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Abstract
More than two million children are infected with HIV globally. Pediatric ART adherence is complex
and current levels are often suboptimal. As established treatment programs in developed settings
struggle with chronic therapy and nascent treatment programs in resource-limited settings expand,
the importance and challenges of good adherence to antiretroviral therapy are becoming ever more
clear. Adherence behavior is influenced by many factors, which may be categorized as characteristics
of the child, the caregiver(s) and family, the regimen, and society and culture. Many of these
influences complicate measurement of pediatric adherence and there is no gold standard. This article
provides a conceptual framework and evidence-based look at the factors influencing ART adherence
in children and aims to identify areas for intervention for this vulnerable population in need.

Introduction
The United Nations Joint Program on AIDS (UNAIDS) estimates that over two million children
under the age of 15 are living with HIV/AIDS in the world, with nearly 80% of these children
living in sub-Saharan Africa.[1] High levels of antiretroviral therapy (ART) adherence are
critical for viral suppression and reduced morbidity and mortality among HIV infected
children.[2-3]

Through successful prevention of mother to child transmission (PMTCT) programs, developed
countries face few new cases of infant HIV-infection annually; however, as a result of
successful ART use, children are surviving into adolescence and struggling with many
adherence challenges associated with long-term therapy. Difficulties include high rates of drug
resistance due to prior treatment with suboptimal therapy, severe side effects, mental health
issues, and horizontal infections among adolescents.[4,5] Developing countries are confronting
different challenges for achieving and maintaining ART adherence as they scale-up pediatric
ART programs.[6] Healthcare resources are typically constrained and the burden of co-morbid
disease is high.

In a recent systematic review of pediatric ART adherence studies in middle- and low-income
countries, Vreeman et al [7] found that estimates of ART adherence levels ranged from 49%
to 100%, with 76% of articles reporting greater than 75% adherence. The authors contrasted
these values with reports from high-income countries, as summarized in another recent
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systematic review by Simoni et al.[8] Estimates of pediatric adherence levels from high-income
countries ranged even more widely from 20% to 100%, and 33 of 55 studies report ART
adherence less than 75%. The initial high levels of adherence in developing countries are
encouraging; however, adherence failures may become increasingly common as healthier
children gain access and confront the long-term challenges of adherence to ART. Even with
the early success, resistance levels among some children are unacceptably high.[9] Limited
availability of second-line therapy emphasizes the importance of adherence and preservation
of the first-line regimen.

The goal of this paper is to help HIV clinicians and researchers conceptualize ART adherence
behavior in children. It is not a systematic review of adherence studies; rather, this paper
provides a framework and an evidence-based look at the factors influencing pediatric ART
adherence in both developed and developing settings. It aims to improve the understanding of
the complex challenges and to identify potential areas for intervention with this vulnerable
population urgently in need of support.

Framework
Many of the issues affecting adherence to ART are similar to those affecting children with
other chronic illnesses, such as asthma, renal disease, diabetes, and cancer.[10,11] These issues
include psychiatric illness, psychological factors, health problems, demanding regimens,
children's progressing developmental stages, and varying family perspectives and
relationships. There are, however, important differences between HIV and other chronic
illnesses. For instance, HIV is multigenerational in nature and has a unique social stigma
surrounding transmission.[4] Moreover, its epidemiology is frequently associated with low
socio-economic status, minority ethnicity, and/or substance abuse.[1,12]

These various factors make ART adherence behavior in children complex, and HIV-infected
children represent a very heterogeneous population globally. A horizontally infected 16 year-
old taking pills in France will have very different challenges compared with a vertically infected
three year-old orphan taking syrups in Uganda. To help conceptualize pediatric ART
adherence, it is useful to consider four major influences on HIV-infected children (Figure 1):
child characteristics, caregiver and family characteristics, regimen characteristics, and society
and cultural characteristics.

Child Characteristics
This section reviews the child-specific factors that may impact adherence, beginning with the
influence of physical and neurologic development. Other significant areas include the child's
health and nutrition, treatment fatigue and denial, medication refusal, and knowledge of HIV
status.

Developmental stage
A child's changing abilities and needs, both physical and emotional, create dynamic challenges
over time. Infants depend entirely on their caregiver(s) for ART administration, including re-
dosing after emesis, which is common at this age. Challenges for toddlers and preschoolers
typically include independence and medication refusal. School-aged children often develop
the capacity to understand concepts of illness and the need for treatment; however, they are
usually unaware of their infection.[13] These children also typically want to fit in with their
peers and may wonder why they are taking medicines every day when other children are not.

