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Introduction

One of the greatest challenges of the 21st Century is the 
Human Immunodeficiency Virus (HIV), the causative agent of the 
Acquired Immunodeficiency Syndrome (AIDS), [1,2]. As at 2015, 
about 36.7 million people were living with HIV/AIDS globally, 
with an estimated 25.5 million infected people in Sub-Saharan  

 
African [3]. The introduction and use of antiretroviral therapies 
(ART) has revolutionized the management and treatment of HIV/
AIDS globally resulting in increased life expectancy [4-8]. Current 
treatment guidelines by WHO recommend the use of a combination 
of at least 3 ARV drugs which include: 2 Nucleoside Reverse 
Transcriptase Inhibitors (NRTIs) combined with 1 medication 
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Abstract

Micronutrients and electrolytes deficiencies are prevalent among HIV-infected populations. The use of Highly Active Antiretroviral Therapy 
(HAART) on the other hand has been shown to increase the life expectancy of HIV infected individuals. The present study was designed to determine 
the effects of HAART on some serum micronutrients and electrolytes concentrations in HIV positive patients attending Emuoha General Hospital, 
Emuoha Local Government Area, River State, Southern Nigeria, six months post-therapy. A cohort of 163 patients comprising 111 HIV Positive 
subjects (25 males and 86 females) and 52 apparently healthy HIV negative controls (11 males and 41 females) were recruited for this study. HIV 
infection was detected using rapid tests Kits: Alere DetermineTM HIV-1/2 Ag/Ab Combo Rapid Tests Kits (Abbot Rapid Diagnostics, California, USA), 
Uni-GoldTM Recombigen® HIV-1/2 (Trinity Biotech Plc, Wicklow, Ireland) and Chembio HIV 1/2 STAT-PAK® Rapid Test Kit (Chembio Diagnostic 
systems, New York, USA). The serum micronutrients and electrolytes levels of the patients were analyzed at diagnosis and 6 months after initiation 
of HAART using atomic absorption spectrophotometry and ion selective electrode automation, respectively. The outcome of this study show that 
the mean±SD HAART serum Vitamin A (8.02±0.70µg/dl), Vitamin C (1.21±0.42mg/dl), Vitamin E (0.41±0.02mg/dl), Zinc (89.20±4.73µg/dl) and 
Selenium (44.42±5.23µg/dl) serum levels of the HIV positive Patients were lower than the controls (9.70±0.93µg/dl, 1.73±0.16mg/dl, 0.67±0.09mg/
dl, 98.48±3.34µg/dl and 55.17±6.02µg/dl, respectively), but significantly higher (P<0.05) than the mean±SD Pre-HAART values (6.32±1.11µg/dl, 
0.75±0.09mg/dl, 0.35±0.04mg/dl, 76.20±9.16µg/dl and 23.30±5.91µg/dl, respectively). On the other hand, the mean ± SD serum copper levels of 
the HAART HIV-positive subjects (31.66±2.33µg/dl) were higher than the controls (26.43±3.34µg/dl), but significantly lower (P<0.05) than that 
of the pre-HAART (35.12±2.82µg/dl). Furthermore, the results also show that the mean±SD HAART serum Potassium (3.92±0.43mmol/L) and 
Sodium (134.50±3.27mmol/L) serum levels of the HIV positive Patients were lower than the controls (4.07±0.57mmol/L and 137.46±3.35mmol/L, 
respectively), but significantly higher (P<0.05) than the mean±SD Pre-HAART values (3.29±0.33mmol/L and 132.61±2.46 mmol/L, respectively). 
Meanwhile, there was no significant difference (P>0.05) between the mean±SD Pre-HAART (98.92±5.65mmol/L) and HAART (99.59±6.53mmol/L) 
serum chloride levels of HIV-positive Patients and the Controls (100.42±6.28mmol/L). Also, there were no significant differences between the males 
and females in all the parameters measured, except for serum vitamin C and zinc levels. On one hand, while the HIV positive males’ mean±SD HAART 
vitamin C serum level (1.46±0.36mg/dl) was significantly higher (P<0.05) than that of their female counterparts (1.14±0.41mg/dl), on the other 
hand, their mean±SD HAART serum zinc level (89.42±2.45µg/dl) was significantly lower than that of the females (94.71±4.71µg/dl). This study 
confirms that micronutrients and electrolytes deficiencies exist in HIV infection and further strengthened the earlier claim about the efficacy of 
HAART in improving life expectancy through repletion of serum micronutrients and electrolytes levels in HIV infection.
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from either of the 2 remaining classes; the Non-Nucleoside Reverse 
Transcriptase Inhibitors (NNRTIs) or the Protease Inhibitors (PIs). 
When such drugs, typically three or four, are taken in combination, 
the approach is known as highly active antiretroviral therapy - 
HAART. A combination of Nevirapine, Stavudine, and Lamivudine or 
Lamivudine with Zidovudine is frequently prescribed [8-10]. The 
prescription and use of a particular therapy depends on individual’s 
tolerability, the cost, and the therapeutic objectives [11].

