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Abstract
Background and Objective: There is increased awareness in the use of antiretroviral therapy. However, these drugs are to be considered
along with their potential adverse effects. Some of these adverse effects which may be hepatotoxic may be associated with the duration
of treatment. The study was, therefore, designed to compare duration of treatment of antiretroviral drugs with the selected liver enzymes.
Materials and Methods: This research was conducted on 276 patients who were HIV positive. Data of patients who finally satisfied the
inclusion criteria were analyzed. Aspartate aminotransaminase, ALT and ALP were determined by the use of commercial kits manufactured
by Randox Laboratory, Alden, the USA on plasma extracted from an aseptically collected blood sample from each subject. Results: There
were statistically significant differences (ALT p<0.001, ALP p<0.001) in the mean values of ALT (male, 30.61±20.63, female, 20.70±15.67)
and ALP (male, 15.42±8.14, female, 11.06±7.17) between genders.  There were no significant differences observed in the enzymes  when
duration of therapy was considered. However, the mean values of these enzymes were higher in patients who had taken medication for
less than 5 years than those who had taken for more than 5 years. Conclusion: There were no statistically significant differences in plasma
AST, ALT and ALP in patients on antiretroviral therapy when linked to the duration of treatment. However, non-significant raised values
of these enzymes in patients who had taken medication for less than 5 years should not be overlooked.
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INTRODUCTION

In most developing sub-Saharan countries, the pandemic
of HIV/AIDS is potentially threatening the health sector. It is
causing further reduction in life expectancy and stressing the
already weak health system1. However, access to combination
antiretroviral therapy (cART) has changed the natural history
of HIV infection and AIDS remarkably. This has led to a
dramatic decrease in morbidity and mortality rates and
subsequently transforming HIV disease from an acute to a
manageable chronic condition2. Globally, as at the end of
2020, 36.4 million people with HIV (90%) had access to
Antiretroviral  Therapy  (ART)3,4.  However,  the long-term
usage of Highly Active Antiretroviral Therapy (HAART) can
induce considerable adverse effects such as abnormal lipid
metabolism with associated increased risks of cardiovascular
diseases and hepatotoxicity as evidenced by raised liver
enzymes5.

Liver enzymes elevation is a common problem that is
encountered in patients on HAART. Highly Active Antiretroviral
Therapy (HAART) damages the liver cells by direct toxicity of
the parent drug or from its active metabolites 6. Liver disease
has emerged as the most common non-AIDS-related cause of
death among HIV infected patients, accounting for 14-18% of
all deaths7. Antiretroviral therapy has been found to have
minimal effects on hepatic enzymes8. Injury may occur in the
hepatic organ in patients not yet on ART and without any
other known associated risk factors9.

Although, many studies were conducted in different
countries to examine the effect of antiretroviral drugs on the
liver but the majority of these studies were comparative6. This
study was however, designed to look into the effects of these
combinations of drugs to the duration of treatment on a
selected liver enzymes (aspartate aminotransaminase, AST,
alanine aminotransaminase, ALT and alkaline phosphatase,
ALP).

MATERIALS AND METHODS

Study area: The study site was the HIV clinic and the
Department of Chemical Pathology of the Ekiti State University
Teaching Hospital, Ado-Ekiti. Records of patients on treatment
from  HIV  clinic  were  examined  in  order  to recruit patients
for the study. This research project was conducted from
January-July, 2014.

Experimentation: A research protocol was designed to assess
needed variables based on the proposed topic. On this
protocol were columns for patient’s age, duration of treatment

as at the time of collecting this data and gender, after which
patients were sent to the laboratory for the analysis of the
selected liver enzymes (AST, ALT and ALP). The reference
values for  these  parameters  were  considered  as  being 
used  routinely  in  our  center  (AST<16,  ALT<18  and ALP is
30-120 IU LG1). This research was conducted for 6 months in
2014 of which 276 patients who were HIV positive were
recruited  into  the  study. Sixteen of them were found to be
HBsAg+  positive  and  they  were  subsequently  excluded
from the study. Patients who were obese as evidenced by
increased  Body  Mass  Index (BMI), those on other drugs that
are metabolized in the liver, those who are diabetic or
hypertensive  were  also  excluded from the study. Patients
with  obvious  liver  pathology during the physical
examination as seen in the case notes were also excluded
from the analysis.

