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GLOSSARY 

 

Defini�ons of terms: 

Adherence: “as the extent to which a person's behaviour is taking medica�on, following a diet, execu�ng lifestyle 
changes and follows medical advice.” 

In antiretroviral therapy: “adherence is defined as taking the prescribed regimen of drugs in the right doses, at 
the same �me, every day for a life�me. This is a process that requires adjustment over �me and across different 
aspects of one's lifestyle.”  

Non-adherence: “as the inability of pa�ents to follow treatment plans, take medica�ons at prescribed �mes and 
frequencies and also follow restric�ons regarding lifestyles, food and other medica�ons.” 

Lost to follow-up: when a pa�ent has had 180 days or more since the last clinic visit.  

Treatment ‘defaulter: defined by the South African na�onal TB management 2014 guidelines is a pa�ent that 
interrupted treatment for 2 consecu�ve months or more.  
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ABSTRACT 

Background 

The South African Na�onal Cause-of-Death Valida�on (2017/18) project u�lized the WHO 2016 standard VA 
ques�onnaire, which included both structured ques�ons and an open narra�ve from the next of kin to describe 
the events surrounding deaths. An unexpected finding was the significant number of HIV/AIDS-related deaths 
men�oning treatment default in the narra�ve. 

Objec�ves 

This study aims to determine the accuracy of VA narra�ves in iden�fying ART treatment default by linking data 
from the na�onal treatment register with NCODV 2017/18 HIV/AIDS related death data.  

Methods 

Secondary analysis of VA data from the NCODV 2017/18 project a�er linking with TIER.Net data on ART treatment 
maintained by the Department of Health. Agreement between treatment default iden�fied from VA narra�ves 
and from TIER.Net was inves�gated using Cohen’s Kappa (k), and the sensi�vity and specificity of the narra�ve 
for iden�fying treatment default was es�mated. 

Results  

Data linkage succeeded for 691 (58.9%) deaths, with 62 (5.3%) cases excluded due to inconsistencies. Among the 
629 linked cases, 48.3% were iden�fied as treatment defaulters in TIER.Net, compared to 29.4% indicated by VA 
narra�ves. The agreement between VA narra�ves and TIER.Net was 59.1%, with a Cohen’s Kappa value of 0.17 
(95% CI: 0.10–0.24). Sensi�vity and specificity of VA narra�ves for iden�fying treatment default were 38.2% (95% 
CI: 34.4%–42.0%) and 78.8% (95% CI: 75.6%–82.0%) respec�vely, with posi�ve and nega�ve predic�ve values of 
62.7% (95% CI: 58.9%–66.5%) and 57.7% (95% CI: 53.8%–61.5%) respec�vely. 

Conclusions 

The VA narra�ves were not sensi�ve enough to iden�fy all treatment defaulters, likely related to the lack of 
structured ques�ons related to defaul�ng but possibly also related to non-disclosure of HIV status and treatment. 
Of concern is the high propor�on of deceased who had defaulted on treatment.  

 

Keywords: human immunodeficiency virus, an�retroviral therapy, treatment default, lost to follow-up, verbal 
autopsy, data linkage, TIER.Net.   
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BACKGROUND 

South Africa (SA) has the largest popula�on of people living with human immunodeficiency virus (PLHIV) and the 
highest number of PLHIV on an�retroviral therapy (ART) worldwide (1, 2). In 2017, approximately 7.9 million 
PLHIV aged 15 to 64 were aware of their HIV status, with 70.6% receiving ART (3). The Universal Test and Treat 
90-90-90 global target aims for 90% of all PLHIV to know their HIV status, 90% of those diagnosed with HIV to 
receive sustained ART, and 90% of those on ART to achieve viral suppression. This strategy has been adopted to 
eradicate HIV (4). PLHIV are started on ART as soon as they are diagnosed and are advised to remain in care, 
ac�vely par�cipa�ng in ART programs to receive medica�on and have their HIV clinical indicators monitored at 
proper intervals to reduce mortality and infec�vity (5-7). PLHIV are ini�ated on ART as soon as they are iden�fied 
and are advised to remain in care and ac�vely atend and par�cipate in ART care programs to receive medica�on 
and to have their HIV clinical indicators monitored at proper intervals to reduce mortality and infec�vity (6, 8). 
However, maintaining people on ART remains a challenge. A systema�c review of cohort studies from sub-
Saharan Africa found that one-third of pa�ents on ART were reported as lost to follow-up (LTFU) or deceased 
within three years of star�ng ART (9). Since the incep�on of na�onal HIV treatment programs, some studies have 
observed a decrease in the propor�on of pa�ents LTFU over �me, while others have noted an increase in LTFU 
rates as the epidemic has progressed. This trend coincides with the growing number of pa�ents registered at 
health centres providing ART (10-13). In a systema�c review of studies on LTFU or default from ART care in South 
Africa, Kaplan et al. (2019) highlight the lack of clear defini�ons and standardiza�on in measuring LTFU and 
reten�on. They also note biases in repor�ng interrup�ons in care, stemming from varia�ons in reported 
outcomes (14). Fox et al. (2010) argued that clinics should consider using vital registra�on data to update 
outcome informa�on for pa�ents who are LTFU (15). 

Verbal autopsy (VA) is a method used to determine the underlying cause of death (UCOD) through an interview 
with the next of kin (NOK) or another caregiver. This method involves a set of structured ques�ons along with a 
free-text open narra�ve in the respondent’s own words, detailing how the death occurred (16). It is typically used 
at the community and popula�on level in countries with poor vital registra�on systems, where many deaths occur 
at home without contact with the health system (16). In South Africa, the Na�onal Cause of Death Valida�on 
(NCODV) project (17) made use of a VA and/or medical records for a na�onal sample of deaths collected in 
2017/18 to assess the validity of the reported UCOD submited by doctors for death registra�on and used for 
vital sta�s�cs. The results from over 5,000 VAs collected for the NCODV indicated that 22.8% of the deaths were 
due to HIV/AIDS (17). An unexpected finding was that 10.2% of the narra�ves for deaths from HIV/AIDS 
men�oned treatment default by the decedent.(17).  

The aim of this study is to assess the validity of informa�on from the VA narra�ve regarding ART treatment default 
by linking data for deaths from the NCODV 2017/18, where HIV/AIDS was the UCOD, with treatment informa�on 
reported in TIER.Net (18), an electronic pa�ent monitoring system for HIV/AIDS pa�ent visits developed in South 
Africa. The first objec�ve is to determine the propor�on of decedents that defaulted according to the VA narra�ve 
and according to TIER.Net. The second objec�ve is to determine the level of agreement on treatment default 
between the VA narra�ve and TIER.Net. The third objec�ve is to determine the sensi�vity and specificity of 
treatment default iden�fied in the VA narra�ves, trea�ng the linked data (TIER.Net) as the gold standard. 
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METHODS 

Study design and setting 

South Africa has a popula�on of about 60 million people and records approximately half a million deaths annually 
(19). When a death occurs, a doctor completes the medical cer�ficate of cause of death on a death no�fica�on 
form (DNF), the DHA-1663 form, (20) which ini�ates the death registra�on process. A family member or funeral 
prac��oner then takes the DNF to the Department of Home Affairs for the death to be registered and a death 
cer�ficate issued. This descrip�ve study uses secondary data from the NCODV 2017/18 project, which collected 
and assigned UCOD to 5,375 VA interviews for a na�onal sample of deaths that occurred between September 1, 
2017 and April 13, 2018 in 27 selected health sub-districts in South Africa (17). The linkage was conducted by 
officials from the Na�onal Department of Health (NDOH) who manage the TIER.Net system. The NCODV deaths 
included physician-coded VA deaths assigned a UCOD of HIV/AIDS. Informa�on on treatment defaul�ng was 
extracted from the narra�ves by searching for specific words and terms (Annexure 1). The records from narra�ves 
containing informa�on on treatment default were compared with the outcomes in the TIER.Net data to verify 
the validity of the narra�ve informa�on. 

Study population 

The VA reviews iden�fied 1 196 with HIV/AIDS as UCOD. Deaths of infants and children ≤ 11 years were excluded, 
resul�ng in a study popula�on of 1 174. The HIV/AIDS death records were sent to NDOH (TIER.Net) for data 
linkage.  

Primary and secondary outcome measures 

The primary outcome was the propor�on of HIV/AIDS deaths who defaulted on treatment according to the 
combined informa�on obtained from TIER.Net (treatment status) and VA narra�ves (date of death). The 
secondary outcome is to determine the sensi�vity and specificity of treatment default iden�fied in the VA 
narra�ves alone. 

 

DATA SOURCES 

Verbal autopsy 

Funeral Parlors and the Department of Home Affairs offices serving the sampled areas were enlisted to inform 
the next of kin (NOK) about the study and seek their permission for the research team to contact them later. 
Trained fieldworkers then approached the NOK and made arrangements to conduct face-to-face VA interviews 
using the three ques�onnaires from the WHO 2016 instruments (21). These instruments were translated into 
South Africa’s nine official languages, with efforts made to match the interview language to that of the 
respondent. Fieldworkers interviewed the NOK who had agreed to par�cipate in the NCODV 2017/18 project and 
administered the WHO VA 2016 ques�onnaire a�er obtaining informed consent. The VA ques�onnaire collects 
informa�on about signs and symptoms around the �me of death, a brief medical history, and the u�liza�on of 
health services. There is also an open narra�ve sec�on where the NOK describes the circumstances leading to 
the death. KoBoTools was used to capture all responses and the narra�ve writen out in text (in English) and later 
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captured as an image (jpeg). A team of study doctors then reviewed the responses and narra�ves to iden�fy the 
UCOD which were then coded to ICD-10 for analysis. In addi�on, the doctors prepared a short medical history.  

