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Background: Vital data on births, deaths, and causes of death are primarily captured by civil registration and vital statistics systems, which are vastly lacking or inadequately operating in resource-constrained settings. Out-of-health facility deaths remain prevalent and often pass without adequate medical certification, leading to gaps in understanding the medical, social, logistical, and health system circumstances contributing to these deaths. Verbal autopsy (VA), as a standardized and scalable method, is well designed to fill gaps by eliciting causes of death information at the population level. Circumstances Of Mortality CATegories (COMCAT) is a newly integrated concept within VA to identify and quantify likely circumstantial factors contributing to deaths, mainly from social and health system aspects. COMCAT, previously tested in South Africa and Saudi Arabia, show potential to systematically categorize circumstances of death at a population scale. This study intends to verify the process of COMCAT by assessing its plausibility and relevance in generating sensible applications in Indonesia.

Methods: InterVA-5, a machine learning-based VA tool, was used for processing and interpreting medical and non-medical (COMCAT) causes of death for data collected between 2017 and 2021 in the Sleman Health and Demographic Surveillance System. Cause-specific mortality fractions and the corresponding COMCAT categories were derived for each cause of death.

Results: Lack of recognition of the illness severity among families attributed mostly to deaths in the Sleman region. The proportions and ranks of each COMCAT were consistent with the known health information of the population in the setting, which speaks to the plausibility of these findings. The novel geo-mapping component of this tool application adds value to monitoring “hot spots” and their social and health system determinants.

Conclusion: Geo-temporal COMCAT information shows sensible applications of the utility of the VA by producing plausible circumstantial information on population mortality in time and space.
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1 Introduction

Universal health coverage (UHC) is a crucial Sustainable Development Goal (SDG) toward adequate and timely access to healthcare services mainly for the most disadvantaged societies, which remains among the global health unfinished agenda (1). In the context of understanding causes of death statistics, how UHC is measured and compared between and within countries is important for routine monitoring and assessment, but no systematic approach currently exists (2–5). Globally, over half of the annual deaths pass without medical certifications of their causes, mostly in low- and middle-income countries (LMICs) in Africa and Asia (6, 7). This is typically due to the poor coverage and inadequately functioning civil registration and vital statistics (CRVS) systems, which should count and account for each and every individual and their vital events including birth, death, and cause of death (COD) information in a country (4). Since most deaths in LMICs are community deaths, these deaths are more likely to occur outside healthcare facilities due to several social and health system barriers hindering timely and adequate access to healthcare (8).

Verbal autopsy (VA) is a validated and well-established method for eliciting COD when the medical certification of COD is inadequate, particularly in settings where CRVS is not established (9). VA has two main phases: first, collecting information on the deceased’s most immediate signs and circumstances preceding death using a standardized interview between a trained fieldworker or community officer and the deceased’s close caregiver or relative. Second, the collected data are interpreted to derive probable population-level COD, which follows an abridged form of the international classification of diseases codes (ICD) (9). Until recently, the interpretation of VA data was conducted by physicians; however, given the large number of deaths that lack certifications and the time and cost of the physician review process, automated interpretation using mathematical algorithms has been increasingly used in more recent times (7, 10). In recent decades, many software programs have been developed to automatically interpret VA data, of which the most widely used is InterVA, but SmartVA and InSilicoVA are also commonly used (7, 10, 11). Bayesian probabilistic modeling, which constitutes the InterVA model, is used to interpret VA data by generating likelihoods of the most probable COD for each death, thereby assigning COD to deaths (12, 13). While applied in numerous research settings and routine health data collection across 22 LMICs, the InterVA software has been thoroughly validated as a reliable and consistent tool in assigning medical COD (7, 14–17).

