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Abstract

Adherence to ART, fundamental to treatment success, has been poorly studied in India. Caregivers 

of children attending HIV clinics in southern India were interviewed using structured 

questionnaires. Adherence was assessed using a visual analogue scale representing past-month 

adherence and treatment interruptions >48 hours during the past 3 months. Clinical features, 

correlates of adherence and HIV-1 viral-load were documented. Based on caregiver reports, 90.9% 

of the children were optimally adherent. In multivariable analysis, experiencing ART-related 

adverse effects was significantly associated with suboptimal adherence (p=0.01). The proportion 

of children who experienced virological failure was 16.5%. Virological failure was not linked to 

suboptimal adherence. Factors influencing virological failure included running out of medications 

(p=0.002) and the child refusing to take medications (p=0.01). Inclusion of drugs with better 

safety profiles and improved access to care could further enhance outcomes.
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BACKGROUND

The HIV epidemic continues to have devastating consequences globally, and its effects are 

magnified among children who are infected. According to WHO global estimates, a total of 

34 million people are living with HIV, of which 3.3 million are children less than 15 years of 

age (1). Based on HIV sentinel surveillance 2008–2009, it is estimated that India has 2.4 

million people living with HIV, of which 3.5% are children. Following the launch of the 

national pediatric antiretroviral therapy (ART) initiative by India’s National AIDS Control 
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Organization in November 2006, nearly 106,824 children living with HIV in India were 

registered in HIV care at ART centres, of whom less than half, 42,105 children were 

receiving ART as of March 2014 (2).

ART has been shown to markedly improve the health of HIV-infected children. It has been 

found to reduce plasma HIV RNA levels, increase CD4 counts, decrease the incidence of 

opportunistic infections and improve the growth and development of children (3,4). An 

important factor in achieving treatment success is maintaining optimal adherence to ART. 

Studies both in adults (5,6) and children (7,8) have demonstrated that achieving and 

maintaining a high level of adherence is essential for successful viral suppression by ART. 

Prospective studies have shown that risk of virological failure increases as the proportion of 

missed doses increases (9–11). Further, sub-therapeutic antiretroviral drug levels resulting 

from poor adherence may facilitate the development of drug resistance to one or more drugs 

in a given regimen, as well as possible cross-resistance to other drugs within the same class 

(12,13). Therefore, in addition to compromising the efficacy of the existing regimen, 

suboptimal adherence has the potential to limit future effective drug regimens for patients 

who develop drug-resistant viral strains. Transmission of drug resistant virus within the 

community can impact public health adversely by reversing the gains achieved from wide 

scale ART access.

Although optimal viral suppression ideally requires an adherence rate of 95% and above (9), 

reported adherence estimates among children range from 50–80%, with estimates in the 

upper end of this range reported from lower-income settings (10,14). Due to the paucity of 

data examining the factors associated with adherence among HIV-infected children in India, 

particularly in the context of the recent scale up of pediatric ART using generic fixed-dose 

combination pills (FDCs) (2), this study was undertaken to measure the level of adherence, 

determine the correlates and barriers of adherence, assess factors associated with virological 

failure, and examine the association between adherence and virological failure among HIV-

infected children in south India.

METHODS

Study population and sites

This was a questionnaire-based cross-sectional study involving face-to-face structured 

interviews of the caregivers of children recruited for the study. HIV-infected children 

younger than 18 years and their caregivers attending the ART centres at two tertiary care 

institutions in south India; St. John’s Medical College Hospital in Bangalore, and Indira 

Gandhi Institute of Child Health in Bangalore, were invited to participate in this study 

between October 2011 and March 2013. Recruitment occurred on clinic days during the 

study period at the respective ART centres. If there was more than one child in a family, the 

child on ART or the older child was included in the study. Children received ART as per the 

national guidelines (15). Before initiation of ART, the caregiver received 2–3 separate 

counseling sessions that covered various aspects of care including ART therapy, adherence, 

nutritional needs, psychosocial needs, possible consequences of low adherence, possible 

adverse events and ways to address them. Children who had received ART for over 6 months 

were considered ART-experienced and eligible for participation in the study.
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Ethical considerations

Ethical clearance was obtained from the respective Institutional Ethical Review Boards at 

each institution. Written informed consent was taken from the parents or legal caregivers 

willing to participate in the study. All patients were given standard clinical care and 

counseling as per the national guidelines (15).

