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Abstract

Background—Less frequent follow-up visits may reduce the burden on people living with HIV 

(PLHIV) and health facilities. We aimed to assess trends in follow-up visits and survival outcomes 

among PLHIV in Asia and Australasia.

Settings—PLHIV enrolled in TAHOD or AHOD from 2008–2017 were included.

Methods—Follow-up visits included laboratory testing and clinic visit dates. Visit rates and 

survival were analysed using repeated measure Poisson regression and competing risk regression, 

respectively. Additional analyses were limited to stable PLHIV with VL <1000 copies/mL and 

self-reported adherence ≥95%.
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Results—We included 7707 PLHIV from TAHOD, and 3289 from AHOD. Visit rates were 

4.33 per person-years (/PYS) in TAHOD, and 3.68/PYS in AHOD. Both TAHOD and AHOD 

had decreasing visit rates in later calendar years compared to years 2008–2009 (p<0.001 for both 

cohorts). Compared to PLHIV with 2 visits, those with ≥4 visits had poorer survival: TAHOD 

≥4 visits: sub-hazard ratio (SHR)=1.88, 95%CI 1.16–3.03, p=0.010; AHOD ≥4 visits: SHR=1.80, 

95%CI 1.10–2.97, p=0.020; while those with ≤1 visit showed no differences in mortality. The 

association remained evident among stable PLHIV: TAHOD ≥4 visits: SHR=5.79, 95%CI 1.84–

18.24, p=0.003; AHOD ≥4 visits: SHR=2.15, 95%CI 1.20–3.85, p=0.010, compared to 2 visits.

Conclusions—Both TAHOD and AHOD visit rates have declined. Less frequent visits did not 

affect survival outcomes, however poorer health possibly lead to increased follow-up and higher 

mortality. Reducing visit frequency may be achievable among PLHIV with no other medical 

complications.

Background

In the early antiretroviral therapy (ART) era, people living with HIV (PLHIV) in low- 

and middle- income countries often presented to HIV care with advanced disease. Clinic 

appointments were often scheduled at monthly intervals to facilitate more intensive 

monitoring and clinical care1. As treatment guidelines have evolved, increasing numbers of 

PLHIV are now initiating ART at higher CD4 cell counts and less advanced disease. Many 

PLHIV are achieving and maintaining viral load suppression over time as HIV transitions to 

become a manageable chronic disease.

Frequent HIV clinic visits can be inconvenient and represent financial burden on PLHIV 2, 

which can lead to poor adherence and reduced retention3,4. There is currently no accepted 

gold standard on how often HIV monitoring should occur. Previous studies have shown that 

by extending clinic appointment intervals, patients were less likely to miss their scheduled 

appointments, and this was often associated with better treatment outcomes5,6.

The World Health Organization (WHO) now recommends less frequent clinical visits for 

PLHIV on stable ART1. The reduction in visit frequency is expected to reduce the cost 

burden for both PLHIV and health care services, especially in resource-limited settings such 

as the Asia-Pacific region which is home to an estimated 5.8 million PLHIV in 2019, more 

than any other region outside of sub-Saharan Africa7,8.

The TREAT Asia HIV Observational Database (TAHOD)9,10 consists of sites from 

high, upper-middle and lower-middle income countries across Asia, with ongoing patient 

recruitment since 2003. The Australian HIV Observational Database (AHOD)11, established 

in 1999, is a cohort comprised of sites within Australia and New Zealand, both high-income 

countries. TAHOD and AHOD are observational cohorts which longitudinally capture 

routine HIV clinical care data, such as patient demographics, ART regimen, CD4 cell count, 

plasma viral load (VL), and other laboratory measurements. Follow-up visits are conducted 

as per clinical guidance with no scheduled visits mandated by the study protocol.

Previously, patients in AHOD were reported to have CD4 and VL testing up to 4 times 

per year, in contrast to up to twice per year for TAHOD low-income sites12. In addition, 
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combined CD4 and VL testing frequency in TAHOD fell from 2 per person-years in 2003–

2005 to 1.5 per person-years in 2014–201513. It is not known if the overall follow-up visit 

frequency has also fallen over the years in both cohorts.

The aim of this study was to investigate follow-up frequencies among the general TAHOD 

and AHOD population over the past decade, and the association of the number of visits 

occurring in the past year with survival outcomes. Additional analyses were conducted 

among those considered to be adhering to care and clinically stable.

Methods

Study population

PLHIV enrolled in TAHOD and AHOD in follow-up and on ART for at least one year from 

2008 to 2017 were included. Patients who became lost to follow-up (LTFU), transferred out, 

or died prior to 2008 were excluded from the study. Sites in TAHOD are all urban HIV 

referral centres spanning across World Bank14 lower-middle to high income countries in 

Asia. AHOD sites consist of sexual health clinics, high HIV caseload general practitioners 

and public HIV clinics in Australia and New Zealand.

Definitions

As TAHOD and AHOD do not collect cumulative visit dates, i.e. only the latest visit date 

is captured in the dataset, we defined a follow-up visit or contact as any of the clinic visit 

dates, CD4, VL or other laboratory testing dates recorded in the database. Other laboratory 

testing dates include but not limited to hepatitis serology testing and routine bloods.

Follow-up visit rates

Analysis time started from the later of cohort entry date or six months after ART initiation 

to minimise bias caused by the higher number of visits expected in the first six months after 

initiation of ART. Follow-up rates occurring between 2008 and 2017 were plotted across 

calendar years and analysed using repeated measure Poisson regression with random effects 

on patient.

