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HIV/AIDS has reached a pandemic level across the world with more than 33 million people who are living with 
HIV. In the United States, more than half a million people have been victims of AIDS. This study investigates 
the most vulnerable racial minority population (the African Americans) in the United States and the second least 
affected  (the Caucasians) in order to predict the trends of the epidemic. A Markov chain analysis was used to 
model the progression of the disease among vulnerable people, infective people and AIDS cases for the two races 
separately, based on the 2009 Centers of Disease Control and Prevention HIV/AIDS Surveillance Report. Based 
on the Markov model, our study predicts that the number of African American people living with AIDS diagnosis 
and HIV infection and dead due to HIV/AIDS will be 662.2, 1225.3 and 62.9 in 2015 and 794.9, 1566.5 and 79.2 
in 2030, respectively. The number of Caucasian people living with AIDS diagnosis and HIV infection and dead 
due to HIV/AIDS will be 96.4, 160 and 6.5 in 2015 and 118.6, 206.9 and 8.3 in 2030, respectively. The numbers 
of deaths due to HIV/AIDS are quite stable over the years in both the races. There is an increasing trend in the 
number of people living with HIV infection and AIDS diagnosis in Caucasians compared with African Americans. 
The absolute number of Caucasians living with AIDS diagnosis and HIV infection is quite smaller compared with 
African Americans. The results reveal discrepancy in HIV infection, AIDS diagnosis and deaths due to HIV/AIDS 
among the African Americans and the Caucasians races. There is a need for interventions focusing on HIV/AIDS 
prevention and management, optimum resource allocation and development of antiAIDS campaigns to reduce the 
infection rate.
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The human immunodeficiency virus/acquired 
immunodeficiency syndrome  (HIV/AIDS) has become 
an epidemic since it was first identified in 1981[1]. 
In December 2010, it was estimated that 33 million 
people worldwide were living with HIV/AIDS and 
the number of deaths caused by HIV/AIDS were 
over 35  million[2]. In the United States, the number 
of people who were living with HIV/AIDS was 
estimated to be 1.2 million by the end of 2009, and 
it is estimated that about 50 000 new cases occur 
annually[3].

African Americans continue to experience severe 
burden of HIV, compared with other races and 
ethnicities. African Americans represent approximately 
14% of the US population, but accounted for an 

estimated 44% of new HIV infections in 2009 and 
46% of people living with HIV infection in 2008. 
In  2009, the estimated rate of new HIV infections 
among African American men was six and a half 
times as high as that of Caucasian men. In the same 
year, the estimated rate of new HIV infections among 
African American women was 15  times that of 
Caucasian women[4].

These racial disparities in HIV/AIDS may 
be attributed to many different factors. African 
Americans carry more risk factors of HIV/AIDS 
transmission. They tend to have sex with the people 
of the same race[4]. In the risk group of men who 
have sex with men  (MSM), young Blacks shared 
the largest proportion compared with any other 
age and race/ethnicity[4]. Compared with all the 
racial minorities in the US, African Americans 
also experience the highest prevalence of sexually 
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transmitted infections  (STDs)[4]. Moreover, 20% of 
the infected people in the US were unaware of their 
HIV/AIDS status[3]. African Americans tend to have 
more negative perceptions regarding HIV diagnosis 
tests[3]. This may increase delayed diagnosis, delayed 
treatment, under‑recognition and may further worsen 
the transmission. Other factors associated with racial 
disparities in HIV/AIDS include socioeconomic, 
cultural, religious and social influences that contribute 
to stigma and discrimination. Some of the racial 
disparities in HIV/AIDS have decreased over time. 
However, racial differences still exists with regards to 
HIV/AIDS disease management in US.

Although current treatments, such as highly active 
antiretroviral therapy  (HAART), have successfully 
improved the survival and life expectancies in 
HIV/AIDS population, the epidemic continues to 
affect newer populations and remain prevalent among 
those who have already experienced this epidemic[3]. 
Therefore, it is necessary to focus efforts on both 
treatment advancement and disease prevention measures 
to reduce racial disparities. Our study will utilise 
a Markov chain model to predict the trends of the 
epidemic among the African Americans and Caucasians 
separately. Forecasting the progression of HIV/AIDS 
spread plays an important role in controlling disease 
transmission and alleviating health disparities. Given 
the growing threat of limited resources in the society, 
especially in the health care system and public health 
system, the projection of the future epidemic can help 
us to optimise resource allocation and design efficient, 
economical, timely health policies targeting the high 
risk populations and high prevalence areas.

