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Abstract

Curable sexually transmitted infections (STIs) affect millions of people across the world. Besides unacceptably high HIV
rates, South Africa also has the highest burden of STIs in the world. The aim of the study was to investigate temporal changes
in STT incidence rates using the data from ~ 10,000 women who enrolled in several HIV prevention trials, KwaZulu-Natal,
South Africa (2002-2016). We particularly focused on the changes in distribution of the most influential factors and their
population-level impacts on STI incidence rates over time. Characteristics of the women were compared across the study
periods: 2002-2004, 2005-2008, 2009-2011, and 2012-2016. Besides multivariable Cox regression models, population attrib-
utable risks were calculated for the significant factors. Despite the significant progress in prevention, testing, and treatment
programs, infection rates increased substantially from 13.6 to 20.0 per 100 person-year over the study period. Our findings
provided a compelling evidence for single/non-cohabiting South African women to be the most vulnerable population who
consistently and substantially contributed to increasing STI rates during the 15 years of study duration (PAR%: 44%—47%).
We also highlighted the impact of women’s lack of knowledge related to their partner, using injectable contraceptives, less
parity, and baseline STI positivity which were increased substantially over time. Our findings suggest that a significant propor-
tion of STIs could be prevented by targeting single/non-cohabiting. These results may provide guidance in developing more
effective STI prevention programs by targeting women at highest risk of infections and delivering more realistic messages.

Keywords Sexually transmitted infections - Women - South Africa - Temporal trends

Introduction

Curable sexually transmitted infections (STIs) affect millions
of people across the world. Based on the World Health Organi-
zation (WHO) estimates, in 2016, approximately 400 million
people were infected with one of the four infections includ-
ing chlamydia (chlamydia trachomatis), gonorrhea (Neisseria
gonorrhoea), syphilis (Treponema pallidum) or trichomoniasis
(trichomonas vaginalis) (WHO, 2016; UNAIDS, 2016; Rowley
et al., 2019). Besides causing significant stigma and negative

< Handan Wand
hwand @kirby.unsw.edu.au

Kirby Institute, University of New South Wales, Kensington,
NSW 2052, Australia

2 HIV Prevention Research Unit, South African Medical
Research Council, Westville, KwaZulu-Natal 3630,
South Africa

Biostatistics Unit, South African Medical Research Council,
Durban, KwaZulu-Natal 3630, South Africa

social consequences, STIs are also have been shown to increase
the risk of HIV transmission (Moodley et al., 2015). In addition
to a biological link through genital inflammation, this associa-
tion was primarily attributed to risky sexual behaviors (Chersich
& Rees, 2008; Lewis, 2012; Mayer & de Vries, 2018; Mayer
& Venkatesh, 2011). As a result, testing and treatment of STIs
and guidelines often considered in HIV prevention programs
(McClelland et al., 2007; Reynolds et al., 2006; Shin & Kaul,
2008).

Besides unacceptably high HIV rates, South Africa also has
the highest burden of sexually transmitted infections including
chlamydia and gonorrhea in the world (WHO, 2016; UNAIDS,
2016). After decades of research, women continue to be the most
vulnerable group and remained at greater risk of infections. As
the search for an effective intervention continues, testing and
treatment campaigns have been intensified and expanded sub-
stantially over time (Abdool Karim et al., 2010). These nation-
wide efforts primarily focused on the sexual health messages
to reduce condomless sex and emphasized clinical and public
health benefits of early testing and treatment. However, current
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evidence suggests high burden of STI-related morbidities with
substantial cost to reproductive health care in sub-Saharan
Africa (Adachi et al., 2016; Mayer & de Vries, 2018; Mayer &
Venkatesh, 2011; Moodley et al., 2015).

The aim of the current study was to identify the temporal
changes in significant predictors of STI incidence rates in a large
cohort of South African women. We particularly investigated
how specific characteristics can contribute to trends in STI rates
and attempt to understand their temporal changes and implica-
tions over time.