Children who have been highly adherent to ART at younger ages frequently have adherence
problems during adolescence, a challenging time developmentally even without chronic
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illness. Horizontally infected adolescents similarly have significant adherence problems. The
long-term importance of ART adherence may be lost to other shorter-term priorities such as
appearance, social/sexual relationships, and overall identity development. Mental health issues
are common in adolescents due to chronic illness, stigma, and/or inherited mental illness and
may impede adherence.[4] Studies among US adolescents have shown an association between
adherence and being in school/having an established routine, lower alcohol use, belief in self-
efficacy, and good outcome expectancy with treatment. Conversely, younger age, later stage
disease, depression, fear of HIV disclosure and stigma, regimen complexity, adverse effects,
forgetfulness, absence of symptomatology, limited knowledge about HIV, and poor provider-
patient relationship have all been associated with worse adherence.[13,14]

Studies in the US and Africa have shown that adherence levels generally decline with increasing
age among HIV-infected children.[15-17] Reasons for this phenomenon are varied; the most
common influencing factors are presented in the following text.

Neurodevelopment
Neurodevelopmental and cognitive deficits are common in HIV-infected children.[4,18]
Neurologic impairment may be caused directly by HIV, including encephalopathy, or may
stem from alcohol and drug exposure pre- and post-natally, as is common in many children
infected through vertical transmission in developed countries. These children frequently
experience delayed development and lack the cognitive skills to fully understand treatment.

Health and nutrition
The impact of health and nutrition on adherence is not clear. A US study found an association
between worse adherence and advanced disease, which was also seen in a qualitative study
from Uganda.[14,19] One potential explanation is that caregivers may take care of a child less
well, if they believe that child is at high risk for dying. An Ethiopian study also found that
children who received nutritional support had worse adherence, presumably reflecting the
presence, rather than the treatment, of malnutrition. Another study from Uganda, however,
found that increased hospitalization was associated with higher adherence, perhaps reflecting
motivation to get well.[20] The difference in these findings may reflect the difficulty in
determining if poor health and malnutrition lead to poor adherence, or vice-versa. Food
insecurity is another important factor and is discussed below.

Treatment fatigue and denial
Treatment fatigue after several years of therapy is common and has been shown in children
with other chronic illness, such as cancer.[21] Children may ask why they continue to take
medicine when they feel well. Physically apparent side effects, such as lipodystrophy from
treatment with stavudine, may cause considerable distress.[22] Both vertically and horizontally
infected children may experience denial about their infection,[23] and denial has been
associated with poor adherence in chronic treatment of pediatric transplant patients.[24]

Knowledge of HIV status
Disclosure of chronic illness to a child is a controversial and emotional issue that is particularly
difficult for HIV given the associated stigma and the potential for guilt in the case of vertical
transmission.[13] Pediatric HIV clinicians generally promote disclosure as a positive influence
on adherence; however, the evidence from the literature is mixed. Because disclosure typically
does not occur until late childhood or adolescence[13], the effects of disclosure may be difficult
to distinguish from those of age. In an Italian study of children over eight years, disclosure was
associated with worse adherence.[25] Studies in the US and Ethiopia found similar results
when controlling for potential covariates.[26,27] No effect, however, was seen for age or
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disclosure on adherence in US and Ugandan studies[20,28]. Another US study similarly found
no effect for disclosure, although age was associated with increased non-adherence prior to
multivariate analysis.[16] Finally, qualitative studies in Uganda and Belgium found disclosure
was generally associated with improved adherence.[29,30]

Psychosocial function
As noted above, depression and anxiety are commonly associated with adolescence. They are
also common in younger children and have been found to influence ART adherence.[4,31]
Poor mental health may lead to denial of infection, apathy, and hopelessness, resulting in
medication refusal. Child stress has also been associated with poor adherence[15].
Psychosocial function has been given relatively limited attention; however, these issues may
be just as critical as biomedical and socioeconomic factors for the success of treatment.[32]

Caregiver and Family Characteristics
A child's adherence to ART is strongly influenced by caregiver(s) and family function, which
may change over time. The caregiver physically gives the medicine to younger children. While
this physical role diminishes as the child grows older, the need for caregiver and family support
remains critical at every age. The following paragraphs review how key caregiver
characteristics, the child-caregiver relationship, and family structure and resources may affect
promotion of ART adherence.