Survival time

Survival time were plotted using the Kaplan-Meier (KM) curve, and analysed using Fine 

and Gray’s competing risk regression, with LTFU included as a competing risk. LTFU was 

defined as those not seen in the previous 12 months excluding transfers or deaths. Risk time 

for mortality was left truncated either at one year after cohort entry date, one year from date 

of ART initiation or at the beginning of our follow-up period in 2008, whichever occurred 

last. Patients who were alive, transferred out, became LTFU or died after 2017 were all 

censored at the end of our follow-up period of 31st December 2017. Proportional hazards 

(PH) assumption was assessed using Schoenfeld residuals method.

Covariates

Time fixed covariates included age at ART initiation, sex, mode of HIV exposure, initial 

ART regimen, hepatitis B/C co-infection, and World Bank Country Income grouping14 
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for TAHOD sites, which was adjusted a priori in the multivariate analysis. Time-updated 

covariates included calendar year of follow-up categorised according to changes in WHO 

treatment guidelines 1,15,16, VL, CD4, AIDS illnesses and self-reported ART adherence 

using the WHO endorsed 30 day visual analogue scale17. ART adherence was not collected 

in AHOD. In the survival analysis, a visit frequency variable was added to the model. This 

time-updated variable measures the number of follow-up visits occurring in the past 12 

months. We chose 2 visits as the reference category to be consistent with the previously 

published average CD4 cell and VL testing frequency in TAHOD12.

Regression models were fitted using backward stepwise selection process using Wald’s test 

for heterogeneity or test for trend. With the exception of World Bank Country Income in 

TAHOD which was adjusted a priori, other covariates with p<0.10 in the univariate analysis 

were included in the multivariate model selection. Covariates with p<0.05 were considered 

statistically significant.

Stable PLHIV

To further explore whether similar trends were present among PLHIV deemed clinically 

stable, we limited our analyses to PLHIV with VL <1000 copies/mL between 2008 and 

2017 in both cohorts. We additionally excluded patients with at least one self-reported ART 

adherence <95% in the TAHOD cohort as routine VL testing is not performed at all TAHOD 

sites. These definitions were derived from WHO18,19 and adapted to our cohorts.

Ethics approvals for TAHOD were obtained from the local ethics committees of all 

participating sites, the data management and biostatistical program (The Kirby Institute, 

UNSW Sydney), and the coordinating centre (TREAT Asia/amfAR). Ethics approval for 

AHOD was obtained from the respective local ethics committees of all participating sites 

and the Kirby Institute, UNSW Sydney. Data management and statistical analyses were 

performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) and Stata 

software version 16.1 (Stata Corp., College Station, TX, USA).

Results

A total of 7707 TAHOD patients were included from Cambodia (7%), China (3%), Hong 

Kong SAR (5%), India (10%), Indonesia (10%), Japan (3%), Malaysia (8%), the Philippines 

(5%), Singapore (3%), South Korea (3%), Taiwan (7%), Thailand (26%), and Vietnam 

(9%). AHOD contributed 3289 patients from sites in Australia (93%) and New Zealand 

(7%). Table 1 shows TAHOD patients were younger at enrolment (median age = 34 years 

(interquartile range (IQR) 29–41)) compared to AHOD (median age = 39 years (IQR 33–

47)). The main mode of HIV exposure for TAHOD was heterosexual contact (63%), while 

men who have sex with men (MSM) was the main mode of exposure for AHOD (70%). 

TAHOD patients had lower CD4 count prior to ART initiation (TAHOD median CD4 = 135 

cell/µL, IQR (44–238)); AHOD median CD4 = 310 cell/µL (IQR 189–480).

Follow-up visit rates

From 2008 to 2017 the overall visit rate for the TAHOD was 4.33 per person-years (/PYS); 

for AHOD it was 3.68/PYS. Figure 1 illustrates the visit rates for each cohort across 
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calendar years. The figure shows a strong downward trend in visit rates for AHOD, while 

TAHOD showed a gradual decrease in follow-up visits.

In the Poisson analysis for TAHOD, all covariates were significant in the univariate analysis: 

calendar year, age at ART initiation, sex, mode of HIV exposure, viral load, CD4, initial 

ART regimen, hepatitis B/C co-infection, AIDS illnesses, ART adherence, and World Bank 

Country Income level, all p<0.001. Figure 2a is a forest plot of the multivariate regression 

model for TAHOD. Not tested/unknown values were analysed as a separate category, but 

excluded from test for heterogeneity and omitted from the forest plot.