Sample collection: In the laboratory, a minimum of 3 mL of
whole blood sample was collected from each subject between
the hours of 08.00  and 10.00 am and dispensed inside lithium
heparin specimen bottle.  This blood sample was centrifuged
almost immediately after collection at about 3000Xg for 5 min
to harvest supernatant (plasma). The plasma was kept frozen
for the maximum period of five days before the analysis of
these biochemical parameters (AST, ALT and ALP). Aspartate
aminotransaminase, ALT and ALP were analyzed by the use of
commercial kits manufactured by, Randox Laboratory, Alden,
the USA.

Statistical analysis: Variables were later entered and analyzed
using SPSS 23.00. Data were presented in form of flow chat,
tables and bar chart. ANOVA was used to compare association
within different groups of patients and p<0.05 was considered
significant.

Ethical approval: Ethical approval (EKSUTH/A67/2020/018)
was obtained from Ethic and Research Committee of the Ekiti
State University Teaching Hospital, Ado-Ekiti

RESULT

Figure 1 below, out of 276 randomly recruited subjects, 16
(5.8%) was found to be HBsAg+positive also. 21 (8.1%)
patients were found to do take alcohol/alcohol-based  herbal 
preparation once in a  while. Sixty-six (25.4%) of these patients
who are HIV positive are males while 194 (74.6%) of  them  are 
females. Thirteen (6.7%), out of  the  female  population  had
Body  Mass  Index  (BMI)   kg   m2-1  less   than  18.5  while  181 
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Table 1: Comparison of mean distribution of selected liver enzymes 
Variables (UI LG1) Male (66) Female (194) t-test  p-value
AST 34.77±17.36 29.81±16.96 1.237 0.217
ALT 30.61±20.63 20.70±15.67 4.076 **<0.001
ALP 15.42±08.14 11.06±07.17 4.128 **<0.001

Fig. 1: Socio-demographic data and CD4 (cell µLG1) count of the subjects

Fig. 2: Age distribution in the studied population

(93.7%) had a BMI between  18.5  and  29.9.  Among  the  male
population, 11 (16.7%) had BMI less than 18.5 kg m2G1 while 55
(83.3%) had BMI between 18.5-29.9 kg m2G1. A greater
percentage of the study population as at the time of sample
collection had CD4 counts greater than 200 cell µLG1 (89.7%
for female and 89.4% for male).

In Fig. 2 the age distribution of the studied population
was shown. Ninety-seven (37.3%) subjects were between the
ages of 20 and 34 years, 95 (36.5%) were between the ages of
35 and 44  years, 62 (23.9%) patients were between the ages
of 45 and 64 and 6 (2.3%) patients were of the age greater
than 65 years.

Table 1 shows that the mean value of AST was higher in
male when compared with the female, although this
difference is not statistically significant (34.77±17.36 vs.
29.81±16.96). There were statistically significant differences
(ALT p<0.001, ALP p<0.001) in the mean values of ALT (male,
30.61±20.63, female, 20.70±15.67) and ALP (male,
15.42±8.14, female, 11.06±7.17).

There were no significant differences in the mean values
of enzymes in different age categories.

