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Abstract
Background: Investigations of the association between socio-economic position indicators and
HIV in East, Central and Southern Africa have chiefly focused on factors that pertain to individual-
level characteristics. This study investigated the effect of neighbourhood educational attainment on
HIV prevalence among young women in selected urban and rural areas in Zambia.

Methods: This study re-analysed data from a cross-sectional population survey conducted in
Zambia in 2003. The analyses were restricted to women aged 15–24 years (n = 1295). Stratified
random cluster sampling was used to select 10 urban and 10 rural clusters. A measure for
neighbourhood-level educational attainment was constructed by aggregating individual-level years-
in-school. Multi-level mixed effects regression models were run to examine the neighbourhood-
level educational effect on HIV prevalence after adjusting for individual-level underlying variables
(education, currently a student, marital status) and selected proximate determinants (ever given
birth, sexual activity, lifetime sexual partners).

Results: HIV prevalence among young women aged 15–24 years was 12.5% in the urban and 6.8%
in the rural clusters. Neighbourhood educational attainment was found to be a strong determinant
of HIV infection in both urban and rural population, i.e. HIV prevalence decreased substantially by
increasing level of neighbourhood education. The likelihood of infection in low vs. high educational
attainment of neighbourhoods was 3.4 times among rural women and 1.8 times higher among the
urban women after adjusting for age and other individual-level underlying variables, including
education. However, the association was not significant for urban young women after this
adjustment. After adjusting for level of education in the neighbourhood, the effect of the individual-
level education differed by residence, i.e. a strong protective effect among urban women whereas
tending to be a risk factor among rural women.

Conclusion: The findings suggested structural effects on HIV prevalence. Future research should
include more detailed mapping of neighbourhood factors of relevance to HIV transmission as part
of the effort to better understand the causal mechanisms involved.
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Background
Investigations of the association between socio-economic
position indicators and HIV have chiefly focused on fac-
tors that pertain to individual-level characteristics. In a
systematic review of HIV studies in East, Central and
Southern Africa, Wojcicki et al. (2005) found that out of
the 36 studies examined, only two studies [1,2] had taken
ecological or neighbourhood variables into consideration
[3]. Further evidence points to the fact that studying indi-
vidual characteristics such as demographic, biologic, per-
sonality or behaviour factors alone can only explain a part
of the complex set of factors that contribute to poor health
[4-6]. Neighbourhoods represent both social networks
and physical places through which diseases spread [4],
and ignoring them may lead to incomplete understanding
of determinants of disease in individuals and in the pop-
ulation [5].

Multi-level studies in public health have focused on a
range of different public health outcomes, for instance,
related to all-cause mortality, cardiovascular disease,
infant and child health, women's health, mental health
and health behaviour [7-12]. In the past years, there has
been an increased interest in neighbourhood or ecological
variables in Africa, such that more studies have started to
investigate their effect on HIV prevalence [13,14]. The
associations studied have been mainly between neigh-
bourhood variables such as socio-economic position,
socio-economic activities and HIV prevalence. These stud-
ies have found neighbourhood variables to be associated
with HIV prevalence.

Individual-level epidemiological surveys on the associa-
tion between educational attainment and HIV infection
have found different patterns depending on the stage of
the epidemic. Studies conducted before 1996 in sub-Saha-
ran Africa found higher educational attainment to be pos-
itively associated with HIV infection [15-17]. The
explanation for these findings was probably that higher
educational achievement was associated with higher
wealth, increased mobility and multiple sexual partners
[15,18]. Later, serial cross-sectional studies have shown
declines in the HIV prevalence among highly educated
persons, particularly in those aged 15–24 years [17,19-
23]. It is likely that increased information, knowledge and
awareness, might have had a positive impact earlier
among educated persons than those who were illiterate
and poor, in terms of delaying sexual debut, reducing the
number of partners, and increasing condom use [24,25].

Conversely, there have been few studies that have investi-
gated the effect of neighbourhood educational attainment
or socio-economic position on HIV prevalence. In the
present study, HIV survey data from selected urban and
rural neighbourhoods in Zambia were re-analysed using

multi-level modelling techniques to investigate the rela-
tionship between HIV prevalence and educational attain-
ment at both the neighbourhood and individual levels.

Methods
Population and sampling procedures
The investigation is based on data collected in a popula-
tion-based cross-sectional survey undertaken in Zambia
in 2003. Stratified random cluster sampling was used to
select ten clusters in Chelston (urban neighbourhood in
Lusaka) and ten in Kapiri Mposhi district (rural neigh-
bourhoods). Each cluster in the study corresponds to a
census tract or standard enumeration area (SEA), which is
the lowest unit of data collection in a Census of Zambia.
It should be noted that the terms cluster and neighbour-
hood are used interchangeably in this study.

All persons in the selected clusters aged between 15–59
years were invited to participate in the study. A total of
6791 persons were listed and 4751 persons (70%) com-
pleted the structured interview and provided saliva for
HIV testing. Two call-backs were made in order to catch
individuals who were absent during the first visit to the
household. Non-participation was attributed to absence
of some listed persons during the canvassing (19.7%),
interview refusals (3.4%) and refusal to test for HIV infec-
tion (6.6%). This paper is restricted to young women aged
between 15–24 years (n = 1295). There were 840 young
women aged 15–24 who participated and were tested for
HIV in Chelston, whereas the corresponding number in
Kapiri Mposhi was 456.

Laboratory Analysis
In order to ascertain the HIV status of the participants, the
study collected saliva samples from willing participants.
Participants' saliva samples were tested by use of a rapid
test kit BIONOR HIV 1 & 2 (BIONOR AS, Skien, Norway).
For quality assurance, 10 percent of negative samples and
10 percent positive samples were retested at the national
reference laboratory at the University Teaching Hospital
in Lusaka.