Research has shown that some biochemical abnormalities 
accompany infection with Human Immunodeficiency Virus. These 
changes occur as a result of the complications of the disease itself, 
for example the body’s normal response to infection depletes 
nutritional stores. Furthermore, metabolic stress responses cause 
catabolism of protein stores. In addition, undernourishment 
and micronutrient deficiencies exacerbate immunosuppression, 
oxidative stress, acceleration of Human Immunodeficiency 
Virus (HIV) replication and CD4 T-Cell depletion in HIV-infected 
individuals [12-14]. 

Malnutrition is one of the major complications of HIV infection 
and a significant factor in the progression of the infection into 
full-blown AIDS [15]. Oxidative stress induced by the production 
of reactive oxygen species (ROS) may play a critical role in 
the stimulation of HIV replication and the development of 
Immunodeficiency [16-18]. Excessive production of ROS such as 
superoxide anion, hydroxyl radical, and hydrogen peroxide may be 
related to an increased activation of polymorphnuclear leukocytes 
during infections or influenced by the pro-oxidant effect of tumor 
necrosis factor (TNF) produced by activated macrophages during 
the course of HIV infection [19]. The debilitating effect of ROS can 
be prevented or moderated by a normal antioxidant defense largely 
provided by firstly the integrity of an enzymatic system that requires 
adequate intake of trace minerals such as selenium, copper, zinc, 
and manganese, and secondly adequate concentrations of vitamin 
A, C and E and β-carotene in the cytoplasm and lipid membrane of 
the cells [18]. 

Micronutrients which comprise of essential trace elements 
(e.g Zinc, Copper and Selenium) and vitamins (e,g Vitamin A, C and 
E) are nutrients needed in minute specific quantities in the body 
which play leading roles in the production of enzymes, hormones 
and other substances, helping to regulate growth activity, essential 
in wound healing, development and the functioning of the immune 
and reproductive system, maintenance of the integrity of skin and 
mucous membranes, which also function as a barrier to bacteria 
and viruses and protection against lipid peroxidation among 
several others [20-23]. Most micronutrients are not generated in 
the body but are derived from food intake [24-26]. Deficiencies 
of these micronutrients may result in: fatigue, depression, and 
widespread abnormalities in connective tissue, such as inflamed 
gingivae, petechiae, perifollicular hemorrhages, impaired wound 
healing, coiled hairs, hyperkeratosis and bleeding into body cavities 
[27]. It may also lead to damage of cell membrane and leakage of 
cell contents to the extracellular fluid compartment, cardiac or 
skeletal myopathies, neuropathies, and liver necrosis, muscle 
and neurological problems [28,29]. Still, deficiencies of some 

micronutrients have been associated with impaired immunological 
functions [12,30,31]. For instance, zinc deficiency has been reported 
to decrease lymphocyte concentrations, copper deficiency reduced 
cytokine response, while selenium deficiency negatively impacted 
on proper functioning of the neutrophils and T-lymphocytes [32-
34].

Electrolytes on the other hand, are charged low molecular mass 
molecules present in plasma and cytosol. They are classified as 
either anions (negatively charged) or cations (positively charged). 
The major electrolytes include Sodium (Na+), Potassium (K+), 
Chloride (Cl-) and bicarbonate (HCo3-) and they occur primarily 
as free ions. Sodium is the major cation of the extra cellular fluid 
(ECF) and as such plays a central role in the maintenance of the 
normal distribution of water and osmotic pressure in various 
fluid compartments [35]. It regulates the total amount of water 
in the body and out of individual cells. Potassium on the other 
hand is the major intracellular cation having an average cellular 
concentration in tissue cells of 150 mmol L-1. The proper level 
of potassium is essential for normal cell function. Among the 
many functions of potassium in the body are regulation of the 
heartbeat and the functions of the muscles. In addition to water 
balance, these electrolytes play an important role in maintenance 
of pH, regulation of heart and muscle function, electron transfer 
reactions as well as serving as cofactors for enzymes. Chloride is 
the major extracellular anion and together with sodium represent 
the majority of the osmotically active constituents of plasma and 
is significantly involved in: maintenance of water distribution, 
osmotic pressure and anion-cation balance in ECF. Determination 
of body fluid concentrations of the four major electrolytes (Na+, 
K+, Cl- and HCo3) is commonly referred to as an “Electrolyte 
Profile”. Disorders of water imbalance include hyponatreamia, 
hypernatraemia, hypokalaemia, hyperkalaemia occur in conditions 
of electrolyte disturbance, such as severe malaria infection and 
cholera [35,36].

