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Aim: To examine the socioeconomic inequality in knowledge about HIV and its contributing factors among women of reproductive 
age in sub-Saharan Africa.
Methods: We have used the most recent demographic and health survey data of the 15 sub-Saharan African countries. 204,495 
women of reproductive age made up the entire weighted sample. Erreygers normalized concentration index (ECI) was utilized to 
evaluate socioeconomic inequality in knowledge about HIV. The variables that contributed to the observed socioeconomic inequality 
were determined using decomposition analysis.
Results: We found the pro-rich inequality in knowledge about HIV (the weighted ECI was 0.16 with a Standard error = 0.007 and 
P value< 0.001). The decomposition analysis indicated that educational status (46.10%), wealth status (30.85%), listening to the radio 
(21.73%), and reading newspapers (7.05%) were among the contributors to the pro-rich socioeconomic inequalities in knowledge 
about HIV.
Conclusion: Having knowledge about HIV is concentrated among rich reproductive-age women. Educational status, wealth status, and 
media exposure were the major contributors and should be a priority for interventions to reduce the inequality in knowledge about HIV.
Keywords: socioeconomic inequality, concentration index, decomposition analysis, comprehensive knowledge, HIV/AIDS, sub- 
Saharan Africa

Background
Until now, 74.9 million people are living with the human immunodeficiency virus (HIV) and 32 million people have died 
of AIDS-related illnesses.1 In 2021, over 1.5 million individuals acquired HIV, and 650000 people died from HIV-related 
causes, making HIV an ongoing and serious public health issue.2 The majority of people who have HIV are in low- and 
middle-income nations, with 68% of them thought to be in sub-Saharan Africa.1,3

Unprotected sexual intercourse is the main source of HIV infection and women are vulnerable because they may be 
afraid to say no to sex or to insist that their partner use a condom. Besides, during heterosexual intercourse, women are 
usually more exposed to bodily fluids than their male partners. Therefore HIV infection is a concern for women of 
reproductive age everywhere, and only 30% of these women are fully informed about HIV.4 Besides, a potential obstacle 
to the achievement of the 2030 Sustainable Development Goal 3, which is promoting well-being and ensuring healthy 
lives for everyone, regardless of age, is the HIV pandemic.5–9

Lower knowledge about HIV is associated with an alarming increase in new infections, and intervening this is pivotal 
in combating the epidemic.10–12 According to findings from different studies, education, wealth status, residence, sex of 
the family’s head, and media exposure are some of the factors that are associated with knowledge about HIV.10,13–17 Our 
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previous study also identified different individual and community level factors that affect knowledge about HIV and, of 
these, wealth is one of the individual level factors.17 In addition, studies in Malawi revealed that knowledge about HIV is 
concentrated among individuals with good socioeconomic status.18,19

However, except for the above-mentioned research in Malawi, we are unaware of any study that has been done in Africa that 
assess the socioeconomic inequality (SEI) using concentration index (CI) and the contributing factors involved using 
a decomposition analysis at the Sub-Saharan African level. Therefore, we aimed to investigate the SEI in knowledge about 
HIV among women of reproductive age in sub-Saharan Africa. The finding will help policymakers to set appropriate interventions 
since it quantifies both the extent of SEI in knowledge about HIV and the factors involved for such socioeconomic inequality.

Methods
Data Source and Variable Measurement
We used the most recent Demographic and Health Surveys (DHS) data gathered in Sub-Saharan African nations between 
2015 and 2020. The detailed information such as the data source, population, and sampling technique are found in our 
previous publication.17 Besides, Further information about DHS data is found elsewhere.20 For this study, there were 19 
countries with their most recent DHS conducted in the study period (2015 to 2020). However, the DHS data of the four 
nations; Angola, Tanzania, South Africa, and Senegal, did not have information about the outcome variable. Therefore, 
for this study, we used the 15 countries DHS data (Table 1). Knowledge about HIV was the outcome variable (binary 
outcome variable; Yes/No). How the outcome was measured is found in our previous publication.17