The  mean  plasma   value   of   AST   for   patients  aged
20-34  years  was  34.93±17.96,  patients  aged 35-44 years
was 28.36±16.85, patients  aged  45-64 years was
29.43±15.43 and for patients  greater  than  65  years   was  
29.00±22.39,  p = 0.408. The mean  plasma  value  of ALT for
patients  aged   20-34   years   was  22.67±15.87, patients
aged 35-44 years was 22.88±17.08, patients aged 45-64 years
was 25.20±21.06 and for patients greater than 65 years is
16.71±8.26, p = 0.592. The mean plasma value of ALP for
patients  aged  20-34  years  was  13.22±8.44, patients aged
35-44 years  was  10.66±6.44,  patients   aged   45-64  years
was  12.91±7.89  and   for   patients   greater than 65 years
was 10.57±6.70,  p  =  0.098.  However,  the  mean value of
ALP was lower than   the   lower   limit   of   normal  expected
(30 IU LG1).
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There were no significant differences observed in the
enzymes when  considering  the  duration of treatment in
years. However, the mean values of these enzymes were
higher  in  patients  who  had  taken  medication for less than
5 years than those who had taken for more than 5 years. The
mean value of AST in patients who had taken medication for
less than 1 year was 52.50±23.42, 1-3 years was 29.58±17.61,
greater than 3 to 5 years was 30.99±21.96 and for >5 years
was 24.00±8.19, p = 0.055. The mean value of ALT in patients
who had taken medication for less than 1 year was
22.00±11.93,  1-3  years    was    22.05±15.94,   greater  than
3-5 years  was  25.52±20.70  and  for  >5  years was
18.00±4.00, p = 0.466. The mean value of ALP in patients who
had taken  medication  for  less  than 1 year was 13.67±9.88,
1-3 years was 11.64±7.19, greater than 3-5 years was
12.93±8.14 and for >5 years was 10.00±6.00, p = 0.504.

As   shown   in   Table   4,   these  enzymes  were 
compared among patients using different antiretroviral
regimen.  There  were  no  statistically  significant  differences 
observed.  The   plasma  mean  values  are  as  follows,  for  AST
(AZT,3TC,EFV = 34.50±20.82, AZT,3TC,NVP = 30.25±29.07,
TDF,FTC,NVP = 26.50±10.82, TDF,3TC,ALLUVIA =
20.00±11.48, TDF,3TC,NVP = 40.08±16.93, TDF,3TC,EFV =
35.63±9.12 and Others = 37.29±32.15, p = 0.794), for ALT
(AZT,3TC,EFV = 26.22±23.46, AZT,3TC,NVP = 23.11±17.47,
TDF,FTC,NVP = 22.33±10.69, TDF,3TC,ALLUVIA = 14.80±4.55,
TDF,3TC,NVP = 25.08±20.61, TDF,3TC,EFV = 23.25±17.84 and
Others = 22.14±8.57, p = 0.934) and for ALP (AZT,3TC,EFV =
13.00±9.97, AZT,3TC,NVP = 12.07±7.62, TDF,FTC,NVP =
11.00±5.90, TDF,3TC,ALLUVIA = 10.20±6.69, TDF,3TC,NVP =
15.58±8.02, TDF,3TC,EFV = 13.50±4.24 and others =
7.71±5.12, p = 0.458).

DISCUSSION

This study observed more female subjects with HIV
infection than male subjects. Despite the reducing prevalence
rate of HIV infection in Nigeria, the male to female ratio has
not changed, females are three times affected than males. This
is similar to what was reported by UNAIDS in 201910. In their
release, women age 15-49 years were twice affected as men of
the same  age group. Also, in the same release, women age
20-24 years were  three  times  more  affected  than  men of
the same age group. Our findings in  this  regard  can  be said
to agree with the report  from  UNAIDS  as the greater
percentage of  our  recruited  subjects  were  between the
ages of 20 and 34 years. This is also similar to the prevalence
reported in most places in the world 11,12. This group of people
is  still  presently  being  affected by HIV infection. This may be

because they belong to the age range of sexually active
members of society. Females occupy the majority of general
prevalence of HIV infection of 1.4% in Nigerian adults and
adolescence 13. Females continue to have a greater burden of
HIV infection especially in sub-Saharan Africa14. There is a
greater risk of a female being infected by a positive male than
a male being infected from a positive female. Also, women
tend to engage in commercial sex activities in which they may
allow sexual intercourse without adequate protection for
financial gain from men. Males can control this act. The
practice of polygamy among Africans could also be a factor, in
the sense that, a single HIV positive man may infect all his
wives with the virus.