Micronutrients and electrolytes deficiencies are prevalent in 
many HIV-infected populations, and have been associated with 
accelerated replication of HIV, depletion of CD4 T-Cell, impaired 
Immune responses and increased HIV disease progression to 
full blown acquired immunodeficiency syndrome (AIDS) in HIV-
infected individuals [30,37,38]. Still, these deficiencies have been 
shown to be associated with renal impairment and dysfunction 
[39], more frequent opportunistic infections and a greater incidence 
of HIV-related mortality [40,41]. Possible mechanisms include 
increased intracellular oxidative stress, enhanced viral replication, 
and a reduction in the number of circulating CD4 lymphocytes 
associated with individual or accumulated nutrient deficiencies 
[42,43]. These mechanism, alone or in part, may contribute to 
the increased morbidity, more rapid disease progression, and the 
higher mortality seen in HIV-infected patients with micronutrient 
deficiencies [44].

Though HAART has considerably facilitated the management 
of HIV/AIDS where it is available, correction of micronutrients 
and electrolytes deficiencies is critical to clinical outcome. And 
since, micronutrient deficiencies may persist in the era of HAART, 
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research studies designed to determine whether initiation of 
HAART will ameliorate micronutrients and electrolytes deficiencies 
or to recommend or refute the benefit of providing micronutrient 
supplements to HIV-positive persons receiving HAART are very 
important. Scarcity of information in this regard, necessitates this 
research. The aim of this current study is therefore to determine 
whether or not HAART initiation will improve serum micronutrients 
and electrolytes serum concentrations of HIV positive Patients 
attending Emuoha General Hospital, Emuoha Local Government 
Area, River State, Southern Nigeria, six-months post-therapy.

Material and Methods   

Study Area

The study was carried out at the Emuoha General Hospital, 
Emuoha Local Government Area of Rivers State, Southern Nigeria 
co-ordinates: 4053’0” N 6052’0’’E. The LGA consists of 14 political 
wards with an area of 831km2 and a population of 201,901 as at 
2006 census [45]. 

Study Design

The study is a prospective cross-sectional, comparative study 
of HIV positive Patients pre-HAART and six months after initiation 
of HAART. A reference group of healthy HIV negative subjects were 
also recruited. Blood samples were collected for serum analysis of 
some micronutrients (Se, Cu and Zn) and electrolytes (Na, K and CI) 
levels at baseline of the study (pre-HAART) and after six months of 
therapy (HAART).

Selection of Subjects

A total of 163 participants were involved in the study, of which 
111 were HIV positive (designated as pre-HAART and HAART) and 
52 HIV-negative controls. The controls were recruited such that 
there was no significant difference in age when compared to HIV 
positive individuals.

Ethical Approval

Ethical approval for the study was obtained from the Emuoha 
General Hospital Ethical Committee (EGHEC), Rivers State Ministry 
of Health, Rivers State, Nigeria.

Eligibility of Subject 

Inclusion Criteria: Only HIV positive patients without 
any complications such as tuberculosis, pregnancy, hepatitis, 
hypertension, kidney problem, diabetes and any other ailment that 
has significant effects on the parameters of interest and healthy HIV 
negative controls who consented were recruited for this study.

Exclusion Criteria: HIV positive subject and HIV negative 
subjects with any complication or ailment that has significant 
effects on the parameters of interest were excluded from the study.

Consent: Informed written consent was obtained from each 
willing participant and pre-test counseling was instituted in the 
course of the conduct of this study. The objectives, benefits and 
procedure for the study was made very clear to the participants 

and they were assured of the confidentiality and voluntariness 
associated with the study.

