create endothelial dysfunction
and recruitment of macrophages. Quantitating atherogenic lipoproteins is used to predict the risk of cardiovascular diseases.
Until recently, there is no cure for HIV infection,
and antiretroviral therapy remains the only widely
acknowledged means of managing HIV/AIDS. Despite
these facts, it was speculated that in Nigeria, up to
80% of people do not have access to treatment. However, coordinated efforts by Government and nongovernmental agencies at improving this scenario are
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being implemented with encouraging results (Fact
Sheet, Anti-Retroviral Therapy 2016). This study was
carried out at the Federal Medical Center (FMC), Owo,
located in Owo Local Government Area, Ondo State,
Nigeria. At the time the research was carried out, FMC
was the only hospital administering HAART in the
area. The hospital provides healthcare services at the
tertiary level to people within its catchment. Screening tests and therapy are carried out at the center. The
use of HAART has been an effective way of management of HIV infection at this center. Since antiretroviral therapy is still the only widely acknowledged means
for managing HIV/AIDS, there is a need to effectively
monitor the progress or physiological improvement or
any side effect of antiretroviral treatment. We, therefore, conducted a study to evaluate the biochemical,
hematological, atherogenic, and anthropometric indices of HIV patients attending FMC, Owo, Nigeria, to
determine areas needing improvement in HIV-positive
individuals on HAART in comparison with healthy
control subjects.

Methods
Chemicals

The HAART drugs employed included zidovudine, lamivudine, nevirapine, tenofovir and efavirenz in the appropriate combinations. Kits for the evaluation of total
cholesterol, triglyceride, HDL-cholesterol and glucose
levels were obtained from Randox Laboratories Limited
(Antrim, UK).
Study groups

Equipment and facilities used for the study were obtained
at the hospital and used according to standard procedures. A total of 140 age-matched individuals were used
for this study. Group I (n = 70) comprised seventy clinically diagnosed and laboratory-confirmed HIV-positive
patients before receiving HAART (HIV-positive group);
Group II (n = 70) comprised the same set of HIV-positive
patients who had received HAART for 1 year (HAART
group); and Group III (n = 70) comprised healthy controlled subjects who proved HIV-negative (HIV-negative
group). Collectively, a total of 210 samples were collected
from subjects used for the study. Informed consent was
obtained from patients. Patients were of Yoruba ethnicity,
educated, and were a mixture of both males and females
between the age of 16 and 65 years. Weight, height and
body mass index (BMI) were used to monitor changes
in the health profile of the patients in the HIV-positive
and HAART groups. Measurements were done at the
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beginning of the study, and the age brackets at the initial
period were maintained to avoid confusion and errors.
Criteria of case selection

Inclusion criteria: Individuals (≥ 16 years old) that were
HIV-positive at the time of HAART administration and
those on HAART for at least 6 months that gave their consent were included in the study. Exclusion criteria: Those
who were severely sick due to other medical conditions,
those diagnosed as having hematological diseases, subjects
with malignancy demanding cytotoxic chemotherapy or
radiation therapy, pregnant women and those who did not
give their consent were excluded from the study.
Sample collection, hematological and biochemical
estimation

Peripheral blood was drawn by venipuncture into a
vacutainer tube containing EDTA anticoagulant to prevent clotting of blood and labeled with the participant’s
ID number. The blood was centrifuged at 4000 rpm for
15 min at room temperature to separate the blood into
two layers. The upper layer (plasma) was used for biochemical analyses.
Determination of hematological indices

White blood cell counting was performed as previously
described (Gordon et al. 1978). Differential leucocyte
counting was carried out according to the previous
method (Wintrobe et al. 1992).
Determination of biochemical indices

Levels of cholesterol, triglycerides (TG), high-density lipoproteins-cholesterol (HDL-c) and glucose in
plasma were determined with kits obtained from Randox Laboratories Limited (Antrim, UK) following the
instructions of the manufacturer. Low-density lipoproteins-cholesterol (LDL-c) concentration was estimated
according to Friedwald et al. (1972). Atherogenic index
of plasma (AIP) was estimated according to Onat et al.
(2010).
Determination of anthropometric indices

