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Abstract

Adolescent girls and young women (AGYW) aged 15 to 24 years face disproportionately

high risks of acquiring HIV and other sexually transmitted infections (STIs). A sexual health

risk stratification tool can support the development and implementation of tailored HIV and

STI prevention services for sub-groups of at-risk AGYW. Data were collected among sexu-

ally active AGYW aged 15 to 24 years in Tanzania between April 2015 and March 2017.

Exploratory and confirmatory factor analyses were conducted to construct and assess the

latent structure of a ten-item scale for rapid assessment of sexual health risks. Items with

high factor loadings and minimal cross loadings were retained in the final scale. Scale per-

formance was appraised against condomless sex (defined as unprotected vaginal or anal

intercourse) reported by AGYW for construct validity. A three-factor structure of vulnerability

to HIV among AGYW was supported with subscales for socioeconomic vulnerability; lack of

adult support; and sexual behavioral risks. The chi-square goodness-of-fit test, root mean

square error of approximation, comparative fit index, and Tucker-Lewis index indicated a

strong goodness-of-fit of the three-factor scale. Cronbach alphas (0.55 for socioeconomic

vulnerability, 0.55 for lack of support, and 0.48 for sexual risk) indicated sub-optimal internal

consistency for all sub-scales. The factor-item and factor-factor correlations identified in

these analyses were consistent with the conceptual framework of vulnerability of HIV infec-

tion in AGYW, suggesting good construct validity. The scale also demonstrated a
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statistically significant association with condomless sex and could be potentially used for

sexual health risk stratification (OR = 1.17, 95% CI: 1.12, 1.23). The sexual health and HIV

risk stratification scale demonstrated potential in identifying sexually active AGYW at high

risk for HIV and other STIs. Ultimately, all AGYW in Tanzania are not at equal risk for HIV

and this scale may support directing resources towards those at highest risk of HIV.

Introduction

Despite the ongoing effort to reduce the global burden of human immunodeficiency virus

(HIV) and other sexually transmitted infections (STIs), adolescent girls and young women

(AGYW) continue to face a disproportionately high incidence and burden of HIV and other

STIs [1,2]. Discrepancies in HIV risk by sex are particularly prominent in sub-Saharan Africa,

where 79% of new infections among 10–19 year-olds are in girls [3]. Chlamydia, gonorrhea,

and syphilis are also common among AGYW in this region, which exacerbate their risk of

HIV infection [4,5].

Beyond biological factors, gender differences in the burden of HIV and other STIs among

AGYW are driven by behavioral, social, and structural factors that operate together to shape

individual vulnerability [6,7]. Structural drivers of engaging in unsafe sexual behaviors among

AGYW include poverty, food insecurity, living in informal settlements, and exposure to com-

munity violence, including intimate partner violence [7,8]. The relationship between the risk

of HIV acquisition and these structural factors could be mediated by individual-level psycho-

social factors, such as child abuse and substance abuse [7]. In these contexts, many young

women enter transactional and often inter-generational sexual relationships with partners

who can provide them financial support and security, and/or increased social status [9]. Such

financial dependence and gender norms in age-disparate relationships not only compromise

condom negotiation, but also increase risks for forced or coercive sex and unintended adoles-

cent pregnancy [9].

Characterizing the heterogeneity of sexual and reproductive risk across behavioral, social,

and structural levels is critical in delivering tailored services to mitigate AGYW’s HIV and STI

vulnerability. Particularly in situations of significant resource constraints, the differentiation

can help focus sexual health services on those in greatest need [10]. Thus far, a number of

instruments have been developed to assess HIV risk levels in different populations. However,

very few target AGYW aged 15–24 years, and none of them are designed specifically for out-

of-school girls. Out-of-school girls are considered the most vulnerable group among AGYW

because they are hard to reach by school-based HIV and sexual and reproductive (SRH) pro-

grams [11]. Consequently, there remains an urgent need to develop a brief tool to identify

those who are most in need of HIV services.

Tanzania is one of the United States President’s Emergency Plan for AIDS Relief (PEPFAR)

priority countries, where the HIV prevalence among AGYW exceeds 2% [12]. Previous studies

reported that AGYW in Tanzania were at heightened risk of sexual exploitation, STIs, and

unintended pregnancies [9,13]. A study conducted among pregnant adolescents in Tanzania

showed an alarming STI prevalence of approximately 50% [14]. Herpes Simplex Virus Type 2

was the leading contributor of the STI prevalence in this population, which was followed by

trichomoniasis and chlamydia. The study also found that being in an age-disparate relation-

ship with older men and prior pregnancy history were strongly correlated with testing positive
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for one or more STIs [14]. There has been little study of sexual risks among AGYW in Tanza-

nia, and SRH education and services have limited coverage across the country [9,13,15].

The Sauti Project is a five-year PEPFAR/USAID-funded project implemented in partner-

ship with the Ministry of Health, Community Development, Gender, Elderly and Children

(MoHCDGEC) of Tanzania and the Tanzania Commission for AIDS. Launched in 2014, Sauti

offers combination prevention and HIV testing services to individuals at high-risk in selected

regions of Tanzania. The Sauti Project is also an implementing partner of PEPFAR’s DREAMS

Initiative (Determined, Resilient, Empowered, AIDS-free, Mentored, and Safe) which was

designed to improve the overall well-being of AGYW by reducing HIV transmission through

provision of comprehensive, evidence-based HIV prevention and treatment packages [16,17].

The DREAMS Initiative has been implemented in nine additional countries in sub-Saharan

Africa [16]. To maximize the programmatic impact of Sauti and DREAMS, a new sexual health

and HIV risk assessment scale was developed to characterize risk-appropriate services specifi-

cally for AGYW aged 15–24 years. The tool was adapted from existing vulnerability indices

used in Tanzania and other countries in eastern or southern Africa, such as Go Girls! (GGI)

Initiative Vulnerable Girls Indices (Botswana, Malawi, Mozambique) [18,19] and the Adoles-

cent Girls Vulnerability Index (Uganda) [20]. Through the use of exploratory and confirma-

tory factor analysis (EFA and CFA), this study seeks to refine and evaluate the factor structure

of this Sauti tool for measuring AGYW’s vulnerability to HIV and assess the validity of the

resulting sexual health and HIV risk stratification scales.

Materials and methods

Ethical statement

The National Institute for Medical Research (NMRI) and the Ministry of Health Community

Development, Gender, Elderly and Children of the United Republic of Tanzania provided the

ethical clearance for the primary data collection of both primary and health program screening

data. The sexual health and HIV risk stratification scale was developed as a programmatic tool,

which was administered in the context of routine service delivery within the Sauti project.

Because data collected were used to guide this routine service delivery, parental consent was

only sought for HIV testing if the participant was under the age of 18 in accordance with the

law in Tanzania. Minors under the age of 18 who were already parents were considered eman-

cipated, and thus they were able to consent for themselves.