Specimen Collection

Five (5) milliliter of venous blood samples were collected by 
veni-puncture without stasis from the Subjects (Test and Controls) 
and transferred to a clean sterile plain bottle to yield serum for 
micronutrients (copper, zinc and selenium) and electrolytes 
(sodium, potassium, chloride and bicarbonate) determination. The 
blood specimens were allowed to stand for about an hour to clot 
and for retraction and then centrifuged at 3,500rpm for 10 minutes 
at room temperature. The serum was separated and stores at -200C 
until time of analysis.

Sample Analyses 

HIV Testing: HIV testing for all patients was performed using 
the current National algorithm for HIV sero-diagnosis. This involved 
the use of 3 rapid diagnostic kits, following their manufacturer’s 
instructions. Briefly, each patient’s serum was screened for the 
presence of HIV antibodies using Alere Determine TM HIV-1/2 Ag/
Ab Combo Rapid Tests Kits (Abbot Rapid Diagnostics, California, 
USA) and Uni-GoldTM Recombigen® HIV-1/2 (Trinity Biotech Plc, 
Wicklow, Ireland). When both kits showed positivity, the patient 
was regarded as positive for HIV infection and vice versa. However, 
when test results were discordant, a third kit, which is the Tie 
breaker, Chembio HIV 1/2 STAT-PAK® Rapid Test Kit (Chembio 
Diagnostic systems, New York, USA) was used. The HIV sero-status 
of the patient was taken as the result of either of the first two kits 
that agree with that of the third kit [2,46]. In case of a positive test, 
patients were referred to the ART clinic in the same facility for 
enrolment in HIV care and consideration of ART initiation.

Trace Elements Analysis: Serum Zinc, Copper and Selenium 
concentrations were determined using Atomic Adsorption 
Spectrophotometry (Buck Scientific, 210, Atomic Absorption 
Spectrophotometer, Connecticut, USA) as previously described by 
Arinola et al. [47].

Analysis of Vitamins: Serum vitamins were determined using 
the Highly Performance Liquid Chromatography (HPLC). Vitamins 
A and E being fat soluble vitamins were determined as described by 
Comstock et al. [48], while vitamins C, a water soluble vitamin was 
determine as described by McCoy et al. [49].

Estimation of Serum Electrolytes Levels: Serum electrolytes 
levels were analyzed by Potentiometric method using an automated 
Chemistry Analyzer (Model 3000, Buck Scientific Corporation, 
Connecticut, USA).

Data Analysis

Data obtained were analyzed using Statistical Packages for 
Social Sciences - Version 20.0 (SPSS-20.0). Results generated were 
expressed as mean+SD and a p-value of <0.05 was considered 
statistically significant. The significance difference among the 
groups was assessed by repeated-measures analysis of variance 
(ANOVA). 
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Results

Table 1:  Socio-Demographic Characteristics of the Study Participants.

Variable Categories HIV-Positive N (%) Controls N (%) Total N (%)

Gender

Male 25 (22.5) 11 (21.2) 36 (22.1)

Female 86 (77.5) 41 (78.8) 127 (77.9)

Total 111 (68.1) 52 (31.9) 163 (100)

Age

11-20Yrs 20 (18.0) 12 (23.0) 32(19.6)

21-30Yrs 36 (32.4) 17 (32.7) 53(32.5)

31-40Yrs 31 (28.0) 12 (23.1) 43(26.4)

41-60Yrs 24 (21.6) 11 (21.2) 35 (21.5)

Total 111 (68.1) 52 (31.9) 163 (100)

Marital Status

Married 41 (37.0) 23 (44.2) 64(39.3)

Single 70 (63.1) 29 (55.8) 99(60.7)

Total 111 (68.1) 52 (31.9) 163 (100)

Occupation

Civil Servant 2 (1.8) 2 (3.8) 4 (2.4)

Farming 23 (20.7) 8 (15.4) 31 (19.0)

Trading 47 (42.3) 26 (50.0) 73 (44.8)

Artisans 5 (4.5) 13 (25.0) 18 (11.0)

Unemployed 34 (30.6) 3 (5.8) 37 (22.1)

Total 111 (68.1) 52 (31.9) 163 (100)

Education

None 28 (25.2) 7 (13.5) 35 (21.5)

Primary 48 (43.2) 22 (42.3) 70 (43.0)

Secondary 34 (30.6) 21 (40.4) 55 (33.7)

Tertiary 1 (0.90) 2 (3.8) 3 (1.8)

Total 111 (68.1) 52 (31.9) 163 (100)