Table 1 Sample Size and Years When the DHS Surveys Were 
Conducted

Country and 
Region

Year Sample Size 
(N=204,495)

Percentage (%)

Eastern African 87,136 42.61

Burundi 2016/17 16,649 8.14

Ethiopia 2016 14,760 7.22

Rwanda 2015 13,576 6.64

Uganda 2016 18,638 9.11

Zambia 2018/19 13,541 6.62

Zimbabwe 2015 9972 4.88

Western African 99,155 48.49

Benin 2017/18 7131 3.49

Gambia 2019/20 11,703 5.72

Guinea 2018 8908 4.36

Liberia 2019/20 7705 3.77

Mali 2018 9078 4.44

Nigeria 2018 39,867 19.50

Sierra Leone 2019 14,763 7.22

Central African 18,204 8.90

Cameroon 2018/19 13,396 6.55

Chad 2015 4808 2.35
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Regarding explanatory variables, we searched different literatures including using our previous work13–17,21 and con
sidering their availability in the DHS data; age of the women, marital status, level of educational, wealth index, sex of 
household head, contraceptive utilization, exposure to media (whether a woman listens to the radio, watches television, and 
reads a newspaper or magazine at least once a week or not), and place of residence were incorporated as explanatory variables.

The wealth index is used in this study to quantify household socioeconomic status and is also used as a measure of 
permanent income in DHS data sets. The wealth index is created from the DHS data using principal component methods 
and is used as a socioeconomic status indicator for international comparison.22–25

Data Management and Statistical Analysis
Extracting, recoding, and analyzing of the data were conducted using Stata version 16 software. The study was based on 
weighting and since it is a pooled data analysis, the standard weighting variable v005 was rescaled by dividing total 
reproductive age women in each country by total interviewed reproductive age women.26

SEI in Knowledge About HIV
We computed the SEI in knowledge about HIV using a CI. The CI, which is a relative measure of inequality, is calculated 
as two times the area of the concentration curve and the 45-degree line (the line of equality). Additionally, CI can be 
defined as the covariance between the rank of the living standards variable (in our case, wealth index) and the health 
variable (in our case, knowledge about HIV).24 That means:

Where CI is the concentration index, μ is the mean of the health variable (proportion of knowledge about HIV), h is 
the health variable (knowledge about HIV), and r is the cumulative percentage that each woman represents over the total 
population after ranking knowledge about HIV by the wealth index.

Besides, while assessing the socioeconomic inequality, a health variable can be bounded or unbounded. The CI ranges 
between − 1 and 1 for unbounded variable and from μ − 1 to 1 − μ for bounded variables.27 For knowledge about HIV, 
which is a bounded variable, an Erreygers CI (ECI), a modified version of the normal CI, was used to measure its 
SEI.27,28 ECI can be mathematically defined as:28

Where CI (y) is the generalized CI that is explained in the previous formula and μ is the mean knowledge about HIV.
Finally, the concentration curve that demonstrates the cumulative percentage of knowledge about HIV and women 

ranked by the wealth index on the y-axis and x-axis, respectively, was reported. In the assessment of SEI of knowledge 
about HIV, if ECI is zero then there is no SEI. This means, regardless of wealth status, everyone has the same value of 
knowledge about HIV, and its concentration curve lies at a 45-degree line (that is the line of equality). However, when it 
is above the line of equality (meaning when the ECI takes a negative value) having knowledge about HIV is favoring the 
poor (pro-poor). If the ECI is positive, the curve lie below the line of equality and this means having knowledge about 
HIV is favoring the rich (pro-rich).24,29 Generally, the further the concentration curve is from the diagonal line, the 
greater the degree of inequality in knowledge about HIV.29 We have also tested the statistically significance of the pro- 
rich or the pro-poor concentration of knowledge about HIV.