As the infections continue to take its toll in the region, besides
identifying the most vulnerable populations, describing the tem-
poral trends in STI prevalence and incidence rates can potentially
be crucial to evaluate effectiveness of the prevention, testing and
treatment programs in the region. This crucial information may
also assist to highlight the changing profile of those at increased
risk of STIs. Although there is an extensive research to report
prevalence of STIs and their risk factors, to date, there has not
been a study to investigate the temporal changes in significant
predictors of STT incidence rates among South African women.

Method
Participants

We used the data from reproductive age women who consented
to enrol in one of the six HIV prevention trials (2002-2016),
KwaZulu-Natal, South Africa (Baeten et al., 2016; Marazzo
et al., 2015; McCormack et al., 2010; Microbicide Trial Net-
work, 2011; Padian et al., 2007; Skoler-Karpoff et al., 2008).
These trials were conducted at 9-clinical sites located within
100 km radius: (1) the MIRA trial (Methods for Improving
Reproductive Health in Africa) (n=1,485) (Padian et al., 2007);
(2) Carraguard Trial (n=1,467) (Skoler-Karpoft et al., 2008);
(3) MDP 301 (Microbicides Development Programme 301)
(McCormack et al., 2010) (n=2,389); (4) HPTN 035 (HIV
Prevention Trials Network) 11% (n=1,054) of the women
who enrolled (Abdool Karim et al., 2010); (5) The VOICE
trial (n=2,750) (Marrazzo et al., 2015); (6) the ASPIRE trial
(n=803) of the women enrolled in (Baeten et al., 2016).

Measures
We included the characteristics if they were consistently
measured in all trials. Participants’ age, marital status, total

number of sex partners (in the past 3 months), using con-
dom (at last sex), participants’ age at sexual debut, primary
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contraceptive method used, parity and knowledge of partner’s
other partner and baseline sexually transmitted infections
(STIs) positivity.

Primary Outcome and Incidence Cohorts

The primary outcome of this study was STI incidence
occurred in one of the six biomedical intervention trials.
Women were tested for STIs at every study visits. In order to
estimate trends in STI incidence rates, data from the 15 year
period were divided into four-study cohorts: 2002—-2004,
2005-2009, 2010-2011, and 2012-2016. Since some of
these trials were conducted in overlapping years, we used
the individual-level data to allocate the study participants
into one of the four consecutive study periods based on their
enrolment and first infection dates (and/or end of study). We
calculated total years of follow-up for each woman. Next,
we ensured that participant’s enrolment and last visit dates
(or date of STI positivity) occurred within the cohort that
woman is allocated. Each woman was followed up at least
24 months from the date of enrolment to STI incidence or end
of study (or loss to follow-up), whichever occurred first. In an
ancillary analysis, we reran the same models after splitting
the data into 5 and 6 STI incidence cohorts (data not shown).
These analyses collectively provided a further evidence for
the validity of the models presented in Table 2. We also inves-
tigated the associations between the time periods (2002-2004
(reference), 2005-2008, 2009-2011, and 2012-2016) and
STI prevalence and incidence rates using logistic and Cox
regression models, respectively. In this part of the analysis,
models were adjusted for all the characteristics differed sig-
nificantly across the time points. The Mantel-Haenszel test
was used to test for trend in adjusted ORs and HRs.

Statistical Analysis

Descriptive statistics (percentages) were used to summarize
the characteristics of the study population by study years.
Cox proportional models were used to identify the signifi-
cant predictors of the STI incidence in each time period and
study period. We presented the adjusted hazard ratios (aHR)
for the risk factors from a multivariable model rather than
to assess their causality. We calculated the population-level
impacts (PAR%) of the risk factors if they were statistically
significant in adjusted models only (Wand & Ramjee, 2011)
(Appendix 1). In an additional analysis, we investigated the
associations between the STI prevalence and incidence
rates and the four time periods (2002-2004 (reference),
2005-2008, 2009-2011, and 2012-2016) using logistic
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and Cox regression models, respectively. Both models were
adjusted for all the characteristics differed significantly
across the time points. The Mantel-Haenszel test was used
to test for trend in adjusted ORs and HRs. Three-dimensional
intensity graphs (i.e. “heat-maps”) were presented to inves-
tigate the temporal trends in STIs by age groups across the
four study periods.