The socio-demographic profile of the study participants is 
presented in Table 1. Out of the 163 cohorts, 111 (68.1%) were 
HIV positive, while 52 (31.9%) were HIV negative. 36 (22.1%) 
were males, while 127 (77.9%) were females. 32 (19.6%) of the 
participants were within the age range of 11-20years, 53 (32.5%) 
within 21-30years, 43 (26.4%) within 31-40years, while 35 

(21.5%) were within 41-60years. 64 (39.3%) were married, while 
99 (60.7%) were singles. 4 (2.4%) were civil servants, 31 (19.0%) 
were farmers, 73 (44.8%) were traders, 18 (11.0%) were artisans, 
while 37 (22.1%) were unemployed. 35 (21.5%) had no formal 
education, 70 (43.0%) had primary school education, 55 (33.7%) 
had secondary education, while 3 (1.8%) had tertiary education.

Table 2: Mean ± SD Pre-HAART and HAART Serum micronutrients levels of HIV Positive Patients in comparison with the controls.

Parameters Pre-HAART         HIV 
Positive (N=111)

HAART                    HIV 
Positive (N=111)

Controls               HIV 
Negative (N=52) F-Value P-Value

Vitamin A (µg/dl) 6.32±1.11 8.02±0.70 9.70±0.93 334.709 0.000

Vitamin C (mg/dl) 0.75±0.09 1.21±0.42 1.73±0.16 192.521 0.000

Vitamin E (mg/dl) 0.35±0.04 0.41±0.02 0.67±0.09 13.116 0.000

Zinc (µg/dl) 76.20±9.16 89.20±4.73 98.48±3.34 228.948 0.000

Copper (µg/dl) 35.12±2.82 31.66±2.33 26.43±3.34 178.924 0.000

Selenium (µg/dl) 23.30±5.91 44.42± 5.23 55.17±6.02 683.008 0.000

P values <0.05 are considered statistically significant.

The mean±SD Pre-HAART and HAART serum levels of some 
micronutrients (vitamin A, vitamin C, Vitamin E, zinc copper 
and selenium) of HIV positive test Subjects in comparison 
with the Controls (HIV-negative) is presented in Table 2. The 

mean±SD HAART serum Vitamin A (8.02±0.70µg/dl), Vitamin 
C (1.21±0.42mg/dl) and Vitamin E (0.41±0.02mg/dl) serum 
levels of the HIV positive test subjects were lower than the 
controls (9.70±0.93µg/dl, 1.73±0.16mg/dl and 0.67±0.09mg/
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dl, respectively), but significantly higher (P<0.05) than the 
mean±SD Pre-HAART values (6.32±1.11ug/dl, 0.75±0.09mg/dl and 
0.35±0.04mg/dl, respectively). 

Similarly, the mean±SD HAART serum Zinc (89.20±4.73µg/dl) 
and Selenium (44.42±5.23µg/dl) serum levels of the HIV positive 
test Subjects were lower than the controls (98.48±3.34µg/dl and 
55.17±6.02µg/dl, respectively), but significantly higher (P<0.05) 
than the Pre-HAART values (76.20±9.16µg/dl and 23.30±5.91µg/
dl, respectively). On the other hand, the mean±SD serum copper 
levels of the HAART HIV-positive subjects (31.66±2.33µg/dl) were 
higher than the controls (26.43±3.34µg/dl), but significantly lower 

(P<0.05) than that of the pre-HAART (35.12±2.82µg/dl).

Furthermore, the Mean±SD Pre-HAART and HAART serum 
electrolytes (potassium, sodium and chloride) levels of HIV positive 
Patients in comparison with the controls (HIV negative) is presented 
in Table 3. Our results show that the mean±SD HAART serum 
Potassium (3.92±0.43mmol/L) and Sodium (134.50±3.27mmol/L) 
serum levels of the HIV positive Patients were lower than the controls 
(4.07±0.57mmol/L and 137.46±3.35mmol/L, respectively), but 
significantly higher (P<0.05) than the mean±SD Pre-HAART values 
(3.29±0.33mmol/L and 132.61±2.46mmol/L, respectively).

Table 3: Mean ± SD Pre-HAART and HAART serum electrolytes levels of HIV positive Patients in comparison with the controls.

