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ABSTRACT
Objective  To examine the factors associated with recent 
HIV testing and to develop an HIV testing prevalence 
surface map using spatial interpolation techniques to 
identify geographical areas with low and high HIV testing 
rates in Ghana.
Design  Secondary analysis of Demographic and Health 
Survey.
Setting  Rural and urban Ghana
Participants  The study sample comprised 9380 women 
and 3854 men of 15–49 years.
Results  We found that 13% of women and 6% of men 
of Ghana had tested for HIV in the past 12 months. For 
women, being within the age groups of 15–39 years, 
being currently married, attainment of post-secondary 
education, having only one sexual partner and dwelling 
in certain regions with reference to greater Accra (Volta, 
Eastern, Upper West and Upper East) were associated with 
a higher likelihood of HIV testing. For men, being older 
than 19 years, attainment of post-secondary education 
and dwelling in the Upper East region with reference to the 
greater Accra region were significantly associated with a 
higher likelihood of HIV testing. The surface map further 
revealed intra-regional level differences in HIV testing 
estimates.
Conclusion  Given the results, HIV testing must be 
expanded with equitable testing resource allocation that 
target areas within the regions in Ghana with low HIV 
testing prevalence. Men should be encouraged to be 
tested for HIV.

INTRODUCTION
Despite the progress made in advancing 
knowledge and antiretroviral treatment, the 
HIV continues to cause a high number of 
deaths and morbidity globally.1 2 Globally, 
about 37.9 million people were living with 
HIV in 2018.1 Sub-Saharan Africa (SSA) alone 
accounts for over 70% of people living with 
HIV, although it is home to only about 12% of 
the global population.3 Testing programmes 
may help to estimate the prevalence and 

predictors of the disease towards developing 
context-specific policy actions to combat the 
disease. However, a large number of people 
in SSA are unaware of their HIV status, 
thereby missing the opportunity for care and 
treatment.4

Knowing HIV status is the first and crit-
ical step towards eradicating AIDS.5 There-
fore, the Joint United Nations Programme 
on HIV/AIDS (UNAIDS) set the ‘90-90-90 
target’ to be achieved by the end of 2020.6 
The target has called for 90% of people 
living with HIV are to be aware of their HIV 
status, 90% of those diagnosed with HIV to 
have access to antiretroviral therapy (ART) 
and 90% of those receiving ART to achieve 
suppression of the viral loads.6 Sadly, the 
well-established HIV prevention tools are few 
amidst the mitigating factors affecting the 
desire for and uptake of HIV testing such 
as stigma, and therefore early diagnosis and 
early ART needs to be prioritised.7–9 The 
limitation of the HIV testing–care–treatment 

Strengths and limitations of this study

►► This study used a large, nationally representative 
survey data set that employed a robust methodol-
ogy for analysis.

►► A large number of people in sub-Sharan Africa are 
unaware of their HIV status, thereby missing the op-
portunity for care and treatment.

►► There are limited studies on spatial analysis to re-
veal intra-regional level differences in HIV testing in 
Ghana.

►► The cross-sectional design of this study precluded 
any causal inference.

►► HIV testing must be expanded with equitable testing 
resource allocation that target areas within the re-
gions in Ghana with low HIV testing.
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continuum may adversely affect the achievement of the 
global ‘90-90-90’ target.

In Ghana, HIV is epidemiologically described as 
mature, mixed and generalised.10 Recent studies report 
HIV prevalence of about 1.6% among the general popu-
lation.11 12 The epidemic is largely driven by heterosexual 
contact and mother-to-child transmission,13 and also 
varies among groups and geographical locations.11 14 
There are regional and geographical variations, with the 
highest prevalence reported in Eastern, Western, Greater 
Accra11 and Volta region,15 and the lowest in the three 
northern regions.11 Nevertheless, there is limited litera-
ture data on intra-regional variations in HIV testing rate 
in Ghana. This knowledge is important in identifying 
low testing zones in high testing regions and high testing 
zones in low testing regions for targeted testing interven-
tions. In Ghana, HIV testing is offered in hospitals and 
clinics with testing compulsory for women attending ante-
natal clinics. It is necessary for citizens to know their HIV 
status in order to receive treatment and help curb the 
incidence of new infections. Therefore, the current study 
aimed to examine factors associated with HIV testing and 
spatial interpolation of the prevalence of HIV testing in 
Ghana using the nationally representative Demographic 
and Health Survey data. Understanding the geographical 
distribution of HIV testing will help public health officials 
and policymakers equitably distribute resources to areas 
that are less likely to be tested and to help reduce the 
spread of the virus.