All the VA narra�ves were transcribed into Excel spreadsheets and the HIV/AIDS deaths were selected and read 
by the lead researcher (MM). Words and phrases such as “defaul�ng,” “defaulted”, “stop taking treatment”, “top 
drinking tablets” etc that imply treatment default was incrementally added to a list used to iden�fy defaulters 
from non-defaulters (Annexure 1 with all iden�fied phrases). 

A consolidated HIV status variable was generated for the VA data based on the following ques�ons in the WHO 
2016 VA ques�onnaire: “Was an HIV test ever posi�ve?”, “Was there any diagnosis by a health professional of AIDS?”, 

and “Did (s)he receive (or need) an�retroviral therapy (ART)?” together with the physician summary variable “HIV 

status” that was based on their review of the VA.  For this analysis, the decedent was categorised as “HIV posi�ve” 
if any of the indicators had a posi�ve result, otherwise the decedent was iden�fied as “No indica�on of HIV.”   

Routine health information (TIER.Net) 

In 2010, SA Na�onal Department of Health (NDOH) introduced an electronic pa�ent management system that 
was used to monitor and evaluate HIV care and treatment programmes at facility level which was integrated into 
the district health informa�on system (DHIS) for repor�ng various programme data from sub-district to na�onal 
levels. TIER.Net has a three-�er approach: a paper-based system as �er 1, an electronic version of the paper 
register as �er 2, and full electronic medical record so�ware at �er 3 (18). TIER.Net includes informa�on on clinic 
visit atendance, laboratory results, and ART dispensing records for all pa�ents on ART. 

Treatment default definition: 

TIER.Net considers a pa�ent to be lost to follow-up (LTFU) when they have not atended the clinic for three 
months. This defini�on aligns with that described by Chi et al. (2011) (22) which defines LTFU as when a pa�ent 
has had 180 days or more since their last clinic visit. This study will use the TIER.Net defini�on of treatment 
default. 

Calculation of treatment default: 

To determine if the decedent had defaulted on their treatment or followed-up on their treatment by atending 
clinic, two categories of �me interval between successive visits ≤3months and ≥3months were created. By 
subtrac�ng the date of death from the date since last clinic visit, the �me interval, in months, was calculated in 
Excel as follows: (Dateofdeath - LastARTVisitDate) * 12/365.25  

 

DATA LINKAGE  

The NDOH, which manages the Three Integrated Electronic Registers database (TIER.Net), was approached to 
undertake the linkage with the 1,174 HIV/AIDS-related deaths. A password-protected Excel spreadsheet 
containing selected variables from the NCODV dataset was provided. These variables included the unique study 
iden�ty number, gender, name, other names, surname, date of birth, iden�ty number, place of residence, and 
province of death. An NDOH official performed the linkage and returned an anonymized dataset with 1,009 
entries, consis�ng of mul�ple visits with informa�on on every pa�ent registered for ART at a health facility. This 
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dataset included details of each pa�ent's visits to receive ART, such as the date, prescribed ART regimen, date of 
the next appointment, and the ART provider. 

During the data cleaning phase, the HIV/AIDS and TIER.Net datasets were merged using the unique study ID. A 
decision was made to use only the last scheduled clinic visit, removing duplicate entries to determine monthly 
intervals for LTFU. This process resulted in 691 single entries with all relevant informa�on; cases missing 
informa�on or with the last clinic date captured a�er the date of death were excluded (Annexure 1, Figure 1). 

Study size 

During the planning of the data linkage study, different margin of errors and sample sizes calcula�ons were 
considered for the es�ma�on of a propor�on as it was an�cipated that not all NCODV cases will be linked with 
TIER.Net (htps://www.calculator.net/sample-size-calculator.html). The calcula�ons were based on an assumed 
propor�on of 50% to provide the largest error margin. It was noted that a sample size of 560 would have a 3% 
margin of error on the es�mated propor�on with a 95% confidence interval (Annexure 1, Table 1), indica�ng that 
a study popula�on size of 1 174 would be sufficient. Ini�al explora�on of data linkage suggested that this sample 
size will be achievable. 

 

STATISTICAL METHODS 

Descrip�ve sta�s�cs (percentages) were used to summarize par�cipants’ characteris�cs.  Characteris�cs were 
compared using Chi-square or Fisher’s exact tests for categorical variables. A p-value ≥0.05 is considered to be 
sta�s�cally significant. Data management was undertaken using excel spreadsheets and data analysis was 
performed with Stata 15 (23). 

 

The sensi�vity and specificity analysis with their 95% confidence interval (CI) were compared for VA narra�ves 
and TIER.Net data as well as VA narra�ves and LTFU ( ≥3 months). The sensi�vity refers to the ability for the VA 
narra�ve to iden�fy treatment defaults whereas the specificity refers to deaths that were iden�fied as non-
defaulters from TIER.Net. The formula for the calcula�on were defined as: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑇𝑇𝑇𝑇

(𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹)
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑇𝑇𝑇𝑇

(𝐹𝐹𝐹𝐹 + 𝑇𝑇𝑇𝑇) 
 

 
The posi�ve predic�ve values (PPV) and nega�ve predic�ve values (NPV), are the propor�ons of posi�ve and 
nega�ve results in sta�s�cs and diagnos�c tests that are true posi�ve and true nega�ve results (24), respec�vely 
with the following formulae: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑃𝑃𝑃𝑃𝑃𝑃) =
𝑇𝑇𝑇𝑇

(𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹)
 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑁𝑁𝑁𝑁𝑁𝑁) =
𝑇𝑇𝑇𝑇

(𝑇𝑇𝑇𝑇 + 𝐹𝐹𝐹𝐹)
 

TP = true positive; FP = false positive; TN = true negative; FN = false negative. 

https://www.calculator.net/sample-size-calculator.html
https://en.wikipedia.org/wiki/Predictive_value_of_tests
https://en.wikipedia.org/wiki/Diagnostic_test
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ETHICAL CONSIDERATIONS 

The NCODV 2017/18 protocol, outlining informed consent procedures, and including valida�on against disease 
registers, was provided ethical clearance approval by the SAMRC Ethics Commitee (EC004-2/2017). This data 
linkage study was also approved by the Human Research Ethics Commitee of the University of Cape Town (HREC 
REF: 346/2022). 

 

RESULTS 

Participants 

From the 1 174 HIV/AIDS deaths, it was possible to link 691 (58.8%) cases with data from TIER.Net.  However, a 
further 62 (5.3%) cases were excluded due to inconsistent informa�on (Annexure 1, Figure 2) leaving 629 (53.6%) 
cases available for the study. In total, the unlinked and inconsistent informa�on cases accounted for 545 (46.4%) 
cases that were excluded from the analysis (Figure 1). 

 

Figure 1: Flow diagram showing study popula�on of HIV/AIDS related deaths linked in TIER.Net for this study. 

 

Characteristics and linkage status according to TIER.Net 

Table 1 linkage results showed no significant gender difference (p-value = 0.086) between the female 305 (48.5%) 
and male 324 (51.5%) linked cases versus female 237 (43.5%) and male 308 (56.5%) unlinked/excluded cases 
when comparing the overall HIV/AIDS cases. The study popula�on was mostly from the Black African popula�on 
group and the other groups were combined due to not having enough par�cipants, the results showed no 
significant difference (p-value = 0.827) between the linked and unlinked/excluded cases. The age distribu�on of 
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the linked cases tended to skew younger, with individuals aged 12–44 years represen�ng a significant por�on of 
both the linked cases (380 cases, 60.4%) and the unlinked/excluded cases (290 cases, 53.2%). In contrast, the 
older popula�on (45–65+ years) had fewer cases, with 249 (39.6%) linked and 255 (46.8%) unlinked/excluded, a 
difference that was sta�s�cally significant (p-value = 0.036). There was a significant difference by province and 
beter linkage in the Free State 88 (14.0%), Eastern Cape 75 (11.9%), Northern Cape 64 (10.2%) and Western Cape 
15 (2.4%) with poorer linkage in North West 134 (21.3%), KwaZulu Natal 111 (17.6%), Gauteng 38 (6.0%) and 
Limpopo 38 (6.0%), which was significant (p-value = 0.004). 

 

Table 1: Characteris�cs of HIV/AIDS deaths and TIER.Net linking status. 
 
