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Abstract

Background

Worldwide, an estimated 38.0 million people lived with the human immunodeficiency virus in

2019, and 3.4 million young people aged 15~24 years were living with HIV. Sub-Saharan

Africa carries a significant HIV burden with West and Central Africa most affected with HIV.

Among the young people living with HIV in West and Central Africa, an estimated 810,000

were aged 15~24 years. This study aimed to assess predictors that influence the uptake of

HIV testing among youth aged 15~24 years in The Gambia.

Methods

The 2013 Gambia Demographic and Health Survey data for youth aged 15~24 years was

used. The Andersen behavioral model of health service use guided this study. A cross-sec-

tional study design was used on 6194 subjects, among which 4730 were female. The analy-

sis employed Chi-squared tests and hierarchical logistic regression.

Results

Less than one-quarter of the youth 1404 (22.6%) had ever been tested for HIV. Young peo-

ple aged 20~24 years (adjusted odds ratio (aOR): 1.98), who were females (aOR: 1.13),

married youth (aOR: 3.89), with a primary (aOR: 1.23), secondary or higher education

(aOR: 1.46), and who were from the Jola/Karoninka ethnic group (aOR: 1.81), had higher

odds of having been tested for HIV. Those with adequate HIV knowledge and those who

were sexually active and had aged at first sex�15 years (aOR: 3.99) and those <15 years

(aOR: 3.96) were more likely to have been tested for HIV compared to those who never had

sex.
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Conclusion

This study underscores the low level of model testing on HIV testing among youth (15~24

years) in The Gambia. Using Anderson’s Model of Health Service Utilization, the predispos-

ing factors (socio-demographic and HIV knowledge) and the need-for-care factors (sexual

risk behaviors) predict healthcare utilization services (HIV testing) in our study; however,

only socio-demographic model explained most of the variance in HIV testing. The low effect

of model testing could be related to the limited number of major variables selected for HIV

knowledge and sexual risk behavior models. Thus, consideration for more variables is

required for future studies.

Introduction

Globally, an estimated 38.0 million people lived with the human immunodeficiency virus (HIV)

in 2019 [1], and 3.4 million young people aged 15~24 years were living with HIV [2]. Sub-Saha-

ran Africa (SSA) carries a significant HIV burden, and West and Central Africa were the most

affected regions with HIV. Among the young people living with HIV (PLWHIV) in West and

Central Africa, an estimated 810,000 were aged 15~24 years [3]. The Gambia has also been

affected by the HIV epidemic, with an estimated 1761 (0.4%) adolescents aged 15~19 years and

1686 (0.1%) youth aged 20~24 years with HIV [4]. Despite the proportion of PLWHIV in SSA,

adolescents had not benefited as substantially from HIV responses compared to other regions;

hence a sense of urgency for this vulnerable population seems to be lacking [3].

HIV testing is a critical entry point for prevention, care, and treatment, as it facilitates early

diagnosis and enhances prompt treatment to reduce new infections among vulnerable youth

populations [5, 6]. HIV testing is also essential in preventing mother-to-child transmission of

HIV and preventing pregnancy among adolescents [3]. The Joint United Nations Program on

AIDS/HIV (UNAIDS) launched an ambitious 90-90-90 target towards ending the HIV epi-

demic by 2030, with the aim that by 2020, 90% of PLWHIV will know their status, 90% of

those diagnosed with HIV infection will receive sustained antiretroviral therapy (ART), and

90% of those on treatment will have suppressed viral loads [7]. The 2020 Global HIV Statistics

uncovered that estimated 84% of PLWHIV knew their HIV status [2]. HIV testing uptake still

remain low in SSA. Among PLWHIV, the majority (65%) of young people aged 15~24 years

did not know their HIV status [8]. If the current trend continues, hundreds of thousands more

will become HIV positive in the coming years, and without knowing their status, adolescents

will miss out on life-saving treatment [9].

The major significant predisposing factors in utilizing healthcare treatment services in SSA

include age, marital status, gender, educational level, place of residence, and ethnicity [10–12].

Age has a significant association with testing among youth in SSA, and HIV testing was lower

in adolescents (15~19 years) than those aged 20~24 [11–13]. Marital status and gender showed

an association with HIV testing [14–18]. The odds of testing were higher among married

youth compared to single youth [11, 16]. Evidence showed that in Zambia, Nigeria, and South

Africa, females were most likely than males to get tested for HIV [15, 19, 20]. Youth who had

received a formal education were more likely to be tested than those with no education [11, 12,

18, 19], higher in urban dwellers [15, 21, 22]. The association of ethnicity and HIV testing was

less studied in SSA; however, race/ ethnicity has significantly predicted HIV testing in the

United States (US). The black youth population in the US had lower odds of getting tested

than white folks [23], contrary to similar US findings [24].
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HIV knowledge was also a significant predisposing factor for testing among youth [14, 19].

Studies across countries in SSA found a positive relationship between HIV knowledge and

HIV testing. Youth in Kenya who had HIV knowledge were 1.19-times more likely to be tested

for HIV [25], and a similar finding was drawn from a study done in Nigeria where youth with

higher HIV knowledge were 1.62-times more likely to be tested [19].

Sexual risk behaviors (SRB) were positively associated with healthcare services utilization

(HIV testing) among youth [12, 13, 15, 17, 26]. The association between age at sexual debut

and HIV testing was reported in many studies in SSA. Evidence showed that youth who were

older at sexual debut (15~18 years, or 19 years and above) had higher odds of HIV testing

(aOR = 1.22; 1.07–1.39 and aOR = 1.47; 1.24–1.74) than those who had age at sexual debut

<15 years [17], and in Malawi, men who had their first sexual debut at 15~24 years had higher

odds of being tested (AOR = 2.54; 95% CI = 2.11–3.07) than men who never had sex [13]. A

similar conclusion was drawn from a study done in Zambia where youth at an older age

(M = 15.22, SD = 1.746) compared to younger age were more likely to be tested for HIV than

those that had not tested (M = 14.91, SD = 1.820) [15]. There are mixed results from other

studies regarding condom use and HIV testing uptake. Testing was high among male youth

who had not used a condom in Tanzania and KwaZulu Natal, South Africa [16]. Contrarily, in

Nigeria, youth who had used a condom were more likely to be tested for HIV [19]. Studies sug-

gested that young women with multiple sexual partners (MSPs) had higher odds of being

tested for HIV [22].

The selection of variables to be added in our model was guided by the Anderson’s Behav-

ioral Model of health service use [27] to examine the predictors of HIV testing service among

youth aged 15~24 years in The Gambia. The Anderson Behavioral Model of health service uti-

lization is one example of numerous theories that provide a valuable framework to understand

the underlying population characteristics (predisposing and need-for-care factors) that influ-

ence health service use [28]. The model suggests that health outcome such as Personal Health

Practice is influenced directly by population characteristics (predisposing characteristics and

the need components) as shown in S1 Fig. The critical elements in the model consist of the

predisposing factors, the need factors that influence the utilization of healthcare services by

individuals [29]. The predisposing factors are two folds. First, socio-demographic factors

include age, marital status, gender, educational level, wealth index, residence, ethnicity, and

the second predisposing factor includes HIV knowledge. At the same time, we examined the

sexual risk behaviors as the ‘need-for-care’ components. HIV testing services were assessed

using the personal health practice as health outcome for youth. This model has been validated

and applied in previous HIV testing studies in Thailand, Haiti, Ghana, and the US [29–34].

The model is considered appropriate for our study since it is a multilevel theory and has been

applied in many settings and disciplines [32].

Most previous studies in SSA, including The Gambia, have focused on HIV testing services

among adult and pregnant women but have not focused on adolescents and youth. The pres-

ent study expands upon the previous studies by focusing on youth utilization of HIV testing

services to identify any existing gap as demonstrated in previous studies [5, 35–37]. Based on

our best knowledge, no study has been conducted on HIV testing that used the Anderson’s

Behavioral Model on adolescents and youth in The Gambia. This study aimed to assess predic-

tors that influence the uptake of HIV testing among youth aged 15~24 years in The Gambia.