Data collection

Data were obtained using a structured questionnaire, which was administered to the 

caregivers by trained research staff at the respective ART centre. To encourage unbiased 

reporting by caregivers and children, the interviews were conducted by trained non-medical 

personnel who were not associated with their medical care. Participants were assured of 

confidentiality, and caregivers were assured that their children’s present disclosure status 

would be maintained. Demographic characteristics such as age, sex, residence, education, 

socioeconomic status, child HIV disclosure and caregiver HIV status were obtained by 

asking the caregiver directly. Medical information such as WHO clinical stage, recent CD4 

count and percentage (within the previous three months) and viral load measurements were 

obtained from the medical charts. Using the structured questionnaire, barriers to adherence 

such as patient-specific or caregiver-related factors, medication-related factors, and health 

care delivery factors were explored.

Adherence measure by self-report—Caregivers were asked to describe their child’s 

ART regimen, to report on the number of missed doses per day during the past three months, 

and whether there were any treatment interruptions for greater than 48 hours over the last 

three months. A visual analogue scale (VAS) to indicate the percentage of medications taken 

during the previous month was also used (16). Possible strategies that caregivers had used to 

improve adherence were listed, and caregivers endorsed the ones they employed.

Definitions—Optimal adherence was defined as adherence >95% in the past month, based 

on the VAS measure (9). Those who reported lower levels of adherence were classified as 

sub-optimally adherent. Treatment interruptions were defined as having missed ART for >48 

hours anytime within the past three months (10). Virological failure was defined as plasma 

HIV-1 viral load >400 copies/ml (7). Disclosure was considered as ‘full’ when it involved 

the caregiver having disclosed to the child that he or she has HIV specifically, while the term 

‘partial disclosure’ was used when the illness was described in a way that was consistent 

with HIV, although the term ‘HIV’ was avoided. The term ‘no disclosure’ was used when 

the caregiver reported telling the child nothing about his or her illness. (17)

Statistical Analysis

Descriptive statistics consisted of frequency tabulations for categorical variables, and means 

and standard deviations (SD) for continuous variables. Associations between suboptimal 

adherence/virological failure and other categorical variables were tabulated in two-way 

frequency tables, and significance of the association tested via the chi-square test. For 

continuous variables, means were compared between those with optimal and suboptimal 

adherence, and those with and without virological failure. The significance of the differences 

in means between the groups was assessed via t-test. Multivariable logistic regression 
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analysis of variables that were significantly associated with suboptimal adherence and with 

virological failure in bivariate analyses was performed. All p-values reported were two-sided 

and values <0.05 were considered statistically significant. Analyses were performed using 

Stata version 13.

RESULTS

Patient characteristics

Between October 2011 and March 2013, 247 caregiver-children dyads participated in our 

study. Among the caregivers, 60% were biological mothers of the respective child, 15% 

fathers and the remaining were legal guardians or extended relatives who were the primary 

caregivers. There were 164 children who were ART-experienced for at least 6 months, and 

were eligible for inclusion in the analyses reported here. In general, children consumed two 

pills a day, consisting of the fixed dose combination of zidovudine, lamivudine and 

nevirapine. All these children were perinatally infected. Mean age among the ART-

experienced children was 10.2 years (SD ±3.6) and with 58.0% males. A total of 75% of the 

children were in early stages (WHO clinical stage 1 or 2) of their illness at the time of 

interview. Mean duration on ART was 36.7 months (SD 22.8 months).

ART adherence

Of the 164 children on ART, caregivers reported that 149 (90.9%) children were optimally 

adherent, and 15 (9.1%) suboptimally adherent. Only 8 (4.9%) caregivers reported any 

treatment interruptions in the children’s ART of greater than 48 hours in the past three 

months. The socio-demographic and clinical characteristics of children in both groups of 

optimal and suboptimal adherence were not significantly different (Table 1). The proportion 

of children who had full disclosure of their HIV status was 12.2%.

