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Abstract: This research examines the association of cancer incidence, HIV prevalence and gross domestic product in Uganda.
The study utilised secondary data were Cancer data was obtained from the Kampala Cancer Registry, Uganda. Gross domestic
product data from IMF’s World Economic Outlook and AIDS data from UNAIDS 2017 report. Multivariate time series analysis
method was used covering a period from 1993 -2014. The research findings indicate that the Non-AIDS defining cancers, that is,
stomach (p=0.000), eye (p=0.000), liver (p=0.000) and prostate (p=0.000) had a long run positive significant relationship with
HIV prevalence while colon (p=0.002), lung (p=0.00) and breast (p=0.004) had a negative significant relationship with HIV
prevalence. Also breast (p=0.00) and prostate (p=0.001) had a positive significant relationship with Gross domestic product while
cancer of the lung (p=0.000) had a negative significant relationship with gross domestic product in Uganda. AIDS defining
cancers such as Non-Hodgkin cancer (p=0.001) had a long run positive significant relationship with HIV prevalence while
cervical (p=0.000) had a negative significant relationship with HIV prevalence. Cervical cancer (p=0.014) had a positive
significant relationship with Gross domestic product in Uganda. The study recommends government to enhance policies that
reduce HIV since it was observed that HIV had a significant relationship with cancer.
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associated to the growing and aging population and economic
factors have also played a vital role [2]. Various researchers
[2, 3, 5] have shown that Gross domestic product has been
widely measured when comparing economic development of
a country from previous years [7]. Prostate cancer is common
cancer for men worldwide as the case for breast cancer for
women. The study by [6, 8] shows that incidence rate of
prostate cancer was greater in countries with higher GDP
Furthermore in Europe a couple of studies have concluded
that HIV infected persons have a higher risk for certain types
of cancers than the general population [5].

Cancer is an emerging public health problem in Africa
because about 715,000 new cancer cases and 542,000 cancer
deaths occurred in 2008 on the continent, with these numbers
expected to double in the next 20 years. In Uganda
particularly there has been an overall increase in the risk of

1. Introduction

According to the American Cancer Society and National
cancer institute [1] Cancer is an abnormal growth of cells
which tend to grow in an uncontrolled way and can spread to
other parts of the body. In Sub-Saharan Africa (SSA), [3]
states that little is known about cancer among people living
with immunodeficiency virus (HIV) despite the fact that 70%
of global human immunodeficiency virus (HIV) burden is
concentrated [2, 3] with three AIDS-defining malignancies,
Kaposi Sarcoma, cervical cancer and non-Hodgkin
lymphoma (NHL) being among the top 10 cancers [4]

The increasing trends of cancer burden especially in SSA
has also had a major impact on the different national
economic development [8]. Other factors have been
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cancer during the year 1991-2010 in both sexes, with
incidence rates of major cancers such as breast and prostate
showing particularly marked increases that is, 3.7% and 5.2%
annually, respectively [9].

Several studies have described major declines in the
occurrence of non-Hodgkin lymphoma and other cancers
such as Kaposi’s sarcoma and cervical cancer among HIV-
infected persons and have attributed these major declines to
the introduction of HAART. Furthermore HIV-infected
persons, including those who have developed AIDS, have
higher risk for some non- AIDS-defining cancers, such as
cancers of the stomach, liver and anus, and Hodgkin
lymphoma [10]. While these cancers are an important source
of morbidity, little has been researched about them in
Uganda. In addition, few reports of cancer incidence have
thoroughly investigated cancer incidence among adults ages
15-49 after the introduction of HAART.

With little information available regarding how HIV prevalence
and incidence of cancer affect gross domestic product, this study
examines the association between HIV prevalence, cancer
incidence and gross domestic product in Uganda by (i)
establishing the relationship between incidence of non-AIDS
defining cancers and prevalence of HIV (ii) determining the
relationship between incidence of non-AIDS defining cancers and
GDP as well as (iii) analyzing the relationship between incidence
of AIDS defining cancers and GDP in Uganda.

