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Abstract
This is a case-controlled retrospective study designed to assess the impact of
hormonal contraceptive (progesterone base) on levels of some immunoglobulin and
cytokines in HIV infected females in Nnewi, Nigeria. One hundred and eighteen (118)
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consented premenopausal females on regular menstrual cycle including; 29 HIV infected
females on contraceptive (A); 29 HIV infected females not on contraceptive (B); 30 HIV
seronegative females on contraceptives (C) and 30 HIV seronegative females not on
contraceptive (D) were conveniently recruited with aid of questionnaire. Immunoglobulin
(IgG and IgM) and cytokines (TNF-α and IL-2) were assayed using ELISA method.
Results showed that IgG, IgM and TNF-α were significantly increased in at follicular phase
while only IgM was increased at luteal phase of menstrual cyle in HIV infected females
on/not on contraceptives when compared with HIV seronegative counterparts (p ≤ 0.001
respectively). Similar observation was made for IL-2 at follicular phase of menstrual cycle
in HIV infected females on contraceptive when compared with their seronegative
counterparts on contraceptive (p = 0.002). The significant elevation in IgG, IgM and TNF-α
in HIV infected females on contraceptives indicates active inflammation which was more
marked at follicular phase of menstrual cycle thereby, predisposing them to adverse
sexually transmitted infections and disease progression as a result of combined effect of
the progesterone base contraceptives.

Keywords: HIV, Hormonal contraceptive, Immunoglobin, Cytokines.

1. Introduction
There has been an increasing evidence of spread of new infection of Human immunodeficiency virus
(HIV) with an average of 2.5 million per year globally. Heterosexual transmission and epidemic in
women have been greatly implicated worldwide (UNAIDS, 2016). Previous studies have documented
the negative impact of HIV on women’s reproductive health (Ikechebelu et al., 2002; Fallahian and
Ilkhani, 2006, Ukibe et al., 2015). This ranges from menstrual disorders to outright infertility. Some of
these disorders may be as a result of deranged ovarian function with far reaching effects on sex
hormones (Ukibe et al., 2015).
Some evidence of variable changes in antibody (immunoglobulin isotypes) and cytokines levels
have been recorded by various researchers (Ukibe et al., 2015; Ifeanyichukwu et al., 2016; Nwokolo et
al., 2017). In apparently healthy individuals, Immunoglobins appears in the plasma in the course of
initial infection and re-infections thereby, conferring humoral immunity to individuals at the risk of
infection. Cytokines however, plays immunomodulatory role in controlling the homoeostasis of the
immune system. They function in the integrity of the central nervous system and endocrine (gonodal)
system (Aruna et al., 2018). In human immunodeficiency virus infection, there are deregulated
productions of a number of these cytokines. Some cytokines, such as IL-1, IL-6, TNF-alpha,
interferon-gamma, are produced in increased amounts in vivo, whereas the production of IL-2 is
decreased. Cytokines generally are categorized into pro-inflammatory cytokines, which stimulates the
immune system or the anti-inflammatory cytokines which suppresses the immune system (Ukibe et al.,
2015; Dinarello, 2000). Ukibe et al. (2015) reported cytokine changes in HIV infection with some
undesirable effects on the female reproductive potential.
Contraceptives (fertility control) on the other hand, are methods or devices used to prevent
pregnancy. Contraceptive use by female will reduce the burden imposed by HIV and increasingly,
reduce the number of unwanted pregnancies and birth of HIV infected children (UNAIDS, 2014).
Some cultures however discourage access to birth control because they consider it to be morally,
religiously or politically undesirable (Hanson and Burke, 2010). According to World Health
Organization, (2011), of the various types of contraceptives, sterilization by means of vasectomy in
males and tubal ligation in females, intrauterine devices (IUDs) and implantable birth control appears
to be the most used and effective method. This is followed by a number of hormone-based methods
including oral pills, patches, vaginal rings and injections. The less effective methods are physical
barriers such as condoms, diaphragms, sponges and fertility awareness methods while spermicides and
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withdrawal by the male before ejaculation are considered the least method. Previous research has
shown that hormonal contraceptives modulate the immune system in such a way that may affect the
immune response to HIV infection (Stringer and Antonsen, 2009). The public health implication of the
combined effects of HIV infection and hormonal contraceptive use on some immunoglobin and
cytokine levels in NAUTH, Nnewi, Nigeria, therefore, formed the basis for the present study.