Factors associated with ART adherence

Individual or interpersonal factors—We found that all the caregivers had received 

counseling at their respective centers, as per recommendations laid down by the national 

guidelines (15). Although most children had not undergone HIV disclosure, we found that 

among the 20 children with full disclosure who were on ART, none of the respective 

caregivers reported suboptimal adherence. Unwillingness to medicate the children in front of 

others was found to be a significant interpersonal barrier to adherence (OR 3.15; 95% CI 

1.06–9.37; p=0.03) on bivariate analysis although statistical significance was lost when 

adjusted for other factors in multivariable analysis. (Table 2).

ART or medication-related factors—Most children were either on zidovudine or 

stavudine based regimens, and we did not find any association of adherence with the type of 

regimen the child was on. The duration on ART did not show any relation to the reported 

adherence, but experiencing ART-related adverse effects was significantly associated with 

suboptimal adherence; 2% of those with optimal adherence, compared with 13.3% with 

suboptimal adherence experienced ART-related adverse effects (OR 7.48; 95% CI 1.14 – 

48.91; p=0.01). In adjusted analysis of all factors influencing adherence, we found that 
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experiencing adverse effects of ART remained independently associated with suboptimal 

adherence (OR 14.01; 95% CI 1.87–104.64; p=0.01) (Table 2).

Health system related factors—Among factors related to health systems, participants 

listed ‘running out of medications’, ‘inconvenient visiting clinic hours’, ‘difficulty paying 

for transportation to the clinic’, and ‘finding it physically tiring to reach the clinic’ as 

potential deterrents to adherence. On bivariate analysis, we found that ‘running out of 

medications’ (OR 5.23; 95% CI 1.55–17.62; p=0.004) was significantly associated with 

suboptimal adherence. This statistical significance was however lost on multivariable 

analysis. (Table 2).

Factors associated with virological failure

Among the children on ART, 16.5% were found to be in virological failure. The age and sex 

of the child was not associated with virological failure (p=0.79 and 0.06 respectively). The 

distribution of virological failure was similar among children who were suboptimally and 

optimally adherent (26.7% and 15.4%, respectively; OR 1.97; 95% CI 0.57–6.74; p=0.26) 

(Table 2). We found that those children with lower CD4 percentages were more likely to 

experience virological failure (p=0.04). Virological failure was not significantly related to 

the duration on ART, ART regimen, adverse effects of ART or full disclosure of HIV status. 

In bivariate analysis, we found that the child refusing to take medicines (OR 3.75; 95% CI 

1.44–9.74; p=0.004), running out of medications (OR 7.05; 95% CI 2.47–20.11; p<0.001) 

and caregivers finding it physically tiring to reach the ART centers (OR 2.89; 95% CI 1.24–

6.72; p=0.01) were significantly associated with virological failure. However, only running 

out of medications (OR 7.28; 95% CI 2.07–25.56; p=0.002) and the child refusing to take 

medications (OR 3.82; 95% CI 1.30–11.19; p=0.01) retained statistical significance on 

multivariable analysis (Table 3).

Caregiver strategies for optimal adherence

Caregivers used different strategies as reminders to administer medications on time. Over 

50% maintained written records of medications administered, and almost all of them 

reported that they would carry extra medications when they travelled. Other strategies used 

included the use of pillboxes and alarm reminders (Figure 1).

DISCUSSION

Our study found that the proportion of children whose caregivers reported optimal adherence 

of ≥95% in the past month was 90.9%. Despite such high reported rates of ART adherence, 

15.4% of these optimally adherent children did not achieve virological suppression. 

Experiencing adverse effects was significantly associated with adherence to ART, while 

running out of medications and refusal of the child to take medications were factors 

significantly associated with virological failure.

