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Abstract

Introduction

The HIV pandemic continues to contribute significantly towards childhood mortality and mor-

bidity. The up-scaling of the Anti-retroviral therapy (ART) access has seen more children

surviving and sanctions great effort be made on ensuring adherence. Adherence is a

dynamic process that changes over time and is determined by variable factors. This neces-

sitates the urgency to conduct studies to determine the potential factors affecting adherence

in our setting and therefore achieve the 90-90-90 goal of sustainable viral suppression.

Objectives

To assess the magnitude and associated factors of ART adherence among children (1–14

years) attending HIV care and treatment clinics during the months of July to November 2018

in Dar es Salaam.

Methods

A cross-sectional clinic-based study, conducted in three selected HIV care and treatment

clinics in urban Dar es Salaam; Muhimbili National Hospital (MNH), Temeke Regional Refer-

ral Hospital (TRRH), Infectious Disease Centre- DarDar Paediatric Program (IDC-DPP) HIV

clinics during the months of July to November 2018. HIV-infected children aged 1–14 years

who had been on treatment for at least six months were consecutively enrolled until the

sample size was achieved. A structured questionnaire was used for data collection. Four-

day self-report, one-month self-recall report and missed clinic appointments were used to

assess adherence. Frequencies and percentages were used to describe categorical data.

The odds ratio was used to analyse the possible factors affecting ART adherence Logistic

regression models were used to determine the factors associated with ART adherence.
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Analysis was conducted using SPSS version 20.0 and p-value <0.05 were considered sta-

tistically significant.

Results

333 participants were recruited. The overall good adherence (�95%) was approximated to

be 60% (CI-54.3–65.1) when subjected to all three measures. On multivariable logistic

regression, factors associated with higher odds of poor adherence were found to be caregiv-

ers aged 17–25 years [AOR = 3.5, 95%CI-(1.5–8.4)], children having an inter-current illness

[AOR = 10.8, 95%CI-(2.3–50.4)], disbelief in ART effectiveness [AOR = 5.495; 95%CI-

(1.669–18.182)] and advanced clinical stage [AOR = 1.972; 95% CI-(1.119–3.484)]. The

major reasons reported by caregivers for missing medications included forgetfulness (41%),

high pill burden (21%), busy schedule (11%) and long waiting hours at the clinic (9%).

Conclusion and recommendations

In the urban setting of Dar es Salaam, ART adherence among children was found to be rela-

tively low when combined adherence measures were used. Factors associated with poor

ART adherence found were younger aged caregivers, and child intercurrent illness, while

factors conferring good adherence were belief in ART effectiveness and lower HIV clinical

stage. More attention and support should be given to younger aged caregivers, children with

concomitant illness and advanced HIV clinical stages. Educating caregivers on ART effec-

tiveness may also aid in improving adherence.

Introduction

HIV (human immunodeficiency virus) is a virus that attacks the immune cells in the human

body thus making them more vulnerable to infections and the development of a life-threaten-

ing chronic condition called AIDS (acquired immunodeficiency syndrome). To control HIV

viral replication and improve the function of the immune system, patients must use ART (anti-

retroviral therapy). Drug adherence is a key part of ART treatment, it refers to the whole pro-

cess from choosing, starting, and managing to maintaining a given therapeutic medication

regimen to control viral replication and improve the function of the immune system.

The HIV epidemic continues to have devastating consequences globally. According to

UNAIDS, in 2018, 37.9 million people were living with HIV/AIDS worldwide, of which 1.7 mil-

lion (5% of the population) were children aged less than 15 years [1]. Sub-Saharan Africa bears

the largest burden of the HIV epidemic, accounting for 1.09 million children living with HIV/

AIDS and more than 60% of new infections occur in women, infants or young children [2].

With the recent scale-up of ART access in sub-Saharan countries, the maximum focus

needs to be laid on maintaining optimal adherence as it has been proven that, for the greatest

success in ART effectiveness [3], adherence should be at 95% or greater [4–6]. The need for

near-perfect adherence to a lifelong therapy from an early age has been identified as a major

challenge in the administration of ART to HIV-infected children [4, 7, 8]. Poor adherence

leads to low therapeutic drug levels, resulting in incomplete suppression of HIV replication.

It leads to resistance to the drugs and moreover cross-resistance within the same class [5,

6], thus compromising future treatment options and increasing mortality. Adherence reports

among children taking ARTs in sub-Saharan Africa varies greatly 29–98% [9], with some

countries reporting higher adherence over the other [10–13]. This can be attributed to the
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diversity of methods being used to assess adherence where self-reported measures are the com-

monest employed amongst low resource settings and thus have a tendency to overestimate

adherence compared to the objective methods.

It has been shown in these settings, that a more accurate assessment of ART adherence can

be obtained when two or more methods are employed to assess adherence [14]. Studies on

adherence amongst children in Tanzanian context are greatly lacking, a study done in 2012

revealed good adherence to ART regimen was only reported in 24.6% of children and adoles-

cents when three assessment measures were employed.

Adherence has been seen to be complex amongst children as compared to adults with dif-

ferent pressing issues affecting it, as they have to rely on the caregivers and their wellbeing to

obtain drugs and face multiple challenges in social, health system and drug-related aspects.

Poor socio-economic circumstances including age of caregivers, poverty, single marital status

and stigma were seen to be associated with poor adherence among countries like Cape Town,

Uganda, Ethiopia, Nigeria and Northern Tanzania [10, 12, 15–17]. Various studies have

related poor adherence to caregiver factors, as seen with children who are under the care of

non-parental guardians and single parents or busy caregivers [18–21].

In some countries, the regimen and health system-related factors have been seen to pose a

barrier for good adherence, whereby complexity, tediousness of the pediatric regimen were

noted in some places like South India and Ethiopia [10, 22] and drug side effects and nausea

were seen to impede adherence in Northern Tanzania and Jamaica [17, 19].

Enhancing adherence and understanding its barriers in the local context is crucial and

must be an ongoing process to ensure ART success. Data amongst children and early teenagers

is lacking in Tanzania and specifically in Dar es Salaam. This study aims to cater for this gap

and assess the magnitude and attributes of ART adherence in this special group in order to

design appropriate interventions to improve, or maintain optimal adherence levels.