Conceptual Framework
The analysis and interpretation of the data was based on
the proximate-determinants framework for HIV infection
[26]. Key to the framework is the assumption that under-
lying variables influence the proximate variables, which in
turn have a direct effect on the biological mechanisms
behind the acquisition of HIV. The underlying variables
include socio-economic context of the neighbourhood
(neighbourhood educational attainment, neighbourhood
wealth index and neighbourhood employment rate are all
used as a proxy of this in the current study), individual
education, marital status, wealth index, student status
(still student) and mobility. In order to affect the biologi-
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cal pathways to HIV infection, the underlying variables
must operate through proximate variables, for example,
age at sexual debut, being sexually active, and number of
lifetime sexual partners. Distinguishing underlying varia-
bles from proximate variables is important for the concep-
tualization of causal pathways leading to HIV infection.

Variables
The neighbourhood variables were constructed based on
the aggregation method in SPSS 15. This is a procedure
that allows summarizing of a dataset or a variable by col-
lapsing it into summary statistics (for example, mean,
median, sum and standard deviation) on the basis of a
break variable [27]. A break variable is a variable for
which summary statistics are to be computed, for
instance, clusters (SEAs) in this study. Each of the neigh-
bourhood-level measures were grouped into three levels,
the lowest level denoting low mean educational level, low
wealth level or low employment level (i.e. high unem-
ployment), and high denoting high mean educational
level, high wealth level or high employment level. Values
in-between were considered "middle".

To measure the variable educational attainment, respond-
ents were asked how many years they had spent in school,
and they gave the answer in actual number of years. Dif-
ferent cut-off points had to be used for the urban com-
pared with the rural setting due to the marked difference
in the distribution of educational attainment. Zambia's
educational system is divided into four levels, that is, pri-
mary school (grade 1 – 7), junior secondary school (grade
8 – 9), senior secondary school (grade 10 – 12), and terti-
ary education (above grade 12). However, we set the fol-
lowing cut-off points for individual-level educational
attainment in the Chelston neighbourhoods to avoid
making one group very small: 0 – 7 years (low educational
level), 8 – 11 years (middle educational level) and 12
years and above (high educational level). Since the
reported number of years in school was skewed towards
primary education in Kapiri Mposhi, the following group-
ings were employed: 0 – 4 years (low educational level),
5–7 years (middle educational level) and 8 years and
above (high educational level). The neighbourhood-level
educational attainment was estimated by calculating the
mean number of years in school for all respondents in the
neighbourhood (aged 15 – 59 years). The neighbour-
hoods were then grouped into three socio-economic
classes: low, middle and high. This was done separately
for the urban and rural neighbourhoods. Using the pro-
portion with secondary school or higher level of educa-
tion gave the same categorization of clusters as when
employing mean years-in-school.

The variable employment was based on a question on cur-
rent employment status, and the response options were

'unemployed', 'unpaid family worker', 'self-employed',
'employee', and 'employer'. After assessing the data, we
reduced the scale from five items to two items. 'Unem-
ployed' and 'unpaid family worker' were combined and
the new category was called 'unemployed', and 'self-
employed', 'employee' and 'employer' were merged to
form a category called 'employed'. To be considered
employed, respondents were supposed to have a job that
paid them money or to be engaged in some form of busi-
ness that earned them an income. Otherwise, they were
considered unemployed. Thus housewives were consid-
ered to be unemployed. Students were not included in the
two categories. For each cluster the proportion of unem-
ployed respondents aged 15–59 was calculated, and the
clusters were grouped into three categories; low, medium
and high employment rate (i.e. the inverse of unemploy-
ment in order to obtain a "high"-category that corre-
sponded to higher socioeconomic status). The
categorization was done separately for the urban and rural
areas, and cut-off points were selected that resulted in
groups of similar sizes.

The individual level wealth index was derived using prin-
ciple component analysis based on six household items,
i.e. electricity, refrigerator, radio, bicycle, plough and don-
key. We created two separate wealth indices for the rural
and the urban areas to account for the fact that different
items were of different importance for urban and rural res-
idents. Three individual wealth index categories were
made based on the values of Component 1 obtained in
the principal component analyses. In addition, the values
of Component 1 for all respondents aged 15–59 were
used to calculate the mean wealth status of each cluster
using the aggregation procedure, and three categories rep-
resenting the relative wealth status of the neighbourhoods
were then created (this was done separately for the urban
and rural clusters).

The variable travel was measured by a question on trips
made in the past year that involved absence from home
for several days. The response options were 'never', 'some-
times', 'often', and 'very often', and the variable was
dichotomised into 'never/seldom' and 'often' (often and
very often).

Statistical analysis
All analyses were restricted to young women aged
between 15–24 years with known HIV status. Young
women were selected based on the premise that they are
highly vulnerable to HIV infection as indicated by the very
high HIV prevalence relative to young men [23]. Further-
more, the bulk of infections in this group are relatively
recent and mortality is low. The analyses controlled for
the effect of the potential confounder age, which was
adjusted for as a linear effect.
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All analyses were conducted using Stata version 10.1 (Col-
lege Station, Texas, USA), except for the aggregation pro-
cedures and the linear-by-linear test for which we used
SPSS 15. The distribution and age-adjusted associations
(based on multilevel mixed-effect logistic regression) of
underlying and proximate variables to HIV prevalence are
shown in Table 1. Multilevel mixed-effect logistic regres-
sion estimates both fixed and random effects and takes
account of the clustering of data. Variables that were sig-
nificantly associated (p < 0.05) with HIV in the bivariate
analysis in either the urban or the rural areas were
included in the multivariate analyses (in Tables 2 and 3).
In addition, Pearson's correlation test was conducted to
determine the correlation between cluster-level educa-
tional attainment, cluster-level wealth index, cluster
employment rate, presence of electricity in the cluster, and
individual educational attainment. The results indicated
that cluster-level wealth; cluster employment and electric-
ity were highly correlated with cluster educational level in
the rural neighbourhoods. To avoid multi-collinearity
during modelling, cluster educational attainment was the
only cluster-related variable retained in the final multivar-
iate model.