Adherence rates reported in other studies from diverse settings have ranged from 50 to 80%, 

with the upper range of estimates reported from lower-income settings (10, 14). Several 

factors may have contributed to the high rate of self-reported adherence in our setting. 
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Reporting bias and over-estimated self-report of adherence by caregivers is well known (14), 

and could have contributed towards higher values seen in our setting. Moreover, the reported 

past-month adherence reflects a relatively short window of time, and may not take into 

consideration adherence levels in the past months and years of ART. Other factors such as 

the provision of comprehensive healthcare services free of cost, a deep emphasis on 

counseling, higher overall awareness levels about HIV medications, and the use of various 

strategies to improve adherence could have contributed to higher rates of adherence. Most 

children were also on a simple twice-a-day low pill-burden regimen, which has been earlier 

reported to be associated with better adherence to ART in children (18).

Our findings of adherence not being related to the age and gender of the child are in 

agreement with reports from other studies (7, 18). Despite several children being on ART for 

durations exceeding 2 years, they do not seem to have demonstrated treatment fatigue, and 

we did not find any correlation between the duration on ART and the level of adherence.

The child’s reported ART adherence is strongly influenced by the caregiver’s and family’s 

level of functioning, which may change over time (14). While the physical role of the 

caregiver in terms of administering ART diminishes as the child grows older, the need for 

psychological support from the caregiver remains crucial at every age. Caregiver cognitive 

ability has earlier been shown to correlate with adherence (19), and caregivers’ lower levels 

of education and perceived difficulty with ART administration have been demonstrated to be 

negatively associated with adherence in studies from USA and Togo (20, 21). In our study, a 

majority of caregivers had received formal education for longer than 8 years, and this might 

have contributed to high rates of adherence we observed. Many caregivers often undertook 

various measures to ensure that adherence was maintained, and these measures also seem to 

have contributed to higher rates of adherence that we report. Some studies from high-income 

settings have shown that disclosure was associated with worse adherence (22, 23). However, 

the combined evidence from a recent review of disclosure of HIV status among children in 

resource limited settings has suggested that disclosure may play an important role in 

improving medication adherence and HIV-related outcomes (24). In our study, we found that 

among the children with full disclosure, none of the respective caregivers reported 

suboptimal adherence.

We found that caregivers of those children who experienced adverse effects of ART were 

more likely to report poor adherence. These findings are in agreement to those reported by 

other authors earlier (25, 26). It has been suggested that safer and simpler regimens, which 

minimize adverse effects, are desirable for achieving optimal adherence (27). The stigma 

surrounding HIV infection has been known to further complicate the management of 

children living with HIV (25). In our study, we found that unwillingness by the caregivers to 

medicate children in front of others also contributed to suboptimal adherence, although the 

significance was lost on multivariable analysis.

Running out of medication supplies was found to be significantly associated with poor 

virological outcomes, underlining the impact of challenging access to healthcare as a 

potential deterrent to optimal outcomes in such children. Several caregivers in our study 

reported that they had to travel for long durations, found it physically tiring and had 
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difficulty paying for transportation to reach the provider facility. Other studies, from north 

India, have reported a strong relationship of poor adherence with the distance travelled to 

reach the ART center and the travel cost (25, 27). The study period saw the launch of the 

link worker scheme under the third phase of the National AIDS Control Program (2), aiming 

to address HIV prevention and care needs of high risk and vulnerable groups in rural areas. 

Expansion of the scope of such schemes to enhance outreach, along with task shifting to 

nurse-based and home-based care may help to address some of these issues.

Among the children on ART in our study, we found that 15.4% had virological failure 

despite reported optimal adherence. Although several studies describe the close link between 

adherence and viral suppression, (28–30) the potential reasons for the non-correlation of 

adherence and viral load could be manifold. First, the adherence measurement tool used in 

this study only covered the previous month and hence may not have reflected long-term 

adherence. Second, previous non-adherence or other factors such as using a failing regimen 

and presence of drug resistance can also result in detectable viral load despite recently 

reported near-perfect adherence (30–32). Third, reporting bias is well-known with self-

reported adherence information (14). In addition to sustained adherence (thereby resulting in 

optimal therapeutic drug levels), several factors, including gender of the child, lower CD4 

counts, longer duration on ART (33), genetic variants (34), co-infection with tuberculosis 

and lower baseline weight (35) have all been demonstrated to affect virological suppression. 