From Figure 2a, there was a decrease in visit rates for later calendar years of follow-up: 

2013–2015: incidence rate ratio (IRR)=0.94, 95% confidence interval (CI) (0.92–0.95), 

p<0.001; and 2016–2017: IRR=0.95, 95% CI (0.93–0.96), p<0.001); compared to years 

2008–2009. Those with higher CD4 count also showed decreases in visit rates: 201–350 

cells/µL (IRR=0.83, 95% CI (0.82–0.85), p<0.001), 351–500 cells/µL (IRR=0.76, 95% 

CI (0.75–0.78), p<0.001) and >500 cells/µL (IRR=0.72, 95% CI (0.70–0.73), p<0.001) 

compared to ≤200 cells/µL. An increase in visit rates was seen in older age 41–50 years 

(IRR=1.05, 95% CI (1.02–1.08), p=0.002, and age >50 years (IRR=1.10, 95% CI (1.05–

1.14), p<0.001) compared to age ≤30 years; higher VL 401–1000 copies/mL (IRR=1.12, 

95% CI (1.07–1.18), p<0.001) and VL >1000 copies/mL (IRR=1.34, 95% CI (1.30–1.37), 

p<0.001), compared to VL ≤400 copies/mL. Other factors associated with increased visit 

rates compared to the reference category were injecting drug users, having an AIDS illness, 

hepatitis B co-infection, female sex and being from high income countries. Those associated 

with lower visit rates were MSM and other/unknown mode of HIV exposure, initiating on an 

nucleoside reverse transcriptase inhibitor (NRTI)+ protease inhibitor (PI) regimen and being 

from upper-middle income countries.

In AHOD, we also observed decreased visit rates at later calendar years of follow up 

(Figure 2b). The follow-up visit rate in 2008–2009 was 4.59/PYS, decreasing to 3.12/PYS 

in 2016–2017. Compared to 2008–2009, the adjusted IRRs for other years were: 2010–2012: 

IRR=0.81, 95% CI (0.79–0.82), p<0.001; 2013–2015: IRR=0.71, 95% CI (0.69–0.73.), 

p<0.001; and 2016–2017 IRR=0.65, 95% CI (0.63–0.67), p<0.001. Similar to TAHOD we 

observed an increase in visit rates for older age and higher VL, while higher CD4 cell 

counts were associated with decreased visit rates. Compared to MSM, AHOD patients 

with heterosexual mode of exposure (IRR=0.91, 95% CI (0.86–0.97), p=0.003), and those 

with other/unknown mode of exposure (IRR=0.93, 95% CI (0.87–0.99), p=0.018) had less 

frequent follow-up. Those with an AIDS defining illness and those who initiated with 

combination regimens other than NRTI+non NRTI (NNRTI) had more frequent follow-up 

visits.

Survival time

A total of 7495 TAHOD and 3147 AHOD patients were included in the survival analysis. 

Mortality rates during 2008–2017 were 0.55/100PYS for TAHOD and 0.79/100PYS for 

AHOD. All variables satisfied PH assumption. Figures 3a and 3b are KM curves for survival 

time according to the frequency of follow-up visits in the previous year. Visit frequency 

of ≥4 times in the past year had overall lower survival probabilities than those who were 
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seen twice. However, we also observed that the KM curve for ≤1 visit was also lower than 

our reference curve of 2 visits, but this association was not significant after controlling for 

confounders as shown in Figures 4a and 4b. TAHOD patients (Figure 4a) with ≥4 follow-up 

visits had higher hazard for mortality compared to those with 2 visits (sub-hazard ratio 

(SHR)=1.88, 95% CI (1.16–3.03), p=0.010). There were no differences in survival for those 

who had 3 visits (p=0.148) or ≤1 visit (p=0.223). A similar association can also be seen in 

AHOD (Figure 4b) where those with ≥4 follow-up visits was associated with poorer survival 

time (SHR=1.80, 95% CI (1.10–2.97), p=0.020), while visit frequency of ≤1 had no effect 

on survival (p=0.611). Other factors associated with increased mortality for both cohorts 

were older age, VL >1000 copies/mL, hepatitis C-coinfection and AIDS illnesses. Those 

with hepatitis B co-infection in TAHOD and those who initiated with NRTI+PI regimen 

in AHOD had increased mortality. Higher CD4 cell count was associated with improved 

survival in both TAHOD and AHOD.

Stable PLHIV

We conducted additional analyses by limiting our study group to those deemed clinically 

stable. There were 4658 TAHOD and 2575 AHOD PLHIV included. Supplementary Figures 

1a and 1b show that the results are similar to the main analyses, with decrease in visit rates 

for later years of follow-up.

Supplementary Figures 2a and 2b indicate that similar patterns in survival outcomes 

remained evident for both cohorts. There was an association of frequent follow-up visits 

≥4 times in the past 12 months with mortality: TAHOD: SHR=5.79, 95% CI (1.84–18.24), 

p=0.003; AHOD: SHR=2.15, 95%CI 1.20–3.85, p=0.010, while having 3 or ≤1 visit did not 

affect survival time compared to 2 visits. TAHOD showed wide 95% CIs suggesting more 

sample size is needed.

Collinearity was assessed and presented as correlation matrices in Supplementary Figure 3. 

There was no collinearity observed between variables.

Discussion

Visit rates during 2008–2017 was 4.33/PYS for TAHOD, and 3.68/PYS for AHOD. We 

observed decreased visit rates in both cohorts in later years of follow-up. Having ≥4 visits in 

the last 12 months was associated with poorer survival outcomes, while ≤1 visit did not have 

an impact on survival. Once PLHIV without evidence of stable disease were excluded from 

the study population, we continued to observe a decrease in visit rates across calendar years, 

without changes in patterns of survival outcomes.

The 2016 WHO guidelines1 recommend less frequent clinical visits and medication pick-ups 

at 3–6 month intervals for PLHIV with stable disease. Along with the introduction of 

Treat All strategies, low- and middle-income countries have begun to extend clinic visit 

intervals to optimise patient retention and relieve the potential burden on the health care 

system. Within the Asia-Pacific region, clinically stable PLHIV in the Philippines are seen 

at the clinic every six months. However, a stand-alone satellite clinic has begun offering 

e-consultations to stable PLHIV with ART refills couriered to their home thus reducing 
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the requirement for a face-to-face visit20. In Vietnam, the recent successful registration of 

90 and 180 count ART pill bottles has allowed for three to six month ART dispensing to 

qualified patients21. In high-income countries such as Australia, PLHIV who have reached 

virological suppression are recommended to come for VL monitoring once every 3–6 

months22.

