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Background: Infection with malaria in humans involves liver cell destruction, which alters the levels of liver enzymes and lipid
profiles. A number of studies have been conducted to address the impact of malaria on liver enzymes and lipid profiles but no studies
were addressed after antimalarial treatment in Ethiopia. This study is intended to fill this gap.
Methods: An observational cohort study was conducted at Dembia Primary Hospital and Teda Health Center, from June to
August 2020. Eighty eight malaria infected study participants were recruited using random sampling techniques. Socio-
demographic data, capillary and venous blood samples were collected. Assessment of liver enzymes and lipid profiles was done
using Beckman Coulter DC-700 clinical chemistry analyzer. Data were entered using Epi-data and exported to SPSS version 20 for
analysis. One way ANOVA, independent t-test, and paired t-test were used to compare the mean liver enzymes and lipid profile.
p-value<0.05 was considered statistically significant.
Results: Before anti-malaria treatment, among 88 study participants, elevated AST (87.5%), ALT (12.5%), ALP (43.2%), and TG
(17.2%) and lower HDL (87.5%) and normal LDL and TC were observed. After treatment, 100% AST, ALT, HDL, and LDL and 92%
ALP, 94.3% TC, and 86.4% TG levels were in the normal range. The mean level of AST and ALT increased while HDL decreased
from low to higher density parasitaemia. Mean level of AST was significantly lower while ALT did not alter. HDL, LDL, and TC level
were increased but statistically were insignificant (P>0.05).
Conclusion: Malaria could be responsible for increased liver enzymes and certain lipids while decreasing some lipid profiles. After
anti-malaria treatment, these parameters were reversed to normal from 86.4% to 100%. Hence, prompt treatment is important to
improve liver enzymes and lipid profile impairment during malaria infection.
Keywords: malaria, anti-malaria drug, liver enzymes, lipid profiles, Ethiopia

Introduction
Malaria is a vector-borne infectious disease caused by an intracellular protozoan parasite of the genus Plasmodium that
infects multiple hosts such as humans and other mammalians.1 Commonly four main Plasmodium species: Plasmodium
falciparum, Plasmodium ovale, Plasmodium malariae and Plasmodium vivax have long been known to cause malaria in
humans. Nowadays Plasmodium Knowlesi, previously confined to monkeys, is the fifth species that infect humans.2

However, P. falciparum and P. vivax are responsible for the majority of malaria cases and P. falciparum is mainly
associated with deaths. Plasmodium is primarily transmitted by the bite of an infected female Anopheles mosquito.
Infection can also occur through exposure to infected blood products and through congenital transmission.3

Malaria continuous to have a major health problem worldwide.4 Globally, there were an estimated 229 million
malaria cases in 2019 in 87 malaria endemic countries, declining from 238 million in 2000. The World Health
Organization (WHO) African Region, with an estimated 215 million cases in 2019, accounted for about 94% of
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cases.5 Malaria is one of the leading public health problems in Ethiopia. The problem covers 75% of the landmass of the
country and 68% of the populations are living in malaria-risk areas.6 Plasmodium falciparum and P. vivax are the two
dominant parasite species causing human malaria in Ethiopia, on average, with relative frequencies of about 62.8% and
37.2%, respectively.7 In Ethiopia, malaria transmission is largely determined by altitude and climate. Most of the malaria
transmission occurs between September and December, after the main rainy season June to August.8

Though malaria parasite can affect many organs, liver is the major organ which is affected.9 The liver is one of the
vital organs of the body and it plays a great role in the proper function of the body. It is involved in the uptake,
metabolism, phagocytosis and clearance of microorganisms and endotoxins from the portal blood.10 The liver functions
to recognize and generate effective immunoreactivity against pathogens on the one hand, and to generate tolerance to
avoid immunoreactivity with “self” and harmless substances as dietary compounds on the other hand.11 During malaria
infection, liver plays a protective role against blood stages of malaria. It is more critical than the spleen for mediating
suppressive effects of testosterone on resistance to malaria which results difference among males and females in terms of
malaria severity.12

The malaria parasite induces certain metabolic and biochemical changes within the host.13 In the liver stage, sporozoites
invade the hepatocytes which can cause organ congestion, sinusoidal blockage, and cellular inflammation. These changes in
hepatocytes can lead to the leakage of parenchyma and membrane enzymes into the general circulation.3

Liver dysfunction has long been recognized as a clinical feature of malaria.14 Liver failure is one of the major cause
of morbidity and mortality.15 Malaria-induced hepatocyte injury may manifest significant elevated serum level enzymes
of aspartate transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP).16 The pathogenesis of
hepatic dysfunction is not completely known; however, reduction in portal venous flow as a consequence of micro
occlusion of portal venous branches by parasitized erythrocytes, intrahepatic cholestasis due to reticuloendothelial
blockage and hepatic microvilli dysfunction, suppression of bilirubin excretion due to effect of parasitaemia or
endotoxemia or metabolic acidosis, apoptosis and oxidative stress are all mechanisms involved in hepatic damage.17