Some of these factors were not significant in our study, and therefore factors influencing 

virological failure in such settings of relatively high adherence need further study.

This study has certain limitations, the most important of which is recall bias. Self-reports 

from caregivers and patients often tend to overestimate adherence. The caregivers may have 

been prone to a desirability bias, responding positively, but not entirely accurately, to the 

research staff. The non-clinical staff who administered the questionnaires in our study were 

not involved in routine clinical care and may have overcome this limitation to some extent. 

The cross-sectional design can also be a limitation, in that it precludes causal interpretations. 

Additionally, the fact that the study had only 15 children with caregiver-reported suboptimal 

adherence limited the power of the study and on statistical analyses led to wide confidence 

intervals for some variables as well. Further, the study was restricted to only two centers in 

one state of south India - since adherence factors are usually contextual, this precludes 

generalization of the results to other regions in India. A larger multi-site study would likely 

yield data more representative data for India.

Conclusion

In conclusion, we report that caregiver-reported adherence to ART among children attending 

these ART centers under the national AIDS control program is high. Challenges to achieving 

optimal adherence and virological outcomes include ART related adverse effects and 

difficulties in accessing provider facilities. Emphasis on access to care, inclusion of ART 

drugs with better safety profiles and provision of community-based services could further 

improve overall outcomes in pediatric HIV.

Mehta et al. Page 7

AIDS Behav. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

The authors would like to acknowledge the staff at Indira Gandhi Institute of Child Health, Bangalore and the ART 
Centre, St. John’s Medical College Hospital for their excellent teamwork and patient care. We would also like to 
thank the study team for their outstanding efforts in recruiting and interviewing the children and caregivers. We are 
grateful to the National AIDS Control Organization (NACO), Government of India, for providing support for these 
participants, and to the Karnataka AIDS Prevention Society (KSAPS) for facilitating the conduct of this study. Most 
importantly, we are grateful to the study subjects for participating in this study.

Funding: We gratefully acknowledge grant support from the National Institute of Mental Health, Bethesda, MD, 
USA (grant R01MH067513) awarded to MLE; and the Wellcome Trust-Department of Biotechnology India 
Alliance Senior Fellowship awarded to AS (IA/S/13/2/501017).

References

1. WHO. [Accessed 25 July 2015] Fact sheet N°360. Available at: http://www.who.int/hiv/en/

2. NACO. [Accessed on 25 Jul 2015] Annual Report 2013–2014. Available at: http://www.naco.gov.in/
upload/2014%20mslns/NACO_English%202013-14.pdf

3. Patel K, Hernan MA, Williams PL, et al. Long-term effectiveness of highly active antiretroviral 
therapy on the survival of children and adolescents with HIV infection: a 10-year follow-up study. 
Clin Infect Dis. 2008 Feb 15; 46(4):507–15. [PubMed: 18199042] 

4. Resino S, Resino R, Maria Bellon J, et al. Clinical outcomes improve with highly active 
antiretroviral therapy in vertically HIV type-1-infected children. Clin Infect Dis. 2006 Jul 15; 43(2):
243–52. [PubMed: 16779753] 

5. Bangsberg DR, Perry S, Charlebois ED, et al. Non-adherence to highly active antiretroviral therapy 
predicts progression to AIDS. AIDS. 2001 Jun 15; 15(9):1181–3. [PubMed: 11416722] 

6. Hogg RS, Heath K, Bangsberg D, et al. Intermittent use of triple-combination therapy is predictive 
of mortality at baseline and after 1 year of follow-up. AIDS. 2002 May 3; 16(7):1051–8. [PubMed: 
11953472] 

7. Van Dyke RB, Lee S, Johnson GM, et al. Reported adherence as a determinant of response to highly 
active antiretroviral therapy in children who have human immunodeficiency virus infection. 
Pediatrics. 2002; 109(4):e61. [PubMed: 11927734] 

8. Watson DC, Farley JJ. Efficacy of and adherence to highly active antiretroviral therapy in children 
infected with human immunodeficiency virus type 1. Pediatr Infect Dis J. 1999 Aug; 18(8):682–9. 
[PubMed: 10462336] 