2. Methodology
2.1. Source of Data

Cancer data was obtained from the Kampala Cancer
Registry, Department of Pathology, College of Health
Sciences, Makerere University. Data collected was in terms
of cases of cancer recorded from 1993-2014.

GDP data was obtained from GDP data by country from
IMF’s World Economic Outlook [11]. The World Economic
Outlook (WEQO) database contains selected macroeconomic
data series from the statistical appendix of the World
Economic Outlook report, which presents the IMF
projections of economic developments at the global level, in
major country groups and in many individual countries. The
WEDO is released in April and September/October each year.
GDP data collected was in terms of US dollars (billions)
from 1993-2014. AIDS data was obtained from report on the
global AIDS epidemic UNAIDS/WHO 2017 [14].

2.2. Variables and Their Measurements

The variables are cancer incidence, estimates of prevalence
of HIV measured in terms of percentages, gross domestic
product (GDP) which will be measured in terms of US

dollars and time measured in terms of years. The 10 selected
cancers are divided into two groups, the first one are the
AIDS defining cancer that is cervical cancer and non-
Hodgkin lymphoma [NHL], the second group is the non-
AIDS-related cancers that is breast, prostate, stomach, eye,
colon, Hodgkin Lymphoma, Lung, liver.

2.3. Data Analysis

The study was retrospective studying 10 selected cancers,
prevalence of AIDS and gross domestic product from 1993-
2014. Data was obtained and imported in STATA 13.0 for
analysis which involved Multivariate time series analysis. A
model for each of the 10 cancer types was ran to find out the
association of Cancer incidence, HIV prevalence and GDP in
Uganda. Each variable was endogenous and was a function
of its lagged value and the lagged values of other variables.

2.4. Testing for Stationarity and Co-integration

The Variables were tested for stationarity using the
Augmented Dickey-Fuller test. The null hypothesis was that
variables are non-stationary against the alternative that
variables are stationary. When the absolute test statistic is
greater than the 5% critical value, we rejected the null
hypothesis otherwise we failed to reject the null hypothesis [12,
13]. The three variables were tested for co-integration using
the Johansen co-integration test and in case of no co-
integration a Vector Autoregressive model (VAR) was used
otherwise in the presence of co-integration a vector error
correction model (VECM) was used to find out the association
of cancer incidence, HIV prevalence and GDP [12].

2.5. Optimal Lag Length and Autocorrelation

The study estimated the optimal number of lags using
Akaike information criterion (AIC), Hannan-Quinn
information criterion (HQIC) and SBIC criteria, all variables
had equal number of lags and were estimated by ordinary
least squares. Residuals were tested for autocorrelation using
the Lagrange-multiplier test. The null hypothesis was that
there was no autocorrelation against the alternative that there
was autocorrelation. The model was well specified with the
absence of autocorrelation.

2.6. The Vector Autoregressive Model (VAR)

VAR model is a multi-equation system where all the
variables are treated as endogenous. A system of linear
regression equations was derived based on the three study
variables with each variable as dependent variable, the right-
hand side of each equation includes lagged values of all
dependent variables considered.

Cancer, =6 + Y f_, B Cancer,j+ Y., ®;HIV;+ X5, ¢;GDP + ¢, (1)

HIV,=a+3¥_, pjCancer+3¥f, jHIVy+3XK, &GDP +e, )

GDP,=d + ¥, o Cancer+¥f_, tHIV+ X5, 1y GDP .+ e, A3)
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2.7. The Vector Error Correction Model (VECM):

A vector error correction (VEC) model is a restricted VAR that has co-integration restrictions built into the specification and
is designed for use with non-stationary series that are known to be co-integrated. This model is derived as follows:

ACancer, = 6 + Y¥Z1 BiACancert.; + Y52} ®AHIV,; + X521 ¢AGDP ;+ MECT, + &,
AHIVt =q+ Zj‘;% ijCancert_l + Z?;% JAHIVt—J + Z?;i SJ AGDP t + }\QECTt_l‘f‘ &t

AGDPt =d+ Zi‘;% (DjAcanCCI't_l + Zi‘;% TJAHIVH + Zk_l Ui AGDP t- + }\,3ECTt_1+ €3¢

Where: k-1 = the lag length reduced by 1; B; ®; ¢; p; ;€
®; T, M = Short run dynamic coefficients of the model’s
adjustment long-run equilibrium; A; = Speed of adjustment
parameter with a negative sign with i=1, 2, 3; ECT, = the error
correction term is the lagged value of the residuals obtained
from the co-integrating regression of the dependent variable on
the regressors and &;, = residuals (stochastic error terms).