Materials and methods

Design

A cross-sectional study design was used in this study.
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Sample

The data used for the study was extracted from the 2013 Gambia Demographic and Health

Survey (GDHS) [4]. A total of 6194 youth aged 15~24 years took part in this analysis, among

which 4501 were females. In 2013, The Gambia had a total population of 1.9 million. Women

constituted 51% of the total population, and about 22% were aged 15~24 years. An estimated

50% of the country’s residents live in rural areas, and the literacy rate, which decreases with an

increase in age in both sexes, was higher among men than women (70% vs. 45%). The Gambia

is a multilingual country with more than six ethnic groups, and the two most widely known

religions are Islam and Christianity. The vast majority of both women and men (96%) are

Muslims, 4% believe in Christianity, and a small proportion (<1%) claimed to have no religion

[4].

Data collection

The 2013 GDHS is a nationally representative household survey conducted in The Gambia

through the Gambia Bureau of Statistics (GBOS). The GDHS is a nationwide DHS as part of

the worldwide DHS that includes more than ninety countries, funded by the United States

Agency for International Development [4]. A nationally representative survey uses a multi-

stage and stratified design to collect population health, HIV/AIDS, malaria, and nutrition

information. Due to discrepancies in samples across settings, sample weights were applied to

compensate for the unequal probability of selection between the geographically defined strata

and non-responses. A comprehensive explanation of the weighting procedure can be accessed

in a DHS methodology report [4]. The current study considered both sexually active and non-

sexually active youth aged 15~24 years about the discrepancies in samples across settings after

applying sample weights to recompense for the unequal probability of selection between the

geographically defined strata and non-responses [4].

Validity and reliability/rigor

Three questionnaires were included in the 2013 GDHS: the Household Questionnaire, the

Woman’s Questionnaire, and the Man’s Questionnaire. The 2013 GDHS questionnaires have

their content validity that they were based on the models developed by the Demographic and

Health Survey (DHS) program with modifications to accommodate The Gambia’s specific

needs, according to discussions between ICF International and staffs from various governmen-

tal institutions, non-governmental organizations, donors, and development partners. Hence,

the survey contains questions that cover all aspects of the Gambia population health measured.

Ever been tested for HIV was used as the outcome for healthcare utilization services in this

study, coded (0) for "No" if respondents had never been tested for HIV and (1) for "Yes" if

respondents had been tested for HIV. The final sample size used in this study arrived at 6194

from 6220 after we employed multiple imputations to handle missing data. The predisposing

factors for socio-demographic characteristics were defined as follows: age was categorized into

two levels, 15~19 and 20~24 years. Gender defined as male coded (0) and female coded (1);

educational level: no education (0), primary (1), and secondary/higher education (2); wealth;

poorest (0), poorer (1), poor (2), richer (3), and richest (4); place of residence: urban (0) and

rural (1); and ethnicity defined as Mandinka/Jahanka (0), Wollof (1), Jola/Karoninka (2), Fula/

Tukulur/Lorobo (3), Serere (4), Sarahuleh (5), non-Gambian (6), others (7). The predisposing

factors for HIV knowledge variables included (1) "a healthy person can get HIV", (2) "a person

can get HIV through witchcraft", (3) "a person can get HIV by sharing food with an infected

person", and (4) can condom use every time during sex reduce the risk of HIV, using the prefix

’correct’ (1) or ’incorrect’ (0). The need-for-care factors for SRB variables include (1) Age at
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first sex, using the prefix ‘never had sex (0), age<15 (1), and�15 years (2). (2) Condom use

during sex in the last 12 months, (3) had any sexually transmitted infections (STIs) in the pre-

vious 12 months, and (4) having MSPs using the prefix 1 for ’yes’ and 0 for ’no’ based on the

respondent’s answers.

Ethical considerations

Permission to use 2013 GDHS data was sought from the Inner-City Fund (ICF) International

(530 Gaither Road, Suite 500 Rockville, MD 20850, USA) and the institutional review board

(IRB) committee of Taipei Medical University (Taipei, Taiwan).

Statistical analysis

Descriptive statistics, Chi-squared comparisons, and hierarchical logistic regressions were

employed to determine predictors for HIV testing. Extracted data for youth were weighted as

representative of 15~24year-old respondents in the 2013 GDHS. All analyses performed used

the Statistical Package for the Social Sciences (SPSS) vers. 21.

We employed multiple imputations (MI) using SPSS to deal with missing responses on var-

iables from the selected potential predictor variables. Among the predictors that have missing

data include ethnicity (0.5%), a healthy person can have HIV (0.4%), a person can have HIV

through witchcraft (0.1%), a person can have HIV by sharing food with an infected person

(0.1%), can condom use every time during sex reduce the risk of HIV (0.2), age at first sex

(0.1%), condom use during sex in the past 12 months (8.6%), having STI in the past 12 months

(0.2%), and had Multiple Sexual Partners (0.1%) (Table 1).

Hierarchical regression was used as a framework for model comparison in our study. We

considered a Pseudo-R-squared, which are standard measures for investigating the goodness

of fit of logit models used to evaluate single models and compare different models to identify

the model with the best fit in the logistic regression. McFadden pseudo-R-squared was consid-

ered in this study. McFadden pseudo-R-squared for the logistic regression model of 0.35

depicts a fair model predictive power (The McFadden pseudo-R-squared measure ranges from

0 to below 1, with values closer to 0 indicating lack of predictive power) [38].

Table 1. Demographic characteristics, HIV knowledge, and behaviour (n = 6220).

Variable Frequency Missing n(%)

n (%)

Socio-demographics
Age (Years)

15–19 3330 53.5

20–24 2890 46.5

Marital Status

Single 4162 66.9

Married 2058 33.1

Gender

Male 1490 24.0

Female 4730 76.0

Educational level

No education 1789 28.8

Primary 1074 17.3

(Continued)
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Table 1. (Continued)

Variable Frequency Missing n(%)

n (%)

Secondary/Higher 3357 54.0

Wealth index

Poorest 1203 19.3

Poorer 1365 21.9

Poor 1202 19.3

Richer 1097 17.6

Richest 1353 21.8

Residence

Urban 2857 45.9

Rural 3363 54.1

Ethnicity 31(0.5)

Mandinka/Jahanka 2090 33.6

Wollof 823 13.2

Jola/Karoninka 484 7.8

Fula/Tukulur/Lorobo 1551 24.9

Others 1241 20.0

HIV Knowledge
Can a healthy person have HIV 22(0.4)

Incorrect 2689 43.2

Correct 3509 56.4

Can a person get HIV through witchcraft 8(0.1)

Incorrect 1658 26.7

Correct 4554 73.2

Can a person get HIV by sharing food with an infected person 7(0.1)

Incorrect 1950 31.4

Correct 4263 68.5

Can condom use every time during sex reduce the risk of HIV 13(0.2)

Incorrect 1912 30.7

Correct 4295 69.1

Sexual Risk Behavior
Age at first sex 5(0.1)

Never had sex 3468 55.8

< 15 years 117 1.9

� 15 years 2630 42.3

Did you use condom in the last 12 months 533(8.6)

No 5437 87.4

Yes 250 4.0

Had any STI in the last 12 months 15(0.2)

No 6161 99.1

Yes 44 0.7

Had Multiple Sexual Partners 7(0.1)

No 6164 99.1

Yes 49 0.8

Have you ever been tested for HIV 26(0.4)

No 4790 77.0

Yes 1404 22.6

https://doi.org/10.1371/journal.pone.0263720.t001
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The Akaike Information Criterion (AIC) goodness-of-fit test to identify the model fitted

and AIC can help achieve the trade-off required between simplicity and adequacy of model fit-

ting [39, 40]. HIV testing among youth in The Gambia from a class of different models such

as; socio-demographic (model I), HIV knowledge (model II), and sexual risk behavior (model

III) was used. For AIC, the smaller indicates a more parsimonious model relative to a model fit

with larger AIC. The adjusted odds ratios and 95% confidence intervals were given, with the

alpha level set to 0.05.