Stata 14.0 (College Station, TX), SAS 9.0 (SAS Institute Inc.,
Cary, NC, USA) and R-package (version 3.5.3; 2019-03-11)
were used to analyze the data.

Results

Women’s baseline characteristics were presented by the study peri-
ods (Table 1). We observed substantial differences in sociodemo-
graphic and sexual behaviors of the women across the study peri-
ods. Over time, study participants were increasingly younger, more
likely to be single and more likely to have less than two children.
The proportion of women 35+ year old was the highest in the earli-
est cohort compared to the latest cohort (29% vs 8%, p<0.001),
while the proportion of single women increased from 67% before

Table 1 Characteristics of the

; Characteristics 2002-2004 2005-2008 2009-2011 2012-2016 p-value

study populations by study (V=2.925)  (N=2.853)  (N=2.083)  (N=2.081)

cohorts (N=9,948) (%) (%) (%) (%)
Age <0.001
<20 12 10 9 9
20-24 27 33 42 43
25-29 16 19 26 28
30-34 15 13 13 11
35+ 29 25 11 8
Age at sexual debut -
20+ years 6 5 - -
15-19 years 78 78 - -
<15 years 16 17 - -
Contraceptive <0.001
Others® 22 22 17
IUD 10 12 9 2
Condoms 21 20 23
Injectables 39 40 44 76
Oral pills 6 6 7 20
Marital status <0.001
Married/cohabiting 33 15 23 13
Single/non-cohabiting 67 85 77 87
Parity <0.001
<2 children 47 58 61 63
2+ children 53 42 39 37
Condom used last sex <0.001
No 47 40 19 31
Yes 53 60 81 79
Number of sex partners® <0.001
<2 93 96 81 80
2+ partners 7 4 19 20
Partner has another partner <0.001
No 31 24 11 14
Yes 24 18 30 22
Don’t know 45 58 59 64
Any STI at baseline 0.239
No 83 82 81 82
Yes 17 18 19 18

30ther methods (including traditional methods), ®in the past 3 months
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dadjusted for all the significant factors in Table 1: age, type of contraceptive, marital status, parity, number of sex partners, the
partner has another partner; ®overall trend in aORs: p-value = 0.473; ¢overall trend in aHRs: p-value <0.001

Fig.1 Trends in STI prevalence and incidence rates over time

2005 to 87% in 2012-2016. Study participants who had less than
two children were also steadily increased from 47 to 63% over time
(p<0.001). Our data also showed significant temporal changes in
the contraceptive use, with using injectable contraceptives increas-
ing from 39 to 76% (p <0.001), while oral pills increased from 6
to 20%, respectively. The proportion of women who reported two
or more sexual partners also increased over time from 7 to 20%
(p-value <0.001); 31% of the women indicated that their partner
had no other partner(s) in 2002—2004; this proportion declined to
14% in 2012-2016. Based on the only available data, most of the
women (90%) became sexually active when they were teenagers
(i.e. <20 years old). Baseline STI positivity did not change signifi-
cantly over time and ranged 17% to 19% (p=0.239).

Temporal Trends in STI Prevalence and Incidence

Overall, 15-year STI prevalence and incidence rates were 18%
and 14.5 (95%CI1 13.7, 15.3) per 100 person-year, respectively.
After adjusting for all the characteristics differed significantly
across the time periods (i.e. age, marital status, parity, multiple
sex partners, knowledge about partner’s partner), compared to
2002-2004, the prevalence of STIs remained relatively stable
over time (adjusted ORs 1.11—-1.16, p,..,4=0.473) (Fig. 1a),
while ST incidence rates increased linearly over time (adjusted
HRs 1.05 t02.04, pypenq <0.001) (Fig. 1b). In age-stratified visual
presentation, younger women had the highest STI prevalence
(<25%) (Fig. 2a) and incidence rates (30 per 100 person-year)
(Fig. 2b) in all time periods.

