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“ The extent to which a person’s behaviour –
taking medication, following a diet, and/or 

executing lifestyle changes, corresponds with 
agreed recommendations from a health care 

provider
World Health Organization 

“
Sabaté E, ed. Adherence to Long-Term Therapies: Evidence for Action. Geneva, Switzerland: World Health 
Organization; 2003.
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Why adherence matters

 Medicines are the most common intervention

 Approximately 50% of patients do not take long-
term medicines as prescribed 

Brown & Bussel. Mayo Clin Proc. 2011 Apr;86(4):304-14
Roughead L, Semple S, Rosenfeld E. Australian Commission on Safety and Quality in Health Care. Sydney, Australia; 2013
Cutler et al. Patient Prefer Adherence. 2019;13:853-862  

Treatment Adherence Outcomes

pills o the game, 2013
Hector Toscano

Visual Aids, 2019

 Poor health outcomes and increased health care costs
 Inappropriate use of medicines represent 2–3% of all hospital 

admissions in Australia, costing $1.2 billion per year 
 $10.4 billion in Australia for hypertension, dyslipidaemia and 

depression in 2018 
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Antiretroviral Therapy

Adherence in the HIV context

Nachega JB et al. Annals of internal medicine. 2007;146(8):564-573. 
Bezabhe WM. et al. Medicine. 2016;95(15):e3361-e3361

High levels of adherence to achieve viral 
suppression and avoid virus resistance

≥ 80% of prescribed treatment
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Adherence in the HIV context
 Lifetime commitment to treatment
 Achieving high levels of adherence is challenging

 62% of people 
achieved desirable adherence levels worldwide 

 70 - 85% of people 
reported achieving these levels in Australia

 Medicine utilisation over time is not linear
 20 - 45% of people 
have difficulties remembering to take their medicines every day 
or stop to take their treatment at some point

Ortego C. et al. AIDS Behav. 2011 Oct;15(7):1381-96
Langton A. et al. Nutrition & Dietetics. 2018;75(5):468-473.

Mao L. Health Soc Care Community. Jul 2018;26(4):486-494.
Siefried KJ et al. PLoS One. 2017 Apr 3;12(4):e0174613

Grierson J. HIV Futures Seven. 2013
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Strategies to improve adherence
 Introduction of single tablet-regimens containing all medicines 

combined in one single pill, taken once-daily
 increase adherence by 40% to 60%
 the uptake of those medicines are increasing worldwide, 

corresponding to over half of treatment used in Australia 
(55% of people)

 Development of more efficacious treatments with lower 
toxicity and side-effects
 Integrase inhibitors-based regimens 
 Recommended first-line treatment

 Development of long-acting formulations that last for a longer 
period of time than daily medication

2006

1995

Altice et al. Patient Preference and Adherence. 2019.13:475-490
Huang R et al. Journal of Clinical Epidemiology. 2018;100:82-91
Lancet. Long-acting technologies for infectious diseases in LMICs. 

2020
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Challenges in measuring adherence

Berg KM, Arnsten JH. J Acquir Immune 
Defic Syndr. 2006 Dec 1;43 Suppl 1(Suppl 
1):S79-87.

Source: Anghel LA, Farcas AM, Oprean RN. Med Pharm Rep. 2019 Apr;92(2):117-122.

Almeida-Brasil CC et al. AIDS Care 
2019;31(6):647-59

Performs as well as self-
report, pill count and 
electronic monitoring in 
predicting HIV viral 
suppression



To evaluate patterns of adherence to antiretroviral therapy 
over time using pharmacy dispensing data 

and
investigate factors associated with belonging to groups with 

better adherence profiles
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Methods
Cohort Entry Date 

First prescription of antiretroviral therapy
Jan 2016 – Dec 2017

Day 0
Exclusion
Age < 18

< 3 medicines
Days [0, 0]

Days

Covariate Assessment
Prior exposure to ART

Prior use of pshychotropics
Days [-1080, 0] Follow up

Days [0, 360]

Study design

10%
Random
Sample

Medicines for HIV treatment are subsidised via 
the Pharmaceutical Benefits Scheme

 Prescribed by specialists or general 
practitioners who have undertaken specific 
training 

Medicines dispensed in 
outpatient settings and private 
hospitals

Medicines paid in full, dispensed for 
public inpatients, or obtained by clinical 
trial or compassionate access 
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Methods

 Proportion of Days Covered (PDC)

 Adherent: PDC ≥ 80%

360 days

30-d 30-d 30-d 30-d 30-d 30-d 30-d 30-d 30-d 30-d 30-d 30-d

PDC =
total number of days that a person had access to 

≥ 3 antiretrovirals at the same time
time period

360 days

Leslie SR. Pharmaceutical programming. 2008;1(1):13-19.
Bezabhe WM. et al. Medicine. 2016;95(15):e3361-e3361

Adherence estimation

 Measured in two ways:

Adherent: at least 288 days of antiretroviral coverage

Adherent: at least 24 days of antiretroviral coverage
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Methods
Antiretroviral regimens and duration 
according to dispensing records for 
one person. 