All participants provided verbal informed consent because of extremely low literacy rates

among disenfranchised AGYW and also because data were collected in the context of a pro-

gram where answers to the risk index affected the programs to which people had access as part

of a differentiated care model. This was approved by the aforementioned institutional review

boards.

The secondary data analysis for this study was approved by the institutional review boards of

Johns Hopkins Bloomberg School of Public Health (IRB No 00006673) and the National Insti-

tute of Medical Research of Tanzania (Extension number NIMR/HQ/R.8c/Vol. 1/ 678, dated

25th April 2019) as a non-human subject research. This is because the data used for analyses

did not include any identifiers and focused on assessing the quality of the scale in terms of its

psychometric properties. Primarily, this vulnerability scale was implemented to support quality

improvement in the delivery of differentiated HIV prevention services for AGYW in Tanzania.

Study instrument

For the purpose of this study, risk is operationally defined to include a range of individual,

interpersonal, and structural factors that influence susceptibility to HIV and other STIs. A
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multi-staged process was used to develop items that assess sexual health risks faced by sexu-

ally-active AGYW aged 15–24. First, a literature search was conducted to extract factors that

have been demonstrated to predict teen pregnancy and incident HIV and STIs among AGYW

aged 15–24 years. The Sauti Project team then convened a consultation with partners and

stakeholders—representing the Tanzania Commission for AIDS (TACAIDS), Prime Minis-

ter’s Office—Regional Administration and Local Government (PMO RALG), Ministries of

Health and Social Welfare, Home Affairs, and Youth Development in Tanzania, the United

States Agency for International Development (USAID), the Centers for Disease Control and

Prevention (CDC), the Joint United Nations Programme on HIV/AIDS (UNAIDS), the

United Nations International Children’s Emergency Fund (UNICEF), Sauti-project’s team,

and both local and international non-profit organizations working with AGYW—to review

tools from other countries used to assess AGYW’s HIV risk. The tools included the Go Girls!

(GGI) Initiative Vulnerable Girls Indices (Botswana, Malawi, Mozambique) [18,19] and the

Adolescent Girls Vulnerability Index (Uganda) [20]. Partners and stakeholders also reviewed

several Tanzanian sources including the national OVC (Orphan and Vulnerable Children)

Indicators, and other adolescent-related indicators developed by the Tanzania Ministry of

Health, UNICEF and the Population Council. Based on these sources, participants at the con-

sultation developed candidate items for the scale. Several iterations provided an opportunity to

assemble, review, and revise scale items. Each item was assigned an ascending risk score rang-

ing from 0 to 3, with 0 being no risk and 3 being the highest risk. The scale was then translated

into Kiswahili and pilot-tested with 600 AGYW in clinics in Dar es Salaam.

Study sample

Between April 2015 and March 2017, a total of 10,055 AGYW aged 15–24 years were recruited

across mainland Tanzania. Specifically, they were recruited from “hotspots” (i.e., bars, guest

houses, salons, market places), service delivery points (i.e., mobile community-based HIV test-

ing and counseling (HTC) centers), social and behavior change communication (SBCC) plat-

forms, and other Sauti Project services. All study participants below age 18 were considered

“out-of-school”, which was defined in accordance with the Tanzanian Demographic Health

Survey as attending less than ten days of school in the past three months. Trained local inter-

viewers administered the scale in-person in Kiswahili to all participants who consented to par-

ticipate in the study. AGYW who reported never having had vaginal or anal sex were excluded

from the analyses. To accommodate the study aims and design, the study sample was evenly

split into derivation (N = 5,027) and validation (N = 5,028) groups using computer-generated

randomization. The derivation group was used to develop the risk scale using exploratory fac-

tor analysis, and the validation group was used to test the factor structure developed in the der-

ivation group using confirmatory factor analysis.

Statistical analyses

Socio-demographic and sexual behavioral characteristics of AGYW in both derivation and val-

idation groups were summarized using descriptive statistics, and Wilcoxon rank sum tests or

Pearson’s chi-square tests were used to assess for statistically significant differences by group.

To explore the underlying factor structure and examine construct validity, EFA was con-

ducted. First, all 20 items in the questionnaire were recoded as binary, with a risk score of 1–3

being categorized as “high risk” and a risk score of 0 being categorized as “low risk.” Items

with greater than 5% missingness or poor face validity were dropped. Items related to condom

use were not included in the analysis of the scale as we considered those a proxy for HIV infec-

tion; condomless sex, whether it is vaginal or anal intercourse, is the most common mode of

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 4 / 15

https://doi.org/10.1371/journal.pone.0248153


HIV transmission among adults. The scale score was compared to the responses on these

items to assess external construct validity. A total of 15 items were included in EFA and CFA

(Table 1).

The Kaiser-Meyer-Olkin (KMO) (>0.7) measure of sampling adequacy was calculated and

Bartlett’s Test of Sphericity (p<0.05) was performed on the derivation group to assess if the

data were suitable for factor analysis [21]. As items were binary, polychoric correlation matri-

ces were used to estimate the degree of associations between observed variables [22]. Results of

a parallel analysis, Kaiser’s criterion [21], eigenvalues, scree plots, Horn’s test, and interpret-

ability of factors were considered in determining the number of factors to retain [23,24]. EFA

was conducted using promax oblique rotation [25]. After rotation, factor loadings of all items

were examined. Items with a loading within the range of 0.3 and 0.9 on a factor [24] with no or

few cross loadings were retained. Internal consistency of each resulting sub-scale was exam-

ined using Cronbach’s alpha [26]. Total scale and subscale scores for each participant were

then calculated by summing responses across items.

After identifying the internal structure of the scale, CFA was conducted using data from the

validation group. A polychoric correlation structure and weighted least squares estimator was

used. Goodness-of-fit was examined using the chi-squared (χ2) goodness-of-fit test, the general

model significance (p), the root mean square error of approximation (RMSEA), the compara-

tive fit index (CFI), and the Tucker-Lewis index (TFI). Model fit was considered acceptable if

χ2 and p were non-significant (p>0.05), RMSEA was 0.08 or lower, and CTI and TFL were

greater than 0.9 [27]. External construct validity was assessed by looking at the association

between the scale scores and a behavioral proxy for HIV acquisition, namely condomless sex,

using logistic regression. EFA was conducted using Stata 15 [28] and CFA was conducted

using Mplus [29,30].

Table 1. Items in the sexual health and HIV risk stratification scale.