Decomposing of the SEI in Knowledge About HIV
Individual contributing factors for the SEI can be assessed based on the Wag staff et al decomposition analyses 
technique.24,27,29,30 That is, for any linear additive regression model of health outcome (y).24

The CI will be:
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Where “y” is the SEI of knowledge about HIV, Xk is its socioeconomic determinants, α represents the intercept, βk is the 

coefficient of 2 , µ is the mean of y, βkXk
μ is the mean of Xk, Ck is the CI for Xk, gc2 is the generalized CI for the error 

term ( 2 ), βkXk
μ is the elasticity of y with respect to Xk. The residual ( 2 ) depicts the inequality in knowledge about HIV 

that cannot be accounted for by systematic differences in income levels in the Xk, which should be close to zero for 
a well-defined model.27,30 However, the above equation is a Wagstaff’s equation for decomposing a continuous health 
outcome using ordinary least square (OLS) regression and there are two methods for the decomposition of a binary health 
outcome. The first method is based on van Doorslaer’s modification of the above equation using marginal effects from 
probit analysis.24,31 The second method is the use of the Generalized Linear Model (GLM), which is an extension of the 
above equation.32 Since GLM preserves both the distribution and the link between the independent and dependent 
variables and estimates are not depending on the choice of reference groups, it is appropriate for this study.33 Therefore, 
we have conducted a decomposition analysis using the GLM method, which is a modification of the mathematics above 
(equation of CI) with binomial family and identity link.

In the decomposition analysis, for each determinant variable, the coefficient and its significant level, elasticity, ECI, 
and percent contribution were calculated and reported. Besides, the portion of the inequality in knowledge about HIV that 
cannot be explained by systematic variation in the explanatory variables was found small.

Results
Study Participant’s General Characteristics
A total of 204, 495 women of reproductive age (weighted sample) were used (Table 1). The overall proportion of having 
knowledge about HIV in the 15 sub-Saharan Africa countries was 38.54% (95% CI: 38.32, 38.75). As shown in Table 2, 
a large proportion (around one-half) of women with knowledge about HIV were from the richest households and 63.90% 
of women with knowledge about HIV had higher education (Table 2).

Table 2 The Weighted Proportion of Knowledge About HIV per 
Characteristics of the Study Participants

Variables Weighted Proportion (N=204,495) P value

Do not Have Knowledge 
About HIV

Have Knowledge 
About HIV

Age P<0.001

15–19 28,520 (66.07) 14,646 (33.93)

20–24 22,022 (59.49) 14,997 (40.51)

25–29 21,647 (59.84) 14,527 (40.16)

30–34 17,314 (58.41) 12,329 (41.59)

35–39 15,405 (60.81) 9926 (39.19)

40–44 11,322 (61.93) 6961 (38.07)

45–49 9461 (63.59) 5418 (36.41)

Marital status P<0.001

Single 34,690 (59.52) 23,589 (40.48)

Married 81,241 (62.70) 48,334 (37.30)

Widowed 3305 (59.55) 2244 (40.45)

Divorced or separated 6455 (58.20) 4637 (41.80)

Wealth index P<0.001

Poorest 24,302 (70.50) 10,169 (29.50)

Poorer 25,337 (67.83) 12,016 (32.17)

(Continued)
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SEI of Knowledge About HIV
The weighted ECI for knowledge about HIV was 0.16 with Standard error = 0.007 and P< 0.001 (Figure 1). This 
revealed that knowledge about HIV favors the rich, pro-rich inequality.

Decomposing the SEI in Knowledge About HIV
Table 3 presents findings from the decomposition analysis that showed the contributions of individual determinants to the 
overall SEI of knowledge about HIV.