METHODS
Patient and public involvement
Our study analysed publicly available secondary data 
(Ghana Demographic and Health Survey (GDHS) 2014) 
from the demographic and health surveys database. Thus, 
patients and the public were not involved.

Study design
This paper employed an analysis of secondary data using 
the 2014 GDHS.16 As a cross-country survey, the GDHS is 
conducted to assess the general health of the population 
with a special focus on maternal and child health indica-
tors as well as other themes of global health importance 
such as the prevalence of HIV prevalence, testing and 
treatment. The 2014 GDHS data collection was opera-
tionalised by the Ghana Statistical Service (GSS) and the 
Ghana Health Service with funding from the US Agency 
for International Development and other international 
donors. Technical support was also provided by the ICF 
international. The census frame used for the 2014 GDHS 
consisted of all enumeration areas demarcated during 
the 2010 Ghana’s Population and Housing Census. The 
2014 GDHS was undertaken from early September to 
mid-December 2014. The 2014 GDHS adopted a multi-
stage sampling in enrolling households and individuals. 
The first stage involved the random selection of clusters 
(enumeration areas). The second stage involved using 

systematic sampling to select households to be inter-
viewed from clusters that had already been selected 
during the first stage. Sampling was also stratified to 
account for rural and urban variations. In all, 216 and 
211 clusters were selected from urban and rural areas, 
respectively, making a total of 427 clusters. On average, 
about 30 households were chosen from each selected 
cluster constituting a total of 12 831 selected households 
in the 2014 GDHS. The probability of cluster selection 
was proportional to the cluster size and independent at 
each sampling stratum. The probability of cluster selec-
tion was proportional to the size of the cluster size and 
independent at each sampling stratum.

Study setting
The study setting is the republic of Ghana. Ghana is a 
lower-middle-income country in West Africa with a popu-
lation of about 25 million people at the time of the 2014 
GDHS. It shares boundaries Togo on the east, Burkina 
Faso on the north and northwest, and Côte d’Ivoire on 
the west.16

Measurements
The outcome variable under investigation was HIV testing 
in the past 12 months. This was assessed for each adult 
respondent in the survey by asking how long ago they 
had tested for HIV. For our study, we recoded the variable 
and grouped the cases who tested for HIV in the past 12 
months as ‘1’ and all others as ‘0’. The following socio-
demographic and behavioural factors were included are 
sex, age, education level, marital status, religion, the total 
number of sexual partners in the past 12 months, history 
of sexually transmitted infections (STIs), household 
wealth index, place and region of residence. The house-
hold wealth index was already calculated and reported in 
the DHS data. It was estimated using household socioeco-
nomic indicators such as the main roof and floor material 
of households, type of toilet facilities, source of drinking 
water, source of domestic cooking fuel, possession of tele-
vision, radio, vehicle, motorcycles, agricultural land, farm 
animals among other movable and immovable assets. 
The GDHS employed factor analysis to allot weights to 
every household asset and a cumulative score was calcu-
lated from the allotted weights. Households were graded 
according to the aggregate scores. Aggregate wealth 
scores were classified using a percentage distribution 
and categorised into quintiles using discrete cut points. 
Poorest households were defined as wealth scores less 
than or equal to the 20th percentile; poorer households 
were those with scores greater than 20th percentile but 
less than or equal to 40th percentile; middle households 
were those with aggregate scores greater than the 40th 
percentile and less than or equal to the 60th percentile 
score; households with aggregate scores greater than the 
60th percentile but less than or equal to the 80th percen-
tile while households with aggregate scores greater than 
the 80th percentile were assigned as richest households.
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Data collection, access, preparation and analysis
Data collection was done by trained enumeration offi-
cials from GSS. As part of the data collection, respon-
dents were asked if they had ever undergone testing for 
HIV. Data on other sociodemographic variables were 
collected as described above. The 2014 GDHS data used 
for analysis in this study is easily accessible at www.​dhspro-
gram.​com and can be freely downloaded after an online 
request by individuals. Data were downloaded from the 
DHS programme website after permission was obtained 
by the primary author, initially prepared in SPSS and 
analysed using Stata V.16. The women and men data 
were separately downloaded comprising 9396 and 4388 
cases, respectively. For the women data set, 16 cases 
with incomplete data on HIV testing and the covariates 
were dropped. Five hundred and thirty-three (533) men 
of 50 years and above were excluded from the analyses 
for men using ‘subpop’ function associated with the 
‘svy’ command to allow a balanced comparison with the 
women. One case (1) with missing information on the 
outcome variable in the men data sets was excluded. The 
final sample sizes used for the analyses were 9380 women 
and 3854 men of 15–49 years. The key variables were 
selected and included in the final analysis using univar-
iate, bivariate and multivariable approaches. We stratified 
bivariate analysis by gender and assessed for the presence 
of interaction effect of gender on the association between 
each study covariate and HIV testing among Ghanaians. 
The presence of significant interaction was assessed with 
the adjusted Wald Test. Multivariate estimates of the 
factors associated with HIV testing was performed sepa-
rately for men and women samples.