Biologic relationship
Data are conflicting on the impact of the caregiver's biologic relationship to the child. In cases
of vertical transmission, the biologic mother must deal with the potential guilt associated with
MTCT. Consequent depression and concurrent HIV or other comorbidities may worsen her
ability to care for the child. An Italian study[25] found that younger children living with non-
biologic caregivers had better adherence. Similar findings were seen in a US study; however,
the association did not maintain significance when controlling for other factors.[26]
Conversely, a Romanian study of horizontally infected adolescents found that non-biologic
caregivers were associated with worse adherence.[33] A biologic caregiver may have a stronger
emotional connection with the child and be more motivated to promote good adherence
compared with a non-biologic caregiver. Caregivers who are also on ART may draw from their
own experiences to support their child's adherence. These mixed findings suggest that other
factors may be more relevant.

Caregiver permanence
In cases of vertical transmission, the biologic parents may have died or may be too ill to care
for the child, who then receives care from one or more relatives, family friends, or government
agencies. In developing countries with limited social services, there is often little to no
oversight of foster care, and a child may or may not be under the care of someone well equipped
to oversee ART adherence.

Caregivers may also change because of other commitments. For instance, a caregiver may need
to travel for extended periods for work (e.g. migratory farming, employment opportunities in
urban centers). Adherence may suffer during periods of alternate caregivers is particularly
vulnerable because of factors such as disrupted routines, potentially poor communication with
new relationships, lack of disclosure, and limited adherence counseling and education with the
new caregiver. A study of children in Cote d'Ivoire showed that the presence of multiple
caregivers was associated with poor adherence.[34]
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Caregiver beliefs
Caregivers who deny their child's infection are less likely to be invested in adherence. A
qualitative Belgian study found that caregivers who accept the child's infection may be more
likely to internalize the information received from the clinician and thus develop a stronger
motivation to fight for the child's life.[30] In another qualitative study of US mothers, adherence
practices were affected positively by mothers’ commitment to adherence and negatively by
children adopting their mothers’ poor attitudes about medications.[35]

Caregiver education and comprehension of ART administration
Administration of ART can be complex, especially in children who take syrups and change
regimens frequently, as is discussed below. Poor knowledge of regimens is common,[35] and
a Romanian study found an association between non-adherence and poor caregiver education.
[33] This relationship, however, was not significant in a US study.[26] Caregiver cognitive
ability has also been shown to be correlate with adherence,[15] and caregivers’ perceived
difficulty with ART administration was negatively associated with adherence in the US and in
Togo, West Africa.[37,38]

Caregiver psychosocial function
Poor mental health is common in caregivers of HIV-infected children and has been found to
influence caregiver support of a child's adherence.[4] In the case of vertical infections,
primarily in developed countries, many children were born to mothers with substance abuse
histories and prevalent heritable mental illness.[12,31] Environmental stressors due to limited
resources combined with the many emotional and physical needs of an HIV-infected child lead
to poor psychosocial function.[15]

Disclosure of HIV status to others
Caregivers in both developed and developing countries have cited stress and inadequate support
as potential barriers to adherence.[15,26,38] Disclosure of the child's HIV status, as well as
the caregiver's HIV status, if relevant, to family and the community can help reduce stress and
mobilize support for adherence. Such social capital has been theorized to affect adherence
behavior in adults living in resource-constrained settings[39] and may be relevant for children.
A US study found that adherence strategies depended heavily on family support and resolution
of disclosure issues in the household.[40] Disclosure to others has been associated with good
adherence in both the US[15] and Uganda.[19] However, stigma and discrimination are also
known barriers to adherence,[13] and caregivers may therefore be reluctant to disclose a child's
HIV status to anyone, even within the household.

Disclosure at school is of particular concern. School nurses or other staff can be useful allies
in maintaining adherence, especially when dosing must occur during school hours. A US survey
found non-adherent caregivers were less likely to disclose the child's HIV status to the school;
[37] however, disclosure of the child's status at school could be detrimental. Many children do
not yet know or fully understand the meaning of their HIV infection, and disclosure to the
school could result in unintended disclosure to the child, as well as stigma and discrimination
from the school staff and students.