9. Lodha R, Manglani M. Antiretroviral therapy in children: recent advances. Indian J Pediatr. 2012 
Dec; 79(12):1625–33. [PubMed: 23184329] 

10. Simoni JM, Montgomery A, Martin E, et al. Adherence to antiretroviral therapy for pediatric HIV 
infection: A qualitative systematic review with recommendations for research and clinical 
management. Pediatrics. 2007; 119:e1371–83. [PubMed: 17533177] 

11. Murphy DA, Sarr M, Durako SJ, et al. Barriers to HAART adherence among human 
immunodeficiency virus-infected adolescents. Arch Pediatr Adolesc Med. 2003 Mar; 157(3):249–
55. [PubMed: 12622674] 

12. Montaner JS, Reiss P, Cooper D, et al. A randomized, double-blind trial comparing combinations 
of nevirapine, didanosine, and zidovudine for HIV-infected patients: the INCAS Trial. Italy, The 
Netherlands, Canada and Australia Study. JAMA. 1998 Mar 25; 279(12):930–7. [PubMed: 
9544767] 

13. Vanhove GF, Schapiro JM, Winters MA, Merigan TC, Blaschke TF. Patient compliance and drug 
failure in protease inhibitor monotherapy. JAMA. 1996 Dec 25; 276(24):1955–6. [PubMed: 
8971062] 

14. Vreeman RC, Wiehe SE, Pearce EC, Nyandiko WM. A systematic review of pediatric adherence to 
antiretroviral therapy in low- and middle-income countries. Pediatr Infect Dis J. 2008 Aug; 27(8):
686–91. [PubMed: 18574439] 

15. NACO. [Accessed 21 July 2015] Pediatric ART guidelines. 2013. Available at http://naco.gov.in/
upload/2014%20mslns/CST/Pediatric_14-03-2014.pdf

Mehta et al. Page 8

AIDS Behav. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.who.int/hiv/en/
http://www.naco.gov.in/upload/2014%20mslns/NACO_English%202013-14.pdf
http://www.naco.gov.in/upload/2014%20mslns/NACO_English%202013-14.pdf
http://naco.gov.in/upload/2014%20mslns/CST/Pediatric_14-03-2014.pdf
http://naco.gov.in/upload/2014%20mslns/CST/Pediatric_14-03-2014.pdf


16. Giordano TP, Guzman D, Clark R, Charlebois ED, Bangsberg DR. Measuring adherence to 
antiretroviral therapy in a diverse population using a visual analogue scale. HIV Clin Trials. 2004; 
5(2):74–9. [PubMed: 15116282] 

17. Wiener L, Mellins CA, Marhefka S, Battles HB. Disclosure of an HIV diagnosis to children: 
history, current research, and future directions. J Dev Behav Pediatr. 2007 Apr; 28(2):155–66. 
[PubMed: 17435473] 

18. Martinez J, Bell D, Camacho R, et al. Adherence to antiviral drug regimens in HIV-infected 
adolescent patients engaged in care in a comprehensive adolescent and young adult clinic. J Natl 
Med Assoc. 2000 Feb; 92(2):55–61. [PubMed: 10800292] 

19. Mellins CA, Brackis-Cott E, Dolezal C, et al. Patterns of HIV status disclosure to perinatally HIV-
infected children and subsequent mental health outcomes. Clin Child Psychol Psychiatry. 2002; 
7(1):101–14.