The ‘gvselect’—Best subsets variable selection—in Stata 
was used to identify the best features to build models that 
explain the variability in HIV testing among Ghanaian 
men and women samples. As the name suggests, the 
‘gvselect’ performs best subsets variable selection.17 The 
variable selection is based on ‘the Furnival-Wilson leaps-
and-bounds algorithm’ published in 1974,18 which is 
‘applied using the log-likelihoods of candidate models, 
allowing variable selection to be performed on a wide 
family of normal and non-normal regression models’.17 
This method is described in the works of Lawless and 
Singhal published in 1978.19 The log-likelihood, Akaike’s 
information criterion (AIC), and the Bayesian informa-
tion criterion are reported for the best regressions at each 
predictor quantity.17 Thus, the model with the lowest AIC 
value is preferred. These variables (with their labels) 
were included in the ‘gvselect’ equation: aaaV013 (age), 
aaaV106 (Education), aaaV502 (marital status), Religyn 
(religion), SexPart (sex partners including partner in last 
12 months), aaaV763A (history of STI), aaaV190 (house-
hold wealth index), aaaV025 (urban–rural residence), 
aaaV024 (region of residence) (online supplemental files 
1 and 2). Coefficient plots for both the women and men 
models were generated using the ‘coefplot’, which is used 
for plotting regression coefficients.

We accounted for sample weight in the univariate and 
bivariate analysis. In the multivariate analysis, we used a 
complex survey design in Stata to account for sampling 
design. This was achieved using the ‘svyset’ command to 
account for clusters or primary sampling units (n=427), 
sample strata (n=20) and sample weights. We used a 
generalised linear model with family set to ‘Poisson’ to 
report prevalence ratio (PR) estimates instead of using 
a standard logistic regression used to report the OR. We 
reported both crude and adjusted PRs (APRs).

Spatial analysis
We also performed spatial analysis to visualise HIV testing 
at the subregional level using clusters as the focus of the 
analysis. This was done using the prevR package in the R 
freeware for statistical analysis.20 This package was specif-
ically developed to perform spatial estimation of regional 
trends of a prevalence using data from complex surveys 
involving two-staged sampling.20 With the aid of the func-
tions available in the prevR package, we used the kernel 
estimator approach with adaptive bandwidths of an equal 
number of persons surveyed to produce a surface of HIV 
testing prevalence.20 The main surface is an estimated HIV 
testing surface with parameter (N=233 for women sample 
and N=201 for men sample), a value that is chosen using 
the Noptim() function in the prevR package.20 The maps 
with the smoothing circle radius contours (in kilome-
tres) have been added as supplementary figures (Women: 
online supplemental figure 1, Men: online supplemental 
figure 2). We used the ‘foreign’ package in R to read the 
data in R whiles using ‘ggplot2’ and ‘maptools’ packages 
to demonstrate the HIV testing prevalence map. Spatial 
analysis was done using R V.3.5.3.21

