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ABSTRACT

Background and objective. The prevalence of mild neurocognitive Disorder (MND) has increased after using antiretroviral
therapy (ARV), which is around 51.5%. Inflammation plays an essential role in the neurodegenerative state of HIV pa-
tients. Peripheral blood images can assess increased macrophage activation by evaluating the number of leukocytes,
neutrophils, total lymphocytes, hemoglobin, platelets, platelets, and neutrophil-lymphocyte ratio (NLR) to determine the
condition of systemic inflammation in HIV patients with cognitive impairment. This study to know differences in the ap-
pearance of peripheral blood in HIV patients with and without cognitive impairment.

Method. Observational analytic study with a cross-sectional design on 44 HIV patients who were outpatients at the poly-
clinic Voluntary Counseling and Testing (VCT) at Prof Dr. IGNG Ngoerah Denpasar Hospital. Subjects were divided into 2
groups based on cognitive status assessed using the MoCA-INA questionnaire. The peripheral blood images considered
were the average levels of leukocytes, neutrophils, lymphocytes, hemoglobin, hematocrit, platelets, and the ratio of neu-
trophils to lymphocytes.

Results. 31-40 years old, male, with >9 years of education, has a CD4 count >200, and has received ARV therapy >1 year.
The Shapiro-Wilk normality test performed on both groups showed that the data were normally distributed with p>0.05.
Bivariate analysis using an independent t-test with a 95% confidence level (a=0.05) found significant differences in mean
leukocyte, neutrophil, lymphocyte, and neutrophil-lymphocyte ratios (p<0.05) between groups of HIV patients with cog-
nitive impairment and no cognitive impairment.

Conclusion. Inflammatory markers from the peripheral blood picture are increased in HIV-infected persons.
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List of abhreviations

ARV - Antiretroviral Therapy MoCA - Montreal Cognitive Assessment
HAND - HIV-Associated Neurocognitive Disorder NLR - Neutrophil-Lymphocyte Ratio

HIV - Human Immunodeficiency Virus VCT - Voluntary Counseling and Testing
INA - Indonesia SPSS - Statistical Package for Social Sciences

MND - Mild Neurocognitive Disorder

INTRODUCTION tiretrovirals (ARVs) has reduced the incidence of cog-

o ) . nitive impairment compared to the pre-ARV era. The
‘ People 1.1V1n‘g w1th HIV 9ften expgltlen(‘:e nel‘lrolog- administration of ARV therapy influences the occur-
ical complications, including cognitive impairment rence of cognitive impairment complications, oppor-
HIV-associated neurocognitive Disorder (HAND). The tunistic infections, age, smoking, and level of educa-
development of HIV therapy with combination an-  tjon [1]. Studies on HIV patients at Prof. Dr. IGNG
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Ngoerah Denpasar Hospital showed risk factors for
cognitive impairment in people with HIV, including
low CD4 nadir, low CD4 current, low education level
(< 9 years), and HIV diagnosis of more than one year
[2,3].

Cognitive impairment is one of the early symp-
toms of functional decline that reflects damage to
brain neurons, so it is essential to know cognitive
function in patients with HIV. Neurocognitive Disor-
der screening using the Montreal Cognitive Assess-
ment (MoCA) found a HAND prevalence of 75% in
HIV patients receiving antiretroviral therapy (ARV)
(Hasbun et al., 2012). The prevalence of HAND in In-
donesia was found to be 51%, with the most affected
domain being memory (63%) [4].

HIV infection in the brain occurs in macrophage
cells, including monocyte-derived perivascular mac-
rophages and microglia. HIV attacks the brain through
the Trojan Horse mechanism by crossing the blood-
brain barrier riding infected monocytes, which then
differentiate into macrophages. This can occur within
1-2 weeks after the virus enters the systemic circula-
tion. Neuronal damage is thought to occur by two
mechanisms. The first is through viral protein re-
leased from infected monocytes causing neuronal
death through the direct interaction of viral proteins
with neurons. Second, there is indirect death of neu-
rons mediated by the inflammatory response to the
viral protein or the HIV-infected cells [5]. The cascade
of activated microglial cell-mediated chemokines and
cytokines leads to cell death through decreased neu-
ronal arborization. This process can cause a decrease
in cognitive function and progressive behavior chang-
es in patients with HIV [6].

Considering the role of inflammation in the patho-
genesis of cognitive impairment, we hypothesized
that routine blood biomarkers in cognitively im-
paired patients could have diagnostic and predictive
value. If confirmed, this standard blood biomarker
could become an informative plasma marker for di-
agnosis, stratification, and prediction of disease pro-
gression and/or could be used as evidence of response
to cognitive impairment interventions.