Amongst the general TAHOD and AHOD population, as well as those deemed clinically 

stable, a decreasing trend in follow-up visits in later calendar years were observed for both 

cohorts. From our previous TAHOD study23, PLHIV with suboptimal ART adherence were 

shown to be more likely to miss clinic appointments. Similarly, other studies have shown 

that PLHIV with indicators of disease progression, such as low CD4 cell count and recent 

hospitalisation were more likely to miss their visit appointments24,25. It is important to note 

that our study did not capture missed clinic appointments, but rather attended visits. A South 

African study comparing visit rates among PLHIV with stable disease and those receiving 

failing ART has shown that those failing ART were seen more frequently compared to 

those deemed clinically stable26. By excluding PLHIV without stable disease from our study 

population, we observed a greater decrease in follow-up visit rates among those adhering 

and responding to treatment.

Survival time in both cohorts was not affected by less frequent follow-up. There was 

an increase in hazard for mortality, however, for those having four or more visits in the 

previous 12 months. Once we limited the analyses to stable PLHIV, the association remained 

evident in both cohorts. These findings may appear counterintuitive as various studies have 

found that more consistent engagement in care were associated with decreased mortality, 

while having multiple missed visits after ART initiation substantially increased the risk for 

all-cause mortality27–30. It can also be argued that those with higher number of visits are 

sicker with shorter survival time, and those who disengage in care with fewer visits are at 

increased risk of mortality. Our survival curves somewhat illustrate this with the effect more 

evident in TAHOD. That is, there appeared to be higher risk for mortality among those with 

lowest and highest number of visits compared to our reference group (2 visits), however, the 

association was not significant except for those with ≥4 visits.

PLHIV with other health conditions such as those with adverse drug reactions, co

morbidities or co-infections are more likely to seek frequent medical care. A study of 

African and Caribbean PLHIV immigrants in Ontario, Canada found higher rates of health 

service usage for certain non-communicable diseases, e.g. chronic pulmonary disease, 

hypertension, diabetes and mental health illnesses31. Our data also suggest that those with 

hepatitis B/C co-infection had higher follow-up visit rates compared to those without the 

co-infection. This is likely due to the more frequent monitoring among those who are 

hepatitis B/C positive. Therefore, the association between higher number of visits and 

mortality illustrates that PLHIV with co-morbidities are perceived to be at greater risk of 

serious morbidity and mortality, and are subsequently being monitored more closely.

Although better VL control and greater increases in CD4 cell counts have been associated 

with more frequent visits32, recent studies suggest that reduced clinic visit frequency does 

not have an impact on treatment outcomes in both high income and low- and middle
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income settings6. There was no association seen between three, four and six month visit 

intervals and virological suppression among PLHIV enrolled in six clinics across the USA33. 

Similarly, an analysis from South Africa comparing ART pharmacy pick-ups every two 

months vs. every four months did not find a significant association between ART dispensing 

frequency and virological suppression rates among PLHIV with stable disease34. This 

suggests that clinicians may consider extending clinic visit intervals among PLHIV who 

are well and who have demonstrated good adherence to ART with sustained virological 

control.

The limitations of the study include not having all retrospective clinic visit dates. Both 

TAHOD and AHOD cohorts do not record all previous clinic visits, therefore we defined 

follow-up visits as a combination of all possible laboratory and assessment dates. If a 

patient attended a clinic appointment without any laboratory testing, we would not have 

been able to capture this visit in our analysis, unless it was the latest visit date collected 

in the dataset. This may introduce a bias in the study whereby those who are stable may 

come in for a clinic visit without any laboratory testing resulting in lower number of visits 

recorded compared to those who are sick requiring frequent blood testing. However, as VL 

and CD4 testing are often performed as part of HIV routine clinical visits, even among 

stable PLHIV, we believe the number of visits without any laboratory testing that is not 

captured in our analyses is minimal. Another limitation of the study is the definition of 

stable PLHIV. As ART adherence is not collected in AHOD, we were not able to define 

stable AHOD PLHIV based on adherence levels. We did not exclude those with adverse 

drug reactions requiring regular monitoring, or those with current illnesses or pregnancy as 

per WHO’s definition18,19 due to limited data collected in both of our cohorts. A previous 

linkage study in AHOD has found that LTFU status was not associated with mortality. This 

was possibly due to re-engagement in care with other health providers35. The mortality 

estimate among LTFU patients in TAHOD is unknown. We have attempted to account for 

this by censoring LTFU as competing risk, although it is likely that the mortality rate for 

TAHOD was underestimated. Both TAHOD and AHOD did not collect transgender status 

consistently. As such, we were not able to assess its impact on the study outcomes. Lastly, as 

the TAHOD cohort is not representative of all PLHIV in Asia, the findings of the study are 

limited to our study groups, and not generalisable to the wider PLHIV population.

Conclusions

Less frequent visits in recent years were observed among PLHIV enrolled in TAHOD and 

AHOD. The increased risk in mortality with higher number of visits were most likely due 

to PLHIV with greater risk of mortality being monitored more frequently. Having fewer 

follow-ups did not affect survival outcomes, supporting recent WHO recommendations. 