Body mass index (BMI) was calculated from patients’
measured weight and height (kg/m2). The weight status
of patients was determined based on the World Health
Organization standard BMI cutoff points. Underweight
was defined as a BMI < 18.5, normal weight as a BMI
between 18.5 and 24.9, and overweight or obese as a
BMI ≥ 25 (WHO 2019).
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Statistical analysis

Results were expressed as means ± standard deviation
(SD). Statistical analysis was carried out using a oneway analysis of variance (ANOVA) followed by the
Tukey–Kramer multiple comparisons test. The significance level was set at p < 0.05. All the statistical analyses were performed using GraphPad Prism 6 software
(GraphPad Software Inc., San Diego, CA, USA).

Results
Total leukocyte count and lymphocyte counts were significantly high in the HIV-negative group compared
with the HAART group while the HIV-positive group
has the lowest counts. Furthermore, the neutrophil and
monocyte counts which signify the number of cells that
fight infections were significantly high in the HIV-positive group compared with the HAART group and least
in the HIV-negative group (p < 0.05) (Table 1). However,
monocyte counts for the HIV-negative group and the
HAART group were not significantly different (p > 0.05).
The eosinophil and basophil counts were not significantly
different in the three groups (p > 0.05). Furthermore, the
neutrophil/lymphocyte ratio for the HIV-positive group
was > 50% higher than the values for HIV-negative and
HAART groups, which were not significantly different
(Fig. 1).
The plasma lipid profile presented in Table 2 showed
that HIV-positive patients that were treated with HAART
for 1 year had increased lipid levels, that is, the levels of
cholesterol, triglyceride, HDL-c, and LDL-c increased
compared with untreated HIV-positive and HIV-negative
patients. However, the cholesterol, triglyceride, HDL-c,
and LDL-c levels of HIV-negative patients were significantly higher than their levels in untreated HIV-negative
patients. The same trend of the result was observed in
the level of glucose. However, the cholesterol/HDL ratio
(Fig. 2a) and LDL/HDL ratio (Fig. 2b) for the HAART
group were significantly higher than the values for HIVpositive and HIV-negative groups, which were not significantly different. Figure 2c shows the AIP across all
age-groups in the study groups. The AIP for the HAART
group was higher than the values for HIV-positive and
HIV-negative groups (p < 0.001). This perturbation in
plasma lipid profile and HAART-treated patients may
predispose these patients to cardiovascular complications
if not managed properly.
The BMI of the HAART group and the HIV-negative
group were not significantly different, but the BMI value
for the HIV-positive group was significantly lower due
to the weight loss that followed HIV infection (Table 3).
Results indicated that HIV status but not age may be

Ademuyiwa et al. Bulletin of the National Research Centre

(2022) 46:263

Page 4 of 9

Table 1 Hematologic parameters of HIV-positive patients,
HIV-positive patients on antiretroviral drugs and HIV-negative
subjects
Age-group HIV+ve (n = 70)

HAART (n = 70)

HIV−ve (n = 70)

Total count
(/CMM)
16–25
26–35
36–45
46–55
56–65
Neutrophil
(%)
16–25
26–35
36–45
46–55
56–65
Lymphocyte
(%)
16–25
26–35
36–45
46–55
56–65
Monocyte
(%)
16–25
26–35
36–45
46–55
56–65
Eosinophil
(%)
16–25
26–35
36–45
46–55
56–65
Basophil (%)
16–25
26–35
36–45
46–55
56–65

2418.20 ± 376.35a

2300.00 ± 331.66

a

4681.80 ± 485.42b

6081.80 ± 925.01c

2225.00 ± 298.18

a

b

2360.00 ± 450.19

a

6588.90 ± 774.51c

2475.00 ± 320.16

a

75.00 ± 1.00c

b

4666.70 ± 512.18
4500.00 ± 431.38

b

4710.00 ± 387.15

b

4475.00 ± 250.00
65.09 ± 2.30b,d

75.29 ± 1.15

c

b

74.96 ± 1.27

c

65.81 ± 13.20

75.00 ± 1.06

c

b

75.50 ± 1.00

c

b

66.00 ± 1.32
65.80 ± 1.99

b,e

66.00 ± 1.41

6333.30 ± 1085.4c
6225.00 ± 775.89c
6500.00 ± 1050.9c
61.91 ± 3.33a,d,e
62.40 ± 3.48a,d,e
62.06 ± 3.33a,e
61.81 ± 2.32a,e