MATERIALS AND METHODS

This cross-sectional study has obtained ethical eli-
gibility from the ethical commission of Udayana Uni-
versity with number 2022.03.1.0041. The research
was conducted in polyclinic Voluntary Counseling
and Testing (VCTs). The time of the study was fulfilled
in March-June 2022. Inclusion criteria: (1) All patients
diagnosed with HIV were positive, (2) Patients aged
18-50 years. (3) Patients receiving ARV therapy with
CD4+ 200-350 cells/ul. (4) Patients are cooperative
and willing to be included in the study by signing in-
formed consent. Exclusion criteria: (1) Patients with
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a history of neurological disorders like stroke, sei-
zures, head trauma, intracranial tumors, or Parkin-
son’s. (2) Have risk factors for cognitive disorders
such as hypertension, DM, heart disorders, and dys-
lipidemia. (3) Severe psychiatric disorders (such as
schizophrenia) or are being treated with antipsychot-
ic drugs. (4) Not able to perform daily functions inde-
pendently. Data analysis used an independent T-test
with a 95% confidence level (a=0.05). A descriptive
study to determine the mean with standard devia-
tion, median, and proportion of the characteristics in
the case and control groups. The collected data is pro-
cessed through the Statistical Package for Social
Sciences (SPSS) program.

RESULTS

The study was conducted on 44 people living
with HIV, 22 HIV sufferers with cognitive impair-
ment, and 22 people living with HIV without cogni-
tive impairment, with the results of the data charac-
teristics obtained in Table 1.

TABLE 1. Basic characteristics of research subjects

Cognitive Disorder n (%)

Variable
Yes No

Age (years) 39.77+6.24 36.05+7.42
Age group

18-30 years 1(4,5) 5(22,7)

31-40 years 21(95.5) 17(77.3)
Gender

Male 16(72.7) 16(72.7)

Female 6(27,3) 6(27,3)
Length of education

<9 years 7(31,8) 2(9,1)

>9 years 15(68,2) 20(90.9)
CD4 number (cell/ul)

<200 9(40,9) 7(31,8)

>200 13(59,1) 15(68,2)
ARV therapy duration

<1 year 4(18,2) 9(40,9)

>1 year 18(81.8) 13(59,1)

The analysis results of differences in mean pe-
ripheral blood images from the levels of leukocytes,
neutrophils, lymphocytes, hemoglobin, hematocrit,
platelets, and neutrophil-lymphocyte ratio in sub-
jects with and without cognitive impairment are
presented in Table 2.

DISCUSSION

This study was conducted on 44 people with HIV
who were divided into two groups: the group with
cognitive impairment, 22 people, and the group with-
outcognitiveimpairment, 22. The results of Widyastuti’s
research (2012) also reported that most HIV sufferers
who experienced cognitive impairment were aged 30-
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TABLE 1. Differences in mean peripheral blood appearance
in subjects with and without cognitive impairment

Cognitive impairment
(mean+SD)

Variable p-value
Yes No

Leukocytes 8.66+3.72 6.09+2.45 0.010
Neutrophils 62.93+21.35 50.44+11.07 0.019
Lymphocytes 19.86+13.08 34.76+16.89  0.002
Hemoglobin 13.33+2.49 13.87+2.06 0.443
Hematocrit 40.58+6.50 41.78+6.89 0.557
Platelets 248.72+95.20 263.72+68.28 0.551

Neutrophil Lymphocyte ~ 4.03+2.59 2.22+2.29 0.018

Ratio (NLRR)

40 years (64.7%).[7] A study by Njamnshi et al. (2008)
on 185 people with HIV aged 18-59 years found that
most cognitive disorders occurred at less than 40 years,
namely 62% [8]. Research by Meidani et al. (2011) also
stated that of 212 HIV-positive subjects, the average age
was 27-45 years [9].

Most of the research subjects were male in the
group with cognitive impairment and in the group
without cognitive impairment, which was 72.7%.
These results are not much different from the re-
search conducted by Qiao (2019), in which the study
found that the number of male subjects was 77%,
while women comprised 22% of the study population
[10]. Men are more at risk of contracting HIV and
AIDS because of their sexual behavior, including hav-
ing sex with more than one partner, having anal sex,
and homosexual behavior. In addition, the aware-
ness rate for men to carry out HIV tests is higher than
for women because it is related to the demand for
work as employees in several companies requiring
periodic health check-up data. In addition, the cause
of HIV/AIDS in this group is related to sharing nee-
dles among drug addicts, who are more numerous
than women [11].

The level of education is an essential factor that
determines cognitive ability. Cognitive decline due to
normal aging in individuals with higher education is
reported to be slower than in individuals with lower
levels of education. Education can provide a protec-
tive (protective) effect on cognitive function. Differ-
ent results were obtained in this study that people
with HIV with and without cognitive impairment
were more common in subjects with more than nine
years of education. The survey by Schouten et al.
(2020) states that the level of education significantly
affects cognitive function in people with HIV, and
higher education is protective against the occurrence
of HAND [12].