To assess the pathways through which individual risk fac-
tors were likely to mediate the effect of neighbourhood
educational level on HIV infection, we examined the asso-
ciation of neighbourhood educational level with individ-
ual variables using linear-by-linear association tests (also
known as Mantel-Haenszel statistical test). However, this
test does not adjust for the effect of data clustering, and
thus the actual strength of associations may be weaker
than estimated by the test. The individual factors were
compared among the three levels (i.e., high, middle and
low) of neighbourhood educational attainment in both
urban clusters and rural clusters (Table 4). Median age at
first sexual intercourse was estimated using the survival
analysis command stsum. Log-rank test for equality of
survivor functions was used to compare the median ages
between groups. Median age and median lifetime sexual
partners were compared via K-sample equality of medians
test.

The multivariate analyses were conducted by the use of a
two-level mixed effects logistic regression model. Separate
multivariate models were constructed for urban and for
rural neighbourhoods. In addition, separate models were
built for all women and for sexually active women only.
For all women, underlying variables were entered first and
then the 'ever had sex' variable was added. For the sexually
active women, we added the factor 'ever given birth' and
'number of lifetime sexual partners'.

Ethics
Ethical clearance for the population based-survey proto-
col was obtained from the University of Zambia Research
Ethics Committee. Participation in the survey was based
on informed written consent. Respondents were informed
that the HIV testing based on saliva was for research pur-
poses only and it was going to be handled anonymously.
Those respondents that wanted to know their HIV status
were offered voluntary counselling and testing (VCT) at
home.

Results
The HIV prevalence was 12.5% in the urban area and
6.8% in the rural area. In both urban and rural areas, the
neighbourhoods with a low average educational attain-
ment had higher HIV prevalence than neighbourhoods
with a high average educational level, 15.9% vs. 10.7%
and 7.3% vs. 3.7% respectively. The logistic regression
analysis for cluster-level variables adjusted for age showed
neighbourhood educational attainment to be negatively
associated with HIV infection in both the urban and rural
populations. The other neighbourhood variables, wealth
index and employment, were not significantly associated
with HIV prevalence, but the direction of the relationships
were the same, i.e. higher socioeconomic status being
associated with lower HIV prevalence (Table 1). Neigh-
bourhood educational attainment was correlated with
neighbourhood wealth (Pearson correlation coefficient
0.8 in the rural area and 0.45 in the urban area), with the
presence of electricity in the households (0.6 in the rural
and 0.14 in the urban area), and with neighbourhood
employment rate (0.7 in the rural and 0.15 in the urban
area).

Table 4 shows that in the urban area, women who resided
in neighbourhoods with a low mean educational-level
were more likely to engage in sexual activity early and not
to be in school than those who resided in neighbour-
hoods with a high mean educational-level. Among those
who were sexually active, women in neighbourhoods with
low mean educational-level were more likely to engage in
sex before age 16, marry early and give birth early com-
pared to those in the neighbourhoods with high educa-
tional-level. A similar pattern was observed in the rural
neighbourhoods. Generally, women in the rural area
engaged in sexual intercourse earlier than their peers in
the urban area, irrespective of the level of education in the
neighbourhoods they resided. In terms of median lifetime
partners, women in the rural clusters reported a higher
number than the urban women, but there was no differ-
ence by educational level of the neighbourhood. The per-
centage reporting STI symptoms was highest in
neighbourhoods with low educational level in the rural
area, especially among young women aged 20–24 years.
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Table 1: Bivariate and age-adjusted distribution of underlying and proximate factors of HIV infection in young women by urban and 
rural residence

Variable Urban Rural

All women Sexually active women All women Sexually active women

No. HIV % AOR No. HIV % AOR No. HIV % AOR No. HIV % AOR
Cluster education

Low 397 15.9 1.00 245 22 1.00 159 10.7 1.00 131 13.0 1.00
Middle 195 12.3 0.77 

(0.46–1.29)
96 21.9 1.02 

(0.57–1.80)
136 5.9 0.51 

(0.21–1.23)
125 6.4 0.47 

(0.19–1.14)
High 248 7.3 0.42 

(0.24–0.74)
127 11.8 0.47 

(0.25–0.88)
161 3.7 0.32 

(0.12–0.85)
108 5.6 0.37 

(0.14–0.97)
Cluster wealth Index

Low 264 14.4 1.00 171 19.9 1.00 175 10.3 1.00 112 14..3 1.00
Middle 244 11.5 0.86 

(0.43–1.74)
128 18.8 0.94 

(0.47–1.88)
120 5.8 0.44 

(0.19–1.02)
144 6..3 0.44 

(0.19–1.03)
High 332 11.7 0.85 

(0.43–1.68)
169 18.9 0.90 

(0.45–1.78)
161 3.7 0.37 

(0.11–1.32)
108 5.6 0.47 

(0.13–1.66)
Cluster employment

Low 268 13.3 1.00 178 18.4 1.00 138 8 1.00 111 9.9 1.00
Middle 244 12.3 0.93 

(0.46–1.92)
130 20.8 1.19 

(0.59–2.40)
156 7.7 0.91 

(0.38–2.17)
136 8.8 0.86 

(0.36–2.04)
High 328 11.6 0.85 

(0.42–1.74)
168 18.9 1.01 

(0.51–2.01)
162 4.9 0.56 

(0.21–1.44)
117 8.5 0.61 

(0.23–1.58)
Education

Low 174 20.1 1.00 101 27.7 1.00 151 7.9 1.00 125 9.6 1.00
Middle 313 14.7 0.69 

(0.41–1.14)
158 25.3 0.84 

(0.47–1.50)
184 6.5 0.82 

(0.34–2.01)
155 7.7 0.80 

(0.34–1.86)
High 352 6.8 0.17 

(0.10–0.32)
209 10.5 0.25 

(0.13–0.48)
121 5.8 0.75 

(0.23–2.35)
84 8.3 0.83 

(0.31–2.21)
Wealth index

Low 227 12.3 1.00 153 15.7 1.00 203 8.4 1.00 173 9.8 1.00
Middle 495 12.5 1.13 

(0.68–1.88)
255 21.6 1.51 

(0.87–2.62)
136 4.4 0.53 

(0.20–1.40)
113 5.3 0.52 

(0.20–1.38)
High 117 12.8 1.16 

(0.58–2.34)
60 18.3 1.21 

(0.54–2.71)
116 6.9 0.95 

(0.35–2.56)
78 10.3 1.04 

(0.40–2.70)
Current student

Not student 505 16.6 1.00 352 21.9 1.00 370 8.4 a 324 9.6 a
Student 332 6.3 0.47 

(0.27–0.79)
115 11.3 0.51 

(0.26–0.97)
79 0 37 0.0

Travel
Never/seldom 461 13.2 1.00 259 20.5 1.00 255 6.3 1.00 205 7.8 1.00
Often 376 11.2 0.78 