Malaria parasites exhibit dyslipidemia due to the parasites use of cholesterol and phospholipids from its host for the
increase in surface area and volume of its internal membranes.18 Lipid together with its apoprotein, called lipoprotein, is
needed to deliver lipids to and from body tissues to produce energy. Lipoproteins such as chylomicrons, very-low-density
lipoproteins (VLDL), low-density lipoproteins (LDL), high-density lipoproteins (HDL), and free fatty acids (FFA) are
major lipid components in plasma. Most plasma apolipoproteins, endogenous lipids, and lipoproteins have their origin
from the liver. Under normal physiological conditions, the liver ensures homeostasis of lipid and lipoprotein metabolism.
Hepatocellular damage is often associated with severe and acute Plasmodium malaria infection that impairs homeostasis
leading to alterations in plasma lipid and lipoprotein patterns.13,19,20

Abnormalities in serum lipid profiles play a central role in endothelial functional abnormality which is a major risk
factor for atherosclerosis including coronary artery disease, cerebrovascular disease and peripheral vascular diseases.21,22

The extent of serum lipid profile changes during malaria infection and their exact underlying biological mechanisms
remain unclear.23 The changes that occur during inflammation and infection are part of the innate immune response and
therefore are likely to play an important role in protecting the host. Lipids play a crucial role in the metabolism of
Plasmodium life cycle in the human host. These organisms use cholesterol and phospholipids from the host for their
metabolic requirements, such as membrane or hemozoin formation. Additionally, the parasite likely modifies metabolic
pathways of lipids in the hepatocytes. Moreover, oxidative stress has been associated with the oxidation of lipoproteins,
contributing to the abnormalities of lipids level.17,24 Hyperlipidemia of malarial infection may result in depletion of
natural antioxidants and facilitates the production of reactive oxygen species which can react with all biological
molecules like lipids. Thus increased reactive oxygen species and impaired antioxidant defense contributes to the
initiation and progression of micro and macro vascular complications in malaria infection.25 Targeting lipid metabolism
has been considered attractive for rational antimalarial chemotherapeutic drug design and development.26

The administration of the right drug against the malaria parasite species to control morbidity and mortality is a very
important demand.27,28 Though the list of anti-malarial drugs is long, the most widely known are quinine, chloroquine
(CQ), primaquine, and artemisinin and its derivatives. Due to the widespread resistance to monotherapies, the World
Health Organization (WHO) recommended the use of Artemisinin-based combination therapies (ACTs) for the treatment
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of uncomplicated falciparum malaria throughout malaria-endemic areas. Artemether-Lumefantrine (Art-L) having trade
names Coartem®, is one of the ACTs. Primaquine is known for its activity against the gametocytes of P. falciparum and
hypnozoites of P. vivax or P. ovale.27,29

Drug-induced liver injury remains largely underestimated.30 Following administration of the selected antimalarial
drug, the liver enzymes and lipid profiles have a crucial role in giving information about the disease diagnosis, drug
interactions assessment, and prognosis.26,31 In this regard, more recently a number of studies have been conducted to
address the impact of malaria on liver enzymes; however, their findings have been unclear due to lack of consistency.
Moreover, studies conducted so far were not designed to address the impact of antimalarials on liver enzymes and
lipid profiles beyond the impact of malaria itself on liver enzymes and lipid profiles in Ethiopia. Considering this gap,
this study is aimed to assess liver enzymes and lipid profiles before and after treatment of malaria-infected patients.

Methods
Study Area
The study was conducted at Dembia primary hospital and Teda health center, which are located within the Amhara regional
state, central Gondar, Northwest Ethiopia. Dembia primary hospital is found in Dembia district. It is located 729 km north of
Addis Ababa at 12°18′30″N and 37°17′30″E. The district has an area of 148,968 sq. km and divided into west and east
Dembia woreda. The altitude of the district ranges from 1850 to 2000 m above sea level. The district receives an annual
rainfall of 700 to 1160 mm on average. During the last 15 years, the annual mean maximum temperature was 29.6 °C and the
minimum mean temperature was 13.2 °C in the District.32 Teda Health Center is found 24km away from Gondar town. Teda
town has an average altitude of 1800–2600 meters above sea level, and the mean rainfall is 771–1160 mm. Malaria is the
most prevalent seasonal disease in both areas. From October to December is the peak malaria transmission season in the area.
Both P. vivax and P. falciparum exist in the area with P. falciparum prevailing all year.33

Study Design and Period
A prospective observational cohort study was conducted from June to August 2020.

Population
Source population

● All clinical malaria suspected participants who are attending Dembia Primary Hospital and Teda health center
laboratory during the study period.