Ethical considerations
Enumerators obtained consent for enrolment from all 
respondents on behalf of GSS and the DHS programme. 
We did not obtain any further consents. The application 
of spatial maps raises concerns for potential identification 
of respondents in their households on maps, especially 
for a sensitive topic such as HIV testing in West Africa. 
However, this was addressed as the spatial data included 
only the Global Positioning System (GPS) coordinates 
of the centre points of the clusters instead of the actual 
location of individual households. Moreover, GPS coordi-
nates of the centre points of the clusters were displaced 
at a random angle by up to 2 km and 5 km for urban and 
rural clusters, respectively. Additionally, GPS locations for 
about 1% of the rural clusters were displaced by 10 km. 
This helps to ensure that the actual households will not 
be identifiable on maps, but the trade-off is that it makes 
the spatial analysis less accurate.

RESULTS
Sample description
Table  1 describes the women and men samples, high-
lighting the association between HIV testing in the past 

www.dhsprogram.com
www.dhsprogram.com
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
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12 months and sociodemographic factors. In all, 15–49 
years old women (9380 cases) and men (3854 cases) were 
included in the analysis. In terms of quinary age distri-
bution, the women showed equal proportion for the first 
three quinary age groups (17% each), with a gradual 
decline in the proportions with increasing age in the 
subsequent quinary age groups. Conversely, 22% of the 
men were aged 15–19 years, 15% each for the 20–25 years 
and 26–30 years groups and gradual decline in propor-
tion with increasing age in the subsequent quinary age 
groups just like the pattern observed among the women. 
About 57% and 65% of women and men had attained 
secondary education, respectively. Approximately 33% 
and 48% of the women and men had never been in a 
union at the time of the survey, respectively. Religious 
affiliation was mainly Pentecostal/Charismatic among the 
women (41%) and men (31%). Only 1% of the women 
had had more than one sexual partner within the last 12 
months preceding the survey compared with 14% among 
their men counterparts. More women (54%) than men 
(53%) resided in urban areas.

About 13% of the women had screened and received 
results for HIV testing in the last 12 months preceding 
the survey compared with 6% in the men sample. For 
women, the following subgroups had a higher HIV 
screening rate compared with the national women 
average of 13%: Those aged 25–29 years (19%) and 
30–34 years (19%), women currently married (16%), 
those with previous STI (16%), women with only 
one sexual partner (16%), from richest households 
(18%) and those with higher than secondary educa-
tion (26%). The following men subgroups had HIV 
screening rate higher than the national average of 6%: 
those aged 35–39 years 11%, higher than secondary 
education (18%) and richest household (10%). Χ2 
test of association showed that the following variables 
were significantly associated with HIV testing in both 
the women and men samples: age, education, marital 
status, religious affiliation, number of sexual partners 
within the last 12 months preceding the survey (wife/
husband inclusive), wealth index and the place and 
region of residence (p<0.05). History of STI in the 
last 12 months was significantly associated with HIV 
testing in only the women sample in bivariate analysis. 
(table 1).

Effect modification of gender on the relationship between 
each sociodemographic variable and HIV testing in Ghana
Gender was found to be a significant effect modifier on 
the relationship between HIV testing and all the sociode-
mographic variables under investigation : age (p<0.001), 
marital status (p<0.001), household wealth index 
(p<0.001), educational level (p<0.001), type of religion 
(p<0.001), total number of sexual partners in the past 
12 months (p<0.001), STI status in the past 12 months 
(p<0.001), place of residence (p<0.001) and region of 
residence (p<0.001) (online supplemental table 1).

Gender variations in the strength of association between HIV 
testing and sociodemographic factors
Regressors that were important to building a statistical 
model to explain the variability in HIV testing were 
somewhat different for women and men. For the women 
model, seven variables were identified as the appropriate 
correlate of HIV testing: age, education, marital status, 
sexual partners in the past 12 months, diagnosed with an 
STI in the past 12 months, household wealth and region 
of residence (online supplemental table 1 and figure 1). 
For the men model, six regressors were identified: 
age, education, religion, sexual partners in the past 12 
months, urban–rural residence and region of residence 
(online supplemental table 1 and figure 2).