Results

Characteristics of study participants

The respondents’ predisposing factors (socio-demographic characteristics and HIV knowl-

edge), and the need-for-care factors (sexual risk behaviors) were presented in Table 1. A total

of 6194 participants took part in this study. The majority consisted predominantly of youth

aged 15~19 years 3330 (53.5%), single 4162 (66.9%), and females 4730 (76.0%). About half,

3357 (54.0%) of the respondents had at least a secondary/higher education, the majority fell

within both the poorer 1365 (21.9%) and richest categories 1353 (21.8%), and slightly more

than half 3363 (54.1%) lived in rural areas. Higher percentages were from the Mandinka/

Jahanka 2090 (33.6%) and Fula/Tukulur/Lorobo 1551 (24.9%) ethnic groups. Regarding HIV

knowledge, more than half 3509 (56.4%) had adequate knowledge that a healthy person can

have HIV. A similar trend on increased HIV knowledge was demonstrated for the following

HIV knowledge variables: a person gets HIV through witchcraft, a person gets HIV by sharing

food with an infected person, and condom use every time during sex reduce the risk of HIV

(4554, (73.2%), 4263 (68.5%), 4295 (69.1%)), respectively. The study further revealed that SRB

variables include age at first sex, condom used, had any STIs in the past 12 months, and having

multiple sexual partners. Few 117 (1.9%) demonstrated age at first sex at aged<15 years, more

than half 3468 (55.8%) never had sex, and 2630 (42.3%) experienced their first sex at age�15

years. Only a few had ever used condom 250 (4.0%) compared to those who had not used a

condom 5437 (87.4%), about 6161 (99.1%) had no history of STIs, 49 (0.8%) had MSPs, and

only a limited proportion 1404 (26.6%) had ever been tested for HIV.

Bivariate analysis of predictors of HIV testing among youth

Table 2 presents the relationship between socio-demographic characteristics, HIV knowledge,

sexual risk behaviors, and uptake of HIV testing among youth in The Gambia. An estimated

3468 (55.8%) of youth were not sexually active, of whom 237 (16.9%) were ever tested for HIV.

Overall, only 1404 (22.6%) had ever been tested for HIV across socio-demographic, HIV

knowledge, and SRB strata. Having been tested for HIV was more common among youth aged

20~24 years than adolescents 15~19 years (1024 (72.9%) vs. 380 (27.1%)), p<0.001, married

respondents than single ones (993 (70.7%) vs. 411 (29.3%)), p<0.001, among females than

males (1090 (77.6%) vs. 314 (22.4%)), p<0.001, and among those with a secondary/higher edu-

cation than those with a primary or no formal education (670 (47.7%) vs. 230 (16.4% or 504

(35.9%))), p<0.001. HIV testing was statistically significant in all four HIV knowledge vari-

ables such as a healthy person can have HIV (p = 0.001), a person gets HIV through witchcraft

(p = 0.005), a person gets HIV by sharing food with an infected person (p<0.001), and condom

use every time during sex reduce the risk of HIV (p<0.005). Regarding behaviors, HIV testing

was high among those who delayed their first sexual debut. The majority of those tested for

HIV were aged�15 years compared to those who initiated sex at age<15 years and those who

never had sex (p<0.001). Among youth who reported a history of STI, 22 (1.6%) had tested for

HIV compared to 98.4% of youth with no history of STI (p<0.001).
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Table 2. Correlation of socio-demographic, HIV knowledge, behaviour and HIV testing (n = 6194).

Variable Ever been tested for HIV

No (n = 4790) Yes (n = 1404)

n (%) n (%) P-value

Socio-demographics
Age (years) 0.000��

15–19 2943 (61.4) 380 (27.1)

20–24 1847 (38.6) 1024 (72.9)

Marital Status 0.000��

Single 3746 (78.2) 411 (29.3)

Married 1044 (21.8) 993 (70.7)

Gender 0.105

Male 1172 (24.5) 314 (22.4)

Female 3618 (75.5) 1090 (77.6)

Educational level 0.000��

No education 1272 (26.6) 504 (35.9)

Primary 841(17.6) 230 (16.4)

Secondary/Higher 2677 (55.9) 670 (47.7)

Wealth index 0.246

Poorest 926 (19.3) 267 (19.0)

Poorer 1032 (21.5) 327 (23.3)

Poor 924 (19.3) 274 (19.5)

Richer 836 (17.5) 258 (18.4)

Richest 1072 (22.4) 278 (19.8)

Place of residence 0.228

Urban 2223 (46.4) 626 (44.6)

Rural 2567 (54.0) 778 (55.4)

Ethnicity 0.067

Mandinka/Jahanka 1643 (34.3) 447.2(31.9)

Wollof 637.8(13.3) 188.8(13.4)

Jola/Karoninka 348.2(7.3) 132 (9.4)

Fula/Tukulur/Lorobo 1208 (25.2) 344.2(24.5)

Others 953 (19.9) 291 (20.7)

HIV Knowledge
Can a healthy person have HIV 0.001�

Incorrect 2132 (44.5) 556 (39.6)

Correct 2658 (55.5) 848 (60.4)

Can a person get HIV through witchcraft 0.005�

Incorrect 1316 (27.5) 332 (23.6)

Correct 3474 (72.5) 1072 (76.4)

Can a person get HIV by sharing food with an infected person 0.000��

Incorrect 1567 (32.7) 373 (26.6)

Correct 3223 (67.3) 1031 (73.4)

Can condom use every time during sex reduce risk of HIV 0.008�

Incorrect 1514 (31.6) 393 (28.0)

Correct 3276 (68.4) 1011 (72.0)

Sexual Risk Behavior
Age at first sex 0.000��

Never had sex 3233 (67.5) 237 (16.9)

(Continued)
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Multivariate analysis of predictors of HIV testing among youth

Results from adjusted logistic regression models are presented in Table 3. Positive associations

were evident between HIV testing and the following variables: age, marital status, educational

level, ethnicity, a healthy person can have HIV, a person gets HIV by sharing food with an

infected person, and age at sexual debut.

The multivariate analysis of our result includes three regression models. Model I consists of

only the sociodemographic characteristics that were statistically significantly associated with

HIV testing. The significant sociodemographic variables include age = aOR 2.50, (95%

CI = 2.32–2.69), marital status = aOR 9.25, (95% CI = 8.51–10.05), educational level

Table 2. (Continued)

Variable Ever been tested for HIV

No (n = 4790) Yes (n = 1404)

n (%) n (%) P-value

< 15 years 86 (1.8) 29 (2.1)

� 15 years 1471 (30.7) 1138 (81.2)

Did you use condom use in the last 12 months 0.110

No 4497 (93.9) 1300 (92.6)

Yes 293 (6.1) 104 (7.4)

Had any STI in the last 12 months 0.000��

No 4768 (99.5) 1382 (98.4)

Yes 22 (0.5) 22 (1.6)

Had Multiple Sexual Partners 0.821

No 4752 (99.2) 1392 (99.1)

Yes 38 (0.8) 12 (0.9)

�p< 0.05

��p< 0.001.

Tested by Chi-Square.

https://doi.org/10.1371/journal.pone.0263720.t002

Table 3. Multivariate hierarchical logistic regression of HIV testing (n = 6194).