A Markov process is a type of stochastic processes in 
which a system changes in a random manner between 
different states, at regular or irregular intervals[5]. 
Markov chain modelling has been applied to a 
number of studies in the medical field over the years 
to predict and estimate random or uncertain events 
associated with specific probabilities of occurrence. 
Some practical applications have been observed 
in analysis of genetics, particularly in sickle cell 
anaemia, determining efficacy of noninsulin‑dependent 
diabetes in a population of patients[6], predicting 
outcomes of dialysis treatment/kidney transplants 
in patients[7] and analysing longitudinal disease 
progression for liver cancer[8], breast cancer[9], 
bronchiolitis obliterans syndrome[10] and Alzheimer’s 
disease[11], among others.

With the aim of contributing to the epidemiological 
surveillance of HIV/AIDS, Bature et  al.[12] described 
a Markov chain model that was used to track the 
movement of the virus from one generation to 
another in a period of 20  years. Sweeting et  al.[13] 
applied multistate Markov modelling to explain the 
rate at which the Hepatitis C disease progresses. 
Observational data on 1306 patients in Trent, England 
was collected from 1991 to 2006 and used for the 
longitudinal study. Debanne et  al.[14] developed 
a multivariate Markov chain model to project 
tuberculosis  (TB) progression in the US from the 
1980s to 2010 among different races in the country.

Although previous studies have modelled disease 
progress and transmission dynamics using Markov 
models[15‑18], few have focused on epidemiological 
disease progression at a macro level of total 
populations through Markov models. The prediction 
of both incidence and prevalence of HIV/AIDS, made 
using the Markov model, will help in planning and 
calibrating adequate surveillance systems, as well as 
in allocating public health resources and in targeting 
intervention and treatment plans.

MATERIALS AND METHODS

In this study, the HIV/AIDS progression is assumed 
to follow a discrete time Markov chain with 
stationary transition probabilities, which is represented 
as: {X(t),  t ∈T} with time index set T = { }0 1, ,

and a finite state space S = { }S S SN1 2
, , , .  This 

model satisfies the following the Markovian 
property;  P X t S X t S X t Si j k( ) | ( ) , ( ) ,= − = − ={ }1 2   
= = − ={ }P X t S X t Si j( ) | ( )1 (1)  for all t and all 
possible states. This Markovian property means that 
the probability of the random variable X  (t) being 
in state Si at time t depends only on the variable’s 
state Si at time t − 1, but not on states at previous 
points in time. In other words, it does not depend 
on how the system has led to the current state. Thus, 
for a Markov process, the state of the process at a 
given time contains all the information about the past 
evolution of the process which is of use in predicting 
its future behaviour[5].

We assume that epidemiological disease progression 
in individuals at large follows the Markovian property. 
This assumption enables us to model and simulate 
the epidemic as a Markov chain through which 
HIV‑infected individuals’ progress to AIDS and death 
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over time. The Markov model can provide a useful tool 
to analyse or model a stochastic progression behaviour 
despite insufficient historical data points. Thus, we will 
use it in our study to predict future trends of HIV/AIDS 
progression so that health policies can be framed in 
advance to contain its associated costs and manage it.

Markov model analysis and verification:
The states to be modelled in this paper are S1: The rate 
of vulnerable people  (V); S2: The rate of people with 
HIV diagnosis  (H); S3: The rate of people with AIDS 
diagnosis  (A); and S4: The rate of deaths from the 
HIV/AIDS virus  (D) where these rates were computed 
by dividing the numbers of cases reported by the 
population for that year and multiplying by 100 000.

The states in fig.  1 represent four different stages 
of the progression of the disease among vulnerable, 
HIV infective, clinical AIDS persons and death. The 
transient states are S1, S2 and S3while the recurrent 
absorbing state is S4. Transitions between these states 
will be modelled separately for the African Americans 
and Caucasians.