Variable Variable Question

Item 1� Anal sex history Have ever had anal sex

Item 2� Sexual violence Have ever experienced sexual violence

Item 3� Physical violence Have ever experienced physical violence

Item 4� Food security In the past one month, have gone to sleep at night hungry because there was

no food

Item 5� Financial support Do not have an adult whom I can go for financial support

Item 6� Emotional support Do not have an adult whom I can go for emotional support

Item 7� Age at coital debut Had first sex at 15 years of age or below

Item 8� Concurrent sexual

partners

Have had concurrent sexual partners in the past 12 months

Item 9� Transactional sex Have had sex with anyone because he provided gifts or helped pay for things

Item 10� Partner’s HIV status My current partner(s) is HIV-positive or have unknown HIV status

Item 11 Cohabitation Currently married or living with a man as if married

Item 12 Social isolation Currently a member of a social group

Item 13 Age-disparate

relationships

Have had a sexual partner who is 5+ years older

Item 14 Teen pregnancy history Had first pregnancy at 15 years of age or below

Item 15 Education Highest education completed is less than primary school

� Items 1–10 were retained in the final sexual health and HIV risk stratification scale

https://doi.org/10.1371/journal.pone.0248153.t001
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Results

Participants’ sociodemographic characteristics

A total of 3,277 and 3,280 participants met the eligibility criteria and were included in deriva-

tion and validation groups, respectively. Participants’ socio-demographic and sexual behavior

characteristics are presented in Table 2. The median age was 21 years (IQR: 19–23) in both

groups, and most of the participants had completed some primary school (54% and 55% in the

derivation and validation groups, respectively). One-quarter of the study participants were

married at the time of recruitment and about 80% reported sexual debut under the age of 16.

More than half of participants in both derivation and validation groups reported not having

used condoms during their last three vaginal and/or anal sex. Sociodemographic characteris-

tics were comparable in both groups, suggesting randomization was successful in achieving

balanced groups.

Exploratory factor analysis

The Kaiser-Meyer-Olkin statistic (KMO = 0.772) and Bartlett’s test (χ2 = 4270.5, p<0.001)

indicated that data were well-suited for factor analysis. Iterated principal factor with promax

oblique rotation identified a three-factor solution that explained 62% of total variance. Five

items–cohabitation, social isolation, age-disparate relationships, teen pregnancy history, and

education level–were excluded from the final scale due to either too high (>0.9) or too low fac-

tor loadings (<0.3), cross-loading on more than one factor with the similar strength, or low

item-test correlations.

Exploratory factor loadings for items in the final scale are presented in Table 3. Factor load-

ings of the ten items ranged from 0.36 to 0.82. The first factor, called socioeconomic vulnera-

bility, included four items. Cronbach’s alpha for the socioeconomic vulnerability sub-scale was

0.55. The lack of adult support and sexual behavioral factors included two and four items with

Cronbach’s alphas of 0.55 and 0.48, respectively. The item-test correlations ranged from 0.29–

0.63. The item-rest correlations ranged from 0.14 to 0.44, with the lowest in item 7. All three

factors showed optimal correlations (Table 4).

Confirmatory factor analysis

The CFA model fit indices of the three-factor model identified in EFA are shown in Table 5.

RMSEA was 0.038, suggesting satisfactory goodness of fit. CFI and TLI were 0.971 and 0.959,

respectively, both greater than 0.9 and falling into the acceptable category. In the final three-

factor model, item loadings ranged from 0.276 to 0.866 as shown in Fig 1. All item loadings

were significant with p-values less than 0.001. The three factors showed statistically significant

correlations among each other (F1& F2: 0.574, F1&F3: 0.708, F2&F3: 0.515).

In validating the scale, final scores were summed up by factors and in total. The scores were

appraised against condomless sex. Logistic regression results were presented in Table 6. A one-

unit increase in socioeconomic vulnerability (F1) scores was associated with a 12% increase in

odds of condomless sex (OR: 1.12, 95% CI: 1.01, 1.24). A one-unit increase in lack of adult sup-

port (F2) factor scores was associated with 42% increase in odds of condomless sex (OR: 1.42,

95% CI: 1.24, 1.51). One-unit increase in sexual behavioral risk (F3) factor scores was associ-

ated with 35% increase in odds of condomless sex (OR: 1.35, 95%CI: 1.24, 1.47). Each unit

increase in the total score was associated with a 17% increase in odds of condomless sex (OR:

1.17, 95% CI: 1.12, 1.23). All regression results were statistically significant with p values

<0.05.
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Table 2. Baseline socio-demographic and behavioral characteristics of adolescent girls and young women aged

15–24 years.

Variables Number of participants (%)

Derivation group

(N = 3,277)

Validation group

(N = 3,280)

Median age (IQR) 21 (19, 23) 21 (19, 23)

Education

!Never attended school 166 (5%) 189 (6%)

!Incomplete primary school 409 (12%) 390 (12%)

!Completed primary school 1,391 (42%) 1,399 (43%)

!Incomplete secondary school 589 (18%) 588 (18%)

!Completed secondary school 722 (22%) 714 (22%)

Marital status

!Not married 2,410 (74%) 2,458 (75%)

!Married 867 (26%) 822 (25%)

Have gone to bed hungry because no food

!None 2,237 (68%) 2,201 (67%)

!Rarely 352 (11%) 385 (12%)

!Sometimes 192 (6%) 232 (7%)

!Often 222 (7%) 207 (6%)

!Do not know how often 274 (8%) 255 (8%)

Sexual history

!Only had vaginal sex 3,125 (95%) 3,127 (95%)

!Had both vaginal and/or anal sex 152 (5%) 153 (5%)

Age at sexual debut

!�15 years old 2,610 (80%) 2,577 (79%)

!16–18 years old 647 (20%) 574 (21%)

!> 18 years old 20 (1%) 28 (1%)

Pregnancy history

!Never been pregnant 1,571 (48%) 1,578 (48%)

!Have been pregnant 1.706 (52%) 1,702 (52%)

Age at pregnancy

!<15 years old 87 (5%) 93 (5%)

!15–18 years old 473 (28%) 505 (30%)

!> 18 years old 1,065 (62%) 1,035 (63%)

!Don’t know when 82 (5%) 69 (2%)

Condom use in last 3 vaginal sex

!None 1,686 (51%) 1,710 (52%)

!Once 471 (14%) 450 (14%)

!Twice 390 (12%) 389 (12%)

!Three times 510 (16%) 513 (16%)

!Don’t know 212 (6%) 206 (6%)

Maximum number of concurrent sexual partners in the

last 12 months

!None 2,104 (64%) 2,052 (63%)

!�3 sexual partners 391 (12%) 408 (12%)

!two sexual partners 667 (20%) 706 (22%)

!Don’t remember number 115 (4%) 114 (3%)

https://doi.org/10.1371/journal.pone.0248153.t002
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Discussion

We examined the psychometric properties of a sexual health and HIV risk stratification scale.

EFA and CFA results in derivation and validation samples suggested three underlying con-

structs of HIV risk among AGYW: socioeconomic vulnerability, lack of adult support, and sex-

ual behaviors. This finding highlights the multidimensional nature and heterogeneity of sexual

and reproductive health vulnerabilities experienced by sexually active AGYW living in Tanza-

nia. Internal consistency of the sub-scales for each of these constructs was suboptimal in part

due to the low number of included items on each scale. The overall scale demonstrated ade-

quate internal consistency and all three sub-scales were significantly associated with higher

likelihood of engagement in condomless sex, supporting their external construct validity.