Study Population
All individuals who are positive for malaria and satisfy inclusion criteria that are attending Dembia Primary hospital and
Teda health center laboratory during the study period were study population.

Inclusion and Exclusion Criteria
Inclusion Criteria
All malarial patients with microscopically confirmed P. falciparum, P. vivax or mixed (both falciparum and P. vivax)
infection and both sexes who reside 5-10 km radius in the study area were included in this study.

Exclusion Criteria
Pregnant women, patients with chronic alcoholism, participants having a history of chronic diseases like liver, hepatitis,
hypertensive, diabetes mellitus, cardiac disease, renal failure, and other parasitic diseases were excluded in this study.
Besides, participants who had been under anti-retroviral therapy, who are positive for HBsAg and HCV at the time of
screening were also excluded from this study.

Research and Reports in Tropical Medicine 2022:13 https://doi.org/10.2147/RRTM.S351268

DovePress
13

Dovepress Megabiaw et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Sample Size Determination
The desired sample size was calculated using the revised 2009WHO protocol. According to the protocol, the sample size
calculation assumes the desired precision of 5% and a 95% confidence interval with a minimum of 73 patients. Moreover,
considering a potential loss to follow-up,20% as a non-response rate was added. Finally, a minimum of 88 participants
sample size was determined.34

N = (z/d) 2 P (1-P)
= (1.96/0.05)2 0.05 (1–0.05)
= 73
Where, N = number of samples, P = the expected population proportion of clinical failure (5%),
z = confidence interval (95%) and d = precision (5%)

Sampling Technique
A random sampling technique was employed to recruit the study participants at Dembia primary hospital and Teda health
centers outpatient department (OPD).

Baseline Data Collection and Laboratory methods
Questionnaire
Before study initiation, a standardized questionnaire was developed which was specifically designed to collect socio-
demographic characteristics and other previous clinical data of the participant. All relevant personal data were collected
using a standard questionnaire after malaria susceptible individuals were confirmed for Plasmodium infections. Socio-
demographic (age, gender, and residence, educational and marital status) characteristics and other relevant information
were collected via a face-to-face interview technique at Dembia primary hospital and Teda health center OPD by trained
data collectors. Following identifying individuals who were parasitologically confirmed for malaria, then the volunteer
study participants were linked to laboratory personnel for blood sample collection.

Blood Sample Collection and Processing
After getting informed consent and ascent from the study participants, the blood sample was collected following standard
operating procedures (SOPs) by trained laboratory personnel in the first visit on day 0 and the follow-up visiting day on day 14.
Capillary blood samples from a finger prick was collected aseptically from each study participant to prepare both thick and thin
blood film using pre-labeled microscope slides for detection and identification of Plasmodium species. The prepared blood films
were stained using 10% Giemsa solution for 10 minutes and allowed to air dry by putting it horizontally in a slide tray at room
temperature. After the stained slides were air-dried both the thick and thin blood film was examined using a high magnification
power objective (100X) of the microscope. Thick blood film was used as a screening and quantification of parasitaemia and thin
blood film was used primarily for parasite species identification. To determine the density of malaria parasitaemia, two
experienced microscopists independently count as Low (+1/1 to 999 /μL), Moderate (+2/1000 to 9999 /μL) and severe or higher
(≥+3/10,000 /μL) and the asexual stage of Plasmodium parasite on a slide against 200WBCs in thick blood film from each of the
malaria cases. Then, the results of the two readerswere averaged and used for the calculation of parasite density. Finally, the result
was expressed by parasites per μL blood. It was calculated by using the formula: Parasite/µL =Parasite counted/200WBC×Total
WBC count.35,36

Using an aseptic vein puncture blood sample collection technique, 5 mL of blood sample on day 0 prior to treatment
and on days 14 after treatment was collected with a sterile disposable syringe. Then it was delivered into a serum
separator test tube for liver enzymes and lipid profile test and kept for1,2 minutes for clotting. Once the blood samples
become clot it was centrifuged at 3000rpm for 5 minutes. All participants who were confirmed with Plasmodium
infection were tested for hepatitis B surface antigen (HBsAg), hepatitis C (HCV), and intestine parasitic infection to
confirm their eligibility. After the study participants were screened for HBsAg and HCV, serum was separated and stored
in plain plastic tubes at −20°C until processed. Each participant was reminded to take their drug at home appropriately
and instructed to return back 14 days of post-treatment by giving an appointment card for each participant. Fourteen days
of post antimalarial drug administration, all relevant parasitological responses were re-assessed. Moreover, participants
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who were absent during the follow-up data collection period were considered as loss of follow-up. To assess the impact
of malaria on the liver, marker enzymes and lipid profiles were evaluated according to International Federation of
Clinical Chemistry (IFCC) methods. These biochemical tests were analyzed on separated serum using standard assay kits
by using Beckman Coulter DxC-700 chemistry analyzer. All serum parameters were determined using this chemistry
analyzer. The Para-Nitrophenyl phosphate method was used for the determination of serum ALP concentration. Besides,
serum ALT concentration was determined by the pyruvate method while AST concentration was measured using the
oxaloacetate method. Serum HDL, total cholesterol, LDL, and triglycerides were measured by the enzymatic assay
method.37–39 The interpretation of test results was based on the manufacturers manual for each analysis to be measured.
The enzymes and lipid profiles were done at the University of Gondar compressive specialized hospital laboratory.