Note that the transition from state S1 to state S3 
cannot occur clinically. However, the transition from 
state S1 to state S3 includes people whose diagnoses 
of HIV infection and AIDS were made at the same 
time or those whose AIDS diagnosis after a diagnosis 
of HIV infection was made within a year, because the 
time epoch of this model is one year  (i.e.  a census is 
taken every year). The transition from state S2 to state 
S3 includes HIV diagnosed people who eventually 

developed AIDS. The values of p24 and p34 represent 
the transition probability from HIV diagnosis and 
AIDS diagnosis to death, respectively.

The state probabilities of the states S2, S3 and S4 
calculated from the above Markov model will be 
proportional to the rate of persons living with a 
diagnosis of HIV, persons living with an AIDS 
diagnosis and deaths with HIV/AIDS, respectively. 
The state probability information will be used to 
estimate transition probabilities and to validate the 
Markov models.

Data for HIV/AIDS:
The data used for this study was collected over a 
period of 4  years  (2006–2009) from the Centers of 
Disease Control and Prevention  (CDC) database and 
Prevention HIV/AIDS Surveillance Report 2009 from 
the 40 US states[3]. Data was given as the rate r per 
100 000 people for each category. These rates were 
computed by dividing the numbers of cases reported 
by the population for that year and multiplying by 
100  000. Table  1 displays the estimated rates for 
African Americans and Caucasians, respectively.

Fig. 1: Transition diagram for the Markov Chain.
S (states) represents four different stages of the progression of the 
disease among vulnerable, HIV infective, clinical AIDS persons, 
and death. The transient states are S1, S2 and S3, while the recurrent 
absorbing state is S4. Transitions between these states will be 
modelled separately for the African Americans and Caucasians.

TABLE 1: ESTIMATED RATES FOR AFRICAN 
AMERICANS AND CAUCASIANS IN THE YEAR 
2006‑2009
Estimated rates for African 
Americans/Caucasians

2006 2007 2008 2009

African Americans
Diagnoses of HIV 65.7 65.7 67.4 66.6
AIDS diagnoses 47.4 46.5 45.7 44.4
Deaths of persons with a diagnosis 
of HIV infection

28.4 28.0 27.5

Deaths of persons with an AIDS 
diagnosis

24.0 23.1 21.9

Deaths of persons with either HIV 
and AIDS diagnosis

52.4 51.1 49.4

Persons living with a diagnosis of HIV 924.0 950.5 979.9
Persons living with an AIDS diagnosis 524.2 541.8 560.0

Caucasians
Diagnoses of HIV 7.4 7.5 7.2 7.2
AIDS diagnoses 5.3 5.0 4.8 4.7
Deaths of persons with a diagnosis 
of HIV infection

2.7 2.8 2.9

Deaths of persons with an AIDS 
diagnosis

2.5 2.4 2.4

Deaths of persons with either HIV 
and AIDS diagnosis

5.2 5.2 5.3

Persons living with a diagnosis of HIV 123.0 127.3 131.3
Persons living with an AIDS diagnosis 77.1 79.5 81.8

The estimated rates of HIV infections and AID diagnosis for African Americans 
and Caucasians in 2006–2009 are extracted from 2009 HIV/AIDS surveillance 
report[3] and then converted to transition probabilities. HIV=Human 
immunodeficiency virus, AIDS=acquired immunodeficiency syndrome
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These rates were then converted to the respective 
transition probabilities. The calculation for transition 
matrices will be explained in the section below.

Markov model analysis:
In this section, we establish and analyse Markov 
models for the African Americans and Caucasians 
not only for a better understanding of the racial 
discrepancy among HIV/AIDS dynamic evolution, but 
also to discuss health policies and resource allocations 
with the projected HIV/AIDS behaviors. Given the 
data set for the African Americans, the transition 
probability matrix is expressed by:

T

p p
p p

B =

− −
− −

1 0 00066 0 00066 0

0 1 0 02962 0 02962

0 0 0 957
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Here, we use an average value of rates over 2006–2009 
in Table 1 to obtain transition probabilities. For instance, 
p12 = 0.00066 is calculated by the average of 65.7 × 105, 
65.7  ×  105, 67.4  ×  105 and 66.6  ×  105. However, we 
cannot directly obtain the transition probabilities p13 and 
p23 from the given data set since these values are hidden 
among data. Therefore, we estimate unknown parameters 
in a way that minimises the mean squared error  (MSE) 
of the rate of persons living with both a diagnosis of 
HIV infection and an AIDS diagnosis, and deaths of 
persons with HIV/AIDS diagnosis over 2006 to 2008 as 
expressed in the following equation:

J h h p p g g p p

d

p i i i i
i

i

= − + −
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+ −

=
∑min ( , ) ( , )

13

13 23

2

13 23

2

2006

2008

� �

dd p pi
� ( , )

13 23

2)� (2)

subject to p p
13 23

47 4 46 5 45 7 44 4

4

1

100000
0 00046

+ = + + +

× =

. . . .