(0.56–1.09)
208 17.3 0.79 

(0.55–1.13)
200 7.5 1.19 

(0.57–2.52)
159 9.4 1.10 

(0.62–1.97)
Ever married -

Single 700 9.6 1.00 331 15.7 1.00 187 3.7 1.00 98 7.1 1.00
Married 139 27.3 2.39 

(1.40–4.05)
137 27.7 1.82 

(1.07–3.10)
268 9 1.39 

(0.49–3.95)
266 9 0.91 

(0.34–2.47)
Ever had sex

No 370 4.1 1.00 - - - 90 0 a - -
Yes 468 19.2 4.52 

(2.42–8.42)
364 8.5

Ever given birth
No 648 9.1 1.00 279 15.8 1.00 186 1.1 1.00 97 2.1 1.00
Yes 189 24.3 2.25 

(1.36–3.69)
189 24.3 1.50 

(0.91–2.48)
269 10.8 8.78 

(1.86–41.3)
267 10..9 4.90 

(1.07–22.4)
Number of lifetime 
sexual partnersb

0 partner5 370 4 1.00 - 90b 0 -
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1 partner 247 17.8 4.43 
(2.31–8.53)

247 17.8 1.00 186 6.5 0.43 
(0.17–1.07)

186 6.5 1.00

2 partners 125 20 4.86 
(2.31–10.2)

125 20 1.06 
(0.61–1.86)

108 9.3 0.63 
(0.24–1.66)

108 9..3 1.37 
(0.56–3.31)

≥ 3 partners 88 23.9 6.13 
(2.82–13.3)

88 23.9 1.34 
(0.73–2.43)

65 13.8 1.00 65 13..8 2.01 
(0.79–5.12)

(i) Categorization:
i. Cluster educational levels: urban – low (9.0–10.5 years), middle (10.6–11.0 years), high (11.1–11.3 years); rural – low (4.0–5.3 years), middle (5.4–
6.5 years), high (6.6–9.5 years)
ii. Cluster employment: urban – high (30–36%), middle (37–40%), low (41–46%); rural – high (36–46%), middle (47.61%), low (62–77%)
iii. Individual level education: urban – low (grade 0 – 7), middle (grade 8 – 11), high (grade 12 and above); rural – low (grade 0 – 4), middle (grade 5 
– 7) & high (grade 8 and above)
(2) AOR = age-adjusted odd ratios (3) Significant results are in bold (p < 0.05) (5) '0 partner' is equal to the number young women who have not had 
sexual intercourse
a AOR could not be computed because the prevalence for one of the elements was zero
b For all women in the rural area, we used "≥ 3 partners" as the reference since the prevalence among those with "0 partners" was zero

Table 1: Bivariate and age-adjusted distribution of underlying and proximate factors of HIV infection in young women by urban and 
rural residence (Continued)
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Table 2: Multivariate analysis of HIV infection among young urban women aged 15–24 years

Variables All women Sexually active women only

Underlying factors With proximate factors Underlying factors With proximate factors

Cluster-level variables

Education1

Low 1.00 1.00 1.00 1.00
Middle 0.85 (0.50–1.44) 0.93 (0.55–1.60) 1.08 (0.60–1.95) 1.08 (0.60–1.94)
High 0.57 (0.32–1.02) 0.60 (0.33–1.07) 0.64 (0.33–1.23) 0.63 (0.33–1.21)

Individual-level variables
Education2

Low 1.00 1.00 1.00 1.00
Middle 0.73 (0.41–1.28) 0.70 (0.40–1.24) 0.80 (0.43–1.49) 0.79 (0.42–1.49)
High 0.35 (0.19–0.62) 0.37 (0.21–0.66) 0.43 (0.23–0.80) 0.44 (0.23–0.83)

Current student
Not student 1.00 1.00 1.00 1.00
Student 0.66 (0.37–1.17) 0.80 (0.45–1.43) 0.74 (0.37–1.45) 0.76 (0.38–1.50)

Ever married
Single 1.00 1.00 1.00 1.00
Married 1.54 (0.89–2.66) 1.31 (0.76–2.27) 1.31 (0.75–2.28) 1.27 (0.69–2.33)

Ever had sex
No 1.00
Yes 3.60 (1.87–6.93)

Ever given birth
No 1.00
Yes 1.04 (0.58–1.85)

Number of lifetime sexual partners
0 partner5 -
1 partner 1.00
2 partners 1.02 (0.57–1.82)
≥ 3 partners 1.11 (0.60–2.08)

(1) Cluster level education is based on the mean years of educational attainment of the population in the neighbourhoods: – urban: low (9.0–10.5), 
middle (10.6–11.0), high (11.1–11.3)
(2) Individual level education categorization is as follows: urban: low (grade 0 – 7), middle (grade 8 – 11), high (grade 12 and above)
(3) CI, confidence interval
(4) AOR, age-adjusted odds ratio
(5) '0 partner' is equal to the number young women who have not had sexual intercourse
Significant results are in bold (p < 0.05)
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The correlation between individual and cluster educa-
tional attainment was 0.17 in the urban and 0.53 in the
rural area. In both urban and rural neighbourhoods, there
was no evidence of an interaction between neighbour-
hood-level education and individual-level education.
After adjusting for underlying individual factors in the
multivariate analysis, the likelihood of young urban
women in the neighbourhoods with a high average edu-
cational attainment to be infected with HIV was still lower
than in less educated neighbourhoods, but the association
was no longer significant (OR 0.57, 95% CI 0.32–1.02).

Young women with higher education had a lower risk of
HIV infection after controlling for the neighbourhood
effect. Among sexually active urban women, neighbour-
hood educational level was not significantly associated
with HIV infection in the multivariate analyses, whereas
high individual-level education maintained its protective
effect (Table 2).

