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Abstract

Introduction: Adolescents are a unique and sometimes neglected group in the planning of healthcare services. This is the case in

many parts of sub-Saharan Africa, where more than eight out of ten of the world’s HIV-infected adolescents live. Although the

last decade has seen a reduction in AIDS-related mortality worldwide, largely due to improved access to effective antiretroviral

therapy (ART), AIDS remains a significant contributor to adolescent mortality in sub-Saharan Africa. Although inadequate access

to ART in parts of the subcontinent may be implicated, research among youth with HIV elsewhere in the world suggests that

suboptimal adherence to ART may play a significant role. In this article, we summarize the epidemiology of HIV among sub-

Saharan African adolescents and review their adherence to ART, emphasizing the unique challenges and factors associated with

adherence behaviour.

Methods: We conducted a comprehensive search of online databases for articles, relevant abstracts, and conference reports

from meetings held between 2010 and 2014. Our search terms included ‘‘adherence,’’ ‘‘compliance,’’ ‘‘antiretroviral use’’ and

‘‘antiretroviral adherence,’’ in combination with ‘‘adolescents,’’ ‘‘youth,’’ ‘‘HIV,’’ ‘‘Africa,’’ ‘‘interventions’’ and the MeSH term

‘‘Africa South of the Sahara.’’ Of 19,537 articles and abstracts identified, 215 met inclusion criteria, and 148 were reviewed.

Discussion: Adolescents comprise a substantial portion of the population in many sub-Saharan African countries. They are at

particular risk of HIV and may experience worse outcomes. Although demonstrated to have unique challenges, there is a dearth

of comprehensive health services for adolescents, especially for those with HIV in sub-Saharan Africa. ART adherence is poorer

among older adolescents than other age groups, and psychosocial, socio-economic, individual, and treatment-related factors

influence adherence behaviour among adolescents in this region. With the exception of a few examples based on affective,

cognitive, and behavioural strategies, most adherence interventions have been targeted at adults with HIV.

Conclusions: Although higher levels of ART adherence have been reported in sub-Saharan Africa than in other well-resourced

settings, adolescents in the region may have poorer adherence patterns. There is substantial need for interventions to improve

adherence in this unique population.
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Introduction
Although significant progress has been achieved in under-

standing the pathogenic mechanisms, transmission, clinical

features and complications of HIV/AIDS, the disease remains

a global menace with large numbers of new infections and no

scalable cure. Approximately 35 million people in the world

currently live with HIV [1], over 7 million of these being

children and youth aged less than 24 years [1].

Adolescence is a stage of life during which individuals have

unique psychological, social and health needs. The defined

age range of adolescence varies, but is generally accepted to

begin with puberty and end in the transition to adulthood

[2�4]. Rapid physical and hormonal development during

adolescence is sometimes accompanied by a desire for self-

discovery, an emerging sense of autonomy, separation from

caregivers and the assertion of independence, as well as a

quest for recognition and acceptance, which could lead to

risk-taking behaviour [5,6].

Often portrayed as the ‘‘future generation’’ or the ‘‘next

generation of adults’’ [3], adolescents are central to the evo-

lution of social norms and values, and play important roles

in shaping economic trends in society [7]. Adolescents also

constitute a disproportionally large proportion of the popu-

lation in countries with widespread poverty, political instabi-

lity, rapid urban growth, civil strife, or natural disasters [3].

Adolescents in these settings frequently lack adequate social

and economic support, as well as comprehensive health

services.

Developmental characteristics of adolescents and societal

conditions have implications for healthcare planning. The

predisposition to impulsive behaviour and risks of mental

health problems including depression and anxiety [8�10],
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as well as peer influence and risky behaviour [5,6] increase

adolescents’ vulnerability to a variety of hazards, such as HIV/

AIDS [8,11,12]. Other age-specific factors that may present

a risk for HIV infection, or a challenge to its management,

include immature judgment [13] and an evolution of the role

of caregivers in HIV medication management and treatment.

Caregivers may withdraw their support completely, show in-

consistent support, or remain completely involved, with resul-

ting implications for the adolescent’s adherence to treatment

[14�16]. Despite these common aspects of this develop-

mental stage, adolescents are rarely considered a unique

group in public health planning in sub-Saharan Africa, as their

needs are typically overlooked or not fully recognized [3,17].

In this article, we review adherence to antiretroviral

therapy (ART) among adolescents living with HIV in sub-

Saharan Africa, their unique challenges, factors identified to

affect their adherence behaviour and interventions evaluated

to date. We provide recommendations for age-appropriate

strategies to improve adherence in this population.

Methods
We conducted a comprehensive query of Medline, PubMed

and Google Scholar using search terms including ‘‘adherence,’’

‘‘compliance,’’ ‘‘antiretroviral use’’ and ‘‘antiretroviral adher-

ence,’’ in combination with ‘‘adolescents,’’ ‘‘youth,’’ ‘‘HIV,’’

‘‘Africa,’’ ‘‘interventions’’ and the MeSH term ‘‘Africa South of

the Sahara.’’ Also, relevant articles were retrieved from

reference lists of the articles identified through this search

method. In addition, relevant abstracts and reports from

meetings held between 2010 and 2014 were queried and

included if they related to work published before or during

this period. In total 19,537 articles were retrieved, of which

215 were considered relevant and 148 were reviewed.

Discussion
HIV/AIDS among adolescents in sub-Saharan Africa

Approximately 2.1 million new HIV cases were reported

worldwide in 2013 [1]. Children and young people aged 0 to

24 years are disproportionately affected, particularly in the

sub-Saharan African region (Table 1) [18]. In 2012 and 2013,

adolescents aged 10 to 19 years in sub-Saharan Africa were

estimated to account for more than 80% of the world’s entire

population of adolescents living with HIV [19,20]. Sub-

Saharan Africa also contributed significantly to the number

of new adolescent infections worldwide in 2012, with

10 countries in this region making up nearly 70% of the

new infections in 0 to 14 years olds that year [1].