These four factors are consistent correlates of HIV 
testing for both women and men: age, education, sexual 
partners in the past 12 months and region of residence 
(online supplemental table 1, figures  1 and 2). These 
consistent factors were first interpreted before the inter-
pretation of the men or women model-specific correlates. 
Although the direction of the association was generally 
the same for most variables in both women and men, 
the strength of the association varied by gender in some 
instances.

Relative to women aged 15–19 years, the likelihood 
of HIV testing was about 2.1 times greater among their 
counterparts aged 20–24 years (APR: 2.107, 95% CI: 1.513 
to 2.935). A similar pattern was observed for other older 
age groups 25–29 years, 30–34 years, 35–39 years but not 
for women aged 40–44 years, and 45–49 years (online 
supplemental table 1 and figure  1). Unlike the women 
counterparts, men in the older quinary age groups had 
a higher likelihood of HIV testing relative to their coun-
terparts aged 15–19 years. The magnitude of the effect 
was also greater in men compared with women (online 
supplemental table 1 and figure 2).

Compared with women with no formal education, 
those with higher than secondary education had a 2 times 
greater likelihood of undergoing HIV screening (APR: 
2.026, 95% CI: 1.510 to 2.719) (online supplemental table 
1 and figure  1). A similar observation was made in the 
men sample but with a higher magnitude (APR: 5.735, 
95% CI: 2.464 to 13.35) (online supplemental table 1 and 
figure 2). Women who had attained secondary education 
were 1.3 times likely to have undergone HIV screening 
compared with their counterparts with no formal educa-
tion (APR: 1.370, 95% CI: 1.083 to 1.731) (online supple-
mental table 1 and figure  1). However, attainment of 
secondary school education was not a significant protec-
tive factor of HIV testing among men (online supple-
mental table 1 and figure 2).

Women with only one sexual partner within the last 
12 months were 1.5 times likely to have undergone HIV 
screening compared with their counterparts who had 
no sexual partners (APR: 1.565, 95% CI: 1.193 to 2.052) 
(online supplemental table 1 and figure  1). However, 
this segment of the men population was not significantly 
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associated with HIV testing among men (online supple-
mental table 1 and figure 2).

Significant regional variations were observed in HIV 
testing among women and men. Residing in three 
regions was significantly associated with HIV testing 
compared with the greater Accra region among women, 
but only one region was significantly associated with the 
outcome among men in the same circumstances (online 
supplemental table 1and figures 1 and 2). For instance, 
compared with women living in the Greater Accra Region, 
those living in the Volta (APR: 1.282, 95% CI: 1.015 to 
1.619), Eastern (APR: 1.338, 95% CI: 1.048 to 1.710), 
Upper East (APR: 1.571, 95% CI: 1.096 to 2.253) and 
Upper West (APR: 1.478, 95% CI:1.059 to 2.062) regions 
had a higher likelihood of testing and receiving their HIV 
results (online supplemental table 1 and figure 1). In the 
men sample, men living in the Upper East region had a 
2.1 times higher likelihood of undergoing HIV screening 
(APR:2.188, 95% CI: 1.187 to 4.032) compared with their 
counterparts in the Greater Accra Region (online supple-
mental table 1 and figure 2).

Women who were currently married were 1.8 times 
likely to have undergone HIV screening compared with 
their counterparts who have never been in union (APR: 
1.855, 95% CI: 1.487 to 2.313) (online supplemental table 

1 and figure 1). The history of STI was not found to be an 
independent predictor of HIV screening in the women 
sample. Relative to the women in the poorest wealth quin-
tiles, their counterparts who were in the poorer (APR: 
1.548, 95% CI: 1.126 to 2.128), middle (APR: 1.724, 95% 
CI: 1.259 to 2.360), richer (APR: 1.930, 95% CI :1.406 to 
2.648) and richest (APR: 2.190, 95% CI: 1.570 to 3.056) 
wealth quintiles were more likely to have undergone HIV 
screening in the last 12 years (online supplemental table 
1 and figure  1). Religion and urban–rural residence, 
although were identified as important features of HIV 
testing among men, were not significantly associated with 
HIV testing in the men model (online supplemental table 
1 and figure 2).