.

where hi is the reported rate of persons living 
with a diagnosis of HIV infection at the year of i; 
h p pi
 ( , )

13 23
is the estimated rate of persons living with 

a diagnosis of HIV infection by the Markov chain 
with unknown parameter of p13 and p23 at the year of 
i; gi is the reported rate of persons living with AIDS 
diagnosis at the year of i; g p pi

 ( , )
13 23

 is the estimated 
rate of persons living with AIDS diagnosis by the 
Markov chain with unknown parameter of p13 and 
p23 at the year of i; di is the reported rate of deaths 

of persons with either a diagnosis of HIV infection 
or AIDS diagnosis at the year of i; d p pi

 ( , )
13 23

and 
is the estimated rate of deaths of persons with either 
a diagnosis of HIV infection or AIDS diagnosis at 
the year of i by the Markov chain with unknown 
parameter of p13 and p23 at the year of i.

By solving Eqn 2, we are able to obtain the transition 
probabilities p13 = 41  (per 100 000) and the transition 
matrix TB as follows:

TB =
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Applying an optimisation algorithm to estimate 
unknown parameters in a Markov chain is a novel 
and unique approach that is developed in this work, 
and is especially useful when available data is not 
enough or sometimes incomplete[19].

RESULTS

Based on the Markov model described above, the 
MATALB software has been used to numerically 
analyse HIV/AIDS progression. The predicted numbers 
of living with AIDS diagnosis and HIV infection, and 
deaths of persons with HIV/AIDS are displayed for 
the African Americans in fig. 2. Monotonic increases 
in the rates of living with AIDS diagnosis and HIV 
infection are projected and our study is forecasting 
the rate of 662.2 of living with AIDS diagnosis and 
the rate of 1225.3 of HIV infection by the year of 
2015. In contrast, deaths of persons with either AIDS 
diagnosis or HIV infection are forecasted to be quite 
stable and constant over the years.

The same procedures to calculate the transition matrix 
TW of a Markov chain for the Caucasians are repeated.
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Fig.  3 shows a similarly increasing trend in 
Caucasians living with AIDS diagnosis and HIV 
infection compared with African Americans. However, 
the absolute number of Caucasians living with AIDS 
diagnosis and HIV infection are much smaller than 
African Americans. This discrepancy between both 
the races can be clearly seen in Table 2 and fig. 4, 
in which the numbers of living with AIDS diagnosis, 
HIV infection and deaths in both the races are 
illustrated simultaneously until 2030.

Model verification:
Computed results from the Markov chain modelling 
can be compared with reported statistics in Table  1 
to assess how accurately the model is predicting 
what it is meant to forecast. Because data related to 
HIV/AIDS infections is handled confidentially across 
most parts of the country and infected people may 
hesitate to officially report it to CDC, the reported 
infection rates are only estimates. The CDC database 
comparisons of the calculated figures to the real 
figures will be done to verify the model. Table  3 
shows the statistics from the Markov chain modelling 
against those from the 2009 HIV/AIDS surveillance 
report. Predictions of people living with and dead 
because of HIV/AIDS diagnoses for both races were 
fairly close to the reported statistics, as shown in 
Table  3.

Fig. 3: Predicted number of living and deaths with AIDS diagnosis/
HIV infection for whites. 
A similarly increasing trend in Caucasians living with AIDS 
diagnosis and HIV infection compared with African Americans.   
Living with HIV infection,  Living with AIDS diagnosis, 

 Death with HIV or AIDS dianosis,  Reported numbers.