Parameters Pre-HAART HIV 
Positive (N=111)

HAART HIV Positive 
(N=111)

Controls HIV Negative 
(N=52) F-value P-value

Potassium (mmol/L) 3.29 ± 0.33 3.92 ± 0.43 4.07 ± 0.57 85.678 0.000*

Sodium (mmol/L) 132.61 ± 2.46 134.50 ± 3.27 137.46 ± 3.35 88.169 0.000*

Chloride (mmol/L) 98.92 ± 5.65 99.59 ± 6.53 100.42 ± 6.28 4.286 0.146

P values <0.05 are considered statistically significant.

On the other hand, there was no significant difference (P>0.05) 
between the mean±SD Pre-HAART (98.92±5.65mmol/L) and 
HAART (99.59±6.53mmol/L) serum chloride levels of HIV-positive 
Patients and the Controls (100.42±6.28mmol/L). 

Table 4 shows gender distribution of Pre-HAART serum 
levels of some micronutrients and electrolytes of HIV positive 
Patients. There were no significant differences between the 
males’ mean±SD Pre-HAART serum vitamin A (5.97±0.96µg/

dl), vitamin C (0.71±0.12mg/dl), vitamin E (0.30±0.05mg/dl), 
zinc (74.56±8.11µd/dl), copper (34.70±3.17µg/dl), selenium 
(22.23±5.57µg/dl), Potassium (3.17±0.16mmol/L), Sodium 
(132.88±2.42mmol/L) and Chloride (98.16±5.54mmol/L) 
serum levels and that of their HIV positive female counterparts: 
6.43±1.14µg/dl, 0.76±0.21mg/dl, 0.30±0.05mg/dl, 76.67±9.44µd/
dl, 35.26±2.72µg/dl, 23.61±6.00µg/dl, 3.33±2.49mmol/L, 
132.88±2.49mmol/L and 99.14±5.69mmol/L, respectively.  

Table 4: Gender distribution of Mean ± SD Pre-HAART serum levels of some micronutrients and electrolytes of HIV positive Patients.

Parameters Pre-HAART HIV Positive 
Males (N=25)

Pre-HAART HIV Positive 
Females (N=86) t-value p-value

Vitamin A (µg/dl) 5.97 ± 0.96 6.43±1.14 1.834 0.069

Vitamin C (mg/dl) 0.71 ± 0.12 0.76 ±0.21 1.174 0.243

Vitamin E (mg/dl) 0.30 ± 0.05 0.30 ± 0.05 0.001 0.999

Zinc (µg/dl) 74.56 ± 8.11 76.67 ±9.44 1.015 0.312

Copper (µg/dl) 34.70 ± 3.17 35.26 ± 2.72 0.847 0.399

Selenium (µg/dl) 22.23 ± 5.57 23.61 ± 6.00 1.025 0.308

Potassium (mmol/L) 3.17 ± 0.16 3.33 ±2.49 0.616 0.539

Sodium (mmol/L) 132.88 ± 2.42 132.88 ±2.49 0.616 0.539

Chloride (mmol/L) 98.16 ± 5.54 99.14± 5.69 0.761 0.448

P values <0.05 are considered statistically significant.

In addition, Table 5 shows gender distribution of Mean±SD 
HAART serum levels of some micronutrients and electrolytes of HIV 
positive Patients. There were no significant differences between 
the males’ mean±SD HAART serum vitamin A (9.21±0.77µg/dl), 
vitamin E (0.66±0.91mg/dl), copper (31.12±2.47µg/dl), selenium 
(44.46±4.09µg/dl), Potassium (3.98±0.36mmol/L), Sodium 
(137.00±2.97mmol/L) and Chloride (101.68±6.72mmol/L) 
serum levels and that of their HIV positive female counterparts: 

8.97±0.67µg/dl, 0.71±0.82mg/dl, 31.82±2.29µd/dl, 
44.41±5.55µg/dl, 3.91±0.45mmol/L, 137.65±3.36mmol/L and 
101.57±5.52mmol/L, respectively. On one hand, while the HIV 
positive males’ mean±SD HAART serum vitamin C serum level 
(1.46±0.36mg/dl) was significantly higher (P<0.05) than that of 
their female counterparts (1.14±0.41mg/dl), on the other hand, 
their mean±SD HAART serum zinc level (89.42±2.45µg/dl) was 
significantly lower than that of the females (94.71±4.71µg/dl).

http://dx.doi.org/10.26717/BJSTR.2018.07.001509
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Table 5: Gender distribution of HAART serum levels of some micronutrients and electrolytes of HIV positive subjects.

