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Introduction
Currently, the antiretroviral therapy (ART) drug 
combination Tenofovir + Lamivudine + Efavirenz 
(TDF + 3TC + EFV), referred to in this study as regi-
men 1 (R1) which is an integrase strand transfer 
inhibitor (INRTI)-based regimen and Tenofovir + Lami-
vudine + Dolutegravir (TDF + 3TC + DTG), referred to in 
this study as regimen 2 (R2), a non-nucleoside reverse 
transcriptase inhibitor (NNRTI)-based regimen are the 
two ART mostly being administered at the Mampong 
Municipal Hospital, Ashanti Region, Ghana for HIV 
first-line or second-line treatment. Coagulation param-
eters remain to be fully described since Ghana switched 
to integrase strand transfer inhibitor (INRTI)-based 
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Abstract
This study aimed to ascertain how the current two ART regimens used in Ghana affected HIV patients’ coagulation 
profiles. A case-control study was conducted on 102 HIV positive patients at the Mampong Municipal Hospital. 
Coagulation parameters measured showed APTT was normal in majority of ART-experienced participants 
but prolonged in majority of ART-naïve participants. The mean platelet count was significantly higher in ART-
experienced participants. No significant differences were found between the coagulation profiles of ART-
experienced patients on two different drug regimens. In conclusion, current ART can enhance the coagulation 
profiles in HIV-infected patients, by improving platelet count and APTT.
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regimen a few years ago. In order to analyze the poten-
tial impact of the two ART regimens on coagulation 
profiles, this study compared the coagulation profiles of 
HIV patients on ART to those of newly diagnosed HIV 
patients who were yet to be put on ART. The rationale 
behind the study is that though HIV infection causes 
coagulation problems, there is conflicting information 
about the effect of ART regimens on coagulation profiles 
since the drugs can cause liver damage which can lead to 
coagulation problems [1].

Methods
Study plan/study area/study participants
This case-control study compared the coagulation pro-
files of HIV patients receiving ART (ART-experienced) 
to newly diagnosed HIV patients who had not yet initi-
ated ART as the control group (ART-naïve). A sample 
size of 102 participants was used, which comprised 52 
ART-experienced and 50 ART-naive individuals. The 
following categories of patients were excluded from the 
study: patients who refused to participate, those who 
had bleeding problems and those receiving anticoagulant 
therapy unrelated to their infection status; those with 
myeloproliferative disorders; those who had liver diseases 
and patients taking medications other than ART. Apart 
from participant ART status, the baseline difference 
between the two groups were the percentage of females 
were slightly higher and there were no participants below 
25 years in the ART-experienced group as compared to 
the control group. The Mampong Municipal Hospital’s 
Retroviral Clinic was the recruitment site for the study 
participants. The hospital serves the entire Mampong 
municipality in the Ashanti region of Ghana, and is an 
area made up of 55% rural settlements and 45% urban 
settlements [2]. Study participants were from all walks 
of life. Clinical and demographic data were gathered by 
means of a questionnaire.

Blood sample collection and processing
Under aseptic conditions, 1 to 4  ml of blood were col-
lected from participants and the following tests were 
run on the samples; Platelet count, Activated Partial 
Thromboplastin Time (APTT) estimation, Prothrombin 
Time (PT) Estimation and International normalized ratio 
(INR).

Statistical analysis
Data was entered into IBM Statistical Package for Social 
Sciences (SPSS) statistics for Windows, version 21.0 (IBM 
Corporation, Armonk, NY), STATA MP/14.1 (Statacorp 
LLC, Texas, USA) and Microsoft Excel (2016 version) 
and analyzed. For various variables, data was expressed 
using the means, percentages and standard deviations. 
Unpaired T-test analysis was performed to elucidate 

the difference between means of ART-experienced par-
ticipants and ART-naive participants; between means of 
Female ART-experienced participants and female ART-
naïve participants; between means of male ART-experi-
enced participants and male ART-naïve participants; and 
between means of the two different ART regimens. Fish-
er’s exact test was used to assess potential associations 
between categorical variables (Gender and ART adher-
ence). Statistical significance was set at P < 0.05.

Results
General characteristics of study participants and baseline 
differences
One hundred and two (102) participants were included 
in this study out of which 63% were female. The majority 
of participants (66%) were above 36 years. Of the ART-
experienced participants, 17 (32.7%) were males and 35 
(67.3%) were females. Of the ART-naïve participants, 21 
(42%) were males and 29 (58%) were females. Whereas 
100% of ART-experienced participants were above 25 
years, 66% of the ART-naïve participants were above 25 
years (with 14% below 18 years).

Coagulation profile of study participants against reference 
standards
To evaluate the coagulation profiles of both ART-experi-
enced and ART-naïve individuals against reference stan-
dards, Platelet count, PT, INR and APTT values were 
measured and their individual values compared to their 
respective biological reference ranges [3]. For both ART-
naïve and ART-experienced participants, majority had 
prolonged PT (˃16 s). Similarly, a majority of ART-naïve 
and ART-experienced participants had high INR val-
ues above the biological reference interval of 0.80–1.30. 
APTT values of 33 ART-experienced participants rep-
resenting the majority fell within the standard reference 
range of 30–40 s. On the other hand, a greater percentage 
of ART-naïve participants (60%) had prolonged APTT 
values (˃40 s). A summary of the data is shown in Fig. 1.