2. Materials and Methods
2.1. Study Design
This research is a case-controlled, observational and retrospective study, designed to assess the effects
of hormonal contraceptive use on some cytokines (IL-2 and TNF-alpha) and immunoglobulin (IgG and
IgM) levels in HIV infected females on hormonal contraceptives attending Fertility Clinic at Nnamdi
Azikiwe University Teaching Hospital, Nnewi, Anambra State, Nigeria using purposive sampling
technique.
2.2. Study Population
A total of 118 premenopausal female participants (17-49yrs) were recruited and were divided into test
groups: HIV infected females on hormonal contraceptives (n=29), HIV infected females not on
hormonal contraceptive (n=29) and control groups: HIV seronegative females on hormonal
contraceptive (n=30) and HIV seronegative females not on hormonal contraceptive (n=30). All the
HIV infected females were on HAART for a minimum period of two years prior to sample collection
and they were on any of the following fixed regimen: Tenofovir/Lamivudine/Efavirenz (TenoLamE)
(300/300/600mg) once daily, Tenofovir/Lamivudine/Dolutegravir (TenoLamD) (300/300/50mg) once
daily, Lamuvudine/Zidovudine/Nevarapine (Combo pack) (150/300/200mg) twice daily.
Abacavir/Lamuvudine (600/300mg) once daily plus a NNRTI, Atazanavir/Ritonavir (300/100mg)
twice daily plus a NRTI or NNRTI, Lopinavir/Ritonavir (200/50mg) twice daily plus a NRTI or
NNRTI. In these regimen, the Nucleoside Reverse Transcriptase Inhibitors (NRTI) include:
Lamivudine, Abacavir and Tenofovir while the Non- Nucleoside Reverse Transcriptase Inhibitors
(NNRTI) include: Efavirenz, Nevirapine and Dolutegravir. The Protease inhibitors include: lopinavir,
ritonavir, atazanavir.
The participants on hormonal contraceptive has also been on it for minimum of two years
before sampling, the contraceptive used could either be; Depo-provera (medroxyprogestrone acetate)
an injectable hormonal contraceptive containing 150mg of progesterone given once in three months,
Jadelle an implantable hormonal contraceptive containing 150mg of progesterone (levonorgestol)
which once implanted last for a period of 5 years or Implanol an implantable hormonal contraceptives
containing 68mg of progesterone (etonogestrol) which once implanted last for a period of 3 years.
2.3. Inclusion Criteria and Exclusion Criteria
HIV stages 1 and II infected females on HAART aged 17-49 years on/not on hormonal contraceptive
were included in the study. Age matched HIV seronegative females on/not on hormonal contraceptive
were also included as control. HIV stage III and IV infected females were excluded from the study.
HIV co-infected females with tuberculosis and hepatitis were excluded. Females with diabetes and
hypertension, pregnant women and females below 17 years or above 49 years were all excluded from
the study.
2.4. Ethical Consideration
The ethical approval for this work was sought and obtained from the board of ethics committee of
Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, in accordance with Helsinki
declaration by the World Medical Association (WMA) on the ethical principles for medical research
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involving human (Levine, 2006). Written informed consent was also obtained from all the participants
before sampling.
2.5. Sample Collection
Approximately 5mls of venous blood was collected aseptically through venepuncture from the
participants attending the adult antiretroviral clinic, family planning clinic and prevention of mother to
child transmission clinic (Test) as well as members of staff (Control) of Nnamdi Azikiwe University
Teaching Hospital, Nnewi at both follicular (7-13th day) and luteal (21-23rd day) phase of menstrual
cycle on a follow-up. The blood samples were collected between 10.00am-1.00pm into a plain
vacutainer tube and allowed to clot. The samples were then spun for 5 minutes at 1500 revolution per
minutes (rpm) using a bench centrifuge after which the serum was separated for the analysis of IL-2,
TNF alpha, IgG and IgM levels. The separated samples were preserved at -80oc in the retroviral
laboratory of Nnamdi Azikiwe University Teaching Hospital prior to assay.
2.6. Laboratory Analysis
Determination of HIV-1/2 assays: HIV-1/2 assay was done using determine as described by Alere
medical company limited, Japan (Piot et al., 1988).
Determination of human IgG and IgM assay were done with ELISA kit by the method of
Terpstra et al. (1985) while IL-2 and TNF-α were also determined using ELISA kit as described by
(Hedeyati et al., 2001) and Malek, (2010) respectively.
2.7. Anthropometric Data Collection
The blood pressures were obtained using mercury sphygmomanometer. The height (meter) was
recorded with the use of a meter ruler and the weight (kg) was taken using a standard weighing scale.
The body mass index (BMI) kg/m2 was obtained using the formula; weight (kg)/height (m2)
2.8. Statistical Analysis
Statistical package for social sciences (SPSS) version 21 was used for the statistical analysis. Student ttest was used to compare two independent variables while analysis of variance (ANOVA) was used to
compare more than two independent variables and the post-hoc was done using Fishers least
significance difference (LSD) for group comparison to assess significant mean difference. Pearson
correlation was used to correlate the different parameters. Statistical significance between test group
and controls was taken at p<0.05.