As presented in Table 1, the mean plasma levels of ALT
and ALP were found to be significantly higher in males than
females.  These findings are similar to some reports in the
literature. The study by Solomon et al.15 reported a higher
serum level of ALP in males than females16. This was linked to
higher Pack Cell Volume (PCV) in males than females because
the study observed a linear correlation between ALT and
hemoglobin concentration levels. These differences, though
pack cell volume was not done in our subjects can also be
linked as such because, naturally males do have higher pack
cell volume than females. Other risk factors for elevated serum
ALT such as obesity, liver pathology, hypertension, diabetes
and the use of other potential hepatotoxic drugs were
excluded in our recruited subjects. A number of antiretroviral
drugs such as didanosine, stavudine, nevirapine and efavirenz
have been linked to hepatotoxicity with associated elevated
liver enzymes17,18. This, however, may not be an explanation as
to why we have elevated ALT higher in males than females as
almost equal number of males and females were placed on
the same antiretroviral regimen. It may therefore be said that,
males are more engaged in the consumption of hepatotoxic
chemicals such as a local concussion or any other alcoholic
drinks.  This can as well explain raised plasma ALP observed in
our study among male subjects. A check on plasma Glutamyl
Transferase (GGT) enzyme would have helped to a beat more
certain about this raised ALP value in male subjects. When
considering reference interval, the mean plasma levels of ALP
across genders is lower than lower limit of normal of 30 IU LG1.
It is of note in this regard that the reference values for most
parameters that we use locally were borrowed from previous
researches that didn’t consider our biological peculiarities. This
finding, we consider a pointer to the need to design our own
local reference values for not only ALP but other biochemical
parameters. In this, those factors that can naturally affect some
biochemical parameters such as environmental and genetic
factors can be taken into consideration19.
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Table 2: Mean distribution of enzymes among different age groups
Variables N Mean X2 Df p-value
AST
20-34 96 34.93±17.96 769.72 3 0.408
35-44 92 28.36±16.85
45-64 65 29.43±15.43
>65 7 29.00±22.39
ALT
20-34 96 22.67±15.87 197.03 3 0.592
35-44 92 22.88±17.08
45-64 65 25.20±21.06
>65 7 16.71±08.26
ALP
20-34 96 13.22±08.44 122.59 3 0.098
35-44 92 10.66±06.44
45-64 65 12.91±07.89
>65 7 10.57±06.70

Table 3: Mean distribution of enzymes considering duration (year) of treatment
Variables N Mean X2 Df p-value
AST
<1 12 52.50±23.42 2000.45 3 0.055
1-3 154 29.58±17.61
>3-5 91 30.99±21.96
>5 3 24.00±08.19
ALT
<1 12 22.00±11.93 263.21 3 0.466
1-3 154 22.05±15.94
>3-5 91 25.52±20.70
>5 3 18.00±04.00
ALP
<1 12 13.67±9.88 45.994 3 0.504
1-3 154 11.64±7.19
>3-5 91 12.93±8.14
>5 3 10.00±6.00

As demonstrated in Table 2, there were no significant
differences  in  AST,  ALT  and  ALP  among different age
groups. As observed, reports to support the contrary are
scarce  in  the literature. The factors that are known to
influence plasma levels of these enzymes such as liver
pathology was clinically ruled out in our study. Plasma ALP is
greatly influenced  by  age,  it  is  known to be higher in
children than adults and the release is mainly from osteoblasts
which are utilized in bone development. This may also explain
why plasma ALP was not different among the age groups
because all the recruited subjects were above 20 years of
age20.

Anti-retroviral drugs metabolize largely by hepatic
cytochrome P450 activity. Protease inhibitors (PIs) are known
to be metabolized by intestinal and hepatic CYP3A21. Plasma
drug concentrations are improved by CYP3A inhibitors such as
cobicistat and ritonavir (RTV)22. Despite having the majority of
the drugs administered metabolized in the liver as shown in
Table 3 there were no significant differences in the liver
enzymes when observed along with the duration of

