
Chapter 1 

Introduction, hypotheses, and objectives 

 

1.1 Introduction 

The global burden of non-communicable diseases 

Globally, the disease burden has dramatically shifted towards non-communicable diseases 

(NCDs) and away from communicable, maternal, perinatal, and nutritional causes [1]. According 

to the World Health Organization (WHO), NCDs kill an estimated 41 million people per year, 

equivalent to 71% of all deaths globally [2]. These deaths mainly result from cardiovascular 

diseases (CVDs), chronic lung disease, diabetes mellitus, and cancers. These four groups of 

diseases and their risk factors account for over 80% of all premature deaths [2].  

NCDs are chronic diseases resulting from a combination of genetic, metabolic, environmental, 

and behavioural factors [3]. The prevalence of risk factors for NCDs is increasing globally as a 

consequence of rapid unplanned urbanisation and population ageing worldwide [2]. In addition, 

access to unhealthy diets and inadequate physical activity contribute to risk factors such as 

hypertension, diabetes and pre-diabetes, dyslipidaemia, and obesity. These conditions, 

collectively known as cardiometabolic disease, are the major modifiable risk factors that lead to 

CVDs [4]. However, many of these diseases and their risk factors are potentially preventable with 

early interventions. 

CVDs, including heart disease and stroke, account for approximately 17.6 million deaths annually 

[5]. Hypertension, the leading risk factor for CVD, accounts for 211.8 million disability-adjusted 

life years (DALYs) globally, followed by smoking (148.6 million), high plasma glucose (143.1 

million), and overweight (120.1 million) [6]. The prevalence of hypertension is increasing at an 

alarming rate. For example, the number of people with hypertension has doubled to 1.2 billion 

since 1990 and more than 700 million of these hypertensive individuals are reported as untreated 

[7]. Diabetes is also a major contributor to NCDs with approximately 370 million people with 

diabetes globally. This number is expected to exceed 550 million by 2030 [8]. Dyslipidaemia, 

especially elevated levels of low-density lipoprotein cholesterol, is an independent risk factor for 



CVD [9]. Therefore, targeting early detection of the triple risk factors of hypertension, diabetes, 

and dyslipidaemia is an essential strategy for management of NCDs at the primary-care level. 

The burden of NCDs also varies by age group. Critically, the prevalence of cardiovascular 

diseases, diabetes, neurological problems, and musculoskeletal disorders are especially 

significant in individuals aged 60 years and above [10]. As the prevalence of NCDs increases 

with age, the global burden of NCDs is also anticipated to rise as life expectancy increases [11]. 

With the population ageing and increasing survival rates from cardiovascular events, more and 

more people are expected to live with NCDs [12]. Therefore, in addition to primary care, public 

health interventions should be focused on specialised care for older people with co-morbid 

conditions.  

More than three-quarters of deaths due to NCDs occur in low‐ and middle‐income countries 

(LMICs) [13]. Furthermore, there is evidence of an inverse relationship between mortality due to 

NCDs and country-level income [14]. For example, people living in LMICs have a 22% 

likelihood of dying due to an NCD before reaching 70 years of age, which is 1.5 times greater 

than in high-income countries (HICs) (14% likelihood) [15]. In response to this problem, the 

World Health Assembly of the WHO adopted the Global NCD Action Plan in 2013 to take 

coordinated and systematic action at all levels, and in LMICs in particular, to control NCDs [16]. 

In September 2018, the third United Nations High-Level Meeting on NCDs reached a consensus 

that a considerable burden of NCDs remains in LMICs and preventative actions are required 

immediately [17]. Healthcare delivery systems at the primary level in LMICs are, in general, 

struggling to tackle the rising burden of NCDs [18]. There are many challenges in the provision 

of quality care for NCDs in LMICs. These include shortages of qualified practitioners (e.g., 

medical doctors, nurses), lack of competencies among the health workforce, lack of proper 

referral, and poor infrastructure of health centres and hospitals [19]. Hence, ensuring the 

availability of a skilled workforce and readiness of the healthcare facility, and adoption of task-

sharing responsibilities by non-physician health workers (i.e. nurses, paramedics, and community 

health workers (CHWs)) to support medical doctors are potential ways to address these challenges 

[20]. Early management of NCDs, including detection, screening, and treatment, is best delivered 

through a primary healthcare approach [21]. Indeed, early management interventions appear to 

be excellent economic investments when provided through primary care, reducing the need for 

more expensive treatment at later stages of the progression of disease [3].  