63.40 ± 2.50a,b

12.36 ± 0.81a

26.64 ± 2.20b,d

29.82 ± 3.40c

12.33 ± 0.92a

26.21 ± 1.02b

29.22 ± 2.63c,d

12.00 ± 0.89a
12.30 ± 0.95
11.50 ± 1.73

a
a

26.48 ± 2.21b

b,d

26.70 ± 2.41

b,c

27.75 ± 1.29

31.13 ± 3.00c

29.88 ± 2.16c

28.40 ± 2.80b,c

11.27 ± 2.61b
10.52 ± 0.68

b

4.82 ± 0.75a

4.91 ± 1.04a

10.50 ± 0.59

b

a

10.20 ± 1.14

b

5.39 ± 1.20a

10.75 ± 0.96

b

a

4.43 ± 1.03
4.58 ± 1.02

a

5.00 ± 1.59a

2.09 ± 0.54a
a

3.09 ± 1.04a

3.18 ± 1.25a

a

a

2.40 ± 1.55a

3.20 ± 0.92a

3.06 ± 1.51a
3.00 ± 1.03a

2.05 ± 0.67
2.13 ± 0.54

2.20 ± 0.79a
2.00 ± 0.82a

a

4.53 ± 1.41a

3.80 ± 1.03
3.75 ± 0.96

a

3.05 ± 1.12
2.96 ± 0.86

2.25 ± 1.26a

4.50 ± 1.08a

3.30 ± 0.82a

0.09 ± 0.30a

0.36 ± 0.50a

0.27 ± 0.47a

0.13 ± 0.34a

0.25 ± 0.44a

0.28 ± 0.46a

0.10 ± 0.30a
0.30 ± 0.50a
0.25 ± 0.50

a

0.24 ± 0.45a
0.50 ± 0.53a
a

0.25 ± 0.50

0.20 ± 0.41a
0.31 ± 0.48a
0.40 ± 0.52a

Results are presented as mean ± SD (n as indicated). Values having the same
superscript in a column are not significantly different (p > 0.05)
HAARTHIV-positive patients on highly active antiretroviral therapy, HIV+ HIVpositive patients, HIV− HIV-negative subject

responsible for observed differences in values obtained in
all groups.
Table 4 presents the relationships between pairs of
selected parameters in terms of their Pearson correlation

Fig. 1 Neutrophil/lymphocyte ratio of age-matched HIV-positive
patients, HIV patients after a year of HAART and HIV-negative subjects.
***p < 0.001 versus HIV-positive; **p < 0.01 versus HIV-negative.
HIV+ve HIV-positive group, HAART HIV-positive patients on HAART,
HIV-negative HIV-negative group. The neutrophil/lymphocyte ratio
was skewed by HIV infection, but the imbalance was ameliorated in
patients on HAART

coefficients (r). The table reveals that HIV infection and
HAART treatment caused a significant deviation from
the normal relationship between indices in healthy individuals that are HIV-negative.

Discussion
The use of HAART led to a dramatic decrease in morbidity and mortality among patients who are HIV-positive. HAART substantially improves the health profile
of patients engendering increased survival rates of HIVinfected individuals in agreement with previous findings
(Crabtree-Ramírez et al. 2010; Ballocca et al. 2016). In the
present study, the results of hematological determinations showed that HIV-positive patients not undergoing
HAART stand the risk of opportunistic infections which
may further compromise their immunity and chance of
survival. White blood cells (leukocytes) consist of neutrophils, eosinophils, basophils, monocytes, and lymphocytes cells which participate in adaptive immune
responses.
The reported normal number of WBCs in the blood is
4500–11,000 per microliter (Lichtman et al. 2017). In this
study, HAART treatment elevated the decreased count
observed in HIV-positive patients, According to the
American Academy of Pediatric Dentistry, the percentages of white blood cells in healthy people are as follows:
54–62% neutrophils, 25–30% lymphocytes, and 0–9%
monocytes (Lichtman et al. 2017). The result of the total
white blood cell count in the HAART group showed that
the leucopenia occasioned by HIV infection was ameliorated by HAART. Neutrophils and monocytes which are
important in inflammatory response were significantly
increased in the HIV-positive group while the antibodyforming lymphocytes were reduced. In this study, there
was no significant difference in the percent eosinophil
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Table 2 Biochemical indices of HIV-positive patients, HIV-positive patients on antiretroviral drugs and HIV-negative subjects
Age-group