3. Results
3.1. Levels of IgG (mg/ml), IgM (µg/ml), TNF α (pg/ml) and Interleukin 2 (ng/ml) in HIV
Infected Females and Control Females On/Not on Hormonal Contraceptive (Mean ±Std
Deviation)
The mean serum IgG and IgM (mg/ml) values showed no significant difference in HIV infected
females on hormonal contraceptive between follicular (2.82 ± 1.63) and luteal (1.96 ± 0.87) phase of
menstrual cycle (p > 0.05 respectively). Likewise, no significant difference was observed in the mean
serum IgG values in HIV infected females who are not on hormonal contraceptive between follicular
(1.05 ± 0.19) and luteal (1.17 ± 0.24) phase of menstrual cycle (p > 0.05 respectively). Similarly, there
was no significant difference in the mean serum IgG value in control females on hormonal
contraceptive between follicular (0.81 ± 0.32) and luteal (2.30 ± 3.10) phase of menstrual cycle (p >
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0.05 respectively). However, a significantly lower value was observed in the mean serum IgG in
control females not on hormonal contraceptive at follicular (0.48 ± 0.10) compared with luteal (0.74 ±
0.13) phases of the menstrual cycle (p = 0.002 respectively).
When the mean serum IgG and IgM values at follicular phase of menstrual cycle were
compared between test and control groups, IgG and IgM values were significantly higher in HIV
infected females on contraceptive (2.82 ± 1.63, 62.30 ± 17.32), HIV infected females not on
contraceptive (1.05 ± 0.19, 84.54 ± 20.06) and control females on contraceptive (0.81 ± 0.32,
62.30±17.32) compared with control females not on contraceptive (0.48 ± 0.10, 45.65 ± 13.81) (p≤
0.001 respectively). Similar observation was made same parameters at luteal phase of menstrual cycle
in HIV infected females on contraceptive (1.96 ± 0.87, 130.71 ± 40.08), HIV infected females not on
contraceptive (1.17 ± 0.24, 90.85 ± 28.08), control females on contraceptive (2.30 ± 3.10, 77.02 ±
19.73) compared with control females not on contraceptives (0.74 ± 0.13, 56.71 ± 15.44) (p = 0.045, p
≤ 0.001 respectively).
There were significant increases in IgG and IgM values at follicular phase of menstrual cycle in
HIV infected females on contraceptive (2.82 ± 1.63, 164.87 ± 68.81) compared with HIV infected
females not on contraceptive (1.05 ± 0.19, 84.54 ± 20.06) (p ≤ 0.001 respectively). Similarly, a
significant increase was observed in IgG and IgM at follicular phase of menstrual cycle in HIV
infected females on contraceptive (0.81 ± 0.32, 164.87 ± 68.81) when compared with the control
females on hormonal contraceptive (0.48±0.10, 62.30 ± 17.32) (p ≤ 0.001 respectively).
At luteal phase of menstrual cycle, IgG and IgM were significantly increased in HIV infected
females on contraceptive (1.96 ± 0.87, 130.71 ± 40.08) and control females on contraceptive (2.30 ±
3.10, 77.02 ± 19.73) compared with control females not on contraceptive (0.74 ± 0.13, 90.85 ± 28.08)
(p = 0.031, 0.003, 0.018, respectively) (Table 1).
3.2. Levels of TNF α, and Interleukin 2 in HIV Infected Females and Control Females On/Not on
Hormonal Contraceptive
When the mean serum TNF-α at follicular and luteal phases of menstrual cycle was compared between
test and control groups, TNF-α was significantly higher in HIV infected females on contraceptive (8.89
± 4.14, 5.93 ± 2.48), HIV infected females not on contraceptive (3. 07 ± 0.61, 3.82 ± 1.22) and control
females on contraceptive (2.32 ± 0.78, 6.76 ± 9.20) compared with the control females not on
contraceptive (1.30 ± 0.63, 1.78 ± 0.36) (p ≤ 0.001, 0.032 respectively).
A significant increase in the mean serum TNF-α value was observed at follicular phase of
menstrual cycle in HIV infected females on contraceptive (8.89 ± 4.14) compared with HIV infected
female subjects not on contraceptive (3. 07 ± 0.61) and control females on/not contraceptive (2.32 ±
0.78, 1.30 ± 0.63) (p ≤ 0.001 respectively).
At luteal phase of menstrual cycle, TNF-α was significantly increased in HIV infected females
on contraceptive (5.93 ± 2.48) compared with control females not on contraceptive (1.78 ± 0.36) (p =
0.016 respectively). The same observation was made in control females on contraceptive (6.76 ± 9.20)
compared with control females not on contraceptive at luteal phase of menstrual cycle (1.78 ± 0.36) (p
= 0.013 respectively).
However, when the mean serum IL-2 value at follicular phase of menstrual cycle was compared
between test and control groups, IL-2 was significantly lower in HIV infected females on contraceptive
(0.38 ± 0.24), HIV infected females not on contraceptive (0.12 ± 0.05) and control females on
contraceptive (0.14 ± 0.09) compared with control females not on contraceptive (0.80 ± 0.08) (p =
0.002 respectively).
However, there was significant increase in IL-2 value at follicular phase of menstrual cycle in
HIV infected females on contraceptive (0.38 ± 0.24) compared with the counterpart not on
contraceptive (0.12 ± 0.05) and control females on contraceptive (0.14 ± 0.09) (p = 0.002, 0.005
respectively) (Table 2).
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Table 1:

Levels of IgG and IgM in HIV infected females and control females on/not on hormonal
contraceptive (mean ±std deviation)

Group
HIV infected females on
contraceptive (A) (29)
HIV infected females not on
contraceptive (n=29) (B)
HIV seronegative females on
contraceptive (n=30) (C)
HIV seronegative females not on
contraceptive (n=30) (D)
F-value
p-value
A vs B
A vs C
A vs D
B vs C
B vs D
C vs D

Table 2:
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IgG (mg/ml)
Follicular
Luteal
2.82±1.63
1.96±0.87

0.200

IgM (µg/ml)
Follicular
Luteal
164.87±68.81 130.71±40.08

p-value

p-value
0.232

1.05±0.19

1.17±0.24

0.252

84.54±20.06

90.85±28.08

0.580

0.81±0.32

2.30±3.10

0.228

62.30±17.32

77.02±19.73

0.228

0.48±0.10

0.74±0.13

0.002

45.65±13.81

56.71±15.44

0.238

8.886
0.001
0.001
0.001
0.001
0.652
0.358
0.592

2.980
0.045
0.122
0.608
0.031
0.064
0.368
0.018

11.452
0.001
0.001
0.001
0.001
0.335
0.001
0.349

10.730
0.001
0.003
0.003
0.001
0.384
0.005
0.226

Levels of TNF α, and Interleukin 2 in HIV infected females and control females on/not on hormonal
contraceptive (mean ±std deviation)