In the rural clusters the significant association between
neighbourhood educational attainment and HIV preva-
lence persisted even after adjustments for individual-level

Table 3: Multivariate analysis of HIV infection in young rural women aged 15–24 years

Variables All women Sexually active women only

Underlying factors With proximate factors Underlying factors With proximate factors

Cluster-level variables

Education1

Low 1.00 1.00 1.00 1.00
Middle 0.49 (0.20–1.21) 0.49 (0.20–1.21) 0.44 (0.18–1.11) 0.41 (0.16–1,06)
High 0.29 (0.09–0.87) 0.24 (0.09–0.87) 0.29 (0.09–0.90) 0.30 (0.10–0.93)

Individual-level variables
Education2

Low 1.00 1.00 1.00 1.00
Middle 1.01 (0.42–2.40) 1.01 (0.42–2.40) 1.00(0.41–2.39) 0.97 (0.40–2.36)
High 1.37 (0.43–4.36) 1.37 (0.43–4,36) 1.25 (0.39–4.06) 1.35 (0.41–4.40)

Current student
Not student
Student a a a a

Ever married
Single 1.00 1.00 1.00 1.00
Married 1.09 (0.36–3.35) 1.09 (0.36–3,35) 0.68 (0.23–2.06) 0.40 (0.13–1.26)

Ever had sex
No - -
Yes a

Ever given birth
No 1.00
Yes 6.37 (1.24–32.7)

Number of lifetime sexual partners
0 partner5 -
1 partner 1.00
2 partners 1.05 (0.42–2.63)
≥ 3 partners 1.76 (0.67–4.61)

(1) Cluster level education is based on the mean years of educational attainment of the population in the neighbourhoods: rural: low (4.0–5.3), 
middle (5.4–6.5), high (6.6–9.5)
(2) Individual level education categorization is as follows, rural: low (grade 0 – 4), middle (grade 5 – 7) & high (grade 8 and above).
(3) CI, confidence interval
(4) AOR, age-adjusted odds ratio
(5) '0 partner' is equal to the number young women who have not had sexual intercourse
a AOR could not be computed because the prevalence for one of the elements was zero.
Significant results are in bold (p < 0.05)
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underlying and proximate variables in the multivariate
analysis. When only sexually active young women were
taken into consideration, the association between neigh-
bourhood educational level and HIV remained closely the
same (Table 3). In contrast to the urban neighbourhoods,
individual education was not significantly associated with
HIV prevalence among young rural women, but it
appeared to be somewhat protective in the bivariate anal-
ysis (Table 1) when in fact it tended to be a risk factor in
the multivariate analysis (Table 3).

Discussion
We have previously reported a remarkable shift over time
in the association between individual-level educational
attainment and HIV infection among young people in
Zambia [19,22], and similar observations have been
revealed from other high HIV prevalence populations in
Africa [28]. Educational attainment is a key marker of
socio-economic position, and here we examined struc-
tural effects on HIV prevalence measured by the associa-
tion between small area-level educational attainment and
HIV prevalence independent of the respective individual-
level of education. The magnitude of these effects was
highest in the rural populations, i.e. OR 0.24, 95% CI
0.09–0.87 after adjusting for age and underlying individ-
ual variables. The respective urban OR was 0.57, 95% CI
0.32–1.02. These findings suggest structural effects on
HIV prevalence.

There are many possible indicators of socio-economic
position, both at the individual-level and at the neigh-
bourhood-level. Frequently used indicators at the individ-

ual-level are occupation, income, educational attainment
and wealth. These are seen as dimensions of socio-eco-
nomic position. They are most often handled separately,
but sometimes used as a basis for a construct measure
[29]. Neighbourhood educational attainment seems to be
a good proxy of the socio-economic position of the local
areas due to the close correlation between this variable
and average wealth index in the neighbourhoods. The
associations between neighbourhood educational attain-
ment and HIV infection and neighbourhood wealth index
and HIV infection were similar in direction, and for the
rural stratum, also compatible in strength. The strong cor-
relation between neighbourhood educational attainment
and the presence of electricity also suggests that the aggre-
gate variable for educational attainment captures struc-
tural or contextual aspects of the neighbourhoods,
although we cannot rule out that it reflects compositional
differences between the neighbourhoods as well, i.e. that
the differences between the neighbourhoods are pro-
duced by the kind of people who live there (a selection
effect). The multivariate analyses showed that adjustment
for individual underlying and sexual behaviour factors
weakened the association between the educational level
of the urban neighbourhoods and HIV infection. This
indicates that the effect of neighbourhood educational
attainment on HIV was partially mediated through these
individual factors as conceptualised in the proximate
determinants framework. In the rural area the association
between HIV prevalence and average education in the
neighbourhoods was not reduced after adjustment for
individual factors. This may reflect that the most impor-
tant mediating factors were not included in our model

Table 4: Association of cluster educational attainment with other risk factors in young women

Cluster educational attainment

Urban Rural

Low Middle High P value Low Middle High P value

All young women (n): 397 195 248 159 136 161
Median age (yrs) 19 19 19 0.550c 20 20 19 0.886c

Current student (%) 36.7 35.1 48.0 0.006a 4.5 11.3 35.4 0.000a

Travelled often (%) 41.0 49.0 48.0 0.062a 38.0 41.2 52.2 0.011a

Ever married (%) 47.3 23.2 29.5 0.000a 34.9 29.8 35.3 0.000a

Ever sexually active (%) 61.9 49.5 51.2 0.004a 82.9 92.6 67.1 0.000a

Median age at 1st sex (yrs) 18 20 20 < 0.001b 15 16 17 < 0.001b

Ever sexually active (n): 245 96 127 131 125 108
Ever given birth (%) 45.5 36.8 35.2 0.045a 79.4 76.0 63.0 0.005a

Sex before age 16 (%) 35.8 31.6 24.0 0.022a 73.8 71.8 57.0 0.007a

Median lifetime sexual partner (n) 1.0 1.0 1.0 0.305c 2.0 1.0 2.0 0.147c

STI (%) 3.9 3.1 1.6 0.240a 9.1 3.6 2.9 0.036a

(a) Linear-by-linear association test
(b) K-sample equality of medians test
(c) Log-rank test for equality of survivor function
Significant results are in bold (p < 0.05)
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and/or that those included were measured with low valid-
ity. The finding that neighbourhood and individual edu-
cational attainment in the rural area tended to have
contrasting associations with HIV prevalence (the first
being protective and the second tending to be a risk fac-
tor) supports the assumption that the aggregate variable
for neighbourhood educational attainment captures not
only differences in education itself but also important dif-
ferences in the socio-economic context of the neighbour-
hoods that may protect educated and wealthier
neighbourhoods from HIV infection.