Nevertheless, mere dependency on the medical COD is not sufficient for the measure of UHC, particularly since multiple circumstances can be present in the pathway between illness and death, which can influence the likelihood of deaths to occur (7). Social autopsy (SA) is a further developed method to investigate death, mainly in understanding the circumstantial factors related to deaths, including social, economic, and health system aspects (7, 18, 19). SA has been frequently used with VA in registered populations; nevertheless, SA tends to demand time and cost if used as a sole tool, and unlike VA, it will not be amenable to large-scale applications or automated interpretation (19–22). To facilitate routine and harmonized information about circumstantial factors related to deaths, the Circumstances Of Mortality CATegories (COMCAT) concept was introduced and tested more recently (23, 24). COMCAT is a module that was incorporated into InterVA (version 5), which utilizes a probabilistic approach similar to that applied by InterVA for assigning medical COD. Based on circumstantial information collected from the World Health Organization (WHO) VA standardized questionnaire, the InterVA-5 generates the probability of a circumstance category for each death in the defined population (23, 25). COMCAT is not intended to replace SA but to automatically classify circumstantial factors for deaths at large population scales without requiring additional effort to existing VA routines (23, 25).

In countries where VA is routinely used for population health surveillance, the application of COMCAT has been part of the WHO VA standard and be used by health district managers to capture population-level medical and non-medical (COMCAT) causes attributing to the ultimate deaths. The circumstantial information can conveniently describe the population’s status of accessing health services. Should more specific geo-coded cases be available, the distribution of associated barriers at different geographical levels can be further illustrated. This geo-temporal vital information permits a more systematic and pragmatic measurement of UHC (26). COMCAT can also facilitate a better understanding of the most critical health needs of a defined population, and consequently, appropriate interventions can be introduced. Therefore, it holds promising potential for advancing SDGs associated with cause-specific mortality reduction (Targets 3.1, 3.2, 3.4, 3.6, 3.9) and likely to contribute to equity improvements when integrated with broader systemic interventions (1, 27, 28).

The proof of COMCAT concept was tested using VA data from the Agincourt Health and Socio-Demographic Surveillance System (HDSS), and its plausibility and applicability were more recently assessed using VA data from the Africa Health Research Institute HDSS in South Africa and in the context of mortality related to diabetes mellitus in Saudi Arabia (23–25). The published findings demonstrated adequate plausibility of COMCATs of what would have been expected in those settings. However, more demands for the use of COMCAT have been apparent in new settings coupled with concerns about its validity and practicality that would be associated with its application in cross-settings (17).

Using VA data from Sleman HDSS in Indonesia, this study intends to assess the plausibility and sensible applicability of COMCATs in this Asian context by applying time and geographical assessment. This study has more specific objectives to address (i) how the derived medical and circumstantial COD findings using the VA-COMCAT system are being consistent with what might be expected in this targeted population? and (ii) how relevant and applicable the geo-temporal information provided by the COMCAT system is for local health decision-making and health system development in the Sleman district and in Indonesia?



2 Materials and methods


2.1 Study setting and population

Indonesia is a lower-middle-income country with a population of 273 million, which includes various ethnic and cultural groups with an average life expectancy of 72 years based on 2020 reports (29, 30). As per the epidemiological transition, non-communicable diseases (NCDs) are becoming increasingly prevalent; however, communicable diseases and maternal, prenatal, and nutrition conditions caused 19% of deaths in 2019 (29, 31). Although advancements in the health system have led to significant improvements in the overall health of the Indonesian population in recent decades, there are still crucial challenges in health disparities between rural and urban areas (30).

The Sleman HDSS was established in Sleman District, Yogyakarta Special Region, Indonesia, in 2015. Sleman District is predominantly urban, with higher levels of education, life expectancy, and per capita healthcare costs compared to the national average (32). In the Sleman HDSS, representative samples were taken from the entire population in the Sleman district (33). Data were collected from the baseline (Wave 1 data collection in 2015) and the subsequent annual data collection of vital events (including VA data). A published study has described the full steps of sampling and each variable in detail (32). The WHO 2012 VA standard has been used since the first wave of data collection in Sleman HDSS, which permits the application of COMCAT since it was introduced in the WHO VA questionnaire in 2012 (32).

