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Abstract
Non-adherence remains the largest cause of treatment failure to antiretroviral therapy (ART). Despite having the largest HIV 
pandemic, few successful adherence interventions have been conducted in South Africa. Active visualisation is a novel 
intervention approach that may help effectively communicate the need for consistent adherence to ART. The current study 
tested an active visualisation intervention in a sample of non-adherent patients. 111 patients failing on first- or second-line 
ART were recruited from two sites in the Western Cape, South Africa. Participants were randomly allocated to receive the 
intervention or standard care (including adherence counselling). The primary outcome was adherence as measured by plasma 
viral load (VL). There was a clinically significant difference (p = 0.06) in VL change scores between groups from baseline 
to follow-up, where the intervention had a greater decrease in log VL (Madj = − 1.92, CI [− 2.41, − 1.43), as compared to the 
control group (Madj = − 1.24, [− 1.76, − 0.73]). Participants in the intervention group were also significantly more likely to 
have a 0.5 log improvement in VL at follow-up ( �2

(1)
 = 4.82, p = 0.028, ɸ = 0.28). This study provides initial evidence for the 

utility of this novel, brief intervention as an adjunct to standard adherence counselling, for improving adherence to ART.
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Introduction

The introduction of antiretroviral therapy (ART) has revo-
lutionised HIV from a once fatal infection into a manage-
able chronic illness. Despite the ability of ART to maintain 
virological suppression and prevent clinical progression, 

non-adherence remains the prevalent reason for treatment 
failure [1], and therefore a critical area for intervention.

South Africa has the largest global HIV pandemic. In 
2017, the estimated countrywide prevalence rate was 12.6%, 
and the total number of South Africans living with HIV 
was 7.06 million. This estimated prevalence is even greater 
(18%) among those aged 15–49 years [2]. While disparity in 
treatment availability remains a substantial contextual issue 
for healthcare, it is also vital to prevent treatment failure 
within those patients who do have access to care.

Non-adherence, as opposed to resistance, is regarded as 
the most significant reason for treatment failure for patients 
living with HIV in South Africa [3]. Few successful adher-
ence interventions for ART have been conducted within 
South Africa. Recent meta-analyses of interventions which 
included South African samples found that enhanced stand-
ard of care (adherence counselling) supplemented with text-
messaging or treatment supporters produced distinguishable 
improvements in adherence as compared to standard care [4, 
5]. The South African studies included here however did not 
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report consistent objective changes in adherence from the 
interventions delivered [6, 7]. Overall, the interventions that 
do create change have small effects, which decrease when 
the intervention is withdrawn [5].

A significant issue highlighted by these meta-analyses 
is the variation in the measurement of adherence as an out-
come. Many studies rely on self-reported adherence, which 
may overestimate the positive effects found. While there is 
no “gold standard” adherence measure for HIV [8], viral 
load (VL) as measured through plasma provides an objective 
biological marker of treatment adherence. Using VL as a 
measure can therefore negate some of the uncertainty around 
actual medication-taking behaviour when using self-report, 
pill counts, prescription refills, or other proxy measures. 
Although collecting blood test data may be more laborious 
than other measures of adherence, VL provides an objective 
way to evaluate the effectiveness of adherence interventions 
on clinical progression.

Active visualisation is a method of delivering health 
information that could be particularly useful in educating 
patients about ART. Patients with HIV may discontinue 
treatment due to a lack of change in symptoms experienced 
[9], and additionally may not perceive immediate conse-
quences of increased symptoms from non-adherence. Active 
visualisation can educate and motivate patients to adhere by 
helping them to understand the processes occurring inside 
their body and the purpose of their treatment. Active visu-
alisation uses dynamic visual representations, such as ani-
mations, computer modelling, or physical demonstrations 
to present information about internal bodily processes of 
disease and treatment mode-of-action [10].

A previous study found that incorporating active visuali-
sation into a smartphone application improved adherence to 
ART as compared to medication reminders alone [11]. Par-
ticipants received either a standard application with remind-
ers only, or an augmented version including a simulation 
of VL and CD4 cell activity, based on self-reported adher-
ence. The augmented application group self-reported greater 
adherence and had reduced VL at 3-month follow-up, as 
compared to the reminder only group. Although limited by a 
small sample size, this study demonstrates the additive effect 
that active visualisation may have on adherence to ART.