The distribution of HIV/AIDS among adolescents across

sub-Saharan Africa is uneven (Figure 1). In 2009, an esti-

mated one in every three young people newly infected with

HIV was from South Africa or Nigeria [21], two of the countries

with the world’s largest HIV-infected populations. About

1.3 million adolescents currently live with HIV in East and

Southern Africa, whereas 390,000 live in West and Central

Africa 19. Because children and youth constitute large propor-

tions of the population in many sub-Saharan African countries

[22,23], HIV/AIDS among these young populations is a prox-

imate threat to societies and economies in the subcontinent.

HIV and stigma

Individuals living with HIV/AIDS have been the subject of

stigmatizing attitudes and differential treatment in nearly

every part of the world, including the sub-Saharan African

region. For several years, widespread misconceptions about

the disease contributed to its portrayal as a result of divine

punishment [24,25], witchcraft [26], or an invariable outcome

of promiscuous sexual behaviour [25,27,28], which always

resulted in death. These perceptions are believed to have

contributed to the persistently high rates of spread in the

sub-Saharan African region compared to elsewhere, primarily

through individuals’ and families’ efforts to avoid being iden-

tified with HIV. As such, individuals with HIV avoid voluntary

testing, and women insist on breastfeeding their babies to

avoid suspicion in several African societies [29�32].
With increased availability of life-saving antiretroviral treat-

ment, consequent improved HIV survival across age groups

and widespread stigma reduction campaigns [33�35], HIV/
AIDS has come to be viewed in a less negative light in several

Table 1. Number of people aged 0 to 14 years living with HIV and prevalence by sex among 20 to 24 year olds in 2013, by Joint

United Nations Programme on HIV/AIDS

Estimates of young people living with HIV, 2013

Region

Children and adolescents

0 to 14 years

(% of total no.) with HIV

Estimated number

living with HIV

(all ages)

Percent of

20 to 24 year-olds

with HIV (females)

Percent of

20 to 24 year-olds

with HIV (males)

Sub-Saharan Africa 2,900,000 (11.7) 24,700,000 2.2 1.1

Asia and the Pacific 210,000 (4.4) 4,800,000 B0.1 B0.1

Caribbean 17,000 (6.8) 250,000 0.5 0.4

Eastern Europe and Central Asia 14,000 (1.3) 1,100,000 0.2 0.2

Latin America 35,000 (2.2) 1,600,000 0.1 0.3

Middle East and North Africa 16,000 (7.0) 230,000 B0.1 B0.1

Western and Central Europe and North America 2800 (0.1) 2,300,000 B0.1 0.2

GLOBAL 3,200,000 (9.1) 35,000,000 0.4 0.3

Joint United Nations Programme on HIV/AIDS (UNAIDS), Epidemic Monitoring and Analysis, Gap Report and 2013 estimates.
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African communities. Nevertheless, recent studies among

adolescent populations in this region reveal persisting high

rates of stigma. Wolf [36], for instance, identified discriminat-

ing attitudes against Kenyan youths with HIV from their peers

and school teachers. Such stigmatizing behaviour as name-

calling and avoidance are still associated with loss to follow-

up, poor adherence, failure to disclose status, decisions to

drop out of school, avoidance of antenatal care and testing

by pregnant female adolescents, and even depression and

suicidal ideation among sub-Saharan African youth with HIV

[36�39]. These potential effects highlight a need for further

research to understand the ways in which stigma interacts with

treatment behaviour among youth, with a view to developing

services to address these among youth in this region.

Sex differences in HIV/AIDS among sub-Saharan African

adolescents

The highest HIV prevalence rates among youth in the

United States and parts of Europe are found among male

gay and bisexual adolescents and young adults, particularly

those with African ancestry [18,40]. In contrast, higher rates

are reported among female than male youth in sub-Saharan

Africa [12]. According to UNICEF reports [41], females aged

15 to 17 years in this region have up to four times the

prevalence rates of HIV reported among their male counter-

parts. Female adolescents may be infected by male partners

through ‘‘intergenerational sex’’ occurring in contexts of

power imbalances, poverty, manipulation or exploitation, and

without condom use [42,43]. Men in such relationships often

have multiple sexual partners and acquire sexually transmitted

infections, which they pass on to adolescent females [44].

Lesotho and Swaziland in southern Africa provide a striking

picture of these realities. Reports indicate an average HIV

prevalence of 6.0% in female adolescents aged 15 to 17 years

in Lesotho and in Swaziland. These rates increase to 30%

in Lesotho and more than 40% in Swaziland among young

women aged 23 to 24 years [43]. These high female rates

may also be related to unprotected heterosexual relations

with multiple partners, sometimes in concurrent relation-

ships [44].

An additional factor contributing to the sex imbalance in

adolescent HIV prevalence may be the two-fold or higher risk

of AIDS-related mortality in male adolescents compared to

females, which may be related to the lower proportion of

males who receive ART [45,46].

Young gay men and other young men who have sex with

men (MSMs) are a significant high risk group for HIV/AIDS.

Although Global AIDS Response Progress Reporting data from

96 countries indicate a median HIV prevalence of 3.7%

among MSMs of all ages, the prevalence is about 4.2% in

those aged below 25 years [47]. Recent global AIDS reports

reveal higher median HIV prevalence rates among MSMs in

west and central Africa (15%), and in eastern and southern

Africa (14%), compared to other regions of the world (6 to

13%) [47]. However, precise data on HIV prevalence trends

among this population are unavailable in many parts of

Africa [1], likely related to stigma and in some cases cri-

minalization of same-sex relationships.

Perinatally- versus horizontally-infected adolescents

In 2007, it was estimated that up to 90% of all children with

HIV aged under 15 years had become infected through their

mothers during pregnancy, labour, delivery, or via breastfeed-

ing [48]. There have been significant reductions in perinatal

Figure 1. Map of Africa showing estimated number of adolescents aged 10 to 19 years living with HIV in Africa by country in 2013.
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transmission of HIV in both well-resourced and resource-

limited settings in recent years [1,49] and improved treatment

with combination ART has resulted in large numbers of

children surviving into adolescence and beyond [50�53].
However, perinatally-infected children who reach adolescence

may have experienced chronic immunosuppression, which

has been associated with impaired neurocognitive develop-

ment and delayed sexual maturation [54,55]. They are also

at risk of long-term ART adverse effects, including hy-

perlipidaemia, cardiovascular disease and renal impairment

[50,56,57], and may experience reduced efficacy of combined

oral contraceptive pills due to interactions with ARTs [58].