Temporal Trends in Predictors of STl Incidence

The predictors of STI incidence in each study period were
presented in Table 2. Younger women (< 35 years) were
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significantly more likely to have STI during the study follow-
up in all four time periods with aHR:2.94 in 2002-2004,
aHR: 2.44 in 2005-2008, aHR: 5.77 in 2009-2011 and
aHR:5.29in 2012-2016. Besides younger age, being single
(aHRs ranged 2.03-2.94), using hormonal injectables as a
contraceptive method (aHRs ranged 1.41-1.82), having less
than two children (aHRs ranged 1.43-2.14) and baseline STI
positivity (aHRs ranged 2.54-3.22) were also identified as
significant predictors of STI incidence in all four cohorts.
We did not observe association with STI incidence rates and
multiple sex partners in all time periods. However, compared
to the women who reported that their partners do not have any
other sexual partner, those who reported that their partner has
another sexual partner(s) were significantly more likely to be
at greater risk of STIs in all three cohorts except 2005-2008.
Same risk factors were identified as significant predictors of
STIs in all analysis when the analysis was repeated using the
5 and 6 time points (data not shown).

Temporal Trends in Population-Level Impacts of Risk
Factors

Table 3 presents the population-level impacts of the signifi-
cant predictors of STI incidence in each study period. Mari-
tal status was the most influential factor for STI incidence
in all study periods with PAR%:47%, 44%, 47% and 46% in
2002-2004, 2005-2008, 2009-2011, and 2012-2016, respec-
tively; this substantial impact was primarily due to the high
prevalences and hazard ratios in all study periods. Impact
of baseline STI positivity on STI incidence rates remained
broadly stable over time without an apparent trend (PAR%
ranged 21% to 29%). Population attributable risk of parity (i.e.
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Fig.2 a Age-specific temporal trends in STI prevalence b Age-specific temporal trends in STI incidence rates

number of children < 2) had the highest impact in 2002-2004
with 34% due to the highest prevalence; this proportion
declined to 22% in 2012-2016 due to the reductions in the
hazard ratios, while the partnership-related factors including
women’s marital status (46%) and their knowledge whether
their partner has another partner(s) or not (38%) had the high-
est impact in the latest time period. These five factors were
collectively associated with 65%, 50%, 65% and 69% of the
STI incidence rates in four study periods.

Discussion

We described temporal changes in predictors of STI incidence
rates in a large cohort of South African women. After decades
of research and significant progress in prevention, testing
and treatment programs, we observed a substantial increase
in STI incidence rates over time (13.6 per 100 person-year

in 2002-2004 and 20.0 per 100 person-year in 2012-2016),
while STI prevalence remained broadly similar (17% versus
18% in 2002-2004 and 2012-2016, respectively).

Women’s marital status was the most effective factor on
increasing STI incidence rates in all time periods. Approxi-
mately 50% of the STIs in 2004—2004 were attributed to the sin-
gle women. This high impact remained almost unchanged over
time. Indicating that after many years of prevention research,
single/non-cohabiting women still contribute substantially to
increasing rates of infections. This impact provides evidence
for substantial proportion of unprotected sex in this group. A
range of factors may impact single/non-cohabiting women’s
decision not to use condoms consistently including cultural/
religious beliefs, self-perceived risk and intimate partner vio-
lence which are consistent with the published literature (Jewkes
etal.,2010). Studies also reported a strong link between women
in a stable relationship and financial stability in South Africa
where single/non-cohabiting women were more likely to expose
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Table 2 Temporal trends in associations between STI incidence and characteristics by study cohorts