HIV+ve (n = 70)

HAART (n = 70)

HIV−ve (n = 70)

35.36 ± 4.11a
a

312.91 ± 19.65c

80.64 ± 12.09b

a

c

Cholesterol (mg/dl)
16–25
26–35
36–45
46–55
56–65
Triglyceride (mg/dl)
16–25
26–35
36–45
46–55
56–65
HDL-c (mg/dl)
16–25
26–35
36–45
46–55
56–65
LDL-c (mg/dl)
16–25
26–35
36–45
46–55
56–65
Fasting plasma glucose (mmol/l)
16–25
26–35
36–45
46–55
56–65

32.81 ± 5.54
34.75 ± 4.99

a

36.90 ± 5.59

a

39.00 ± 2.94

25.64 ± 5.62a
a

27.48 ± 5.65

a

27.00 ± 4.38

a

28.20 ± 5.57

c

317.52 ± 17.64
311.79 ± 14.98

c

324.70 ± 21.27

c

314.25 ± 17.39

276.64 ± 14.84c

81.33 ± 8.09b
82.88 ± 4.98b
76.60 ± 8.22b

c

83.55 ± 15.80b

c

86.61 ± 9.84b

276.05 ± 12.87
c

274.08 ± 7.09

83.80 ± 12.37b

83.53 ± 13.20b
88.69 ± 16.24b

a

282.30 ± 15.09

24.70 ± 3.14a
a

78.46 ± 9.90c

49.18 ± 3.43b

a

c

51.00 ± 4.02b

31.00 ± 8.08

25.07 ± 3.36
27.27 ± 4.30

a

27.11 ± 3.26

a

26.85 ± 4.55

c

280.25 ± 19.27

c,e

86.19 ± 9.06
81.68 ± 7.71

d,e

89.80 ± 9.66

c,e

87.75 ± 10.81

88.30 ± 17.40b

50.00 ± 3.72b
51.81 ± 3.56b
49.80 ± 3.80b

6.00 ± 2.68a,d

179.09 ± 10.71c

14.73 ± 8.53b,d,e

6.21 ± 1.79a,d

175.33 ± 9.38c

13.00 ± 7.17a,e

5.33 ± 1.96a

7.20 ± 1.55a,d,e
7.00 ± 1.56a,e

176.05 ± 10.17c
178.40 ± 12.66c
170.50 ± 8.39c

2.72 ± 0.38a
a

11.64 ± 1.42c

a

c

2.71 ± 0.47
2.60 ± 0.30

a

2.90 ± 0.32

a,d

2.83 ± 0.34

14.40 ± 5.68b,e
12.38 ± 4.76a,e

c

11.71 ± 1.50
11.52 ± 2.57

c

11.35 ± 1.32

c

11.33 ± 1.23

9.10 ± 5.43a,e
5.15 ± 0.48b,d
4.93 ± 0.37b,d
5.08 ± 0.47b
5.13 ± 0.48b
5.29 ± 0.61b