In addition to the large population of perinatally-infected

adolescents, a substantial number acquire HIV through other

routes such as sex and injecting drug use. Among young

people aged 10 to 24 years all over the world, most HIV

infections are believed to be sexually acquired [59]. HIV-

infected adolescents in several parts of sub-Saharan Africa

are unaware of their HIV status [21,49], and lack access to

counselling, testing and treatment needed to prevent onward

transmission [49,60]. Even where such facilities are available,

adolescents may fall below the legal age of independent

consent for these services [61].

Mortality and morbidity among HIV-infected youth

in sub-Saharan Africa

In contrast to the significant decline in global deaths from

AIDS-related causes over the past decade [1,18,49], deaths

among adolescents have increased during this period [62,63].

HIV currently ranks second among global causes of adoles-

cent deaths [64], and one study found a nearly 50% increase

in adolescent AIDS-related deaths between 2005 and 2012 [12].

This increase has occurred predominantly in the African

region.

Neurocognitive deficits and psychiatric symptoms are com-

plications among individuals of all ages with HIV and have

implications for adherence. Several studies conducted in

well-resourced settings have reported a high prevalence of

neurocognitive and psychiatric morbidity among HIV-infected

adolescents compared to those uninfected [65�67]. In addi-

tion, emotional and behavioural problems are more fre-

quently observed among HIV-infected adolescents, compared

to normative data or comparison groups [68]. Rates, how-

ever, vary across studies, with some researchers reporting no

difference between infected and uninfected groups, or even

more psychological problems among uninfected adolescents

than those infected [68]. Most research into neuropsycho-

logical outcomes of HIV/AIDS in sub-Saharan Africa has

focused on adult [69�74] or paediatric [75�78] populations,
and there is a need for adolescent studies in this area.

Adherence to ART

Adherence to ART in HIV-infected individuals is a strong deter-

minant of disease outcome. Interventions which improve

adherence are associated with successful viral suppression,

reduced risk of opportunistic infections and prevention of

drug resistance [79�81]. Although adherence levels as low

as 80% have been associated with treatment success,

adherence of around 95% is widely considered desirable for

viral suppression and prevention of ART resistance [82,83].

Studies all over the world, including in sub-Saharan Africa,

have identified adolescents with HIV as being at particular risk

of poor adherence [84�86].

Measures of adherence

A gold standard measure of ART adherence remains elusive.

Some assessment methods are easily applied because they

are a part of routine clinical care, but some research studies

have chosen certain methods based on perceived benefits

over others. In sub-Saharan Africa, ART adherence studies

among youth have used both direct and indirect assessment

methods [87,88]. Table 2 summarizes the strengths and weak-

nesses of some of these measures.

In a study among Ugandan adolescents with HIV, pill

count and self-report measures yielded significantly higher

adherence values and were considered less accurate than

electronic measurement methods [89]. On this basis, the

investigators recommended the use of electronic methods as

a possible gold standard for measuring ART adherence in

research [89]. Other researchers recommend that multiple

methods such as combinations of caregiver and youth self-

reports, pill count and pharmacy records be used to assess

antiretroviral adherence, especially in young populations [90].

Patterns of adherence in sub-Saharan African

adolescents with HIV

Antiretroviral adherence patterns in adolescents vary across

different regions of the world. In a recent systematic review

and meta-analysis, Kim et al. [91] found that adolescent

adherence was poorer in North America and Europe than in

less-developed settings like Africa and Asia (see studies in

Table 3). In spite of this, poor adherence behaviour among

adolescents in sub-Saharan Africa is a significant concern,

given the limited ART options available in most parts of the

subcontinent, and the risk of drug resistance [92].

Compared to other age groups with HIV, adolescents in

developed settings are reported to have poorer ART adhe-

rence [93�96], a pattern similar to that reported between

adolescents and adults in sub-Saharan Africa [84,97�99].
There is also some evidence that adolescents aged 15 years

and older are at higher risk of poor adherence than children

and younger adolescents in sub-Saharan Africa [100], as has

been described elsewhere [101]. The transfer of responsi-

bility for treatment from caregivers to adolescents them-

selves is likely implicated.

Most studies on adolescent ART adherence from sub-

Saharan Africa either fail to distinguish between perinatally-

and horizontally-infected patients, or focus exclusively on

perinatally-infected groups. Findings from some studies in

developed settings suggest that horizontally-infected adoles-

cents may have poorer ART adherence than those infected

perinatally [102,103].

Factors influencing antiretroviral adherence among

adolescents

A considerable amount of the literature on antiretroviral

adherence in sub-Saharan Africa has focused on factors

which influence adherence behaviour. Numerous factors

have been identified, several of which are believed to act

simultaneously. The weight of influence of various factors
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Table 2. Some measures of antiretroviral adherence used in sub-Saharan African studies, with merits and drawbacks

Adherence measure Strengths Drawbacks Comments

‘‘Direct’’ measures

Plasma drug assays Accurate and relatively objective Limited laboratory resources in several low-resource

settings

Used in relatively few studies in SSA

Demonstrated to correlate with immunologic

response in Tanzanian children and adolescents

[111]

May only give information about a given time-point,

and not long-term adherence

Pharmacokinetic factors may cause inter- and

intra-patient variations in drug assays [112]

Reliability subject to host pharmacokinetic factors

Relatively high cost

Directly observed therapy Actual ingestion of ART can be monitored No demonstrated efficacy over self-administered

ART in a study of South African adults [113]

Mainstay of tuberculosis treatment recommended for

use in adolescents on ART [114�116]

Successfully adopted to improve ART adherence

in Kenya [117,118]

May be time consuming in busy clinic settings

‘‘Indirect’’ measures

Self-report Easy to obtain during routine clinic visits Adherence prone to inadvertent or deliberate

overestimation by patients [89,111]

Most widely used adherence measure in SSA

[111,119�121]

Relatively inexpensive Social desirability and recall bias may contribute

to inaccuracy

Easily supported by aids like visual analogue scales

Demonstrated to correlate with virologic outcomes

in Uganda

Electronic monitoring methods

and devices

Some forms (MEMS) demonstrated to correlate

with virologic suppression in Uganda and South

Africa [125,126]