Comparing the coagulation profile of ART versus ART-naïve 
participants
To compare the coagulation profiles of ART participants 
to those of ART-naïve participants, the mean values of 
the various parameters as shown in Table  1 were com-
pared using an unpaired T test. The mean platelet count 
was significantly higher in patients on ART compared to 
the ART-naïve participants (p < 0.05). Differences seen in 
the other 3 parameters were not statistically significant.

Effects of different ART regimen on coagulation profile
The effects of different combination of ART regimen on 
platelets, PT, INR and APTT were also investigated. Par-
ticipants on R1 appeared to have a higher mean platelet 
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count compared to those on R2. However, this difference 
did not reach statistical significance (p = 0.827). Also, no 
statistically significant differences were observed in the 
means of PT, INR and APTT between participants on R1 
and those on R2.

Effects of inconsistent use of ART on the coagulation 
profiles of HIV positive participants
Forty five (86.5%) out of the ART-experienced par-
ticipants indicated not skipping any doses of the ART 
drugs. The prevalence of full ART adherence in females 

was 88.6% whereas that of males was 82.4%. The differ-
ence was however not statistically significant (p = 0.670). 
In addition, there was no significant difference between 
coagulation profiles of fully adherent and partially adher-
ent participants.

Discussion
In this study, the results show that participants on ART 
had significantly higher average platelet count as com-
pared to ART-naïve patients. This indicates that ART may 
help improve the platelet count of HIV-infected people. 

Fig. 1  Coagulation profile of study participants against reference standards (A): Displays percentage of ART-naïve participants within and outside the 
standard reference ranges of the indicated parameters; (B): Displays percentage of ART-experienced participants within and outside the standard ref-
erence ranges of the indicated parameters. PLT = Platelet count; PT = Prothrombin Time; INR = International Normalized Ratio; APTT = Activated Partial 
Thromboplastin Time ; *Reference ranges: PLT(X109/L): 150–450; PT (sec): 11–16; INR: 0.80–1.30; APTT (Sec):30–40
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Only 10% of the ART-naïve participants had platelet 
counts indicative of thrombocytopenia. Thrombocytope-
nia was also noted in reports from other research though 
it was unclear if the HIV patients were on HIV drugs [4, 
5].

INR in a greater proportion of both subjects and con-
trols were above the biological reference interval. In addi-
tion, APTT values of the majority of ART-experienced 
participants was normal. However a higher proportion 
of ART-naïve participants had prolonged APTT values 
when compared to the reference range. This is consis-
tent with studies indicating that antiphospholipids or 
lupus anticoagulants, which were shown to occur in HIV 
patients as indicated in studies in Nigeria and USA, have 
been linked to prolonged APTT [6–9]. Also, average 
APTT values were lower in the ART-experienced com-
pared to the ART-naïve patients albeit not statistically 
significant.

It is normally anticipated that HIV’s hypercoagulable 
state would result in shorter PT and APTT readings [10, 
11]. However, in this investigation, the PT values in the 
HIV patients receiving ART and the ART-naïve controls 
showed a haemorrhagic tendency to be prolonged as 
observed in other studies among HIV positive subjects 
studies [7, 12, 13]. The liver plays a crucial role in coag-
ulation and a problem therein may cause PT and APTT 
to be prolonged, predisposing HIV patients to bleeding 
tendencies. Difference in PT values between ART-expe-
rienced and ART-naïve participants was not statistically 
different as has been shown in a similar study [14].

This study showed that the particular ART regi-
men administered to patients had no apparent selective 
advantage in enhancing the coagulation profile in HIV 
patients receiving ART. In addition, no significant differ-
ence was observed in coagulation profiles between fully 
ART adherent participants and partially ART adher-
ent participants, neither was there a significant differ-
ence in prevalence of male versus female drug compliant 
participants.

The study reported here had a number of limita-
tions. The sample size was relatively low. Length of time 
patients had been on ART as well as viral load of ART-
experienced participants and how that affected their 
coagulation profile was not factored into the analysis. 
Furthermore, the role of comorbidities like coinfections 
with other viruses such as hepatitis B [15], that could 
also affect outcomes of coagulation studies were not 
addressed. Hepatitis B is a sexually transmitted disease 
just as HIV is with highest endemicity found in sub-Saha-
ran Africa [16] and hence one would expect to find coin-
fection among participants. Future studies would address 
all the above mentioned limitations.

In conclusions, the study demonstrated that any of the 
2 ART regimens used for HIV first-line or second-line 
therapy could enhance the coagulation profile in HIV-
infected patients by improving platelet count and APTT. 
To the best of our knowledge, this is the first coagu-
lation profile studies in Ghana on these current ART 
combinations.
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Table 1  Comparing average coagulation profiles of ART participants against ART-naïve participants. Shows average values of the 
indicated parameters and accompanying P-values
Parameters ART Status Number

(N)
Mean ± SD P-value

PLT (x109/L) ART-experienced 52 320.10 ± 63.29 0.00
ART-naïve 50 238.82 ± 75.18

PT (sec) ART-experienced 52 23.36 ± 15.77 0.059
ART-naïve 50 18.61 ± 7.97

INR ART-experienced 52 2.06 ± 1.41 0.054
ART-naïve 50 1.62 ± 0.76

APTT (sec) ART-experienced 52 40.60 ± 8.01 0.084
ART-naïve 50 43.06 ± 6.08

PLT = Platelet count; PT = Prothrombin Time; INR = International Normalized Ratio; APTT = Activated Partial Thromboplastin Time ; SD = standard deviation
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