To what extent education in itself creates the differences in
HIV prevalence between neighbourhoods is difficult to
judge. Although neighbourhood educational attainment
seems to be a good proxy of structural neighbourhood dif-
ferences in the present data, we cannot rule out the possi-
bility that education per se plays a role too. For example,
it is believed that the spread of education in the commu-
nity environment moulds socially acceptable behaviour
[24]. Young women in the most educated neighbour-
hoods in this study seemed to delay sexual debut and mar-
riage compared to those in the least educated
neighbourhoods, and this may reflect differences in what
is perceived to be socially acceptable. It could also reflect
that women from educated neighbourhoods have a more
independent position and are actively encouraged to pur-
sue an education before establishing a relationship to a
man and having children. Other studies suggest that in
neighbourhoods with low average educational attainment
or financially deprived areas adult supervision may be
weaker [30]. As parental involvement may function as a
social control and socialization mechanism in the family
[30], limited parental involvement seems to be generally
associated with a higher level of pre-marital sexual activity
and problem behaviour [31]. This may be translated into
higher chances of HIV infection among young women in
the least educated neighbourhoods when compared with
their peers who reside in areas with high average educa-
tion. Further, educated women are more likely to marry
educated men, and as educated men are less likely to
engage in risky sexual behaviour [25] and they are less
likely to be HIV infected, this probably also has an impact
on the HIV risk of educated women.

Past HIV prevention efforts have been overly focused on
individual behaviours, but the recognition of the need to
combine behavioural, structural and biomedical
approaches seems to be growing [32,33]. Although the
observed shift in the association between educational
attainment and HIV prevalence in several high prevalence
African countries might be an example of substantial
effects of preventive programmes focused on individual
behaviour [19,22,25,34], these preventive programmes
seem to have had limited impact on the less educated and

impoverished part of the population. There is still limited
understanding of why the less educated are not adhering
to behaviour change messages. The most educated may
respond faster to protect themselves due to higher concern
for their health and stronger belief in their own self-effi-
cacy as predicted by the framework "diffusion of innova-
tions" [25,35,36]. Or it might be rooted in the
pedagogical approach employed by the campaigns. Any
elements of 'blame the victim' approaches to foster behav-
iour change messages may have been counter-productive
or perceived as irrelevant by less educated persons [34].
The neighbourhood effects on HIV prevalence might indi-
cate the need for combining programmes focussing on
individual behaviour with structural approaches to
address those factors that shape or constrain individual
behaviour. An example of an important programme that
may contribute to this is the Programme for the advance-
ment of girls' education (PAGE), adopted in Zambia in
the early 1990s, with the purpose to improve girls' access
to school [37]. It seems that this programme has started to
bear fruits in terms of substantial improvement in girls'
school attendance at both primary and secondary level in
the period 1990–2000 [38]. However, the net junior and
senior secondary school attendance rate is still low in
Zambia, particularly in rural (8% and 5% vs. 35% and
29% in urban areas) and low cost areas (31% and 23% vs.
50% and 49% in high cost areas)[39]. Increasing school
attendance in low cost (poor) areas is likely to have an
effect on HIV incidence as it may increase the self-efficacy
of young people to protect themselves against HIV infec-
tion and increase their chances of obtaining formal
employment and thus improve their own living condi-
tions. Making secondary schools more available in rural
areas may be one way to increase net school attendance,
and removing school fees is another.

A number of factors may have contributed to biasing the
neighbourhood effects in our study. In the first place, cen-
sus clusters may not be adequate proxies of an individual's
neighbourhood surroundings and thus may not ade-
quately capture differences across neighbourhoods [8].
However, these areas are small enough to be useful prox-
ies of the natural neighbourhoods. Furthermore, the
number of clusters used by the study was low; i.e. 10 in
each of the strata. This resulted in low power to detect in-
between cluster variation in HIV prevalence[40]. There
was also limited information on more specific neighbour-
hood characteristics found to be related to HIV prevalence
in other studies, for example, availability of water, mar-
kets and health facilities [13] and availability of bars and
proximity to the nearest big town [14]. Non-response may
have affected our results if young women who were absent
during the household visits had a different risk profile
than those found at home (e.g. young women attending
boarding school could engage in both less or more risky
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sex than their counterparts at home). However, the pro-
portion absent (which amounted to 11–14% among
women overall) was rather low and thus is not likely to
have caused a major bias. The modest effect of adjusting
for proximate variables may be due to bias in the self-
reporting of sexual behaviour as women have a tendency
to underreport stigmatized sexual behaviour experiences
and over-report normative behaviour [41,42]. A particular
example in this regard was the revealed 4.1% HIV preva-
lence among young urban women who reported never
engaging in sexual intercourse. Since the epidemic in
Zambia is mainly transmitted through heterosexual inter-
course and the likelihood that women aged 15–24 in the
pre-ARV era have survived with a HIV infection transmit-
ted from the mother during pregnancy/infancy, is
extremely low, this indicates a certain underreporting of
sexual activity. Other studies have also discovered current
pregnancy, HIV and sexually transmitted infections
among young people who denied having sex [2,42,43].
Some of the young women who denied having had sex
may have been raped or forced to have sex and denied sex-
ual activity, as they had not participated voluntarily. A
study in Kenya found that half the adolescent girls who
claimed that they had never had sex, reported having been
forced to have sex [44]. Ten percent of Zambian women
aged 15–19 had been forced to have sex against their own
will according to the Zambia Sexual Behaviour Survey
2005 [45]. Finally, a cross-sectional survey does not allow
determination of whether exposure to neighbourhood
factors precedes the development of the outcome.