Variable Model I Model II Model III

aOR 95% CI P-value aOR 95% CI P-value aOR 95% CI P-value

Socio-demographics
Age (Years)

15–19 Ref - - - - - - - -

20–24 2.50 2.32–2.69 0.000�� 2.39 2.22–2.58 0.000�� 1.98 1.70–2.30 0.000��

Marital status

Single Ref - - - - - - - -

Married 9.25 8.51–10.05 0.000�� 9.41 8.04–11.01 0.000�� 3.89 3.07–4.92 0.000��

Gender

Male Ref - - - - - - - -

Female 1.10 1.01–1.21 0.258 1.11 0.92–1.32 0.255 1.13 0.95–1.34 0.187

Educational level

No education Ref - - - - - - - -

Primary 1.29 1.04–1.59 0.019� 1.24 1.01–1.54 0.045� 1.23 1.00–1.52 0.059

Secondary/Higher 1.51 1.26–1.81 0.000�� 1.39 1.15–1.67 0.001� 1.46 1.21–1.76 0.000��

(Continued)
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Table 3. (Continued)

Variable Model I Model II Model III

aOR 95% CI P-value aOR 95% CI P-value aOR 95% CI P-value

Wealth index

Poorest Ref - - - - - - - -

Poorer 1.06 0.87–1.30 0.599 1.05 0.85–1.30 0.673 1.06 0.85–1.31 0.610

Poor 1.02 0.81–1.27 0.885 1.00 0.80–1.25 0.987 1.02 0.81–1.27 0.887

Richer 1.06 0.80–1.40 0.683 1.04 0.78–1.37 0.801 1.10 0.83–1.46 0.514

Richest 1.00 0.75–1.34 0.998 0.95 0.70–1.27 0.719 1.04 0.77–1.41 0.787

Place of residence

Rural Ref - - - - - - - -

Urban 0.78 0.62–0.97 0.027� 0.80 0.63–1.00 0.050 0.83 0.66–1.04 0.100

Ethnicity

Mandinka/Jahanka Ref - - - - - - - -

Wollof 1.08 0.86–1.35 0.523 1.11 0.88–1.39 0.389 1.11 0.88–1.40 0.390

Jola/Karoninka 1.97 1.51–2.56 0.000�� 1.00 1.53–2.60 0.000�� 1.81 1.38–2.37 0.000��

Fula/Tukulur/Lorobo 0.96 0.80–1.16 0.698 1.00 0.83–1.21 0.989 1.00 0.83–1.21 0.993

Others 1.08 0.89–1.32 0.436 1.10 0.90–1.34 0.339 1.04 0.85–1.27 0.697

HIV Knowledge
Can a healthy person have HIV

Incorrect Ref - - - - -

Correct 1.23 1.06–1.43 0.005� 1.22 1.05–1.42 0.008�

Can a person get HIV by witchcraft

Incorrect Ref - - - - -

Correct 1.11 0.933–1.324 0.236 1.09 0.91–1.30 0.344

Can a person get HIV by sharing food with an infected person

Incorrect Ref - - - - -

Correct 1.23 1.04–1.45 0.015� 1.26 1.06–1.49 0.007�

Can condom use every time during sex reduce risk of HIV

Incorrect Ref - - - - -

Correct 1.15 0.98–1.35 0.090 1.12 0.95–1.31 0.184

Sexual Risk Behavior
Age at first sex

Never had sex Ref - -

< 15 years 3.96 2.46–6.39 0.000��

� 15 years 3.99 3.11–5.13 0.000��

Did you use condom use in the last 12 months

Yes Ref - -

No 0.74 0.54–1.02 0.062

Had any STI in the last 12 months

No Ref - -

Yes 1.28 0.67–2.43 0.458

Had multiple sexual partners

No Ref - -

Yes 0.83 0.42–1.67 0.608

McFadden Pseudo R2 0.21 0.22 0.24

�p< 0.05

��p< 0.001; aORs ~ adjusted Odds Ratio; CI ~ Confidence Interval; Model I ~ socio-demographic factors; Model II ~ socio-demographic factors + HIV Knowledge

related factors; Model III ~ socio-demographic factors + HIV knowledge related factors + sexual risk behavior related factors; R2 ~ R-squared.

https://doi.org/10.1371/journal.pone.0263720.t003
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(Primary = aOR 1.29, (95% CI = 1.04–1.59); Secondary/Higher = aOR 1.51, (95% CI = 1.26–

1.81)), and ethnicity (Jola/Karoninka = aOR 1.97, (95% CI = 1.51–2.56)).

A similar regression analysis demonstrated in Model II for HIV knowledge variables such

as: a healthy person can get HIV, a person can get HIV through witchcraft, a person can have

HIV by sharing food with an infected person, condom use every time during sex reduce risk of

HIV. Only a healthy person can get HIV (aOR = 1.23, (95% CI = 1.06–1.43)) and a person can

have HIV by sharing food with an infected person (aOR = 1.23, (95% CI = 1.04–1.45)) were

significantly associated with HIV testing, Table 3.

In model III, youth aged 20~24 years had higher odds of HIV testing than youth aged

15~19 years (adjusted OR (aOR) = 1.977; (1.696–2.304)). Married youth were 3.885-times

more likely to be tested for HIV (95% CI = 3.065–4.924) compared to single youth, p<0.001,

and youth who had secondary/higher education were 1.455 times (95% CI = 1.207–1.755)

more likely to be tested for HIV than those who had primary or no education, p<0.001. Youth

from the Jola/Karoninka tribes compared to the Mandinka/Jahanka tribes (aOR = 1.810, 95%

CI = 1.381–2.373), p<0.001. Also, those with adequate knowledge of HIV had higher odds of

being tested for HIV than youth without adequate HIV knowledge. The significant variables

that indicated adequate HIV knowledge such as, a healthy person can have HIV, a person gets

HIV by sharing food with an infected person had higher odds of been tested for HIV com-

pared to those who had low HIV knowledge (aOR = 1.221, (1.053–1.417)) and (aOR = 1.259,

(1.064–1.491)). Compared to youth who were not sexually active, those age at sexual debut

<15 years, aOR = 3.960, (2.455–6.387), those who were older at sexual debut (�15 years) had

higher odds of HIV testing (aOR = 3.994; (3.108–5.134)).

In this study, the McFadden Pseudo R-squared statistic results from the baseline individual

socio-demographic characteristic indicated an R2 score of 0.211 (21.0%) for model I, 0.22

(22.0%) for model II, and 0.24 (24.0%) model III, respectively. The McFadden Pseudo R-

squared statistical test result has slightly increased from 21.0% to 22.0% after included HIV

knowledge in the equation. The behavior variables (model III) had slight increase from 22.0%

to 24.0% in the equation than model II. Therefore, our results indicated that both HIV knowl-

edge and SRB variables significantly impacted HIV testing uptake among young people.

The Akaike Information Criterion (AIC) goodness-of-fit test to identify the model fitted for

HIV testing from a class of different models such as; socio-demographic (model I), HIV

knowledge (model II), and sexual risk behavior (model III) was used. For final discussion, the

following AIC results were obtained for models I, II, and III, 0.252, 0.583, and 0.622, respec-

tively. Among the three models tested in our study, model I (socio-demographic) demon-

strated a better model fit than model II (HIV knowledge) and model III (sexual risk behavior).

Discussion

Employing the healthcare service utilization model to explain HIV testing, our results indi-

cated a low proportion of youth (15~24 years) ever tested for HIV, particularly among male

adolescents. Only 1404 (22.6%) youth had ever tested for HIV compared to the overall propor-

tion of Gambians (36.0%) ever tested [4]. This findings are still farfetched from the 90% target

of UNAIDS 2020 ambitious goals to end the HIV epidemic by 2030 [4, 7, 41]. Our results cor-

roborate other SSA studies, including Congo, Mozambique, and Nigeria (31.4%, 45.3%, and

24.7%), respectively [17]. Low HIV testing among youth could be related to the limited access

to HIV testing services and the lack of trust in HIV testing services [42]. Other barriers to test-

ing include fear of stigmatization, fear of a positive diagnosis, the perceived risk concerning

sexual exposure, and poor attitudes by healthcare professionals [43]. A study suggests that

most interventions to raise HIV testing uptake focused more on antenatal women [44], while
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the highly at-risk young populations had minimal attention [45]. Thus, it is essential to engage

policymakers to develop a policy framework to improve access and uptake of HIV testing ser-

vices among adolescents and youth [19].

The predisposing factors such as age, marital status, educational level, and ethnicity demon-

strated a statistically significant association with HIV testing in this study. The current study

found that older youth aged 20~24 years had higher odds of HIV testing than did adolescents

(15~19 years). This result is considered consistent across other SSA studies [11, 12, 19, 46].