Materials and methods

Study design and area

This was a hospital based cross-sectional study conducted between July to November 2018 in

three sites within the city centre of Dar-es-Salaam; Muhimbili National Hospital (MNH),

Temeke Regional Referral Centre (TRRH) and Infectious Disease Centre-DarDar Paediatric

Clinic (IDC-DPP) HIV care and treatment clinics catering for children 1–14 years with their

caregivers’ and have monthly scheduled follow-ups’ in accordance with the national guidelines

for the management of HIV/AIDS. The three sites were chosen as they were more accessible

and represented three different levels of health facilities in the country.

Participants and eligibility criteria

The study participants were confirmed HIV positive children (1–14 years) already initiated on

anti-retroviral therapy for at least six months and have scheduled follow up clinic visits with

their caregivers at the three afore-mentioned CTC sites. Those on presumptive treatment

were excluded. Presumptive treatment is the initiation of ARTs in an infant of an HIV positive

mother with certain criteria before the availability of HIV PCR results. This is part of the Tan-

zania’s national HIV guidelines [23].

We screened the child’s clinical hospital records, CTC 1 and 2 cards for confirmation of the

diagnosis of HIV and the duration of treatment and follow up at the CTC. Pharmacy records

were checked for confirmation of attendance for drug pick up. Participants and their caregiv-

ers were consecutively enrolled until the sample size was achieved, if they fulfilled the inclusion

criteria and consented.
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The sample size for this study was calculated using the Kish Leslie formula using the preva-

lence of good adherence from the KCMC, a study in Northern Tanzania which employed

three methods to assess adherence and found it to be 24.6% when all three methods were com-

bined thus;

n ¼
Z2 � Pð1 � PÞ

ME2

Where,

Z—Is percentage point corresponding to a significance level of 5% (1.96)

P—Prior judgment of the correct level of ART adherence in children with HIV (%)

Taken as: 24.6% in a study done at KCMC between 2011–2012 [17]

E—Precision of the estimate = 0.05

Thus n ¼ 1:962�0:246� 1� 0:246ð Þ

0:052 ¼ 285

Therefore, 285 was the minimum sample size required for the study.

Considering 10% non-response, the required minimum sample size estimated was 316 par-

ticipants with their caregivers.

To ensure fair distribution from each site, the sampling technique used was Proportion to

size sampling, based on the number patients attending/registered at the specific CTC clinic.

Then participants were consecutively recruited until the desired site contribution was reached

and the final sample size was obtained in order to achieve a representative, yet, unbiased sam-

ple. The percent contribution towards the sample size was calculated as follows:

MNH had 255 patients 1–14 years registered thus contributing 35% of the sample size = 111

participants

TRRH had 250 patients 1–14 years registered thus contributing 34% = 107 participants

IDC-DPP clinic had 230 patients 1–14 years registered thus contributing 31% = 98

participants

In our study a total of 330 met the inclusion criteria during the recruitment process as

described in Fig 1. The sample can be considered representative of a larger population as it

included patients from three different cadres of the health facility.

Variables and data measurement

The variables measured in this study included: adherence level, factors associated with ART

adherence after being on ART for at least six months. ART adherence being the dependent

variable and independent variables were socio-demographic characteristics like child’s age,

gender, schooling status, caregiver’s age, relation to the child, marital status, employment sta-

tus and monthly income. Participant characteristics like HIV status disclosure, stigmatization,

child’s illness, availability of adequate food, belief in ART effectiveness and HIV clinical stage,

while treatment related factors considered in this study were type of ART regimen, duration of

use, pill burden and side effects. Finally, health system related factors included in this study

were drug availability, adequate refills, easy access to health facility and counseling on drug

adherence.

Measures of adherence. Three measurement tools were used to assess adherences for all

participants: four-day self-recall report, one-month self-recall report (using the visual analogue

scale) and number of scheduled clinic appointments missed. For each of these measures,

greater than or equal to 95% responses were considered as good adherence, while less than

that were taken as poor adherence [24].

PLOS ONE Magnitude and associated factors of anti-retroviral therapy adherence among children with HIV/AIDS in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0275420 September 30, 2022 4 / 19

https://doi.org/10.1371/journal.pone.0275420


Fig 1. Flow diagram showing recruitment of participants.

https://doi.org/10.1371/journal.pone.0275420.g001

PLOS ONE Magnitude and associated factors of anti-retroviral therapy adherence among children with HIV/AIDS in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0275420 September 30, 2022 5 / 19

https://doi.org/10.1371/journal.pone.0275420.g001
https://doi.org/10.1371/journal.pone.0275420


4-day self-recall report: Caregivers were asked to recall if they had missed any dose over the

last 4 days. If they reported missing more than one dose, it was considered as poor adherence

<95%. If they reported one or no missed doses it was considered good adherence (�95%).

1 month-self recall report (Visual Analogue Scale): Caregivers were asked to mark on a cali-

brated line scaled 1–10, as a reflection of the way they administered the medications to the

child over the last one month. Thereafter, the mark was translated into percentage to estimate

their drug administration estimate over the entire month. If the mark was below 9.5 (<95%) it

was considered as poor adherence. If marked was at or above 9.5 (�95%) it was taken as good

adherence.

The number of missed clinic appointments: Records of the number of visits scheduled over

the past 6 months were asked and confirmed from the CTC card and then the number of visits

missed/ delayed according to the clinic’s allowed time for delay, were checked from their CTC

card and recorded accordingly. Each CTC had a maximum tolerance for delay where they

were provided adequate drugs for that delay period. If there was no attendance beyond the

allowed delay period, it was considered a missed visit. If the participant missed his/her sched-

uled appointment but attended it within the maximum allowed by the CTC, it was not consid-

ered a delay. This was further counter-checked with the pharmacies’ refill records to ensure

the drugs were picked up. If the participant missed more than one scheduled clinic visit it was

considered as poor adherence (<95%).

Thus, after documenting all the three adherence measures, overall good adherence was

qualified when the participant did well (�95%) in all three adherence measures. If he/she per-

formed less than 95% in any one adherence measure, he/she was qualified as having poor over-

all adherence.

