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of HIV infection in sub-Saharan Africa
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Objective: To assess the evidence that the association between educational attainment
and risk of HIV infection is changing over time in sub-Saharan Africa.

Design and methods: Systematic review of published peer-reviewed articles. Articles
were identified that reported original data comparing individually measured
educational attainment and HIV status among at least 300 individuals representative
of the general population of countries or regions of sub-Saharan Africa. Statistical
analyses were required to adjust for potential confounders but not over-adjust for
variables on the causal pathway.

Results: Approximately 4000 abstracts and 1200 full papers were reviewed. Thirty-six
articles were included in the study, containing data on 72 discrete populations from
11 countries between 1987 and 2003, representing over 200 000 individuals. Studies on
data collected prior to 1996 generally found either no association or the highest risk of
HIV infection among the most educated. Studies conducted from 1996 onwards were
more likely to find a lower risk of HIV infection among the most educated. Where data
over time were available, HIV prevalence fell more consistently among highly educated
groups than among less educated groups, in whom HIV prevalence sometimes rose
while overall population prevalence was falling. In several populations, associations
suggesting greater HIV risk in the more educated at earlier time points were replaced by
weaker associations later.

Discussion: HIV infections appear to be shifting towards higher prevalence among the
least educated in sub-Saharan Africa, reversing previous patterns. Policy responses that
ensure HIV-prevention measures reach all strata of society and increase education
levels are urgently needed. ~ © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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Introduction

HIV has spread most rapidly in sub-Saharan Africa, the
world’s poorest region, where access to medical care for
those infected is also most constrained [1]. While the
pandemic of HIV has been widely characterized as a
disease of poverty, the association between socioeco-
nomic status and risk of HIV infection is more complex
than this suggests.

In 2001, we published a systematic review on the
association between educational attainment and risk
of HIV infection in developing countries [2]. This
examined studies reporting on data mostly collected
before 1996. With one exception, in studies conducted
in sub-Saharan Africa, there was either no association
between educational attainment and HIV infection or
individuals with the highest levels of education were more
likely to be infected. Other authors have also reached this
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conclusion [3]. This finding is likely to have reflected the
higher socioeconomic status and greater mobility of those
with greater levels of education, which, in turn, facilitated
engagement in larger, more risky sexual networks.

We and others hypothesized that as the public-health
response to HIV grew in sub-Saharan Africa, so the most
educated, empowered members of society would be the
first to adopt protective behaviours [2,4,5]. Since HIV
campaigns are often delivered within schools, longer
attendance at school might also increase contact with
health-promotion messages and reduce risk of infection
among young adults. In the absence of eftective
interventions that engaged the least educated, HIV
would, over time, increasingly affect this group.

This article updates the systematic review to include new
data published between 2001 and July 2006 and new data
on time trends. The analysis explores the hypothesis that
later studies of the association between educational attain-
ment and HIV infection (those conducted from 1996
onwards) are more likely to show a lower risk of HIV
infection among the most educated than earlier studies
(those where data were collected before 1996).

Methods

Details of the search strategy employed in 2001 are
published elsewhere [2]. This strategy was repeated in July
2006, involving a comprehensive search of the major
biomedical databases (Pubmed, Embase), hand searching
key journals (AIDS, International Journal of STD & AIDS,
Journal of Acquired Immune Deficiency Syndrome) and
checking reference lists of relevant articles. Two
modifications were made to the original strategy: the
search only looked for data from sub-Saharan Africa and it
included a search term for ‘sexual behaviour’. The search
sought to identify articles reporting original data
comparing individually measured educational attainment
and HIV status among at least 300 individuals from
population groups broadly representative of the general
population. Studies restricted to high-risk groups and
other unrepresentative sections of the population were
excluded. Standardized forms were used to collect data
from selected articles.

Only articles that presented appropriately analysed
information on the association between schooling and
HIV were reviewed. Appropriately analysed articles were
those that adjusted for, or restricted by, at least setting
(rural/urban), age and sex. Inappropriately analysed
articles were those containing univariate analysis only
or multivariate analysis that ‘over-adjusted’ for sexual
behaviour or the presence of sexually transmitted
infections, which might mediate any true eftect of
education on risk of HIV infection. Where necessary,

authors were contacted to provide full details of analyses
described, but not reported in full, in published articles.