20. Reddington C, Cohen J, Baldillo A, et al. Adherence to medication regimens among children with 
human immunodeficiency virus infection. Pediatr Infect Dis J. 2000 Dec; 19(12):1148–53. 
[PubMed: 11144374] 

21. Polisset J, Ametonou F, Arrive E, Aho A, Perez F. Correlates of adherence to antiretroviral therapy 
in HIV-infected children in Lome, Togo, West Africa. AIDS Behav. 2009 Feb; 13(1):23–32. 
[PubMed: 18654845] 

22. Giacomet V, Albano F, Starace F, et al. Adherence to antiretroviral therapy and its determinants in 
children with human immunodeficiency virus infection: a multicentre, national study. Acta 
Paediatr. 2003; 92:1398–1402. [PubMed: 14971789] 

23. Marhefka SL, Tepper VJ, Brown JL, et al. Caregiver psychosocial characteristics and children’s 
adherence to antiretroviral therapy. AIDS Patient Care STDS. 2006; 20:429–437. [PubMed: 
16789856] 

24. Vreeman RC, Gramelspacher AM, Gisore PO, Scanlon ML, Nyandiko WM. Disclosure of HIV 
status to children in resource-limited settings: a systematic review. J Int AIDS Soc. 2013 May 
27.16:18466. [PubMed: 23714198] 

25. De AK, Dalui A. Assessment of factors influencing adherence to anti-retroviral therapy for human 
immunodeficiency virus positive mothers and their infected children. Indian J Med Sci. 2012 Nov-
Dec;66(11–12):247–59. [PubMed: 23897519] 

26. McGuire M, Munyenyembe T, Szumilin E, et al. Vital status of pre-ART and ART patients 
defaulting from care in rural Malawi. Trop Med Int Health. 2010 Jun; 15(Suppl 1):55–62.

27. Sogarwal R, Bachani D. Assessment of ART centres in India: client perspectives. J Indian Med 
Assoc. 2009 May; 107(5):276–80. [PubMed: 19886381] 

28. Ekstrand ML, Shet A, Chandy S, et al. Suboptimal adherence associated with virological failure 
and resistance mutations to first-line highly active antiretroviral therapy (HAART) in Bangalore, 
India. Int Health. 2011 Mar; 3(1):27–34. [PubMed: 21516199] 

29. Ekstrand ML, Chandy S, Heylen E, Steward W, Singh G. Developing useful highly active 
antiretroviral therapy adherence measures for India: the Prerana study. J Acquir Immune Defic 
Syndr. 2010 Mar; 53(3):415–6. [PubMed: 20190588] 

30. Bain-Brickley D, Butler LM, Kennedy GE, Rutherford GW. Interventions to improve adherence to 
antiretroviral therapy in children with HIV infection. Cochrane Database Syst Rev. 2011 Dec.
7(12):CD009513.

31. Pillay D. The emergence and epidemiology of resistance in the nucleoside-experienced HIV-
infected population. Antivir Ther. 2001; 6(Suppl 3):15–24. [PubMed: 11678470] 

32. Palmisano L, Giuliano M, Bucciardini R, et al. Determinants of virologic and immunologic 
outcomes in chronically HIV-infected subjects undergoing repeated treatment interruptions: the 
Istituto Superiore di Sanita-Pulsed Antiretroviral Therapy (ISS-PART) study. J Acquir Immune 
Defic Syndr. 2007 Sep 1; 46(1):39–47. [PubMed: 17972364] 

33. Zoufaly A, Fillekes Q, Hammerl R, et al. Prevalence and determinants of virological failure in 
HIV-infected children on antiretroviral therapy in rural Cameroon: a cross-sectional study. Antivir 
Ther. 2013; 18(5):681–90. [PubMed: 23502762] 

Mehta et al. Page 9

AIDS Behav. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Glass TR, Rotger M, Telenti A, et al. Determinants of sustained viral suppression in HIV-infected 
patients with self-reported poor adherence to antiretroviral therapy. PLoS One. 2012; 7(1):e29186. 
[PubMed: 22235271] 

35. Ahoua L, Guenther G, Pinoges L, et al. Risk factors for virological failure and subtherapeutic 
antiretroviral drug concentrations in HIV-positive adults treated in rural northwestern Uganda. 
BMC Infect Dis. 2009 Jun 3.9:81. [PubMed: 19493344] 

Mehta et al. Page 10

AIDS Behav. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Strategies used by the caregiver for improving adherence
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Table 1

Characteristics of children on ART, categorized by optimal and suboptimal adherence