A) Individual antiretrovirals dispensed 
and their duration 

Based on clinical guidelines and 
quantity dispensed

B) Proportion of days covered 
calculated according to the 
overlapping dispensing of at least 
three antiretrovirals

Sensitivity analyses: grace period of 3 
days, at least one antiretroviral, 
censoring loss to follow-up

A

B



13

Methods

360 days

 We used the monthly indicators of adherence to the 
construction of trajectories using Group-Based 
Trajectory Modelling (GBTM)

 Classifies individuals into subgroups based on 
similar trajectories over time

 Choose model based on BIC, size of groups, 
interpretability

 Each individual is assigned a probability of group 
membership

Nagin DS et al. Annual Review of Clinical Psychology. 2010;6(1):109-138.
Hickson RP et al. Pharmacoepidemiol Drug Saf. 2020 Mar;29(3):357-362.
Franklin et al. Med Care 2013;51:789.

Source: MacEwan JP et al. J Manag Care Spec Pharm. 2016 Nov;22(11):1349-1361.
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Methods

360 days

 Characteristics of people belonging to each trajectory group

 Factors associated with belonging to the group with better adherence 
pattern 

 Logistic regression

 All other groups vs. people on the group with better adherence
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Main findings: Characteristics of the study 
population

2,042 
Patients included

88.6%

48.0 years 
SD 12.0, range 18 – 83
43% aged over 50 years

38.6%

28.6%

17.8%

0.8%

4.3%
7.6%

1.3%

56.4%
Single-tablet regimens

46.6%
Integrase inhibitors-based 
regimens 

74.0%
Time on current cART > 
6 months

18.8%
Use of psychotropics in 
the prior 6 months
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Main findings: Adherence within 360 days

83.6% of people
CI 95% 82.0%, 85.3% 
were adherent to therapy

Experience
suboptimal 
adherence

Sensitivity analyses

84.8% 
(83.2%, 86.3%)
Grace period

87.5%
(86.1%, 89.0%)
Censoring

85.5%
(84.0%, 87.0%)
At least one antiretroviral
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Main findings: Trajectory analysis
Group-based trajectory analysis of adherence during the 
follow-up. 
The solid line represents the predicted probability of 
adherence in each group. 
The dashed line represents the observed proportion of 
people adherent in each group.
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Characteristics Trajectory groups
1.

Nearly always 
adherent
n = 1,415

n (%)

2.
Moderate 
adherence

n = 508
n (%)

3. 
Poor adherence

n = 119
n (%)

p-
value for difference 

between groups 

Patient sex (male) 1,262 (89.2) 446 (87.8) 102 (85.7) 0.41
Age group 0.13

18-34 186 (13.1) 82 (16.1) 19 (16.0)
35-44 327 (23.1) 124 (24.4) 33 (27.7)
45-55 471 (33.3) 175 (34.4) 41 (34.5)
55+ 431 (30.5) 127 (25.0) 26 (21.8)

Prior medicines for mental disorders * 260 (18.4) 103 (20.3) 21 (17.6) 0.61
Single-tablet regimen (yes) 823 (58.2) 269 (53.0) 60 (50.4) 0.05
cART regimen <0.01

2 NRTI + NNRTI 656 (46.4) 235 (46.3) 61 (51.3)
2 NRTI + INSTI 525 (37.1) 155 (30.5) 26 (21.8)
2 NRTI + PI 102 (7.2) 54 (10.6) 13 (10.9)
NRTI + INSTI + NNRTI or PI   38 (2.7) 22 (4.3) 7 (5.9)
EI or Etravirine-based             27 (1.9) 9 (1.8) 3 (2.5)
Other 67 (4.7) 33 (6.5) 9 (7.6)

Treatment status <0.01
Naïve 205 (14.5) 59 (11.6) 23 (19.3)
Experienced 
(time on current cART ≤ 6 months)

146 (10.3) 78 (15.4) 19 (16.0)

Experienced 
(time on current cART > 6 months)

1,064 (75.2) 371 (73.0) 77 (64.7)

Events
Median proportion of days covered, 
% [IQR]

98.9 [96.1; 100] 83.2 [70.8; 87.8] 41.7 [33.3; 50.0]
<0.01

Adherence over 360 days, n (%) 1,415 (100) 293 (57.7) 0 (0.00) <0.01
Switched regimen (yes) 186 (13.1) 74 (14.6) 11 (9.24) 0.29
Treatment interruptions (yes) 70 (4.95) 314 (61.8) 76 (63.9) <0.01

Characteristics of people by adherence 
trajectory (N = 2,042)

Treatment interruptions occurred 
more often among those belonging to 
the moderate and poor adherence 
groups. 