The first reason could be that older youth aged 20~24 are more likely to be sexually active,

more likely to be married, and more likely to be economically empowered and knowledgeable

on HIV issues than youth aged 15~19 [46, 47], and youth aged 15~19 have a lower self-per-

ceived likelihood of HIV [48]. Second, youth aged 20~24 years tend to have more lifetime

exposure to HIV testing services and are more likely to access healthcare facilities through sev-

eral programs, including testing during reproductive health services [12]. School-based HIV/

AIDS educational interventions and adolescent-friendly service initiation could promote posi-

tive SRBs and increase testing uptake [31, 49].

Marital status was significantly associated with HIV testing among youth in this study, with

married youth (aOR 3.89) having higher odds of HIV testing than single youth. Our results

showed consistent findings with other SSA studies [11, 15, 18, 46]. The reason for increased

odds of HIV testing among married youth compared to single youth could be the HIV testing

services offered during ANC visits as suggested in studies that adolescents and young women

who had attended ANC or had given birth in the health facility have greater chances of getting

tested as testing is a prerequisite for antenatal women at certain SSA countries [15, 19, 37, 46].

The odds of being tested for HIV increase with an increase in the educational level, corrob-

orating other SSA studies [11, 13, 18, 19]. Attaining formal education improves HIV knowl-

edge, increases youth health literacy levels, and facilitates relevant decision-making enhancing

health facility visits and health services utilization [11, 13]. A previous study outlined gaps in

educational levels among adolescents, and filling these gaps will require concerted efforts [50].

By using community radio widely popular among youth in The Gambia, prominent people in

the community, including traditional and faith leaders and civil society organizations, could

enlighten adolescents and youth with low literacy and low utilization of healthcare services [4,

12, 51].

Ethnic disparity had a significant positive association with HIV testing among youth in The

Gambia, especially among the Jola/Karoninka ethnic group. Previous studies conducted in

Ghana and South Africa found ethnicity as a significant predictor of HIV testing [32, 46]. The

rate of HIV testing uptake among the Jola/Karoninka ethnic group in The Gambia remained

positively associated with their strong socio-cultural beliefs. However, socio-cultural factors

have negatively influenced HIV testing uptake among the Mole-Dagbani ethnic group in

Ghana [32]. The socio-cultural differences between Ghana and The Gambia have demon-

strated ethnic disparities on HIV testing uptake that may require future qualitative studies.

HIV knowledge is also a predisposing factor derived from the Anderson’s Behavioral

Model used in our study. In this study, youth with adequate HIV knowledge had higher testing

odds than previous studies [14, 19, 25, 52]. Respondents who had adequate HIV knowledge

that a healthy person can get HIV and a person get HIV by sharing food with an infected per-

son were 1.22 and 1.26-times more likely to have been tested for HIV than those without ade-

quate HIV knowledge. Despite increased HIV knowledge among youth, the misconception

surrounding a healthy person having HIV and sharing food with an infected person still exists

[4].

Age at first sex is the only significant variable of the need-for-care factor associated with

HIV testing in the current study, as confirmed with previous studies in SSA [13, 15, 17, 53]. In
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our study, youth who were sexually active had higher odds of HIV testing than non-sexually

active youth. Our finding was supported by other studies in SSA, such as Malawi, Zambia, and

a few countries that represent Central, South, East, and West Africa [13, 15, 17]. More atten-

tion should be shifted to non-sexually active youth who had lower odds of HIV testing to be

educated more on HIV testing and utilize available healthcare services. Healthcare workers

should make HIV test information more accessible for youth with high SRBs since most coun-

tries in Africa have low HIV testing coverage and miss a rare opportunity for positive preven-

tion [53].

This study sought to examine the predictors of HIV testing services among youth based on

Anderson’s behavioral model [27]. The overall model testing for the predisposing factors

(socio-demographic and HIV knowledge) and the need-for-care factors (sexual risk behaviors)

as predictors to healthcare service utilization (HIV testing) were found low in this study, espe-

cially for models II and III. The low explained variance may indicate that essential predictors

lack from the prediction model.

Despite the poor model fit of models II and III, our result finds that the socio-demographic

as predisposing factors explained most of the variance in HIV testing. Age, marital status, edu-

cational level, and ethnicity were the significant predictors of HIV testing consistent with pre-

vious studies [19, 30, 32, 54].

HIV knowledge is a predisposing factor associated with HIV testing. Our finding is consis-

tent with results in Ethiopia which argued that lack of comprehensive HIV knowledge

decreases the odds of adolescents and youth uptake of HIV testing services [54]. Previous stud-

ies suggest that comprehensive HIV knowledge could positively affect HIV testing [17, 55]. A

recent UNICEF report demonstrates that HIV knowledge among adolescents in The Gambia

is at the lowest compared to other countries, even much lower than other SSA countries,

which should be a considerable concern for policymakers [9]. Knowledge of HIV/AIDS

includes four items: one knowledge of mechanisms to prevent HIV and three misconceptions

about HIV in this study. To assess the comprehensive HIV knowledge may need to use more

items to improve its low effect on HIV testing.

Early sexual debut was the only significant predictor of the need-for-care factors (sexual

risk behavior) using the Anderson model in this study. However, two other studies in Haiti

and Ghana used symptoms such as genital discharge in the past 12 months for the need-for-

care factors that positively predict HIV testing [32, 33]. Therefore, to increase the effect of

need variables for positive uptake of HIV testing, more need-for-care variables such as symp-

toms may be explored in future studies.

Our study had some limitations. First, this study looked at adolescents and youth (15~24

years), limiting the generalizability to the broader population. Second, since we used secondary

data, discrepancies from the selected samples may be a limitation. For instance, there was a

wide variation in the selected samples, more so in females than males. Third, considering age

and time, under-reporting past sexual history may have led to recall bias. Fourth, sexual behav-

iors and HIV testing are sensitive issues rarely discussed among adolescents, youth, and their

parents. Thus, under-reporting of sensitive topics or over-reporting of insensitive topics may

have incurred response bias. Fifth, regarding missing values, the efficiency of MIs could not be

determined due to a lack of complete records in the data, and the ability to do so might have

been reduced due to the high number of missing data [56].

Conclusions

Our model testing results revealed a relatively low effect on uptake of HIV testing among

youth (15~24 years) in The Gambia. Using Anderson’s Model of Health Service Utilization,
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the predisposing factors (socio-demographic and HIV knowledge) and the need-for-care fac-

tors (sexual risk behaviors) predict healthcare utilization services (HIV testing) in our study;

however, only socio-demographic model explained most of the variance in HIV testing. The

low effect of model testing could be related to the limited number of major variables selected

for HIV knowledge and sexual risk behavior models. Thus, consideration for more variables is

required for future studies.
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(TIF)

Acknowledgments

We are grateful to the Demographic and Health Surveys Program for providing us with the

population-based dataset retrieved from their archives. We thank the study participant for

their time and resources used to respond to the survey questions. Special appreciations to Pro-

fessor Robbin Lin, Dr. Peter Austin Morton Ntenda, Dr. Yankuba B. Manga, Dr. Henny Dwi

Sussanti, Mrs. Okki Dhona Laksmita, Dr. Paul Bass, Mr. Basiru Drammeh, Mr. Kambakary

Saidy, Mr. Ousman Sonko, Mrs. Isatou Bojang Sonko, and Yihsuan Hsu (Cathy), for their

individual and collective efforts towards this outstanding achievement. We commend the Wal-

lace English Editing Services, who edited this manuscript for language usage, spelling, and

grammar.

Author Contributions

Conceptualization: Ismaila Sonko, Min-Huey Chung, Wen-Hsuan Hou, Pi-Chen Chang.

Data curation: Ismaila Sonko.

Formal analysis: Ismaila Sonko.

Methodology: Ismaila Sonko, Min-Huey Chung, Wen-Hsuan Hou, Wei-Ti Chen, Pi-Chen

Chang.

Project administration: Ismaila Sonko.

Supervision: Pi-Chen Chang.

Writing – original draft: Ismaila Sonko.