In order to summarize the findings of the studies, discrete
populations were identified in whom the association
between educational attainment and HIV infection had
been assessed. If appropriately adjusted analyses were strati-
fied by sex, setting or time period, these were considered
discrete populations. In many cases a single article reported
on multiple populations while in some cases more than
one article reported on the same population. The results of
age-stratified analyses are described separately, with an
emphasis on the results of studies conducted among
younger groups, in whom patterns of prevalent infection
are likely to most closely reflect incidence.

Analyses generally compared levels of HIV infection
among individuals grouped by two to five categories
of educational attainment, measured as years of school
attended or grade achieved. First, we examined the
comparison between the most educated and the least
educated within each population. In each case the result
was classified as a statistically significant (P < 0.05)
increased risk of HIV infection among the most educated
compared with the least educated, a significantly lower
risk, or no association. Since only three articles assessed
evidence for linearity or trend or presented the results of
likelihood ratio tests examining the total evidence for an
impact of education on risk of HIV infection, in most
cases judgements about the type of association reported
were made on the basis of the 95% confidence intervals
around the odds ratio describing the comparison between
the highest and lowest educational groups. Where this
approach gave a misleading impression of the association
across more than two educational categories, relevant
additional data has been provided. Summarized results
are presented by year of study, sex and type of study
population, study design, setting and country. The year
1996 was chosen a priori as a cut-oft to describe changes
over time, since most articles included in the previous
review presented data from before 1996 and since about
half the data were collected either side of this date.

Second, situations were identified where successive cross-
sectional data were available covering the same target
population at different time points. To be included,
analyses had to be conducted on a study population
selected from the same, or similar, sampling frame in
terms of geographic area and age group, and they had to
use a comparable analytic approach at different time
points. Data over time could be reported in the same
article or across a number of articles. Values for the odds
ratio and 95% confidence intervals are provided for the
relative risk of HIV infection between the highest and
lowest educational categories at the different time points
and the trend in prevalence of HIV infection among the
most and least educated groups was examined over time.
Formal meta-analysis was not conducted since the
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association between educational attainment and HIV
infection was not expected to be the same across different
populations.

Results

In 2001, approximately 2000 articles were reviewed, and
18 meeting the inclusion criteria were identified [6—23].
For this review, the titles and abstracts of a further
1830 articles published between January 2001 and
June 2006 were also examined. The full texts of 335 articles
were reviewed and a further 18 articles containing relevant
data were identified [24—41]. Appropriately conducted
analyses were available for 32 discrete populations for
which data had been collected predominantly before 1996
and 40 populations where the data were collected from
1996 onwards. This covered a total of over 200000
individuals from 11 countries. See Table 1 for details of all
selected articles and populations.

Cross-sectional data came from general population surveys
employing systematic random sampling [8—12,15-17,20—
23,25-29,31-33,37—40], and from samples of young
people [34], army recruits [24], residents of a sugar estate [7]
and antenatal clinic surveillance [14,18,19,30,36].
Additionally, incident infections were identified in one
factory-based cohort study [13] and one nested case—
control study within a cluster-randomized trial among the
general population [35]. Studies reported on data collected
from populations between 1987 and 2003. Information on
HIV serostatus was collected from a variety of assays and
algorithms, most commonly employing at least one
enzyme-linked immunosorbent assay on a fresh blood
sample. However, dried blood spots, oral fluid and urine
samples were also collected and analysed.

Comparing the highest and lowest educational categories,
increased educational attainment was not statistically
significantly associated with risk of HIV infection in
44 populations, was associated with an increased risk of
HIV infection in 20 populations and was associated with a
decreased risk of infection in eight populations.
Populations from which data were collected prior to
1996 were more likely to show a higher risk of HIV
infection among the most educated (15/32 populations)
than those studied from 1996 onwards (5/40) (Table 2).
Only one pre-1996 population [35], compared with 7/40
from 1996 onwards, had a lower risk of HIV infection
among the most educated. Similar patterns of results were
seen in studies conducted in different settings, among
different population types, with different study designs
and in countries where data were available from both time
periods. There was some suggestion that there was more
likely to be a higher HIV risk among the most educated
compared with the least educated among females
(compared with males), antenatal clinic surveillance
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populations (compared with general population samples)
and rural (compared with urban) populations (Table 2).