A physical demonstration of the physiological treatment 
process may be the most appropriate form of active visuali-
sation to use within the South African context. This format 
does not rely on access to technology, yet is still portable and 
easy to disseminate. An example physical demonstration has 
been found to improve understanding and treatment efficacy 
beliefs of phosphate binding medication in end stage renal 
disease patients [12].

A similar physical demonstration has been created to 
visually demonstrate the effects of adherence or non-adher-
ence to ART [10]. This device presents an innovative way to 

portray the importance of consistent adherence, a message 
relevant to patients failing first- and second-line treatment 
and is a concept often misunderstood by patients [13]. A 
visual depiction of VL and treatment mode-of-action may 
provide a more salient representation of the effects of treat-
ment failure, in contrast to standard verbal information the 
patient may have already received. The current study was 
a randomised controlled trial assessing the efficacy of an 
active visualisation device in improving adherence to ART, 
within a sample of non-adherent patients in Western Cape, 
South Africa.

Method

Participants

Study participants were patients living with HIV, attending 
two separate infectious diseases clinics in Western Cape, 
South Africa. Both clinics provide basic non-specialized 
hospital services and offer full ART services as part of their 
outpatient services. Patients are referred from general ser-
vices to the clinics following an HIV positive test result. 
The ART programmes enrol new patients on a continuous 
basis and provide regular patient care, blood tests, and ART 
medication refills to patients. The areas served by the clinics 
have wide socio-economic disparities, and levels of poverty 
and unemployment are high.

Due to the large variability of effect sizes found in pre-
vious adherence intervention studies, we choose to detect 
a medium effect size only. A G * Power [14] calculation 
revealed that 128 participants would be necessary using a 
two-tailed test, with 80% power and a significance level of 
0.05. We were able to recruit a total of 111 patients, which 
included 78 participants from the Infectious Diseases Clinic 
at a major peri-urban hospital between May and November 
2016, and a further 33 patients from a community clinic 
between August and October 2017.

Patients were included in the study if they were failing 
on first- or second-line treatment, over 15 years of age, and 
fluent in either English or Afrikaans. Treatment failure was 
classified as having been on ART for 4 months and hav-
ing a baseline VL of more than 1000 copies/mL. Clinical 
staff referred patients to the research assistant for recruit-
ment based on this eligibility criteria for treatment failure. 
Informed consent or assent was obtained from all partici-
pants included in the study. Figure 1 depicts the flow of 
participants through the study.

Procedure

Patients were recruited after their appointment with the 
treating clinician. All patients recruited into the study were 
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receiving standard care. Standard care for patients with a 
raised VL within these treatment settings includes adherence 
counselling from the treating clinician and a discussion of 
potential causes of their sub-optimal adherence during their 
appointment. If patients continue to default, they receive 
monthly consultations with the doctor and counsellor.

During recruitment, the treating clinician at each clinic 
identified patients who fit study criteria. Following the 
consultation, the research assistant met interested patients 
in a separate counselling room. The research assistant 
discussed the participant information sheet with the 
patient and obtained informed consent. After participants 

completed the baseline questionnaire, an opaque sealed 
envelope was opened containing their randomisation 
allocation into one of two study groups (control n = 55, 
intervention n = 56). These envelopes were created by 
one of the researchers (AJ) independent to the recruit-
ment process, using a random number sequence generator. 
This concluded the study session for those assigned to 
the control group. Participants in the intervention group 
were shown the active visualisation demonstration (details 
below). Following the intervention, participants completed 
the post-intervention questionnaire before concluding the 
study session and their contact with the research assistant. 