TABLE 2: PREDICTED AIDS DIAGNOSIS/HIV 
INFECTION NUMBERS (IN THOUSANDS)
Years African American White

Living 
with 
HIV

Living 
with 
AIDS

Deaths 
with HIV 
or AIDS

Living 
with 
HIV

Living 
with 
AIDS

Deaths 
with HIV 
or AIDS

2006 924.0 524.2 52.4 123.0 77.1 5.2
2007 961.9 542.5 49.5 127.5 79.5 5.2
2008 998.7 560.0 51.4 131.9 81.9 5.3
2009 1034.3 576.7 53.2 136.2 84.2 5.5
2010 1068.7 592.6 55.0 140.4 86.4 5.7
2011 1102.1 607.8 56.7 144.5 88.5 5.8
2012 1134.4 622.4 58.3 148.5 90.6 6.0
2013 1165.7 636.3 59.9 152.5 92.6 6.2
2014 1196.0 649.5 61.4 156.3 94.5 6.3
2015 1225.3 662.2 62.9 160.0 96.4 6.5
2016 1253.7 674.3 64.3 163.7 98.3 6.6
2017 1281.1 685.8 65.6 167.3 100.0 6.7
2018 1307.7 696.8 66.9 170.8 101.7 6.9
2019 1333.4 707.3 68.2 174.2 103.4 7.0
2020 1358.3 717.3 69.4 177.5 105.0 7.1
2021 1382.4 726.9 70.5 180.8 106.6 7.3
2022 1405.7 736.0 71.6 183.9 108.1 7.4
2023 1428.2 744.6 72.7 187.0 109.6 7.5
2024 1450.0 752.9 73.8 190.1 111.0 7.6
2025 1471.1 760.8 74.8 193.0 112.4 7.7
2026 1491.5 768.3 75.7 195.9 113.7 7.8
2027 1511.2 775.4 76.6 198.8 115.0 7.9
2028 1530.3 782.2 77.5 201.5 116.2 8.1
2029 1548.7 788.7 78.4 204.2 117.5 8.2
2030 1566.5 794.9 79.2 206.9 118.6 8.3
The predicted numbers by the Markov chain modelling, of living with 
AIDS diagnosis, HIV infection, and deaths in both Caucasians and Africa 
Americans are illustrated simultaneously until 2030. The absolute number 
of Caucasians living with AIDS diagnosis and HIV infection are much smaller 
than Africa Americans. HIV=Human immunodeficiency virus, AIDS=acquired 
immunodeficiency syndrome

Fig. 2: Predicted number of living and deaths with AIDS diagnosis/
HIV infection for African Americans.
Monotonic increases in the rates of living with AIDS diagnosis and 
HIV infection are projected and our study is forecasting the rate of 
662.2 of living with AIDS diagnosis and the rate of 1225.3 of HIV 
infection by the year of 2015. In contrast, deaths of persons with 
either AIDS diagnosis or HIV infection are forecasted to be quite 
stable and constant over the years.  Living with HIV infection, 

 Living with AIDS diagnosis,  Death with HIV or AIDS 
dianosis,  Reported numbers.
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DISCUSSION

The study shows that the number of HIV/AIDS 
diagnoses and HIV/AIDS related deaths each year is 
quite consistent, while the number of people living 
with HIV/AIDS among the infected population is 
increasing. The continuously increasing number of 
people who have HIV/AIDS reminds us of challenges 
associated with the disease, particularly the mortality 
and a lot of issues associated with perception of 
the disease, patient education and its long term 
management.

The trends suggest that the current HAART‑based 
management of HIV/AIDS, which is evidence based, 
is relatively successful and effective. Furthermore, 
the consistently increasing rate of newly diagnosed 
HIV infections implies that current HIV preventive 
interventions or strategies are effective yet not 
sufficient for controlling the disease. To improve 
HIV/AIDS awareness, CDC and its partners have 
designated the day of February 7 as the National 
Black HIV/AIDS Awareness Day[4].