The first factor, socioeconomic vulnerability, explored AGYW’s underlying vulnerability to

HIV pertaining to poverty and gender-based power imbalances in sexual relationships [2,31].

Gender disparities observed in many communities across Tanzania have resulted in girls and

Table 3. Exploratory factor analysis loadings of the ten items retained in the final scale using the derivation group.

Factor loadings

Factor 1: Socio-economic vulnerability Factor 2: Lack of adult support Factor 3: Sexual behaviors

Item 1 Anal sex history 0.450 0.089 0.0650

Item 2 Sexual violence 0.686 0.036 0.063

Item 3 Physical violence 0.825 -0.133 0.072

Item 4 Food security 0.503 0.264 0.070

Item 5 Financial support -0.059 0.747 0.114

Item 6 Emotional support -0.005 0.820 -0.134

Item 7 Age at coital debut -0.081 -0.035 0.382

Item 8 Concurrent sexual partners 0.098 -0.063 0.806

Item 9 Transactional sex 0.163 0.038 0.645

Item 10 Partner’s HIV status -0.147 0.183 0.364

https://doi.org/10.1371/journal.pone.0248153.t003

Table 4. Correlation matrix between 3 factors retained in the final scale in derivation group.

Factor 1 Factor 2 Factor 3

Factor 1 1

Factor 2 0.444 1

Factor 3 0.515 0.519 1

https://doi.org/10.1371/journal.pone.0248153.t004

Table 5. Goodness of fit indices for confirmatory factor analysis on derivation and validation sets.

Validation group

χ2 180.351

df 23

P <0.001

RMSEA 0.038

CFI 0.971

TFI 0.959

χ2 chi-square goodness-of-fit test, df degrees of freedom, p general model significance, RMSEA root mean square

error of approximation, CFI comparative fit index, TFI Tucker-Lewis index

https://doi.org/10.1371/journal.pone.0248153.t005
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women, married or not, depending heavily on men for financial and material support [31].

This unequal economic power between genders often perpetuates internalization of oppressive

gender norms in a sexual relationship, exposing girls and young women to higher risk of sex-

ual—vaginal and/or anal—and physical violence [32–37]. Extreme poverty could further exac-

erbate power inequality in sexual relationships and AGYW’s ability to seek appropriate care

potentiating the risks for HIV and STIs [35,38–40]. The four items that loaded onto this

factor—food insecurity, sexual violence, physical violence, and anal sex practices—collectively

demonstrated this broad contextual fabric that make up structural HIV vulnerability of

AGYW in Tanzania.

Limited adult support represented the second dimension of Tanzanian AGYW’s vulnerabil-

ity to HIV. Notably, items related to emotional and financial support from adults loaded onto

a distinct factor separate from the socioeconomic vulnerability factor (Factor 1). This suggests

a unique HIV vulnerability pathway related to insufficient support at the household- or com-

munity-level possibility due to orphanhood or limited support from caregivers. Several studies

Fig 1. A confirmatory factor analysis of the sexual health and HIV risk stratification scale.

https://doi.org/10.1371/journal.pone.0248153.g001

Table 6. Associations between risk scores and condomless sex among AGYW.

Odds Ratio p 95% CI

Total scale 1.17 <0.001 (1.12, 1.23)

Factor 1: Socio-econ vulnerability 1.12 <0.050 (1.01, 1.24)

Factor 2: Lack of adult support 1.42 <0.001 (1.24, 1.61)

Factor 3: Sexual behavioral risk 1.35 <0.001 (1.24, 1.47)

https://doi.org/10.1371/journal.pone.0248153.t006
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have shown parenting and family structure could have a significant impact on young people’s

self-confidence and inter-relational skills, which in turn affects their sexual and reproductive

health [41,42,43,44]. These findings together supported the second dimension of vulnerability

emerging from analyses in this study. It highlights the need for differentiated social and psy-

chological care packages for orphaned or neglected AGYW to reduce their advance in the risk

pathway and ultimately preventing HIV acquisition. These data also suggest the potential

impact of interventions earlier in the risk pathway including through caregiver-oriented inter-

ventions to mitigate this dimension of AGYW’s vulnerability to HIV.

The last factor, sexual behaviors, captured more proximal vulnerability to HIV from an epi-

demiological perspective, which is manifested through items including early sex debut (coital

debut below age 15), having HIV seropositive partners, sexual concurrency and transactional

sex. The associations between early sex debut, multiple sexual partners, transactional sex and

increased risk of HIV and other STIs are well-documented in the literature [45,46,47]. These

risk factors pertaining to individuals’ sexual network and behaviors are particularly threaten-

ing to out-of-school girls as they typically lack access to resources and interventions from

school-based health programs [48,49]. It highlights the importance of targeted, community-

based SRH education and services to mitigate their risks early on. This factor is also distinct

from the other two factors because it deems to capture the role of female agency in engaging in

these sexual behaviors among AGYW. Transactional sex is common among AGYW in Tanza-

nia [50,51]. The motivation for its practice is nuanced and complex, and likely driven by a

number of factors, such as survival and social mobility [52,53]. In a relationship, women exer-

cise agency in spite of constraints of patriarchy, poverty, or cultural norms of gender roles

[54]. While there is a close link between deprivation and agency, studies have shown that

women may be able to exhibit power even in the rural context to select sexual partners and ini-

tiate sexual negotiations, including condom negotiation and timing of first sex [47,55,56]. The

decision to engage in safe sex, however, varies based on women’s position, expectations and

respectability within a given relationship. According to a study conducted in Swaziland, wom-

en’s decision in applying risk reduction strategies was often influenced by the potential socio-

economic benefits provided by the relationship even when they were aware of the importance

of monogamy and consistent condom use in minimizing HIV risk [57].

Findings from this study should be considered in the context of several limitations. First,

this study was conducted cross-sectionally using condomless sex as a proxy measure for HIV

acquisition to assess construct validity. While these results provide some support for construct

validity, longitudinal analysis using HIV sero-conversation as an outcome would provide

stronger evidence for the scales’ validity. We also observed sub-optimal internal consistency

within each factor as indicated by adequate but not strong Cronbach alpha. Although a small

number of items loaded onto each factor could have contributed to this, it is worthwhile to

note that some items excluded in the final scale were well-known determinants of HIV risk in

this population, including age-disparate sexual relationships. Despite their theoretical relation

to HIV risk, these items were dropped in the standard factor analysis mainly due to cross-load-

ings, which aimed to maintain the minimal number of items that can characterize the underly-

ing vulnerability structure of sexually active AGYW. Further analyses of the scale using larger

samples with greater variation in the responses would strengthen the study findings. Lastly,

potential social desirability and reporting bias especially with regards to sexual history and vio-

lence may have led to misclassification of exposure status among AGYW. Despite these limita-

tions, psychometric analysis results provided support for construct validity of the sale and sub-

scales, which not only deepens the understanding of the latent structure of sexual health vul-

nerability among AGYW, but also provides a practical tool for stratifying HIV risk among

AGYW in Tanzania. This sexual health and HIV risk stratification scale helps to advance
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efforts to reach this population as it is designed specifically for sexually active AGYW aged 15–

24 years including the out-of-school adolescents below age 18. Using a minimum set of key

HIV vulnerability items, the scale allows us to rapidly identify those who are at high risk of

HIV acquisition and channel them to appropriate high-impact prevention-intervention pro-

grams, effectively reducing their advance in HIV risk as they mature from adolescence to

adulthood.