 

Characteristics 

 
 
 

Total 
1 174 (100.0%) 

Linking status 
 

Linked 
629 (100%) 

 
Unlinked 

(Excluded) 
545 (100%) 

 
p-value 

Gender 
Female 
Male 

 
542 (46.2%) 
632 (53.8%) 

 
305 (48.5%) 
324 (51.5%) 

 
237 (43.5%) 
308 (56.5%) 

0.086 

Population group 
Black African 
Other 

 
1 077 (91.7%) 

97 (8.3%) 

 
576 (91.6%) 

53 (8.4%) 

 
501 (91.9%) 

44 (8.1%) 

0.827 

Age groups 
12 – 24 yrs 
25 – 44 yrs 
45 – 64 yrs 
65+ yrs 

 
50 (4.3%) 

620 (52.8%) 
413 (35.2%) 

91 (7.7%) 

 
33 (5.3%) 

347 (55.2%) 
207 (32.9%) 

42 (4.9%) 

 
17 (3.1%) 

273 (50.1%) 
206 (37.8%) 

49 (9.0%) 

0.036 

Province 
Eastern Cape 
Free State 
Gauteng 
KwaZulu Natal 
Limpopo 
Mpumalanga 
Northern Cape  
North West 
Western Cape 

 
131 (11.2%) 
130 (11.1%) 

96 (8.2%) 
220 (18.7%) 

71 (6.1%) 
116 (9.9%) 
115 (9.8%) 

270 (23.0%) 
25 (2.1%) 

 
75 (11.9%) 
88 (14.0%) 
38 (6.0%) 

111 (17.6%) 
38 (6.0%) 

66 (10.5%) 
64 (10.2%) 

134 (21.3%) 
15 (2.4%) 

 
56 (10.3%) 
42 (7.7%) 

58 (10.6%) 
109 (20.0%) 

33 (6.1%) 
50 (9.2%) 
51 (9.4%) 

136 (24.9%) 
10 (1.8%) 

0.004 

 

The high number of unlinked/excluded cases was a concern, promp�ng a review of the responses to the HIV/AIDS-
related ques�ons in the WHO 2016 VA ques�onnaire and the HIV/AIDS data from the physician review to assess 
the certainty that the study par�cipants had HIV and confirm that they died from HIV/AIDS. When exploring the 
HIV definite variable, the results showed that 72 (13.2%) unlinked/excluded cases had no indica�on of HIV/AIDS, 
compared to 27 (4.3%) linked cases, a difference that was sta�s�cally significant (p-value < 0.001). Full details can 
be seen in Annexure 1, Table 2. This raised the possibility that some of the unlinked cases might not have had 
HIV.  

  



10 
 

Treatment defaulters according to VA narratives and TIER.Net 

Ini�ally, the VA narra�ves iden�fied 10.2% treatment defaulters among HIV/AIDS deaths (17). Upon further 
inves�ga�on, more key phrases implying treatment defaul�ng were discovered resul�ng in 302 (25.7%) 
defaulters iden�fied in the narra�ves. Of the 629 cases that were linked with TIER.Net, 185 (29.4%) cases were 
iden�fied as treatment defaulters from the narra�ves and 444 (70.6%) were not. Among the cases that did not 
link, 117 (21.5%) were treatment defaulters and 428 (78.5%) were not treatment defaulters (Table 2). In our study, 
TIER.Net had recorded only 40.7% of the cases as RIP (deceased). However, a�er data linkage, it was confirmed 
that the en�re study popula�on had died. Full details can be seen in Annexure 1, Table 3. 

 

Table 2: Treatment defaulters according to VA narra�ve and TIER.Net.  
 
 

Characteristics 

 
 
 

Total 
1 174 (100.0%) 

Linking status 
 

Linked 
629 (100%) 

 
Unlinked 

(Excluded) 
545 (100%) 

 
p-value 

Did the narrative 
indicate treatment 
default? 
Yes 
No 

 
 
 

302 (25.7%) 
872 (74.3%) 

 
 
 

185 (29.4%) 
444 (70.6%) 

 
 
 

117 (21.5%) 
428 (78.5%) 

0.002 

 

Agreement between VA narratives and TIER.Net 

In Table 3, 304 (48.3%) linked cases were iden�fied to be LTFU once the date of death was taken into considera�on 
while 325 (51.7%) cases had received treatment within 3 months of atending clinic. The overall level of 
agreement between the VA narra�ves and TIER.Net was 59.1% with a Kappa sta�s�c of 0.17 (95% CI: 0.1 – 0.2), 
indica�ng slight agreement beyond what would be expected by chance (Annexure 1, Figure 3). 

 

The specificity, at 78.8% (95% CI: 75.6% – 82.0%), confirms that the VA narra�ves correctly iden�fied non-
defaulters. However, the sensi�vity for iden�fying defaulters was poor at38.2% (95% CI: 34.4% – 42.0%). This is 
likely because informa�on provided by NOK was voluntary and many did not indicate treatment defaul�ng in the 
VA narra�ves. In this study, a decedent who died from HIV/AIDS had a 62.7% (PPV) (95% CI: 58.9 – 66.5) chance 
to have defaulted and 57.7% (NPV) (95% CI: 53.8 – 61.5) not to have defaulted based on informa�on in the VA 
narra�ve (Annexure 1, Figure 4). 
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Table 3: Descrip�on of treatment default cases in the narra�ves that were LTFU. 
 
Did the narrative indicate 
treatment default? 

TIER.Net– clinic attendance  
Total Yes 

(LTFU ≥3 months) 
No 

(Follow-up ≤3 months) 
Yes 116 (18.4%) 69 (11.0%) 185 (29.4%) 
No 188 (29.9%) 256 (40.7%) 444 (70.6%) 
Total 304 (48.3%) 325 (51.7%) 629 (100.0%) 

 

DISCUSSION 

Out of the 629 linked cases we observed that 29.4% (95% CI: 25.8% – 33.1%) had defaulted based on unsolicited 
informa�on recorded in the VA narra�ve. However, following the data linkage with rou�ne health informa�on for 
management of HIV/AIDS treatment (TIER.Net) and upda�ng the date of death in the rou�ne data it was observed 
that 48.3% (95% CI: 44.4% – 52.3%) of the linked cases had defaulted based on clinic visit dates. Despite the 
biased selec�on of the study popula�on (i.e., only considering deaths from HIV/AIDS), this is an extraordinarily 
high propor�on of LTFU. Etoori et al 2020 atributed an unpublished analysis from TIER.Net by Pillay (25), 
revealing LTFU rates ranging from 11% to 15% in the first 3 months and from 27% to 34% in the first year of ART 
(26). We note that the average �me since star�ng treatment for our study popula�on was 46 months which may 
be a contribu�ng factor to the high LTFU that was observed.  

Determining the outcome status in rou�ne clinical care of LTFU pa�ents is o�en complicated and resource 
intensive. The lack of integrated medical record systems in many se�ngs and complexity in tracing pa�ents who 
do not return for scheduled visits results in pa�ents being classified as LTFU even although this category is a 
combina�on of those who have disconnected from care, died, or who are receiving care elsewhere. 
Undocumented pa�ent transfers among ART ini�ates con�nue to be an important poten�al source of 
misclassifica�on when assessing reten�on in HIV care (6). Etoori et al 2020 iden�fied TIER.Net misclassifica�on 
by finding 40% of the deaths in their study were not captured and 43% were recorded as transferred out.  Their 
study also found that pa�ents recorded as LTFU in TIER.Net were more likely to be misclassified as deceased or 
transferred outpa�ents. Chammar�n et al 2018 recommends that mortality in pa�ents LTFU be taken into 
considera�on for unbiased assessments of program outcomes (27). Fox et al 2010 (15) also recommended that 
it would be ideal for clinics to be linked to the death registry to determine the vital status of LTFU pa�ents. Our 
study found that only 40.7% of the decedents (and not 100%) iden�fied in TIER.Net were recorded as having 
died, illustra�ng the poten�al value of linking the rou�ne programme data with a death register. Such a data 
linkage would need to be done using the South African Iden�ty document (SA ID) number, sugges�ng that it 
would be ideal for the rou�ne programme data to ensure the collec�on of correct SA ID number data or make 
use of the  Health Pa�ent Registra�on System (HPRS) (28) pa�ent iden�fiers to enhance data linkage.  

Our study revealed a poor level of agreement between the VA narra�ves and TIER.Net. The agreement is rela�vely 
high (59.1%) because it counts all matching cases, whether meaningful or random. However, the Kappa is low 
(0.17) because it adjusts for chance, only measuring true agreement beyond random matches. This means much 
of the observed agreement has arisen by chance, leading to a lower Kappa. The VA narra�ves lacked sensi�vity 
in iden�fying treatment defaulters, although specificity was reasonably high. It remains uncertain whether 
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incorpora�ng structured ques�ons related to treatment default into the VA ques�onnaire would elicit such 
informa�on, or if such details are simply unknown to NOKs due to the s�gma and sensi�vi�es surrounding 
HIV/AIDS in our context. A study by King et al in 2016 (29) reported that while VA narra�ves provided rich 
informa�on on care-seeking, healthcare provision, and social factors leading up to death, they were not reliable 
for making diagnoses. Addi�onally, a study employing mixed methods to inves�gate VA narra�ves and 
circumstances of mortality (COM) indicators for assessing access and barriers to care for individuals who died of 
cardiovascular causes in a rural South African se�ng emphasized the necessity of strategies to improve care-
seeking and receiving during the final illness (30). Further research is needed to explore whether COM indicators 
in VA could be expanded reliably to encompass informa�on on treatment defaul�ng. 

 

STUDY LIMITATIONS  

Only 58.8% of the NCODV HIV cases were linked with data in TIER.Net, and of those, only 53.6% could be used 
for our analysis due to incomplete informa�on about clinic visit dates. It is possible that this low propor�on could 
have introduced poten�al bias. While younger age groups, females and selected provinces tended to be over-
represented in the linked data, it is not clear how this would affect the findings. Since the unlinked/excluded cases 
had a lower default rate of 21.9%, it is possible that the poor performance of the VA narra�ve could be even 
worse. Furthermore, the evalua�on of HIV informa�on between the linked and unlinked/excluded cases revealed 
the possibility that some of the unlinked cases might not have had HIV. Nonetheless, we were able to achieve a 
required sample size for reasonable confidence intervals.  