As many as 13(59.1%) of people with HIV with CD4
>200 cells/pl had cognitive impairment, and 15(68.2%)
did not experience cognitive impairment. Research
conducted by Moreno et al. (2008) in all patients re-
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ceiving ARV treatment, it was found that cognitive
impairment tends to occur more frequently in HIV
patients with a CD4 nadir <200 cells/mm3 [13]. Cogni-
tive impairment in the subjects worsened with a de-
crease in the CD4 nadir. The CD4 nadir number is an
irreversible marker due to inflammatory changes in
the brain. These changes are related to damage to the
immune system due to HIV resulting in lymphocyte
dysfunction, which causes brain damage. Cognitive
function is more affected by systemic immune sup-
pression, and with ARV therapy, cognitive abilities
can improve, but recovery does not occur in all indi-
viduals undergoing treatment.

In this study, all the therapies used were the same,
namely tenofovir (TDF) + lamivudine (3TC) + dolute-
gravir (DTG), according to the latest guidelines from
the Republic of Indonesia Ministry of Health circular
letter for 2021 [11]. ARV therapy duration >1 year
was found in 18 (81.8%) in the group with cognitive
impairment and 13 (59.1%) in the group without cog-
nitive impairment. Each of these drugs works be-
cause lamivudine blocks enzymes that play a role in
viral multiplication so that viral loads can be reduced
and disease progression is slowed down. Tenofovir
works by interfering with HIV DNA synthesis through
competitive inhibition of reverse transcriptase and
incorporation into viral DNA. Dolutegravir belongs to
a class of drugs known as integrase inhibitors, has a
low resistance rate, and is relatively well tolerated in
the clinical setting [14].

This study showed a significant difference (p<0.05)
in the mean number of leukocytes, neutrophils, lym-
phocytes, and neutrophil lymphocytes between
groups of HIV patients with cognitive impairment
and those without cognitive impairment. Meanwhile,
the difference in mean hemoglobin, hematocrit, and
platelet counts showed no significant difference
(p>0.05). Human Immunodeficiency Virus (HIV) is an
RNA virus that causes a decrease in the body’s im-
mune system, destroying and damaging specific
white blood cells called T-helper lymphocytes or lym-
phocytes carrying the T4 factor (CD4). CD4 is a pa-
rameter in HIV-AIDS patients, while NLR is a simple
parameter to assess inflammation status [15].

Randomized clinical trials demonstrated a corre-
lation between inflammatory markers such as in-
creased serum NLR in HIV-infected versus non-HIV-
infected individuals and disease progression and
death [16]. The presence of increased macrophage
activation and inflammatory markers can lead to the
development of HAND [17]. Serum NLR is a simple
parameter used to assess inflammatory status. Se-
rum NLR was obtained from the division of total neu-
trophils by total lymphocytes. Neutrophils are mye-
loid precursors that serve as the first line of response
to a pathogen and trigger an innate immune re-
sponse. Neutrophils inhibit microorganisms, espe-
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cially bacteria or fungi, by phagocytosing and killing
pathogens through mechanisms that require NADPH
oxygenase or produce an anti-bacterial protein in the
phagosome. In comparison, lymphocytes are lym-
phoid precursors that function as adaptive immune
cells and have a significant role in the immune pro-
cess because lymphocytes respond specifically to in-
fection with microorganisms. Generally, serum NLR
is used to determine the degree of inflammation in
malignancy and cardiovascular disease and as a
marker of bacterial infection. Leukocyte and neutro-
phil counts are the most frequently used parameters
in diagnosing bacterial infections, but these parame-
ters do not always differentiate between bacterial,
fungal, and viral infections.

Several studies have reported the important role
of chronic inflammation in developing chronic neu-
rodegenerative diseases in the CNS. NLR is a marker
of peripheral inflammation in chronic disease that
can provide data on disease course and treatment re-
sponse [18]. Patients with cognitive impairment or
Alzheimer’s dementia are reported to have an in-
creased NLR compared to normal controls [19,20]. In
adults over 65, the average NLR value in people with
Alzheimer’s dementia is higher than cognitively usu-
al. Increased NLR is independently associated with an
increased risk of Alzheimer’s dementia. NLR, with a
cutoff ratio of 2.48, has a sensitivity of 70% and a spec-
ificity of 80% [5]. Dong et al.’s study reported signifi-
cantly different NLR values between the healthy con-
trol group and the AD and MCI groups but found no
significant differences in AD and MCI sufferers. The
optimal NLR cutoff point was 2.35 to differentiate AD
sufferers from healthy controls, with a specificity of
54 % and 83% sensitivity [21,22]. As Reported in sev-
eral studies, patients with serum NLR> 5 are at risk of
experiencing cognitive impairment more than pa-
tients with NLR <5. NLR is better than neutrophil or
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CONCLUSION

There are differences in the peripheral blood pic-
ture in HIV patients with cognitive impairment and
without cognitive impairment in Prof. Dr. IGNG
Ngoerah Denpasar Hospital. Significant differences
in the mean number of leukocytes, neutrophils, lym-
phocytes, and neutrophil-lymphocyte ratio (p<0.05)
between HIV patients who experienced cognitive
impairment and those who did not experience cog-
nitive impairment. There were no significant differ-
ences (p>0.05) in the mean hemoglobin, hematocrit,
and platelet counts between groups of HIV patients
who experienced cognitive impairment and those
who did not experience cognitive impairment.
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