Access to and utilisation of healthcare services for cardiometabolic diseases in India 

India is undergoing an epidemiological transition owing to rapid urbanisation and growth of the 

national economy [22, 23]. India is a country of about 1.4 billion, contributing ~18% of the 

world’s population [24]. India also makes a large contribution to the burden of NCDs such as 

CVD, diabetes, dyslipidaemia, and their associated complications [25]. For example, India is 

currently known as the global ‘hypertension capital’ with ~207 million people living with high 

blood pressure [26, 27]. Moreover, India is also referred to as the ‘diabetes capital’ of the world 

[28]. Hence, NCDs contribute to about 60% of all deaths in India annually, or 5.8 million people 

[29]. Despite substantial improvements in health indicators in the past decade, India has struggled 

to manage the large number of people living with NCDs [30]. Morbidity related to complications 

of NCDs significantly affects the low-income Indian population due to their extreme poverty [31]. 

Achieving a substantial reduction in mortality due to NCDs will require policies to ensure high-

quality preventive and curative care to achieve the WHO Sustainable Development Goals (SDGs) 

by 2030 [32, 33]. In addition, countries such as India, with inadequate health insurance coverage, 

may face difficulties in ensuring universal access to essential health services and interventions 

for NCDs, especially in rural communities [3]. Thus, further investigation of strategies to 

implement effective interventions for NCDs in such resource-poor settings is warranted. 

In India, public healthcare services for managing NCDs are usually provided by state 

governments through a hierarchy of health systems from the primary level (sub-centres, primary 

health centres, and community health centres), the secondary level (district hospitals), and the 

tertiary level (medical college hospitals or institutes) [34]. In general, medical doctors or 

physicians are posted only at primary health centres or at secondary and tertiary levels. On the 

other hand, two Auxiliary Nurse Midwives (ANMs) are usually in charge of one sub-centre.  

Depending on the area covered by the sub-centre, each ANM is supported by four or five female 

CHWs in carrying out health promotional activities. In parallel with public healthcare systems, 

there are also healthcare practitioners working in private clinics or hospitals who provide care for 

people with NCDs.  

Strategies to optimise utilisation of healthcare services in a rural area should be based on a deep 

understanding of the factors that constrain or facilitate health-service utilisation. Indeed, in some 

rural regions, there are few public medical doctors or doctor absenteeism is common, so people 

have to rely on private doctors [30, 35, 36]. However, private services are expensive, resulting in 



significant out-of-pocket expenses for rural people. Consequently, under-utilisation of health 

facilities (private and public) may provoke more frequent use of traditional remedies or result in 

no treatment at all, either of which could exacerbate disease and risk of premature mortality 

among the rural population [37]. Therefore, mobilising trained CHWs, to screen for NCDs such 

as hypertension and diabetes and refer positive cases to a medical doctor for further evaluation 

and management, has the potential to improve management of these conditions.  

To develop programs to ameliorate the burden of NCDs, policy makers require detailed 

information regarding the risk factors associated with NCDs and the barriers to their effective 

medical management. These risk factors likely differ between HICs and LMICs [38]. For 

example, greater socioeconomic position (SEP) is associated with less risk of CVD in HICs [39-

41], but may be associated with greater risk of CVD in at least some LMICs, including India [42]. 

There is now relatively good information regarding the prevalence of specific NCDs and 

associated risk factors in India [43-48] and evidence that these vary across India according to the 

level of epidemiological transition [22]. However, there is a relative paucity of information 

derived specifically within rural settings. 