 

CONCLUSIONS 

Although a high propor�on of the VA narra�ves provided by NOKs about people who had died from HIV/AIDS 
suggested that the person had defaulted on their treatment prior to death, a�er linking the informa�on about 
death with TIER.Net, it was found that almost half of the study popula�on had defaulted on treatment. There is 
an urgent need to inves�gate reasons for the high level of defaul�ng. In addi�on, it would be ideal for rou�ne 
programme data rou�nely include SA ID numbers to track LTFU pa�ents through improved data linkage. The study 
found that informa�on about treatment defaul�ng obtained from VA narra�ves was not accurate. Two-thirds of 
the defaulters were correctly iden�fied and just over half of the non-defaulters were correctly iden�fied. Further 
inves�ga�on into the possibility of including structured ques�ons around defaul�ng in the VA might be useful.  
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INTRODUCTION 

Towards the end of 2018, the Joint United Na�ons Programme on AIDS es�mated around 37.9 million people 
were infected with HIV worldwide and 28.2 million people have access to an�retroviral therapy (ART) (1). As of 
2016, over 7 million South Africans are living with HIV of which 56% are receiving ART making this the largest ART 
programme in the world, which accounts for 20% of people on ART globally. A study review indicated that in 
South Africa between 2008 and 2013, only ± 67% of pa�ents who ini�ated ART remained in care a�er 4 years 
and 40% of those who were lost to follow-up (LTFU) was atributed to known deaths (2). 

High rates of LTFU have been reported in many HIV care and treatment programmes in sub-Saharan Africa (3). 
Pa�ents who discon�nued ART treatment are at high risk of illness and death because of AIDS-related condi�ons. 
Several studies have tried to quan�fy and determine the status of pa�ents reported as LTFU, including several in 
South Africa (4). For example, in a large public hospital, it was determined that 31% of pa�ents who defaulted 
soon a�er ART ini�a�on had died, 25% had transferred and 44% had discon�nued treatment voluntarily or could 
not be found (4). Another public sector clinic in South Africa showed similar results a�er tracing pa�ents who 
were at least one month late for their last clinic visit 6 months a�er star�ng ART, where 41% had died, 7% had 
transferred, and 52% had voluntarily discon�nued treatment or could not be found (5). Several methods have 
been used to obtain informa�on on the vital status of LTFU pa�ents, including pa�ent tracing, the review of 
obituaries in newspapers and record linkage with civil registra�on and vital sta�s�cs (CRVS)(6, 7). 

The CRVS system is well-established with a high propor�on of deaths being registered in South Africa. However, 
the DNF is poorly completed by doctors and it impacts on the quality of cause-of-death informa�on (8). The 
problem of underrepor�ng and misclassifica�on of HIV deaths has also been highlighted. The NCODV study 
assessed and validated the UCOD assigned on the death no�fica�on forms processed by Sta�s�cs South Africa 
(Stats SA) compared with informa�on collected for a na�onal sample of deaths. The preliminary results reported 
that 5,387 VA interviews were completed and 22.8% were iden�fied as  HIV/AIDS related deaths through the 
doctor reviewed VA, of which 10.2% of the VA narra�ve indicated that the decedent defaulted on their treatment 
(9). 

South Africa has the largest ART programme in the world, but a few cohort studies of ART programmes have 
reported a high number of LTFU among pa�ents who ini�ated ART in later years as compared to earlier years (3, 
10). In 2018, an unpublished TIER.Net analysis showed that LTFU rates in the first 3 months were 11 to 15% 
compared to the 1st year which was 27% to 34% (11). The doctor reviewed VA HIV/AIDS related deaths will be 
linked in TIER.Net to confirm if the treatment default informa�on provided by the VA narra�ve can be linked to 
the treatment outcomes in TIER.Net. 
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LITERATURE REVIEW 

An insight into human immunodeficiency virus and acquired immunodeficiency syndrome epidemic in South 
Africa 

South Africa holds the world's largest popula�on of people living with human immunodeficiency virus (PLHIV), 
along with the highest number receiving an�retroviral therapy (ART) (12, 13). Since the 1990s, the country has 
witnessed a steady rise in HIV prevalence among pregnant women with rates reaching alarming levels by the 
early 2000s (14). Factors such as behavioural paterns, socioeconomic condi�ons and popula�on mobility have 
fuelled the rapid spread of the virus (14). The government's response to the epidemic faced substan�al cri�cism, 
par�cularly during the period from 1998 to 2008, marked by what was described as denialism (15). This lack of 
ac�on led to the unnecessary loss of hundreds of thousands of lives due to the unavailability of ART (16). 
However, the introduc�on of the na�onal rollout of ART in 2004 marked a significant shi� in the approach to 
HIV/AIDS management (17). 

Subsequent na�onal strategic plans, such as the Na�onal Strategic Plan (NSP) for HIV and AIDS and sexually 
transmited infec�ons (STIs) (2007–2011), aimed to provide ART to a larger propor�on of those in need, resul�ng 
in a substan�al increase in the number of individuals receiving treatment (18). The adop�on of the "Test and 
Treat" approach further accelerated the scale-up of ART, leading to millions of people being ini�ated on lifelong 
treatment. The Joint United Na�ons Programme on HIV and AIDS (UNAIDS) 90-90-90 targets provided a 
framework for assessing progress in HIV/AIDS control efforts with South Africa making significant strides towards 
achieving these goals (19). Mathema�cal modelling studies have demonstrated the poten�al for achieving 
epidemic control by 2030 through the successful implementa�on of these targets (20, 21). However, challenges 
persist, par�cularly in monitoring and evalua�ng the effec�veness of ART programs. Issues such as loss to follow-
up (LTFU), data reliability and monitoring adherence to treatment remain areas of concern. 

The lack of standardized defini�ons and measurement methods for LTFU and reten�on in HIV/AIDS care poses 
significant challenges to assessing program effec�veness and pa�ent outcomes. Different studies and programs 
use varying criteria and �meframes to define LTFU, leading to inconsistencies in reported rates and hindering 
meaningful comparisons (22, 23). Addi�onally, the absence of consensus on what cons�tutes successful reten�on 
further complicates efforts to evaluate interven�ons and improve pa�ent outcomes (24, 25). These 
inconsistencies highlight the need for standardized defini�ons and measurement tools to accurately assess 
pa�ent reten�on and guide programma�c interven�ons in HIV/AIDS care. 

Misclassifica�on of LTFU in HIV/AIDS care occurs when pa�ents who are s�ll engaged with care are incorrectly 
classified as being lost. This misclassifica�on can lead to inaccurate assessments of program reten�on rates and 
hinder efforts to improve pa�ent outcomes. Several studies have highlighted the prevalence of misclassifica�on 
and its impact on program evalua�on (26, 27). Factors contribu�ng to misclassifica�on include incomplete 
documenta�on, transfer of care between facili�es and delays in upda�ng pa�ent records (27, 28). Addressing 
misclassifica�on requires improved record-keeping prac�ces, standardized defini�ons of LTFU and beter tracking 
systems to accurately capture pa�ent movements within the healthcare system (22, 27). 

Overcoming HIV/AIDS data management challenges in resource-limited se�ngs presents considerable hurdles, 
encompassing concerns about data quality, accuracy and accessibility. TIER.Net, an electronic pa�ent registry, 
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emerges as a pivotal solu�on to these obstacles, facilita�ng comprehensive management of pa�ent informa�on, 
treatment data and program oversight. Research underscores the invaluable role of TIER.Net in addressing 
HIV/AIDS data management in resource-constrained environments. For instance, Mphatswe et al. (2012) 
demonstrated TIER.Net effec�veness in enhancing data completeness and �meliness, thereby fostering informed 
decision-making and op�mizing resource alloca�on (29). Furthermore, TIER.Net has played a crucial role in 
bolstering the expansion of ART ini�a�ves and monitoring pa�ent progress. 

However, despite its merits, TIER.Net faces challenges in comprehensively addressing misclassifica�on issues 
(11). One such challenge arises from the variability in data entry prac�ces and coding conven�ons across 
healthcare facili�es, leading to inconsistencies in pa�ent outcome classifica�on. Addi�onally, reliance on passive 
data collec�on methods may contribute to underrepor�ng of misclassified cases, par�cularly in se�ngs with 
limited healthcare infrastructure and access. Moreover, the effec�veness of TIER.Net in mi�ga�ng 
misclassifica�on depends on the availability of skilled personnel and resources for data valida�on and 
verifica�on. 