The results indicate that across high-, middle- and lower-middle income countries in Asia 

and Australasia, health care providers may consider reducing follow-up appointments in 

otherwise healthy PLHIV maintaining virological control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Jiamsakul et al. Page 8

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

The TREAT Asia HIV Observational Database: PS Ly, V Khol, National Center for HIV/AIDS, Dermatology & 
STDs, Phnom Penh, Cambodia; FJ Zhang, HX Zhao, N Han, Beijing Ditan Hospital, Capital Medical University, 
Beijing, China; MP Lee, PCK Li, TS Kwong, TH Li, Queen Elizabeth Hospital, Hong Kong SAR; N Kumarasamy, 
C Ezhilarasi, Chennai Antiviral Research and Treatment Clinical Research Site (CART CRS), VHS-Infectious 
Diseases Medical Centre, VHS, Chennai, India; S Pujari, K Joshi, S Gaikwad, A Chitalikar, Institute of Infectious 
Diseases, Pune, India; S Sangle, V Mave, I Marbaniang, S Nimkar, BJ Government Medical College and Sassoon 
General Hospital, Pune, India; TP Merati, DN Wirawan, F Yuliana, Faculty of Medicine Udayana University & 
Sanglah Hospital, Bali, Indonesia; E Yunihastuti, A Widhani, S Maria, TH Karjadi, Faculty of Medicine Universitas 
Indonesia - Dr. Cipto Mangunkusumo General Hospital, Jakarta, Indonesia; J Tanuma, S Oka, T Nishijima, 
National Center for Global Health and Medicine, Tokyo, Japan; JY Choi, Na S, JM Kim, Division of Infectious 
Diseases, Department of Internal Medicine, Yonsei University College of Medicine, Seoul, South Korea; YM 
Gani, NB Rudi, Hospital Sungai Buloh, Sungai Buloh, Malaysia; I Azwa, A Kamarulzaman, SF Syed Omar, S 
Ponnampalavanar, University Malaya Medical Centre, Kuala Lumpur, Malaysia; R Ditangco, MK Pasayan, ML 
Mationg, Research Institute for Tropical Medicine, Muntinlupa City, Philippines; YJ Chan, WW Ku, PC Wu, E 
Ke, Taipei Veterans General Hospital, Taipei, Taiwan; OT Ng, PL Lim, LS Lee, T Yap, Tan Tock Seng Hospital, 
National Centre for Infectious Diseases, Singapore (note: OT Ng was also supported by the Singapore Ministry 
of Health’s (MOH) National Medical Research Council (NMRC) Clinician Scientist Award (MOH-000276). Any 
opinions, findings and conclusions or recommendations expresses in this material are those of the author(s) and 
do not reflect the views of MOH/NMRC.); A Avihingsanon, S Gatechompol, P Phanuphak, C Phadungphon, HIV
NAT/Thai Red Cross AIDS Research Centre, Bangkok, Thailand; S Kiertiburanakul, A Phuphuakrat, L Chumla, N 
Sanmeema, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand; R Chaiwarith, T 
Sirisanthana, J Praparattanapan, K Nuket, Chiang Mai University - Research Institute for Health Sciences, Chiang 
Mai, Thailand; S Khusuwan, P Kantipong, P Kambua, Chiangrai Prachanukroh Hospital, Chiang Rai, Thailand; KV 
Nguyen, HV Bui, DTH Nguyen, DT Nguyen, National Hospital for Tropical Diseases, Hanoi, Vietnam; CD Do, AV 
Ngo, LT Nguyen, Bach Mai Hospital, Hanoi, Vietnam; AH Sohn, JL Ross, B Petersen, TREAT Asia, amfAR - The 
Foundation for AIDS Research, Bangkok, Thailand; MG Law, A Jiamsakul, D Rupasinghe, The Kirby Institute, 
UNSW Sydney, NSW, Australia.