Group
HIV infected females on
contraceptive (A) (29)
HIV infected females not on
contraceptive (n=29) (B)
HIV seronegative females on
contraceptive (n=30) (C)
HIV seronegative females not on
contraceptive (n=30) (D)
F-value
p-value
A vs B
A vs C
A vs D
B vs C
B vs D
C vs D

TNFa (pg/ml)
Follicular
Luteal

p-value

IL-2 (ng/ml)
Follicular
Luteal

p-value

8.89±4.14

5.93±2.48

0.963

0.38±0.24

0.23±0.10

0.145

3.07±0.61

3.82±1.22

0.125

0.12±0.05

0.17±0.07

0.096

2.32±0.78

6.76±9.20

0.225

0.14±0.09

0.76±1.31

0.234

1.30±0.63
14.518
0.001
0.001
0.001
0.001
0.576
0.266
0.525

1.78±0.36
2.239
0.032
0.171
0.678
0.016
0.109
0.155
0.013

0.100

0.80±0.08
6.301
0.002
0.002
0.005
0.002
0.827
0.618
0.499

0.14±0.05
2.429
0.082
0.749
0.052
0.654
0.818
0.859
0.618

0.107

3.3. Correlation of BMI and Blood Pressure with Female Reproductive Hormones, Cytokines
and Immunoglobulins in HIV Infected Females and Control Females On /Not on
Contraceptive.
Contraceptive use showed a strong positive correlation with age in HIV seronegative females on
hormonal contraceptive (r = 0.661, p = 0.002).
SBP showed a moderate positive correlated with IgM (r = 0.455, p = 0.022) and IgG (r = 0.459,
p = 0.021) in HIV infected females on hormonal contraceptive.
Similarly, SBP also showed moderate positive correlation with IL-2 (r = 0.422, p = 0.036),
TNF-α (r = 0.479, p = 0.015) in HIV infected females on hormonal contraceptive and a strong negative
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correlation with IL-2 in HIV infected females who are not on hormonal contraceptive (r = - 0.481, p =
0.015) (Table 3).
Table 3:

Correlation of BMI and blood pressure with cytokines and immunoglobulins in HIV infected
females and control females on /not on contraceptive

Parameters
Contraceptive use vs age
IgG vs SBP
IgM vs SBP
IL2 vs SBP
TNF vs SBP

HIV infected females on
contraceptive (n=29)
R
p-value
0.459
0.021
0.455
0.022
0.422
0.036
0.479
0.015

HIV infected females not on
contraceptive (n=29)
R
p-value
0.510
0.009
-0.481
0.015