Eligible data from different time periods were available for
13 populations from five countries: Malawi (1 population),
Tanzania (2 populations), Uganda (3 populations), Zambia
(6 populations) and Zimbabwe (1 population) (Fig. 1).
Downward trends in HIV prevalence in the most educated,
together with a reduction in the relative HIV prevalence
between the most and least educated were seen in rural (but
not urban) Kagera, Tanzania; females (but not males) from
Masaka, Uganda; antenatal clinic users in Fort Portal,
Uganda, and in Manicaland, Zimbabwe; and among urban
(butnot rural) populations in Zambia. In Karonga, Malawi,
a reduction in the relative prevalence of HIV between the
early and late 1990s reflected an increase in prevalence
in the least educated rather than a fall in the more educated.
In Zimbabwe and Zambia, increases, or stabilization, in
the HIV prevalence in the least educated contributed to
the changing relative prevalence seen. Only in Masaka,
Uganda, was there evidence of reduction in HIV
prevalence in both the most and the least educated. In
general, from 1996 onwards, changes in the adjusted odds
ratio for HIV infection comparing groups of the highest
and lowest levels of educational attainment tended to shift
towards no association or a lower risk in the most educated
(Fig. 2). Multiple studies were also conducted in Mwanza,
Tanzania, and Rakai, Uganda, but these varied over time in
sampling frame, age group, study design or analysis. In
Mwanza, two cross-sectional studies conducted a single
year apart showed a slightly higher adjusted odds ratio
comparing the most and the least educated in 1991-2 than
in 1990—1 for both sexes [6,8,12]. Data from a later nested
case—control study of incident HIV infections between
1991 and 1994 in Mwanza, Tanzania, suggested a sig-
nificantly lower risk of infection among the most educated
among males, while among females there was no associa-
tion with education [35].

Age-stratified or restricted analyses were available for
35 populations under 30 years of age (Table 1). In Kisumu,
Kenya, and Ndola, Zambia, there was no association
between educational attainment and HIV among males or
females aged 15—24 years. In Yaounde, Cameroon, among
females aged 15—24 years, the most educated were at the
lowest risk of infection, while there was no association
among young males. In Cotonou, Benin, the most
educated males aged 15—24 years were at the lowest risk of
infection, but there was no association among females. In
Manicaland, Zimbabwe, there was a lower risk of infection
among the most educated females aged 15—24 years, while
among males aged 17—29 years there was no association. In
Mwanza, Tanzania, ever having attended school was
associated with a lower risk of infection among males, but
not females, aged 15—19 years.

Time-series analyses were also available for some
populations of young people. In Masaka, Uganda, there
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Table 2. Summary of analyses of the association between educational attainment and HIV infection in sub-Saharan African countries identified
in two systematic searches of the literature conducted in 2001 and 2006: number of discrete populations in each category.

Data collection prior to 1996

Data collection from 1996 onwards

Increased risk of
HIV infection with No

Decreased risk of
HIV infection

Decreased risk of
HIV infection with

Increased risk of
HIV infection with No

more education  association with more education  more education  association  more education
Total 15 16 1 5 28 7
Population type
Antenatal clinics 3 1 0 4 3 0
Population 11 14 1 0 23 5
Other 1 1 0 1 2 2
Sex
Male 3 6 1 1 11 3
Female 9 6 0 4 13 3
Pooled sex 3 4 0 0 4 1
Setting
Urban 4 4 0 2 12 4
Rural 11 9 1 3 14 3
Mixed 0 3 0 0 2 0
Study designs
Cross-sectional 14 14 0 5 28 7
Cohort/nested case—control 1 2 1 0 0 0
study of incident infections
Country
Benin 0 0 0 0 1 1
Burkina Faso 0 0 0 0 2 0
Cameroon 0 0 0 0 3 1
Ethiopia 0 0 0 1 1 1
Kenya 0 0 0 0 2 0
Malawi 2 1 0 0 1 0
Niger 0 0 0 0 1 0
Tanzania 5 8 1 0 2 1
Uganda 4 4 0 0 4 0
Zambia 4 2 0 4 8 2
Zimbabwe 0 1 0 0 3 1
was no significant association among males aged 18— Discussion