Writing – review & editing: Min-Huey Chung, Wen-Hsuan Hou, Wei-Ti Chen, Pi-Chen

Chang.

References
1. UNAIDS. Global HIV & AIDS statistics—Fact sheet. 2019. https://www.unaids.org/en/resources/fact-

sheet

2. UNAIDS. Young people and HIV. Global targets on HIV relating to young people. 2021. https://www.

unaids.org/sites/default/files/media_asset/young-people-and-hiv_en.pdf

3. UNAIDS, UNICEF. Step Up the Pace: Towards an AIDS-free generation in West and Central Africa.

UNICEF West and Central Africa Regional Office and UNAIDS Regional Support Team for West and

Central Africa, Dakar; 2017. https://www.unicef.org/media/48656/file/Step_Up_the_Pace_West_and_

Central_Africa-ENG.pdf

4. The Gambia Bureau of Statistics—GBOS, ICF International. The Gambia Demographic and Health

Survey 2013. Banjul, The Gambia: GBOS and ICF International; 2014. http://dhsprogram.com/pubs/

pdf/FR289/FR289.pdf

PLOS ONE HIV testing youth (15-24), The Gambia

PLOS ONE | https://doi.org/10.1371/journal.pone.0263720 February 18, 2022 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263720.s001
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/sites/default/files/media_asset/young-people-and-hiv_en.pdf
https://www.unaids.org/sites/default/files/media_asset/young-people-and-hiv_en.pdf
https://www.unicef.org/media/48656/file/Step_Up_the_Pace_West_and_Central_Africa-ENG.pdf
https://www.unicef.org/media/48656/file/Step_Up_the_Pace_West_and_Central_Africa-ENG.pdf
http://dhsprogram.com/pubs/pdf/FR289/FR289.pdf
http://dhsprogram.com/pubs/pdf/FR289/FR289.pdf
https://doi.org/10.1371/journal.pone.0263720


5. Kurth AE, Lally MA, Choko AT, Inwani IW, Fortenberry JD. HIV testing and linkage to services for youth.

J Int AIDS Soc. 2015; 18(2 Suppl 1):19433. https://doi.org/10.7448/IAS.18.2.19433 PMID: 25724506

6. Zanoni BC, Elliott RJ, Neilan AM, Haberer JE. Screening for HIV and linkage to care in adolescents:

insights from a systematic review of recent interventions in high- versus low- and middle-income set-

tings. Adolesc Health Med Ther. 2018; 9:211–35. https://doi.org/10.2147/AHMT.S153204 PMID:

30584383

7. UNAIDS. 90-90-90: An ambitious treatment targets: writing the final chapter of the AIDS epidemic2014.

Available from: https://files.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/

2014/90-90-90_en.pdf.

8. Giguère K, Eaton JW, Marsh K, Johnson LF, Johnson CC, Ehui E, et al. Trends in knowledge of HIV sta-

tus and efficiency of HIV testing services in sub-Saharan Africa, 2000–20: a modelling study using sur-

vey and HIV testing programme data. The Lancet HIV. 2021; 8(5):e284–e93. https://doi.org/10.1016/

S2352-3018(20)30315-5 PMID: 33667411

9. UNICEF. Adolescent HIV prevention 2019 updated July, 2021. Available from: https://data.unicef.org/

topic/hivaids/adolescents-young-people/

10. Oppong Asante K. HIV/AIDS knowledge and uptake of HIV counselling and testing among undergradu-

ate private university students in Accra, Ghana. Reprod Health. 2013; 10(1):17. https://doi.org/10.1186/

1742-4755-10-17 PMID: 23537116

11. Bekele YA, Fekadu GA. Factors associated with HIV testing among young females; further analysis of

the 2016 Ethiopian demographic and health survey data. PLoS One. 2020; 15(2):e0228783. https://doi.

org/10.1371/journal.pone.0228783 PMID: 32045460

12. Lakhe NA, Mbaye KD, Sylla K, Ndour CT. HIV screening in men and women in Senegal: coverage and

associated factors; analysis of the 2017 demographic and health survey. BMC Infectious Diseases.

2020; 20(1):1–12. https://doi.org/10.1186/s12879-019-4717-5 PMID: 31892320

13. Mandiwa C, Namondwe B. Uptake and correlates of HIV testing among men in Malawi: evidence from a

national population-based household survey. BMC Health Serv Res. 2019; 19(1):203. https://doi.org/

10.1186/s12913-019-4031-3 PMID: 30922321

14. Hadish MT, Mao J, Gong G, Hadish BT, Tesfamariam EH, Tesfay AW, et al. Predictors of Health-Seek-

ing Behavior: HIV Test Experiences among Youth Aged 15–24 Years in Cameroon and Gabon. Journal

of Transmitted Diseases and Immunity. 2017; 1:2–14.

15. Mwaba K, Mannell J, Burgess R, Sherr L. Uptake of HIV testing among 15-19-year-old adolescents in

Zambia. AIDS Care. 2020; 32(sup2):183–92. https://doi.org/10.1080/09540121.2020.1739214 PMID:

32169008

16. Salazar-Austin N, Kulich M, Chingono A, Chariyalertsak S, Srithanaviboonchai K, Gray G, et al. Age-

Related Differences in Socio-demographic and Behavioral Determinants of HIV Testing and Counseling

in HPTN 043/NIMH Project Accept. AIDS Behav. 2018; 22(2):569–79. https://doi.org/10.1007/s10461-

017-1807-5 PMID: 28589504

17. Asaolu IO, Gunn JK, Center KE, Koss MP, Iwelunmor JI, Ehiri JE. Predictors of HIV Testing among

Youth in Sub-Saharan Africa: A Cross-Sectional Study. PLoS One. 2016; 11(10):e0164052. https://doi.

org/10.1371/journal.pone.0164052 PMID: 27706252

18. Diress G, Ahmed M, Adane S, Linger M, Alemnew B. Barriers and Facilitators for HIV Testing Practice

Among Ethiopian Women Aged 15–24 years: Analysis of the 2016 Ethiopian Demographic and Health

Survey. HIV/AIDS (Auckland, NZ). 2020; 12:963. https://doi.org/10.2147/HIV.S280590 PMID:

33447085

19. Ajayi AI, Awopegba OE, Adeagbo OA, Ushie BA. Low coverage of HIV testing among adolescents and

young adults in Nigeria: Implication for achieving the UNAIDS first 95. PLoS One. 2020; 15(5):

e0233368. https://doi.org/10.1371/journal.pone.0233368 PMID: 32428005

20. Meehan SA, Sloot R, Draper HR, Naidoo P, Burger R, Beyers N. Factors associated with linkage to HIV

care and TB treatment at community-based HIV testing services in Cape Town, South Africa. PLoS

One. 2018; 13(4):e0195208. https://doi.org/10.1371/journal.pone.0195208 PMID: 29608616

21. Ante-Testard PA, Benmarhnia T, Bekelynck A, Baggaley R, Ouattara E, Temime L, et al. Temporal

trends in socioeconomic inequalities in HIV testing: an analysis of cross-sectional surveys from 16 sub-

Saharan African countries. Lancet Glob Health. 2020; 8(6):e808–e18. https://doi.org/10.1016/S2214-

109X(20)30108-X PMID: 32446346

22. Somefun OD, Wandera SO, Odimegwu C. Media Exposure and HIV Testing Among Youth in Sub-

Saharan Africa: Evidence From Demographic and Health Surveys (DHS). SAGE Open. 2019; 9

(2):2158244019851551–64.

23. Boyd D, Lea CH, Gilbert KL, Butler-Barnes ST. Sexual health conversations: Predicting the odds of HIV

testing among black youth and young adults. Children and Youth Services Review. 2018; 90(C):134–

40.

