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Purpose: This study aimed to determine whether high levels of serum IL-6 and serum
hepcidin and CD4<350 cells/ul were risk factors for the anemia of chronic disease (ACD) in
HIV-infected patients on the combination of antiretroviral (cARV) therapy with successful
clinically and immunological responses.

Patients and Methods: A matched case—control study was conducted in the VCT clinic of
Sanglah General Hospital, Indonesia, between January 1 and September 1, 2016. The case
group was HIV patients with ACD, while the control group was HIV patients without ACD.
Purposive consecutive sampling was employed in HIV patients aged 15-65 years who have
received cARV therapy for >6 months, had >95% adherence of cARV within 6 months, did not
have any clinical failure, did not have any immunological failure and did not receive switch
therapy within 6 months. Chi-square test and logistic regression analysis were performed.
Results: A total of 42 cases and 42 controls were included in this study. Significant
differences were found between case and control, which included serum IL-6, serum
hepcidin, smoking, creatinine clearance, anemia at the initiation of cARV, CD4 at the
initiation of cARV and actual CD4 (cell/uL). High levels of serum IL-6, high levels of
serum hepcidin and CD4< 350 cells/ul were risk factors for ACD. After adjusted with
anemia at cARV initiation and BMI, we found that high levels of serum IL-6 (adjusted
OR: 17.682; 95% CI: 3.442-90.826), high levels of serum hepcidin (adjusted OR: 10.562;
95% CI: 2.531-44.076) and CD4 <350 cells/pul (adjusted OR: 4.181; 95% CI: 5.6-12.381)
remain as risk factors for ACD.

Conclusion: High levels of serum IL-6, high levels of serum hepcidin and CD4 count <350
cells/uL were risk factors for ACD in HIV patients with cARV therapy.
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Introduction

HIV infection remains a global health problem. It is estimated that the number of
people living with HIV infection (PLWH) has reached 34 million people." Among
PLWH, anemia of chronic disease (ACD) is one of the hematological disorders
found (37.5% of PLWH).> ACD or commonly known as the anemia of inflamma-
tion is anemia that is related to chronic illness, such as HIV infection. Combination
of antiretroviral (cARV) therapy may suppress HIV replication, which then leads to
the recovery of the immune system. As a result of the better immune system, life
expectancy and the quality of life of the patients will also increase. In other words,
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the use of cARV therapy can ameliorate anemia condition
in PLWH.>™® However, ACD is often found in PLWH who
have received cARV therapy (16.2-30.8%).%” One of the
possible mechanisms through continuous inflammatory
process.®

High levels of serum IL-6 were reported associated
with anemia in patients with HIV who received cARV.’
The suggested mechanism how IL-6 involved in the
pathogenesis of ACD is by increasing iron storage in
macrophages and through the regulation of hepcidin.'®'?
In ACD, hepcidin inhibits the release of iron by macro-
phages and iron absorption in enterocytes through inter-
nalization and degradation of ferroportin in enterocytes
and macrophages.'*'* Accumulation of iron in macro-
phages can trigger HIV-1 transcription and replication.'
Then, the increase in transcription and replication of HIV
will increase the activity of chronic inflammation and will
inhibit the escalation of CD4 cell count. Moreover, hepci-
din levels were found to be inversely related to the levels
of CD4 cell count in the advanced stages of HIV.'®

Therefore, this study aimed to determine whether
high levels of serum IL-6 and hepcidin and CD4<350
cells/uL. were risk factors for ACD in PLWH on cARV
therapy with successful clinically and immunological
responses.

Material and methods

A matched case—control study was conducted in Voluntary
Counselling and Testing (VCT) clinic of Sanglah Hospital,
Denpasar, Bali, Indonesia, from January 1 to September 1,
2016. Purposive consecutive sampling was used for select-
ing participants. The inclusion criteria were HIV patients
aged 15-65 years, who have been treated with cARV
therapy for >6 months, have the adherence rate of cARV
within 6 months >95%, did not have any clinical failure,
did not have any immunological failure and did not
receive switch therapy within 6 months. Patients with
chronic renal disease, with chronic liver disease, treated
for anemia in the last— 3 months, taking iron supplements
in the last 3 months, with history of blood transfusion in
the last 1 year, suffering from acute infection, with tuber-
culosis infection, with malignancy, with hepatitis C virus
infection, with acute hypersensitivity reaction and who
were pregnant were excluded from the study.