29 years in 1989-90 or 1999-2000. However, among
females there was no association in 1989-90 but a
significantly lower risk of infection among the most
educated in 1999-2000. In Fort Portal, Uganda, there
was no association among antenatal clinic attendees aged
15—24 years in 1991—4, whereas by 1995—7 there was a
lower risk of infection among the most educated. Among
Zambian antenatal clinic attendees aged 15—24 years,
there was a higher risk of infection among the most
educated in rural and urban areas in 1994, 1998 and 2002.
In Zambian population-based surveys, educational
attainment was not associated with risk of infection
among rural males aged 15—24 years in any year. Among
urban males, there was no association in 1995 and 1999,
but by 2003 there was a lower risk of infection among the
most educated. Among Zambian females from urban
areas, there was no association among younger women in
1995 and 1999, whereas by 2003 a lower risk was seen
among the most educated women aged 15—24 years. In
rural Zambia, there was no association among younger
women in 1995 and 2003, but a higher risk of infection
among the most educated women in 1999.

We present evidence that the epidemiology of HIV
infection in sub-Saharan Africa may be changing. Studies
conducted before 1996 tended to find either no association
with education level or a higher risk of HIV infection
among the most educated. A larger proportion of studies
conducted from 1996 onwards identified a lower risk of
infection among the most educated. Where data over time
were available, the trend was generally for strong positive
associations to be replaced by weaker or negative
associations. Across many settings, HIV prevalence fell
more consistently among the higher educated than among
the less educated groups, in whom prevalence sometimes
rose even while overall population prevalence was falling.
Taking these findings together, we suggest that new HIV
infections occurring in the latter half of the 1990s and into
the 21st century have been occurring disproportionately
among the least educated members of society in many
sub-Saharan African countries.

Our attempt to synthesize the available evidence might be
subject to several limitations. There may have been

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Fig. 1. Time-trends in the association between educational attainment and risk of HIV infection in 13 African populations. For each
population, the figure shows trends over time (from earliest data to latest data available) in the prevalence of HIV among the most
educated (dark bars) and least educated (light bars, inverted), and the odds ratio (and 95% confidence intervals) comparing these.
Data are presented on different time scales for each population (see Fig. 2 for data summarized by year of study). ‘Most educated’
refers to all individuals with secondary schooling or higher, except in Zambian studies where years of schooling were used to group
individuals into approximately equivalent groups (> 8 years of schooling for population surveys, > 10 years in Zambian antenatal
clinic studies). ‘Least educated’ refers to all individuals with no education, except in Zambian population surveys (0—7 years of
schooling), Zambian antenatal clinic studies (0—6 years) and Manicaland, Zimababwe (no or primary education).

Adjusted Odds Ratio
comparing risk of HIV in
most vs least educated

10
1
1986
0.1
——e—— Karonga, Malawi - - -m- - - Urban Kagera, Tanzania - - - A- - - Rural Kagera, Tanzania
——e—— Males Masaka, Uganda —+—— Females Masaka, Uganda ——=— Females Fort Portal ANC, Uganda
Urban males surveys, Zambia ——<o—— Rural male surveys, Zambia ———— Urban females surveys, Zambia
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——o—— Females Manicaland ANC, Zimbabwe

Fig. 2. The association between educational attainment and risk of HIV infection in 13 African populations, by year of study.
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limitations in the included studies [2]. For instance,
population studies may have been biased if eligible
individuals excluded from the study differed from
those included. However, response rates were high
where they were reported. Studies of antenatal clinic
attendees are generally unlinked—anonymized, with
approximately 100% response rates, but include only
pregnant women who attend antenatal clinics [30], thus
excluding the sexually inactive [44] and those not using
clinics, who may be less educated. Since delayed first
pregnancy has become more common over time in many
settings, young women who do become pregnant may be
at particularly high risk of infection, perhaps explaining
why antenatal clinic data more often suggested higher
levels of infection among the most educated and less
evidence of changes over time [40,45].