Factors affecting adherence. Factors affecting ART adherence taken in this study were:

socio-demographic factors, participant-related factors, drug regimen-related factors and health

system-related factors, obtained from interviewing the caregiver.

Data collection methods- tools and technique. Data was collected using a researcher-

administered, standardized structured questionnaire, which was developed in English and

translated into Kiswahili, the national language in Tanzania to enable participants to respond

in a language they fully comprehend. The interview was conducted with the caregiver of the

participant, and the questionnaire was simultaneously filled during the interview. Data was

collected by the principal investigator and a single research assistant who underwent a week of

daily training by the principal investigator before the commencement of data collection. The

research assistant was a medical officer who had good understanding about the subject of the

study. Screening to identify the confirmed HIV positive children was conducted at the HIV

CTC. The investigator first established a good rapport with the client and displayed a non-

judgmental, empathic attitude before embarking on the interview, which was conducted in a

private comfortable room with no interference/on sight listeners. Data collection forms were

anonymous and were only identified by a unique study identification number. Some informa-

tion was obtained from their medical records (CTC cards, case notes and online system)

whichever was being used in that facility. For participants with indicators of poor adherence

levels, reasons for poor adherence were enquired from the caregivers.

Statistical analysis

Data was analyzed using SPSS software version 20. Quality control checks were assured during

data entry process. Measures of central tendency were used to summarize discrete data. Charts,

graphs and tables were used to display categorical data. The overall level of ART drug adherence

was calculated, and contingency tables were constructed for bivariate analysis, to explore factors
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associated with levels of ART adherence. Odds ratio was used to determine associations between

the dependent and independent variables. Level of significant association was set at p<0.05.

Bivariate analysis and multivariate logistic regression models were used to determine Odds

ratios and p values for varied factors associated with adherence. Only those factors whose

Odds ratios had p values<0.2 on Bivariate analysis were further adjusted for in grouped man-

ner on multivariate analysis. Adjusted Odds ratios with p values<0.05 on multivariate analysis

were considered significant.

Ethical consideration

Ethical approval to conduct the study was obtained from the Ethics Review Committee of

Muhimbili University of Health and Allied Sciences and permission was sought from the

respective health facilities. A written informed consent was sought from the caregiver of the

child after providing them clear information regarding the study, its benefits, and risks of par-

ticipating in this study.

A formal written assent was obtained from all children seven years and above who had the

capacity to understand, after explaining to them in a simple language the aim of the study and

the necessary information at a level they could comprehend.

Confidentiality of the participants’ information was ensured throughout, and no identifica-

tion was used on the data collection tools. A unique case report form (CRF) identification num-

ber was used on the questionnaire, such that no information could be traced back to the

participants. Information obtained was stored in a password-secured computer database and the

hard copies of the questionnaire were secured in a locked cabinet by the principal investigator.

Results

Socio-demographic characteristics of the study participants

Among the 333 participants as shown in Table 1, the median age was 11 years with an inter-

quartile range of 7–13 years. A slightly higher proportion of the participants were male

(53.2%) and more of the participants were in the adolescent age group (10-14yrs) (61.3%), and

the majority were attending school (90.7%).

Most of the participants (82.9%), had at least one parent and for most, they were their bio-

logical parent (73.6%). About one-third of caregivers (34.5%) were unemployed and the

majority of caregivers (75%) had an average gross monthly income of under 100,000 Tzs. Care-

givers were aged between 17 and 75 with a median age of 40 years (IQR 34-46yrs), of which

70% were above 35 years of age.

ART Adherence among HIV infected children

Amongst a total of 333 participants that were recruited, approximately 60% (CI- 54.3–65.1)

were noted to have good adherence as shown in Fig 2.

Fig 3 displays the ART adherence level by each method of adherence assessment.

The four-day self-recall and missed clinic visits had an almost similar adherence rate of 93–

94% as compared to the one-month self-recall report using VAS which showed a considerably

lower level of adherence (61.6%). However, this was concordant with the overall adherence level.

Factors associated with ART adherence

Socio-demographics factors associated with ART adherence. Table 2 shows the univari-

ate analysis of the selected socio-demographic characteristics in relation to ART adherence.

The only factor noted to be associated with ART adherence was the caregivers’ age group.
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Children whose caregivers were 17–25 years had a two times higher odds of having poor

adherence [OR = 2.636, 95% CI 1.146–6.066 p = 0.023] when compared to children whose

caregivers were over 25 years.

On further investigation about these younger aged caregivers, it was noted six amongst the

twenty-six were older siblings caring for their younger ones in the absence of their parents and

the remaining were young mothers.

Participant factors associated with ART adherence. Participant factors that were associ-

ated with poor ART adherence on univariate analysis, were found to be child having an inter-

current illness had eighteen times higher odds of having poor adherence (OR = 18.3; 95% CI

4.214–79.513; p<0.001) and those who had adequate access to food, were two and a half times

more likely to be associated with poor adherence (OR = 2.507; 95% CI 1.452–4.330; p = 0.001).

In addition, it was seen in this study that disbelief in ART effectiveness and advanced clinical

stage was associated with higher odds of poor adherence (OR = 8.474; 95%CI 3.145–22.727;

p<0.001) (OR = 1.927; 95% CI 1.149–3.23; p = 0.019) respectively and these were found to be

statistically significant as seen in Table 3.

Regimen related and health system-related factors associated with ART adherence.

Tables 4 and 5 demonstrate the selected regimen related and health facility factors assessed in

this study. None of these factors were significantly associated with poor adherence.

Table 1. Participant and caregiver socio-demographic characteristics.