The diagnosis of ACD was based on hemoglobin (Hb)
levels <13 g/dL in males or <12 g/dL in females, with
normochromic—normocytic morphology (mean corpuscu-
lar volume [MCV] 80-96 fl and mean -corpuscular

hemoglobin [MCH] 27-33 pg) or hypochromic—microcy-
tic (MCV < 80 mg and MCH <27 pg) with serum iron
<50 mg/dL, total iron-binding capacity (TIBC) <350 mg/dL
and serum ferritin >30 ng/mL."

The blood specimen was examined with high sensitivity
human IL-6 in vitro ELISA, DRG Hepcidin-25 serum
ELISA and CD4 cell count by flow cytometry. All data
analyzed with SPSS 15.0 for Windows. All data were tested
for normality with the Kolmogorov—Smirnov test. Data
with normal distribution presented as mean £+ SD, while
data without normal distribution presented as median (inter-
quartile range). The comparison test between cases and
controls were carried out with Student’s paired #-test for
numerical scale data with normal distribution. The nonpara-
metric analysis was performed with the Mann—Whitney
U test. Chi-square test was used to assess the high levels
of serum IL-6, high levels of serum hepcidin and CD4 cell
count as risk factors. To classify the numeric variables into
dichotomous, cutoff point value for serum hepcidin level
was set at >23.2 ng/mL and >23.3 ng/mL for male and
female, respectively, based on previous studies and litera-
ture. The cutoff point for serum IL-6 level was determined
with receiver operating curve (ROC). OR was used for
analysis of the strength of the risk factor. Correlation test
between
Spearman test to detect multicollinearity effect. The con-

independent variables was performed with
founding variables were controlled by logistic regression
(LR) analysis with backward method LR, which included
all independent variables with a p-value of <0.25. Then,
potential risk factors were analyzed using regression logistic
analysis (forward method). The level of significance (o) in

this study was set at the probability value (p) of <0.05.

Results
Characteristics of HIV-infected patients

with cARV therapy based on ACD status
A total of 84 subjects of HIV-infected patients with cCARV
therapy were included in this study (42 subjects with ACD
and 42 subjects without ACD). The clinical characteristics
are depicted in Table 1, while the laboratory biomarkers
are described in Table 2. Based on Table 1, there was
a statistically significant difference for smoking, classifica-
tion of BMI and history of anemia at cARV initiation
between case and control.

A significant difference was observed for IL-6, hepci-
din and current CD4 between case and control groups
(Table 2).
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Table | Clinical characteristics of Human Immunodeficiency Virus (HIV)-infected patients with cARV therapy with and without ACD

Clinical characteristic of subjects With ACD Without ACD p-value*
(n=42) (n= 42)

Age (years), median (Interquartile Range [IQR]) 39 (32-50.00) 39.5 (32-47.25) 0.792%*
Sex, n (%)

Male 15 (35.72) 15 1.000

Female 27 (64.28) 27
Height (cm), median (IQR) 160 (155-165) 159.5 (152-165) 0.368**
Body weight (kg), median (IQR) 52.50 (47-60) 54.50 (48.75-65.00) 0.329**
Body Mass Index (BMI) (kg/m?), median (IQR) 19.87 (18.38-22.92) 22.74 (19.71-24.89) 0.063**
Classification of BMI, n (%)

Underweight 11 (26.2) 4 (9.5) 0.013

Ideal 22 (524) 21 (50.0)

Overweight 1 (2.4) 10 (23.8)