Approached (N=156)
• Peri-urban hospital (n= 116)
• Community clinic (n= 40)

Randomised (N=111)
• Peri-urban hospital (n= 78)
• Community clinic (n=33)

Allocated to control condition 
(n=55)
• Peri-urban hospital (n= 39)
• Community clinic (n= 16) 

Allocation

Analysed at follow-up (n= 29)
• Excluded from analysis (n=26)

o No follow-up VL (n= 8)
o No baseline VL (n= 1)
o No VL data (n= 3)
o Baseline VL < 1000 copies/mL (n= 7)
o Follow-up VL taken < 2 months post-

study (n= 7)

Analysed at follow-up (n= 32)
• Excluded from analysis (n=24)

o VL outliers (n= 3)
o No follow-up VL (n= 12)
o No baseline VL (n= 1)
o No VL data (n=2)
o Baseline VL < 1000 copies/mL (n= 2)
o Follow-up VL taken < 2 months post-

study (n= 3)
o Baseline VL taken > 5 months pre-

study (n= 1) 

Allocated to intervention 
condition (n=56)
• Peri-urban hospital (n= 39)
• Community clinic (n= 17)

Excluded (N=45)
• Declined participation (n= 12)
• Participant unavailable for study 

session (n= 15)
• Language (n= 16)
• Age (n= 2)

Fig. 1   CONSORT diagram depicting the flow of participants through the study
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The research assistant collected follow-up blood test data 
from patient medical files.

Intervention

The intervention was an active visualisation device devel-
oped by the study authors (AJ, KP, EC, & MT). The inter-
vention was delivered by the research assistants who were 
trained by one of the researchers (AJ). The intervention took 
approximately 10 minutes with each participant.

The intervention demonstrates the importance of con-
sistent adherence to ART by symbolising the treatment 
mode-of-action within a ‘body’. The body-shaped container 
was created using two pieces of laser cut Perspex (total 
height = 32.5 cm, total length = 40.5 cm, and width = 2.4 cm) 
and waterproof sealant. When the ART ‘medication’ (an 
aspirin tablet) is added to the body, the liquid inside changes 
colour from pink (indicating the presence of the virus) to 
clear (representing medication controlling viral replication). 
The change in colour occurs through manipulating the pH 
balance of the liquid inside using an acid (aspirin tablet) 
versus a basic solution (sodium hydroxide).

The intervention runs through scenarios to demonstrate 
that medication must be taken each day, as even when medi-
cation is added to the ‘body’, the following day the pink 
colour returns because the infection cannot be reversed. This 
process demonstrates why consistent adherence is needed to 
achieve virological suppression. The intervention also dem-
onstrates the effects of missing one or two doses of ART, 
versus how long-term non-adherence can lead to treatment 
failure. Detailed methodology of the device, including pic-
tures and a video of the device in use, can be found in the 
supplementary material of our previously published edito-
rial [10].

Measures

Demographic and Clinical Information

Demographic variables were self-reported in the baseline 
questionnaire, including age, gender, ethnicity, highest level 
of education, and approximate monthly family income. Clin-
ical information was obtained from patient medical records 
regarding current medication regimen (first- or second-line 
treatment) and date of diagnosis.

Viral Load

The primary outcome of the study was adherence as meas-
ured by plasma VL. The amount of virus within each 
participant’s plasma was measured using the COBAS 
AmpliPrep/Taqman HIV-1 test (Roche Laboratories, Cali-
fornia), a reverse transcription polymerase chain reaction 

test with the capacity to quantitate HIV-1 RNA over the 
range of 20–10,000,000 copies per mL. Baseline VL 
data was the most recent, available VL from no earlier 
than 5 months prior to study session for each participant 
(M = 40.92 days, SD = 37.41 days). Follow-up VL data was 
included from at least 2 months post study session, with the 
latest data point being 16.2 months later (M = 266.43 days, 
SD = 121.66 days). Data were excluded from the analysis 
if baseline VL was less than 1000 copies/mL (n = 5). Fig-
ure 1 details the number of participants included in the final 
analysis.

Illness Perceptions, Medication Beliefs, and Other 
Perceptions

Illness perceptions, beliefs about medication, and other per-
ceptions were measured at baseline and post-intervention. 
The Brief Illness Perception Questionnaire (Brief IPQ) [15] 
asks participants to rate cognitive and emotional represen-
tations of their illness (“HIV infection”), on an 11-point, 
Likert-type scale from 0 to 10 with relevant anchors. Beliefs 
about medication were assessed using two items based on 
the necessity-concerns framework [16]. One item asks par-
ticipants how much they feel they need their medication 
(necessity belief); the other asks how concerned they are 
about long-term effects of their medication (concern belief). 
Both items are answered on an 11-point Likert-type scale 
with relevant anchors.