This study used data from death cases recorded in wave 3 (2017) to wave 7(2021) data collection in the Sleman HDSS in Indonesia. Due to the comprehensive annual population-level data in the Sleman HDSS on population transition, health status, social context, and its variant settings in terms of geographical location, economic level, and urban and rural distribution, data from Sleman HDSS would be an appropriate and relevant source to verify the applications of COMCAT (23).



2.2 Collection and interpretation of VA data

VA data were sought for all deaths spanning the period 2016 to 2021 using standardized WHO VA interviews between a trained fieldworker and the deceased’s close caregiver during registered annual home visits (9, 32). Collected VA data were processed for each death case using the InterVA-5 tool, which generates up to three most probable medical COD and their likelihood of attributing to the specific COD (13). For death cases collected in wave 6 and wave 7 during the corona virus disease 2019 (COVID-19) pandemic, the VA questionnaire included 10 additional questions related to COVID-19, and based on the corresponding responses, the possibility of dying from COVID-19 was also calculated. As an emergent ICD, COD attributed to COVID-19 was calculated separately from the other causes since at the time there was no standard statistical protocol within InterVA-5 to combine the COVID-10 likelihood with other causes. To incorporate COVID-19 and its likelihood into the data analysis alongside the three most probable COD and their likelihoods, we retained the likelihood of COVID-19 and took the likelihood of the other three COD and multiplied it by the likelihood of not dying from COVID-19 (obtained as 1 minus the likelihood of COVID-19). The resulting values represented the likelihood of these three COD, which, combined with the likelihood of COVID-19, yielded the probabilities of COVID-19 and the three other most likely COD, ensuring that the overall likelihood proportions summed up to 100%.

InterVA was used because it has been extensively validated over the past 20 years and is currently the only automated software that can assign COMCAT categories to deaths (13). InterVA is the most widely used open-source model for automated interpretation of VA data and can be freely accessed at www.interva.net (13). The 5th version of InterVA can process WHO VA 2012 and WHO VA 2016 standard data, both of which include previous VA questions about medical COD and 10 newly added questions related to social and health system circumstances (13, 34). It can also process responses to the 10 questions about COVID-19 (35).

In the process of yielding and interpreting COMCAT using InterVA-5, the likelihood of each COMCAT was calculated separately by the COMCAT sub-model developed in InterVA-5, which processed all indicators derived from the 10 questions on social and health system provided under the WHO VA 2016 standard (23, 34). There are seven predefined categories in COMCAT system based on their social common practices, behaviors of individuals, logistical barriers, and the responsiveness of the health system toward the individuals’ health emergencies and needs: Traditions, Emergencies, Recognitions, Resources, Health systems, Inevitability, and Multiple (Table 1). The likelihood of each COMCAT is calculated using a Bayesian probabilistic sub-model, similar to the one used to estimate the medical COD under InterVA model—that Bayes theorem combined with a set of prior probabilities linking input indicators to medical and non-medical COD (including the 10 circumstantial questions) to estimate probability of each cause (12, 13). The sum of definitive six COMCAT’s likelihoods is 100%. If the likelihood of one of the first six COMCATs exceeds 50%, that category is assigned to the case. In occasions where no case could reach 50% for any of the six COMCATs, the ‘multiple’ category applies. After these processes, each death case had been assigned three medical COD (four COD including COVID-19 for death cases collected in wave 6 and wave 7) and their likelihood and one COMCAT.



TABLE 1 Summary of all seven circumstances of mortality categories (COMCAT) and their definitions (23).
[image: Table1]



2.3 Data analysis

After assigning COD and COMCAT classification to each death case, those VA data were consolidated at the population level as VA is purposively designed for reviewing population-level profile of death. Meanwhile, descriptive statistics were employed after reclassifying the medical COD into their respective corresponding disease types, and VA data at population level were presented by different years and across different districts to further discuss the plausibility of the data produced by COMCAT.