Introduction to verbal autopsy and its application 

Verbal autopsy (VA) is a method used to collect informa�on about the cause of death through interviews 
conducted by non-medical interviewers. Defined by the WHO as "a method used to ascertain the cause of a death 
based on an interview with next of kin or other caregivers”, VA is par�cularly valuable in situa�ons where deaths 
occur outside of medical facili�es or in areas lacking robust vital registra�on systems (30). Origina�ng in Asia and 
Africa during the 1950s and 1960s, researchers ini�ally conducted physician interviews with rela�ves and 
caregivers to determine the cause of death, a method later named VA by workers in the Narangwal project in 
India (31, 32). The 1970s saw the WHO advocate for "lay repor�ng" by individuals lacking medical training, 
followed by the development of VA ques�onnaires in the late 1970s and early 1980s by Reproduc�ve Age 
Mortality Studies in Bangladesh and Senegal (30, 33). However, concerns over instrument validity and data 
comparability arose in the early 1990s, leading to the establishment of expert commitees to develop 
standardized VA tools, resul�ng in VA standards for maternal deaths in 1994 (34-36). In 2007, the WHO released 
three standard VA ques�onnaires for different age groups, aiming for cer�fica�on and coding in alignment with 
the Interna�onal Sta�s�cal Classifica�on of Diseases and Related Health Problems, 10th Revision (ICD-10) (30). 

Subsequent updates in 2012, 2014, and 2016 aimed to enhance cause-specific mortality data and ensure 
consistency and comparability across countries (32). Presently, VA typically involves two main stages: structured 
interviews with family members and caregivers of the deceased to gather informa�on on signs, symptoms and 
medical history, followed by interpreta�on of interview data by physicians (Physician-Cer�fied VA, [PCVA]) (30, 
37) or automated methods (Computerised Coding of VA [CCVA]) such as InterVA and SmartVA, which u�lize 
algorithms and probability theory (30, 38) to ascertain probable cause(s) of death. Data collec�on for VA o�en 
u�lizes the Open Data Kit (ODK) so�ware (39) on Android tablets, facilita�ng electronic data collec�on and 
transla�on of ques�onnaires, par�cularly useful in non-English speaking countries. Trained fieldworkers typically 
conduct interviews with close rela�ves or caregivers of the deceased at home, recording events preceding the 
death. An integral aspect of VA interviews is the inclusion of a free-text open narra�ve, designed to elicit the 
respondent's own account of the events leading to the death, complemen�ng structured ques�ons. The narra�ve 
aspect serves as a vital tool in capturing cultural beliefs and contextual nuances, aiding in the design of 
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interven�ons and services tailored to the needs of the community. Subsequently, a suspected cause of death is 
typically determined either through physician review or by applying sta�s�cal algorithms automa�cally, such as 
InterVA or SmartVA (33, 40, 41) . 

VA also serves as a vital method for determining underlying causes of death (UCOD), typically validated against 
reference standards such as pathological autopsies, clinical records, or hospital medical records (MRs) in a process 
known as valida�on (42) . Chandramohan (2011) highlighted the importance of hospital diagnoses based on 
laboratory and clinical criteria as the most reliable gold standards for valida�ng VAs (43). In the rural northeast 
region of South Africa, the Agincourt Health and Socio-Demographic Surveillance Site began using VA data in 
1992 to assess HIV-related deaths, coinciding with the early stages of the HIV epidemic in the area (44). By 2005, 
approximately 70,000 individuals were documented, enabling a methodological explora�on of the epidemic's 
progression through comparisons of physician-interpreted causes of death and probabilis�cally modelled causes 
of death (44).  

Despite the global rollout of ART, the WHO VA ques�onnaire un�l 2012 only inquired about HIV status, but not 
about ART or tuberculosis treatment (38). Karat et al. (2018) conducted a study in South Africa to assess the 
sensi�vity and specificity of the WHO 2012 VA ques�onnaire in detec�ng HIV status and ART ini�a�on (45). They 
u�lized clinical data, including clinic and hospital files to confirm HIV status and ART ini�a�on, finding moderate 
to high sensi�vity and specificity in iden�fying HIV status through the VA ques�onnaire. Addi�onally, a high 
propor�on of ART ini�a�on dates iden�fied through VA were within three months of the confirmed date from 
clinical records (45). Another study conducted at the Karonga Health and Demographic Surveillance Site in Malawi 
compared VA data on HIV status and ART usage with actual test records and clinic reports. The study aimed to 
evaluate the accuracy and validity of HIV/ART informa�on obtained through VA, finding a reliable match with 
other data sources (46). However, some researchers argue against relying solely on the valida�on of computer-
coded or physician-coded VA methods and health facility records as true gold standards for cause of death 
determina�on. They propose complete diagnos�c autopsy (CDA), which integrates macroscopic, microscopic and 
microbiologic data with clinical informa�on, as the most accurate method (47). CDA is considered the gold 
standard for cause of death determina�on due to its comprehensive nature and ability to minimize errors 
inherent in health facility-derived informa�on (47).  

Despite its u�lity, VA encounters challenges in accurately diagnosing HIV/AIDS-related deaths and 
misclassifica�on due to overlapping symptoms with other diseases. Future research should focus on refining VA 
methodologies for inves�ga�ng HIV/AIDS-related mortality and treatment defaul�ng, including the development 
of standardized ques�onnaires and diagnos�c algorithms specific to HIV/AIDS. Collabora�on between VA 
researchers, HIV/AIDS experts and public health agencies is essen�al to ensure accurate interpreta�on and 
u�liza�on of VA data in informing policies and programs. Efforts to integrate VA into rou�ne surveillance systems 
and strengthen healthcare infrastructure in resource-limited se�ngs are crucial for effec�vely monitoring and 
responding to the HIV/AIDS epidemic. 
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The importance of data linkage in health research 

Data linkage plays a pivotal role in health research by allowing researchers to integrate and analyse data from 
various sources, leading to comprehensive insights and improved decision-making. It enables researchers to 
combine informa�on from diverse sources such as electronic health records, administra�ve databases and 
registries. This integra�on creates opportuni�es for studying complex health issues, understanding disease 
paterns and evalua�ng healthcare interven�ons (48).  

A review by Boyd et al. (2012)(49) highlights the role of data linkage in longitudinal studies aimed at 
understanding the long-term impact of health interven�ons and exposures. Longitudinal data linkage allows 
researchers to track individuals over �me, assess changes in health status or behaviour and evaluate the 
effec�veness of interven�ons in real-world se�ngs. By linking data from mul�ple �me points, researchers can 
establish causal rela�onships, iden�fy risk factors for disease and measure the effec�veness of public health 
interven�ons. 

In addi�on to improving the quality and u�lity of health data, data linkage also holds promise for addressing 
health dispari�es and promo�ng health equity. A study by Goldstein et al. (2019)(50) explored the poten�al of 
data linkage in iden�fying and addressing dispari�es in healthcare access and outcomes among vulnerable 
popula�ons. By linking data on social determinants of health, such as socioeconomic status, race/ethnicity and 
geographic loca�on, researchers can iden�fy dispari�es in health outcomes and inform targeted interven�ons to 
address underlying drivers of inequity. 

Overall, the literature emphasises the importance of data linkage in advancing public health research, 
surveillance and policy. By integra�ng data from mul�ple sources and leveraging longitudinal and cross-sec�onal 
approaches, data linkage enables researchers to generate robust evidence, iden�fy emerging health trends and 
inform decision-making aimed at improving popula�on health and reducing health inequi�es. The advancements 
in data linkage methodologies offer promising avenues for comprehensive epidemiological assessments and 
program evalua�ons. By integra�ng diverse data sources, including VA narra�ves and treatment databases like 
TIER.Net, this study aims to elucidate the complex dynamics of HIV/AIDS and enhance the validity of mortality 
data. 

 

AIMS AND OBJECTIVES 

The aim of this sub-study is to assess whether the VA narra�ve can provide valid informa�on about ART treatment 
default by linking the HIV/AIDS related death data from the NCODV with treatment informa�on on TIER.Net. The 
Na�onal Department of Health (NDOH) supports a na�onwide HIV treatment programme and has established 
the Three Integrated Electronic Registers (TIER.Net) to support HIV and an�retroviral ART monitoring. Once a 
pa�ent with HIV is enrolled on the department’s ART programme, their visits are recorded on TIER.Net including 
the provision of ART.  
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The specific objectives: 

• What proportion of HIV/AIDS deaths identified by the VA interview mention “treatment default” in the 
narrative? 

• What proportion of individuals who died from HIV/AIDS can be found in TIER.Net? 
• Describe the characteristics used from the HIV/AIDS deaths to identify those found with those not found 

TIER.Net. 
• Measure agreement between treatment default from the VA narrative and from TIER.Net. 
• Measure sensitivity and specificity of identifying treatment default through the VA narrative. 

 

METHODS 

Study design 

This descrip�ve study is based on the secondary analysis of data from the NCODV study which conducted VA 
interviews to iden�fy causes of death of people that has been linked with data about ART treatment on TIER.Net, 
the na�onal HIV treatment register. 

Study population and sampling 

The target popula�on consist of 11 minors and 1,163 adult decedents (1,174) out of the 5,387 VA interviews from 
the NCODV that were cer�fied by a doctor to have an UCOD of HIV/AIDS. The NCODV study included people who 
died between the of 1st September 2017 and 13th April 2018 in 27 randomly selected health sub-districts in 
South Africa. 

Based on a specified margin of error for the es�mates of a propor�on, a sample size of 789 will be sufficient to 
es�mate a popula�on propor�on with a 2% margin of error and 95% confidence level 
(htps://www.calculator.net/sample-size-calculator.html.) Thus, the sample size of 1,174 cases is adequate for the 
first three objec�ves. However, it is an�cipated that not all cases will be linked with TIER.Net. A sample size of 
560 will be sufficient to es�mate a popula�on propor�on with a 3% margin of error. Ini�al explora�on of data 
linkage suggests that this sample size will be achievable.  