Conclusions

The sexual health and HIV risk stratification scale adds value to the growing body of HIV vul-

nerability measures targeting AGYW including the Adolescent Girls Vulnerability Index and

the Vulnerable Girls scale [18,19,20]. Built on existing evidence, this risk stratification scale

ascertained the latent structure of AGYW’s vulnerability and identified three main factors

characterizing the underlying construct of vulnerability in AGYW. Moreover, it represents

one of the few tools available to quantify AGYW’s sexual health vulnerability through observ-

able items. This sexual health and HIV risk stratification scale is also unique in that it specifi-

cally targets those who are out of school due to either school drop-out or lack of access to

education. As data have consistently shown, AGYW with limited education are at higher risk

of HIV acquisition due to increased social and economic vulnerabilities [38]. There are over

5,000,000 adolescent girls and young women in Tanzania [58]. Fortunately, most are not at sig-

nificant risk for HIV. In 2019, funding for HIV prevention programs is increasingly in jeop-

ardy, necessitating increasingly specific, evidence-based, and cost-efficient responses. Moving

forward necessitates short, focused tools as presented here to rapidly describe the heterogene-

ity in HIV risks among AGYW and characterize those at highest risk in order to inform pro-

gram implementation.

Supporting information

S1 Table. Items in the original Sauti vAGYW HIV risk questionnaire.

(DOCX)

Acknowledgments

We acknowledge the entire Sauti Project team, its partners, stakeholders who supported the

conceptualization, development, and implementation of the sexual health and HIV risk strati-

fication scale. We also thank AGYW who participated in this project and made these analyses

possible.

Author Contributions

Conceptualization: Maggie Bangser, Albert Komba, Caterina Casalini, Mary Drake, Esther

Majani, Kelly Curran, Angela Ramadhani, Stefan Baral.

Data curation: Gaspar Mbita, Albert Komba, Caterina Casalini, Mary Drake, Esther Majani.

Formal analysis: Hannah Han, Fan Yang.

Funding acquisition: Albert Komba, Caterina Casalini, Mary Drake, Kelly Curran, Jeremie

Zoungrana, Upendo Kategile.

Investigation: Gaspar Mbita, Albert Komba, Caterina Casalini, Mary Drake, Esther Majani,

Kelly Curran, Stefan Baral.

Methodology: Hannah Han, Fan Yang, Sarah Murray, Qian-Li Xue, Stefan Baral.

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 11 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248153.s001
https://doi.org/10.1371/journal.pone.0248153


Project administration: Gaspar Mbita, Albert Komba, Caterina Casalini, Mary Drake, Esther

Majani, Agnes Junga.

Resources: Gaspar Mbita.

Supervision: Kelly Curran, Stefan Baral.

Validation: Hannah Han, Fan Yang, Kelly Curran.

Visualization: Hannah Han, Fan Yang.

Writing – original draft: Hannah Han, Fan Yang.

Writing – review & editing: Hannah Han, Fan Yang, Sarah Murray, Gaspar Mbita, Maggie

Bangser, Katherine Rucinski, Albert Komba, Caterina Casalini, Mary Drake, Esther Majani,

Kelly Curran, Yeronimo Mlawa, Agnes Junga, Jeremie Zoungrana, Angela Ramadhani,

Qian-Li Xue, Stefan Baral.

References
1. The Joint United Nationals Programme on HIV/AIDS. UNAIDS Data 2018. Geneva, Switzerland; 2018.

[cited 2019 Sep 21]. https://www.unaids.org/en/resources/documents/2018/unaids-data-2018.

2. Dellar RC, Dlamini S, Karim QA. Adolescent girls and young women: key populations for HIV epidemic

control. J Int AIDS Soc. 2015 Feb; 18(2 Suppl 1):19408. https://doi.org/10.7448/IAS.18.2.19408 PMID:

25724504

3. The Joint United Nationals Programme on HIV/AIDS. Women and HIV: a spotlight on adolescent girls

and young women. Geneva, Switzerland; 2019. [cited 2019 Sep 21]. https://www.unaids.org/sites/

default/files/media_asset/2019_women-and-hiv_en.pdf.

4. Dabee S, Barnabas SL, Lennard KS, Jaumdally SZ, Gamieldien H, Balle C, et al. Defining characteris-

tics of genital health in South African adolescent girls and young women at high risk for HIV infection.

PLoS ONE. 2019 Apr 4; 14(4):e0213975. https://doi.org/10.1371/journal.pone.0213975 PMID:

30947260

5. Freeman EE, Weiss HA, Glynn JR, Cross PL, Whitworth JA, Hayes RJ. Herpes simplex virus 2 infection

increases HIV acquisition in men and women: systematic review and meta-analysis of longitudinal stud-

ies. AIDS Lond Engl. 2006 Jan 2; 20(1):73–83. https://doi.org/10.1097/01.aids.0000198081.09337.a7

PMID: 16327322

6. Baral S, Logie CH, Grosso A, Wirtz AL, Beyrer C. Modified social ecological model: a tool to guide the

assessment of the risks and risk contexts of HIV epidemics. BMC Public Health. 2013 May 17; 13:482.

https://doi.org/10.1186/1471-2458-13-482 PMID: 23679953

7. Cluver LD, Orkin FM, Meinck F, Boyes ME, Sherr L. Structural drivers and social protection: mecha-

nisms of HIV risk and HIV prevention for South African adolescents. J Int AIDS Soc. 2016; 19(1):20646.

https://doi.org/10.7448/IAS.19.1.20646 PMID: 27086838

8. Sommarin C, Kilbane T, Mercy JA, Moloney-Kitts M, Ligiero DP. Preventing sexual violence and HIV in

children. J Acquir Immune Defic Syndr. 1999. 2014 Jul 1; 66 Suppl 2(Suppl 2):S217–223. https://doi.

org/10.1097/QAI.0000000000000183 PMID: 24918598

9. McCleary-Sills J, Douglas Z, Rwehumbiza A, Hamisi A, Mabala R. Gendered norms, sexual exploitation

and adolescent pregnancy in rural Tanzania. Reprod Health Matters. 2013 May; 21(41):97–105. https://

doi.org/10.1016/S0968-8080(13)41682-8 PMID: 23684192

10. Wamoyi J, Mshana G, Mongi A, Neke N, Kapiga S, Changalucha J. A review of interventions address-

ing structural drivers of adolescents’ sexual and reproductive health vulnerability in sub-Saharan Africa:

implications for sexual health programming. Reprod Health. 2014 Dec 13; 11:88. https://doi.org/10.