Parameters HAART HIV Positive Males 
(N=25)

HAART HIV Positive 
Females (N=86) t-value P-value

Vitamin A (µg/dl) 9.21±0.77 8.97±0.67 1.479 0.142

Vitamin C (mg/dl) 1.46±0.36 1.14±0.41 3.545 0.001*

Vitamin E (mg/dl) 0.66±0.91 0.71±0.82 0.247 0.805

Zinc (µg/dl) 89.42±2.45 94.71±4.71 2.171 0.032*

Copper (µg/dl) 31.12±2.47 31.82±2.29 1.348 0.181

Selenium (µg/dl) 44.46±4.09 44.41±5.55 0.040 0.968

Potassium (mmol/L) 3.98±0.36 3.91±0.45 0.731 0.466

Sodium (mmol/L) 137.00±2.97 137.65±3.36 0.875 0.384

Chloride (mmol/L) 101.68±6.72 101.57±5.52 0.074 0.942

P values <0.05 are considered statistically significant

Discussion  

This present study assessed the effects of HAART initiation on 
some serum micronutrients and electrolytes serum levels in HIV 
positive Patients attending Emuoha General Hospital, Emuoha 
Local Government Area, Rivers State, Southern Nigeria, six-months 
post-therapy.

The outcome of this study shows that micronutrients and 
electrolytes deficiencies exist in HIV infected individuals in the 
absence of HAART. The lower Pre-HAART vitamins and mineral 
elements serum levels as seen in this present study is in agreement 
with the findings of other previous studies including those of 
Akinola et al. [21], Anyabolu et al. [37], Arinola et al. [47], Graham 
et al. [50], Constans et al. [51], Coutsoudis et al. [52], Stephensen 
et al. [53], Lawal et al. [54] and Forrester and Sztam [55], who all 
reported lower levels in HIV infected Patients; compared with the 
controls. The mean±SD Pre-HAART Zinc and Selenium levels of the 
HIV infected Subjects were found to be significantly lower (P<0.05) 
than the controls. This is consistent with the findings of Eley et 
al. [56], Bobat et al. [57] and Ogunro et al. [58]. The reduction in 
Selenium level may be caused by several factors such as latent 
state induced by the virus, malabsorption, altered metabolism, 
gut infection, altered gut barrier function and the hypermetabolic 
state [59-61]. It has also been suggested that a possible cause of 
selenium depletion among HIV positive Subjects is the utilization of 
selenium by HIV-l virus to produce its own selenoenzymes [62-64].

Low or deficient serum concentrations of micronutrients in HIV 
infected patients has been individually associated with either low 
CD+T-cell counts, advanced HIV-related diseases, increased disease 
progression or mortality [13,21,30,40,65-67]. Possible mechanisms 
as earlier posited include increased intracellular oxidative stress 
which is responsible for the production of reactive oxygen species 
(ROS) such as superoxide anion, hydroxyl radical, and hydrogen 
peroxide. Excessive production of ROS has been associated with 
increased stimulation of HIV replication, increased pro-oxidant 
effect of tumor necrosis factor (TNF) and accelerated development 
of Immunodeficiency contributing to the increased morbidity, more 
rapid disease progression, and the higher mortality seen in HIV-
infected patients with micronutrient deficiencies [17,19,42,44].

In addition, poor dietary intakes, poor absorption and diarrhea 
which is common in HIV infection, may also have contributed to 
the reduced levels of micronutrients and electrolytes in the HIV 
subjects [15]. Also, the recycling mechanism of biologically active 
vitamin E through ascorbate has been reported to be impaired in 
HIV patients [54,68].

On the other hand, the mean±SD serum copper levels of the 
pre-HAART HIV infected Patients (35.12±2.82µg/dl) in this study 
was found to be significantly higher (P<0.05) than that of the 
controls (26.43±3.34µg/dl). This is in accordance with the findings 
of previous studies done by Lawal et al. [54] and Nwegbu et al. [69] 
who both reported a significant increase in the mean plasma copper 
concentration of HIV infected Subjects when compared with control 
group. Copper as a compound is required for immune complex 
formation, blood and coagulation factors formation. In fact, it is a 
major micronutrient required by the body in HIV infection [32].