Results are presented as mean ± SD (n is as indicated). Values sharing a common superscript down a column are not significantly different (p > 0.05)
HAARTHIV-positive patients on highly active antiretroviral therapy, HIV+ HIV-positive patients, HIV− HIV-negative subjects

and percent basophil between the three groups. This is
in line with the reports that found no distinct pattern of
variation in eosinophil count of HIV-positive patients
(Kaewketthong et al. 2013) and that basophil count
remains fairly stable during HIV progression (Jiang et al.
2015; Marone et al. 2016). In general, the blood differential tests revealed that HIV-positive patients on HAART
at FMC, Owo, Nigeria showed a positive response to
treatment.
Dyslipidemia is a syndrome that involves increased
levels of cholesterol and triglycerides in the blood
(Barzegar-Amini et al. 2019; Simental-Mendía and Guerrero-Romero 2019) which was observed in the HAART
group. In addition, the fasting plasma sugar (FPG) level
(a marker for determining the level of glucose in the

bloodstream of diabetic patients) was least in the HIV+
group and highest in the HAART group. This shows that
HAART treatment led to dyslipidemia and hyperglycemia
in the patients. This is in line with the well-documented
reports that HIV-positive patients on antiretroviral drugs
are susceptible to cardiovascular complications and diabetes (Worm et al. 2010; Moyo et al. 2013). Of note is
the disproportionate increase in LDL levels compared to
HDL levels in the HAART group versus the HIV-negative
group. Friis-Møller et al. (2003) reported that patients
who did not receive therapy had a lower incidence of cardiovascular disease than those treated. Our result corroborated this evidence. The results also demonstrated
that while HIV infection alone caused abnormal lipid and
glucose levels, these are exacerbated by HAART.
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Fig. 2 a Cholesterol/HDL-c ratio of age-matched HIV-positive patients, HIV patients after a year on HAART, and HIV-negative subjects. ***p < 0.001
versus HIV-positive and HIV-negative; #p > 0.05 versus HIV-positive. Cholesterol/HDL-c ratio in HIV-positive patients was not significantly different
from values for normal subjects but the ratio was skewed in HIV-positive patients on HAART; b LDL/HDL-c ratio of age-matched HIV-positive
patients, HIV patients after a year of HAART, and HIV-negative subjects. ***p < 0.001 versus HIV-positive and HIV-negative; #p > 0.05 versus
HIV-positive. LDL/HDL-c ratios were similar in HIV-positive patients and normal subjects but skewed in HIV-positive patients on HAART; c
Atherogenic index of plasma (AIP) of HIV-positive patients, HIV patients after a year of HAART, and HIV-negative subjects. Each value is significantly
different from the others (p < 0.05). Values indicated a lower cardiovascular risk for HIV-positive and HIV-negative groups

The anthropometric measurements indicated that
while HIV-positive patients not on HAART lost much
weight and their BMI values dropped below 25 kg/m2,
treatment with HAART restored BMI values to control
levels. Therefore, HAART had a positive effect on BMI.
Neutrophil/lymphocyte ratio (N/L), cholesterol/HDL-c
ratio (CHOL/HDL-c) and LDL-c/HDL-c ratio are important risk indicators for cardiovascular and other diseases.
White blood cell count is one of the useful inflammatory biomarkers in clinical practice. However, even when
white blood cell count is in the normal range, subtypes
of white blood cells like N/L are used as inflammatory
markers related to cardiovascular and other diseases like
cancer and may be a predictor of mortality in all conditions (Absenger et al. 2013; Angkananard et al. 2017; Corriere et al. 2018). Neutrophils and lymphocytes are white
blood cell types that respond to infection, and stress
and coordinate inflammation. N/L, which is the neutrophil-to-lymphocyte ratio, can be used as an indicator of
inflammation in the body. An increase in the N/L ratio
could be pointing to inflammation which when coupled
with an increase in lipid profile could be an indication

of cardiovascular problems. Therefore, the significant
increase in N/L in the HIV-positive group additionally
pointed to the risk of cardiovascular complications and
other diseases in AIDS. HAART had a positive effect on
this ratio. Cholesterol//HDL ratio and LDL/HDL ratio
are better indicators of cardiovascular risk than the isolated parameters (Millán et al. 2009). In this study, the
cholesterol//HDL and LDL/HDL ratios were skewed by
HAART. HAART elicited a disproportionate increase in
LDL levels which occasioned an inversion of the usual
relationship between LDL and HDL in healthy individuals. These observations indicated that HAART portends
serious risks of cardiovascular disease. Metabolic abnormalities, including dyslipidemia, insulin resistance, diabetes, and increased inflammatory indexes, have been
increasingly observed among HIV-infected patients in
the current era of highly active antiretroviral therapy
(Friedewald et al. 1972; Wintrobe et al. 1992). The causes
of these abnormalities are complex and multifactorial,
likely related in part to the effects of HIV, chronic inflammatory conditions, medication effects, e.g., of specific
protease inhibitors on lipid metabolism and nucleoside