treatment. This observation is contrary to the reports of a
study by Melashu et al.9 conducted in an Africa country,
Ethiopia.  In  their  study  it  was  observed  that plasma AST
and ALT were elevated in patients on Highly Active
Antiretroviral  Therapy   (HAART)   of  which  duration of
therapy was  not  put  into  consideration. The subjects
selected in their  study  probably  had  a  longer  duration  of
treatment than our  subjects  as  98.8%  of  our  subjects
studied  had  taken  medication  for  less  than 5 years.
However, in their study,  the  operational  set  limit for
abnormal liver enzymes   was 1.25% higher than the upper
limit of normal  expected.  This  set  limit,  we  consider to be
on the lower side as what is expected and found in the
literature is  between  3  and  5  times  upper reference
limit23,24. This in a way made diagnosis of abnormal liver
enzymes over-diagnosed. If the expected set limits were to be
considered there may not be a significant difference in any of
the liver enzymes studied. Furthermore, on a close look,
researches that reported raised liver enzymes in patients on
antiretroviral therapy6,25 was based on caparison with controls
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Table 4: Mean distribution of AST, ALT and ALP among patients on different anti-retroviral regimen
Variables N Mean X2 df p-value
AST
AZT,3TC,EFV 18 34.50±20.82 416.38 6 0.794
AZT,3TC,NVP 24 30.25±29.07
TDF,FTC,NVP 6 26.50±10.82
TDF,3TC,ALLUVIA 5 20.00±11.48
TDF,3TC,NVP 12 40.08±16.93
TDF,3TC,EFV 8 35.63±09.12
Others 7 37.29±32.15
ALT 
AZT,3TC,EFV 18 26.22±23.46 95.632 6 0.934
AZT,3TC,NVP 24 23.11±17.47
TDF,FTC,NVP 6 22.33±10.69
TDF,3TC,ALLUVIA 5 14.80±04.55
TDF,3TC,NVP 12 25.08±20.61
TDF,3TC,EFV 8 23.25±17.84
Other 7 22.14±08.57
ALP
AZT,3TC,EFV 18 13.00±9.97 55.808 6 0.458
AZT,3TC,NVP 24 12.07±7.62
TDF,FTC,NVP 6 11.00±5.90
TDF,3TC,ALLUVIA 5 10.20±6.69
TDF,3TC,NVP 12 15.58±8.02
TDF,3TC,EFV 8 13.50±4.24
Others 7 7.71±5.12
AZT: Zidovudine, 3TC: Lamivudine, EFV: Efavirenz, NVP: Nevirapine, ALLUVIA: Alluvia-ritonavir boosted lopinavir, FTC: Emtricitabine

(patients not on antiretroviral therapy). In our study, plasma
AST and ALT were raised beyond the expected normal limit of
which if it were to be compared with controls, the result might
be significant as reported in some studies26,27. The raised
values  of these enzymes as also presented in Table 3 was
more among  patients  who  had taken medication for less
than 5 years. This is evidence to corroborate the occurrence of
adverse drug effects of antiretroviral therapy coming more
early in the course of the treatment28. Adverse drug effects
that may be due to antiretroviral therapy may range from mild
to life-threatening conditions29. They are usually experienced
within the first 6-12 weeks of which metabolic toxicities come
with prolonged use of antiretroviral therapy30. Severe
hepatotoxicity is a life-threatening condition that could affect
patients on HAART. This is one of the reasons why the slightly
raised values in our study should not be overlooked. The
degree of toxicity of different regimens of antiretroviral
therapy should also be put into consideration in other to
categorize patients appropriately. Although the study
observed no statistically significant differences when patients
of different combination therapy were compared as shown in
Table 4.

Majority  of  patients recruited had only taken
medications for less  than  5  years. Recruiting patients who
had taken  antiretroviral   drugs   for   greater   number  of
years  would  probably   have   given   more   strength   to  the

study. Also, determination of plasma Gamma-Glutamyl
Transferase (GGT) would  have  added  more  values  to  the
study  especially  in  t he area of explaining our findings on
ALP.

CONCLUSION

There were no statistically significant differences in plasma
levels of AST, ALT and ALP in patients on antiretroviral therapy
when linked to the duration of treatment. We recommend,
however, that raised values of these enzymes that were
observed in patients who had taken medication for less than
five years should not be overlooked. It may be a pointer to
close monitoring of patients in their early part of the
treatment.

SIGNIFICANCE STATEMENT

This study discovered higher plasma values of AST and
ALT in male subjects than female subjects. Although, not
statistically significant, raised values of AST and ALT among
patients who had taken medication for less than 5 years need
further investigations. This may be an eye-opener to
researchers in the evaluation of the pathogenesis of likely liver
damage that may occur as a result of drug administration and
its regeneration process.
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