In our study, we also observed an increasing racial 
disparity related to HIV/AIDS. Government agencies 
such as CDC have implemented interventions or 
strategies that address racial disparities related 
to HIV/AIDS. Diverse HIV prevention efforts, 
such as national antiAIDS campaign, sexual 
health education, behavioural change intervention 
programmes targeted towards different vulnerable 
populations, have helped these affected people to 
get treatment[1]. CDC has also initiated relevant 
activities such as “Take Charge. Take the Test”, “Act 
Against AIDS Leadership Initiative  (AAALI)”, and 
“Expanded Testing Initiative  (ETI)”. Additionally, 
community‑based organisations or foundations 
have also developed prevention interventions 
for the African American population, such as 
“Women Involved in Life Learning from Other 
Women  (WILLOW)”, “Sister to sister” and “Nia”. 
Despite these efforts to address the issue, there 
remains a lack of persistent delivery, evaluation 
and improvement in the current programmes and 
interventions. Undoubtedly, all these efforts need 
collaboration of people working at the national level 

TABLE 3: MARKOV MODEL VERIFICATION WITH 2009 HIV SURVEILLANCE REPORT
Year Africa American (in thousands) White (in thousands)

Reported no. Predicted no. Error no. Reported no. Predicted no.  Error no.
2006

Living with HIV 924.0 924.0 0 123.0 123.0 0
Living with AIDS 524.2 524.2 0 77.1 77.1 0
Deaths with HIV or AIDS 52.4 52.4 0 5.2 5.2 0

2007
Living with HIV 950.5 961.9 11.4 127.3 127.5 0.2
Living with AIDS 541.8 542.5 0.7 79.5 79.5 0
Deaths with HIV or AIDS 51.1 49.5 −1.6 5.2 5.2 0

2008
Living with HIV 979.9 998.7 18.8 131.3 131.9 0.6
Living with AIDS 560.0 560.0 0 81.8 81.9 0
Deaths with HIV or AIDS 49.4 51.4 2 5.3 5.3 0

The statistics from the Markov chain modelling are compared with those from the 2009 HIV/AIDS surveillance report to assess how accurately the model 
is predicting what it is meant to forecast. Predictions of people living with and dead because of HIV/AIDS diagnoses for both races were fairly close to the 
reported statistics. HIV=Human immunodeficiency virus, AIDS=acquired immunodeficiency syndrome

Fig. 4: The predicted number of living and deaths with AIDS 
diagnosis/HIV infection. 
The absolute number of Caucasians living with AIDS diagnosis 
and HIV infection are much smaller than African Americans.  
Living with HIV infection, Black,  Living with AIDS diagnosis, 
Black,  Death with HIV or AIDS dianosis, Black,  Living 
with HIV infection, White,  Living with AIDS diagnosis, White, 

 Death with HIV or AIDS dianosis, White.
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down and the community level for further success at 
the grass‑roots level[1].

The cost of HIV‑related lifetime health care in 1998 
was $342 000, which increased to $600 000 in 2006, 
and the average monthly cost of $2100[20]. These 
findings imply that we should consider developing 
and implementing cost‑effective HIV/AIDS care, 
preventive interventions or monitoring programmes 
to control the epidemic and ultimately reduce the 
HIV/AIDS‑related health care costs. Structures 
interventions focusing on preventive measures 
such as increased use of condoms and avoiding 
multiple partners can be cost‑effective in the long 
run. Similarly, the antiretroviral therapy (ART) for 
preventing mother‑to‑child HIV transmission amounts 
to a saving of US$ 34 per disability‑adjusted life‑year, 
whereas the full ART treatment to a pregnant woman 
living with HIV can be costly for the first few years 
but would lead to tremendous savings in the long run 
by saving the newly born from being orphans and 
HIV. Vulnerable populations such as sex workers or 
intravenous drug users might experience fear and tend 
to be mobile from one place to another since their 
visibility might lead to their arrest or violence from 
authorities. Cost‑effective interventions focusing on 
collective action‑based structural approaches such as 
providing peer led outreach, resolving crisis, providing 
temporary shelter and community mobilisation can 
help to reduce the risk taking behaviours of such 
individuals[2,21].

Healthcare providers treat diverse patients, including 
patients with language barriers, low health literacy 
with many unattended cultural needs. Hence 
approaches that portray the cultural sensitivity and 
cultural competency of the healthcare providers can 
fulfil the unmet needs of such patients[22]. Provision 
of culturally competent care can shift the focal point 
from providing cure for the ailment to the individual 
patient’s needs. In case of African American patients, 
health care providers should bear certain behaviour 
traits of the patients in mind such as addressing 
patients formally, look in the patient’s eyes while 
making conversation, explain the reasons for seeking 
personal information and try to gain trust of the 
patients during interactions with them[23].