Variable Frequency (%) n = 333

Sex of Child

Male 177 (53.2)

Female 156 (46.8)

Child Age Group (years)

Pre-Adolescent (1–9) 129 (38.7)

Adolescent(10–14) 204 (61.3)

Child Schooling Status

Attending school 302 (90.7)

Not attending school 31 (9.3)

Parental Status

Single/Both Parents 276 (82.9)

Non-parental caregiver 57 (17.1)

Relation of Caregiver

Biological Parent 245 (73.6)

Non-Biological Parent 88 (26.4)

Caregiver Age Group

17-<25 years 26 (7.8)

25–<35 years 74 (22.2)

> 35 years 233 (70.0)

Caregiver Marital Status

Married/Cohabiting 177 (53.2)

Single/Divorced/Widowed 156 (46.8)

Employment Status

Employed 218 (65.5)

Unemployed 115 (34.5)

Monthly Income

Less than 100,000 250 (75.1)

100000 and above 83 (24.9)

https://doi.org/10.1371/journal.pone.0275420.t001
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Independent factors associated with poor ART adherence. The possible factors that

were seen to be associated with ART adherence on univariate analysis were further analysed

for confounder effect. The Hosmer-Lemshow goodness of fit test for logistic regression was

used to test the association, the test statistic equalled a p-value of 0.243, which signified that the

Fig 2. Overall level of ART adherence among children 1–14 years.

https://doi.org/10.1371/journal.pone.0275420.g002

Fig 3. Adherence level By each method of adherence assessment.

https://doi.org/10.1371/journal.pone.0275420.g003
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logistic regression model used to analyse this data was appropriate. Multivariate analysis

results for those factors and additionally others with p<0.2 are displayed in Table 6. It was

seen that the factors which remained to be significantly associated with a higher odds of poor

adherence, were younger age group caregivers 17–25 years (AOR = 3.520; 95% CI 1.471–

8.422), children having inter-current illness (AOR = 10.869; 95% CI 2.340–50.489), disbelief in

ART effectiveness (AOR-5.495; 95% CI-1.669–18.182) and advanced children clinical stage

(AOR-1.972; 95% CI-1.119–3.484).

Availability of adequate food lost statistical significance on multivariate analysis. Moreover,

Child age group, HIV disclosure, clinic timings and counselling were not found to be associ-

ated with poor ART adherence.

Caregiver reasons for missing doses in HIV infected children

For those caregivers who reported missing even one pill, reasons were explored and some of

the main challenges cited by them were; forgetting to take pills daily (41%) and high pill bur-

den (21%) as the predominating factors followed by busy schedule- interrupting drug adminis-

tration (11%) and long waiting hours at the clinic (9%). These, among the other cited reasons,

are shown in Fig 4.

Table 2. Socio-demographic characteristics associated with ART adherence.

Variable Adherence Total (n = 333) OR (95% CI) P-Value

Poor (%) Good (%)

Gender (n = 134) (n = 199)

Male 74(41.8) 103(58.2) 177 1.150 (0.741–1.784) 0.534

Female 60(38.5) 96(61.5) 156

Child Age Group

Pre-Adolescent (1-9yrs) 45(34.9) 84(65.1) 129 0.692(0.439–1.092) 0.113

Adolescent (10-14yrs) 89(43.6) 115(56.4) 204

Child Schooling Status

Attending school 121(40.1) 181(59.9) 302 0.926(0.437–1.959) 0.840

Not attending school 13(41.9) 18(58.1) 31

Parental Status

Single/Both Parents 110 (39.0) 166(60.1) 276 0.911 (0.511–1.625) 0.762

Non-parental caregiver 24(42.1) 33(57.9) 57

Relation of Caregiver

Biological Parent 95(38.8) 150(61.2) 245 0.796(0.486–1.303) 0.364

Non-Biological Parent 39(44.3) 49(55.7) 88

Caregiver Age Group

17–<25 years 16(61.5) 10(38.5) 26 2.636 (1.146–6.066) 0.023

25–<35 years 30(40.5) 44(59.5) 74 1.123 (0.658–1.917) 0.669

> 35 years 88(37.8) 145(62.2) 233 1 Reference variable
Caregiver Marital Status

Married/Cohabiting 71(40.1) 106(59.9) 177 0.989 (0.638–1.534) 0.960

Single/Divorced/Widowed 63(40.4) 93(59.6) 156

Employment Status

Employed 86(39.4) 132(60.6) 218 0.909 (0.574–1.440) 0.685

Unemployed 48(41.7) 67(58.3) 115

Monthly Income

Less than 100,000 101(40.4) 149(59.6) 250 1.027(0.619–1.705) 0.918

100000 and above 33(39.8) 50(60.2) 83

https://doi.org/10.1371/journal.pone.0275420.t002
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Discussion

ART adherence in children is crucial to ensure treatment success. Poor adherence results in

sub-optimal drug levels making it less effective in suppressing viral replication resulting in

treatment failure. There is an emerging concern as to what level of adherence can be achieved

Table 4. Drug regimen related characteristics associated with ART adherence.

Variable Adherence Total (n = 333) OR (95% CI) P-Value

Poor (%) Good (%)

Type of ART Regimen (n = 134) (n = 199)

Lopinavir/ritonavir based 27(37.5) 45(62.5) 72 1 Reference Variable
Efavirenz based 26(32.5) 54(67.5) 80 0.802(0.411–1.565) 0.519

Nevirapine based 81(44.2) 100(55.2) 181 1.350(0.771–2.363) 0.293

ART Duration Use

Less than 2 years 12(36.4) 21(63.6) 33 0.834(0.396–1.757) 0.633

2 years and more 122(40.7) 178(59.3) 300

Number of pills per dose

1-pill 30(45.5) 36(54.5) 66 1.306 (0.759–2.249) 0.335

More than 1 pill 104(39.0) 163(61.0) 267

Person administering dose

Child him/herself only 10(55.6) 8(44.4) 18 1.846(0.692–4.927) 0.221

Caregiver only 59(38.3) 95(61.7) 154 0.917(0.583–1.442) 0.708

Child and caregiver 65(40.4) 96(59.6) 161 1 Reference Variable
Side effects Experienced

Yes 19(48.7) 20(51.3) 39 1.479(0.757–2.890) 0.253

No 115(39.1) 179(60.9) 294

https://doi.org/10.1371/journal.pone.0275420.t004

Table 3. Participant characteristics associated with ART adherence.