Quality Control
To assure consistency and easy understanding, the questionnaire was prepared in English and translated to the Amharic
language. The questionnaire was pre-tested for its accuracy and consistency prior to actual data collection. Socio-
demographic and clinical data were collected by trained professionals under the supervision of the investigator. Blood
sample quality was insured by collecting and processing according to the SOP. Samples were checked whether they are in
the acceptable criteria like: no hemolysis, sufficient volume, and correct labeling. The quality control of liver enzymes
and lipid profile tests was assessed using clinical chemistry laboratory manuals and standard operating procedures (SOPs)
of the University of Gondar hospital laboratory.

Data Management and Analysis
Data was checked for completeness and consistency. After cleaning and coding, the data was entered into Epi-data
software and exported into SPSS version 20 software for statistical analyses. The Shapiro–Wilks and the Kolmogorov–
Smirnov normality test was conducted to check the distributions of the variables, and it showed the data were normally
distributed in both pre- and post-assessment with (p>0.05). Mean, standard deviation, and frequency of quantitative
variables were calculated. One way-ANOVA followed by turkey multivariable posthoc test was used to compare the
mean liver enzymes and lipid profiles parameters among groups. Independent t-test was used to compare the mean of
liver enzymes and lipid profiles parameters between males and females, and paired t-test was applied to compare means
of cases pre and post antimalarial treatment. p-value less than 0.05 was considered as statistically significant.

Results
Characteristics of the Study Participants
A total of 1247 clinically malaria suspected individuals visiting Dembia primary hospital and Teda health center were
screened for malaria during the study period. Of these, 529 (42.4%) had confirmed malaria positive by microscopic
method. Among 529 malaria-infected patients, 430 were excluded since they did not fulfill the inclusion criteria and 99
were eligible for the study. Those who were out of the catchment area, who had taken drugs for chronic disease, pregnant
mothers and those who refused to give consent or assent were excluded. Among the 99 who started to participate in the
study 11 were lost during the follow-up. Thus, the study participants that successfully completed the 14-day follow-up
study were 88 (fifty-one were from Teda health center and thirty-seven were from Dembia primary hospital). Of this
64.8% (57/88) were males and 35.2% (31/88) were females. The mean age of study participants was 26.11±11.044 years
(ranges 6–65 years). The age group more affected was 25–34 years (31.8%) followed by 16–24 years (30.7) (Table 1).

Among the 88 study participants, 77 (88%) were infected with P. falciparum, 9 (10%) were infected with P. vivax, and
2 (2%) had mixed infection (P. falciparum and P. vivax). In terms of parasitaemia, 42% (37/88) were diagnosed with high
parasitaemia, 27% (24/88) with moderate parasitaemia, and 31% (27/88) with low parasitaemia.

Comparison of Liver Enzyme and Lipid Profiles with the Normal Reference Range
Prior to antimalarial drug administration, as compared with the respective normal reference ranges (10–40, 10–55, 32–92,
and <150), 87.5% (77/88) AST, 12.5% (11/88) ALT, 43.2% (38/88) ALP, and 17.2% (16/88) TG, deviation was observed.
Moreover, the serum level of HDL was found below the lower limit of the normal reference range in 87.5% (77/88)
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malaria positive study participants when compared to the normal reference range (>40). In contrast to this, the serum
level of LDL and TC among all malaria-infected patients were found within the normal range (<100 and<200).

After anti-malaria drug administration, 100% (88/88) of participants’ AST, ALT, HDL, LDL and 92% of participants’
ALP, 94.3% participants’ TC, and 86.4% of participants’ TG were found to be within the normal reference ranges.

Liver Enzymes and Lipid Profiles Before an Anti-Malaria Treatment Based on Sex
Based on the independent t-test analysis the study showed that no statistically significant differences in liver enzymes and
lipid profile parameters between male and female study participants in pre-treatment (Table 2).