Obese 8 (19.0) 7 (16.7)
Smoking, n (%) 4 (9.5) 11 (26.2) 0.046
Alcohol, n (%) I (24) 4 (9.5) 0.167
History of IVDU, n (%) I (24) I (2.4) 1.000
Length of HIV infection (month), median (IQR) 24.50 (12.00-69.50) 39.50 (15.75-57.50) 0.368**
History of anemia at cARV initiation, n (%) 38 (90.47) 18 (42.85) <0.001
Length of cARV therapy (month), median (IQR) 18.50 (10.50-56.25) 32.50 (15-52.25) 0.187**
History of opportunistic infection before cARV, n (%) 25 (59.52) 27 (64.28) 0.653
History of TB before cARY, n (%) 3(7.14) 5 (11.90) 0.457
Regiment of cARV, n (%)

AZT+3TC+NVP 6 (14.28) 9 (21.4) 0.736

AZT+3TC+EFV 4 (9.5) 2 (4.8)

TDF+3TC+NVP 6 (14.28) 7 (16.7)

TDF+3TC+EFV 24 (57.14) 22 (524)

TDF+3TC+ lopinavir + ritonavir 2 (4.8) 1 (2.4)

AZT+3TC+lopinavir + ritonavir 0 (0) 1 (2.4)

Notes: *Chi-square test; **Mann—Whitney U test.

Abbreviations: IVDU: Intravenous drugs user; cARV, combination of antiretroviral; ACD, anemia of chronic disease; AZT, zidovudine; 3TC, lamivudine; NVP, nevirapine;

EFV, efavirenz; TDF, tenofovir disoproxil fumarat; TB, tuberculosis.

Serum IL-6, hepcidin and CD4 cell count
as risk factors for ACD in HIV patients
with cARV therapy

Serum IL-6 was the most powerful biomarker for risk
factors of anemia in HIV patients with cARV (OR 10.45,
95% CI 3.163-34.52), followed by serum hepcidin and
CD#4 cell count (Table 3).

Prior to multivariate analysis, all variables that will
be fitted into the model were tested for correlation to
determine the effect of multicollinearity. The results of
correlation test indicated that none of correlation
between the independent variables was strongly corre-
lated (r >0.5), so that all the independent variables can
be included in a LR model. LR analysis was then
performed as backward LR elimination method, to

assess the effect of each variable after accounting for
confounding variables.

After analysis of several confounding variables, the
result for the role of IL-6, hepcidin and CD4 purely as
risk factors are shown in Table 4. IL-6 was the most
powerful biomarker risk factor for ACD.

Multiple LR analysis of serum IL-6, serum
hepcidin and CD4 cell count as risk
factors for ACD in HIV patients with
cARV therapy

In the multiple LR analysis, the role of serum IL-6,
serum hepcidin and CD4 cell count were fitted simul-
taneously as the risk of ACD, as shown in Table 5.
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Table 2 The characteristic of laboratory biomarkers of HIV-infected patients with cARV therapy with and without ACD

Laboratory characteristic of subjects With ACD Without ACD p-value*
(n=42) (n=42)

Hb (g/dL), median (IQR) 11.40 (10.76-12.06) 13.72 (12.59-14.87) < 0.001
Male 12.70 (11.00-12.82) 15.20 (14.70-15.90) < 0.001
Female 11.30 (10.30-11.70) 12.90 (12.40-13.70) < 0.001

MCV (fl), median (IQR) 95.75 (89.67-99.05) 95.50 (90.9-104.70) 0.174

MCH (pg), median (IQR) 30.30 (27.52-31.42) 31.40 (29.90-36.72) 0.013

Serum creatinin (mg/dL), mean + SD 0.78+0.16 0.74+ 0.17 0.24%*

Creatinine clearance (mL/mnt), median (IQR) 86.53 (65.27-99.64) 98.804 (79.96—108.9) 0.013

Hb (g/dL) at cARV initiation, median (IQR) 11.05 (10.17-11.75) 12.20 (10.75-13.55) 0.003
Male, median (IQR) 11.40 (10.70-12.00) 13.17 (11.30-15.10) 0.004
Female, median (IQR) 10.90 (10.00-11.70) 11.50 (10.10-12.70) 0.076

CD#4 at cARV initiation (cell/pL), median (IQR) 60 (12.25-172.50) 126 (44.55-202.50) 0.027