The coefficients are presented and their level of significance is indicated to show whether knowledge about HIV may 
increase or decrease per each independent variable. Elasticity was mentioned in this study. It’s a unitless partial 
association measure that shows the change in SEI that corresponds to a one-unit change in the independent variables. 
It shows how sensitive SEI is to changes in the explanatory variable. The sign of elasticity, which can be either positive 
or negative, indicates whether the SEI is expanding or reducing in response to a positive change in the 
determinant.30,34,35 For instance, a positive sign in elasticity for the variable age indicates a 1% change in women’s 

Table 2 (Continued). 

Variables Weighted Proportion (N=204,495) P value

Do not Have Knowledge 
About HIV

Have Knowledge 
About HIV

Middle 24,800 (63.84) 14,049 (36.16)

Richer 25,930 (59.33) 17,772 (40.67)

Richest 25,322 (50.52) 24,798 (49.48)

Occupation P<0.001

Not Working 49,494 (63.67) 28,238 (36.33)

Working 76,196 (60.11) 50,566 (39.89)

Education P<0.001

No education 47,313 (74.19) 16,462 (25.81)

Primary education 36,822 (61.81) 22,751 (38.19)

Secondary education 36,861 (54.09) 31,282 (45.81)

Higher education 4643 (36.10) 8309 (63.90)

Residence P<0.001

Urban 45,736 (56.27) 35,546 (43.73)

Rural 79,955 (64.89) 43,258 (35.11)

Contraceptive use P<0.001

No 100,129 (63.46) 57,662 (36.54)

Yes 25,562 (54.73) 21,142 (45.27)

Sex of HH P<0.001

Male 94,619 (62.40) 57,010 (37.60)

Female 31,072 (58.77) 21,794 (41.23)

Listening to the radio P<0.001

No 59,011 (67.73) 28,117 (32.27)

Yes 66,680 (56.81) 50,687 (43.19)

Watching television P<0.001

No 74,871 (64.93) 40,434 (35.07)

Yes 50,820 (56.98) 38,370 (43.02)

Reading newspaper P<0.001

No 109,754 (64.60) 60,131 (35.40)

Yes 15,936 (46.05) 18,673 (53.95)
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age from 15–19 years to an older age will result in an increment of the SEI in knowledge about HIV. A negative sign in 
elasticity for the variable wealth status revealed that a 1.00% change in women’s wealth status from richest to poorest, 
poorer, middle, and richer will result in a 6.07%, 6.21%, 5.20%, and 4.06% reduction of the SEI in knowledge about 
HIV, respectively. Regarding occupational status, a 1.00% change in women working status from not working to working 

Figure 1 Concentration curve for Knowledge about HIV in sub-Saharan Africa.

Table 3 Determinants of Inequality in Knowledge About HIV in Sub-Saharan Africa

Variables Coefficient# Elasticity Concentration 
Index

Absolute 
Contribution

Percentage 
Contribution (%)

Age (ref: 15–19)

20–24 0.0556*** 0.0403 0.0157 0.0006 0.39

25–29 0.0675 *** 0.0478 0.0074 0.0004 0.22

30–34 0.0908*** 0.0527 0.0013 0.0001 0.41

35–39 0.0805*** 0.0399 −0.0080 −0.0003 −0.20

40–44 0.0790*** 0.0283 −0.0181 −0.0001 −0.32

45–49 0.0765*** 0.0223 −0.0203 −0.0005 −0.28

Subtotal 0.22

Marital status (ref: single)

Married −0.0079** −0.0199 −0.1681 0.0033 2.08

Widowed 0.0269*** 0.0029 −0.0106 −0.0001 −0.02

Divorced/separated 0.01216** 0.0026 −0.0032 −0.0001 −0.01

Subtotal 2.05

Wealth index (ref: richest)

Poorest −0.0900*** −0.0607 −0.5605 0.0348 21.09

Poorer −0.0850*** −0.0621 −0.3509 0.0220 13.50

Middle −0.0684*** −0.0520 −0.0817 −0.0043 2.64

Richer −0.0475*** −0.0406 0.2531 −0.0103 −6.38

Subtotal 30.85

Occupation (ref: not working)