Ademuyiwa et al. Bulletin of the National Research Centre

(2022) 46:263

Table 3 Anthropometric indices of HIV-positive patients,
HIV-positive patients on antiretroviral drugs and HIV-negative
subjects
Age-group

HIV+ve (n = 70)

HAART (n = 70)

HIV−ve (n = 70)

36.91 ± 5.99a

55.55 ± 5.63b

54.27 ± 3.00b

40.46 ± 5.93a

57.92 ± 5.25b

57.72 ± 5.99b

Weight (kg)
16–25
26–35
36–45
46–55
56–65
Height (m)
16–25
26–35
36–45
46–55
56–65
BMI (kg/m2)
16–25
26–35
36–45
46–55
56–65

37.71 ± 6.92a
41.70 ± 5.21a
42.00 ± 9.13a
1.49 ± 0.07a
1.50 ± 0.07a
1.49 ± 0.07a
1.54 ± 0.05a
1.56 ± 0.10a

56.33 ± 5.83b
60.20 ± 4.78b
59.00 ± 5.48b
1.49 ± 0.07a
1.50 ± 0.07a
1.52 ± 0.07a
1.54 ± 0.05a
1.56 ± 0.10a

57.69 ± 4.95b
58.30 ± 5.87b
1.48 ± 0.04a
1.49 ± 0.07a
1.52 ± 0.07a
1.52 ± 0.07a
1.52 ± 0.07a

a

24.91 ± 0.83b
b

24.82 ± 0.40b

17.33 ± 1.44a
a

24.88 ± 0.68b
b

25.00 ± 0.49b

17.25 ± 2.06a

24.25 ± 1.26b

25.30 ± 1.16b

17.60 ± 2.22

25.05 ± 1.02
25.50 ± 0.97

Table 4 Comparison of hematological, biochemical and
anthropometric indicators among HIV-positive patients without
treatment, HIV-positive patients on HAART, and people without
HIV infection
Paired indices

55.07 ± 4.95b

16.55 ± 1.86a

16.67 ± 1.68
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24.80 ± 0.56b
b

24.88 ± 0.89

Results are presented as mean ± SD (n is as indicated). Values sharing a common
superscript in a column are not significantly different (p > 0.05)
HAARTHIV-positive patients on highly active antiretroviral therapy, HIV+ve HIVpositive patients, HIV−ve HIV-negative subjects

reverse transcriptase inhibitors on mitochondrial function, and changes in body composition, with relative
losses in subcutaneous fat and gains in central adiposity with the institution of antiretroviral therapy. These
changes may place HIV-infected patients at greater
risk of cardiovascular disease. Indeed, although it has
been reported that overall morbidity and mortality have
decreased significantly with the introduction of highly
active antiretroviral therapy, concern has been raised as
to cardiovascular disease becoming an increasing problem for such patients, especially as they aged (Grunfeld
et al. 2008; Ballocca et al. 2016; Rossano and Lin 2017).
The atherogenic index of plasma (AIP) calculated as log
(TG/HDL-C) is a significant predictor of atherosclerosis
and an independent predictor of coronary heart disease.
It has been used as an additional index in the assessment
of cardiovascular risk factors (Onat et al. 2010; Nwagha
et al. 2010; Bo et al. 2018). It has been suggested that AIP
values of − 0.3 to 0.1 are associated with low, 0.1–0.24
with medium and above 0.24 with high CV risk (Dobiásová 2006; Nwagha et al. 2010). The AIP values in the
HAART group in this study indicated a significant potential cardiovascular risk.
The evaluated hematologic, biochemical, and anthropometric indices together with those of additional