Findings from VA analysis are derived and interpreted as population-level measures of COD and COMCATs categories and represented by the cause-specific mortality fractions (CSMFs) for each COD and COMCAT. The seven COMCAT categories were then ranked across all major COD categories using the average value of the derived probabilities for the corresponding COMCAT. We then aggregated the rankings and discussed their plausibility in correspondence with the results of disease-specific studies conducted in the Sleman region, i.e., whether the rankings are consistent with what might be expected in this targeted population.

In addition, the mortality data (including medical COD and COMCATs) were stratified in time, age, and geographical area. The results of the data stratified by time are presented as stacked area charts to better show the proportions of different COD and COMCATs across all deaths each year. For assessing the derived results by some background and characteristics factors, we categorized all cases into five age groups along with the corresponding proportions of COMCATs and CODs and presented them as stacked column charts. We compared these two types of proportions and then discussed them in relation to information on population health and health systems in different age groups in Sleman District and Indonesia. For the spatial assessment, we calculated the proportion of COD and COMCATs among all deaths across 17 sub-districts and discussed both medical and non-medical measures in relation to the relevant statistics for each sub-district on the Sleman HDSS website (36).




3 Results

During the data collection of waves 3 to 7, a total of 979 deaths were recorded between 2016 and 2021 and subsequently followed by VA interviews within the Sleman HDSS. For medical COD, more than half of all deaths (54.3%) were attributed to NCDs, with stroke accounting for 15.1% of all deaths, making it the leading COD. Approximately 21.2% of deaths were attributed to infections, with COVID-19 accounting for 8.6% of all deaths, mostly clustered in 2021. Approximately 5.1% of deaths were due to external causes (of which 2.0% were to road traffic accidents, 2.4% were to other transport accidents), 1.5% were to pregnancy- and neonatal-related causes, and 18.0% were indeterminate. The derived COMCAT probabilities revealed that 36.7% of all cases were assigned to ‘recognition’, 35.1% to deaths due to terminal conditions (inevitable), 11.4% to ‘Emergencies’, 6.2% to ‘Resources’, 5.5% to ‘Health Systems’, 2.2% to ‘Traditions’, and 2.8% to ‘Multiple’.

At the targeted population, most deaths occur after the age of 50 years old, with the majority being among the >70 years old group (34.8% among 50–69 and 53.1% among over 70). In overall, the mortality was almost identically distributed by sex (49.7% among males; Figure 1).

[image: Figure 1]

FIGURE 1
 Percentage of death cases by age group and gender.


Figure 2 shows the ranking of the relevant COMCATs across major medical cause categories. For most main medical causes, ‘Inevitability’ was the most dominant COMCAT except for infections, NCDs except cancer, stroke, and other CVDs and injuries, which are mostly associated with ‘recognition’ and ‘emergencies’. In contrast, ‘tradition’ was ranked low for almost all major COD. NCDs, such as stroke, cardiovascular diseases, and cancer, were closely correlated with ‘recognition’. The lack of recognition was also most relevant to infections including COVID-19 according to the COMCAT analysis. However, other COMCATs are ranked differently between ‘COVID-19’ and ‘other infections’, with the ‘health system’ ranking second only to ‘recognition’ in ‘COVID-19’, while in ‘other infections’ the ‘health system’ is ranked fifth.

[image: Figure 2]

FIGURE 2
 COMCATs ranked within each major cause category for 979 deaths in the Sleman HDSS. *Cause-specific mortality fractions for each major cause of death (COD) category (e.g., 15.1 means that stroke caused 15.1% of all deaths). **Rank of the proportion of each COMCAT within deaths caused by each COD (1—highest proportion and 7—lowest proportion), darker blue color indicates the higher (rank) contribution of the corresponding COMCAT to the causes of death.