Conclusion
In conclusion, the findings suggested neighbourhood
contextual effects on HIV prevalence in these very HIV
prevalence areas. Neighbourhood educational attainment
appeared as a good proxy of the socioeconomic position
and is likely to capture a complexity of overlapping con-
textual factors. In this regard the strength of the local edu-
cational system seems to be a case in point, supporting the
value of ongoing efforts to improve access to secondary
education particularly for women. However, more com-
plex structural approaches will be needed to reduce HIV
risk and vulnerability. Future research should include
more neighbourhood factors of relevance to HIV preva-
lence as part of the effort to better understand the causal
mechanisms involved.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
NK participated in the analysis and interpretation of the
data and led the drafting of the manuscript. IFS actively
participated in interpreting the results as well as revising
the manuscript. KF conceptualised and designed the sur-

vey, co-ordinated and supervised the data collection, and
took an active part in the analysis, interpretation of the
results and revising the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
The authors wish to thank the Chelston and Kapiri Mposhi participants, the 
group of research assistants (the A-Team) collecting the data, the staff at 
the Department of Community Medicine, University of Zambia, and the 
Department of Virology, University Teaching Hospital. The study was sup-
ported by NORAD and the NUFU project "Strengthening HIV-related 
interventions in Zambia: cooperation in research and institutional capacity 
building.

References
1. Armstrong KA: Socioeconomic factors related to HIV preva-

lence among antenatal clinic attendees at Sentinel Sites
throughout Zimbabwe: an ecological study comparing com-
munities of high and low HIV prevalence.  In Masters Thesis in
Public Health (MPH) Seattle: University of Washington; 2000. 

2. Auvert B, Ballard R, Campbell C, Carael M, Carton M, Fehler G,
Gouws E, MacPhail C, Taljaard D, Van Dam J, et al.: HIV infection
among youth in a South African mining town is associated
with herpes simplex virus-2 seropositivity and sexual behav-
iour.  AIDS 2001, 15(7):885-898.

3. Wojcicki JM: Socioeconomic status as a risk factor for HIV
infection in women in East, Central and Southern Africa.  J
Biosoc Sci 2005, 37:1-36.

4. Poundstone KE, Strathdee SA, Celentano DD: The social epidemi-
ology of human immunideficiency virus/acquired immunede-
ficiency syndrome.  Epidemiologic reviews 2004, 26:22-35.

5. Diez-Roux VA: Investigating neighbourhood and area effects
on health.  Public Health 2001, 91(11):1783-1789.

6. Flournoy R, Yen I: The influence of community factors on
health: an annotated bibliography.  California: Policy Link;
2004:1-21. 

7. Subramanian SV: The relevance of multilevel statistical meth-
ods for identifying causal neighborhood effects.  Soc Sci Med
2004, 58:1961-1967.

8. Diez-Roux VA, Nieto FJ, Muntaner C, Tyroler HA, Comstock WG,
Shahar E, Cooper SL, Watson LR, Szklo M: Neighbourhood envi-
ronments and coronary health disease: a multilevel analysis.
Am J Public Health 1997, 146(1):48-63.

9. Michelle P, Braveman P, Abrams B: The relationship of neigh-
bourhood socioeconomic characteristics to birthweight
among 5 ethnic groups in California.  Am J Public Health 2001,
91(11):1808-1814.

10. van Os J, Driessen G, Gunther N, Delespaul P: Neighbourhood
variation in incidence of schizophrenia.  Br J Psychiatry 2000,
176:243-248.

11. von Korff M, Koepsell T, Curry S, Diehr P: Multi-level analysis in
epidemiology research on health behaviours and outcomes.
Am J Public Health 1992, 135(10):1077-1082.

12. Diehr P, Koepsell T, Cheadle A, Psaty BM, Wagner E, Curry S: Do
communities differ in health behaviours?  J Clin Epidemiol 1993,
46(10):1141-1149.

13. Gabrysch S, Edwards T, Glynn JR: The role of context: neighbour-
hood characteristics strongly influence HIV risk in young
women in Ndola, Zambia.  Trop Med Int Health 2008,
13(2):162-170.

14. Bloom S, Urassa M, Isingo R, Ng'weshemi J, Boerma JT: Community
effects on the risk of HIV infection in rural Tanzania.  Sex
Transm Infect 2002, 78:261-266.

15. Hargreaves RJ, Glynn JR: Educational attainment and HIV-1
infection in developing countries: a systematic review.  Trop
Med Int Health 2002, 7(6):489-498.

16. Smith J, Nalagoda F, Wawer MJ, Serwadda D, Sewankambo N, Konde-
lule J, Lutalo T, Li C, Gray RH: Educational attainment as a pre-
dictor of HIV risk in rural Uganda: results from a population-
based study.  Int J STD AIDS 1999, 10(7):452-459.

17. Fylkesnes K, Musonda RM, Kasumba K, Ndhlovu Z, Mluanda F, Kae-
tano L, Chipaila CC: The HIV epidemic in Zambia: socio-demo-
Page 10 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15688569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15020011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15020011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10755071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10755071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8410099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8410099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18304261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18304261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18304261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12181463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12181463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12031070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10454180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10454180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10454180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9147426


BMC Public Health 2009, 9:310 http://www.biomedcentral.com/1471-2458/9/310
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

graphic prevalence patterns and indications of trends among
childbearing women.  AIDS 1997, 11:339-345.

18. UNAIDS: Report on the global HIV/AIDS epidemic.  Geneva,
Switzerland; 1998. 

19. Fylkesnes K, Musonda RM, Sichone M, Ndhlovu Z, Monze M, Tembo
F, Phiri S, Malamba C: Declining HIV prevalence and risk behav-
iours in Zambia: evidence from surveillance and population-
based surveys.  AIDS 2001, 15:907-916.

20. Kilian AH, Gregson S, Ndyanabangi B, Walusaga K, Kipp W: Reduc-
tion in risk behaviour provide the most consistent explana-
tion for declining HIV-1 prevalence in Uganda.  AIDS 1999,
13(3):391-398.