Liver Enzymes and Lipid Profile Parameters Change Before Anti-Malaria Treatment
Based on Age Grouping
Based on one-way ANOVA analysis the serum levels of ALP were found to be decreased when the participant’s age
groups were increased. These ALP serum measurements were 118.08±58.5, 84.85±52.66, 67.21±48.01, 60.71±28.80 in
the age groups of<15yrs, 16–24yrs, 25–34yrs, and >35yrs, respectively (P =0.006). On the other hand, the alteration of

Table 1 Socio-Demographic Characteristics of the Study Participants at Dembia Primary Hospital and Teda Health Center, Northwest
Ethiopia, 2020 (N=88)

Variables Male=57 (64.77%) Female=31 (35.23%) Total =88

Age group <15 9(15.8%) 3(9.7%) 12(13.6%)

16–24 16(28.1%) 11(35.5%) 27(30.7%)

25–34 16(28.1%) 12(38.7%) 28(31.8%)

>35 16(28.1%) 5(16.1%) 21(23.9%)

Marital status Single 39(68.4%) 11(35.5%) 50(56.8%)

Married 18(31.6%) 19(61.3%) 37(42.0%)

Widowed 0(0%) 1(3.2%) 1(1.2%)

Educational status Illiterate 14(24.6%) 12(38.7%) 26(29.5%

Primary school 22(38.6%) 7(22.6%) 29(33.0%)

Secondary school 10(17.5%) 7(22.6%) 17(19.3%)

Diploma 11(19.3%) 2(6.5%) 13(14.8%)

Degree and above 0(0%) 3(9.7%) 3(3.4%)

Occupation Student 29(50.9%) 10(32.3%) 39(44.3%)

Government employee 10(17.5%) 6(19.4%) 16(18.2%)

Daily labor 2(3.5%) 1(3.2%) 3(3.4%)

Housewife 0(0%) 13(41.9%) 13(14.8%)

Farmer 12(21.1%) 0(0%) 12(13.6%)

Merchants 3(5.3%) 1(3.2%) 4(4.5%)

Others 1(1.8%) 0(0%) 1(1.1%)

Residences Urban 27(47.4%) 17(54.8%) 44(50%)

Rural 30(52.6%) 14(45.2%) 44(50%)
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serum level of total cholesterol result was found to be associated in the age groups of <15yrs and 25–34yrs. This
association showed an increased level of total cholesterol from the age group <15 (71.2500 ± 31.11) to 25–34yrs (111.32
± 44.07), (P =0.025). Other parameters associations of the participant’s age group are indicated (Table 3).

Table 2 Liver Enzymes and Lipid Changes Before Anti-Malaria Treatment Based on Sex Among Malaria Infected Patients (N=88) at
Dembia Primary Hospital and Teda Health Center, North West Ethiopia, 2020

Parameters Sex Mean± SD Mean Difference 95% CI of the Difference P-value

AST (IU/L) Male 47.77±9.99 0.57838 −3.7–4.88 0.790

Female 47.19±9.12

ALT (IU/L) Male 24.82±19.25 3.66327 −2.2–9.5 0.217

Female 21.16±8.23

ALP (IU/L) Male 84.75±55.24 19.14 −2.9–41.1 0.087

Female 65.61±36.74

LDL (mg/dl) Male 53.23±28.12 2.03 −10.9–14.9 0.755

Female 51.19±31.02

HDL (mg/dl) Male 23.12±10.86 −1.55 −8.1–5.0 0.637

Female 24.670±16.35

TC (mg/dl) Male 95.40±34.9 −8.98 −26.2–8.3 0.304

Female 104.39±45.40

TG (mg/dl) Male 110.65±468.58 −11.87 −37.-13.7 0.359

Female 122.51±71.50

Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; CI, confidence interval; IU/L, international unit per liter; mg/dl;
milligram per deciliter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SD; standard deviation.

Table 3 Some Liver Enzyme and Lipid Profile Measurements in Different Age Groups of Malaria-Infected Participants Before
Treatment (N=88) at Dembia Primary Hospital and Teda Health Center, North West Ethiopia, 2020