1186/1742-4755-11-88 PMID: 25495605

11. Stroeken K, Remes P, De Koker P, Michielsen K, Van Vossole A, Temmerman M. HIV among out-of-

school youth in Eastern and Southern Africa: a review. AIDS Care. 2012; 24(2):186–94. https://doi.org/

10.1080/09540121.2011.596519 PMID: 21780993

12. Tanzania Commission for AIDS (TACAIDS), Zanzibar AIDS Commission (ZAC). Tanzania HIV Impact

Survey (THIS) 2016–2017. Final Report. Dar es Salaam, Tanzania; 2018 Dec.

13. Silberschmidt M, Rasch V. Adolescent girls, illegal abortions and “sugar-daddies” in Dar es Salaam: vul-

nerable victims and active social agents. Soc Sci Med. 2001 Jun; 52(12):1815–26. https://doi.org/10.

1016/s0277-9536(00)00299-9 PMID: 11352408

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 12 / 15

https://www.unaids.org/en/resources/documents/2018/unaids-data-2018
https://doi.org/10.7448/IAS.18.2.19408
http://www.ncbi.nlm.nih.gov/pubmed/25724504
https://www.unaids.org/sites/default/files/media_asset/2019_women-and-hiv_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2019_women-and-hiv_en.pdf
https://doi.org/10.1371/journal.pone.0213975
http://www.ncbi.nlm.nih.gov/pubmed/30947260
https://doi.org/10.1097/01.aids.0000198081.09337.a7
http://www.ncbi.nlm.nih.gov/pubmed/16327322
https://doi.org/10.1186/1471-2458-13-482
http://www.ncbi.nlm.nih.gov/pubmed/23679953
https://doi.org/10.7448/IAS.19.1.20646
http://www.ncbi.nlm.nih.gov/pubmed/27086838
https://doi.org/10.1097/QAI.0000000000000183
https://doi.org/10.1097/QAI.0000000000000183
http://www.ncbi.nlm.nih.gov/pubmed/24918598
https://doi.org/10.1016/S0968-8080%2813%2941682-8
https://doi.org/10.1016/S0968-8080%2813%2941682-8
http://www.ncbi.nlm.nih.gov/pubmed/23684192
https://doi.org/10.1186/1742-4755-11-88
https://doi.org/10.1186/1742-4755-11-88
http://www.ncbi.nlm.nih.gov/pubmed/25495605
https://doi.org/10.1080/09540121.2011.596519
https://doi.org/10.1080/09540121.2011.596519
http://www.ncbi.nlm.nih.gov/pubmed/21780993
https://doi.org/10.1016/s0277-9536%2800%2900299-9
https://doi.org/10.1016/s0277-9536%2800%2900299-9
http://www.ncbi.nlm.nih.gov/pubmed/11352408
https://doi.org/10.1371/journal.pone.0248153


14. Hokororo A, Kihunrwa A, Hoekstra P, Kalluvya SE, Changalucha JM, Fitzgerald DW, et al. High preva-

lence of sexually transmitted infections in pregnant adolescent girls in Tanzania: a multi-community

cross-sectional study. Sex Transm Infect. 2015 Nov; 91(7):473–8. https://doi.org/10.1136/sextrans-

2014-051952 PMID: 25834122

15. Wamoyi J, Heise L, Meiksin R, Kyegombe N, Nyato D, Buller AM. Is transactional sex exploitative? A

social norms perspective, with implications for interventions with adolescent girls and young women in

Tanzania. PLoS One. 2019 Apr; 14(4):e0214366. https://doi.org/10.1371/journal.pone.0214366 PMID:

30939145

16. Saul J, Bachman G, Allen S, Toiv NF, Cooney C, Beamon T. The DREAMS core package of interven-

tions: A comprehensive approach to preventing HIV among adolescent girls and young women. PLoS

One. 2018; 13(12):e0208167. https://doi.org/10.1371/journal.pone.0208167 PMID: 30532210

17. Birdthistle I, Schaffnit SB, Kwaro D, Shahmanesh M, Ziraba A, Kabiru CW, et al. Evaluating the impact

of the DREAMS partnership to reduce HIV incidence among adolescent girls and young women in four

settings: a study protocol. BMC Public Health. 2018 25; 18(1):912. https://doi.org/10.1186/s12889-018-

5789-7 PMID: 30045711

18. Underwood CR, Schwandt HM. Assessing girls’ HIV vulnerability: evidence from Botswana, Malawi and

Mozambique. Health Policy Plan. 2016 Jul 1; 31(6):729–35. https://doi.org/10.1093/heapol/czv123

PMID: 26701916

19. Underwood C, Schwandt HM. Community Support and Adolescent Girls’ Vulnerability to HIV/AIDS: Evi-

dence From Botswana, Malawi, and Mozambique. Int Q Community Health Educ. 2015; 35(4):317–34.

https://doi.org/10.1177/0272684X15592762 PMID: 26470396

20. Amin S, Austrian K, Chau M, Glazer K, Green E, Stewart D, et al. Adolescent Girls Vulnerability Index:

Guiding Strategic Investment in Uganda. New York: Population Council; 2013.

21. Kaiser HF. A second generation little jiffy. Psychometrika. 1970 Dec 1; 35(4):401–15.

22. Holgado–Tello F, Chacón–Moscoso S, Barbero–Garcı́a I, Vila–Abad E. Polychoric versus Pearson cor-

relations in exploratory and confirmatory factor analysis of ordinal variables. Qual Quant Int J Methodol.

2010; 44(1):153–66.

23. Horn JL. A rationale and test for the number of factors in factor analysis. Psychometrika. 1965 Jun 1;

30(2):179–85. https://doi.org/10.1007/BF02289447 PMID: 14306381

24. Osborne JW, Costello AB, Kellow JT. Best Practices in Exploratory Factor Analysis. In: Best Practices

in Quantitative Methods. California: SAGE Publications, Inc.; 2008. p. 86–99.

25. Nunnally J.C., Bernstein I.H. Psychometric theory. 3rd ed. New York: McGraw-Hill;1994.

26. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. 1951 Sep 1; 16

(3):297–334.

27. Bagozzi RP, Yi Y. Specification, evaluation, and interpretation of structural equation models. J Acad

Mark Sci. 2012 Jan 1; 40(1):8–34.

28. StataCorp. Stata Statistical Software: Release 15 [software]. College Station, TX: StataCorp LLC.;

2015.

29. Muthén L. and Muthén B.,. Mplus 7.11 [software]. Los Angeles, CA: Muthén & Muthén; 2013.

30. Muthén L.K. and Muthén B.O. MPlus: statistical analysis with latent variables—User’s guide. Version 7.

California: Muthén & Muthén;2012.