Expensive [122�124] Electronic-operated pill-containing devices record

and/or transmit data each time an ART dose is taken

out. Most common devices use microchips

incorporated into pill bottle caps

Pharmacy-based measures

Pill count Practical, easy to obtain at clinic visits Easily manipulated; dependent on patient’s

cooperation [127]

Patients return unused pills at each pharmacy visit, and

count of unused pills indicates doses missed after last

drug refill

Demonstrated to be a valid adherence measure

among adolescents in Botswana [129]

Time-consuming and inconvenient in busy clinic

settings [128]

Unannounced home-based counts possible,

and may improve reliability [127,130]

Patients may forget to turn in unused pills

Pharmacy visits/medication

refills

Easy to obtain May not accurately reflect ART use, for example,

in patients who dump pills or accumulate them

without using

Medications are dispensed to cover the exact period

between visits, and delayed return dates are taken

to be indicative of missed doses
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also varies based on socio-economic, cultural and environ-

mental characteristics in different settings.

Socio-demographic factors and individual resilience

factors

Associations have been found between socio-demographic

factors such as age and living conditions, and adherence in

some African settings. In a study of 314 Ethiopian youth

receiving care in tertiary ART facilities, adherence levels were

significantly poorer among older children and adolescents,

compared to younger children [102]. Nachega et al. [84]

also reported lower rates of adherence among adolescents

compared to adults in a comparison study of almost 8000

patients receiving ART in South Africa. Mutwa et al. [104]

highlighted the impact of living situations on adherence to

ART among 42 perinatally-infected adolescents in Rwanda.

Adolescents who lived in boarding houses, foster care, or

orphanages were often faced with a lack of privacy, lack of

support, or stigma if they were discovered to be using ARTs,

which made it difficult to maintain medication use.

Several studies identify individual adherence-enabling fac-

tors among adolescents in sub-Saharan Africa. High levels of

ART adherence were reported among South African youth,

who attributed their ability to cope with their HIV-positive

status to the availability of ARTs and the ability to maintain

positive attitudes [105]. Individual competence, arising from

high levels of cognitive functioning and good adaptive skills,

also appears to help individuals copewith HIV-related stressors

[106]. Furthermore, among youth living with HIV, good

psychological adjustment [107,108] and positive future ex-

pectations play protective roles [109,110]. Although little is

known about the influence of these resilience factors on

ART use patterns, they may act to improve adherence among

adolescents.

Structural and economic factors

Structural or economic factors in sub-Saharan countries may

pose barriers to adherence. Jimmy-Gama et al. [135,136]

reported that challenges to youth uptake of ARTs in Malawi

included the unavailability of food, a factor also identified

among adolescents in the Democratic Republic of Congo.

Similarly, lack of nutritional support was identified as a

reason for poor ART adherence among adolescents in urban

Ethiopian settings [137]. In the Malawi study, regular access

to ART was also difficult due to unaffordable but compulsory

treatment fees [135]. In a study among 440 young adoles-

cents receiving ART at district hospitals in northeast Ethiopia,

living in close proximity to a treatment centre was associated

with better ART adherence [138]. Other researchers des-

cribed difficulties with access and cost of transportation as

economic barriers to adherence among adolescents in an

urban Ethiopian setting [139]. These economic challenges

sometimes arise from families’ loss of livelihood following

the death of members from HIV/AIDS [140] and represent

some of the multiple structural barriers to ART adherence

in socio-economically deprived parts of sub-Saharan Africa.

The loss of a family member may also pose an obstacle to

adherence for perinatally-infected adolescents who invariably

depend on caregivers for treatment [141,142] and may have

to abruptly assume responsibility under such circumstances.Ta
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Table 3. Summary of reported rates of antiretroviral adherence among children and adolescents in sub-Saharan African countries and other regions

Study Location Adherence measure Findings

Studies in West Africa

Elise et al. [168] Cote d’Ivoire Clinic attendance, self or caregiver report 67% of children aged 13 to 17 years had missed no doses in the previous month

Iroha et al. [169] Nigeria Caregiver report 86.3% of a sample of children and adolescents had been 100% adherent in the previous

3 days

Mukhtar-Yola et al. [170] Nigeria Caregiver report 80% of children aged 1 to 15 years had ]95% adherence; 62.5% reported 100% adherence

Polisset et al. [171] Togo Caregiver report Among sample aged 1 to 14 years, 14% ]10 years 42% had no missed doses over previous

4 days or previous month

Ugwu and Eneh [172] Nigeria Self-report 76.1% of children and adolescents aged 5 months to 17 years had �95% adherence; 59.2%

reported 100% adherence

Studies in East Africa

Biadgilign et al. [139] Ethiopia Caregiver report Patients aged 3 to 14 years with adherence ]95%:

Same day, 98.2%

Day before, 96.9%

Previous 3 days, 93.1%

Previous 7 days, 86.9%

Biressaw et al. [121] Ethiopia Caregiver report (CR); Children aged 8 to 13 years:

CR: 90% reported 100% in past month

Unannounced pill count (uPC) 93.3% had ]95% adherence in past 7 days

uPC: 34.8% had ]95% in past 7 days

Byakika-Tusiime et al. [173] Uganda Three-day caregiver-report (SR)

30-day visual analogue scale (VA)

Mean adherence for children initiating ART (I) and children on long-term treatment (L)

SR: I, 98.1%; L, 100%

Unannounced pill count (uPC) VA: I, 97.8%; L, 100%

PC: I, 100%; L, 87.7%

All patients had ]95% adherence by SR, but only 36% had ]95% by PC

Langat et al. [90] Kenya Pill/drug count (PC) Patients 3 to 14 years; average adherence 44.2%

PC: 27% had 100% adherence

Caregiver report (CR) CR: appointments kept 45.7%

Drug refill data (DR) Appropriate timing of doses 56.1%

DR: 47.8% overall adherence

Mghamba et al. [111] Tanzania Caregiver report (CR) Children 2 to 14 years

CR: 98% missed B1 dose in past 3 days

Pill count (PC) PC: 97% returned B5% previous dispensed pills

Nevirapine plasma assay 85% had nevirapine concentration �3 mg/ml

Nabukeera-Barungi et al. [120] Uganda Three-day self-report (SR) Children and adolescents 2 to 18 years

SR: 89.4% of sample had ]95% adherence
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Table 3 (Continued )

Study Location Adherence measure Findings

Pill count (PC) PC: 94.1% had ]95% adherence

Unannounced pill count (uPC) uPC: 72% had ]95% adherence

Ndiaye et al. [129] Botswana Pill count Adolescents 13 to 18 years

Overall median adherence 99%

76% had �95% adherence

Wamalwa et al. [174] Kenya Caregiver report (over past 3 days or 2 weeks) Among children 8 months to 12 years: 64% had 100% adherence

Vreeman et al. [142] Kenya Self/caregiver report 71% of children aged 1 to 14 years missed at least one dose over a 33/4 years observation period.

