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ABSTRACT
Objectives: The aim of present study was to evaluate the levels of liver enzymes and lipid abnormalities in patients receiving 
antiretroviral therapy compared to controls. Lactic acidosis was one of the known complications of ART which is the major cause 
of discontinuation of treatment.
Methods: Siemens Dimension Expand Plus fully automated random access analyzer was used for analyzing different param-
eters.
Results: Mean plasma levels of ALT and AST were more in HIV infectedpatients than control group. These parameters were 
further increased in HIV infected patients after ART. Mean plasma levels of cholesterol and HDL are lower than control group in 
HIV infected patients before treatment. Cholesterol levels increased after HAART whereas HDL level decreased. Mean plasma 
levels of triglycerides, LDL and lactic acid are high in HIV infected patients than control and they are further increased after ART.
Conclusion: Serum liver enzymes are significantly increased after ART and may be used as prognostic marker of lactic acido-
sis. This study helps in diagnosing lactic acidosis which can be treated successfully so as to render patients to adhere to treat-
ment to decrease mortality.
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INTRODUCTION

Most antiretroviral agents have been associated with 
hepatic toxicity. NRTIs can cause hepatic steatosis gen-
erally after more than 6 months of therapy1, probably 
via mitochondrial toxicity. NRTIs can cause hepatitis in 
first 2-3 months of therapy, sometimes as part of a hy-
persensitivity reaction. Protease inhibitors can also cause 
hepatitis2 by an unknown mechanism, particularly in pa-
tients co-infected with hepatitis B or hepatitis C and with 
raised hepatic aminotransferases concentration and less 
commonly have been associated with variceal bleeding 
in patients with cirrhosis3.

Some cases of hepatitis with antiviral seem to represent 
a side effect of an improved immune response, where 
immune restoration leads to recognition of hepatitis B4 

or C in chronic carriers and results in a clinical episode 
of hepatitis with sero conversion. What proportion of he-
patic reaction to any retroviral is caused by such mecha-
nism is not known. Unconjugated hyperbilirubinemia 
can occur with indinavir (about 7%) but does not repre-
sent liver toxicity5. 

Pre – HAART dyslipidemia was caused by an initial de-
crease in serum levels of total cholesterol, HDL and LDL 
followed by increase in triacylglycerol during advanced 
stages of HIV infection.6, 7 The severity of observed dys-
lipidemia was related inversely to decreased CD4 lym-
phocyte count particularly when CD4 counts were below 
200.8 In contrast, correlation between CD4 lymphocyte 
count / viral load levels and hyperlipidemia in patients 
taking PI containing HAART regimen have not been 
found.9, 10
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Several cross-sectional studies have established a rela-
tionship between PI use and hypercholesterolemia and 
hypertriglyceridemia.11,12 Studies which followed pa-
tients before and after PI exposure noted higher choles-
terol and triglyceride levels after PI initiation.13,14 The av-
erage increase of total cholesterol and triglyceride levels 
was 28% & 29% respectively from baseline pretreatment 
levels.15 Following a sample of 221 HIV- infected patients 
for 5 years, Tsiodras and colleagues 2000 found that PI 
therapy was associated with a 2.8 fold increased rate of 
hypercholesterolemia and a 6 fold increased rate of hy-
pertriglyceridemia.

Lactic acidosis
Lactic acidosis results from an increase in blood lactate 
levels when lactate production exceeds consumption 
and body buffer systems become overburdened. Lactic 
acidosis is classified by Cohen and Woods into 2 broad 
categories 

Type A lactic acidosis is due to decreased tissue perfusion 
may be due to over production or underutilization. 

Type B2 lactic acidosis is due to drugs without evidence of 
poor tissue perfusion or oxygenation or with occult tissue 
hypo perfusion.  