Figure 3 demonstrates the changes in the proportion of deaths counted per year for each COMCAT and major medical causes over time between 2016 and 2021. Before the year 2019, NCDs, particularly cardiovascular diseases including stroke, accounted for the main proportion of annual deaths; however, after 2019, it has been gradually taken over by COVID-19. The proportions of injuries, pregnancy, and neonatal causes and indeterminate have not changed significantly in this 6-year period, with pregnancy and neonatal causes always accounting for the least death cases. In parallel for COMCAT, ‘inevitability’ has been dominating before 2019, followed by a decrease in the proportion with an increasing proportion of ‘recognition’. In addition, the proportion of ‘health systems’ decreased until 2020, and the proportion of ‘resources’ increased in 2018.

[image: Figure 3]

FIGURE 3
 Proportion of each COD and COMCAT to annual deaths by year in the Sleman HDSS.


Figure 4 demonstrates the proportions of all deaths across the 5 age groups in terms of classifications of major medical COD and COMCATs. In the age group of 5–19 years, the proportion of ‘injuries’ is high compared with other age groups, concordance to ‘emergencies’ scoring highest for COMCAT. The proportion of ‘inevitability’ is high in the under 5 age and across the three adult groups, and the older the group the higher the proportion of it.

[image: Figure 4]

FIGURE 4
 Proportions of COD categories and COMCATs within 5 age groups, the Sleman HDSS 2016–2021.


Figure 5 shows the proportion of all deaths across 17 subdistricts in Sleman district for both the classification of medical COD and COMCATs. In these subdistricts, Tempel, Berbah, and Minggir have lower proportions of ‘Injuries’, and Tempel and Berbah have a lower proportion of ‘emergencies’, while Minggir has a higher proportion of ‘Pregnancy and neonatal’ compared with other subdistricts. Pakem has a low proportion of ‘COVID-19’, and it also has a low proportion of ‘Recognition’ in terms of COMCAT.

[image: Figure 5]

FIGURE 5
 Proportions of COD categories and COMCATs within 17 subdistricts, the Sleman HDSS 2016–2021.




4 Discussion

The prime aim of the COMCAT system is to provide local and national health authorities with a standardized assessment of social and health system factors contributing to the population’s deaths such as issues related to the adequacy of emergencies services, problems with recognizing disease severity, decision between pharmaceutical and traditional medicine, and availability of resources for mobilizing to seek care and problems with admission, treatment, and care at health facilities. COMCAT can arguably be used for recognizing such key modifiable social, logistical, and perceived health system factors attributing to the ultimate deaths in a society, leading to timely and adequate directions of health policies and public health interventional programs. For instance, the current study revealed that stroke is the leading COD group, which corresponds to the ‘recognition’ category from the COMCAT assessment, suggesting that more adequate health promotion and educational programs are warranted for this population. In addition, deaths at younger ages in Sleman HDSS are often associated with injuries and infections, according to this study, while deaths of older ages are linked to NCDs, with their corresponding COMCATs categorized as ‘emergency’ and ‘inevitability’. This assessment suggests that while older individuals are more likely to access hospitals and die there—since inevitability is associated with recognized terminal illnesses often under medical supervision—health system aspects related to emergency services remain underdeveloped.


4.1 Plausibility of COMCAT

In this section, we present and discuss our interpretations of the plausibility of the COMCAT. The study period coincided with the COVID-19 pandemic, which attributed to unprofiled deaths among medical practices. At the early phase of COVID-19—which overlaps with the interval of this study—lay people lacked basic awareness of the COVID-19 manifestations and its natural history leading to increased challenges associated with ‘recognizing’ the disease symptoms, which is what the COMCAT model also recognized as top rank category. Particularly for an emergent COVID-19 pandemic, it was apparent that the majority of the population were not well informed about its symptoms but were presumably only aware of the preventive measures, which can largely influence the severity of the disease at the time of medical consultation (37, 38). Nevertheless, the medical services (health system) were technically overwhelmed by the influx of patients coinciding with the early time of the pandemic and coupled with imposed restrictions on people’s mobility, collectively leading to limited access to healthcare facilities. This assessment plausibly aligned with COMCAT, which suggested problems accessing “health system” to come second after issues related to “recognition.” In addition, those who accessed and died at hospitals were severe and terminal-stage cases as declared by COMCAT suggesting “inevitability” to come third in the rank.