Working 0.0242*** 0.0600 −0.0610 −0.0037 −2.27

Education (ref: no education)

Primary 0.1073*** 0.1250 −0.1336 −0.0167 −10.36

Secondary 0.1800*** 0.2399 0.3322 0.0797 49.41

Higher 0.2922*** 0.0743 0.1530 0.0114 7.05

Subtotal 46.10

(Continued)
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results in a 6.00% increment in socioeconomic inequality. Looking at educational status, a 1.00% change in women’s 
education from no formal education to primary education, secondary education, and higher education increase SEI in 
knowledge about HIV by 12.50%, 23.99%, and 7.43%, respectively. A 1.00% change in women’s listening of radio from 
being listening to not listening increases SEI in knowledge about HIV by 12.37%.

The ECI was calculated for each determinant, and a positive or negative value implies that the determinants of 
inequality are concentrated among rich or poor households, respectively. For instance, in this study, worker women, 
women who had primary education, and women who did not watch television had negative ECI and this means these 
groups of women were more likely to be concentrated among the poor households. In contrast, those who listens to the 
radio, who used contraceptives, women who had secondary and above education, and who were from female-headed 
households were more likely to be concentrated in the upper tail of the wealth distribution.

Furthermore, the percentage contribution denotes the relative contribution of each predictor in the model to the 
overall SEI in knowledge about HIV. A positive percentage contribution suggests a factor that causes the observed SEI to 
increase, whereas a negative percentage contribution indicates a factor that causes the observed SEI to decrease. In this 
study, educational status is the major driver of the SEI in knowledge about HIV. Whereas primary education reduces 
inequality as shown by the negative sign, secondary and higher education contribute positively to the inequality in 
possession of knowledge about HIV with an overall percent contribution of 46.10%. Wealth status had also a great 
contribution to the SEI in knowledge about HIV (percentage contribution= 30.85%). The lower wealth quintiles increase 
the inequality as shown by the positive sign and the upper quintile contributes negatively to the inequality. Listening to 
radio also contributed to the socioeconomic inequalities in knowledge about HIV, explaining 21.73% of the overall 
inequality. Factors such as reading newspapers (7.05%), marital status (2.05%), and contraceptive use (1.63%) were also 
responsible for the observed SEI. The major contributing factor for the reduction of SEI was watching television, 32.24% 
of the reduction of inequality was explained by being not watching television. Rural residence (−12.99%) and working 
occupational status (−2.27%) also contribute to the reduction of SEI in knowledge about HIV (Table 3).

Discussion
This study examined the SEI in Knowledge about HIV in Sub-Saharan Africa. In this study, Knowledge about HIV is in 
favor of women from rich households. This revealed that higher knowledge about HIV is concentrated among the rich. 
This is in line with a study conducted in Malawi, which revealed that knowledge about HIV is concentrated among 
wealthier individuals.18,19,36 This could be attributed to socioeconomically disadvantaged women’s inability to access 

Table 3 (Continued). 

Variables Coefficient# Elasticity Concentration 
Index

Absolute 
Contribution

Percentage 
Contribution (%)

Residence (ref: Urban)

Rural 0.0133*** 0.0319 −0.6559 −0.0250 −12.99

Contraceptive use (ref: No)

Yes 0.0390*** 0.0356 0.0740 0.0026 1.63

Sex of HH (ref: male)

Female 0.0009 0.0009 0.0450 0.0001 0.03

Listening to the radio (ref: No)

Yes 0.0539*** 0.1237 0.2834 0.0359 21.73

Watching television (ref: No)

Yes − 0.0524*** −0.0914 0.5689 −0.0508 −32.24

Reading newspaper (ref: No)

Yes 0.0685*** 0.0463 0.2452 0.0104 7.05

Note: ***, p value<0.001; **, p value <0.05; and #Coefficients are the risk differences. 
Abbreviations: HH, household Head; ref, reference group.
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health information, such as HIV/AIDS, and their lack of autonomy in making healthcare decisions. As a result, programs 
aimed at improving the socioeconomic status of disadvantaged women must be strengthened.