Odds of non-adherence higher with death of both parents

Wiens et al. [89] Uganda Self-report (SR)

Pill count (PC)

Adolescents 12 to 17 years:

SR: 99% adherence overall; 93% had �95%

eCAPTM PC: 97% adherence overall; 67% had �95%

eCAPTM: 88% overall; 23% �95% adherence

Studies in Southern Africa

Nachega et al. [84] South Africa Pharmacy refill at 6, 12, and 24 months Adolescents 10 to 19 years vs. adults 20 and above 6 months: 20.7% (vs. 40.5% in adults)

12 months: 14.3% (vs. 27.9% in adults) 24 months: 6.6% (vs. 20.6% in adults) [pB0.01]

Reddi et al. [175] South Africa Child and caregiver report Children 4 months to 15 years

89% of patients reported �95% adherence

59.6% had 100% adherence
aSummary estimates from studies in other regions

North America

22 studies Viral load, self-report, MEMS 62.3% overall adherence (95% CI 57.1 to 67.6)

Asia

3 studies Viral load, self-report 83.9% overall adherence (95% CI 76.8 to 91.0)

Europe

12 Viral load, pill count 62.0% overall adherence (95% CI 50.7 to 73.3)

South America

5 Viral load, self-report 62.8% overall adherence (95% CI 46.6 to 77.0)

aFrom Kim et al. [91]. CI�confidence interval; MEMS�Medication Event Monitoring System; eCAPTM�electronic medication vials.
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The negative impact of civil disruptions due to political

instability and violence on healthcare provision has been well

documented by several researchers [143�146]. Several com-

munities in sub-Saharan Africa have experienced significant

political violence in recent decades, including the 1986

political conflicts in South Africa [147,148], and more recently,

the Kenyan post-election conflicts [144,149,150]. Such situa-

tions of violence have negatively influenced health through

consequences of death, disabilities, displacement and de-

struction of health facilities and supplies [145]. Specifically,

political violence has been associated with significant disrup-

tions in HIV patient care in Africa through widespread fear,

lack of transportation, physical attacks and displacement

of individuals with HIV within affected communities

[144,149�151]. In communities at risk of political violence,

it is helpful for HIV treatment programmes to have con-

tingency measures, such as emergency preparedness plans

in conjunction with local agencies, to forestall treatment

interruptions in the event of such outbreaks [151].

Psychosocial factors

The importance of social support to ART adherence has

been highlighted in many sub-Saharan African studies. Fetzer

et al. [136] described a strong association between caregiver

supervision and ART adherence among adolescents in the

Democratic Republic of Congo. Similar associations have been

reported in qualitative studies among young adolescents

with HIV infection and their caregivers in Kenya, Uganda and

South Africa [152�154]. Among a sample of South African

adolescents, those with extensive supportive networks

among relatives and peers appeared to cope better with

psychosocial challenges, and caregivers played an important

role in facilitating ART adherence. The participants in this

study opined that caregivers contributed to their good

adherence by reminding them to take their medications [105].

Where caregiver involvement declines [155], the ability of

hitherto dependent perinatally-infected adolescents to as-

sume responsibility for their treatment may be threatened by

developmental, psychological and social factors. Assuming

responsibility for HIV treatment unlike their age mates may

conflict with adolescents’ desire for peer acceptance and

approval, which can be compounded by stigma, socio-

economic challenges and treatment fatigue [136,137,152].

Among horizontally-infected individuals, poor adherence

has also been associated with complicated medication rou-

tines, as well as individual factors such as forgetfulness and

mental health problems [85,103,156]. Psychosocial problems

including non-recognition of a need for medications, fear

of disclosure, poor social support and involvement in risky

behaviour such as substance use, have also been identified

among adolescents with behaviourally acquired HIV in the

United States [157�159].

Disclosure

Disclosure of HIV status has been studied in different con-

texts, two of which have been repeatedly associated with

adherence behaviour. As adolescents mature, their evolving

social relationships may require them to provide details

about their HIV-infected status to their peers or intimate

partners (self-disclosure). This is often a challenge, especially

in settings where HIV/AIDS remains stigmatized [160]. Mutwa

et al. [104] noted that adolescents’ fear of discovery and

reluctance to disclose their status made them avoid taking

their ARTs in non-private settings like boarding houses and

foster homes.

Caregiver disclosure of adolescents’ HIV infection status is

a more frequently studied form of disclosure [161,162] and

is also challenging, as evidenced by findings that only 38% of

adolescents aged 11 to 15 years in a Zambian study had been

informed about their HIV status [163]. Similarly, Bikaako-

Kajura et al. [153] found that among 42 Ugandan youth aged

5 to 17 years, only 29% had had their HIV status fully disclosed

to them by their caregivers, and only 38% had received partial

information about the reason for their frequent illnesses and

need for repeated medication. In both of these studies, ART

adherence was poorer in children who had not been disclosed

to, especially in older adolescents. Bikaako-Kajura et al. [153]

found that adherence in such situations was often completely

dependent on the caregiver and speculated that these ado-

lescents wilfully missed doses whenever possible, as if in

rebellion against their caregivers’ secrecy or lack of full

disclosure. Similarly, in a study among Ugandan children

aged 2 to 18 years, Nabukeera-Barungi reported that children

or adolescents were three times more likely to be non-

adherent when their caregiver was the only one who knew

their HIV status [120]. Several other researchers document

associations between early disclosure and satisfactory adher-

ence patterns. In a qualitative study among adolescents aged

10 to 19 years in Zambia, Mburu et al. [164] reported that

among other effects, caregivers’ disclosure created opportu-

nities for improved adherence support for the adole-

scent. Fetzer et al. [136] described reduced levels of

frustration among adolescents that had been disclosed to,

because disclosure provided a motivational factor aiding

adherence.