The caregiver-child relationship
The relationship between the caregiver and the child may have a profound influence on
adherence. Giving medication is an interactive process that is shaped by the child's behavior
and the caregiver's expectations.[35] When communication is poor, adherence has been shown
to suffer.[15] Communication may be particularly challenging as youth approach adolescence.
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Responsibility for adherence
The responsibility for adherence clearly lies with the caregiver for infants and young children.
However, as children mature and following disclosure, the responsibility for adherence shifts
and adherence may be influenced by family standards. For instance, a ten-year old child may
be expected to take care of him or herself without making allowances for the complexity of
ART. Families may not understand all the challenges associated with long-term adherence and
inaccurately assess the child's capacity for this responsibility. Moreover, personal
characteristics or developmental delay may inhibit the child's abilities for adherence. US
studies have found a trend toward worse adherence in children who had more responsibility
for their own medicines,[15] and better adherence with greater caregiver responsibility for
medications.[41]

Family structure may play a role as well. A negative association has been seen between
disorganized family structure and adherence.[33] Kinship rules may also be uncertain,
especially when the biologic parents are not involved. Certain persons (e.g. the oldest sister of
the father) may have a higher authority over the child than the apparent guardian, but do not
necessarily participant in clinical care or adherence counseling.[42] Substantial adaptations
within the family may therefore be needed to allow for necessary adherence support.

Orphans
Children who are single or double orphans face particular adherence challenges related to
stigma, family structure, access to treatment, and resources. Double orphans in Kenya were
found to have worse adherence,[43] but not in Uganda.[20] Loss of one or more parents is
often complicated with mental health issues and multiple caregivers, which have been shown
to influence adherence as described above.

Poverty and food insecurity
Many HIV-infected children live in poverty and face food scarcity, both of which have been
associated with poor adherence in developing settings.[33,44] Food may be important for the
proper dosing of a particular drug, and caregivers may skip doses when food is scarce. Ability
to access to ART may lead to inconsistent use and thus poor adherence. Money for
transportation to the clinic to pick up ART can be a significant drain on financial resources, as
can alternate childcare while the caregiver takes the HIV-infected child or children to clinic.
Housing instability has also been associated with non-adherence in US adolescents.[45]

Regimen Characteristics
Although many advances have been made in decreasing the complexity and pill burden of
ART, many challenges remain for children. The following section reviews the challenges faced
with the various pediatric drug formulations and frequently changing regimens.

Drug formulation
Syrups allow for proper dosing in young children; however, they can be difficult to use. They
spill easily and caregivers unfamiliar with liquid measurements may not understand how to
measure out the precise dose. Elderly caregivers in particular may have difficulty manipulating
a syringe, seeing the numbers next to the desired amount, or accurately pouring the liquid into
a cup. Additionally, the volume of liquid formulations can be daunting. A young, 15-kg child
taking twice daily zidovudine, lamivudine, and nevirapine, for instance, must take a total of
62 mL of syrup per day.

Haberer and Mellins Page 6

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Other issues related to syrups are palatability and refrigeration.[28,37] Certain drugs are sweet
and easily swallowed. Others, such as ritonavir, are not. Most liquid ART is available in heat
stable formulations, although stavudine and ritonavir need refrigeration.

Changing regimens
In many developing settings, the availability of pediatric ART may be quite limited. Stock outs
of a drug entirely, or stock outs of a particular formulation,[34] may require regimen alteration
and may lead to confusion. For instance, a given drug may change from a syrup to a tablet or
from a combination pill to the individual components. Similarly, as children grow, the dose of
each drug must increase, sometimes at every clinical visit. These frequent changes may lead
to confusion for the caregiver and child, thus jeopardizing adherence.

Social and Cultural Characteristics
Many cultures have strong histories of traditional or other forms of non-Western medicine.
Literature in adults indicates that use of these medicines for HIV infection is common[46], and
cultural norms may pressure caregivers and children to reject ART all together and use
alternative medicines in their place. Alternative medicines may also be used in addition to
ART, and few pharmacokinetic data is available on traditional and alternative HIV medicines.
Adverse drug interactions are therefore a potential concern.