HIV testing prevalence in Ghana estimated by kernel estimator 
approach
Figure 3 shows the Ghana map (generated by the authors 
in QGIS V.3.10) with the 10 regional demarcations and 
labels to facilitate the interpretation of the surface maps 
(figure 3). Overall, the HIV testing surface maps for both 
women and men samples revealed that the national and 
regional level estimates mask subregional level variations 
in HIV testing (figures 4 and 5). The general observation 
for the surface maps of the women sample is that the 

Figure 1  Coefficient plot showing the correlates of HIV testing among Ghanaian women. STI, sexually transmitted infection.

https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
https://dx.doi.org/10.1136/bmjopen-2020-045458
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areas with the highest HIV testing prevalence are in the 
southern regions while the lowest prevalence is found in 
the northern part of the country (figure 4). These regions 
in southern Ghana include the Eastern, Greater Accra, 
Western, Eastern and Volta. There are, however, areas in 
Upper East and West regions with relatively high HIV prev-
alence although the adjoining areas had low screening 
rate (the Northern region). For the men surface map, 
there were areas of high testing prevalence in southern 
Ghana including the adjoining areas of Eastern, Greater 
Accra and Volta region in the surface maps of the men 
sample. It also showed a high screening rate among men 
in some clusters in the Ashanti and Upper East Regions 
(figure 5). In summary, the surface maps showed inter-
regional and intra-regional disparities in HIV screening 
rate in both the men and women sample. For instance, 
there are areas within each region with higher testing 
prevalence than others.

DISCUSSION
This study conducted a multivariate analysis and spatial 
interpolation of the predictors of HIV testing in Ghana 
using nationally representative data, GDHS. To the 
authors’ knowledge, this is the first study to analyse factors 

that influence recent HIV test prevalence in Ghana 
together with spatial interpolation using the GDHS, strat-
ified by gender. We found that the prevalence of HIV 
testing was higher among women (13%) than men (6%). 
Our results have shown that sex, age, education level, 
marital status, total sexual partners in the past 12 months, 
household wealth index and region of residence were 
significantly associated with HIV testing among women 
and/or men. For women, being within the age groups of 
15–39 years, being currently married, attainment of post-
secondary education, having only one sexual partner and 
dwelling in certain regions with reference to greater Accra 
(Volta, Eastern, Upper West and Upper East) were asso-
ciated with a higher likelihood of HIV testing. For men, 
being older than 19 years, attainment of post-secondary 
education and dwelling in the Upper East region with 
reference to the greater Accra region were significantly 
associated with a higher likelihood of HIV testing.

The recent HIV testing prevalence found in our study 
was generally lower compared with estimates reported 
in Sierra Leone, Zambia, Lesotho and Zimbabwe.22 All 
the countries with high rates of HIV testing are located 
in southern Africa and the high rates of testing in these 
countries were attributed to high rates of HIV prevalence, 

Figure 2  Coefficient plot showing the correlates of HIV testing among Ghanaian men.
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mandatory HIV testing at prenatal clinics and mobile 
clinics for HIV testing to mitigate the high prevalence of 
the virus.22

There are some suggestive reasons for the relatively 
high HIV testing in Eastern, Greater Accra, and Central 
among both women and men in Ghana. The district—
Lower Manya Krobo—that continually records the 
highest HIV prevalence in Ghana is in the Eastern region 
with a current estimate of 5.56% HIV prevalence.23 There-
fore, HIV reduction programmes by government and 
non-governmental organisations are concentrated in the 
Eastern region.24 HIV testing could be a proxy for access 
to healthcare facilities. Since the Greater Accra is the 
region with the highest number of healthcare facilities 
in Ghana, more people in the region may find it easy to 
screen for HIV.24 25 Our spatial interpolation revealed that 
there are areas in Ghana with higher HIV testing preva-
lence compared with the national and regional estimates. 
For example, in the Western Region, regional HIV testing 
prevalence was 12%, however, the spatial interpolation 
identified some clusters to be as low as 5% and some 
as high as 30%. These within region variations under-
score the importance of applying spatial interpolation in 

population-based studies to unmask the hidden details 
which can help design targeted interventions.