31. Wingood GM, Scd null, DiClemente RJ. Application of the theory of gender and power to examine HIV-

related exposures, risk factors, and effective interventions for women. Health Educ Behav. 2000 Oct;

27(5):539–65. https://doi.org/10.1177/109019810002700502 PMID: 11009126

32. Nyamhanga TM, Frumence G. Gender context of sexual violence and HIV sexual risk behaviors among

married women in Iringa Region, Tanzania. Glob Health Action. 2014 Dec 5; 7:25346. https://doi.org/

10.3402/gha.v7.25346 PMID: 25491040

33. Zembe YZ, Townsend L, Thorson A, Silberschmidt M, Ekstrom AM. Intimate Partner Violence, Relation-

ship Power Inequity and the Role of Sexual and Social Risk Factors in the Production of Violence

among Young Women Who Have Multiple Sexual Partners in a Peri-Urban Setting in South Africa.

PLoS ONE. 2015 Nov 23; 10(11):e0139430. https://doi.org/10.1371/journal.pone.0139430 PMID:

26599394

34. Jewkes RK, Dunkle K, Nduna M, Shai N. Intimate partner violence, relationship power inequity, and inci-

dence of HIV infection in young women in South Africa: a cohort study. Lancet. 2010 Jul 3; 376

(9734):41–8. https://doi.org/10.1016/S0140-6736(10)60548-X PMID: 20557928

35. Jewkes R, Morrell R. Gender and sexuality: emerging perspectives from the heterosexual epidemic in

South Africa and implications for HIV risk and prevention. J Int AIDS Soc. 2010 Feb 9; 13:6. https://doi.

org/10.1186/1758-2652-13-6 PMID: 20181124

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 13 / 15

https://doi.org/10.1136/sextrans-2014-051952
https://doi.org/10.1136/sextrans-2014-051952
http://www.ncbi.nlm.nih.gov/pubmed/25834122
https://doi.org/10.1371/journal.pone.0214366
http://www.ncbi.nlm.nih.gov/pubmed/30939145
https://doi.org/10.1371/journal.pone.0208167
http://www.ncbi.nlm.nih.gov/pubmed/30532210
https://doi.org/10.1186/s12889-018-5789-7
https://doi.org/10.1186/s12889-018-5789-7
http://www.ncbi.nlm.nih.gov/pubmed/30045711
https://doi.org/10.1093/heapol/czv123
http://www.ncbi.nlm.nih.gov/pubmed/26701916
https://doi.org/10.1177/0272684X15592762
http://www.ncbi.nlm.nih.gov/pubmed/26470396
https://doi.org/10.1007/BF02289447
http://www.ncbi.nlm.nih.gov/pubmed/14306381
https://doi.org/10.1177/109019810002700502
http://www.ncbi.nlm.nih.gov/pubmed/11009126
https://doi.org/10.3402/gha.v7.25346
https://doi.org/10.3402/gha.v7.25346
http://www.ncbi.nlm.nih.gov/pubmed/25491040
https://doi.org/10.1371/journal.pone.0139430
http://www.ncbi.nlm.nih.gov/pubmed/26599394
https://doi.org/10.1016/S0140-6736%2810%2960548-X
http://www.ncbi.nlm.nih.gov/pubmed/20557928
https://doi.org/10.1186/1758-2652-13-6
https://doi.org/10.1186/1758-2652-13-6
http://www.ncbi.nlm.nih.gov/pubmed/20181124
https://doi.org/10.1371/journal.pone.0248153


36. Hess KL, Javanbakht M, Brown JM, Weiss RE, Hsu P, Gorbach PM. Intimate Partner Violence and

Anal Intercourse among Young Adult Heterosexual Relationships. Perspect Sex Reprod Health. 2013

Mar; 45(1):6–12. https://doi.org/10.1363/4500613 PMID: 23489852

37. Lescano CM, Houck CD, Brown LK, Doherty G, DiClemente RJ, Fernandez MI, et al. Correlates of het-

erosexual anal intercourse among at-risk adolescents and young adults. Am J Public Health. 2009 Jun;

99(6):1131–6. https://doi.org/10.2105/AJPH.2007.123752 PMID: 19008522

38. Pettifor A, Stoner M, Pike C, Bekker L-G. Adolescent lives matter: preventing HIV in adolescents. Curr

Opin HIV AIDS. 2018 May; 13(3):265–73. https://doi.org/10.1097/COH.0000000000000453 PMID:

29528850

39. Abeid M, Muganyizi P, Olsson P, Darj E, Axemo P. Community perceptions of rape and child sexual

abuse: a qualitative study in rural Tanzania. BMC Int Health Hum Rights. 2014 Aug 18; 14:23. https://

doi.org/10.1186/1472-698X-14-23 PMID: 25132543

40. Krishnan S, Dunbar MS, Minnis AM, Medlin CA, Gerdts CE, Padian NS. Poverty, Gender Inequities,

and Women’s Risk of Human Immunodeficiency Virus/AIDS. Ann N Y Acad Sci. 2008; 1136:101–10.

https://doi.org/10.1196/annals.1425.013 PMID: 17954681

41. Kidman R, Palermo T. The relationship between parental presence and child sexual violence: Evidence

from thirteen countries in sub-Saharan Africa. Child Abuse Negl. 2016 Jan; 51:172–80. https://doi.org/

10.1016/j.chiabu.2015.10.018 PMID: 26631421

42. Wamoyi J, Wight D, Remes P. The structural influence of family and parenting on young people’s sexual

and reproductive health in rural northern Tanzania. Cult Health Sex. 2015 Jul 3; 17(6):718–32. https://

doi.org/10.1080/13691058.2014.992044 PMID: 25597368

43. Kaggwa EB, Hindin MJ. The psychological effect of orphanhood in a matured HIV epidemic: an analysis

of young people in Mukono, Uganda. Soc Sci Med. 2010 Apr; 70(7):1002–10 https://doi.org/10.1016/j.

socscimed.2009.12.002 PMID: 20106578

44. Sengendo J, Nambi J. The psychological effect of orphanhood: a study of orphans in Rakai district.

Health Transit Rev. 1997; 7 Suppl:105–24. PMID: 10169639

45. Pettifor AE, van der Straten A, Dunbar MS, Shiboski SC, Padian NS. Early age of first sex: a risk factor

for HIV infection among women in Zimbabwe. AIDS. 2004 Jul 2; 18(10):1435–42. https://doi.org/10.

1097/01.aids.0000131338.61042.b8 PMID: 15199320

46. Shrestha R, Karki P, Copenhaver M. Early Sexual Debut: A Risk Factor for STIs/HIV Acquisition

Among a Nationally Representative Sample of Adults in Nepal. J Community Health. 2016 Feb;

41(1):70–7. https://doi.org/10.1007/s10900-015-0065-6 PMID: 26184108

47. Underwood C, Skinner J, Osman N, Schwandt H. Structural determinants of adolescent girls’ vulnerabil-

ity to HIV: views from community members in Botswana, Malawi, and Mozambique. Soc Sci Med. 2011

Jul; 73(2):343–350. https://doi.org/10.1016/j.socscimed.2011.05.044 PMID: 21724310

48. Kharsany ABM, Mlotshwa M, Frohlich JA, Zuma NY, Samsunder N, Karim SSA, et al. HIV prevalence

among high school learners—opportunities for school-based HIV testing programmes and sexual repro-

ductive health services. World Health Popul. 2012; 13(4):43–50. https://doi.org/10.12927/whp.2012.