PLOS ONE HIV testing youth (15-24), The Gambia

PLOS ONE | https://doi.org/10.1371/journal.pone.0263720 February 18, 2022 15 / 17

https://doi.org/10.7448/IAS.18.2.19433
http://www.ncbi.nlm.nih.gov/pubmed/25724506
https://doi.org/10.2147/AHMT.S153204
http://www.ncbi.nlm.nih.gov/pubmed/30584383
https://files.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2014/90-90-90_en.pdf
https://files.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2014/90-90-90_en.pdf
https://doi.org/10.1016/S2352-3018%2820%2930315-5
https://doi.org/10.1016/S2352-3018%2820%2930315-5
http://www.ncbi.nlm.nih.gov/pubmed/33667411
https://data.unicef.org/topic/hivaids/adolescents-young-people/
https://data.unicef.org/topic/hivaids/adolescents-young-people/
https://doi.org/10.1186/1742-4755-10-17
https://doi.org/10.1186/1742-4755-10-17
http://www.ncbi.nlm.nih.gov/pubmed/23537116
https://doi.org/10.1371/journal.pone.0228783
https://doi.org/10.1371/journal.pone.0228783
http://www.ncbi.nlm.nih.gov/pubmed/32045460
https://doi.org/10.1186/s12879-019-4717-5
http://www.ncbi.nlm.nih.gov/pubmed/31892320
https://doi.org/10.1186/s12913-019-4031-3
https://doi.org/10.1186/s12913-019-4031-3
http://www.ncbi.nlm.nih.gov/pubmed/30922321
https://doi.org/10.1080/09540121.2020.1739214
http://www.ncbi.nlm.nih.gov/pubmed/32169008
https://doi.org/10.1007/s10461-017-1807-5
https://doi.org/10.1007/s10461-017-1807-5
http://www.ncbi.nlm.nih.gov/pubmed/28589504
https://doi.org/10.1371/journal.pone.0164052
https://doi.org/10.1371/journal.pone.0164052
http://www.ncbi.nlm.nih.gov/pubmed/27706252
https://doi.org/10.2147/HIV.S280590
http://www.ncbi.nlm.nih.gov/pubmed/33447085
https://doi.org/10.1371/journal.pone.0233368
http://www.ncbi.nlm.nih.gov/pubmed/32428005
https://doi.org/10.1371/journal.pone.0195208
http://www.ncbi.nlm.nih.gov/pubmed/29608616
https://doi.org/10.1016/S2214-109X%2820%2930108-X
https://doi.org/10.1016/S2214-109X%2820%2930108-X
http://www.ncbi.nlm.nih.gov/pubmed/32446346
https://doi.org/10.1371/journal.pone.0263720


24. Adebayo OW, Gonzalez-Guarda RM. Factors Associated With HIV Testing in Youth in the United

States: An Integrative Review. J Assoc Nurses AIDS Care. 2017; 28(3):342–62. https://doi.org/10.

1016/j.jana.2016.11.006 PMID: 27993497

25. Nall A, Chenneville T, Rodriguez LM, O’Brien JL. Factors Affecting HIV Testing among Youth in Kenya.

Int J Environ Res Public Health. 2019; 16(8):1450–64. https://doi.org/10.3390/ijerph16081450 PMID:

31022872

26. Takarinda KC, Madyira LK, Mhangara M, Makaza V, Maphosa-Mutsaka M, Rusakaniko S, et al. Factors

Associated with Ever Being HIV-Tested in Zimbabwe: An Extended Analysis of the Zimbabwe Demo-

graphic and Health Survey (2010–2011). PLoS One. 2016; 11(1):e0147828. https://doi.org/10.1371/

journal.pone.0147828 PMID: 26808547

27. Andersen RM. Revisiting the behavioral model and access to medical care: does it matter? Journal of

Health and Social Behavior. 1995; 36(1):1–10. PMID: 7738325

28. Aday LA, Andersen R. A framework for the study of access to medical care. Health Serv Res. 1974; 9

(3):208–20. PMID: 4436074

29. Azfredrick EC. Using Anderson’s model of health service utilization to examine use of services by ado-

lescent girls in south-eastern Nigeria. InternatIonal Journal of adolescence and Youth. 2016; 21

(4):523–9.

30. Lo CC, Runnels RC, Cheng TC. Racial/ethnic differences in HIV testing: An application of the health

services utilization model. SAGE Open Med. 2018; 6:2050312118783414. https://doi.org/10.1177/

2050312118783414 PMID: 29977553

31. Wiwattanacheewin K, Sindhu S, Teitelman A, Maneesriwongul W, Viwatwongkasem C. Predictors of

Intention to Use HIV Testing Service Among Sexually Experienced Youth in Thailand. AIDS Educ Prev.

2015; 27(2):139–52. https://doi.org/10.1521/aeap.2015.27.2.139 PMID: 25915699

32. Seidu AA. Using Anderson’s Model of Health Service Utilization to Assess the Use of HIV Testing Ser-

vices by Sexually Active Men in Ghana. Front Public Health. 2020; 8:512. https://doi.org/10.3389/fpubh.

2020.00512 PMID: 33042949

33. Conserve DF, Iwelunmor J, Whembolua GL, Sofolahan-Oladeinde Y, Teti M, Surkan PJ. Factors Asso-

ciated With HIV Testing Among Men in Haiti: Results From the 2012 Demographic and Health Survey.

Am J Mens Health. 2017; 11(5):1322–30. https://doi.org/10.1177/1557988316635247 PMID: 26961936

34. Saint-Jean G, Metsch L, Gomez-Marin O, Pierre C, Jeanty Y, Rodriguez A, et al. Use of HIV primary

care by HIV-positive Haitian immigrants in Miami, Florida. AIDS Care. 2011; 23(4):486–93. https://doi.

org/10.1080/09540121.2010.516339 PMID: 21271398

35. Gassama O, Kao CH. Factors Associated with Adherence to Antiretroviral Therapy among HIV-Infected

Adults in the Gambia. Journal of AIDS & Clinical Research. 2018; 9(771):1–8.

36. Pharr JR, Obiefune MC, Ezeanolue CO, Osuji A, Ogidi AG, Gbadamosi S, et al. Linkage to Care, Early

Infant Diagnosis, and Perinatal Transmission Among Infants Born to HIV-Infected Nigerian Mothers:

Evidence From the Healthy Beginning Initiative. J Acquir Immune Defic Syndr. 2016; 72 Suppl 2(Suppl

2):S154–60. https://doi.org/10.1097/QAI.0000000000001051 PMID: 27355503

37. Yaya S, Oladimeji O, Oladimeji KE, Bishwajit G. Prenatal care and uptake of HIV testing among preg-

nant women in Gambia: a cross-sectional study. BMC Public Health. 2020; 20(1):485. https://doi.org/

10.1186/s12889-020-08618-4 PMID: 32293382

38. Langer W, editor The Assessment of Fit in the Class of Logistic Regression Models: A Pathway out of

the Jungle of Pseudo-R 2 s Using Stata. Proceedings of the Meeting of the German Stata User Group

at GESIS, Cologne, Germany; 2016.

39. Chowdhury MZI, Turin TC. Variable selection strategies and its importance in clinical prediction model-

ling. Fam Med Community Health. 2020; 8(1):e000262. https://doi.org/10.1136/fmch-2019-000262

PMID: 32148735

40. Snipes M, Taylor DC. Model selection and Akaike Information Criteria: An example from wine ratings

and prices. Wine Economics and Policy. 2014; 3(1):3–9.

41. WHO. Gambia HIV Country Profile. 2019. https://cfs.hivci.org/country-factsheet.html#

42. Aluzimbi G, Lubwama G, Muyonga M, Hladik W. HIV Testing and Risk Perceptions: A Qualitative Analy-

sis of Secondary School Students in Kampala, Uganda. J Public Health Afr. 2017; 8(1):577. https://doi.

org/10.4081/jphia.2017.577 PMID: 28878868

43. Sam-Agudu NA, Folayan MO, Ezeanolue EE. Seeking wider access to HIV testing for adolescents in

sub-Saharan Africa. Pediatr Res. 2016; 79(6):838–45. https://doi.org/10.1038/pr.2016.28 PMID:

26882367

44. Ajayi A, Awopegba O, Owolabi E, Ajala A. Coverage of HIV testing among pregnant women in Nigeria:

progress, challenges and opportunities. J Public Health (Oxf). 2021; 43(1):e77–e84. https://doi.org/10.