Additional items asked participants how motivated they 
were to take their ART medication, how serious of an ill-
ness they think HIV is, how difficult they find taking their 
HIV treatment, and their perceived risk of HIV developing 
into a more serious illness. Each of these items were rated 
on an 11-point, Likert-type scale from 0 to 10, with relevant 
anchors for each (e.g. “Not at all serious” versus “Extremely 
serious”).

Depressive Symptoms

Symptoms of depression were measured at baseline using 
the Patient Health Questionnaire 9 [17], due to the known 
relationship between depression and adherence in HIV [18]. 
The PHQ9 is a 10-item measure assessing frequency (from 
“not at all” to “nearly every day”) of depressive symptomol-
ogy over the past 2 weeks. The total score of the first nine-
items was used in the current study.

Evaluation of the Visualisation Device

Participants also completed six items in the post-intervention 
questionnaire evaluating their thoughts about the visualisa-
tion device. Participants rated the device on how interesting 
it was, how motivated it made them to take their medication, 
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how it helped their understanding of HIV and their medica-
tion, and how anxious it made them about HIV and their 
medication. These ratings were made on an 11-point Likert-
type scale from 0 to 10 with relevant anchors for each item.

Finally, an open-ended item asked participants “What 
thoughts ran through your mind when you were shown the 
device?”. This question has been used previously in visu-
alisation research [19]. Four main response categories were 
determined. Adherence thoughts were any thoughts relat-
ing to medication taking, concerns were anxieties about 
the device or personal health, and education thoughts were 
those stating an improved understanding after seeing the 
device. Irrelevant comments (e.g. “pay attention”) were 
coded into a fourth “other” category. Two independent raters 
coded whether each response fit into one or more catego-
ries, with a third coder making the final decision regarding 
discrepancies.

Statistical Analysis

The data were analysed using SPSS version 25.0. Tests were 
considered significant if a significance value below 0.05 was 
achieved. Independent samples t tests and Chi square tests 
assessed differences at baseline in demographic, clinical, and 
outcome variables between groups. Paired-samples t tests 
were used to assess differences within the intervention group 
from baseline to post-intervention in illness perceptions, 
medication beliefs, and other beliefs. One-way, between 
groups ANCOVAs were used to assess differences between 
groups in change scores in raw and log VL from baseline 
to follow-up, controlling for baseline VL. A Chi square test 
examined the association between group and whether there 
was an improvement in log VL of 0.5 or more from baseline 
to follow-up (yes/no).

Results

Demographic and Clinical Variables

Participants ranged from 15 to 59 years  of age (M = 36.48, 
SD = 9.66), were mainly female (75/11, 67.6%), and iden-
tified as African (75/111, 67.6%) or Coloured (34/11, 
30.6%) (see Table 1 for sample characteristics). There were 
no baseline differences found in any demographic or out-
come variables between groups (p > 0.05). Baseline levels 
of depressive symptoms were not correlated with change 
in VL (r = − 0.03, p = 0.775) or change in log VL scores 
(r = 0.01, p = 0.929). There was no significant association 
between medication regimen and group (see Table 1), with 
most participants on first-line treatment (83/107, 77.6%). 
Length of diagnosis ranged from 7.24 months to 20.68 years 
prior to recruitment (M = 6.81 years, SD = 4.56 years).

Baseline differences in demographic and clinical vari-
ables between the two treatment sites were also assessed. 
There were no significant differences between participants 
from each treatment site in demographic variables (p > 0.05). 
All clinical variables between sites were also not signifi-
cantly different (p > 0.05) except for the amount of days 
between study session and follow-up, where participants 
from the peri-urban hospital had a significantly greater 
number of days before follow-up (M = 281.46, SD = 114.28), 
than participants from the community clinic (M = 148.73, 
SD = 106.13; t(67) = 4.04, p < 0.001).