IL-6 (pg/mL), median (IQR) 4.03 (1.69-8.49) 1.92 (1.42-3.09) 0.001

Hepcidin (ng/mL), median (IQR) 23.55 (6.58-49.99) 7.61 (4.72-14.14) 0.002
Male, median (IQR) 45.24 (32.11-76.14) 11.73 (7.27-17.53) <0.001
Female, median (IQR) 12.40 (2.99-37.75) 7.06 (3.74-10.47) 0.100

Current CD4 (cell/pL), mean + SD 331.476 +177.84 480.476 + 223.73 0.00 | **

Notes: *Mann—Whitney U test; **Student’s t-test.

Abbreviations: cARV, combination of antiretroviral; ACD, anemia of chronic disease.

Table 3 Bivariate analysis (Chi-square) of serum IL-6 level, hepcidin and CD4 cell count as risk factors for ACD in HIV with cARV

Variables ACD Without ACD OR p-value 95% ClI
(n=42) (n=42)
IL-6= 3.98 pg/mL 22 (52.4%) 4 (9.5%) 10.45 <0.001 3.163-34.52
Hepcidin 21 (50%) 5 (11.9%) 74 <0.001 2.432-22.514
Male 223.2 ng/mL
Female 223.3 ng/mL
CD4<350 cells/UI 26 (61.9%) 14 (33.3%) 325 0.009 1.329-7.94

Abbreviation: ACD, anemia of chronic disease.

Table 4 Multiple logistic regression tests on levels of serum IL-6,
serum hepcidin and CD4 cell count as anemia of chronic disease
risk factors in HIV-infected patients on cARV therapy, after con-
trolling for confounding variable

Variables Adjusted OR | p-value | 95% CI
IL-6 = 3.98 pg/mL 17.682 0.001 3.442-90.826
Hepcidin 10.562 0.001 2.531-44.076
male 223.2 ng/mL
female 223.3 ng/mL
CD4 < 350 cells/uL | 4.18I 0.010 5.6-12.381

The result showed that high levels of serum IL-6
(>3.98 pg/mL) was a more powerful biomarker compared
to serum hepcidin and CD4 cell count as risk factors for ACD
in HIV-infected patients treated with cARV with clinical and
immunological improvement.

Discussion

The use of cARV therapy has dramatically decreased
morbidity and mortality of PLWH. To date, the effect
of cARV therapy on inflammatory biomarkers was still
not clearly known.” Dysfunctions of monocytes occur
in PLWH treated with cARV, which has led to a higher
level of serum IL-6 compared to healthy adults and the
elderly population.'”'® In particular, mean plasma
level of IL-6 is higher in the HIV-infected patients
(2.14 pg/mL) compare to HIV-negative participants
(1.47 pg/mL).'"® In their study, Borges et al found that
serum IL-6 associated with anemia in HIV-infected
patients with cARV therapy.'® Moreover, Kerkhoff et al
found that the serum level of IL-6 was associated with the
severity of ACD in patients with HIV and tuberculosis.*
In contrast, Lipshultz et al (2015) reported that IL-6 was
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Table 5 Multiple logistic regression of serum IL-6, serum hepci-
din and CD4 cell count on anemia of chronic disease in HIV-
infected patients with cARV therapy

Variables OR p- 95% CI
Exp value
(B)
IL6 23.98 pg/mL 6.529 0.005 1.747-24.392
Hepcidin 3.838 0.039 1.073-13.725
male 223.2 ng/mL
female 223.3 ng/mL
CDA4 cell count <350 cells/uL | 3.252 0.026 1.148-9.207

not an independent predictor of anemia and mild anemia
in HIV patients with cARV therapy.>' However, a study
with fewer participants has concluded that serum IL-6 did
not show significant correlation with anemia on PLWH on
CARV therapy.”