Parameter Optimal adherence, n=149 (%) Suboptimal adherence, n=15 (%) p

Age

≤ 10 years 74 (49.6) 7 (46.6) 0.82

Sex

Male 84 (56.3) 11 (73.3) 0.20

Household income

< 80 US $ 68 (45.6) 8 (53.3) 0.52

Caregiver education level

No formal education 34 (22.8) 6 (40.0) 0.18

Primary school 29 (19.5) 4 (26.7)

Middle school and above 86 (57.7) 5 (33.3)

Clinical

Advanced (WHO Stage 3 & 4) 37 (24.8) 2 (13.3) 0.31

Mean CD4 percentage ± SD 26.82 ± 9.64 25.22 ± 14.14 0.67

WHO – World Health Organization; SD - Standard Deviation.
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Table 2

Factors related to adherence to ART: n (%)

Parameter Optimal 
adherence, 
n=149 (%)

Suboptimal 
adherence, n=15 
(%)

Odds ratios

Unadjusted OR (95% 
CI)

Adjusted OR (95% CI)

Individual/Interpersonal factors

Did not want to medicate in front of others 48 (32.2) 9 (60.0) 3.15 (1.06–9.37)* 2.67 (0.78–9.06)

Was away from home 45 (30.2) 7 (46.6) 2.02 (0.69–5.91)

Forgot to take medication 31 (20.8) 5 (33.3) 1.90 (0.60–5.97)

Child refused medications 21 (14.1) 4 (26.7) 2.21 (0.64–7.61)

ART related factors

Zidovudine-based ART 49 (32.8) 5 (33.3) 1.19 (0.37–3.86)

ART duration ≥ 2 years 99 (66.4) 8 (53.3) 0.54 (0.18–1.58)

Experienced ART-related adverse effects 3 (2.0) 2 (13.3) 7.48 (1.14–48.91)** 14.01 (1.87–104.64)**

Health system related factors

Had difficulty paying for transportation to 
clinic

67 (44.9) 10 (66.7) 2.44 (0.79–7.5)

Physically tiring 48 (32.2) 8 (53.3) 2.40 (0.82–7.01)

Ran out of medications 13 (8.7) 5 (33.3) 5.23 (1.55–17.62)** 3.94 (0.94–16.49)

Felt that visiting clinic hours were 
inconvenient

6 (4.0) 1 (6.6) 1.70 (0.19–15.16)

Clinical correlate

Experienced virological failure 23 (15.4) 4 (26.7) 1.97 (0.57–6.74) 1.39 (0.33–5.86)

*
p < 0.05;

**
p ≤ 0.01
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Table 3

Factors related to virological failure na (%)

Parameter VL < 400, 
n=136 (%)

VL ≥ 400, n=27 
(%)

Odds ratios

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Individual/Interpersonal factors

Fully aware of HIV status 15 (11.0) 5 (18.5) 1.83 (0.60–5.55)

Did not want to medicate in front of 
others

46 (33.8) 11 (40.7) 1.34 (0.57–3.13)

Was away from home 45 (33.1) 7 (25.9) 0.70 (0.27–1.79)

Forgot to take medication 32 (23.5) 4 (14.8) 0.56 (0.18–1.75)

Child refused medications 16 (11.7) 9 (33.3) 3.75 (1.44–9.74)** 3.82 (1.30–11.19)**

Suboptimal adherence to ART 11 (8.1) 4 (14.8) 1.97 (0.57–6.74) 1.03 (0.22–4.82)

ART related factors

Zidovudine-based ART 43 (31.6) 10 (37.0) 1.25 (0.52–2.98)

ART duration ≥ 2 years 85 (62.5) 21 (77.7) 0.86 (0.38–1.92)

Health system related factors

Had difficulty in paying for transportation 
to clinic

63 (46.3) 14 (51.8) 1.24 (0.54–2.85)

Physically tiring 41 (30.1) 15 (55.5) 2.89 (1.24–6.72)** 1.29 (0.66–2.52)

Ran out of medications 9 (6.6) 9 (33.3) 7.05 (2.47–20.11)*** 7.28 (2.07–25.56)**

*
p < 0.05;

**
p ≤ 0.01,

***
p≤0.001

a
n =163 as viral load was not done for one.
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