3. Results

Data was analyzed to identify, describe and explore the
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relationship between cancer incidence, HIV prevalence and
GDP in Uganda.
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3.1. Distribution of Cancer Incidence, HIV Prevalence and
GDP

The graph below shows the distribution of the three
variables that is cancer incidence, HIV prevalence and GDP.
We can see that there is an upward for cancer incidence and
GDP and a down ward trend for HIV prevalence.
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Figure 1. Distribution of cancer incidence, HIV Prevalence and GDP.

From Figure 1: we can see that the variables are non-
stationary since there is a trend.

3.2. Test for Stationarity

Variables were tested for stationarity using the Augmented
Dickey-Fuller test. The null hypothesis was that variables are
non-stationary against the alternative that variables are
stationary. When the absolute test statistic is greater than the
5% critical value, we rejected the null hypothesis otherwise
we failed to reject the null hypothesis.

Table 1. Non-stationary variables.

Variables Test Statistic 5% Critical value p-value
GDP 1.612 -3.000 0.9979
HIV Prevalence -2.71 -3.000 0.0723
Incidence of Cancer -0.778 -3.000 0.8256

From Table 1, we see that the absolute values of the test
statistic for all variables, that is, GDP, prevalence of HIV and
incidence of cancer are less than the 5% critical value, hence
we fail to reject the null hypothesis and conclude that all the
variables are Non-stationary.

Table 2. Stationary Variables after differencing.

Variables Test Statistic 5% Critical value p-value
Dgdp -4.364 -3.000 0.0003
DHIV prevalence -4.623 -3.000 0.0001
D Incidence cancer -7.153 -3.000 0.0000

From Table 2, we see that the absolute values of the test
statistic for all variables, that is, GDP, prevalence of HIV and
incidence of cancer at first differencing are greater than the
5% critical value, hence we reject the null hypothesis and
conclude that all the variables are Stationary at first
differencing.
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T T
1995 2000

Cancer incidence
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HIV prevalence

Figure 2. Graph showing stationary variables at first differencing.

Figure 2: shows that Cancer incidence, HIV prevalence
and GDP are stationary at first differencing.

3.3. Co-integration Test of the Variables

Each of the 10 cancer models were tested for Co-
integration using the Johansen test with the null hypothesis
being that there was no co-integration against the alternative
that there was co-integration.

Table 3. Johansen tests for co-integration.

Cancer Type Max Rank Trace Statistic 5% critical Value
Breast 0 43.2301 29.68
Cervical 0 43.3939 29.68
Colon 0 29.2976 29.68
Eye 0 41.1769 29.68
Hodgkin 0 24.0869 29.68
Liver 0 40.0616 29.68
Lung 0 35.9854 29.68
Non-Hodgkin 0 37.0643 29.68
Prostate 0 36.0881 29.68
Stomach 0 37.3164 29.68
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From Table 3, we can see that for breast, cervical, eye,
Liver, Lung, Non-Hodgkin, Prostate and stomach cancer the
trace statistic was greater than the critical value therefore we
rejected the null hypothesis and conclude that there was co-
integration hence we ran the VECM model. For Colon cancer
and Hodgkin cancer the trace statistic was less than the
critical value, therefore we failed to reject the null hypothesis
and concluded that there was no co-integration hence we ran

the VAR model.
3.4. Optimal Lag Selection

The number of lags to be used in the models were
determined using the optimal lag selection criteria and Table
4 shows that criteria AIC, HQIC and SBIC all show that 2
lags in our models is optimal.

Table 4. Selection order criteria.