Illness Perceptions, Medication Beliefs, 
and Evaluation of Visualisation Device

There were no significant changes in illness perceptions, 
medication beliefs, motivations to take treatment, seri-
ousness beliefs, perceived risk, or treatment difficulty in 
the intervention group from baseline to post-intervention 
(p > 0.05). Perceptions of treatment control (M = 8.91, 
SD = 2.14), illness understanding (M = 8.48, SD = 2.62), and 
medication necessity beliefs (M = 8.71, SD = 2.77) were high 
at baseline (maximum score for each item is 10).

Intervention participants rated the device highly, find-
ing it helpful in explaining their HIV infection (M = 9.5, 
SD = 1.56) and medication (M = 9.32, SD = 1.87), interest-
ing (M = 9.55, SD = 1.40), and motivating regarding taking 
their medication (M = 9.33, SD = 1.16). The device made 
participants moderately anxious about their HIV (M = 6.80, 
SD = 3.79) and medication (M = 6.23, SD = 4.20). Partici-
pants’ open-ended thoughts about the device most com-
monly fit into the adherence category (44.6%, 31/56), fol-
lowed by education (41.1%, 23/56), and concern thoughts 
(19.6%, 11/56). Other thoughts comprised 23.3% of 
responses (13/56).

Adherence

Of the 111 participants recruited at baseline, 103 (92.8%) 
had a baseline VL, and 86 had a follow-up VL (77.5%). Only 
84 participants in the sample (75.7%) had both a baseline 
and follow-up VL. Additional information regarding data 
excluded from analyses can be found in Fig. 1. There were 
no demographic differences between participants who did, 
and did not have a follow-up VL (p > 0.05). There were no 
differences in baseline VL between participants with a base-
line VL only, versus the rest of the sample (p > 0.05). There 
was also no difference in VL change scores between partici-
pants attending the community clinic versus the peri-urban 
hospital (p = 0.198).

An ANCOVA controlling for baseline VL assessed 
group differences in VL change scores from baseline to 
follow-up. There was a significant difference in change in 
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raw VL between groups (F(1, 58) = 5.33, p = 0.025, partial 
ƞ2 = 0.08), where the intervention group had a significantly 
greater decrease in VL at follow-up (Madj = − 76,961.47, CI 
[− 100,099.81, − 53,823.13]), compared to the control group 
(Madj = − 37,836.03, CI [− 62,166.48, − 13,505.59]) (see 
Fig. 2). A second ANCOVA assessed group differences in 
log VL change scores between groups, controlling for base-
line log VL. Although the intervention group had a greater 
decrease in log VL at follow-up (Madj = − 1.92, CI [− 2.41, 
− 1.43), compared to the control group (Madj = − 1.24, CI 
[− 1.76, − 0.73]), this difference was not statistically signifi-
cant (F(1, 58) = 3.67, p = 0.06, partial ƞ2 = 0.06) (see Fig. 3). 
This group difference, however, can be regarded as clinically 
significant, as a change in log VL of 0.5 or greater has been 
identified as a reduction of clinical significance [20, 21]. 

Each decrease of 0.5 in log VL is associated with a 30% 
reduction in the risk of clinical progression.

Based on the analysis used in a previous intervention trial 
[21], we created a dichotomous variable to assess the asso-
ciation between group and whether an improvement in log 
VL of 0.5 or greater had occurred between baseline and 
follow-up. There was a significant association between group 
and improvement in 0.5 log VL or greater ( �2

(1)
 = 4.82, 

p = 0.028, ɸ = 0.28), with more participants in the interven-
tion group demonstrating this improvement (26/42, 61.9%), 
as compared to the control group (16/42, 38.1%). There were 
also more participants who did not demonstrate an improve-
ment of 0.5 or more in log VL in the control group (13/19, 
68.4%), as compared to the intervention group (6/19, 31.1%).