1093/pubmed/fdz152 PMID: 31786595

PLOS ONE HIV testing youth (15-24), The Gambia

PLOS ONE | https://doi.org/10.1371/journal.pone.0263720 February 18, 2022 16 / 17

https://doi.org/10.1016/j.jana.2016.11.006
https://doi.org/10.1016/j.jana.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27993497
https://doi.org/10.3390/ijerph16081450
http://www.ncbi.nlm.nih.gov/pubmed/31022872
https://doi.org/10.1371/journal.pone.0147828
https://doi.org/10.1371/journal.pone.0147828
http://www.ncbi.nlm.nih.gov/pubmed/26808547
http://www.ncbi.nlm.nih.gov/pubmed/7738325
http://www.ncbi.nlm.nih.gov/pubmed/4436074
https://doi.org/10.1177/2050312118783414
https://doi.org/10.1177/2050312118783414
http://www.ncbi.nlm.nih.gov/pubmed/29977553
https://doi.org/10.1521/aeap.2015.27.2.139
http://www.ncbi.nlm.nih.gov/pubmed/25915699
https://doi.org/10.3389/fpubh.2020.00512
https://doi.org/10.3389/fpubh.2020.00512
http://www.ncbi.nlm.nih.gov/pubmed/33042949
https://doi.org/10.1177/1557988316635247
http://www.ncbi.nlm.nih.gov/pubmed/26961936
https://doi.org/10.1080/09540121.2010.516339
https://doi.org/10.1080/09540121.2010.516339
http://www.ncbi.nlm.nih.gov/pubmed/21271398
https://doi.org/10.1097/QAI.0000000000001051
http://www.ncbi.nlm.nih.gov/pubmed/27355503
https://doi.org/10.1186/s12889-020-08618-4
https://doi.org/10.1186/s12889-020-08618-4
http://www.ncbi.nlm.nih.gov/pubmed/32293382
https://doi.org/10.1136/fmch-2019-000262
http://www.ncbi.nlm.nih.gov/pubmed/32148735
https://cfs.hivci.org/country-factsheet.html#
https://doi.org/10.4081/jphia.2017.577
https://doi.org/10.4081/jphia.2017.577
http://www.ncbi.nlm.nih.gov/pubmed/28878868
https://doi.org/10.1038/pr.2016.28
http://www.ncbi.nlm.nih.gov/pubmed/26882367
https://doi.org/10.1093/pubmed/fdz152
https://doi.org/10.1093/pubmed/fdz152
http://www.ncbi.nlm.nih.gov/pubmed/31786595
https://doi.org/10.1371/journal.pone.0263720


45. Makhema J, Wirth KE, Pretorius Holme M, Gaolathe T, Mmalane M, Kadima E, et al. Universal Testing,

Expanded Treatment, and Incidence of HIV Infection in Botswana. N Engl J Med. 2019; 381(3):230–42.

https://doi.org/10.1056/NEJMoa1812281 PMID: 31314967

46. Motshegwa GD, Palamuleni ME. Determinants of HIV testing among young people in South Africa.

Gender & Behaviour. 2020; 18(4).

47. Alem AZ, Liyew AM, Guadie HA. Spatial pattern and associated factors of HIV testing and counselling

among youths (15–24 years) in Ethiopia. BMC Public Health. 2021; 21(1):1–13. https://doi.org/10.1186/

s12889-020-10013-y PMID: 33388037

48. Leta TH, Sandoy IF, Fylkesnes K. Factors affecting voluntary HIV counselling and testing among men

in Ethiopia: a cross-sectional survey. BMC Public Health. 2012; 12(1):438. https://doi.org/10.1186/

1471-2458-12-438 PMID: 22703550

49. Ma ZQ, Fisher MA, Kuller LH. School-based HIV/AIDS education is associated with reduced risky sex-

ual behaviors and better grades with gender and race/ethnicity differences. Health Educ Res. 2014; 29

(2):330–9. https://doi.org/10.1093/her/cyt110 PMID: 24399260

50. Melesse DY, Mutua MK, Choudhury A, Wado YD, Faye CM, Neal S, et al. Adolescent sexual and repro-

ductive health in sub-Saharan Africa: who is left behind? BMJ Global Health. 2020; 5(1):1–8. https://doi.

org/10.1136/bmjgh-2019-002231 PMID: 32133182

51. Council NA. National Policy Guidelines on HIV AND AIDS. Banjul, The Gambia: Government of the

Republic of The Gambia; 2014. https://www.ilo.org/wcmsp5/groups/public/—ed_protect/—protrav/—

ilo_aids/documents/legaldocument/wcms_532657.pdf

52. Ssebunya RN, Wanyenze RK, Namale L, Lukolyo H, Kisitu GP, Nahirya-Ntege P, et al. Prevalence and

correlates of HIV testing among adolescents 10–19 years in a post-conflict pastoralist community of

Karamoja region, Uganda. BMC Public Health. 2018; 18(1):612. https://doi.org/10.1186/s12889-018-

5544-0 PMID: 29747608

53. Brima N, Burns F, Fakoya I, Kargbo B, Conteh S, Copas A. Factors Associated with HIV Prevalence

and HIV Testing in Sierra Leone: Findings from the 2008 Demographic Health Survey. PLoS One.

2015; 10(10):e0137055. https://doi.org/10.1371/journal.pone.0137055 PMID: 26452051

54. Diress G, Ahmed M, Adane S, Linger M, Aleminew B. Predictors to HIV testing among youth women in

Ethiopia: 2016 Ethiopian Demographic and Health Survey. Internal Medicine Specialties. 2019:1–20.

55. Budu E, Seidu A-A, Armah-Ansah EK, Mohammed A, Adu C, Ameyaw EK, et al. What has comprehen-

sive HIV/AIDS knowledge got to do with HIV testing among men in Kenya and Mozambique? Evidence

from Demographic and Health Surveys. Journal of Biosocial Science. 2021:1–14.

56. Singh U, Ueranantasun A, Kuning M. Factors associated with low birth weight in Nepal using multiple

imputation. BMC Pregnancy Childbirth. 2017; 17(1):67. https://doi.org/10.1186/s12884-017-1252-5

PMID: 28219425

PLOS ONE HIV testing youth (15-24), The Gambia

PLOS ONE | https://doi.org/10.1371/journal.pone.0263720 February 18, 2022 17 / 17

https://doi.org/10.1056/NEJMoa1812281
http://www.ncbi.nlm.nih.gov/pubmed/31314967
https://doi.org/10.1186/s12889-020-10013-y
https://doi.org/10.1186/s12889-020-10013-y
http://www.ncbi.nlm.nih.gov/pubmed/33388037
https://doi.org/10.1186/1471-2458-12-438
https://doi.org/10.1186/1471-2458-12-438
http://www.ncbi.nlm.nih.gov/pubmed/22703550
https://doi.org/10.1093/her/cyt110
http://www.ncbi.nlm.nih.gov/pubmed/24399260
https://doi.org/10.1136/bmjgh-2019-002231
https://doi.org/10.1136/bmjgh-2019-002231
http://www.ncbi.nlm.nih.gov/pubmed/32133182
https://www.ilo.org/wcmsp5/groups/public/ed_protect/protrav/ilo_aids/documents/legaldocument/wcms_532657.pdf
https://www.ilo.org/wcmsp5/groups/public/ed_protect/protrav/ilo_aids/documents/legaldocument/wcms_532657.pdf
https://doi.org/10.1186/s12889-018-5544-0
https://doi.org/10.1186/s12889-018-5544-0
http://www.ncbi.nlm.nih.gov/pubmed/29747608
https://doi.org/10.1371/journal.pone.0137055
http://www.ncbi.nlm.nih.gov/pubmed/26452051
https://doi.org/10.1186/s12884-017-1252-5
http://www.ncbi.nlm.nih.gov/pubmed/28219425
https://doi.org/10.1371/journal.pone.0263720