An overall higher probability of ‘inevitability’ was derived from the Sleman HDSS COMCAT assessment. This finding can possibly be attributed to the fact that more than half of the death cases were NCD-related. Such diseases tend to have a higher hospitalization rate and probably a better chance of receiving appropriate treatment if when hospitalized. In occasions of inevitable deaths despite receiving in-hospital care, families would have clearly declared this circumstance due to their direct exposure to medical opinions. Traditional treatments are often sought as physical treatments that are not life-threatening by wealthy groups in Indonesia and who usually enjoy good access to professional healthcare (39, 40). It is therefore reasonable that ‘tradition’ as proposed by COMCAT attributed to only a few deaths.

Based on the ranking illustrated by Figure 2, COMCAT assignment across all medical cause categories appears plausible from a medical and public health point of view. For instance, injuries are more correlated with ‘emergencies’, a relationship that makes sense given the fact that most of the cases in the ‘injuries’ group were caused by transport accidents, and they tend to occur very rapidly leading to progressive emergency situations. This may reflect the deficiencies in the provision of emergency medical services, particularly ambulance services in Indonesia, which is also declared in other published reports (41, 42). In addition to COVID-19-related deaths, stroke, cardiovascular diseases, and cancer are strongly associated with ‘recognition’ according to COMCAT. This makes sense as these particular NCDs are usually chronic onsets, with detectable signs and symptoms only appearing when they are more severe, and therefore can easily be ignored leading to delayed medical attention (43). A study on caregivers of stroke patients in Indonesia noted that many caregivers do not have adequate stroke-related expertise and that the status of domestic workers as informal caregivers is common in Indonesia (44). Such cross-sectional findings were also consistent with information provided by COMCAT. The lack of ‘recognition’ of the severity of illness was also most relevant for infections according to the COMCAT analysis, causing delayed diagnosis and intervention for infectious diseases (45). This is plausibly correct considering that most infectious diseases profiling the death incidences in this setting have overlapping symptoms, which requires effective early diagnosis and treatment based on symptoms in responding to infectious diseases. In addition, the ‘health system’ ranked second only to ‘recognition’ category in ‘COVID-19’, while in ‘other infections’ the ‘health system’ category is ranked 5th. This difference is sensible in view of the lack of effective treatment for COVID-19 where certain groups of patients, mainly those most vulnerable or comorbid can still die despite timely access to healthcare. This scenario can plausibly attribute ‘health system’ factors to these death groups.

According to Figure 3, between 2019 and 2021, the proportion of ‘recognition’ increased with a decrease in the ‘inevitability’, and the same trend occurred for COVID-19 and NCDs. Possible reasons for these observations can be that many NCDs have been shown to exacerbate COVID-19, making it more likely to cause death, and that in such cases, death is often attributed to COVID-19 (46, 47). Furthermore, during the COVID-19 pandemic, patients with NCDs are less likely to be hospitalized compared to pre-COVID time due to the urgent healthcare need for patients with COVID-19 and the restriction policies during the pandemic. This can result in patients not receiving the medical care needed or direct assessment of medical expertise and thus reducing the ‘inevitability’ likelihood associated with these deaths. In 2018, the percentage of ‘resources’ increased slightly compared to the previous year. This trend can be attributed to the 2018 closing-down of an easy-to-reach hospital for residents in Sleman (48). According to the official local statistics of Sleman, the medical facilities of the medical institutions in Sleman were becoming better equipped during the record time, and the number of professional medical workers was increasing on a yearly basis, which can reasonably explain the decrease in the percentage of the health system COMCAT over the years until the outbreak of COVID-19 (48).