Characteristics of the study population 

The number of par�cipants is 1,174 HIV/AIDS related deaths where the baseline demographic variables in sex, 
age was explored (Table 1). 

 

 

 

 

 

 

https://www.calculator.net/sample-size-calculator.html
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Table 1: Socio-demographic data of the HIV/AIDS related deaths. 

Characteristics Total (n) Percentage (%) 
Sex 
Female 
Male 

 
542 
632 

 
46% 
54% 

Age groups 
12 – 24 yrs 
25 – 44 yrs 
45 – 64 yrs 
65+ yrs 

 
50 

621 
412 
91 

 
4% 

53% 
35% 
8% 

 

Inclusion and exclusion criteria 

Only the adult VA reviewed deaths, cer�fied by a doctor to have an UCOD of HIV/AIDS will be included in the 
study. The study excluded HIV/AIDS deaths of infants and children between the age 4 weeks and 11 years as well 
as the other VA reviewed deaths not cer�fied with HIV/AIDS as an UCOD. 

 

Data collection and measurement  

This study used NCODV data collected during 1st and 2nd phase study design: 

• The 1st phase of fieldwork was recruiting funeral undertakers and Department of Home Affairs offices to 
inform decedents’ next of kin about the study and seek permission for the research team to contact 
them at a later stage.  
 

• The 2nd phase is when the trained fieldworkers contacted the next of kin to schedule an appointment for 
a face-to-face VA interview using the three questionnaires of the WHO 2016 instruments (51), which was 
translated into nine official languages.  

 

Identification of underlying cause of death  

The NCODV study provided training to ensure that the doctors were competent in cer�fying the medical cause 
of death according to ICD-10 guidelines and were able to use the data capture tool as well as to understand the 
WHO 2016 VA tool and interpret the VA narra�ve and interview. The ICD-10 codes for the UCOD from doctor-
cer�fied and Iris coded VAs were run through the ANACONDA tool (52), to ensure that no biologically implausible 
causes had been assigned. Each doctor’s VA record review form captured a short summary of the case, 
informa�on on HIV and TB, the manner of death and the sequence of medical condi�ons leading to the death as 
would be reflected on a cer�ficate of cause of death according to ICD-10 guidelines. 
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Identification of treatment default  

Before the fieldworker administered the WHO VA ques�onnaire 2016 (51), the next of kin was probed to describe 
the context and symptoms preceding the death of the decedent. These details were captured in an unstructured 
(open) narra�ve sec�on: “Ask the respondent about the circumstances of the decedent's death. Capture in your 
notebook, before continuing with the interview. Keep in mind to make notes on the narrative throughout the 
questionnaire, where relevant. For specific questions, a reminder instruction will be displayed as part of the 
question. Probe for additional details on when respondent recognized symptoms, care sought, barriers to care, 
issues with transport, abnormalities, etc.” 

 

A picture was taken of the narra�ve by the fieldworker using ClearScanner and saved as a jpeg (see example in 
Figure 1). 

 
Figure 1: An example of a VA narra�ve explaining the events leading to death. 

 

The text from each narra�ve was transcribed into excel in the project office. Treatment default will be iden�fied 
by reading the narra�ves. Keywords that clearly imply that the decedent had defaulted on treatment will be used 
to iden�fy decedents that the next of kin reported had defaulted.  

Some of the keywords identified in a pilot: 

“Defaulting; defaulted; taking medication on and off; sometimes taking treatment; sometimes her defaulted; stop 
taking treatment; stopped taking ARV; refused to take the medication; refused and don’t take anymore; didn’t 
want to take treatment; was not taking his medication regularly; not taking her medication accordingly; he took 
his medication then later he stopped; stopped taking medication; He was taking his treatment properly for the 
first two years then he started to default thereafter; stopped drinking his treatment; was not consistent with her 
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ARVs; he was not drinking the treatment; Started defaulting; used to take treatment and defaulted; he started 
forgetting his medication and defaults; She stopped taking treatment and she defaulted; he wasn’t taking his 
medication.  

 

DATA MANAGEMENT AND ANALYSIS  

In the doctor reviewed summary, treatment default was indicated for some and not all HIV/AIDS related deaths 
pending on the doctor. The VA narra�ves will be read to confirm and iden�fy more cases. Table 2 was created 
based on the those iden�fied to have defaulted in treatment by the doctor reviewed summary, the VA narra�ve 
and cases found or not from TIER.Net will be added.  

 

Table 2: Variable list generated from the medical doctor review summary. 
Variable Description Categorical 

UniqueIDnew Participant’s number Numerical (discreet) 

Sex Male or Female Categorical (binary) 

Age in years (yrs) 12 - 24 yrs 
25 - 44 yrs 
45 - 64 yrs 

Categorical (ordinal) 

Underlying cause of death 

(UCODFinal) 

B20, B21, B22, B23, B24 Categorical (ordinal) 

Did the Drs summary indicate 
treatment default? 

Yes/No Categorical (binary) 

Did the narrative indicate 
treatment default? 

Yes/No Categorical (binary) 

Was the decedent found in 
TIER.Net? 

Yes/No Categorical (binary) 

 

DATA LINKAGE 

Decedent’s personal informa�on taken from the doctor reviewed summary will be collated and shared in a 
password protected Excel spreadsheet with the official in the Na�onal Department of Health who managed the 
Three Integrated Electronic Registers (TIER.Net) for linkage and to return an anonymised analysis data set for the 
study (Table 3).  

 

Table 3: Descrip�on of variable used to link in TIER.Net. 
Variable Description Categorical 

UniqueIDnew Participant’s number Numerical (discreet) 
Sex Male or Female Categorical (binary) 
Name, Other name and Surname Names and surname Categorical (nominal) 
Date of Birth Date Categorical (ordinal) 
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Variable Description Categorical 
ID Number RSA 13-digit number Categorical (ordinal) 
Place of residence Address Categorical (ordinal) 
Province of Death Province name Categorical (nominal) 

 

• TIER.Net is a 3-Tiered approach which provides the tools to support the ART monitoring. The following 
sections were requested:  

• ART – Day started treatment, transfer in location etc. 
• Outcomes – Transfer or moved out and LTFU. 
• Treatment Visits – date of visit and when stopped attending clinic. 

 

DATA ANALYSIS 

Measurement 

The main outcome of interest is treatment defaulting identified from the VA narrative, as specified in Table 2. 
This binary variable will be used to determine the proportions of how many HIV/AIDS related deaths indicated 
treatment default. It will be compared with the mention of treatment default in the medical summary of the VA 
by the doctor reviewer. Treatment default indicators in TIER.Net are Last ART visit date (last visit date when the 
patient seen at a facility) and code (last regimen given). The outcome characteristics like LTFU, 
Transferred/Moved Out or Died are indicators if a patient is still attending clinic or not. Last ART treatment date 
will be subtracted with the date of death to determine when last the patient was seen at a clinic. Sensitivity and 
specificity approaches will be used to assess agreement between treatment default from the VA narrative and 
TIER.Net, the main purpose of the study. Statistical significance for all analyses will be evaluated using 95% 
Confidence Intervals (CI) and an α-level of 0.05. Cohen's kappa coefficient will also be used to measure low, 
medium and high levels of agreement. Data will be analysed using the STATA 15.1 software.  

 

Study limitation 

The VA is not the highest level of evidence, forensic autopsy and medical records are but do not have access. The 
VA UCOD is validated in TIER.Net. The study recognises that TIER.Net might not have reliable ID numbers. 

 

ETHICAL AND LEGAL CONSIDERATIONS  

Permissions  

The NCODV study sort permission from the na�onal, provincial and district health departments as well as 
individual facili�es to access informa�on of decedents from medical and forensic records at public hospitals and 
forensic autopsy facili�es. Permission to access forensic pathology records in KwaZulu Natal could not be secured. 
The protocol was presented to the Na�onal Forensic Pathology Services Commitee to obtain their support. 
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Description of risks and benefits 

This study is an analysis of secondary data generated from the main study (NCODV) and no direct risks are 
involved. The benefit of having the treatment default ques�on in the VA ques�onnaire could assist in iden�fying 
more of such cases as revealed in the narra�ve. This could be of great benefit to policy makers of this country.  

Informed consent process 

The main study (NCODV) under the Burden of Disease Research unit was provided ethical clearance approval by 
the SAMRC Ethics Commitee where informed consent procedures were followed. However, this study will be 
reques�ng ethical approval from the University of Cape Town Human Research Ethics Commitee (UCT-HREC). 
Informed consent will not be obtained from par�cipants. 

Privacy and Confidentiality 

To ensure privacy and confiden�ality, unique iden�ty numbers were provided for each par�cipant by the NCODV 
study. All iden�fiable personal informa�on was stored in a password protected Excel spreadsheet. Only the 
principal inves�gator and research team members have access to these data. The final anonymized dataset will 
be archived and stored with metadata for 20 years in a data repository at the SAMRC. 

Reimbursement for Participation 

Not applicable to this study, this study is using secondary data for analysis. 

Emergency Care and Insurance for Research-related Injury 

Not applicable to this study, this study is using secondary data for analysis. 

Budget 

The researcher is funded by the SAMRC Intra-Mural Post- Doctoral Fellowship Programme. The data management 
and analysis will be done by the researcher and biosta�s�cal guidance will be obtained from the SAMRC 
Biosta�s�cs Unit.  