The Australian HIV Observational Database :New South Wales: D Ellis, Plaza Medical Centre, Coffs Harbour; 
M Bloch, T Vincent, Holdsworth House Medical Practice, Sydney; D Allen, Holden Street Clinic, Gosford; D 
Smith, A Rankin, Lismore Sexual Health & AIDS Services, Lismore; D Baker*, R Mousavi, East Sydney Doctors, 
Surry Hills; DJ Templeton*, Niveditha Manokaran, R Jackson, RPA Sexual Health, Camperdown; Eva Jackson, 
K McCallum, Nepean and Blue Mountains Sexual Health and HIV Clinic, Penrith; N Ryder, G Sweeney, B 
Moran, Clinic 468, HNE Sexual Health, Tamworth; A Carr, K Hesse, T Chronopoulos, St Vincent’s Hospital, 
Darlinghurst; R Finlayson, L Tan, J Le, Taylor Square Private Clinic, Darlinghurst; K Brown, V Aldous, JL Little, 
Illawarra Sexual Health Service, Warrawong; R Varma, H Lu, Sydney Sexual Health Centre, Sydney; D Couldwell, 
J Walsh, Western Sydney Sexual Health Clinic; DE Smith*, V Furner, D Smith, Albion Street Centre; A Cogle*, 
National Association of People living with HIV/AIDS; C Lawrence*, National Aboriginal Community Controlled 
Health Organisation; B Mulhall*, Department of Public Health and Community Medicine, University of Sydney; 
M Boyd*, University of Adelaide; M Law*, K Petoumenos*, J Hutchinson*, N Rose, R Puhr, T Dougherty, The 
Kirby Institute, University of NSW. Northern Territory: M Gunathilake, K Jackson, Centre for Disease Control, 
Darwin. Queensland: M O’Sullivan, S White, Gold Coast Sexual Health Clinic, Southport; D Russell, F Bassett, M 
Rodriguez, Cairns Sexual Health Service, Cairns; D Sowden, K Taing, P Smith, Clinic 87, Sunshine Coast Hospital 
and Health Service, Nambour; D Orth, D Youds, Gladstone Road Medical Centre, Highgate Hill; D Rowling, 
J Langton-Lockton, N Latch, F Taylor, Sexual Health and HIV Service in Metro North, Brisbane; B Dickson*, 
CaraData. South Australia: W Donohue, O’Brien Street General Practice, Adelaide. Victoria: R Moore, S Edwards, 
S Boyd, Northside Clinic, North Fitzroy; NJ Roth*, H Lau, Prahran Market Clinic, South Yarra; R Teague, J 
Silvers*, W Zeng, Melbourne Sexual Health Centre, Melbourne; J Hoy*, M Giles*, K Watson*, M Bryant, S Price, 
The Alfred Hospital, Melbourne; I Woolley, T Korman, J O’Bryan, K Cisera, Monash Medical Centre, Clayton. 
Western Australia: D Nolan, A Allen, G Guelfi. Department of Clinical Immunology, Royal Perth Hospital, Perth. 
New Zealand: G Mills, C Wharry, Waikato District Hospital Hamilton; N Raymond, K Bargh, Wellington Hospital, 
Wellington. CoDe reviewers: D Templeton, M Giles, K Brown and J Hoy.

Source of Funding

The TREAT Asia HIV Observational Database and the Australian HIV Observational Database are initiatives of 
TREAT Asia, a program of amfAR, The Foundation for AIDS Research, with support from the U.S. National 
Institutes of Health’s National Institute of Allergy and Infectious Diseases, the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development, the National Cancer Institute, the National Institute of Mental 
Health, the National Institute on Drug Abuse, the National Heart, Lung, and Blood Institute, the National Institute 
on Alcohol Abuse and Alcoholism, the National Institute of Diabetes and Digestive and Kidney Diseases, and 
the Fogarty International Center, as part of the International Epidemiology Databases to Evaluate AIDS (IeDEA; 
U01AI069907). The Australian HIV Observational Database is also supported in part by unconditional grants from 

Jiamsakul et al. Page 9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ViiV Healthcare, Janssen-Cilag and Gilead Sciences. The Kirby Institute is funded by the Australian Government 
Department of Health and Ageing, and is affiliated with the Faculty of Medicine, UNSW Sydney. The content of 
this publication is solely the responsibility of the authors and does not necessarily represent the official views of any 
of the governments or institutions mentioned above.

References

1. World Health Organization. Consolidated Guidelines on The Use of Antiretroviral Drugs For 
Treating and Preventing HIV Infections. Recommendations for a Public Health Approach. Second 
Edition 2016. 2016.

2. Tran V-T, Messou E, Mama M, Ravaud P, Ekouevi D. Patients’ perspectives on how to decrease the 
burden of treatment: a qualitative study of HIV care in subSaharan Africa. BMJ quality & safety. 
2019;28:266–275.

3. Kumarasamy N, Venkatesh KK, Mayer KH, Freedberg K. Financial burden of health services for 
people with HIV/AIDS in India. The Indian journal of medical research. 2007;126(6):509–517. 
[PubMed: 18219077] 

4. Beer L, Tie Y, Weiser J, Shouse R. Nonadherence to Any Prescribed Medication Due to Costs 
Among Adults with HIV Infection — United States, 2016–2017. MMWR Morb Mortal Wkly Rep 
2019. 2019;68:1129–1133.

5. Mody A, Roy M, Sikombe K, et al.Improved Retention With 6-Month Clinic Return Intervals 
for Stable Human Immunodeficiency Virus-Infected Patients in Zambia. Clin Infect Dis. 
2018;66(2):237–243. [PubMed: 29020295] 

6. Mutasa-Apollo T, Ford N, Wiens M, et al.Effect of frequency of clinic visits and medication pick-up 
on antiretroviral treatment outcomes: a systematic literature review and meta-analysis. J Int AIDS 
Soc. 2017;20(Suppl 4):21647. [PubMed: 28770599] 

7. UNAIDS. AIDSinfo. http://aidsinfo.unaids.org/.Published 2020.. Accessed April 19, 2021.

8. UNAIDS. Fact sheet - World AIDS Day 2020. https://www.unaids.org/sites/default/files/
media_asset/UNAIDS_FactSheet_en.pdf.Published 2020. Accessed April 19, 2021.