Stigma

Among caregivers who hesitate or avoid disclosing children’s

HIV status, the fear of exposing the child or adolescent to

stigma is often cited as a reason [164,165]. Socio-cultural

misperceptions about the aetiology and spread of HIV/AIDS

accentuate the effect of stigma in some parts of sub-Saharan

Africa [29,166]. In a qualitative study among caregivers and

healthcare providers in Ethiopia, stigma within families was

cited as a reason for ART non-adherence [137]. Children were

sometimes not given medications at home to avoid stigma

from relatives or neighbours who might be present at the

time. In the Democratic Republic of Congo, shame and

stigma were most frequently cited as barriers to adherence

by adolescents who recognized that taking ART made them

different from others and exposed them to ridicule [136].

Adolescents are often concerned about ‘‘feeling normal’’

and not feeling ‘‘different from their peers.’’ Apart from the

inherent difficulty of repeatedly taking medications, adoles-

cents sometimes skip ART doses because they are a reminder

of a condition that makes them different from others [136].

Thus, ART adherence can be a paradoxical source of stigma,

as is supported by the findings of Makoae et al. [167] in

five African countries. The researchers compared groups of

HIV-infected individuals taking ART medications, with groups
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without medications in five countries � Lesotho, Malawi,

Swaziland, Tanzania and South Africa over five time points.

Measuring levels of HIV-related stigma at six-month intervals

on the HIV/AIDS Stigma Instrument-PLWA (HASI-P), they

observed an increase in perceived stigma among individuals

taking ART, compared to those not taking [167].

In contrast to this report, studies in Kenya and Uganda

[117,176] have demonstrated decline in internalized stigma

among adult patients after a period on ART. This is supported

by the findings of qualitative studies among people with HIV

in Zimbabwe and South Africa, who generally attributed their

improved self-image, functioning and wellbeing to the role

of antiretroviral treatment [177�179]. Improvements in

physical and mental health were associated with reduced

internalized stigma in the Ugandan study, suggesting that the

effect of ART adherence on reducing stigma may be mediated

through improvements in quality of life in these African

populations [176]. It is plausible that optimal ART adherence

may influence stigma reduction among adolescents similarly

if adolescents experience improved health and wellbeing

with antiretroviral medication use.

Individual factors

Several studies have reported ‘‘forgetting to take medica-

tions’’ as a reason for skipped doses, especially in situations

when the adolescent is free from acute illness. For most HIV-

uninfected adolescents, day-to-day living does not include

medication use, and the absence of memory aids can result

in forgotten doses for those youth with HIV receiving ART.

Among a sample of older adolescents and adults attending

an outpatient clinic in the Democratic Republic of Congo,

responses to a standardized questionnaire indicated chal-

lenges to ART adherence [180]. These included forgetfulness

and difficulty in organizing a schedule around medication use

[180], factors which may also be related to subtle deficits

or impairment in memory, cognitive and executive function,

or behavioural-emotional difficulties that often occur in the

background of HIV/AIDS [68,181�184]. Some research, in-

cluding studies on offspring of HIV-infected mothers in Africa,

has highlighted the risk of neurocognitive delay in infants and

children infected or affected by HIV [76,185�187]. These
deficits may be indicative of early neurotoxic effects of HIV on

the developing central nervous system of individuals exposed

to HIV in utero or during early childhood, resulting in lasting

deficits that may also compromise adherence during adoles-

cence [188]. However, other studies point to subtle challenges

in early language development being the possible effect of

in utero exposure to ART use in pregnancy [189,190].

Furthermore, adolescents with HIV infection are frequently

exposed to adverse environmental influences including pov-

erty, stress, violence and maternal ill-health, which could also

contribute to neurocognitive and psychiatric risk [191,192].

These findings suggest a multifactorial aetiology to neuro-

cognitive and behavioural outcomes among this vulnerable

population, and there is the need for further research to

ascertain the contributions of these individual risk factors.

Treatment-related factors

Treatment-related factors, including real or anticipated

side effects and having to take large quantities of drugs

(‘‘pill burden’’), have been cited as barriers to ART adherence

among children and young adolescents [137,172,180]. Pill

burden has been reported to hinder ART adherence among

youth populations in the United States [156,193]. Pill

burden was also mentioned as the most common reason

for skipping ART doses among a sample of adolescents in

South Africa [84]; increased burden from the medications

prescribed for coexisting conditions contributes further to

poor adherence.

A potentially valuable intervention for these medication-

related challenges among adolescents is the use of long-acting

antiretroviral agents. Over the past few years, a number of

new formulations, notably rilpivirine (a non-nucleoside re-

verse transcriptase inhibitor) and GSK1265744 (an HIV inte-

grase inhibitor), have been developed for potential use at

nearly 30-day intervals [194�196]. Surveys have demonstrated

widespread acceptability of these agents among adults with

HIV due to the potentials for ease of dosing. These agents are

currently still in developmental stages, and although yet to be

approved for regular use, represent a significant breakthrough

particularly for poorly adherent populations of persons with

HIV, amongwhomadolescents constitute a significant subgroup.

Initial access to these new agents may be hampered by their

considerable cost, particularly for adolescents in resource-

poor settings like most parts of sub-Saharan Africa. Never-

theless, significant efficacy among adults has been reported

for low doses of rilpivirine at low cost, making it a promising

long-acting agent for use in resource-limited settings [194];

evaluation of efficacy among adolescents requires demonstra-

tion in future studies.