What Happens at the End of a Study? 

At the end study, a mini disserta�on in par�al fulfilment of the requirements for a Master of Public Health degree 
at the University of Cape Town will be submited. A manuscript will be prepared for submission in a relevant peer-
reviewed journal.  
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PART A: RESEARCH APPENDICES  

TABLES AND FIGURES 

Annexure 1  

Phrases discovered in the narra�ves implying treatment defaul�ng: 

Defaul�ng; defaulted; taking medica�on on and off; some�mes taking treatment; some�mes her defaulted; stop taking 

treatment; stop drinking tablets; refused to take medica�on; started refusing to take medica�on; not taking medica�on 

properly; started taking ARVs in mid-2013 and stopped again; not taking his HIV treatment correctly; not taking treatment; 

stopped taking ARV; refused to take the medica�on; refused and don’t take anymore; didn’t want to take treatment; was 

not taking his medica�on regularly; not taking her medica�on accordingly; he took his medica�on then later he stopped; 

stopped taking medica�on; He was taking his treatment properly for the first two years then he started to default therea�er; 

refused to take his medica�on; stopped drinking his treatment; some�me skips to fetch her medica�on; was not consistent 

with her ARVs; not taking treatment well; he was not drinking the treatment; Started defaul�ng; used to take treatment and 

defaulted; he started forge�ng his medica�on and defaults; she no longer took treatment for HIV; She stopped taking 

treatment and she defaulted; he wasn’t taking his medica�on; She was taking her medica�on not properly because 

some�mes she would jump days without taking medica�on; didn’t take ARVs according to a schedule; She took her 

medica�on but relapse last year; She used skip taking tablets. 

 

Figure 1: Examples of last clinic visit date (LastARTVisitDate) captured after the date of death. 

 

 

Table 1: Sample sizes to es�mate a popula�on propor�on of 50% with specified error margin at 95% CI level. 
Margin of error Sample size 

2% 789 
3% 560 
4% 398 
5% 290 

  

UniqueIDnew Dateofdeath StartedARTDate LastARTVisitDate LastARTVisitCode Outcome OutcomeDate Comment
202064 2017-09-09 2016-07-01 2018-01-04 1TFE RIP 2018-01-29 LastARTvisit after DOD
401363 2018-03-24 2016-03-07 2018-05-09 1TFE RIP 2018-07-05 LastARTvisit after DOD
501264 2018-04-08 2011-11-17 2019-05-31 Did Not Attend RIP 2019-09-26 LastARTvisit after DOD
502114 2018-02-02 2018-02-15 2018-02-15 1TFE RIP 2018-03-02 LastARTvisit after DOD
503032 2018-02-06 2017-10-23 2018-02-23 1TFE RIP 2018-06-07 LastARTvisit after DOD
601018 2018-03-31 2015-01-21 2018-11-06 Did Not Attend RIP 2018-11-06 LastARTvisit after DOD
602120 2018-01-29 2015-08-28 2018-04-04 1TFE RIP 2018-04-04 LastARTvisit after DOD
602161 2018-01-23 2014-07-23 2018-01-26 1A3E RIP 2018-03-29 LastARTvisit after DOD
602208 2018-03-03 2017-11-21 2018-03-16 1TFE RIP 2018-03-19 LastARTvisit after DOD
901104 2018-03-01 2009-12-02 2019-01-15 Did Not Attend RIP 2019-01-15 LastARTvisit after DOD
902249 2018-03-23 2017-10-09 2018-04-06 1TFE RIP 2018-04-09 LastARTvisit after DOD
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Figure 2: Excluded sixty-two cases with missing dates, outcomes and date of death captured a�er last clinic visit. 

 

 
Table 2: WHO 2016 VA ques�onnaire and Doctor’s VA review summary HIV/AIDS related informa�on by TIER.Net linking 
status.  

 
 
Characteristics 

 
Total 

1 174 (100.0%) 

Linking status 
Included (linked) 

629 (100%) 
Excluded 

545 (100%) 
 

p-value 
WHO 2016 VA questionnaire 
Was an HIV test 
ever positive? 
Yes 
No 
Doesn’t know 

 
 

1 024 (87.2%) 
90 (7.7%) 
60 (5.1%) 

 
 

582 (92.5%) 
22 (3.5%) 
25 (4.0%) 

 
 

442 (81.1%) 
68 (12.5%) 
35 (6.4%) 

<0.001 

UniqueIDnew Dateofdeath StartedARTDate LastARTVisitDate LastARTVisitCode Outcome OutcomeDate
102032 2018-02-27 No dates No dates No dates LTF 2015-09-01
103012 2018-01-25 No dates No dates No dates RIP 2018-01-25
201051 2018-03-15 No dates No dates No dates RIP 2018-03-16
201122 2018-03-01 No dates No dates No dates No outcome No dates
202277 2017-09-15 No dates No dates No dates No outcome No dates
203082 2017-11-20 2013-02-28 2018-07-11 Did Not Attend LTF 2018-07-11
303266 2017-11-16 No dates No dates No dates LTF 2020-12-28
401106 2017-11-22 No dates No dates No dates LTF 2017-04-04
401363 2018-03-24 2016-03-07 2018-05-09 1TFE RIP 2018-07-05
401520 2018-04-06 No dates No dates No dates TMO 2017-08-10
401572 2018-04-11 No dates No dates No dates LTF 2018-04-11
401757 2018-01-01 2003-12-25 2018-01-10 1TFE RIP 2018-01-10
401770 2018-02-04 No dates No dates No dates LTF 2017-11-03
402071 2017-09-18 No dates No dates No dates No outcome No dates
402077 2017-09-13 No dates No dates No dates RIP 2017-09-14
402091 2017-11-17 No dates No dates No dates TMO 2017-10-13
403016 2018-03-19 No dates No dates No dates TMO 2013-11-30
403035 2018-03-18 No dates No dates No dates No outcome No dates
403037 2018-04-12 No dates No dates No dates No outcome No dates
403222 2018-02-27 No dates No dates No dates LTF 2019-05-06
501052 2018-03-14 No dates No dates No dates No outcome No dates
501076 2017-11-12 No dates No dates No dates No outcome No dates
501112 2018-04-01 No dates No dates No dates No outcome No dates
501182 2018-04-11 No dates No dates No dates No outcome No dates
501247 2018-12-06 No dates No dates No dates LTF 2018-06-05
501251 2018-03-08 No dates No dates No dates RIP 2018-03-08
501264 2018-04-08 2011-11-17 2019-05-31 Did Not Attend RIP 2019-09-26
501294 2018-02-11 No dates No dates No dates RIP 2018-02-14
501341 2018-03-29 No dates No dates No dates No outcome No dates
501388 2018-02-21 2020-01-20 2020-01-20 1TFE LTF 2020-01-21
501437 2018-03-26 No dates No dates No dates No outcome No dates
501441 2018-04-04 No dates No dates No dates No outcome No dates
501531 2018-02-06 No dates No dates No dates RIP 2018-01-10
501537 2018-02-22 No dates No dates No dates No outcome No dates
502114 2018-02-02 No dates No dates No dates TMO 2018-02-28
502119 2018-03-03 No dates No dates No dates TMO 2020-04-22
502238 2018-03-11 No dates No dates No dates No outcome No dates
502291 2018-02-04 No dates No dates No dates No outcome No dates
601027 2018-03-21 2016-11-03 2018-05-30 Did Not Attend LTF 2018-05-30
602031 2018-01-09 No dates No dates No dates TMO 2017-12-05
602066 2017-11-18 2013-09-20 2017-12-14 Did Not Attend LTF 2017-12-14
602161 2018-01-23 2014-07-23 2018-01-26 1A3E RIP 2018-03-29
603200 2018-04-05 No dates No dates No dates LTF 2019-09-16
603339 2017-12-11 No dates No dates No dates RIP 2017-12-11
701177 2018-03-06 No dates No dates No dates TMO 2018-02-28
703027 2018-03-17 No dates No dates No dates LTF 2017-10-04
703170 2018-04-08 No dates No dates No dates LTF 2018-03-01
801002 2017-11-19 2015-06-22 2021-07-01 1TFE No outcome No dates
801173 2018-03-14 2018-02-06 2018-04-04 Did Not Attend LTF 2018-04-04
801213 2018-03-22 No dates No dates No dates No outcome No dates
801285 2017-12-10 2010-06-10 2018-04-04 1TFE LTF 2018-04-04
801328 2018-03-18 No dates No dates No dates No outcome No dates
803095 2018-04-07 2016-10-26 2018-05-15 Did Not Attend LTF 2018-05-15
803107 2018-03-19 No dates No dates No dates TMO 2018-03-08
803113 2017-12-21 No dates No dates No dates LTF 2017-11-29
803126 2018-03-19 No dates No dates No dates No outcome No dates
803156 2018-04-02 No dates No dates No dates No outcome No dates
803159 2018-04-04 2017-09-12 2018-04-10 Did Not Attend LTF 2018-04-10
803165 2017-11-14 2012-04-12 2018-02-16 Did Not Attend LTF 2018-02-16
901017 2018-03-27 No dates No dates No dates No outcome No dates
901104 2018-03-01 2009-12-02 2019-01-15 Did Not Attend RIP 2019-01-15
902232 2018-03-14 No dates No dates No dates RIP 2018-01-29
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Characteristics 

 
Total 

1 174 (100.0%) 