9. Zhou J, Kumarasamy N, Ditangco R, et al.The TREAT Asia HIV Observational Database: baseline 
and retrospective data. J Acquir Immune Defic Syndr. 2005;38(2):174–179. [PubMed: 15671802] 

10. TAHOD. A Decade of Combination Antiretroviral Treatment in Asia: The TREAT Asia HIV 
Observational Database Cohort. AIDS Res Hum Retroviruses. 2016;32(8):772–781. [PubMed: 
27030657] 

11. Australian HIVOD. Rates of combination antiretroviral treatment change in Australia, 1997–2000. 
HIV Med. 2002;3(1):28–36. [PubMed: 12059948] 

12. Wright S, Boyd MA, Yunihastuti E, et al.Rates and factors associated with major modifications 
to first-line combination antiretroviral therapy: results from the Asia-Pacific region. PLoS One. 
2013;8(6):e64902. [PubMed: 23840312] 

13. Jiamsakul A, Kiertiburanakul S, Ng OT, et al.Long-term loss to follow-up in the TREAT Asia HIV 
Observational Database (TAHOD). HIV Med. 2019;20(7):439–449. [PubMed: 30980495] 

14. The World Bank. https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank
country-and-lending-groups.Accessed 30 September, 2019.

15. World Health Organization. Antiretroviral therapy for HIV infection in adults and adolescents. 
Recommendations for a public health approach: 2010 revision. http://www.who.int/hiv/pub/arv/
adult2010/en/index.html.Accessed 16 January, 2013.

16. World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treatment 
and preventing HIV infection: Recommendations for a public health approach June2013. http://
apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf.Accessed January 8, 2014.

17. Obermeyer CM, Bott S, Carrieri P, et al.HIV testing, treatment and prevention: generic tools for 
operational research. Geneva: World Health Organization. 2009.

18. Waldrop G, Doherty M, Vitoria M, Ford N. Stable patients and patients with advanced disease: 
consensus definitions to support sustained scale up of antiretroviral therapy. Tropical medicine & 
international health : TM & IH. 2016;21(9):1124–1130. [PubMed: 27371814] 

Jiamsakul et al. Page 10

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://aidsinfo.unaids.org/.
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
http://www.who.int/hiv/pub/arv/adult2010/en/index.html
http://www.who.int/hiv/pub/arv/adult2010/en/index.html
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf


19. World Health Organization. Guidelines for Managing Advanced HIV Disease and Rapid Initiation 
of Antiretroviral Therapy. July 2017.2017.

20. SHIP. Antiretroviral therapy -Electronic Consultation (ART-EC). https://www.ship.ph/art
ec/.Accessed April 19, 2021.

21. USAID. USAID supports multi-month dispensing of HIV treatment in Vietnam 
to achieve epidemic control. https://www.usaid.gov/vietnam/program-updates/nov-2019
usaid-supports-multi-month-dispensing-hiv-treatment-vietnam-achieve-epidemic.Published 2019. 
Accessed April 19, 2021.

22. Guidelines Antiretroviral. US DHHS Guidelines with Australian commentary. https://
arv.ashm.org.au/tests-for-initial-assessment-and-follow-up/. Published 2018. Accessed December 
8, 2020.

23. Jiamsakul A, Kerr SJ, Kiertiburanakul S, et al.Early suboptimal ART adherence was associated 
with missed clinical visits in HIV-infected patients in Asia. AIDS care. 2018;30(12):1560–1566. 
[PubMed: 30021450] 

24. Horberg MA, Hurley LB, Silverberg MJ, Klein DB, Quesenberry CP, Mugavero MJ. Missed office 
visits and risk of mortality among HIV-infected subjects in a large healthcare system in the United 
States. AIDS patient care and STDs. 2013;27(8):442–449. [PubMed: 23869466] 

25. van der Kop ML, Nagide PI, Thabane L, et al.Retention in clinic versus retention in care during 
the first year of HIV care in Nairobi, Kenya: a prospective cohort study. J Int AIDS Soc. 
2018;21(11):e25196. [PubMed: 30489698] 

26. Haas AD, Johnson LF, Grimsrud A, et al.Extending Visit Intervals for Clinically Stable Patients 
on Antiretroviral Therapy: Multicohort Analysis of HIV Programs in Southern Africa. J Acquir 
Immune Defic Syndr. 2019;81(4):439–447. [PubMed: 31242142] 

27. Mugavero MJ, Westfall AO, Cole SR, et al.Beyond Core Indicators of Retention in HIV Care: 
Missed Clinic Visits Are Independently Associated With All-Cause Mortality. Clin Infect Dis. 
2014.

28. Sabin CA, Howarth A, Jose S, et al.Association between engagement in-care and mortality in 
HIV-positive persons. AIDS. 2017;31(5):653–660. [PubMed: 28060018] 

29. Zhang Y, Dou Z, Sun K, et al.Association between missed early visits and mortality among 
patients of china national free antiretroviral treatment cohort. J Acquir Immune Defic Syndr. 
2012;60(1):59–67. [PubMed: 22517414] 

30. Colubi MM, Perez-Elias MJ, Elias L, et al.Missing scheduled visits in the outpatient clinic as a 
marker of short-term admissions and death. HIV clinical trials. 2012;13(5):289–295. [PubMed: 
23134630] 

31. Masindi KI, Jembere N, Kendall CE, et al.Co-morbid Non-communicable Diseases and Associated 
Health Service Use in African and Caribbean Immigrants with HIV. J Immigr Minor Health. 
2018;20(3):536–545. [PubMed: 29209931] 

32. Blair D, Choudhary M, Morrison C. Effect of clinic visit frequency on HIV clinical care and 
virologic outcome. Infectious Diseases Society of America; 2009; Philadelphia (PA).