With regard to their serum electrolytes levels, the mean±SD 
Pre-HAART serum Potassium and Sodium serum levels of the HIV 
infected were significantly (P<0.05) lower than the controls. This 
agrees with the works of Ross, Klothman [70] and Eshiet et al. [71] 
who both observed that HIV infection at different clinical stages 
may present fluid electrolytes and acid-base abnormalities, acute 
renal-failure and glomerulopathy. The observed lower levels of 
plasma K+ in the HIV infected Patients Pre-HAART in this study may 
be attributed to the dilution of the extracellular space, movement of 
K+ into cells or loss from the body or kidney as earlier reported by 
Ziegler [72]. 

Furthermore, although lower micronutrients and electrolytes 
levels were observed among HIV infected patient’s Pre-HAART in 
this present study, these deficiencies were however corrected with 
the initiation of HAART. This was evident by a significant higher 
(P<0.05) mean±SD HAART serum Vitamin A, Vitamin C, Vitamin E, 
Zinc, Selenium, Potassium and Sodium serum levels (except Copper 
and Chloride) of the HIV positive Patients in comparison with the 
mean±SD Pre-HAART values. This observation agrees with that 
of Akinola et al. [21], Arinola et al. [47] and Sundaram et al. [73] 
who observed a significant increase in zinc and that of Akinboro 
et al. [22] and Look et al. [74] who observed a significant increase 
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in serum selenium serum level following initiation of HAART. But, 
it however disagrees with the report of Akinola et al. [21] who 
observe no significant (P>0.05) difference between the mean 
serum levels of Selenium and Copper in HAART patients compared 
to Pre-HAART patients.

Furthermore, the mean±SD HAART serum zinc and selenium 
levels were observed to be lower than the control in this study, but 
the serum copper level was found to be higher. This contradicts 
the work of Batterham et al. [75] who observed no significant 
difference in serum selenium between those on HAART and the 
control group. And it also opposed the work of Akinola et al. [21], 
who observed that Patients on HAART had significant (P<0.05) 
higher levels of zinc, but lower level of copper and selenium levels 
compared to control subjects. High zinc level in these patients was 
thought to be beneficial since zinc could be both an inhibitor of 
reverse transcriptase and activator of the ‘tat protein’.

Rousseau et al. [76] in a work titled, “Influence of highly 
active antiretroviral therapy on micronutrient profiles in HIV-
infected patients”, observed significant decrease in the percentage 
of persons with selenium deficiency (from 77% to 10%) and 
copper overload (from 98% to 43%) after HAART initiation. Their 
findings show that selenium, copper and zinc levels were neither 
significantly improved after HAART initiation nor higher in those 
receiving HAART at follow-up. They therefore conclude that HAART 
may reduce selenium deficiency and not necessarily increase its 
level. 

On the other hand, there was no significant difference (P>0.05) 
between the mean±SD Pre-HAART and HAART serum chloride 
levels of HIV-positive Patients when compared to the Controls. 
The reason for this observation is not well understood and would 
require further investigation. Howbeit, lower plasma chloride 
concentration has been linked to heavy sweating, vomiting, 
diarrhea, dehydration, adrenal and kidney diseases as reported by 
Kleyman et al. [77].

We recognized some limitations in this study. Firstly, viral load 
assessment was not done; hence it was difficult to characterize the 
patients who failed to respond to HAART. Secondly, this is a cross-
sectional analysis and a finding of association does not necessarily 
mean causation. Thirdly, we recognized that serum concentrations 
may not be the best measure of total body stores for micronutrients 
since serum levels are tightly regulated across a range of dietary 
intake. Large randomized placebo-controlled trials should be 
conducted in HIV-positive persons receiving HAART to determine 
effects on clinical and laboratory rather than just laboratory HIV-
related outcomes.

Conclusion 

The outcome of this study confirms that micronutrients 
and electrolytes deficiencies exist in HIV infection which were 
corrected following HAART initiation. This further strengthened 
earlier works that posited that HAART can improves life expectancy 
through repletion of micronutrients and electrolytes levels with 
a normal kidney function. The decrease in micronutrients that 
accompanies HIV infection suggests a potentially important 

role of nutritional supplementation and good nutrition in the 
proper management of HIV/AIDS. We therefore recommend 
that HIV infected Patients should be investigated and treated for 
micronutrients and electrolytes deficiency, if present, to reduce 
the morbidity and mortality associated with HIV infection. Close 
monitoring of patients before and during HAART is very critical to 
aid in evaluating drug combinations and implementation of dose 
modifications when necessary. The information obtained in this 
study will therefore help health workers to emphasize on the use of 
HAART in their campaign for HIV management and encourage HIV 
patients in making themselves available to be treated especially at 
the early stage of infection.
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