As illustrated in Figure 4, the distribution of COD and COMCAT across age groups seems sensible. For deaths among the 5–19 years age group, the proportion of ‘injuries’ is relatively high, which can correlate with the higher proportion of ‘emergencies’ in this age group. The distribution of ‘inevitability’ across age groups is also reasonable, and the older the group the higher the proportion of ‘inevitability’, except for the under-5 age group. Figure 5 shows the proportions of COMCAT and COD across 17 subdistricts in the Sleman district. Tempel and Berbah have lower proportions of ‘emergencies’, which can be reasonably explained by the fact that deaths due to injuries occur less in these two subdistricts, as observed from the COD figure. The opposite is true for Ngemplak, which has a high proportion of both ‘emergencies’ and ‘injuries’. In Pakem, the proportion of ‘recognitions’ is much lower than in other subdistricts, which corresponds to the low proportion of ‘COVID-19’.



4.2 The applicability of COMCAT

From a public health perspective, the application of COMCATs has the potential to add value to the use of VA data by enhancing health policymaking in Indonesia. Until recently, the VA relied solely on CSMF as a population-level measurement of CODs for describing the epidemiology of the burden of diseases in a defined population. Such mortality data can provide a more detailed picture of the health problems that exist in a population. However, simply recognizing existing burdens does not solely support health decision-making without a thorough understanding of what types of interventions are particularly needed to alleviate health problems. For example, the CMSF data describe diseases accounting for a high proportion of all deaths. By combining COMCATs with the CMSF data to obtain a ranking of circumstantial factors within the diseases (e.g., Figure 2), public health epidemiologists can accordingly use this augmented piece of information for timely allocation of circumstantial factors that may have a wider impact on the health status of the population and accordingly design more adequate interventions based on those circumstantial factors. Routine use of VA and COMCAT while integrating temporal and geographical information of death (as shown in Figure 4) can collectively facilitate additional comprehensive monitoring dashboards for detecting hot spots of urgent resource allocations and relevant interventional programs.

In Indonesia, health disparities between populations are rapidly developing and those living in poorer areas are of major health issues (30). People in poorer areas tend to have a higher chance of dying outside a healthcare facility, and information on out-of-hospital deaths is either incomplete or inconsistent compared to deaths at health facilities. These unequal deaths in relation to vulnerable societies in a population create gaps in health equities. The collection of VA data can lead to better documentation of community deaths and its application as a combined VA-COMCAT tool. The Indonesian government has paid closer attention to the burden of the health of the most disadvantaged population, with increased efforts to promote a universal health insurance system since the early 21st century (30). The data obtained from COMCAT address populations without complete health record data and can help managers make better use of government funding and thus move closer to the goal of health equity. Nationally, there is a health information system called KOMDAT in Indonesia, which collects health records based on data uploaded by the district health department. Data from the district are compiled from data reported by local health facilities, and the national health insurance agency (BPJS) also has a system collecting patients’ health data (49). Both systems only contain data reported by health facilities, which can lead to ignoring health information from outside facilities. This lack of data recording can result in similar needs being overlooked and thus no effective intervention for these needs for healthcare services being presented. In this case, data from COMCATs can complement this information. According to the WHO report, death information recording is at a low capacity in Indonesia (50). Hence, systematic applications of such standardized VA and COMCATs process can enrich this gap.