Parameters Age of Participants and Mean± SD of Parameters P-value

<15 16–24 25–34 >35

AST (IU/L) 46.67±9.42 48.77±11.46 47.93±8.53 46.05±9.06 0.786

ALT (IU/L) 18.58±6.92 26.11±19.95 27.86±18.88 17.86±6.08 0.074

ALP (IU/L) 118.08±58.58 84.85±52.66 67.21±48.01 60.71±28.80 0.006*

HDL (mg/dl) 19.75±12.47 21.07±1153 27.29±1419 24.43±12.92 0.222

LDL (mg/dl) 37.75±23.68 47.96±2427 60.5714±33.69 56.05±2818 0.098

TC (mg/d) 71.2500±31.11˟ 95.67±3456 111.32±44.07˟ 100.90±34.42 0.025*

TG (mg/dl) 109.92±70.47 119.15±5346 117.29±67.79 108.81±4098 0.917

Note: *Statistically significant (P<0.05) against age group,
Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; CI, confidence interval; IU/L, international unit per liter; mg/dl,
milligram per deciliter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SD; standard deviation.
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Serum Liver Enzymes and Lipid Profiles in Different Level of Parasitaemia Among
Malaria-Infected Patients Before Anti-Malaria Treatments
During the assessment of some liver enzyme measurements in association with the density of malaria parasitaemia, AST,
ALT, and ALP measurements showed an increased serum level in proportion to increasing the density of malaria
parasitaemia. In this regard, based on one-way ANOVA analysis, the serum level of AST was found to be significantly
increased in malaria-infected patients (P<0.001) with the increase in the degree of parasitaemia levels from low,
moderate to high (39.70±3.55 IU/L, 44.42±3.22 IU/L and 55.35±9.69 IU/L), respectively. Moreover, ALT and ALP
also were found to be increased proportionally with increasing the density of malaria parasitaemia, but the increases were
not statistically significant (P>0.05%). On the other hand, serum HDL level was found to be significantly decreased
(P =0.024) in malaria-infected patient when the density of parasitaemia increases from low to moderate parasitaemia.
Even though HDL decrease was observed when the parasitaemia level increased from moderate to high, there was no
statistically significant association (P>0.05) (Table 4).

Alteration of Mean Liver Enzymes and Lipid Profiles Before and After Anti-Malaria
Treatment: Comparison
According to the paired t-test analysis, the mean pre-treatment concentration for serumASTwas 47.60±9.65IU/L and for post-
treatment the concentration was 33.90±15.15 IU/L. Comparison of pre-treatment and post-treatment mean concentrations
showed a t-value of 7.137 with a p-value of <0.001. This post-treatment mean concentration was significantly lower compared
to the pre-treatment level. Mean values for ALP were 78.01±50.14 IU/L and 75.45±37.64IU/L for pre-treatment and post-
treatment, respectively. Comparison of these two means showed a t-value of 0.550 with a p-value of 0.581, which was not
statistically significant. Moreover, there was no ALT alteration during pre-treatment (23.53±16.28 IU/L) and post-treatment
(23.49±11.10IU/L) in the mean value of ALT level while triglyceride showed insignificant decreases at post-treatment (104.27
±44.17IU/L) compared with the pre-treatment (114.82±57.57IU/L) measurements. On the contrary, the mean of HDL, LDL,
and total cholesterol at post-treatment were found to be increased compared to pre-treatment (P>0.05)(Table 5).

Liver Enzymes and Lipid Profiles After Anti-Malaria Treatment Based on Types of
Treatment
The present study showed that the levels of HDL were significantly high among those study participants treated with
ACT only compared with those treated with ACT plus primaquine 39.83±15.10 and 24.79±11.46, respectively (Table 6).

Table 4 Baseline Liver Enzymes and Lipid Profiles in Different Levels of Malaria Among Malaria-Infected Patients (N=88) at Dembia
Primary Hospital and Teda Health Center, North West Ethiopia, 2020

Parameters Mean± SD in Different Parasitaemia Levels with 95% CI P-value

Low=27 (31%) Moderate=24 (27%) High=37 (42%)

AST (IU/L) 39.70±3.55(38–41) 44.42±3.22(43–45) 55.35±9.6(52–59) 0.000*

ALT (IU/L) 22.11±11.75(17–27) 25.58±20.88(17–34) 23.24±16.05(18–29) 0.746

ALP (IU/L) 73.70±50.51(54–94) 72.79±47.03(53–93) 84.54±52.39(67–102) 0.586

HDL (mg/dl) 28.88±11.63(24–33) 19.25±10.66(15–24) 22.73±14.26(18–27) 0.024*

LDL (mg/dl) 60.70±29.64(49–72) 45.41±22.71(36–55) 51.13±31.38(41–62) 0.160

TC (mg/dl) 110.22±40.95(94–126) 90.46±34.17(76–105) 95.32±39.29(82–108) 0.154

TG (mg/dl) 106.30±54.23(84–128) 126.25±47.88(106–145) 113.65±65.39(92–145) 0.465

Note: *Statistically significant (P<0.05) against parasitaemia level.
Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; CI, confidence interval; IU/L, international unit per liter; mg/dl,
milligram per deciliter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SD, standard deviation.
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The levels of AST, ALT, ALP, LDLTC, and TG does not show statistically significant difference among study participant
treated with ACT, ACT plus primaquine, chloroquine, and chloroquine plus primaquine, based on one-way ANOVA
analysis.