Lag LL LR df P FPE AIC HQIC SBIC
0 -178.21 14875.7 18.1209 18.1500 18.2702
1 -75.432 205.55 9 0.000 1.27882 8.7432 8.8598 9.3406
2 -54.554 41.756 9 0.000 0.420796 7.5554* 7.7595* 8.6009
Cancer Type Lag Chi2 df Prob>chi2
3.5. Test for Residual Autocorrelation 1 8.2309 9 051106
) ) Hodgkin 2 4.3709 9 0.88535
The residual for each variable were tested for 1 16.2102 9 0.06262
autocorrelation using the Lagrange -multiplier test. The null Liver 2 7.1946 9 0.616886
hypothesis was that there was no autocorrelation against the Lung 1 4.8843 9 0.84428
alternative that there was autocorrelation. Since the p values ? ?68282 g 82‘2‘223
as shown in Table 5 are greater than 0.05, we failed to reject - dekin 2 10,6609 9 029967
the null hypothesis and concluded that there was no 1 14.6978 9 0.09958
autocorrelation. Prostate 2 4.5106 9 0.87472
1 7.2761 9 0.6084
Table 5. Test for residual autocorrelation. Stomach 2 3.2264 9 0.95464

e Uge g EhiZ i LETR g ) 3.6. Relationship Between Cancer, GDP and HIV
1 7.4813 9 0.58714 .
Breast 2 6.8137 9 0.65651 Prevalence in Uganda
1 14.6635 9 0.1006 . . . .
Cervical ) 12,1736 9 02037 Since there was co-integration for breast, cervical, eye,
1 9.0363 9 0.43393 liver, Lung, Non-Hodgkin, Prostate and stomach cancer, we
Colon 2 7.2786 9 0.60813 ran the VECM model to find out the effect of HIV
1 10.6262 9 0.3022 prevalence, GDP on cancer incidence as shown in Table 6.
Eye 2 4.877 9 0.8449
Table 6. Relationship between cancer, GDP and prevalence of HIV in Uganda.
Cancer beta Coef. Std. Err. z P>z [95% Conf. Interval]
Breast incidence 1.0000
HIV 2.6353 0.9247 2.85 0.004 0.8229 4.4477
GDP -3.0400 0.2069 -14.69 0.000 -3.4455 -2.6345
_cons -116.3527
cervical incidence 1.0000
HIV 17.7586 3.1158 5.7 0.000 11.6517 23.8655
GDP -1.7942 0.7316 -2.45 0.014 -3.2280 -0.3603
_cons -448.1500
Eye
incidence 1.0000
HIV -11.1217 2.0002 -5.56 0.000 -15.0421 -7.2013
GDP -0.5541 0.4535 -1.22 0.222 -1.4430 0.3348
_cons 122.6458
Liver
incidence 1.0000
HIV -23.6435 4.8901 -4.83 0.000 -33.2279 -14.0591
GDP -0.1710 1.1956 -0.14 0.886 -2.5143 2.1724
_cons 173.1006
Lung incidence 1.0000
HIV 4.4834 0.7575 5.92 0.000 2.9988 5.9681
GDP 0.9453 0.1687 5.6 0.000 0.6146 1.2760
_cons -94.4508
Non-Hodgkin
incidence 1.0000
HIV -15.5867 4.6327 -3.36 0.001 -24.6666 -6.5068




24 Kelvin Roland Mubiru et al.: The Association Between Cancer Incidence, HIV Prevalence, and
Gross Domestic Product in Uganda

Cancer beta Coef. Std. Err. z P>z [95% Conf. Interval]
GDP -0.7649 1.1315 -0.68 0.499 -2.9825 1.4528
_cons 62.8046

Prostate
incidence 1.0000
HIV -34.7054 7.7975 -4.45 0.000 -49.9883 -19.4225
GDP -6.2960 1.8304 -3.44 0.001 -9.8834 -2.7085
_cons 378.2316

stomach incidence 1.0000
HIV -4.7094 0.9498 -4.96 0.000 -6.5709 -2.8478
GDP -0.0579 0.2175 -0.27 0.790 -0.4841 0.3683
~_cons 8.6790

From Table 6 we can see that in the long run HIV has a
negative significant effect on breast and cervical cancer while
GDP has a positive effect on both breast and cervical since
the p values are less than 5% level of confidence keeping
other factors constant. Furthermore, we can see that in the
long run GDP has a positive significant effect on eye, Non-
Hodgkin and prostate cancer since the p-values are less than
5%. However, in the long run GDP has a negative significant
effect on Lung cancer at 5% level of confidence keeping
other factors constant. HIV has a long run positive significant

relationship on eye, liver, Non-Hodgkin, Prostate and
Stomach cancer at 5% level of confidence keeping other
factors constant.