COMCATs would be helpful to Indonesian population health, particularly during emergency situations such as the COVID-19 outbreak or other climate-sensitive disease outbreaks such as dengue, where their distributions are not normally distributed but inextricably linked to most disadvantaged communities (51). VA has empirically shown to be reliable in determining whether a death is due to COVID-19, and standardized use of VA and SA in humanitarian crises can be effective in providing additional information on population deaths during pandemics (52, 53). The utility of COMCAT can provide similar information as that provided by SA while also avoiding the duplication of lengthy interviews that often occurs in SA during data collection (7, 20, 21). Therefore, the simultaneous use of COMCATs in this context will provide a useful spectrum of the social and health system factors associated with local burden of diseases and related risk factors. Combining this with VA data such as age and region will allow managers to better identify vulnerable populations who are more at risk of death from specific diseases and their urgent needs to avoid preventable deaths.

Building on the South African study, which examined the application of COMCATs, our study applies COMCATs to data from an Indonesian population and demonstrates its plausibility and application in this setting. Findings from previous COMCAT studies such as the South African and Saudi reports, as well as findings from the current study, show that the COMCAT model seems to produce sensible, locally relevant and able to reveal local health issues that are typically related to the studied settings (23, 24). COMCAT demonstrates significant potential for application across diverse geographic regions and health information systems, offering valuable insights that can enhance local health data and inform decision-making processes (23, 25). Its adaptability across various geographic, demographic, and political contexts underscores its potential for broader global implementation (54, 55). Against the SGDs, COMCAT is likely to be a frontliner application by means of its advanced machine learning approach which utilizes data via standardized WHO VA tool to address crucial global health agenda such as the UHC.



4.3 Limitations

The comparison of findings with existing studies may be subject to bias due to heterogeneity in sample selection. Some referenced studies analyzed data from Indonesia’s entire population, whereas the present study sample focuses on Sleman district, a predominantly urban region (85% urban population). This discrepancy is notable given Indonesia’s national urbanization rate of 57% as rural–urban divides may correlate with disparities in infrastructure access, healthcare utilization, and socio-cultural practices. If more relevant findings can be available with a study population in the Sleman district in the future, they could be used as a more accurate reference. (29) In the context of results generalizability, while the Sleman HDSS assigns statistical weight to adjust for the sampling bias, this weight was not possible to use for the VA process since data were categorically aggregated. In addition, the number of death cases in the age group under 5 was relatively low, and this may have contributed to the lack of representativeness of the results related to child deaths in this study (32). To address this shortcoming, COMCATs could be applied to VA data in areas of Indonesia with high child mortality rates to further confirm its reliability when applied to child deaths in future studies. When obtaining the likelihood of dying from COVID-19, the VA is relatively less reliable if deaths occurred among children due to the complexity associated with the disease symptoms in child age, which may have affected the accuracy of our results when classifying all deaths by medical COD. However, as the proportion of cases of child deaths in our study was low, we presume that this will not have an impact on the overall results (52).




5 Conclusion

This study aimed to verify the use of the COMCAT model by assessing its plausibility and practical applicability in Indonesia. Accordingly, the COMCAT system seems capable of unpacking social logistical, and health system factors associated with delayed access to health services and delivering time and space piece of strategic information toward more targeted and effective health policymaking. The geo-temporal application of the COMCAT system can broaden the information on avoidable deaths at the health system level and is likely able to provide more comprehensive information for the progress measurement of UHC.

To further investigate the universal applicability of COMCAT and refine its utility for health equity agendas, future research can focus on context-specific validations of the application of COMCAT that address distinct geographic, demographic, and health systemic disparities, potentially extending the current seven COMCATs to account for novel but crucial dimensions such as ‘migration’, ‘occupation’, and ‘climatic’ factors attributing to deaths. Future research can prioritize populations facing more health challenges (e.g., populations facing the burden of infectious diseases or populations with limited access to healthcare). Furthermore, COMCAT can be applied in the same setting for a longer period to guarantee the stability and permanence of output data and provide reference data for a comparison over time to explore trends in population mortality and health and to evaluate COMCAT’s sensitivity to policy-driven changes.
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