Variable Adherence Total (n = 333) OR (95% CI) P-Value

Poor (%) Good (%)

HIV Status disclosure (n = 134) (n = 199)

Yes 66(45.2) 80(54.6) 146 1.444(0.928–2.245) 0.103

No 68(36.4) 119(63.6) 187

Experiencing Stigma

Yes 121(40.5) 178(59.5) 299 1.098(0.530–2.277) 0.801

No 13(38.2) 21(61.8) 34

Child Inter-current illness

Yes 21(91.3) 2(8.7) 23 18.3(4.214–79.513) <0.001

No 113(36.5) 197(63.5) 310

Availability of Adequate Food

Yes 39(58.2) 28(41.8) 67 2.507(1.452–4.330) 0.001

No 95(35.7) 171(64.3) 266

Believf in ART Effectiveness

Yes 110(36.2) 194(63.8) 304 <0.001

No 24(82.8) 5(17.2) 29 8.474(3.145–22.727)

Clinical Stage

Stage 1–2 94(36.6) 163(63.4) 257 0.012

Stage 3–4 40(52.6) 36(47.4) 76 1.927(1.149–3.23)

https://doi.org/10.1371/journal.pone.0275420.t003
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from children in poor resource settings, since adherence in children and adolescents has been

identified as a challenge due to multiple factors, dependence on others to give them the drugs

and problems related to the endurance of life-long therapy.

The overall ART adherence of approximately 60%, is in keeping with a study done in Nige-

ria in 2015, and close to that reported in rural Tanzania, during the same year 65.6% and 70%

respectively [16, 20]. A systematic review of ART adherence in low and middle-income coun-

tries in 2008 found a range in adherence estimates from 49% to 100% using different adher-

ence measures [25].

In contrast to our findings, adherence was reported to be higher ranging from 72% to 94%

among the last two decades in other sub-Saharan countries including; Ethiopia, Tanzania,

Malawi and Uganda, with most studies reporting>90% ART adherence by self-recall means

[10–13]. Similarly, a single centred study done in Northern Tanzania, subjected to the three

methods, reported a significantly lower adherence level of 24.6% among HIV infected children

[17]. Our comparatively higher adherence estimates despite multiple methods, could be

explained by the considerable improvement in CTC services, free ART access and improved

adherence counselling over the past half-decade.

The possible explanation of the exceptionally high contrasting results, obtained by the other

sub-Saharan countries, could be due to their use of short-term recall methods to assess adher-

ence. In fact, in this study, using the four-day recall method alone to measure adherence

would have shown similar high adherence of 93.4% as these studies. This method, when used

alone, is known to over-estimate ART adherence, especially if caregivers are the ones report-

ing, due to their vulnerability to social desirability and over-reporting. These biases could

result in falsely inflated adherence estimates in the actual situation [25]. While the VAS score

is subjected to recall bias, it is the only measure which may capture the participant’s own per-

ception of his/her adherence, a measure of self-evaluation and may actually affect the outcome

of future adherence and thus is an important measure that should not be omitted.

Multivariate logistic regression analysis indicated that the age of caregiver was an indepen-

dent factor associated with ART adherence. Children, whose caregivers were 17–25 years,

were significantly found to be associated with poor adherence. These findings were similar to

Table 5. Health system-related characteristics associated with ART adherence.

Variable Adherence Total (n = 333) OR (95% CI) P-Value

Poor (%) Good (%)

Drug Change due to Unavailability (n = 134) (n = 199)

Yes 39(39.8) 59(60.2) 98 0.974(0.602–1.576) 0.915

No 95(40.4) 140(59.6) 235

Adequate Drug Refill

Yes 107(41.5) 151(58.5) 258 1.260(0.740–2.146) 0.395

No 27(36.0) 48(64.0) 75

Difficulty Accessing Health Facility

Yes 76(41.8) 106(58.2) 182 1.15(0.740–1.787) 0.535

No 58(38.4) 93(61.6) 151

Clinic Time Convenient

Yes 57(35.0) 106(65.0) 163 0.649(0.418–1.010) 0.055

No 77(45.3) 93(54.7) 170

Counseled on importance of Adherence

Yes 130(39.6) 198(60.4) 328 0.164(0.018–1.485) 0.108

No 4(80.0) 1(20.0) 5

https://doi.org/10.1371/journal.pone.0275420.t005
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those reported from Kano (Nigeria) and Mekelle (Ethiopia) [10, 16]. However, caregivers’

marital status and their economic condition did not seem to have an effect in this study like it

did in the aforementioned surveys. Similarly, findings from KCMC in Northern Tanzania,

suggested caregivers’ low monthly income was associated with poorer adherence [17]. The

caregivers’ relationship to the child had little effect on adherence status of the child, unlike the

findings reported from a region in rural part of Tanzania-Ifakara in 2015 by Nyogea et al from

Tanzania where step mothers contributed to poor adherence [20].

A child’s optimal adherence strongly relies on the caregiver’s commitment; the younger age

group are more likely to be less responsible towards this entrustment than their counterparts,

who may have a better understanding of the dynamics of disease and health and thus, deserve

more focused attention on adherence counselling and may entail health providers to identify

older household members to be involved hand in hand in the care of the child.

Regimen related and health facility related factors affecting adherence

The study took place in centres with trained and motivated staff, where all the facilities pro-

vided care which was in line with the national ART scale up policy, by using simple once/twice

Table 6. Independent factors associated with poor ART adherence.

Variables Adherence cOR (95%CI) AOR (95% CI) P-Value

Poor(%) Good(%)

Child Age Group

Pre-Adolescent (1-9yrs) 45(34.9) 84(65.1) 0.692(0.439–1.092) 0.848 (0.453–1.587) 0.607