NRTIs have been associated with functional and struc-
tural mitochondrial abnormalities leading to lactic aci-
dosis.16 Mild to moderate asymptomatic hyperlactatemia 
has been frequently reported in patients treated with an 
estimated prevalence between 15% and 35%. On the 
contrary, symptomatic, severe hyperlactatemia and lac-
tic acidosis are less common, with an incidence ranging 
from 1.7 to 25.2 cases per 1000 person- years of antiret-
roviral treatment, and are associated with a remarkable 
mortality rate, which varies from 30% to 60% in differ-
ent studies.17

MATERIALS AND METHODS

The present study was conducted in department of Bio-
chemistry, Rangaraya Medical College, Kakinada, Andhra 
Pradesh, India. The present study was undertaken to de-
termine biochemical changes in HIV infected patients 
before and 2 months after ART in venous blood consist-
ing of 100 patients. These values are compared with 50 
normal healthy persons. All of these subjects were taken 
from ART centre, Government General Hospital, Kaki-
nada.

IRB/ Ethics Committee decided approval was not re-
quired for this study.

Lactic acid is estimated by Marbach and Weil method.

Principle: L-Lactate + NAD  LDH Pyruvate + NADH 
+ H+

Liver enzymes are estimated by Reitmane Frankel meth-
od.

Cholesterol is estimated by CHOD-PAP method.

STATISTICAL METHODS

The statistical software used was graphpadquickcalcs. 
Student t test was used.

RESULTS

Mean plasma levels of ALT and AST were more (51.88 
± 28.52), (53.69 ± 31.25) than control group (30.14 ± 
9.25), (23.02 ± 6.46). These parameters were further 
increased in HIV infected patients after ART (102.11 ± 
29.50), (113.47 ± 45.34).

Mean plasma levels of cholesterol were lower (158.40 
± 68.57), than the control group (175.14 ± 30.61) in 
patients before treatment and it is more than the con-
trol group after ART (217.10 ± 116.31). Mean plasma 
levels of triglycerides were more (117.86 ± 47.98) than 
the control group (92.36 ± 15.90) before ART and it is 
further increased after ART (165.71 ± 46.92). Contra-
rily the mean levels of HDL cholesterol were high in con-
trol group (34.30 ± 8.50) than in HIV infected patients 
(29.69 ± 10.97) and it is further decreased in HIV infect-
ed patients (20.11 ± 5.48) after ART. Mean levels of LDL 
cholesterol were high in HIV infected patients (73.68 ± 
26.15) than the control (67.78 ± 14.62) and it is further 
increased in HIV infected patients after ART (111.69 ± 
35.59).

Mean levels of lactic acid were high in HIV infected pa-
tients (1.913 ± 1.066) than the control (1.398 ± 0.445) 
and it is further increased in HIV infected patients after 
ART (4.553 ± 0.987).

DISCUSSION

Highly Active Antiretroviral therapy (HAART) has led to 
decreased morbidity and mortality from HIV infection 
due to immune reconstitution and viral suppression and 
increased recognition of both acute and long term toxici-
ties of ART.

Hepatitis, lipid abnormalities and lactic acidosis are the 
common complications seen with HAART. In the present 
study serum ALT and AST values were significantly el-
evated in HIV infected patients when compared with 
controls (p< 0.001). Serum total cholesterol levels, tri-
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glyceride levels and LDL levels were also significantly el-
evated when compared with controls (p< 0.001). These 
results suggest that elevated serum liver enzymes and 
lipid levels are complications of ART. Similar observa-
tions are also made by M.Nunez, R.Lana, J.L.Mendoza, 
L.Marttin- Carbonero and V. Soriano. 18 The raised serum 
ALT and AST enzymes are markers of liver injury due to 
antiretroviral therapy.

The total cholesterol and triglycerides which are in-
creased are markers of cardiac risk for the patients receiv-
ing antiretroviral therapy in future on long term treat-
ment. The increased cholesterol and triglyceride levels 
in turn lead to excess formation of pyruvate. This leads 
to excess production of lactate leading to lactic acidosis.  
Lactic acid levels are increased significantly (p<0.001) 
in both groups of patients than control groups and it is 
further increased in both groups after ART. These results 
strongly suggest that lactic acidosis is due to ART. Similar 
observations were also made by Lima A, Van Bommel J, 
Jansen TC, Ince C, Bakker J.19 Lipid levels have been re-
ported to rise as early as 1 week and stabilize within 3-4 
months after initiation of PI therapy.20 

Studies by Nerurkas PV, Pearsa l, Frank JE, Yanagihara R, 
have shown that NRTI and PI are capable of producing 
lactic acidosis.21

NRTI interfere with life cycle of retrovirus at the point at 
which RNA is translated into DNA that can be incorpo-
rated into genetic blue print of cell. PIs work later in the 
life cycle of virus preventing release of virions from the 
cellular machinery that has been subverted into a virus 
factory.