Characteristics

STI incidence

2002-2004

2005-2008

2009-2011°¢

2012-2016¢

13.6 per 100 person-year

12.3 per 100 person-year (95%

15.0 per 100 person-year

20.0 per 100 person-year

rate (95% CI 12.4, 14.8) CI11.0, 14.5) (95% CI 13.6, 16.5) (95%CI 17%, 22.6)
aHR (95% CI)  p-value aHR (95% CI) p-value aHR (95% CI)  p-value aHR (95% CI) p-value

Age
<20 294 (2.24,3.87) <0.001 2.44(1.42,4.20) 0.001 577 (3.52,9.46) <0.001 5.29(1.61,17.32) 0.006
20-24 2.25(1.78,2.84) <0.001 1.58(1.01,2,47) 0.045 3.33(2.13,5.23) <0.001 4.12(1.31, 13.00) 0.016
25-29 0.89 (0.64, 1.23) 0471  0.90 (0.51, 1.55) 0.688  1.97 (1.22,3.18) 0.006  2.27 (0.70,7.31) 0.171
30-34 1.01 (0.74, 1.40) 0.932  0.58(0.30,1.11) 0.101  1.31(0.75,2.28) 0.345  1.30(0.35, 4.80) 0.695
35+ 1 1 1 1
Condom used in

last sex
No 1 1 1 1
Yes 1.28 (1.08, 1.53) 0.006  0.94 (0.68, 1.30) 0.703  0.89(0.70, 1.14) 0.345  0.88 (0.58, 1.33) 0.536
Contraceptive
Others?* 1 1 1
Injectables 1.41 (1.15, 1.72) 0.001  1.67 (1.14,2.43) 0.008  1.58(1.22,2.04) <0.001 1.82 (1.31,2.54) <0.001
Condom 1.59 (1.26,2.00) <0.001  1.36 (0.86, 2.13) 0.188  1.52(1.01,2.30) 0.049  0.97 (0.65, 1.44) 0.875
Oral Pills 0.81 (0.40, 1.64) 0.552  0.94 (0.50, 1.82) 0.863  0.91(0.22, 3.82) 0.900 1.13(0.80, 1.55) 0.519
Marital status
Married/cohabit- 1 1 1 1

ing
Single/non- 2.38(1.91,2.96) <0.001 2.94(1.35,641) 0.007 2.74(191,391) <0.001 2.03(1.23,3.24) 0.006

cohabiting
Parity
2+ 1 1 1 1
<2 children 2.14(1.79,2.55) <0.001 1.64 (1.01, 2.66) 0.044  1.66(1.28,2.10) <0.001 1.43 (1.03,1.97) 0.030
Number of sex

partners®
<2 1 1 1 1
2 + partners 1.57 (0.98,2.51) 0.062  1.39 (0.56, 3.44) 0476  1.16(0.88, 1.54) 0.301 1.22 (0.88, 1.70) 0.223
Partner has

another partner
No 1 1 1 1
Yes 1.64 (1.08,2.51) 0.021  1.45(0.58, 3.65) 0428 1.48(0.98,2,21) 0.057  1.80(1.17,2.75) 0.008
Don’t know 1.75 (1.17, 2.62) 0.007  1.20(0.51, 2.80) 0.678  1.31(0.99,1.71) 0.053  1.77 (1.03, 3.04) 0.038
Any STT at

baseline
No 1 1 1 1
Yes 2.56 (2.12,3.09) <0.001 3.13(2.22,4.041) <0.001 3.22(2.62,3.96) <0.001 2.54(1.87,3.43) <0.001