22966 PMID: 23089727

49. Mason-Jones AJ, Sinclair D, Mathews C, Kagee A, Hillman A, Lombard C. School-based interventions

for preventing HIV, sexually transmitted infections, and pregnancy in adolescents. Cochrane Database

Syst Rev. 2016 Nov 8; 11(11):CD006417.

50. Maganja RK, Maman S, Groves A, Mbwambo JK. Skinning the goat and pulling the load: transactional

sex among youth in Dar es Salaam, Tanzania. AIDS Care. 2007 Sep; 19(8):974–81. https://doi.org/10.

1080/09540120701294286 PMID: 17851993

51. Wamoyi J, Fenwick A, Urassa M, Zaba B, Stones W. “Women’s bodies are shops”: beliefs about trans-

actional sex and implications for understanding gender power and HIV prevention in Tanzania. Arch

Sex Behav. 2011 Feb; 40(1):5–15. https://doi.org/10.1007/s10508-010-9646-8 PMID: 20652390

52. Ranganathan M, Heise L, Pettifor A, Silverwood RJ, Selin A, MacPhail C, et al. Transactional sex

among young women in rural South Africa: prevalence, mediators and association with HIV infection. J

Int AIDS Soc. 2016; 19(1):20749. https://doi.org/10.7448/IAS.19.1.20749 PMID: 27469061

53. Ranganathan M, MacPhail C, Pettifor A, Kahan K, Khoza N, Twine R, Watts C, Heise L. Young wom-

en’s perceptions of transational sex and sexual agency: a qualitative study in the context of rural South

Africa. BMC Public Health. 2017 Aug 22; 17(1):666. https://doi.org/10.1186/s12889-017-4636-6 PMID:

28830394

54. Jewkes R, Morrel R. Sexuality and the limits of agency among South African teenage women: theorizing

femininities and their connections to HIV risk practices. Soc Sci Med. 2012; 74:1729–1737. https://doi.

org/10.1016/j.socscimed.2011.05.020 PMID: 21696874

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 14 / 15

https://doi.org/10.1363/4500613
http://www.ncbi.nlm.nih.gov/pubmed/23489852
https://doi.org/10.2105/AJPH.2007.123752
http://www.ncbi.nlm.nih.gov/pubmed/19008522
https://doi.org/10.1097/COH.0000000000000453
http://www.ncbi.nlm.nih.gov/pubmed/29528850
https://doi.org/10.1186/1472-698X-14-23
https://doi.org/10.1186/1472-698X-14-23
http://www.ncbi.nlm.nih.gov/pubmed/25132543
https://doi.org/10.1196/annals.1425.013
http://www.ncbi.nlm.nih.gov/pubmed/17954681
https://doi.org/10.1016/j.chiabu.2015.10.018
https://doi.org/10.1016/j.chiabu.2015.10.018
http://www.ncbi.nlm.nih.gov/pubmed/26631421
https://doi.org/10.1080/13691058.2014.992044
https://doi.org/10.1080/13691058.2014.992044
http://www.ncbi.nlm.nih.gov/pubmed/25597368
https://doi.org/10.1016/j.socscimed.2009.12.002
https://doi.org/10.1016/j.socscimed.2009.12.002
http://www.ncbi.nlm.nih.gov/pubmed/20106578
http://www.ncbi.nlm.nih.gov/pubmed/10169639
https://doi.org/10.1097/01.aids.0000131338.61042.b8
https://doi.org/10.1097/01.aids.0000131338.61042.b8
http://www.ncbi.nlm.nih.gov/pubmed/15199320
https://doi.org/10.1007/s10900-015-0065-6
http://www.ncbi.nlm.nih.gov/pubmed/26184108
https://doi.org/10.1016/j.socscimed.2011.05.044
http://www.ncbi.nlm.nih.gov/pubmed/21724310
https://doi.org/10.12927/whp.2012.22966
https://doi.org/10.12927/whp.2012.22966
http://www.ncbi.nlm.nih.gov/pubmed/23089727
https://doi.org/10.1080/09540120701294286
https://doi.org/10.1080/09540120701294286
http://www.ncbi.nlm.nih.gov/pubmed/17851993
https://doi.org/10.1007/s10508-010-9646-8
http://www.ncbi.nlm.nih.gov/pubmed/20652390
https://doi.org/10.7448/IAS.19.1.20749
http://www.ncbi.nlm.nih.gov/pubmed/27469061
https://doi.org/10.1186/s12889-017-4636-6
http://www.ncbi.nlm.nih.gov/pubmed/28830394
https://doi.org/10.1016/j.socscimed.2011.05.020
https://doi.org/10.1016/j.socscimed.2011.05.020
http://www.ncbi.nlm.nih.gov/pubmed/21696874
https://doi.org/10.1371/journal.pone.0248153


55. Wight D, Plummer ML, Mshana G, Wamoyi J, Shigongo ZS, Ross D. Contradictory sexual norms and

expectations for young people in rural Northern Tanzania. Soc Sci Med. 2006; 62:987–997. https://doi.

org/10.1016/j.socscimed.2005.06.052 PMID: 16139937

56. Stoebenau K, Heise L, Wamoyi J, Bobrova N. Revisiting the understanding of ‘transactional sex’ in sub-

Saharan Africa: a review and synthesis of the literature: Soc. Sci. Med. 2016 Nov; 168:186–197. https://

doi.org/10.1016/j.socscimed.2016.09.023 PMID: 27665064

57. Fielding-Miller R, Dunkle KL, Jama-Shai N, Windle M, Hadley C, Cooper HL. The feminine ideal and

transactional sex: Navigating respectability and risk in Swaziland. Soc Sci Med. 2016 June; 158:24–33.

https://doi.org/10.1016/j.socscimed.2016.04.005 PMID: 27107148

58. Africa :: Tanzania—The World Factbook—Central Intelligence Agency [Internet]. [cited 2019 Sep 21].

https://www.cia.gov/library/publications/the-world-factbook/geos/print_tz.html.

PLOS ONE Characterizing a HIV risk stratification scale for adolescent girls and young women in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0248153 March 18, 2021 15 / 15

https://doi.org/10.1016/j.socscimed.2005.06.052
https://doi.org/10.1016/j.socscimed.2005.06.052
http://www.ncbi.nlm.nih.gov/pubmed/16139937
https://doi.org/10.1016/j.socscimed.2016.09.023
https://doi.org/10.1016/j.socscimed.2016.09.023
http://www.ncbi.nlm.nih.gov/pubmed/27665064
https://doi.org/10.1016/j.socscimed.2016.04.005
http://www.ncbi.nlm.nih.gov/pubmed/27107148
https://www.cia.gov/library/publications/the-world-factbook/geos/print_tz.html
https://doi.org/10.1371/journal.pone.0248153