3.7. Relationship Between Colon Cancer, GDP and
Prevalence of HIV in Uganda

The Table below shows the relationship between incidence
of colon cancer, Lagged GDP and lagged prevalence of HIV
in Uganda after running a vector autoregressive model.

Table 7. Relationship between Lagged incidence of Colon cancer, lagged GDP and lagged prevalence of HIV in Uganda.

Cancer Type Variable Coefficient. Std. Err. z P>z
incidence
LI. -0.0564515 0.261179 -0.22 0.829
L2. -0.1095475 0.254604 -0.43 0.667
L3. -0.4595162 0.199317 -2.31 0.021
COLON HIV
LI. 18.01392 18.03881 1.00 0.318
L2. 3.837686 24.06409 0.16 0.873
L3. -43.62502 21.98242 -1.98 0.047
GDP
Ll1. -0.651691 1.939951 -0.34 0.737
L2. 1.516871 1.585659 0.96 0.339
L3. 0.0366541 2.340541 0.02 0.988
_cons 15.00393 30.31018 0.5 0.621

From Table 7, the third lag of HIV prevalence has a
negative significant relationship with incidence of Colon
cancer since the p-values is less than 0.05.

4. Discussion

From Table 6, there is a long run negative significant
relationship between HIV prevalence and incidence of breast
cancer since the p value is less than 0.05. Furthermore, there
is also a long run positive significant relationship between
GDP and breast cancer. This is also noted by [15] that
wealthier countries tended to have higher breast cancer
incidence rate with the age-standardized incidence rate in
more developed countries two times as high as in less
developed countries. In China, positive correlation between
breast cancer mortality rate and GDP was found. In addition
[17] states that as longevity improves in HIV-positive
patients with the use of HAART, their risk for developing
breast cancer continues to increase, similar to the general
population.

There is a long run negative significant relationship

between HIV prevalence and incidence of cervical cancer
since the p value is less than 0.05. Furthermore, there is a
long run positive significant relationship between GDP and
cervical cancer since the p-value is less than 0.05. This is in
line with [16] who said that HIV-infected women as a special
population, are at increased risk for cervical cancer. Overall
risk of co-morbid conditions will increase with aging of the
HIV-positive population. In addition (Polesel et al., 2008)
state that cervical cancer mortality is associated with poverty-
related factors, including lack of formal education,
unemployment, low socio-economic level, rural residence
and insufficient access to healthcare.

From Table 7 there is a significant relationship between
all lagged HIV prevalence and incidence of colon cancer
since the p value is less than 0.05. Furthermore, there is
also a significant relationship between GDP and colon
cancer since the p-value is less than 0.05. Also, both HIV
and GDP jointly cause colon cancer. This is in line with [9]
who stated that the incidence of many types of non—AIDS-
defining cancer such as cancer of the colon was higher
among HIV-infected persons than among the general
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population. A Study by [15] notes that Colon cancer,
nevertheless, showed a positive association, with high-GDP
Per Capita areas having the highest age standardized
incidence rate (ASIR). Colon cancer showed a positive
association with GDP level.

There is a long run positive significant relationship
between HIV prevalence and cancer of the eye since the p
value is less than 0.05. This is in line with [15] who stated
that Squamous cell carcinoma of the conjunctiva is
associated with the human immunodeficiency virus and is
thus a marker for the disease in Benin City, Nigeria.

There is a long run positive significant relationship of HIV
prevalence, GDP and Liver cancer since the p value is less
than 0.05. The article by [10] observed that people co-
infected with HIV and viral hepatitis tend to experience more
rapid liver disease progression and respond less well to
treatment than those with hepatitis B virus (HBV) or hepatitis
C virus (HCV) alone. As antiretroviral therapy has reduced
mortality due to AIDS, liver disease including hepatocellular
carcinoma has become a growing cause of death among
people with HIV.