Table 1   Demographic and clinical characteristics of the sample

Control M (SD) (%) (n = 55) Intervention M (SD) (%) 
(n = 56)

Test statis-
tic (t or 
χ2)

df p Total sample M (SD) (%)

Age (years) 36.96 (10.90) 36.00 (8.33) 0.52 109 0.602 36.48 (9.66)
Gender 1.32 1 0.250
 Female 40 (72.7%) 35 (62.5%) 75 (67.6%)
 Male 15 (27.3%) 21 (37.5%) 36 (32.4%)

Ethnicity 3.70 3 0.295
 African 34 (61.8%) 41 (73.2%) 75 (67.6%)
 Coloured 20 (36.4%) 14 (25%) 34 (30.6%)
 White 0 (0%) 1 (1.8%) 1 (0.9%)
 Indian 1 (1.8%) 0 (0%) 1 (0.9%)

Education level 1.66 3 0.646
 No formal education 1 (1.8%) 0 (0%) 1 (0.9%)
 Primary 40 (72.7%) 40 (71.4%) 80 (72.1%)
 Secondary 12 (21.8%) 15 (26.8%) 27 (24.3%)
 Tertiary 2 (3.6%) 1 (1.8%) 3 (2.7%)

Monthly family Income 2.96 3 0.399
 Less than r2500 29 (52.7%) 26 (46.4%) 55 (49.5%)
 r2500 to r5000 8 (14.5%) 12 (21.4%) 20 (18.0%)
 Above r5000 4 (7.3%) 8 (14.3%) 12 (10.8%)
 Unsure 14 (25.5%) 10 (17.9%) 24 (21.6%)

PHQ 9 total (N = 108) 11.11 (6.45) 10.58 (6.95) 0.41 106 0.681 10.84 (6.68)
Baseline VL (N = 69) 45,198.26 (53,415.26) 104,742.00 (197,262.69) − 1.72 39.10 0.093 75,401.61 (147,445.38)
Baseline log VL (N = 69) 4.19 (0.82) 4.26 (0.89) − 0.36 67 0.720 4.22 (0.85)
Days from baseline VL to 

study (N = 69)
46.65 (43.82) 36.97 (30.60) 1.07 67 0.290 41.74 (37.73)

Days from study to follow-
up VL (N = 69)

252.71 (131.63) 252.51 (119.42) 0.01 67 0.995 252.61 (124.66)

Medication regimen 
(N = 107)

0.27 1 0.606

 First-line treatment 40 (75.5%) 43 (79.6%) 83 (77.6%)
 Second-line treatment 13 (24.5%) 11 (20.4%) 24 (22.4%)

Length of diagnosis (days) 
(N = 94)

2304.87 (1578.90) 2673.38 (1746.30) − 1.07 92 0.286 2489.13 (1666.06)
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Discussion

This is the first trial investigating the utility of an active 
visualisation intervention for improving adherence to 

ART. The results of the trial provide preliminary evidence 
for the efficacy of this brief intervention in improving 
adherence for patients failing first- or second-line ART, 
as demonstrated by a greater improvement in VL.

This brief intervention resulted in a clinically signifi-
cant improvement in adherence, when compared to those 
receiving standard care only. Furthermore, participants in 
the intervention group were significantly more likely to have 
a 0.5-log improvement in VL at follow-up. It is important 
to note that standard care in this context includes adherence 
counselling. As described above, this includes the treat-
ing clinician consulting with patients regarding the cause 
of their non-adherence and the risk of clinical progression, 
which may continue monthly if issues persist. It is there-
fore unsurprising that we see improvements across time in 
both groups, but also significant that this brief visualisation 
intervention was able to produce a greater improvement in 
adherence over and above that achieved through standard 
adherence counselling. This suggests that the intervention 
could be a worthwhile adjunct to standard care within this 
context. Our results also support the findings of Perera 
and colleagues [11] and the use of active visualisation as 
a method for educating and motivating patients to improve 
adherence to ART.

Previous intervention studies conducted with HIV 
patients have relied on the use of counselling and treatment 
supporters [5, 22] or directly observed therapy [23]. These 
forms of intervention require extensive time commitments, 
training, and readily available support throughout. Further-
more, the small effects found within these trials can dis-
sipate after the withdrawal of the intervention. The current 
intervention therefore presents an innovative, brief approach 
that can easily be added to standard care or incorporated into 
other adherence interventions.

Interestingly, we found no changes in illness perceptions 
or medication beliefs in participants who saw the visualisa-
tion device. This finding was surprising as these changes are 
often found in visualisation studies, particularly in regard to 
perceptions such as treatment control and understanding [19, 
24, 25]. In the current study however, participants did report 
high perceptions of treatment control, understanding, and 
necessity medication beliefs at baseline, meaning a ceiling 
effect may have occurred.