WBC/L
N/L
N/CHOL
L/M
L/CHOL

Group
HIV+ve

HAART

HIV−ve

r (p value)

r (p value)

r (p value)

0.24 (0.045)

0.01 (0.952)

0.08 (0.499)

− 0.61 (0.000)

− 0.61 (0.000)

− 0.68 (0.000)

− 0.18 (0.134)

− 0.42 (0.000)

− 0.24 (0.046)

− 0.19 (0.111)
0.05 (0.658)

CHOL/HDL-c

0.90 (0.000)

CHOL/LDL-c

0.39 (0.001)

TRIG/BMI
HDL-c/LDL-c
LDL-c/FPG
LDL-c/BMI

0.24 (0.047)

− 0.06 (0.648)

− 0.28 (0.019)
0.24 (0.047)

− 0.13 (0.288)

0.42 (0.000)

0.04 (0.752)

0.70 (0.000)

− 0.03 (0.780)

0.04 (0.715)

0.30 (0.011)

0.00 (0.972)

0.24 (0.041)

0.06 (0.630)

− 0.12 (0.311)

0.07 (0.550)

− 0.06 (0.601)

0.26 (0.031)

− 0.15 (0.214)

− 0.10 (0.404)

The Pearson correlation coefficient, r, quantifies the degree to which paired
indices are related. HIV infection and HAART in some instances caused
significant deviations from the normal relationship between indices in healthy
individuals

HIV+ve HIV-positive patients, HAART HIV-positive patients on highly active
antiretroviral therapy, HIV−ve HIV-negative subjects, WBC total white blood
cell count, L lymphocyte count, CHOL total cholesterol concentration,
M monocyte count, TRIG triglyceride concentration, HDL-c high-density
lipoprotein-cholesterol concentration, LDL-c low-density lipoprotein-cholesterol
concentration, BMI body mass index, FPG fasting plasma glucose, LDL lowdensity lipoprotein, HDL high-density lipoprotein

cardiovascular risk factors computed from the primary
data of patients in this study demonstrated that while HIV
infection alone predisposed patients to cardiovascular
complications, the risk was significantly exacerbated by
HAART. Reports have shown that HAART causes metabolic derangement due to the presence of protease inhibitors in the drug regimen (Hui 2003; da Cunha et al. 2015).
Protease inhibitors cause excessive central fat deposition
(lipodystrophy), hyperlipidemia, as well as insulin resistance. Some of the major mechanism for protease inhibitors’ side effect include the suppression of the breakdown
of the nuclear form of sterol regulatory element binding
proteins (nSREBP) in the liver and adipose tissues which
result in increased fatty acid, and cholesterol biosynthesis, lipodystrophy, and reduced expression of leptin (Riddle et al. 2001). HIV protease inhibitors also suppress the
proteasome-mediated breakdown of nascent apolipoprotein (apo) B, which results in the overproduction and
secretion of triglyceride-rich lipoproteins (Liang et al.
2001). The relationships between some pairs of indices in
the HIV-negative group were markedly distorted by HIV
infection and in other instances by HAART. For example,
HIV infection disrupted correlations between CHOL/
HDL-c and CHOL/LDL-c compared to the HIV-negative
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group while HAART disrupted the correlation between
N/CHOL compared to the HIV-negative group. These
observations indicated that patients on HAART at FMC,
Owo, Nigeria may be at risk of cardiovascular disease and
diabetes.

Conclusions
This study showed that HAART was helpful to patients
at FMC, Owo, Nigeria, and has a positive effect on the
hematological parameters and BMI of patients. However, HAART had an adverse effect on their lipid profile
and blood glucose level. This study confirmed previous
reports that HIV infection on one hand and antiretroviral therapy on the other created imbalances in the
biochemical profiles of patients. The role of HAART
in HIV could be described as double-edged. Therefore,
there is a need to step up the search for ways to improve
drug regimens in order to reduce or eliminate undesirable metabolic complications. Highly active antiretroviral therapy for HIV-infected patients could be regarded
as a bitter-sweet situation for now but, hopefully, this
would become an all-sweet situation with the discovery
of ways to eliminate the present complications accompanying HAART.
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