Transition of care between paediatric and adult HIV treat-

ment services is sometimes challenging for adolescents with

HIV in well-resourced settings. Youth with perinatally acquired

HIV develop strong relationships with their paediatric care

providers through their childhood and adolescent years,

and are often reluctant to break these links in exchange

for new, unfamiliar providers [197�200]. Transition to adult

services is also challenging for developmentally unprepared

adolescents, who may be emotionally or cognitively delayed

as a complication of HIV infection [201], and who may be

unable to access psychosocial support appropriate to their

unique needs in adult care settings, compared to paediatric

settings [200,202,203]. As a result, transiting adolescents are

at risk of discontinuation of, or irregular access to ART. HIV

care services in sub-Saharan Africa are distributed between

specialized paediatric and adult clinics in some communities,

but in other cases, general primary or secondary care facilities

provide services for all age groups. Although anecdotal reports

indicate that similar challenges exist in sub-Saharan Africa

where youth are often transited from paediatric to adult HIV

treatment programmes in mid-adolescence, there is little

data on the challenges of transition and its impact on ART

adherence in this region. Apart from the need to understand

the experience of adolescents transiting in Africa, future

research needs to focus on the experience of horizontally-

infected youth, whose adherence challenges may differ from

widely studied adolescents with perinatally acquired HIV

[198,199].
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Consequences of poor adherence

Poor adherence to ART is associated with less effective viral

suppression and reduced chance of survival in adolescents and

other people with HIV [55,204,205]. In the study by Nachega

et al. [84] comparing clinical outcomes of adherence among

adolescents and adults in southern Africa, adolescents had

poorer outcomes. Significantly fewer adolescents achieved

complete adherence at each of three time points, and ado-

lescents had lower rates of virologic suppression and im-

munologic recovery than adults [84]. Increased risk of

morbidity and mortality arise from a host of complications

of immune suppression and chronic HIV infection, such as

opportunistic infections, cardiomyopathy and malignancies

[206]. Other outcomes of poor adherence include the deve-

lopment of drug resistance and the risk of transmitting

resistant strains of HIV to others when adolescents become

sexually active [207,208]. Among effects associated with

suboptimal ART adherence, some studies have reported im-

pairments in neurocognitive functioning among adults with

HIV [209,210], although there is a specific dearth of research

into these associations among youth in sub-Saharan Africa.

Interventions to improve adherence

Given the fact that barriers to adherence vary among

societies, the success of adherence improvement interven-

tions may depend on how well they are adapted to the unique

challenges in each society. Similarly, adolescents constitute

a unique, at-risk group whose interests and challenges may

differ from those of other age groups, and likely require

tailored interventions to improve adherence behaviour. In the

sub-Saharan African region, few programmes for improving

ART adherence exist for adolescents, and there is a dearth of

research into the efficacy of interventions for this age group.

The following subsection will, therefore, focus on the few

existing interventions, most of which have been developed for

adult populations.

A variety of strategies have been developed to improve

adherence to ART in both well-resourced and low-resource

settings. Although some of these strategies are based on

cognitive or behavioural principles, others have involved

direct observation and a number of interventions have

involved ‘‘affective’’ strategies [211] (Table 4). In some

settings, successful strategies introduced to promote retention

in treatment have resulted in improved uptake of services

[212], with resulting improved adherence across patient age

groups. Strategies documented to be most effective in better-

resourced settings are mostly patient-based, behavioural

interventions [213,214] targeted at those identified to be

poorly adherent [215]. A review of randomized controlled

trials (RCTs) conducted between 1996 and 2005 also found

that interventions associated with improved adherence out-

comes were those which addressed practical medication

management skills in the individual patient, and which were

implemented over an at least 12-week period [214].

Interventions based on cognitive, behavioural and

affective principles

In sub-Saharan Africa, some interventions based on cognitive

and behavioural theories have been shown to be effective.

One of the few existing adolescent-focused programmes

was presented in a Kenyan study which described a three-

pronged intervention targeted at adolescents, their care-

givers, and care providers. This programme incorporated

behavioural, cognitive and psychosocial strategies; a combi-

nation of interventions which appeared to foster adherence

among adolescent participants [216]. In relation to these,

education-focused strategies targeted at improving health

literacy concerning HIV and ART use have been found to

potentially improve adherence behaviour among youth in

African countries including Ghana, Botswana and South Africa

[217�220], similar to findings among similar populations in

well-resourced settings [221�223].
Research findings among adolescents with HIV have also

suggested that adolescents’ direct involvement in their own

HIV treatment decisions may improve adherence behaviour

[224�226]. In several sub-Saharan African societies, cultural

influences on patient�physician relationships result in pre-

dominantly paternalistic-style relationships, which encourage

patients to rely completely on their physicians for treatment-

related planning and decision-making. There is little evidence

to suggest that these relationships differ for youth with HIV

in these cultures, who may be less likely to seek to partici-

pate in their own treatment decisions for fear of disrespect-

ing their usually older care providers. There has, however,

been limited research into the potential impact of these

perceptions and practices on ART adherence.

Behavioural interventions

Purely behavioural interventions attempt to modify beha-

viour by reinforcing positive adherence patterns, through

strategies such as memory aids. The use of reminder mobile-

phone text messages uses such strategies, and its effective-

ness has been demonstrated in RCTs among adult patients in

Kenya [227,228]. The most common forms of observational

monitoring evaluated for improving ART adherence involve

direct observed treatment (DOT). Multiple studies in Kenya

[229], Mozambique [230], South Africa [231] and Nigeria

[232,233] demonstrated improved clinical outcomes in adult

patients whose medication use was witnessed regularly by

designated healthcare personnel or a family member.

Interventions involving affective approaches

Interventions classified as ‘‘affective’’ aim at improving ART

adherence through emotional support [211,234] and include

the use of psychotherapy or antidepressant medication. In

Rakai, Uganda, peer health workers, themselves people living

with HIV, were trained and equipped to conduct biweekly

visits to assigned patients, with resulting improvements in

adherence as reported by clinic staff [235]. Similar results

were obtained using trained peers and ‘‘treatment partners’’

in Mozambique [236] and Nigeria [233]. Improvements in

adherence have also been reported with the use of support

groups, positive-living workshops and buddy services, among

other community-based support strategies in Lesotho,

South Africa, Namibia and Botswana [237]. Several of these

interventions have simultaneously incorporated multiple

strategies, such as the successful use of a multicomponent

package among adult patients in Uganda [220]. Adherence

patterns improved with a combination of approaches in-

cluding counselling, group education, information leaflets,
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Table 4. Studies describing effective intervention programmes to improve ART adherence, specifically among adolescents with HIV in sub-Saharan Africa

Study Location Description of intervention Category of intervention Target

East and Central Africa

Musiime et al.