Linking status 
Included (linked) 

629 (100%) 
Excluded 

545 (100%) 
 

p-value 
Was there any 
diagnosis by a 
health professional 
of           AIDS? 
Yes 
No 
Doesn’t know 
Refused to answer 

 
 
 
 

524 (44.6%) 
549 (46.8%) 
100 (8.5%) 

1 (0.1%) 

 
 
 
 

306 (48.6%) 
266 (42.3%) 

57 (9.1%) 
0 (0.0) 

 
 
 
 

218 (40.0%) 
283 (51.9%) 

43 (7.9%) 
1 (0.2%) 

0.006 

Did (s)he receive (or 
need) antiretroviral 
therapy (ART)? 
Yes 
No 
Doesn’t know 

 
 
 

538 (45.8%) 
283 (24.1%) 
353 (30.1%) 

 
 
 

320 (50.9%) 
131 (20.8%) 
178 (28.3%) 

 
 
 

218 (40.0%) 
152 (27.9%) 
175 (32.1%) 

0.001 

Physician review of VA 
HIV status 
Positive 
HIV status not 
reported but on ARV 
treatment (not 
PMTCT) 
Symptoms and signs 
suggestive of HIV 
despite HIV status 
reported as 
negative or 
unknown 

 
1 057 (90.0%) 

14 (1.2%) 
 
 
 

103 (8.8%) 

 
594 (94.4%) 

6 (0.9%) 
 
 
 

29 (4.6%) 

 
463 (84.9%) 

8 (1.5%) 
 
 
 

74 (13.6%) 

<0.001 

HIV/AIDS definite 
HIV positive 
No indication of HIV 

 
1 075 (91.6%) 

99 (8.4%) 

 
602 (95.7%) 

27 (4.3%) 

 
473 (86.8%) 
72 (13.2%) 

<0.001 

 
 

Table 3: TIER.Net clinical outcomes.  

 
 
 
 
 

      Total          629      100.00
                                                
    Unknown            4        0.64      100.00
        TMO          115       18.28       99.36
        RIP          256       40.70       81.08
        LTF          254       40.38       40.38
                                                
    Outcome        Freq.     Percent        Cum.

. tab Outcome
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Figure 3: Level of agreement between the VA narra�ves and TIER.Net. 

 

 
Figure 4: Sensi�vity and specificity analysis. 

 

 

PART B: PROTOCOL APPENDICES 

Annexure 2 – Ethics Approval letter(s)  

 

 A = analytical 
                                                
 Kappa (95% CI) = 0.171 (0.100 - 0.243)    (A)
                                                
                                         N=629

. kapci did newCon

  59.14%      50.69%     0.1714     0.0368       4.66      0.0000
                                                                 
Agreement   Agreement     Kappa   Std. Err.         Z      Prob>Z
             Expected

. kap did newCon

. 

-------------------------------------------------------------------------
Prevalence                      Pr(D)      48.33%      44.43%   52.24%
-------------------------------------------------------------------------
Negative predictive value       Pr(~D| -)  57.66%      53.80%   61.52%
Positive predictive value       Pr( D| +)  62.70%      58.92%   66.48%
Specificity                     Pr( -|~D)  78.77%      75.57%   81.97%
Sensitivity                     Pr( +| D)  38.16%      34.36%   41.95%
-------------------------------------------------------------------------
True D defined as Condition ~= .                      [95% Conf. Inter.]

     Total         325        304         629 
                                             
       Yes          69        116         185 
        No         256        188         444 
                                             
  default?   Treatment  Treatme..       Total
 treatment         Condition
  indicate  
 narrative  
   Did the  

. diagtest Didthenarrativeindicatetreat Condition
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THE INSTRUCTIONS FOR AUTHORS FOR GLOBAL HEALTH ACTION 

Annexure 3: Manuscript Submission Guidelines 

(Revised December 2023) 

Ini�al Submission 

Manuscript Submission Guidelines 

Original Research ar�cles - up to 4000 to 6000 words: An Original Research ar�cle must follow the following structure: 

Background, Methods, Results, Discussion and Conclusions. Global Health Action publishes ar�cles based on quan�ta�ve 

and/or qualita�ve designs, and authors should follow the relevant repor�ng guidelines. 

Reporting Guidelines 

• For observa�onal studies, please follow the STROBE guidelines

STROBE Statement—checklist of items that should be included in reports of observational studies. 
Item 
No Recommenda�on 

Page 
No 

Comments 

Title and abstract 1 (a) Indicate the study’s design with a commonly
used term in the �tle or the abstract.

2-3  

(b) Provide in the abstract an informa�ve and
balanced summary of what was done and what
was found.

2-3  

Introduction 
Background/ra�ona
le 

2 Explain the scien�fic background and ra�onale for 
the inves�ga�on being reported. 

4  

Objec�ves 3 State specific objec�ves, including any 
prespecified hypotheses. 

4  

Methods 
Study design 4 Present key elements of study design early in the 

paper 
5  

Se�ng 5 Describe the se�ng, loca�ons, and relevant dates, 
including periods of recruitment, exposure, follow-
up, and data collec�on. 

5  

Par�cipants 6 (a) Cohort study—Give the eligibility criteria, and
the sources and methods of selec�on of
par�cipants. Describe methods of follow-up.

Case-control study—Give the eligibility criteria, and 
the sources and methods of case ascertainment 

5  Cross-
sec�onal study

 Created a
flow diagram to 
describe the

http://www.strobe-statement.org/index.html
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and control selec�on. Give the ra�onale for the 
choice of cases and controls. 

Cross-sec�onal study—Give the eligibility criteria, 
and the sources and methods of selec�on of 
par�cipants. 

eligibility 
criteria.  

(b) Cohort study—For matched studies, give 
matching criteria and number of exposed and 
unexposed. 

Case-control study—For matched studies, give 
matching criteria and the number of controls per 
case. 

  

Variables 7 Clearly define all outcomes, exposures, predictors, 
poten�al confounders, and effect modifiers. Give 
diagnos�c criteria, if applicable 

5  Treatment 
defaul�ng has 
been defined 
as primary 
outcome for 
both VA 
narra�ves and 
for TIER.Net. 

Data sources/ 
measurement 

8 For each variable of interest, give sources of data 
and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than one 
group. 

5-7  Data sources 
described. 

Bias 9 Describe any efforts to address poten�al sources 
of bias 

  Poten�al 
bias is 
described 
under study 
limita�ons. 

Study size 10 Explain how the study size was arrived at 7  Study size 
described. 

Quan�ta�ve 
variables 

11 Explain how quan�ta�ve variables were handled 
in the analyses. If applicable, describe which 
groupings were chosen and why? 

  

Sta�s�cal methods 12 (a) Describe all sta�s�cal methods, including those 
used to control for confounding. 

7   

(b) Describe any methods used to examine 
subgroups and interac�ons. 

  

(c) Explain how missing data were addressed   Missing data 
excluded. 
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(d) Cohort study—If applicable, explain how loss
to follow-up was addressed

Case-control study—If applicable, explain how 
matching of cases and controls was addressed 

Cross-sec�onal study—If applicable, describe 
analy�cal methods taking account of sampling 
strategy 

 

(e) Describe any sensi�vity analyses

Results 

Par�cipants 13 (a) Report numbers of individuals at each stage of
study—e.g. numbers poten�ally eligible, examined
for eligibility, confirmed eligible, included in the
study, comple�ng follow-up, and analysed

8  

(b) Give reasons for non-par�cipa�on at each stage 8  

(c) Consider use of a flow diagram 8  Flow
diagram
described in
method
sec�on.

Descrip�ve data 14 (a) Give characteris�cs of study par�cipants (eg
demographic, clinical, social) and informa�on on
exposures and poten�al confounders.

9  

(b) Indicate number of par�cipants with missing
data for each variable of interest.

9  

(c) Cohort study—Summarise follow-up �me (eg,
average and total amount)

Outcome data 15 Cohort study—Report numbers of outcome events 
or summary measures over �me. 

Case-control study—Report numbers in each 
exposure category, or summary measures of 
exposure. 

Cross-sectional study—Report numbers of 
outcome events or summary measures. 

Main results 16 (a) Give unadjusted es�mates and, if applicable,
confounder-adjusted es�mates and their precision
(e.g., 95% confidence interval). Make clear which
confounders were adjusted for and why they were
included

10 
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(b) Report category boundaries when con�nuous 
variables were categorized. 

  

(c) If relevant, consider transla�ng es�mates of 
rela�ve risk into absolute risk for a meaningful �me 
period. 

  

Other analyses 17 Report other analyses done—e.g., analyses of 
subgroups and interac�ons, and sensi�vity 
analyses. 

  

Discussion 

Key results 18 Summarise key results with reference to study 
objec�ves. 

11  

Limita�ons 19 Discuss limita�ons of the study, taking into account 
sources of poten�al bias or imprecision. Discuss 
both direc�on and magnitude of any poten�al bias. 

12  

Interpreta�on 20 Give a cau�ous overall interpreta�on of results 
considering objec�ves, limita�ons, mul�plicity of 
analyses, results from similar studies, and other 
relevant evidence. 

12  

Generalisability 21 Discuss the generalisability (external validity) of the 
study results. 

  

Other informa�on     

Funding 22 Give the source of funding and the role of the 
funders for the present study and, if applicable, for 
the original study on which the present ar�cle is 
based. 

12  
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