Women, in general, had a greater likelihood of HIV 
testing compared with their men counterparts, although Figure 3  Ghana map showing the regional demarcation and 

label. G., Greater.

Figure 4  HIV testing prevalence among women in Ghana 
estimated by kernel estimator approach.

Figure 5  HIV testing prevalence among men in Ghana 
estimated by kernel estimator approach.
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below the national and global 90-90-90 targets, this is in 
agreement with previous studies.11 26 This can partly be 
explained by the fact that HIV testing for women during 
prenatal care which aims at reducing mother-to-child 
transmission of HIV.27 28 We found that compared with 
all age groups, adolescents between ages 15 and 19 years 
tend to have the lowest likelihood of getting tested for 
HIV. This finding is critical to public health because 
earlier studies have reported that higher rates of HIV 
infection among adolescents are more likely due to being 
engaged in risky behaviour and unsafe sex practices 
which put them at risk of contracting HIV.29 30 Therefore, 
health policymakers should target adolescents with health 
education and mass HIV testing programmes and inter-
ventions. In Ghana, health testing such as breast cancer 
testing among older adult women has been reported to 
be associated with participation in club meetings.31 Given 
that many youth clubs exist in Ghana, they could be 
encouraged and incentivised to add HIV testing to their 
club activities.

Our results showed that educational status was a signif-
icant predictor of HIV testing among both women and 
men. People with higher education may have adequate 
knowledge and understanding of the implications of 
testing for HIV, thereby resulting in their likelihood to 
patronise testing services. Our finding concurs with 
previous studies,32 33 that reported a positive relationship 
between education and HIV testing.

We found that women who were currently married 
were more likely to be tested than those who have never 
married. For men, marital status was not significantly 
associated with HIV testing. Generally, in most African 
countries including Ghana, religious institutions and 
local governments require mandatory pre-marital HIV 
testing as a means to combat the spread of HIV among 
newly married couples.34 35 Therefore, married people 
have the possibility of being tested for HIV compared 
with their unmarried counterparts. Although conten-
tious and said to be a source of stigmatisation and human 
right violation to those who test HIV positive,34 36 37 
mandatory pre-marital HIV testing is said to be an effec-
tive way of people knowing their status. Therefore, there 
is a need for collaboration between public health offi-
cials and other leaders such as religious and community 
leaders to partner to help improve HIV testing in the 
communities.

Unlike men, current marriage among women was 
significantly associated with an increased likelihood of 
HIV testing. This observation can be explained by the fact 
that sexual activities and childbirth are socially acceptable 
among married couples in Ghana.38 For most women, 
marriage sometimes results in childbirth and HIV testing 
is done for all women who visit antenatal as part of the 
prevention of mother-to-child transmission policy in 
Ghana.39 This service is generally exclusive for pregnant 
women and does not apply to men. For currently married 
men, an HIV test is not required even if their wives attend 
antenatal care services. To encourage men to test for HIV, 

it is important that HIV testing is made compulsory for 
husbands or partners of women attending antenatal care.

Our findings also highlighted some noteworthy varia-
tions in the factors associated with HIV testing between 
men and women. Primary education was significantly and 
independently associated with an increased likelihood of 
HIV testing in women and men, but the effect was greater 
for men than women. This finding is important because 
it reinforces the health value of universal basic education 
in Ghana and the need to encourage women to attain 
universal basic education for improved health outcomes. 
Also, the magnitude of the effect of increasing age on 
HIV testing was generally larger for men than women. 
Moreover, men in age groups 40–49 years had a signifi-
cantly higher likelihood of having undergone HIV testing 
compared with men aged 15–19 years but women in these 
age brackets were not significantly associated with HIV 
testing. This can be partly explained by the fact that most 
women aged 45–49 might have reached menopause and 
their engagement in active sexual activities might have 
reduced40 and hence were probably not targeted for HIV 
testing by a public health professional. On the contrary, 
their men counterparts are generally sexually active and 
were more likely to have been targeted for HIV testing by 
public health professionals.41 We also found that women 
who had one sexual partner in the past 12 months were 
significantly more likely to undergo HIV testing, but this 
association was absent among men.