The patient provider interactions in case of African 
American patients are more dominated by providers 
and patients tend to exchange less information with 

the providers. Hence, it is important for the providers 
to have engaging conversations with the patients by 
probing them for more information, making decisions 
collectively and by being a patient listener. Such 
actions on behalf of the providers can generate 
more respect in the minds of the patients and their 
perception of racism might reduce considerably[24]. 
Cultural competency interventions can be designed as 
per the needs of the patients, thereby provide practical 
solutions and make an impact in changing the health 
behaviour of the patients. Such interventions can help 
overcome stigma, mistrust and language barriers and 
can be more effective when conducted in partnerships 
with the community leaders, community workers and 
faith based organisations[25]. Considering the limited 
resource availability, we need interventions with the 
greatest potential to control the epidemic, for example 
the ones that mainly target the high risk populations 
and geographic areas[4]. Integrating cultural, social, 
contextual and interpersonal relationship factors that 
impact the sexual health in the African Americans 
can help researchers develop strategies that can be 
used in creating programmes on prevention, sexual 
health education and behavioural change. Research 
has shown that African Americans with HIV/AIDS 
tend to have lower ART adherence, mean CD4 
T‑cell count and immunological and virological 
responses to ART compared with Caucasians with 
HIV/AIDS[26‑32]. Socioeconomic determinants such as 
lack of proper housing, health insurance, education 
and job security, environmental stressors, isolation 
by family and friends can impact the well‑being of 
the HIV/AIDS patients and further increase the racial 
health disparity[22].

In order to design interventions that reduce disease 
transmission among the African Americans, it is 
important to understand their risk taking behaviour, 
not as being part of a single race but being part 
of individual subgroups like age, gender, sexuality 
and occupation[33]. HIV/AIDS in itself is associated 
with a lot of stigma among African Americans 
and particularly more for homosexual, bisexual or 
transgender patients, to an extent whereby such 
patients might experience isolation[33]. Ethnocentric 
research focusing on mental health issues  (depression), 
cultural and religious factors can provide further 
insight about the stress inducing and risk taking 
behaviour among African Americans[34]. Providing 
public health educational messages about HIV 
prevention among the adolescent population and 
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encouraging disease disclosure for protecting sexual 
partners and family members can reduce mistrust and 
improve awareness among the different subgroups in 
the African American community. If researchers have 
an understanding of the interpersonal relationships 
of the HIV positive patients with their family and 
friends, appropriate interventions can be designed that 
prevent social isolation. This can be done by focusing 
on social networks and incorporating religious and 
cultural resources such as churches and faith‑based 
community organisations. Management of HIV/
AIDS requires not only empowering patients but 
also training healthcare personnel. Providing equal 
opportunity and appropriate training to African 
American students in different healthcare sectors, 
recruiting and retaining African American faculty in 
academic institutions and including African American 
people in higher leadership roles can help to increase 
the rates of minority healthcare workers who can 
provide patient centred care to the African American 
patients[23]. HIV and sexual health training given to 
physicians can improve their ability to treat their 
patients and have open communication with them[33].

The primary concern to any government is to 
control widespread and severe epidemics such as 
HIV/AIDS. Health care needs for infected people 
can be planned well in advance in anticipation of 
new cases. The results from our study imply that 
ethnographic considerations should be incorporated 
in the HIV/AIDS prevention, management and 
programme evaluation interventions to optimise 
resource allocation. Our findings can be helpful and 
informative for the policy makers to make decisions 
and develop antiAIDS campaigns to determine 
proactive measures to counter the infection rate. 
Results from this study can be used for the supply 
chain logistic operations of antiretroviral drug 
manufacturers. The prospect of using this model to 
predict the prevalence of HIV/AIDS in other races 
looks promising.

However, there are still technical limitations in this 
work. The Markov model in this work is constructed 
based on the statistics in the HIV surveillance 
report only from 2006 to 2009 due to unavailability 
of previous years’ data. If more historical data 
were available, model estimation and prediction 
would be more precise. Since we model a HIV/
AIDS progression with a homogeneous Markov 
model whose transition probabilities are stationary 

and constant, changes in transition behaviour and 
characteristics cannot be represented with this model.
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