There is a long run positive significant relationship
between HIV prevalence and Non-Hodgkin cancer since the
p value is less than 0.05. Furthermore, there is also a long run
positive significant relationship between GDP and Non-
Hodgkin cancer since the p-value is less than 0.05. The
researchers [19] noted that, the incidence of NHL declined
gradually in patients initiating HAART and even at persistent
severe immune deficiency, HAART protects against NHL.
The natural history including the clinical prognosis of NHL
has not changed after the introduction of HAART. In the era
of HAART, patients at highest risk of developing NHL are
those who did not respond adequately to HAART, that is,
remained at low CD4 cell count and insufficiently suppressed
viral replication.

There is a long run positive significant relationship
between HIV prevalence and Prostate cancer since the p
value is less than 0.05. Furthermore, there is also a long run
positive significant relationship between GDP and Prostate
cancer since the p-value is less than 0.05. In reference with
[16] states that Prostate cancer is a common malignancy in
HIV-positive men. With improved therapies for HIV and
increasing survival, the importance for screening and
treating prostate cancer is increasing. Furthermore in a
study about comparison of cancer incidence and mortality
in three GDP per capita levels in china [15, 20] stated that
Prostate cancer had the highest age-standardized incidence
rate (ASIR) in all cancer types for men in more developed
areas and was the second most common cancer for men
worldwide.

There is a long run positive significant relationship
between HIV prevalence and stomach cancer since the p
value is less than 0.05. Furthermore, GDP had a long run
positive significant relationship with stomach cancer. This is
in line with [18] who said that overall, people with AIDS are
at higher risk for stomach and esophageal cancer than the
general population. That this could be due to more frequent

use of tobacco and alcohol, or perhaps obesity, among people
with AIDS.

There is a long run negative significant relationship
between HIV prevalence and Lung cancer since the p value
is less than 0.05. Furthermore, GDP had a long run negative
significant relationship with Lung cancer. This is in line
with [19] who said that Lung cancer is a leading non-AIDS
defining cancer (NADC) and is the most frequent cause of
cancer deaths in HIV infected persons. This is largely
related to higher smoking rates among HIV infected
persons, but also due to independent, HIV-related increased
lung cancer risk. With improved HIV disease control, larger
numbers of patients are surviving long enough to develop
and die from lung cancer. Further still [16] said that lung
cancer was also the leading cause of cancer death,
regardless of gender and gross domestic product per capita
(GDPPC) level. Negative associations with GDPPC level
were found for the age-standardized incidence rate (ASIRs)
of lung cancer.

5. Conclusions

The purpose of this research was to determine the
association of cancer incidence, HIV prevalence and GDP in
Uganda. Non-AIDS defining cancers, that is, stomach, eye,
liver cancer and prostate cancer had a long run positive
significant relationship with HIV prevalence while colon,
lung and breast cancer had a negative significant relationship
with HIV prevalence. These cancers (breast cancer and
prostate) had a positive significant relationship with Gross
domestic product while cancer of the lung had a negative
significant relationship with gross domestic product in
Uganda.

AIDS defining cancers, that is, Non-Hodgkin cancer had a
long run positive significant relationship with HIV
prevalence while cervical cancer had a negative significant
relationship with HIV prevalence. These cancers (Non-
Hodgkin and cervical cancer) had a positive significant
relationship with Gross domestic product in Uganda.

In line with the findings presented the following
recommendations are provided towards reducing the
incidence of cancer and prevalence of HIV in Uganda; (i)
Government should focus on reducing the prevalence of HIV
in the population since it has been observed that there is a
relationship between HIV and cancer, (ii) Government
should focus on sensitizing and making available cancer
screening centers in both rural and urban areas for HIV
infected patients for NON-AIDS defining cancers. Further
research that can been done include finding out cancer in
HIV-positive patients to help guide preventive care
guidelines for screening and diagnosis of cancer.
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