Adolescent (10-14yrs) 89(43.6) 115(56.4) 1

Care Giver Age Group

17-<25 years 16(61.5) 10(38.5) 2.636(1.146–6.066) 3.520 (1.471–8.422) 0.005

25–<35 years 30(40.5) 44(59.5) 1.123(0.658–1.917) 1.431 (0.781–2.619) 0.246

> 35 years 88(37.8) 145(62.2) 1 1

HIV Status Disclosure

Yes 66(45.2) 80(54.6) 1.444(0.928–2.245) 1.303 (0.717–2.367) 0.385

No 68(36.4) 119(63.6) 1

Child inter-current Illness

Yes 21(91.3) 2(8.7) 18.3(4.214–79.513) 10.869 (2.340–50.489) 0.002

No 113(36.5) 197(63.5) 1

Availability of Adequate Food

Yes 39(58.2) 28(41.8) 2.507(1.452–4.330) 1.574 (0.830–2.984) 0.165

No 95(35.7) 171(64.3) 1

Believes on Effectiveness of ART

Yes 110(36.2) 194(63.8) 1

No 24(82.8) 5(17.2) 8.474(3.145–22.727) 5.495(1.669–18.182) 0.005

Clinical Stage

Stage 1–2 94(36.6) 163(63.4) 1

Stage 3–4 40(52.6) 36(47.4) 1.927(1.149–3.23) 1.972(1.119–3.484) 0.019

Clinic Timing Convenient

Yes 57(35.0) 106(65.0) 0.649(0.418–1.010) 0.711 (0.430–1.177) 0.185

No 77(45.3) 93(54.7) 1

Counseled on Importance of Adherence

Yes 0.164(0.018–1.485) 1.448 (0.106–19.706) 0.781

No 1

https://doi.org/10.1371/journal.pone.0275420.t006
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daily regimens, fixed dose combinations when available and constant supply at all times. Due

to the fully funded HIV CTC services, participants no longer faced the regimen related and

healthcare related barriers to ART adherence including: cost of drugs, difficulty in accessing

healthcare facilities, inadequate refills, unqualified regimen changes and pill burden. There-

fore, these factors were not found to significantly influence ART adherence in this study;

which was in line with other studies in Sub-Saharan African countries with similar setups in

providing ART services [13, 17, 26–28].

This study highlighted that, the most significant barriers to good ART adherence were

those related to the participant themselves; Child’s intercurrent illness, availability of adequate

food, belief in the effectiveness of ARTs and HIV clinical stage. In a few studies, some but not

all these factors were found to be obstacles for ART. A study done in Nigeria in 2010, reported

child’s inter-current illness and non-belief in ARTs; while a study in rural Tanzania (Ifakara)

found preferring herbal medicine and experiencing stigma as barriers for ART adherence [16,

20]. On the contrary, a study in urban Malawi, Ethiopia and northern Tanzania found no sig-

nificant relation of ART adherence with a child’s WHO clinical stage or caregivers’ belief in

ART effectiveness [13, 17, 29]. Non-disclosure and stigma were not found to affect adherence

in this study as it did in earlier studies [12, 30]. The most plausible reason for this difference

may be due to improved awareness, acceptance of HIV/AIDS and encouragement of timely

child disclosure.

To explain our findings, we speculate; in Tanzania, while the knowledge of HIV/AIDS and

its treatment is overall good, beliefs of an existing supernatural power that may have afflicted

an HIV infected person still exists, leading to a preference for alternative healing (herbs, spiri-

tual medicine) which may hinder ART use. The findings point to a possible serious gap in a

caregiver’s awareness of health implications of non-adherence during illness and advanced

Fig 4. Reasons for missing doses in HIV infected children.

https://doi.org/10.1371/journal.pone.0275420.g004
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stage, coupled with a false belief that taking ARVs with other drugs or during concomitant ill-

ness could result in serious adversities. Further studies on caregivers’ belief aspects need to be

carried out to confirm this finding.

Surprisingly in this study, the availability of adequate food was found to be associated with

poor adherence, similar to findings from Addis Ababa [29], however this lost significance on

multivariate analysis. It is difficult to speculate about this association, as several studies have

deemed nutrition availability and support as an integral part of successful HIV care and treat-

ment [31–33] losing its significance on further analysis verifying its confounder effect. More-

over, under-nutrition was noted among less than one-fifth of the participants (17%) signifying

that it poses less of a problem in recent times than it did around a decade earlier in Tanzania

[27] and Ethiopia [26]. The possible explanation for this could be that most of these patients

were not ART naïve and had been attending the clinic and receiving counseling, which may

have improved their nutritional status. Furthermore, nutrition is not entirely dependent on

adherence to ARVs, rather is determined by multiple factors like educational and socioeco-

nomic status, family size, dietary diversity and other comorbid conditions [33–35].

Caregivers’ reasons for missing medications

The main problems cited by the caregivers, who were responsible for a missed dose in this

study were: forgetfulness, high pill burden, a busy schedule, and long waiting hours at the

clinic. Some, but not all of these factors, were reported in other studies from similar resource

limited countries like Ethiopia-Mekelle which found the pill a burdensome and a survey in

Addis Ababa found forgetfulness (23.5%) [26] as barriers to observing adherence. A study

done in Nigeria also reported similar findings as ours; forgetfulness (59.5%), travel away from

home/busy (21.4%) and child inter-current illness (14.3%) [16].

A multi-centre study in Tanzania reported long waiting hours at the clinic to be a hindrance

to effective adherence [27] which was similar to findings in this study. This is possible because

some HIV clinics operated only once a week for children. In addition to that, with the current

provision of free drugs, the demand is higher and more prone to having longer waiting hours,

unlike previous times where patients had to pay for their drugs. This can lead to patient dissat-

isfaction and default from treatment [36]. The pill burden was observed to be high among

most of the participants of this study and this could be due to the deficiency of paediatric

fixed-dose combinations available for every ART regime, as is available for adults- as a single

pill taken once a day.

On the contrary, earlier studies reported explanations of suboptimal adherence being the

cost of transportation, difficulty accessing health facilities, cost of medication and lack of ade-

quate counselling [27, 37]. During those times, HIV care was not entirely free and widely dis-

tributed and accessible. Patients had to bear some costs of their treatment, including buying

their drugs and paying for lab tests. Currently, with support funding from PEPFAR, HIV

drugs and services is cost-free, and clinics and transport services are easily accessed and thus

not reported to be problematic.

The strengths of this study were that it was conducted in three centres in the region includ-

ing primary and tertiary level health facilities, serving participants from most districts. There-

fore, the data obtained is reflective of the actual situation of adherence in our surroundings.

Furthermore, the parameters used to assess adherence were practical and easily employed in

any low-resource clinical setting. Three separate measures were in cooperated, to improve the

reliability of the assessment, and thus remove the bias of one measure over the other.