People belonging to ‘poor adherence’ 
were more likely to have only one 
dispensing within the follow-up 
period (data not shown) and less likely 
to use single-table regimens, INSTI 
regimens and to be on their current 
cART regimen over 6 months
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Reference groups: 
*2 NRTI + INSTI (Integrase inhibitors-based regimens); 
**Experienced patients on current combination antiretroviral therapy for more than 6 months. 
Prior use of medicines for mental disorders: antipsychotics (N05A), anxiolytics (N05B), or antidepressants (N06A). 
EI, entry inhibitors; INSTI, integrase strand transfer inhibitors; NRTI, nucleoside/nucleotide reverse transcriptase inhibitors;
NNRTI, non-nucleoside reverse transcriptase inhibitors; PI, protease inhibitors

Results of logistic regression model predicting the probability of membership in the nearly always 
adherent group according to patient and treatment characteristics. 
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Antiretroviral therapy in Australia

Source: https://data.kirby.unsw.edu.au/hiv

28,063
22,876 22,295

 Underestimating adherence
 Populational-level estimated 

measured in one time point, which 
may mask individual behaviours

 New regimens can be more tolerant 
of non-adherence than previously 
suspected
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Strengths and limitations

 Dispensed medicines are a proxy 
of medicine intake

 May underestimate adherence

 Limited patient characteristics 
and lack of factors known to be 
associated with adherence

 We could not assess the impact 
of non-adherence on virological 
and immunological outcomes

 Pioneer in assessing 
patterns of adherence over 
time in Australia

 Representative sample

 Comprehensive, whole of 
population perspective of 
Australian adherence 
patterns
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Implications
 Adherence is not a yesterday’s problem
 While most Australians taking antiretrovirals are adherent

 One-third maintain a moderate or low adherence pattern

Using regimens with better tolerability profiles
More intensive support

• among younger people
• early months of a new treatment regimen 

Interventions to increase adherence should embrace a 
broader spectrum of clinical, social, economic and cultural 
factors

The PBS dispensing claims dataset is a valuable source to 
estimate longitudinal patterns of adherence to medicines

Better clinical systems, ability 
to track individuals over 
time, consumer eHealth 
tools, language specific 
information, etc
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Future research

 Development of a web application to 
help researchers to choose the best 
adherence definition

 Looking at other aspects of 
pharmacological treatment relevant to 
optimisation of therapy, such as the use 
of co-medications and drug-to-drug 
interactions

Individual-level patterns of medicine use 

Cohort adherence results by measure used and selected characteristics
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Future research

 Pre-Exposure Prophylaxis (PrEP)
 Other groups have applied similar 

methods to understand patterns of 
adherence to recent technologies to 
prevent HIV Infection 

 Or used the PBS data source to estimate 
adherence to PrEP
 Dr Nicholas Medland, “Successful National PrEP Scale-Up in 

Australia: Evaluation of uptake, consumption, adherence, 
retention and seroconversion”, presented AIDS2020

Group-based trajectory adherence groups in 6460 
men who had nine or more months of PrEP adherence 
data during follow up in the EPIC-NSW study

73% had good or excellent adherence over time
HIV incidence was higher in the group with steep-
decline adherence
Source: Jin et al. AIDS. 2021 Jun 4. doi: 
10.1097/QAD.0000000000002970
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For more details
de Oliveira Costa J, Schaffer AL, Medland NA, Litchfield M, 
Narayan SW, Guy R, McManus H,
Pearson SA. Adherence to Antiretroviral Regimens in 
Australia: A Nationwide Cohort Study. AIDS
Patient Care STDS. 2020 Feb;34(2):81-91. doi: 
10.1089/apc.2019.0278.



Questions?
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Barries to 
adherence
 Broad range of factors

 Patient-related factor
 lower levels of education and literacy
 sex-differences
 use of substances
 comorbidities/ mental health 

disorders

 Characteristics of the antiretroviral therapy 
 number of pills per dose and number 

of doses per day
 food, fluid intake requirements
 toxicity and side-effects

Engler et al. AIDS Care. 2018;30(sup1):17-28
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