A better understanding of the determinants of NCD-related morbidity may enable policy makers 

and health managers to develop and adopt effective community-based programs. Estimates of the 

number of people with risk factors for NCDs or end-organ damage due to NCDs in rural areas 

would be particularly useful. However, hospital-based information regarding these disease 

patterns in, and treatment options exercised by, residents of rural India, is not adequately 

available. Hence, quantification of the prevalence of self-reported symptoms or awareness of 

disease conditions could provide helpful information regarding the profile of morbidity in rural 

areas [49, 50].  

To improve knowledge of healthcare utilisation in those with NCDs, and cardiometabolic 

diseases in particular, we conducted a community-based observational study across three 

socioeconomically diverse regions in rural southern India, with three major aims. First, we aimed 

to determine the prevalence of self-reported cardiometabolic diseases and identify the associated 

factors in these settings (Figure 1). Our primary hypothesis for this aim was that cardiometabolic 

disease is highly prevalent in rural India. We also hypothesised that, in contrast to the situation in 

HICs, cardiometabolic disease is positively associated with SEP. 



  

Figure 1. General structure of the thesis 

ASHAs, Accredited Social Health Activists; Apps, application; CHWs, community health 

workers; ICT, information and communication technology; mHealth: mobile health; NCDs, 

non-communicable diseases 



Our second aim was to determine the level of outpatient healthcare utilisation and characterise 

the sources of this care among people with cardiometabolic diseases. Our hypothesis for this 

aim was that a considerable treatment gap exists for those with cardiometabolic diseases in this 

setting due to inadequate utilisation of healthcare. Finally, our third aim was to determine the 

factors associated with utilisation of public healthcare services. Our hypothesis for this aim 

was that lack of access to health insurance and inadequate reach of public healthcare are 

significant barriers to management of cardiometabolic diseases. These data were generated in 

the analysis described in Chapter 2 of this thesis. While the study described in Chapter 2 was 

focused on cardiometabolic disease (CMD), the work described in the other chapters mostly 

addressed prevention, identification, and non-pharmacological management of NCDs, 

including the early detection of common cancers. 

The role of CHWs in the management of NCDs  

According to the WHO definition, CHWs are members of the community, including men and 

women from diverse age groups and education level, who are specifically trained to deal with 

the health problems of individuals and the community [51]. The term CHW is rather general. 

Indeed, CHWs have been given more than 30 different specific titles globally [52]. For 

example, the female cadre of CHWs working in India are called Accredited Social Health 

Activists (ASHAs). CHWs have been found to be highly effective in a range of large-scale 

programs [53]. However, in most of the cases, the responsibilities of CHWs were found to be 

mostly focused on provision of reproductive, maternal, neonatal and child health (RMNCH) 

care in LMICs such as in Bangladesh, India, Kenya, Malawi and Nigeria [54].  

CHWs are considered to be the backbone of primary health delivery systems, particularly in 

LMICs [55]. Importantly, CHWs can be utilised effectively to improve the health of the 

population in low-resource settings in which there is a shortage of motivated and qualified 

health professionals [56]. A recent report from the WHO provides evidence that CHWs, with 

proper training, can successfully capture data and deliver services related to NCDs [57]. 

Therefore, task sharing could be an effective strategy whereby CHWs can carry out early 

screening for NCDs, and medical doctors can use this information for decision-making 

regarding management.  

To address the increasing burden of NCDs, in 2005, the Government of India launched the 

National Rural Health Mission (NRHM) to provide accessible, accountable, affordable, and 

reliable primary healthcare to the poorer and more vulnerable members of the population [58]. 



ASHAs were introduced as one of the main components of the NRHM [59]. They were 

recruited to work under a performance-based remuneration system. ASHAs are considered as 

an effective link to address the poor utilisation of health services by rural communities [60]. 