Participants appeared to be accepting of the interven-
tion, rating the device as easy to understand, interesting, 
and motivating in regards to taking their medication. There 
were moderate levels of anxiety reported upon seeing the 
intervention. This is understandable as visualisation exposes 
the participant to the real threat of possible treatment fail-
ure. Combining this message with the information regarding 
treatment efficacy may have motivated participants to adhere 
to treatment, rather than making them avoidant due to raised 
anxiety. The open-ended question data suggested that the 
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majority of participants understood the key message of con-
sistent adherence in preventing treatment failure.

Finally, the study findings also support the use of visuali-
sation as an alternate format for delivering health informa-
tion. Participants had likely been exposed to multiple expla-
nations regarding ART. Perhaps the unique visual delivery 
of this information increased salience and therefore moti-
vation for these participants. The results also suggest that 
visualisation can improve health outcomes. These results 
are promising and promote the use of visualisation as an 
education tool for other illnesses and treatments.

Our study is limited by the lack of available VL data in 
our recruited sample and the variability in time between 
recruitment and follow-up VL data. This was due to an 
absence of routine monitoring and clinical data available 
within the treatment context of an overburdened health care 
system. Alternatively, some patients had to be excluded from 
the analysis who were referred by clinical staff and recruited 
into the study, but were ineligible due to low baseline VL 
(< 1000) or having no available baseline VL data. Research 
assistants did not have access to patient data at the time of 
recruitment, meaning they relied upon referrals from clini-
cal staff to ensure patients were non-adherent and could be 
included. This could have been avoided by requesting an 
independent blood test as part of the study, however knowl-
edge of this monitoring may also have impacted adherence. 
Second, we did not have clear information regarding other 
medical issues that may affected VL (such as alcohol use or 
breastfeeding), and were therefore unable to control for the 
impact of these variables. Third, we did not have information 
regarding resistance from the blood tests within our sample, 
meaning we are unable to assume that differences in VL 
are exclusively the result of changes in treatment adherence.

Another limitation to consider is the significantly shorter 
follow-up VL data available from the community clinic 
sample as compared to the peri-urban hospital sample. 
This could suggest that patients recruited from the commu-
nity clinic were more adherent in terms of attending their 
appointments and providing blood samples, or alternatively, 
that this clinic kept better records than the peri-urban hospi-
tal. There were however no differences found between sites 
in VL change scores, suggesting that differences in the data 
available may not necessarily reflect differences in patient 
adherence. Finally, the reduced sample size with available 
VL data at baseline and follow-up decreased the statistical 
power in our analysis. This reduces the generalisability of 
our study findings. However, as stated above, analyses estab-
lished that there were no demographic differences between 
participants who did and did not have follow-up VL, sug-
gesting that the sample analysed was comparable to those 
recruited.

This study does however have significant strengths, 
including the use of a randomised controlled design, an 

objective measure of an adherence marker, and good eco-
logical validity in a high-need population. The intervention 
has high clinical applicability and could be easily integrated 
into standard clinical care, as an adjunct to adherence coun-
selling. The portability and low-cost of the device mean it 
could be utilised in hard to reach populations with limited 
access to healthcare and technology. This could overcome 
the geographic limitations of previous interventions such 
as cognitive behavioural therapy and counselling, which 
rely on access to trained health professionals [5]. The sim-
ple message of the intervention may also translate well to 
adolescents with HIV in South Africa, a sub-population 
with significant adherence issues [26, 27]. The intervention 
could also promote adherence to newly diagnosed patients 
at treatment initiation, and potentially negate the occurrence 
of non-adherence.

Conclusion

The current study provides initial evidence that active vis-
ualisation may be an effective intervention for improving 
adherence to ART. This novel intervention presents an excit-
ing opportunity for an alternative intervention strategy that 
is brief and could easily be added to adherence counselling 
or other adherence interventions in clinical practice. Further 
research could investigate the utility of the device in addi-
tional HIV patient populations, including remote popula-
tions, newly diagnosed patients, and adolescents.
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