The current study found that IL-6 was significantly
higher in PLWH with ¢cARV therapy and ACD, compared
to PLWH without ACD. This study also found that the high
level of serum IL-6 was a risk factor for ACDs, such as
anemia in other underlying chronic diseases. This finding is
consistent with the pathogenesis of ACD in general, in
which IL-6 is estimated to play a role through translational
and transcriptional induction of ferritin, thereby increasing
iron stores in the reticuloendothelial system (RES) and
through increased hepcidin by hepatocyte cells.'’** This
also concurred with results of other studies on patients
with ACD in some underlying chronic diseases, which
found that IL-6 affects the ACD through hepcidin.**

Wisaksana et al found that levels of serum hepcidin
inversely related to hemoglobin level in patients with HIV
infection.'® Minchella et al found that median levels of
serum hepcidin in HIV-infected patients with anemia were
higher compared to those without anemia (32.2 vs 6.8 ng/
mL; p: 0.06), but the population of the study was not
specific on HIV-infected patients treated with cARV.*
Furthermore, in a study that aimed to compare patterns
of hepcidin and iron regulation between HIV-negative and
HIV-infected patients, the mean plasma level of hepcidin
was higher in HIV-infected (19.13 ng/mL) than in HIV-
negative (8.35 ng/mL) patients.'® Moreover, patients with
chronic kidney disease who had higher ferritin level have
a higher mean plasma level of hepcidin compared to those
with lower ferritin level.?® The same results were also
found in a study conducted by Kerkhoff et al which
reported that serum hepcidin levels were associated with
the severity of anemia and a strong predictor of mortality

in HIV-TB co-infected patients.”” Likewise, Kerkhoff et al
found that levels of serum hepcidin were associated with
the severity of ACD in HIV-TB co-infected patients.?’
Those results were consistent with this study, in which
the median level of serum hepcidin was higher in ACD
than without ACD in HIV-infected patients on cARV
therapy. In this study, PLWH with a high level of serum
hepcidin has 7.4 times higher risk for ACD in HIV-
infected patients treated with cARV. The role of hepcidin
in ACD is through the disturbance of iron traffic that
followed with a decrease of iron absorption in the duode-
num and inhibits the release of iron from macrophages."'

Anemia is more common in patients with a low CD4
cell count (<200 cells/uL).?> Longitudinal studies in
women found that CD4 cell count of <200 cells/
pL was a risk factor for anemia in HIV-infected patients
(OR 1.68; 95% CI 1.46-1.94)>® A cohort study in
South Africa found that a low CD4 cell count (CD4
<50 cells/uL) was a risk factor for anemia during cARV
therapy.?’ In this study, we found that low CD4 cell
counts (<350 cells/uL) were a risk factor for ACD in
HIV patients who received cARV (OR 3.25; 95% CI:
1.329-7.947; p=0.009).

This study was subject to some limitations. First, we
did not assess HIV viral load since these examinations are
not part of the routine examination for PLWH in
Indonesia, a developing country in South-East Asia.** In
addition, the laboratory examinations are not available in
Bali so they must be referred to Jakarta, the capital city of
Indonesia. As a result, the extent of viral load’s role in
affecting levels of serum IL-6, serum hepcidin, and CD4
cell count was not measured. To control the effect of HIV
viral load to this study, we have applied tight inclusion
criteria through the selection of patients who received
cARV more than 6 months, the level of adherence of
cARV >95%, an improvement of clinical and immunolo-
gical, and never experienced switch therapy within 6
months due to treatment failure. Second, we have excluded
participants with tuberculosis infection since tuberculosis
infection can influence the level of IL-6 and serum hepci-
din as a confounding factor. We have excluded tuberculo-
sis infection using physical examination, acid-fast bacilli,
Gene Xpert and chest roentgen. However, we cannot
exclude latent tuberculosis since it will need more
advanced examinations, such as interferon-gamma release
assay. These examinations are not available in Bali, and
they are not part of the standard of care in managing
PLWH.*
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Conclusion

High levels of serum IL-6, high levels of serum hepcidin and
CD4 count <350 cells/uL were risk factors for ACD in HIV
patients with cARV therapy. It is to be hoped that further
studies can include HIV viral load in their analysis and can
also exclude latent tuberculosis from their participants.
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