21. de Walque D, Nakiyingi-Miiro JS, Busingye J, Whitworth JA: Chang-
ing association between schooling levels and HIV-1 infection
over 11 years in a rural population cohort in south-west
Uganda.  Trop Med Int Health 2005, 10(10):993-1001.

22. Michelo C, Sandøy IF, Fylkesnes K: Marked HIV prevalence
declines in higher educated young people: evidence from
population-based surveys (1995 – 2003) in Zambia.  AIDS 2006,
20(7):1031-1038.

23. Michelo C, Sandøy IF, Dzekedzeke K, Siziya S, Fylkesnes K: Steep
HIV prevalence declines among young people in selected
Zambian communities: population-based observation (1995
– 2003).  BMC Public Health 2006, 6(279):.

24. Vandemoortele J, Delamonica E: The education vaccine against
HIV.  Issues in Comparative Education 2002, 3(1):6-13.

25. Sandøy IF, Michelo C, Siziya S, Fylkesnes K: Associations between
sexual behaviour change in young people and decline in HIV
prevalence in Zambia.  BMC Public Health 2007, 7:60.

26. Boerma JT, Weir SS: Integrating demographic and epidemio-
logical approaches to research on HIV/AIDS: the proximate-
determinants framework.  J Infect Dis 2005, 191(Suppl
1):S61-67.

27. Guy LL, Giguere G: Formatting data files for repeated-meas-
ures analyses in SPSS: using the aggregate and restructure
procedures.  Tutorial in Quantitative Methods for Psychology 2006,
2(1):20-25.

28. Hargreaves RJ, Bonell CP, Boler T, Boccia D, Birdthistle I, Fletcher A,
Pronyk PM, Glynn JR: Systematic review exploring time trends
in the association between educational attainment and risk
of HIV infection in sub-Saharan africa.  AIDS 2008, 22:403-414.

29. Rutstein OS, Kiersten J: The DHS wealth index: DHS compara-
tive reports no. 6.  Calverton: ORC Macro; 2004. 

30. Jesus R-V, Zimmerman MA, Newcomb MD: Sexual risk behaviour
among youth: modelling the influence of pro-social activities
and socioeconomic factors.  J Health Soc Behav 1998, 39:237-253.

31. Bingham RC, Crockett LJ: Longitudinal adjustment patterns of
boys and girls experiencing early, middle and late sexual
intercourse.  Dev Psychology 1996, 36:647-658.

32. Merson HM, O' Malley J, Serwadda D, Apisuk C: The history and
challenge of HIV prevention.  The Lancet – HIV prevention 2008,
Series:7-20.

33. Gupta GR, Parkhurst JO, Ogden JA, Aggleton P, Mahal A: Structural
approaches to HIV prevention.  The Lancet – HIV prevention 2008,
Series:52-63.

34. Krueger LE, Wood RW, Diehr P, Maxwell CL: Poverty and HIV
seropositivity: the poor are more likely to be infected.  AIDS
1990, 4(8):811-814.

35. von Luger L: HIV/AIDS prevention and class and socio-eco-
nomic related factors of risk of HIV Infection.  London: Impe-
rial College, London, UK; 1998. 

36. Rogers E: Diffusion of innovation.  5th edition. New York: Free
Press; 2003. 

37. Mitchell C, Marilyn B, Chilangwa B, Maimbolwa-Sinyangwe IM: Girls'
education in Zambia: everyone's responsibility – a policy
framework for participatory process.  Int Review of Education
1999, 45(5/6):417-430.

38. CSO: 2000 census of population and housing report.  2000
[http://www.zamstats.gov.zm/census.php]. Lusaka: Central Statistical
Office – Zambia

39. CSO: Living conditions monitoring survey report.  Lusaka:
Central Statistical Office-Zambia; 2004. 

40. Browne WJ: Sample sizes for multilevel models.  In Centre for
Multilevel Modelling Volume 2008. London: University of Bristol; 2008. 

41. Glynn JR, Carael M, Auvert B, Kahindo M, Chege J, Musonda R, Kaona
F, Buve A: Why do young women have a much higher preva-

lence of HIV than young men? A study in Kisumu, Kenya and
Ndola, Zambia.  AIDS 2001, 15(Suppl 4):S51-60.

42. Buve A, Lagarde E, Carael M, Rutenberg N, Ferry B, Glynn JR,
Laourou M, Akam E, Chege J, Sukwa T: Interpreting sexual behav-
iour data: validity issues in the multicentre study on factors
determining the differential spread of HIV in four African cit-
ies.  AIDS 2001, 15(Suppl 4):S117-126.

43. Gregson S, Nyamukapa C, Garnett G, Mason P, Zhumau T, Carael M,
Chandiwana S, Anderson R: Sexual mixing patterns and sex-dif-
ferentials in teenage exposure to HIV infection in rural Zim-
babwe.  Lancet 2002, 359:1896-1903.

44. Hewett P, Mensch B, Erulkar A: Consistency in the reporting of
sexual behaviour by adolescent girls in Kenya: a comparison
of interviewing methods.  Sex Transm Infect 2004, 80(Suppl 2):8.

45. Buckner B, Singh K, Tate J: Zambia sexual behaviour survey
2005.  In ZSBS 2005 Report Edited by: Buckner B, Singh K, Tate J.
Lusaka and Maryland: Central Statistical Office, Ministry of Health,
MEASURE Evaluation; 2006. 

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/9/310/pre
pub
Page 11 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9147426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9147426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10199230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10199230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10199230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16185233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16603856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16603856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16603856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17096833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17096833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17096833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17448256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17448256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17448256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15627232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15627232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15627232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18195567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9785696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9785696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9785696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2261136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2261136
http://www.zamstats.gov.zm/census.php
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11686460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12057552
http://www.ncbi.nlm.nih.gov/pubmed/15572639
http://www.ncbi.nlm.nih.gov/pubmed/15572639
http://www.ncbi.nlm.nih.gov/pubmed/15572639
http://www.biomedcentral.com/1471-2458/9/310/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Population and sampling procedures
	Laboratory Analysis
	Conceptual Framework
	Variables
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