Discussion
Assessment of liver function tests and lipid profile parameters plays an important role in effective intervention manage-
ment in malaria infection. Studies have been undertaken to determine the activities of enzymes like AST, ALT, and ALP
among patients with Plasmodium malaria that serve as biomarkers of liver disorders and major lipid components in
serum.1,26

In this study, during the assessment of some liver enzymes and lipid profile parameters prior to anti-malarial drug
administration, 87.5% (77/88) cases of AST, 12.5% (11/88) of ALT, and 43.2% (38/88) of ALP were found to be
increased in malaria-infected study participants as compared to normal reference ranges (10–40, 10–55, and 32–92),

Table 6 Comparison of Liver Enzymes and Lipid Changes Based on Anti-Malaria Among Malaria-Infected Patients at Dembia Primary
Hospital and Teda Health Center, North West Ethiopia, 2020

Parameters Types of Treatment and Mean ± SD P-value

ACT Chloroquine ACT+Premaquine Chloroquine+Primaquine

AST (IU/L) 27.50±7.50 33.00±0.00 34.90±16.20 29.30±7.50 0.573

ALT (IU/L) 23.33±10.23 27.50±12.02 23.77±11.67 19.57±3.77 0.764

ALP (IU/l) 60.17±26.75 53.00±7.10 76.38±38.58 85.29±36.87 0.530

HDL (mg/dl) 39.83±15.10 34.50±20.50 24.79±11.46 26.43±10.52 0.023*

LDL (mg/dl) 67.67±7.37 80.00±12.73 59.14±25.10 62.14±17.39 0.543

TC (mg/dl) 102.00±46.34 118.50±7.78 103.85±28.58 89.57±41.91 0.598

TG (mg/dl) 111.16±5387 119.00±69.30 106.48±43.38 71.14±32.20 0.214

Note: *Statistically significant (P<0.05) against drug type.
Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; CI, confidence interval; IU/L, international unit per liter; mg/dl,
milligram per deciliter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SD, standard deviation.

Table 5 Alteration of Liver Enzymes and Lipid Profiles Measurement Before and After Ant-Malaria Treatment Among Malaria-Infected
Patients (N=88) at Dembia Primary Hospital and Teda Health Center, North West Ethiopia, 2020

Parameters Normal Range Mean±SD Mean
Difference

95% CI of the
Difference

t-value p-value

Pre-Treatment Post-Treatment

AST (IU/L) 10–40 47.60±9.65 33.90±15.15 13.68 9.9–17.5 7.137 0.000*

ALT (IU/L) 10–55 23.53±16.28 23.49±11.10 0.04 −3.7–3.8 0.024 0.981

ALP (IU/L) 32–92 78.01±50.14 75.45±37.64 2.56 −6.7–11.8 0.550 0.581

HDL (mg/dl) >40 23.67±12.99 26.17±12.28 −2.50 −5.9–0.9 1.456 0.081

LDL (mg/dl) <100 52.51±29.02 60.43±23.69 −7.92 −15.9–0.057 1.973 0.052

TC (mg/dl) <200 98.57±38.90 102.92±30.69 −4.35 −14.7–6.0 −0.836 0.405

TG (mg/dl) <150 114.82±57.57 104.27±44.17 10.56 −5.0–26.0 1.347 0.182

Note: *Statistically significant (P<0.05) against treatment.
Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; ALP, alkaline phosphatase; CI, confidence interval; IU/L, international unit per liter; mg/dl,
milligram per deciliter; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SD, standard deviation.
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respectively. A study from India had reported relatively similar ALP (43.33%), lower AST (75%), and higher ALT (65%)
levels.40 While 87.5% of HDL in the current study participants was lower than compared with normal reference ranges
17.2% of the study participants’ triglyceride result was higher than the normal reference range. Total cholesterol and
LDL levels of the study participants were within the normal reference ranges before anti-malarial treatment was
administered. The finding of the present study agreed with a previous study finding conducted in Ethiopia where LDL
(34.7±23.5) and TC (88.0±36.3) levels were reported41 and a similar result from India reported a value of LDL (70.45
±22.720) and TC (103.52±35), respectively.38 On the other hand, our study findings on the level of TG, HDL and LDL
are lower than a study conducted in Brazil where high TG (55.8%), HDL (92.8%), and LDL (97.6%) levels were
reported.42 The possible explanation of the difference in liver enzymes and lipid profiles could be due to the utilization of
different methods, replicates of samples, malaria species, or the difference of study participants in sociodemographic
characteristics such as age and genetic variation.

In the current study, the mean value of ALP with age <15, 16–24, 25–34, and >35yrs range was 118.08±58.58, 84.85
±52.66, 67.21±48.01, and 60.71±28.80mg/dl, respectively. Though a statistically significant decrease was observed in the
age group between<15 and 25-34, the serum levels of ALP were found to be decreased when the participant’s age groups
were increased. This study result is inconsistent with the study conducted in Nigeria where the age group 10–29, 30–49,
and 50–69 years mean values of ALP were 84.36±5.75, 90.50±20.84, and 108.00±23.5 (IU/L), respectively.3,43 The
genetic and nutritional difference might be the possible reason for this variation of ALP activity difference between
malaria-infected individuals.