This study should be interpreted with the following limitations in mind: Cross-sectional

studies of this nature are unable to capture trends in adherence, which are known to change
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over time, thus are limited in drawing conclusions regarding causal effect relationship of

potential factors, a longitudinal component may be the most appropriate for this regard. In

addition, classification of different adherence cut-off points, adherence measures and study

designs used in different studies may not be perfect to compare and contrast findings metic-

ulously. With regards to the parameters used to assess adherence, they are liable to be

affected by recall bias and social desirability bias and these may have over-estimated good

adherence. However, efforts were made to mitigate them by employing three different meth-

ods, whereby, the 4-day recall method has nearly no recall bias and the clinic attendance

method is highly objective and concrete. The one-month recall method is actually the most

accurate depiction of the care givers’ own perception of the child’s adherence and has impli-

cations on his/her future adherence pattern and is thus an important parameter that should

not be excluded.

In conclusion, good adherence was noted only among 60% of the children attending HIV

CTC clinics in Dar es Salaam. The factors influencing poor adherence were; younger age of

caregivers and a child having inter-current illness whilst, belief in the effectiveness of ARTs

and a child in the initial HIV clinical stages fostered good adherence. The most cited care-

giver-related reasons for missing drugs were; forgetfulness, high pill burden, busy schedule

and long waiting hours at clinic.

Thus, we recommend the following; health workers should assess for ART adherence and

routinely do adherence counseling at each encounter with the caregiver, whereby these simple

adherence tools should be in-cooperated, in order to identify and detect poor adherence with

more focus on child-centered adherence counseling strategies so as to further improve adher-

ence in children in order to achieve 90-90-90 target.

Healthcare providers should also seek to enlist older caregivers above the age of 25 years in

the household as treatment supporters for each child. They may team up with the younger

caregivers to enhance ART adherence among children. Sick children and those with advanced

HIV stages may need to be admitted or have a much closer follow-up with the clinician to

improve their clinical status and adherence to treatment, as it may be demotivating to the care-

giver when they see their child not improving giving them a reason to default treatment. It is

during these periods when children most need their drugs to overcome their illness and

improve their clinical stage. Furthermore, health education at point of service, like during the

daily morning talks and on social media platforms about the effectiveness of ARVs’ and allevi-

ating the mythical beliefs about the HIV/AIDS and its treatment in order to improve

adherence.

Supporting information

S1 File. The questionnaire.

(DOCX)

Acknowledgments

We would like to give special thanks to the caregivers and their children with HIV/AIDS who

participated in this research, the administrative, medical and nursing staff of the Muhimbili

National hospital, IDC- DarDar Paediatric Program HIV Clinic and Temeke Regional Referral

Hospital. This work would have never been possible without them. We would also like to

thank Dr Mucho and Candida Moshiro for their advice in the statistical aspects of this study.

We are grateful to Mr MohammedHassan Lakha and Hussein Sajjad Hussein for their contri-

bution in this manuscript.

PLOS ONE Magnitude and associated factors of anti-retroviral therapy adherence among children with HIV/AIDS in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0275420 September 30, 2022 16 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0275420.s001
https://doi.org/10.1371/journal.pone.0275420


Author Contributions

Conceptualization: Fatima M. Mussa.

Data curation: Fatima M. Mussa.

Formal analysis: Fatima M. Mussa, Sibtain Moledina.

Funding acquisition: Fatima M. Mussa.

Investigation: Fatima M. Mussa.

Methodology: Fatima M. Mussa.

Project administration: Fatima M. Mussa.

Resources: Fatima M. Mussa, Hussein Bhalloo.

Software: Fatima M. Mussa.

Supervision: Higgins P. Massawe, Evelyne Assenga.

Validation: Fatima M. Mussa, Evelyne Assenga.

Visualization: Fatima M. Mussa, Evelyne Assenga.

Writing – original draft: Fatima M. Mussa.

Writing – review & editing: Fatima M. Mussa, Higgins P. Massawe, Hussein Bhalloo, Evelyne

Assenga.

References
1. UNAIDS, “Global HIV & AIDS statistics,” 2019.

2. R. W. S. Delia M Rivera, “What are the statistics on pediatric HIV infection in sub-Saharan Africa?,”

Medscape Pediatrics, 2018.

3. D R. Carpenter CC, Cooper DA, Fischl MA, Gatell JM, Gazzard BG, Hammer SM, et al, “Antiretroviral

Therapy in Adults,” JAMA, vol. 283, no. 3, pp. 381–390, Jan. 2000, https://doi.org/10.1001/jama.283.3.

381 PMID: 10647802

4. Simoni J. M., Montgomery A., Martin E., New M., Demas P. A., and Rana S., “Adherence to Antiretrovi-

ral Therapy for Pediatric HIV Infection: A Qualitative Systematic Review With Recommendations for

Research and Clinical Management,” Pediatrics, vol. 119, no. 6, pp. e1371–e1383, 2007, https://doi.

org/10.1542/peds.2006-1232 PMID: 17533177

5. P. E. N. for T. of A. S. C. Gibb DM, Goodall RL, Giacomet V, Mcgee L, Compagnucci A, Lyall H et al.,

“Adherence to prescribed antiretroviral therapy in human immunodeficiency virus-infected children in

the PENTA 5 trial.,” Pediatr. Infect. Dis. J., vol. 22, no. 1, p. p 56–62, Jan. 2003, https://doi.org/10.1097/

00006454-200301000-00015 PMID: 12544410

6. P M. Elise A, France AM, Louise WM, Bata D, François R, Roger S, “Assessment of Adherence to

Highly Active Antiretroviral Therapy in a Cohort of African HIV-Infected Children in Abidjan, Cote

D’Ivoire,” JAIDS J. Acquir. Immune Defic. Syndr., vol. 40, no. 4, pp. 498–500, Dec. 2005, https://doi.

org/10.1097/01.qai.0000168180.76405.5f PMID: 16280708

7. Ivers L. C., Cullen K. A., Freedberg K. A., Block S., Coates J., and Webb P., “HIV/AIDS, Undernutrition,

and Food Insecurity,” Clin. Infect. Dis., vol. 49, no. 7, pp. 1096–1102, Oct. 2009, https://doi.org/10.