HIV seronegative females
on contraceptive (n=30)
R
p-value
0.661
0.002
-

4. Discussion
Since the introduction of HAART, the living conditions of HIV infected persons had greatly improved
including sexuality with many HIV infected persons desiring to have their biological children. This has
also resulted to so many unintended pregnancies which need to be checkmated with contraception to
reduce; the spread of HIV infection, birth of HIV infected children and other sexually transmitted
infections.
The similar findings in blood pressure values observed between HIV infected females on
hormonal contraceptives and control females suggests that HIV infection may not be associated with
increase in blood pressure nor predispose to hypertension. This is consistent with report by Akello et
al., (2016). However, previous works done on the relationship between blood pressure and HIV
infections produced controversial findings (Okeke et al., 2017; American Heart Association, 2018).
However, a significant increase in DBP observed in control females on hormonal contraceptives
suggests that the observed increase in blood pressure may be attributed to the hormonal contraceptive.
This observation is similar to the work of (Haroon and Naveed, 2015) who also reported an increase in
diastolic blood pressure in hormonal contraceptive users.
Furthermore, the study showed significantly increased levels of IgG and IgM in HIV infected
females on hormonal contraceptives, HIV infected females not on hormonal contraceptives and control
females on hormonal contraceptives compared with control females not on hormonal contraceptives at
both follicular and luteal phases of the menstrual cycle. This observation is an indication that HIV
infection as well as hormonal contraceptive use stimulates immunoglobulin production as a
consequence of the immunological reaction induced by the virus and the exogenous hormone. A
research in Uganda and Norway also reported high levels of IgG in HIV positive females with higher
values observed for Uganda compare to Norway where the researcher attributed the differences in the
two populations to environmental factors (Lugada et al., 2014). This study also agrees with the
previous findings by Panagiotis et al. (2007) who also observed that significant proportions of HIV
positive patients have elevated level of one or more immunoglobulin, usually IgG isotype. The
persistence increase of IgM and IgG at both follicular and luteal phase of menstrual cycle in HIV
infected females on hormonal contraceptive are in line with earlier observation that increased
production of immunoglobulin is associated with increased opportunistic infection requiring
immunoglobulin response possibly to confer a protective immunity to the infected females (Lugada et
al., 2014; Ifeanyichukwu et al., 2009). Studies have shown that hormonal contraceptives (especially
those containing progesterone when compared to those containing estrogen) modulate the immune
response in HIV infection with increased viral load, depletion of CD4+T cells and disease progression
(Stringer and Antonsen, 2009; Wang et al., 2004). Baeten et al. (2007) also reported that Progesterone
affect naturally occurring vaginal barriers such as Lactobacillus species, increases vaginal secretions
thus increasing susceptibility to various sexually transmitted infections and potential to infection with
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multiple HIV strains. Therefore, the use of hormonal contraceptive in HIV infection and in HIVuninfected females may worsen the health condition in females due to increased susceptibility to other
sexually transmitted infection if not properly monitored.
Similarly, the increased level of IgG observed in HIV infected females not on hormonal
contraceptive and in control females on contraceptives compared with control females not on hormonal
contraceptive at luteal phase of menstrual cycle at both follicular and luteal phases of menstrual cycle
in this study is in agreement with the previous work done by (Stringer and Antonsen, 2009;
Ifeanyichukwu et al., 2009; Ukibe et al., 2015). The authors confirmed that hormonal contraceptives
and HIV infection modulate the immune response to microorganism. A similar report of increased
level of immunoglobulin G has been previously published (Ezegwui et al., 2013). This observation
elucidated the role of hormonal contraceptive in the immune system.
The significantly increased level of immunoglobulins observed in HIV infection and hormonal
contraceptive use in this study implies greater effect on the immune system because the presence of
IgG in the circulation generally indicate the presence of immunogen that triggers immune response to
offending microorganism. While IgM on the other hand is produced first in the course of an infection
and it usually disappear only to reappear following subsequent re-infection by the same organism.
Cytokines in turn determines proliferation, maturation and differentiation of various immune
cells which may result to inflammation as observed in HIV infection and hormonal contraceptive use
(Aruna et al., 2018). In this study, significantly increased level of TNF-α in HIV infected females on
hormonal contraceptives, HIV infected females not on hormonal on contraceptives, control females on
hormonal contraceptive compared with control females not on hormonal contraceptive at both
follicular and luteal phases of the menstrual cycle indicates higher degree of inflammation. Excessive
TNF-α has been linked with inflammation, trauma, sepsis, cancer, depression, viral replication
(Dowlati et al., 2010; Swardfager et al., 2010) and ovarian failure (Kellie et al., 2009; Mamta et al.,
2016). This elevated level of TnF-α may account for the high inflammation, depression, cancer