Including TUD and natural/traditional methods; ®in the past 3 months; ‘age at sexual debut was not available in the cohort of 2012-2016

income poverty (Jewkes et al., 2004; Street et al., 2016; Wand
et al., 2017). This may lead them to engage transactional and/
or intergenerational sex and reduce their ability to negotiate for
condom (Luke, 2003; Ott et al., 2011). These results were further
confirmed by the high proportion of women who do not know
their partners’ sexual partner status, which was increased sub-
stantially over time (45% in 2002-2004 to 64% in 2012-2016).
In fact, this characteristic was the second most influential risk
factor in the most recent cohort and associated with 38% of the
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STIs which exceeded that of the other three factors. Consid-
ering the other factors, namely hormonal contraceptives (i.e.
injectables), women with none/one child and those who were
diagnosed with at least one STIs at baseline were collectively
associated with approximately 70% of the STIs during the study
follow-ups. This impact was primarily due to the substantial
increases in the prevalences of these risk factors over time, while
their hazard ratios remained relatively stable. For example, the
prevalence of using injectable contraceptives increased from
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Table 3 Individual and combined population-level impacts (PAR%) of the risk factors on STI incidence rates by study cohorts (results are from

the multivariable Cox regression model which also included age)

Individual factors

2002-2004
PAR% (95% CI)

2005-2008
PAR% (95% CI)

2009-2011
PAR% (95% CI)

2012-2016
PAR% (95% CI)

Not married

Using injectables

Partner has another

partner®
Parity <2

Any STI at baseline

Combined factors

47% (42%, 51%)
7% (5%, 9%)
18% (13%, 24%)

34% (30%, 37%)
21% (19%, 23%)
65% (58%, 71%)

44% (30%,58%)
16% (12%, 21%)
6% (3%, 14%)

14% (11%, 18%)
8% (25%, 34%)
50% (34%, 66%)

47% (40%, 54%)
20% (16%, 26%)
12% (9%, 16%)

17% (15%, 20%)
29% (26%, 31%)
65% (58%, 71%)

46% (35%, 58%)
8% (3%, 19%)
38% (28%. 50%)

22% (16%, 31%)
23% (20%, 27%)
69% (59%, 77%)

Not married
+ Using injectables
+ Partner has a partner®
+ Parity <2
+any STI at baseline

*Including those who said “yes” as well as who do not know whether their partner has another partner or not

39% (earliest cohort) to 76% (recent cohort), while their rel-
evant adjusted hazard ratios associated with this characteris-
tic ranged from 1.41 to 1.82, respectively. Although hormonal
contraceptives such as injectables are one of the most effective
methods to prevent unintended pregnancies, they do not protect
against sexually transmitted infections including HIV (Heffron
et al., 2017; Wand & Ramjee, 2011). Similar increases were
observed in the prevalence of single/non-cohabiting women over
time (67% to 87%). Most importantly, these factors were more
common among single/non-cohabiting women. For example,
compared to those married/cohabiting, single/non-cohabiting
women were more likely to: use injectable contraceptives (62%
vs 44%, data not shown), have less than two children (66% vs
19% data not shown) and be diagnosed with other STIs (at base-
line) (18% vs 11%, data not shown); and significantly higher
proportions of single/non-cohabiting women also did not know
whether their partner had another partner(s) (60% vs 45% data
not shown). Taken together, our findings provide a compelling
evidence for single/non-cohabiting South African women to be
the most vulnerable population who contribute to increasing
STl rates during the 15 years of study duration. However, in the
overall study population, compared to the married/cohabiting
women, distribution of condom used at last sex was significantly
higher among the single/non-cohabiting women (58% versus
72% p <0.001). In fact, women who reported using condoms at
last sex were identified as at increased risk of STIs compared to
those who reported that they did not use condoms at last sex in
the earliest time period. Since STIs usually occur unprotected
sex, these counterintuitive findings can be an indicator for
high level of unprotected sex in this population which was also
reported previously in African populations (Brown et al., 2012;
DiClemente et al., 2013). Despite intensive condom counseling
sessions at every study visit, women enrolled in these trials were

unable to negotiate safe sex. Therefore, in our study population,
women were more likely to overestimate their condom use to
avoid further counseling and education sessions as required by
the study protocol.