33. Buscher A, Mugavero M, Westfall AO, et al.The association of clinical follow-up intervals in 
HIV-infected persons with viral suppression on subsequent viral suppression. AIDS patient care 
and STDs. 2013;27(8):459–466. [PubMed: 23886048] 

34. Grimsrud A, Patten G, Sharp J, Myer L, Wilkinson L, Bekker LG. Extending dispensing 
intervals for stable patients on ART. J Acquir Immune Defic Syndr. 2014;66(2):e58–60. [PubMed: 
24378724] 

35. McManus H, Petoumenos K, Brown K, et al.Loss to follow-up in the Australian HIV 
Observational Database. Antivir Ther. 2015;20(7):731–741. [PubMed: 25377928] 

Jiamsakul et al. Page 11

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ship.ph/art-ec/.
https://www.ship.ph/art-ec/.
https://www.usaid.gov/vietnam/program-updates/nov-2019-usaid-supports-multi-month-dispensing-hiv-treatment-vietnam-achieve-epidemic
https://www.usaid.gov/vietnam/program-updates/nov-2019-usaid-supports-multi-month-dispensing-hiv-treatment-vietnam-achieve-epidemic
https://arv.ashm.org.au/tests-for-initial-assessment-and-follow-up/
https://arv.ashm.org.au/tests-for-initial-assessment-and-follow-up/


Figure 1: 
Follow-up visits rates for TAHOD and AHOD during 2008–2017

Note: Each point on the graph corresponds to follow-up visit rate (per person-years) with 

associated 95% confidence interval.

Abbreviations: TAHOD – The TREAT Asia HIV Observational Database; AHOD – The 

Australian HIV Observational database.
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Figure 2: 
Factors associated with follow-up visit rates in (a) TAHOD; and (b) AHOD

Not tested values were included in the analysis as a separate category but were excluded 

from test for heterogeneity, and omitted from the forest plot.

Global p-value for calendar year, age, viral load and CD4 were test for trend.

Calendar year, viral load, CD4 and AIDS illnesses were time updated variables.

Abbreviations: TAHOD – The TREAT Asia HIV Observational Database; AHOD – The 

Australian HIV Observational database; IRR – incidence rate ratio, CI – confidence 

interval; /pys – per person-years; ART – antiretroviral therapy; NRTI - nucleoside reverse 

transcriptase inhibitor, NNRTI – non NRTI; PI – protease inhibitor; INSTI – integrase 

inhibitor
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Figure 3: 
Kaplan-Meier curves by frequency of follow-up visits in the past 12 months for (a) TAHOD; 

and (b)AHOD

Abbreviations: TAHOD – The TREAT Asia HIV Observational Database; AHOD – The 

Australian HIV Observational database; ART- antiretroviral therapy.
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Figure 4: 
Risk factors for mortality for (a) TAHOD; and (b) AHOD

Not tested values were included in the analysis as a separate category but were excluded 

from test for heterogeneity, and omitted from the forest plot.

Global p-value for calendar year, number of visits, age, viral load and CD4 were test for 

trend.

Number of visits, calendar year, viral load, CD4 and AIDS illnesses were time updated 

variables.

Abbreviations: TAHOD – The TREAT Asia HIV Observational Database; AHOD – The 

Australian HIV Observational database; SHR –sub-hazard ratio, CI – confidence interval; /

100pys – per 100 person-years; ART – antiretroviral therapy; NRTI - nucleoside reverse 

transcriptase inhibitor, NNRTI – non NRTI; PI – protease inhibitor; INSTI – integrase 

inhibitor
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Table 1:

Patient characteristics

TAHOD (%)
N= 7707 (100)

AHOD (%)
N =3289 (100)

Age at ART initiation (years)
≤30
31–40
41–50
>50

Median = 34, IQR (29–41)
2389 (31)
3306 (43)
1441 (19)

571 (7)

Median =39, IQR (33–47)
605 (18)

1217 (37)
925 (28)
542 (17)

Sex
Male
Female

5376 (70)
2331 (30)

2971 (90)
318 (10)

Mode of HIV Exposure
Heterosexual contact
MSM
Injecting drug use
Other/unknown

4868 (63)
1733 (23)

549 (7)

482 (15)
2290 (70)

557 (7)
143 (4)

374 (11)

Pre-ART viral load (copies/mL)
≤100000
>100000
Not tested

Median = 84000, IQR (21304–250000)
2058 (27)
1689 (22)
3960 (51)

Median = 46900, IQR (5790–140000)
1683 (51)
728 (22)
878 (27)

Pre-ART CD4 (cells/µL)
≤50
51–100
101–200
>200
Not tested

Median = 135, IQR (44–238)
1792 (23)
888 (12)

1564 (20)
2198 (29)
1265 (16)

Median = 310, IQR (189–480)
193 (6)
139 (4)

375 (11)
1806 (55)
776 (24)

Initial ART Regimen
NRTI+NNRTI
NRTI+PI
INSTI-based
Other

6359 (83)
1167 (15)

72 (1)
109 (1)

1454 (44)
1187 (36)
332 (10)
316 (10)

Hepatitis B co-infection
Negative
Positive
Not tested

5652 (73)
644 (8)

1411 (18)

2434 (74)
112 (3)

743 (23)

Hepatitis C co-infection
Negative
Positive
Not tested

5022 (65)
829 (11)

1856 (24)

2342 (71)
270 (8)

677 (21)

Country Income LevelLower Middle
Upper Middle
High

3128 (41)
2859 (37)
1720 (22)

0 (0)
0 (0)

3289 (100)
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