The d4T might however be responsible for the apparent 
acceleration of the increase of total cholesterol and tri-
glyceride probably related to the lipodystrophy reported 
in patients on d4T treatment and the possible association 
of HIV-1 infection with decreased triglyceride clearance 
following food intake.22 Concentration of triglyceride 
had an effect in the calculated values of LDL and VLDL; 
however, the smaller increase in levels of LDL-C and tri-
glyceride in NVP regimen than for the EFV might suggest 
that LDL-C and triglyceride results are valid. Further-
more increased cholesterol has been observed with the 
use of EFV and NRTIs such as d4T. A great improvement 
of atherogenecity indices (total cholesterol/ HDL-C and 
LDL-C/ HDL-C) on NVP compared to EFV was observed.

CONCLUSION

By this study, we came to the conclusion that serum lac-
tic acid concentrations are significantly increased in HIV 
infected patients after ART. Serum lactate levels may be 
used as prognostic marker in HIV infected patients on 

ART. Major lipid abnormalities showed that in HIV in-
fected patients, triglycerides, total cholesterol, LDL were 
increased significantly but HDL was decreased. Also 
there is significant increase in serum liver enzymes. It is 
suggested that lipid abnormalities which are major risk 
factors for heart disease should be monitored regularly 
by assessment of lipid profile. Lactic acidosis which can 
be treated successfully should be identified at the earli-
est so that the patients may not discontinue ART which is 
useful for them to lead a better life.

All HIV infected patients who are starting HAART should 
have a baseline fasting lipid profile checked, a repeat test 
in 3-6 months and then a test annually.23Counseling and 
healthy diet for heart and exercises are also recommend-
ed. Use HAART regimen which is not associated with sig-
nificant increased cholesterol levels.
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Table 1: Levels of different biochemical parameters and lactic acid in venous blood of HIV patients and 
control group

PARAMETER HIV PATIENTS (n=100) CONTROLS (n=50)

Before ART After ART

ALT in U/L 51.88 ± 28.52 102.11 ± 29.50 30.14 ± 9.25

AST in U/L 53.69 ± 31.25 113.47 ± 45.34 23.02 ± 6.46

Total cholesterol in mg% 158.40 ± 68.57 217.10 ± 116.31 175.14 ± 30.61

Triglycerides in mg% 117.86 ± 47.98 165.71 ± 46.92 92.36 ± 15.90

HDL-C in mg% 29.69 ± 10.97 20.11 ± 5.48 34.30 ± 8.50

LDL-C in mg% 73.68 ± 26.15 111.69 ± 35.59 67.78 ± 14.62

Lactic acid in mol/L 1.913 ± 1.066 4.553 ± 0.988 1.398 ± 0.445

Table 2: Statistical values of different biochemical parameters and lactic acid in venous blood of HIV  
patients before treatment

PARAMETER HIV PATIENTS

p  value t  value

ALT* <0.001

         S
6.796

AST*       <0.001
           S

1.643

Total cholesterol*        0.008
           S

1.643

Triglycerides*      <0.001
           S

3.239

HDL Cholesterol*       0.0240
           S

2.358

LDL Cholesterol*          NS 1.393

Lactic acid*       0.02185
           S

2.97

Table 3: Statistical values of different biochemical parameters and lactic acid in venous blood of HIV pa-
tients after treatment

PARAMETER                                  HIV PATIENTS

              p  value        t value

ALT*               <0.001
                   S

       11.925

AST*              <0.001
                  S

       14.01

Total Cholesterol*              <0.001
                  S

       3.772

Triglycerides*              <0.001
                  S

      10.065

HDL Cholesterol*               0.001
                  S

      9.925

LDL Cholesterol*               0.001
                  S

      7.768

Lactic acid*               0.02185
                  S

      20.69