1086/605573 PMID: 19725790

8. Wakeham K. et al., “Symptom Burden in HIV-Infected Adults at Time of HIV Diagnosis in Rural

Uganda,” J. Palliat. Med., vol. 13, no. 4, pp. 375–380, Apr. 2010, https://doi.org/10.1089/jpm.2009.

0259 PMID: 20384499

9. Sutcliff C. G., Van Dijk J. H., Bolton C., Persaud D., and Moss W. J., “Eff ectiveness of antiretroviral ther-

apy among HIV-infected children in sub-Saharan Africa,” Lancet Infect. Dis., vol. 8, no. 34, pp. 477–

489, 2008.

10. B L. Eticha T, “Caregiver-reported adherence to antiretroviral therapy among HIV infected children in

Mekelle, Ethiopia,” BMC Pediatr., vol. 14, no. 1, p. 114, 2014, https://doi.org/10.1186/1471-2431-14-

114 PMID: 24766911

PLOS ONE Magnitude and associated factors of anti-retroviral therapy adherence among children with HIV/AIDS in Tanzania

PLOS ONE | https://doi.org/10.1371/journal.pone.0275420 September 30, 2022 17 / 19

https://doi.org/10.1001/jama.283.3.381
https://doi.org/10.1001/jama.283.3.381
http://www.ncbi.nlm.nih.gov/pubmed/10647802
https://doi.org/10.1542/peds.2006-1232
https://doi.org/10.1542/peds.2006-1232
http://www.ncbi.nlm.nih.gov/pubmed/17533177
https://doi.org/10.1097/00006454-200301000-00015
https://doi.org/10.1097/00006454-200301000-00015
http://www.ncbi.nlm.nih.gov/pubmed/12544410
https://doi.org/10.1097/01.qai.0000168180.76405.5f
https://doi.org/10.1097/01.qai.0000168180.76405.5f
http://www.ncbi.nlm.nih.gov/pubmed/16280708
https://doi.org/10.1086/605573
https://doi.org/10.1086/605573
http://www.ncbi.nlm.nih.gov/pubmed/19725790
https://doi.org/10.1089/jpm.2009.0259
https://doi.org/10.1089/jpm.2009.0259
http://www.ncbi.nlm.nih.gov/pubmed/20384499
https://doi.org/10.1186/1471-2431-14-114
https://doi.org/10.1186/1471-2431-14-114
http://www.ncbi.nlm.nih.gov/pubmed/24766911
https://doi.org/10.1371/journal.pone.0275420


11. Mghamba F. W., Minzi O. M. S., Massawe A., and Sasi P., “BMC Pediatrics Full text Adherence to anti-

retroviral therapy among HIV infected children measured by caretaker report, medication return, and

drug level in Dar Es Salaam, Tanzania,” BMC Pediatr., vol. 13, no. 1, p. 95, 2013.

12. Nabukeera-Barungi N., Kalyesubula I., Kekitiinwa A., Byakika-Tusiime J., and Musoke P., “Adherence

to antiretroviral therapy in children attending Mulago Hospital, Kampala,” Ann. Trop. Paediatr., vol. 27,

no. 2, pp. 123–131, Jun. 2007, https://doi.org/10.1179/146532807X192499 PMID: 17565809

13. Weigel R., Makwiza I., Nyirenda J., Chiunguzeni D., Phiri S., and Theobald S., “Supporting children to

adhere to anti-retroviral therapy in urban Malawi: Multi method insights,” BMC Pediatr., vol. 9, pp. 1–9,

2009, https://doi.org/10.1186/1471-2431-9-45 PMID: 19602251

14. Berg K. M. and Arnsten J. H., “Practical and Conceptual Challenges in Measuring Antiretroviral Adher-

ence,” JAIDS J. Acquir. Immune Defic. Syndr., vol. 43, no. Supplement 1, pp. S79–S87, Dec. 2006,

https://doi.org/10.1097/01.qai.0000248337.97814.66 PMID: 17133207

15. E B. Davies MA, Boulle A, Fakir T, Nuttall J, “Adherence to antiretroviral therapy in young children in

Cape Town, South Africa, measured by medication return and caregiver self-report: A prospective

cohort study,” BMC Pediatr., vol. 8, no. 34, pp. 1–12, 2008, https://doi.org/10.1186/1471-2431-8-34

PMID: 18771599

16. B W. Zubayr BM, Airede K, Ibrahim M, Hassan-Hanga F, Jumare J, Gambo MJ, et al, “Adherence to

Highly Active Antiretroviral Therapy among HIV-Infected Children in Kano, Nigeria,” J. Hum. Virol. Ret-

rovirology, vol. 56, p. 85, 2015, https://doi.org/10.15406/jhvrv.2015.02.00033

17. Nsheha A. H., Dow D. E., Kapanda G. E., Hamel B. C., and Msuya L. J., “Adherence to antiretroviral

therapy among HIV-infected children receiving care at Kilimanjaro Christian Medical Centre (KCMC),

Northern Tanzania: A cross- sectional analytical study,” Pan Afr. Med. J., vol. 17, no. 1, p. 238, 2014,

https://doi.org/10.11604/pamj.2014.17.238.2280 PMID: 25170382

18. Pontali E., “Facilitating Adherence to Highly Active Antiretroviral Therapy in Children with HIV Infection,”

Pediatr. Drugs, vol. 7, no. 3, pp. 137–149, 2005, https://doi.org/10.2165/00148581-200507030-00001

19. White Y. R. G. et al., “Adherence to antiretroviral drug therapy in children with HIV/AIDS in Jamaica,”

West Indian Med. J., vol. 57, no. 3, pp. 231–237, 2008. PMID: 19583121

20. Nyogea D. et al., “Determinants of antiretroviral adherence among HIV positive children and teenagers

in rural Tanzania: A mixed methods study,” BMC Infect. Dis., vol. 15, no. 1, pp. 1–13, 2015, https://doi.

org/10.1186/s12879-015-0753-y PMID: 25637106

21. Fokam J. et al., “Immuno-virological response and associated factors amongst HIV-1 vertically infected
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