Additionally, in many African countries and in African Americans, there may be a distrust of
the Western medicine and/or the medical system. This distrust may stem from unethical
medical experiments, such as the Tuskegee Study in which treatment of syphilis was withheld
from African Americans to study the natural history of the disease.[47] A US study of HIV-
infected adults showed that distrust affected adherence by increasing treatment-related
psychological distress and weakening treatment benefit beliefs.[48]

Measurement Tools for Adherence in Children
The ability to fully understand adherence has been hampered by limitations in the measurement
of tools. ART adherence can be measured using multiple methods, which can be categorized
as subjective or objective. Subjective measures include provider assessment and child and
caregiver self-report. Objective measures consist of pharmacy refill data, announced and
unannounced pill counts, and electronic monitoring. There is no gold standard for adherence
measurement, and all measures have advantages and disadvantages, depending on individual
preferences, available resources, and the goal of clinical care versus research.

Adherence measurement in children is more complicated than measurement in adults due to
two principal reasons. First, the goal of the measurement is to learn the behavior of the child;
however, that behavior is often influenced to varying degrees by the behavior of one or more
caregivers, medical providers, or others. For self-reported measures, the child may be too young
to provide information directly and the report must come through the caregiver. Even when
the child can provide primary information, studies have shown poor concordance of the data,
[15] and the accuracy of both measurements is unclear. Second, most existing adherence
measures are designed for adults who take pills with infrequent regimen changes. They do not
account for the role of the caregiver(s), the complexity of pediatric regimens, or the
measurement of syrups. Objective measures, such as pharmacy refill, that do not depend on
these factors are therefore appealing, but do not actually confirm that pills were ingested.
Additional research and tools are needed.
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Interventions
Review of the literature reveals few efficacy-based adherence interventions, most of which
were conducted in the US and involve small sample sizes.[7,8] These interventions include
directly observed therapy, treatment buddies, stages of change counseling, family therapy,
gastrostomy tubes, pill swallowing techniques, and flavoring agents. The lack of comparison
groups makes it difficult to assess the impact of the proposed interventions. There has been
one randomized controlled trial of a home-based nursing intervention aimed at increasing
knowledge and resolving barriers. Additional research is needed for adherence interventions,
and lessons may be learned from other pediatric illnesses. A recent meta-analysis of multiple
pediatric chronic health conditions found the strongest effect sizes for multi-component and
behavioral interventions and those with short term follow-up periods.[49] Weakest effect sizes
were seen for instructional interventions and those targeting medications.

Recommendations
Clinical care

In spite of limited efficacy-based interventions, several clinical recommendations can be made
based on the literature to date. Pediatric adherence to ART is a dynamic process involving the
many factors described above. While many clinical programs understandably focus on the
provision of medications and management of physical disease, successful ART requires
considerable attention to the complex issues of adherence. Recommended approaches must
consider the psychosocial aspects of the disease, including child, caregiver and family function,
as well as the resources of the child and family. These challenges are especially difficult in
settings with few counselors, social workers, and mental health professionals; however, they
are now understood to be as important as the drugs themselves.

Research
Research to date consists largely of studies of adherence estimates using suboptimal adherence
measures and correlates of adherence. Although these data are very useful in understanding
pediatric ART adherence, research is urgently needed on effective interventions and novel
adherence measures that are less affected by subjectivity, changing caregivers, and complex
regimens. New measures are also needed to move adherence monitoring from a reactive
observation to a potentially proactive intervention.[50] If adherence problems are detected
prior to the development of viral rebound, interventions based on the influences discussed in
this paper could be applied prior to the loss of treatment efficacy. For example, interventions
that promote child and caregiver mental health, family relationships, social support, and
caregiver-family relationships may be critical. Additionally, because pediatric ART adherence
changes over time and with childhood development, ongoing assessment and support with
dynamic, multifaceted interventions will likely be vital to sustained treatment success.

Conclusion
Adherence behavior in children is more complex than in adults. Efforts to maximize the
treatment efficacy in this population must take account of the child, the caregiver(s), the
regimens, and influences of the family and society. While much progress has been made in
treating HIV-infected children in recent years, especially in developing settings, children have
unacceptably high rates of treatment failure and drug resistance. Most children in developing
settings have little or no access to second line therapy, and children in developed settings are
struggling with chronic treatment. Moreover, many HIV-infected children are living to
adolescence and engaging in sexual relationships, which creates a public health risk of
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transmitted resistance. Concerted effort in clinical care and research are urgently needed to
support this vulnerable population.
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Figure 1.
Factors contributing to pediatric adherence
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