[243]

Uganda Peer support group of adolescents living with HIV. Group held monthly

meetings, had talks and discussions on a variety of health and treatment

topics. Also, recreational activities leading to formation of a band aimed at

reducing stigma and improving self-confidence. Counselling provided for

adolescents with identified needs.

Affective Adolescents

Van Winghem

et al. [216]

Kenya ‘‘Axis 1’’

Adopting a family-centred care approach in clinics;

Tracing patients who missed appointments;

Designated days for recreational activities;

Age-relevant support groups for patients and caregivers;

Adherence aids: pill boxes and tick sheets

Cognitive, behavioural, and affective Adolescents, caregivers, and

clinic staff

‘‘Axis 2’’

Development and use of a pocket-size booklet with educational information

about HIV/AIDS;

Individual counselling services

‘‘Axis 3’’

Treatment literacy training

Clinic staff training and support

Incorporation of patients into clinic-based activities

Ssewamala

et al. [239]

Uganda ‘‘SUUBI�Adherence,’’ a youth-focused economic approach to HIV treatment.

Designed to improve ART adherence among youth in and out of school with

HIV, through economic empowerment initiatives.

Economic Adolescents

Southern Africa

Bhana et al. [244] South

Africa

VUKA family-based programme:

Educational material presented on psychosocial and treatment aspects of

HIV/AIDS to adolescents and their caregivers in 10 sessions over 3 months.

Cognitive, affective, and behavioural prevention

programme

Adolescents and caregivers

Fatti et al. [245] South

Africa

Lay community-based adherence support (patient advocates) conducted home

visits to address household challenges affecting adherence over a 4-year period.

Affective Caregivers

Mavhu et al. [246] Zimbabwe Three-component adolescent and family-centred programme:

1) Individualized support from community adolescent treatment supporters

2) Individual cognitive-behavioural therapy

3) Caregiver training to enhance adolescent support

Cognitive-behavioural, affective Adolescents, caregivers
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tracing of late attendees and the use of diaries to monitor

adherence [220].

Interventions using economic incentives

The use of economic incentives has been evaluated among

HIV-infected adults and caregivers of infected children in

African settings. The introduction of food rations in Zambia

[238] was associated with a demonstrable increase in ART

adherence among adult patients in eight outpatient clinics.

A recent initiative by Ssewamala et al. [239] in 32 clinics across

Uganda is designed to enhance economic empowerment

among youth with HIV, with the aim of improving ART

adherence. This intervention, called ‘‘SUUBI�Adherence,’’

focuses on improving adherence self-efficacy in adolescents

with HIV both in and out of school, through developing

economic empowerment and financial management skills, as

well as improving mental health among these youth [239].

Among other community support services, nutritional and

cash support provided to patients attending outpatient clinics

in Lesotho, South Africa, Namibia and Botswana resulted

in improved clinical outcomes, including adherence, after

18 months [237].

Guidelines relevant for adolescent adherence to HIV care

Effective interventions for adolescents may be different from

those effective in adult populations. For example, based on

findings from 325 studies conducted in both well-resourced

and low-resource settings, the International Association of

Physicians in AIDS Care (IAPAC) [239] recommends interven-

tions offering therapeutic support using problem-solving

techniques and addressing psychosocial contexts, for adoles-

cent and youth populations. In addition, directly observed

administration of ART (DAART) is recognized as potentially

useful because it requires that treatment is not left to

youth in isolation but involves the participation of caregivers.

Although DAART is not recommended for adult populations

in routine clinical care settings, there is evidence for its effi-

cacy among paediatric and adolescent patients, and as such

is recommended for this younger population, with other

supportive interventions as adolescence progresses [240].

The US Department of Health and Human Services provides

guidelines on ART use across age groups. Among measures for

maximizing adherence in adolescents, it strongly recommends

discussions of adherence-improvement strategies with the

adolescent before initiating treatment, and at each treatment

visit [241]. Also recommended is the use of adherence moni-

toring measures, and the maintenance of a non-judgmental,

supportive provider�patient relationship [241]. In recognition
of the challenges of pill burden, a once-daily ART regimen is

also recommended, where feasible [241].

Interventions for adolescents with HIV may be successful if

targeted both at them and their caregivers. Based on eva-

luations of a youth’s competencies and challenges, caregiver

competencies, and dynamics of the youth-caregiver relation-

ship, strategies to improve youth self-management of adher-

ence should be combined with arrangements to maintain

caregiver involvement [242]. These become crucial as children

grow into adolescence, particularly in the context of evolving

peer relationships and the realities of stigma and discrimina-

tion. Challenges in this population may differ from those of

younger children, and there is a need to design targeted

interventions which are both efficacious and relevant to

them.

Conclusions
Children and adolescents living with HIV are a growing

population in sub-Saharan Africa. During adolescence, accu-

mulated barriers against the high levels of ART adherence

necessary to maintain viral suppression and preserve health

often threaten their physical and psychological wellbeing.

Although much research has been conducted to identify such

barriers and to target effective interventions to improve

adherence, most studies have focused on adult patients.

Research findings suggest that care providers and care-

givers may play a significant role in preventing adherence

problems by addressing crucial issues early. Ensuring early

commencement of the disclosure process, and monitoring

psychosocial risks such as learning problems, social difficul-

ties, psychological disorders and stressful experiences, parti-

cularly following the loss of loved ones, may help to provide

support before the onset of adolescence, when youths are

faced with additional developmental pressures. The partial

transfer of treatment responsibility to the adolescent at this

stage may result in better adherence behaviour if such

support has been provided.

In sub-Saharan Africa, opportunities for communication and

linkage with same-age peers living with HIV may also reduce

isolation and provide valuable support in stressful cir-

cumstances, helping adolescents to achieve and maintain

desirable adherence habits. As observed in well-resourced

environments, adherence support by caregivers is likely

essential until youth competency and responsibility are assured.

Although non-age-specific strategies such as psychosocial inter-

ventions, economic incentives, DAART and other therapeutic

support may be effective, there is need for further research to

better understand the experiences of adolescents living with

HIV/AIDS in sub-Saharan Africa, and inform the development

of well-tailored culturally appropriate interventions to opti-

mize ART adherence.
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