Furthermore, in our finding during the baseline screening, the mean serum level of AST, ALT, and ALP were found to be
increased proportionally, but statistical association (P<0.001) was observed only in AST with increasing the degree of
parasitaemia levels from low, moderate to high (39.70±3.5538–41 IU/L, 44.42±3.2243–45 IU/L and 55.35±9.6 (52–59) IU/L
with 95% CI, respectively. Similar AST level finding was reported in Yemen on low parasitaemia level which had 28.36 ±
1.04 mean value, but high AST level in moderate (58.63 ± 3.17IU/L) and high (96.03 ± 6.21IU/L) parasitaemia level.16 On
the other hand contrary to the current finding, a study conducted in Nigeria had reported low values of AST (32.30±16.40 and
39.74±17.54IU/L) among low and moderate parasitaemia density patients, respectively.3 This variation could be due to the
parasite density and the immunity status, age distribution, and sample size difference of the study participants.

In the current study serum HDL level was found to be significantly decreased (P=0.024) when the density of
parasitaemia increases from low 28.88±11.63 (95% CI /24-33) mg/dl to moderate 19.25±10.66 (95% CI/15-24mg/dl)
parasitaemia level. Though the HDL level was decreased when the parasitaemia level increased from moderate to high
22.73±14.26 (95% CI/18-27), no significant statistical association was found (P>0.05). Similarly no significant associa-
tion was found on LDL, TC, and TG lipid profiles among the different degrees of parasitaemia. The current study finding
of HDL is consistent with a previous study done in Ethiopia that the HDL mean values were (22.4±14.5, 19.90±12.6 and
18.90±14.5mg/dl) in low, moderate, and high parasitaemia levels, respectively.41 The present HDL finding is inconsistent
with a study conducted in Nigeria where the HDL mean values were (46.4±11.6 and 23.2±3.9 mg/dl) in mild and severe
malaria, respectively.44 The reason for this variation might be difference in parasite load, sample size, immunity status,
and genetics of the study participants.

In this study, according to the paired t-test analysis, the mean serum level of AST at post-treatment (33.90±15.15IU/L) was
significantly lower when compared with the pre-treatment (47.60±9.65I/L) level which has 13.68 IU/L mean difference of
t-value=7.137 (P <0.001) and (95% CI/ 9.9–17.5IU/L). The mean of ALP also showed insignificant decreases at post-treatment
(75.45±37.64IU/L) compared with the pre-treatment (78.01±50.14IU/L)(95% CI/-6.7–11.8IU/L), while there were no ALT
alterations between pre-treatment (23.53±16.28IU/L) and post-treatment (23.49±11.10IU/L) with (95% CI/-3.7–3.8IU/L). l Our
AST result is in line with a study done in India where ASTmean value of 67.064±26.027 and 49.606±17.966IU/L is reported for
pre-and post-treatment respectively with 17.46IU/L mean difference.45

In the current study, Triglyceride level showed insignificant decrease at post-treatment (104.27±44.17mg/dl) com-
pared with the pre-treatment (114.82±57.57mg/dl) at (95% CI/-5.0–26.0mg/dl). On the contrary, the mean of HDL, LDL
and TC at post-treatment were found to be decreased in 2.50, 7.92, and 4.35 with (95% CI/ −5.9–0.9,-15.9-0.057,-14.7–
6.0mg/dl) when compared with pre-treatment, respectively. However, the increases were not statistically significant
(P>0.05). Except for HDL, these study results are in line with a study reported from Nigeria where TG (0.170), TC
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(0.18), HDL (2.36), and LDL (−2.7) mg/dl were reported. Similar pre and post treatment result were also reported in
Gabon (TC (−12.98), HDL-C (−9.55); LDL (−9.96), and TG levels (0.9).26,46 The mean difference in our findings is
inconsistent with the mean difference of other study reports from Nigeria where HDL (1.28), LDL (5.51), TG (4.41), and
TC (−6.49),47 and from India where TC (−12.34), HDL (−1.44), LDL (−3.19) and TG (11.42), is reported respectively.48

The possible explanation for this variation might be due to the physiological, environmental, host immunity, and
nutritional status differences.

Limitations of the Study
The major limitation of this study is factors that may affect liver enzymes and lipid parameters, such as anthropometric
and micronutrient characteristics of patients are not taken into account during the study. The study was only a one round
14 days follow-up. This will have a limitation in the generalization of the findings compared with 28 days follow-up
study.

Conclusion and Recommendation
The current study had shown that malaria infection had resulted in the alteration of liver enzymes and lipid profiles.
Although TC and LDL levels were within the normal range, there was an increase in AST, ALT, ALP, and TG level and
decreased level of HDL as the malaria parasitaemia level increases. After anti-malaria treatment, these parameters which
deviate from the normal range were reversed. The pre-treatment and post-treatment mean values showed significant
change in AST level and lower mean serum level on ALP and TG. On the contrary, there was no level difference in ALT
between pre-treatment and post-treatment mean values. In general, while malaria infection impairs liver enzyme and lipid
function, treatment with antimalarial had reversed its function. However, for solid generalization, we recommend 28 days
follow-up study accompanied with anthropometric and nutrition assessment in comparison with apparently healthy
individuals.
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