(kaposis sarcoma) and hypogonadism observed in HIV infection (Ukibe et al., 2015). Similarly, the
increased level of this cytokines observed in hormonal contraceptive users may be implicated in the
increased risk of cancers of the breast, cervix and ovary observed with hormonal contraceptive use. It
is well documented that HIV infection is associated with over-expression of TNF at all stages of the
infection with increased viral load and depletion of CD4+ T-cells (Ukibe et al., 2015). Thus the
elevated levels of TNF observed in HIV infection and contraceptive use in this study may be
responsible for the inflammation and hypogonadism associated with hormonal contraceptive use in
HIV infection. Similarly, the elevated levels of TNF observed in control females on hormonal
contraceptive compared with control females not on hormonal contraceptive at luteal phase of
menstrual cycle is a strong indication that hormonal contraceptive is associated with inflammatory
reaction. This showed that the combined effects of hormonal contraceptive and HIV infection may be
responsible for the pronounced increase in TNF observed in HIV infected females on hormonal
contraceptive.
The significant increase in TNF at follicular phase of menstrual cycle in HIV infected females
on hormonal contraceptive compared with their counterparts not on hormonal contraceptive and
control females on/not on hormonal contraceptive, may suggest increased inflammatory activity and
severity of HIV infection in the HIV contraceptive users. This may further predispose these females to
increased risk of viral replication, increased viral load and depletion of CD4+ T-cells as well as
opportunistic infections. This finding is in tandem with the work of (Enrique et al., 2014; Ukibe et al.,
2015).
Hormonal contraceptives and ARDs interactions can work antagonistically to each other
thereby, can significantly affect the potency of hormonal contraceptives vis-avis ARDs used in HIV
infection. It is documented that hormonal contraceptives especially those containing progesterone
selectively, compromises antiviral activity of Tenofavir and Tenofavir-alafenamide (Shen et al., 2017)
and this may suggests decrease ARD protection in hormonal contraceptive users. Similarly, Efavirenz
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and Nevirapine significantly reduce the effectiveness of progesterone containing contraceptive
(Landolt et al., 2013; Thurman et al., 2014) thus resulting to contraceptive failures. The interaction of
hormonal contraceptives with ARDs may be responsible for the pronounced increase in inflammatory
response observed in HIV infected females on hormonal contraceptives in this study.
This study also observed significant decrease in IL-2 level in HIV infected females on/not on
hormonal contraceptive and control females on hormonal contraceptive compared with control females
not on hormonal contraceptive at follicular phase of menstrual cycle, this further suggest a depressed
immunity in HIV infected individuals and hormonal contraceptive users at follicular phase of
menstrual cycle. This finding was similar to the previous work done by Stringer and Antonsen, (2009)
Furthermore, in this study, IgG showed positive correlation with SBP in HIV infected females
on hormonal contraceptives and HIV infected females who were not on hormonal contraceptive. IgM
also showed moderate positive correlation with SBP in HIV infected females on hormonal
contraceptive. This shows that increase in blood pressure can be immunologically mediated. The
relationship between hypertension and inflammation are well documented (Siddiqui et al., 2014;
Christopher et al., 2014). Immunoglobulin causes hypertension through various mechanisms such as
induction of apoptosis of suppressor T cells, binding to the arteries, glomerulus and kidney basement
membrane thus altering hemodynamic parameters, binding to angiotensin II type 1 receptors thereby
activating T-lymphocyte and release of proinflammatory cytokine (such as TNF) which may provoke
inflammatory response in the vasculature thus causing alterations in blood pressure which overtime
may lead to cardiovascular diseases such as atherosclerosis (Xia et al., 2013).
Hormonal contraceptive use showed strong positive correlation with age in control females on
hormonal contraceptive. Age is an important risk factor for cardiovascular diseases in healthy females.
At younger age, women has lower risk of CVD due to the protective effect of endogenous ovarian
hormones (estrogen) but at menopause the levels of this hormone falls and they become prone to
increased risk of cardiovascular diseases (Barrey et al., 2003; Margolis et al., 2007). The observation
in this study is similar to that in apparently healthy premenopausal females. As the duration of
contraceptives increases with age, the risk of CVD increases, this may be the reason why as the age of
a woman advances an alternate choice of contraceptives are considered.

Conclusion
Significant variations observed in the levels of TNF-α, IL-2, IgG and IgM in HIV infected females on
hormonal contraceptive particularly at follicular phase of menstrual cycle suggests active inflammatory
reaction which may have been caused by the combined effect of hormonal contraceptive and HIV
infection thereby, worsening the ongoing immune depression in the affected individuals. Screening for
inflammatory markers should be included in the regular checkup for all HIV subjects irrespective of
contraceptive use. Also, anti-inflammatory drugs should be included in the drugs of HIV infected
females on hormonal contraceptives to reduce the drug interaction between ARDs and hormonal
contraceptives.
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