Another noteworthy gender variation was observed 
for the effect of household wealth on HIV testing. We 
found that wealth status predicts the likelihood of HIV 
testing among Ghanaian women only. Compared with the 
women from the poorest household, we found a higher 
likelihood for HIV testing among women in the poorer, 
middle, richer and richest households. This finding is 
consistent with previous studies.32 37 42 The cost associated 
with the testing could be a barrier for people with low 
socioeconomic status to get tested. These findings suggest 
the need for sensitisation campaigns targeting commu-
nities and people with a low level of education and 
socioeconomic status to increase their awareness of the 
importance of HIV testing. This could be done through 
targeted outreach such as mobile clinics and integrating 
HIV testing into routine healthcare services, improving 
home-based and self-testing and subsidising the cost of the 
testing. Community leaders such as chiefs and religious 
leaders should also be involved in promoting HIV testing. 
This finding implies that any policy which can increase 
the economic standings of households, no matter how 
small the change may be, has a benefit on healthcare util-
isation as far as HIV testing, especially for women. This 
finding is similar to a study conducted among the same 
population in Mozambique using the DHS data set.37

Strength and limitation
The current study used a large, nationally representa-
tive survey data set and employed a robust methodology 
for analyses. We stratified our analysis by gender which 
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revealed interesting findings which can guide policy to 
target each gender to ensure efficiency and effectiveness 
of policy interventions. We employed spatial interpola-
tion techniques that have advantages over standard statis-
tical techniques to identify geographical variations of HIV 
testing prevalence in Ghana. This may be of population 
health significance in the effort to meet the UNAIDS 
90-90-90 target not only in Ghana but in other SSA coun-
tries. Cluster analysis with the Scan Statistics method 
adjusts for population density and decreases selection 
bias as the clusters are explored without previous knowl-
edge of their size, location or period.43 Furthermore, our 
study uncovered the population that is most at risk of not 
being tested for HIV and geographical locations with low 
HIV testing in Ghana. These findings could serve as a 
framework for public health officials to design targeted 
intervention to increase HIV testing.

Our findings, however, are subject to limitations that 
must be taken into consideration. As characteristics of 
all cross-sectional studies, our study could neither estab-
lish temporality nor causality of the observed associa-
tion. It is important to note that all the variables in this 
study were self-reported and this could have introduced 
recall or social desirability bias. Also, we were not able to 
ascertain the actual reasons for participant’s prior HIV 
testing and therefore this was not accounted for in our 
analysis. Moreover, a limitation with the visualisation of 
HIV testing using spatial maps is that the testing rate is 
dispersed across all pixels regardless of the presence or 
absence of population settlements. Despite these limita-
tions, this study has provided profound insights from a 
population-level survey analysis as well as a spatial analysis 
of HIV testing prevalence in Ghana for informed public 
health action.

CONCLUSION
In conclusion, the study findings could help public health 
officials to better understand factors associated with 
HIV testing among the Ghanaian general population 
by showing the areas and at risk-population for targeted 
HIV intervention programmes. We found that 13% of 
women and 6% of men in the population in Ghana have 
ever been screened for HIV. The highest regional HIV 
testing prevalence was recorded in the Eastern region 
(16%) and that of men was recorded in the Greater 
Accra region (9%). The spatial interpolated prevalence 
map further revealed intra-regional level differences in 
HIV testing estimates. We also found gender variations in 
the factors associated with HIV testing which could guide 
policy interventions. Expansion of HIV testing, outreach 
through mobile clinics, home-based and self-testing, 
wide-ranging coverage through outreach programmes, 
community-based approaches and integration of oppor-
tunities or HIV testing during regular medical care is crit-
ical. These myriad approaches will be integral in reaching 
all persons with subclinical HIV infections in SSA for life-
saving treatment.
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