The synthesis of data from observational studies presents
particular challenges [46]. In this case, a standardized
measure of exposure (educational attainment) was not
available and a variety of scales were used. In addition, most
studies used more than two educational groups in the
analysis, making the appropriate choice of summary
measure complex. It was only possible to identify
associations between risk of HIV infection and relative
level of education in each study. We chose to summar-
ize studies descriptively, primarily on the basis of the
comparison of HIV risk between the highest and lowest
educational groups. This implicitly assumes a linear
association between education and HIV risk, although
in only a relatively small number of cases did we judge that
such a comparison led to potentially misleading con-
clusions (see Table 1, footnote h). Estimates of effect were
unstable if the highest and/or lowest groups had relatively
small numbers for the calculation of HIV prevalence, and
the interpretation of the ratio of highest to lowest
education will differ across studies. In some settings, levels
of secondary school attendance were very low, while in
others these were much higher, and different cut-ofts were
used. The lowest category of educational level thus varied
from no education to less than secondary in different

studies (Table 1).

We only included studies that adjusted for (or restricted
by) age and sex, and that did not adjust for sexual-
behaviour factors that are likely to be on the causal
pathway between education level and HIV. An exception
was made for marital status, as many of the studies had
controlled for this. In one study that explicitly explored
the confounding effect of marriage on the association of
education status and HIV risk in four different settings, it
had little effect on the results [28].

We cannot exclude publication bias: perhaps studies
finding a lower risk of HIV infection among more
educated groups, or a shifting pattern of infection towards
this trend, may have been more likely to be published
between 2001 and 2006. However, education level was

often not the main focus of the studies, so it is unlikely to
have biased publication. Finally, data were only available
from 11 of the countries in the region, a minority.

Overall, available data from a number of settings suggested
that the trend seen in data collected before 1996, of a higher
risk of infection among the most educated groups, was
weakening, and in some cases reversing, over time. Since
patterns of prevalent HIV infection are relatively slow to
respond to changes in HIV incidence, it is possible that
these patterns hide much greater relative difterences in
HIV incidence between the most and least educated in
recent years. Where time-series data were available on
younger age groups, in whom infection is likely to have
been acquired recently, this trend was also seen. Previous
studies have attempted to infer time trends by comparing
the association between education and HIV between
younger and older groups [15,27,32]. However, differen-
tial AIDS-related mortality in these groups makes these
comparisons difficult [28] and a strength of our study was
the inclusion of data collected in different time periods to
address this question. Differential mortality could only
explain the changes seen in different time periods if overall
rates of AIDS-related mortality were changing rapidly in
some age groups over time, which is unlikely as these
studies predate the widespread accessibility of antiretroviral
drugs.

While an overall pattern emerged, there was also some
evidence of differences between population groups, for
example with differences between rural and urban
Zambia. Zambia was the only country with data from
a wide range of regions within the country; other results
came from single regions or towns, and for most countries
of sub-Saharan Africa there were no data at all. It is
possible that patterns in other countries may differ.

Strong supporting evidence of behaviour change among
the most educated comes from studies that have
consistently found higher levels of reported condom
use among more educated individuals in a variety of
contexts [28,45,47—-53]. However, evidence with regard
to other safer-sexual behaviours, such as delayed age at
first sex and reduced partner numbers, is less consistent:
some studies have suggested lower risk among the most
educated but this has not been seen in other settings
[28,31,45,48,53—-56]. The plausibility of the hypothesis
of change occurring earlier in those with more education
is also supported by well-established theory. For example,
the diftusion of innovations model predicts that more-
educated, more-empowered members of a population
will seek out information on new practices (such as
condom use in sub-Saharan Africa in the latter part of the
20th century) and more readily adopt these [4].

The evidence presented here should highlight the
importance of monitoring future trends within surveil-
lance systems across sub-Saharan Africa. We believe there is

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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already sufficient evidence to support consideration of
policy responses to the changing epidemiology of HIV
infection we outline in this paper, since such responses will
need to be rapidly rolled out if the trends reported here are
confirmed in ongoing surveillance. Current approaches,
focusing primarily on the provision of information,
distribution of condoms and treatment of sexually
transmitted infections have worked and should continue.
However, these efforts may effectively serve only some
sections of the community, and health inequalities in
sub-Saharan Africa may be set to increase. Additional
efforts are needed to expand the reach of HIV prevention
programmes to target socially vulnerable groups more
effectively and to address social inequalities. As an example,
recent interventions to improve school enrolment, such as
the abolition of primary school fees, have met with
dramatic success in Kenya, Malawi, Tanzania and Uganda
as part of efforts to achieve universal access to primary
education [57]. Such interventions may have a role to play
in complementing more traditional HIV prevention
methods in reducing HIV incidence in all social groups.
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