In the decomposition analysis, women’s education, wealth status, media exposure (listening to radio and reading 
newspaper), marital status, age, and contraceptive use contributes to an increment of the overall SEI in Knowledge about 
HIV. While watching television, occupation, and residence contributes to the reduction of the overall SEI in Knowledge 
about HIV.

Consistent with a study in Malawi,19 in this study, educational status had a positive contribution to the overall SEI 
with an overall percent contribution of 46.10%. Primary education had a negative effect to the SEI. This may be 
attributed to the fact that primary education is mainly concentrated among the poor (see the negative ECI in Table 3). To 
put it another way, providing elementary education is critical for closing gaps in comprehensive HIV/AIDS knowledge. 
Conversely, in this study, secondary education contributes positively to inequality. One possible explanation is that 
a higher level of education and appropriate knowledge about HIV/AIDS is concentrated among the wealthier.37 The 
positive ECI in the current study also revealed that secondary and higher education is concentrated among the rich (see 
Table 3).

Wealth status was also an important determinant of the overall SEI in Knowledge about HIV. It increases the overall 
SEI by 30.85%. Different studies also found wealth as the single most significant factor influencing disparities in 
maternal healthcare utilization,38–42 which in turn affect the accessibility of information for sexually transmitted 
infections such as HIV/AIDS.

The current study also demonstrated that listening radio and reading newspaper are among the contributors to the SEI 
in Knowledge about HIV. They increase the overall SEI by 21.73% and 7.05%, respectively. This is since watching 
television and reading newspaper are concentrated among the rich, as indicated by positive ECI (see Table 3). This 
implies the need to enhance strategies of exposing people to the media to reduce media exposure-related inequalities in 
terms of knowledge about HIV/AIDS. Watching television was another factor responsible for SEI. Not watching 
television reduces the overall SEI by 32.24%. This is supported by the negative coefficient, which revealed that being 
not watching television was associated with a reduction of the Knowledge about HIV.

The study at hand also revealed that working occupation status contributes to the reduction (−2.27%, respectively) of 
SEI in Knowledge about HIV. This implies occupation should be considered to reduce the SEI in knowledge about HIV/ 
AIDS.

The data used in this study were from 15 sub-Saharan Africa countries (a large sample of population-based surveys) 
(Table 1). Another strength is the use of a more rigorous decomposition analysis to pinpoint the factors that contribute to 
SEI in Knowledge about HIV. However, the study has limitations in that it relies on cross-sectional data, which makes it 
difficult to prove causation. Besides, the selection of variables as key indicators, as well as the assumption that they occur 
in parallel with no chance of interaction, can be problematic. Wealthier households, for example, may have more access 
to televisions and radios, and hence may have greater access to knowledge. Furthermore, since the 15 sub-Saharan 
African countries were used in the pooled data analysis and it was not possible to conduct a distinct analysis for each 
country, caution should be used when applying the study’s findings.

Conclusion
In this study, knowledge about HIV was concentrated among wealthier reproductive age women (pro-rich inequality of 
knowledge about HIV) in Sub-Saharan Africa, as revealed by the positive ECI. The decomposition analysis shows that 
women’s education, wealth status, listening to the radio, and reading newspaper are the main contributors for the 
inequality.

These identified factors for the SEI should be a priority for interventions to reduce the SEI in Knowledge about HIV. 
This means, accelerating poverty alleviation programs and generating work opportunities could be one of the most 
effective ways to lift disadvantaged women out of poverty and reduce SEI. Besides, equal access to education and the 
media can aid in the reduction of the observed inequality. Moreover, the author recommends the application of low-cost 
technology to spread messages across all groups with different socioeconomic characteristics.
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