The current study has several limitations due to the
nature of the study population which included women who
participated in various HIV biomedical intervention trials
with certain eligibility criteria. Therefore, they may be at
increased risk of STIs compared to the general population.
Baseline characteristics were self-reported as a result they
would be subject to recall bias. Although these trials used
similar inclusion and exclusion criteria, observations related
to STI incidence and prevalence over time might be driven
by differences in the trials’ samples rather than true popu-
lation-level changes. Despite these limitations, our findings
are concurrent with the past and current studies conducted
in South Africa. STI rates have steadily increased over time
(Kharsanya et al., 2020). These results are consistent with
the nationwide estimates in KwaZulu Natal (South African
National Department of Health, 2015). Due to the high levels
of labor migration, approximately 50% of the households
were headed by single women (Census, 2011). Lack of mar-
riage as well as high levels of HIV/AIDS-related deaths were
also contributed to this high rates of “female headed house-
holds” (Leah, 2016; Posel & Rogan, 2009). Taken together,
these results indicate low socioeconomic conditions which
may increase South African women’s vulnerabilities in the
region.

Our combined data provided a unique opportunity to esti-
mate STI incidence rates across the four consecutive cohorts
among South African women. As there are no routine STI sur-
veillance programs to monitor the infections in South Africa, our
results can provide the crucial estimates for the number of STI
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infections and changing the profile of the most influential factors
to identify those at highest risk of infection over time. Although
our study has common elements with the previous research, it
is unique in several ways; this is the first study (1) to estimate
temporal trends in risk factors and their population-level impacts
of on STI incidence rates using a large cohort of women, and (2)
to show single/non-cohabiting women to be the most vulnerable
population for the infections.

Conclusion

Given the significant progress in prevention, testing and treat-
ment programs in the region, it is important to investigate the
temporal changes in STI incidence rates. During the 15-years
of research, single/non-cohabiting women were consistently
identified to be the most vulnerable group with the high-
est risk of infections. These results suggest that significant
proportion of the STIs could be prevented by targeting sin-
gle/non-cohabiting and certain partnership characteristics.
Despite decades of efforts to reduce unprotected sex, social
and cultural values influence individuals’ decisions not to
engage unprotected sex. Therefore, effective strategies should
be developed by targeting those at highest risk of STIs. These
strategies should focus on social and cultural influences on
sexual practices aimed at increasing women’s knowledge for
safer sexual practices.

Declarations

Ethical approval Ethical approval for the trials, including all study pro-
tocols and informed consent forms, was received from the University of
KwaZulu-Natal Biomedical Research Ethics Committee and the South
African Medical Research Council Ethics Committee as well as the
various study-specific Institutional Review Boards.

Appendix 1: Population Attributable Risk

We estimated population attributable risk (i.e. PAR%) for the
factors in the combined study population using a methodol-
ogy which can handle complex and correlated nature of the
several risk factors in a multivariable model setting (Wand
& Ramjee, 2011) where PAR%( 95% Cls) were estimated by
combining the prevalence of an exposure and its strength with
STI incidence (i.e. HRs). For a binary risk factor:

HR -1
PAR = 117{(12—1)1 —1- 2;
p(HR - 1) + Y. PHR|
HR is the hazard ratio, p is the prevalence of the risk factor in

the population and s indexes the two strata determined by the
value of the risk factor. In multi-factorial setting:

ey
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> p(HR — 1) 1

: =1-— 2)
1+ Y% p(HR - 1) +1 > pHR,

where HR and p,, s = 1, ..., S, are the hazard ratios and the
prevalence of an exposure in the population for the s th com-
bination of the risk factors.

s T s T
ZA‘:I Zz:l P HR{(HR,, — Zs:1 Zt=1 P HRy,
s T
Zs:l Zt_lpstHRlsHRZt
T
_ Z[=1 p-zHRst
s T
2S=1 Z,=1 pyHRHRy,
where ¢ denotes a stratum of unique combinations of lev-
els of all background risk factors which are not modifiable
and/or not under study, t = 1, ..., T, and HR,, is the hazard

ratio in combination ¢ relative to the lowest risk level, where
HR2,1 = 1 .

PAR =

PAR =

3
=1
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