Each ASHA is meant to cover a population of 1,000 people. They are selected from the 

community and receive hands-on training on various topics. These training curricula are aimed 

at imparting the knowledge, skills, and attitudes required for an ASHA to effectively perform 

three different roles [61]. First, ASHAs are to act as a ‘link worker’ [62], a bridge between the 

rural population and health systems. Second, ASHAs are to function as ‘service extension 

workers’, whereby they are trained and provided with various kits and simple life-saving drugs 

[62]. Third, they are recognised as ‘health activists’ in the community to create awareness of 

health and mobilise the community for utilisation of health services [63].  

In 2011, the NRHM added more responsibilities for ASHAs, in addition to RMNCH care, by 

initiating a National Program for Prevention and Control of Cancers, Diabetes, Cardiovascular 

Diseases and Stroke (NPCDCS) in India. The focus of the NPCDCS program is to strengthen 

the promotion of healthy lifestyles and early diagnosis and management of diabetes, 

hypertension, CVD, and common cancers (e.g. cervical, breast, and oral cancer) [64]. Such a 

large program requires an extensive workforce to integrate it into the current health system. To 

further address the burden of NCDs, the NRHM of India adopted a policy for a new 

organisational structure [65, 66], incorporating Health and Wellness Centres (HWCs) for every 

5,000 population. Existing sub-centres are to be converted to HWC, with the principle being 

that ‘time to care’ should not be more than 30 minutes. Each HWC is comprised of one mid-

level healthcare provider or community health officer (CHO) who has training in community 

health, nursing or as an Ayurveda practitioner, one or two multipurpose workers commonly 

known as Auxiliary Nurse Midwives (ANMs), and five ASHAs.   

Under the Ayushman Bharat –HWC initiative, the CHO organises health camps, with the help 

of ASHAs, in the community or at HWCs. Then, the CHO screens people at risk of developing 

NCDs and identifies and refers critical patients to medical doctors in the primary health centre 

for further management. Additionally, the CHO records data for each patient in the NCD portal.  

In the routine health system, ASHAs were initially recruited to work as social mobilisers in 

providing information to people, who reside in rural areas, on RMNCH, vaccination, sanitation, 

and nutrition [67]. Because of their new engagement with NCD care, their new roles are to: (i) 

register all villagers aged at least 30 years; (ii) complete a Community Based Assessment 



thesis, management of NCDs by CHWs is defined as the non-pharmacological treatment of 

hypertension and diabetes through health education and advice on modifying lifestyles. 

Utilisation of information and communication technology to improve service delivery  

Information and communication technology (ICT) has been used in several LMIC settings to 

help individuals better diagnose and manage chronic diseases [8]. This has been made feasible 

by the fact that mobile phones and internet connections have become accessible to all classes 

of people in many countries, including in India. According to Lemaire [74], multiple factors, 

including the growth of mobile phone use, the need to treat many people in rural areas, the lack 

of timely disease control, the decreasing cost of mobile phones, the shortage of healthcare 

workers, and the lack of resources and infrastructure have contributed to the current rapid 

development of mHealth in the developing world. 

Of the 8.5 billion smartphone users worldwide, 70% are from LMICs, and their numbers are 

proliferating due to the increasing affordability of mobile phones [75]. Therefore, use of 

mHealth interventions to improve healthcare delivery has become familiar to Indians and 

residents of other LMICs [76]. As handheld devices (i.e., mobile phones and tablets) have 

become very common in everyday life, the potential reach of any intervention delivered by 

mHealth has increased due to greater acceptability among providers and users. However, 

previous research indicates the difficulties associated with scaling up mHealth interventions 

despite good results generated from pilot studies [77, 78]. Hence, there is a critical need to 

better understand and map the barriers associated with the use of ICT for people with chronic 

diseases before designing a new mHealth intervention.  

There are some operational and health-system challenges for using mHealth-enabled devices, 

which vary according to age group and type of end-users. For example, most available mHealth 

devices are technically sophisticated and so may not be suitable for lay health workers such as 

ANMs and CHWs [79, 80]. There is also evidence that implementation of some mHealth 

projects fail in routine practice [81]. Therefore, integration of mHealth solutions into the 

routine health system can be a daunting task. For example, the approach of older adults to the 

internet and mHealth differs to that of younger people [82]. Some authors have identified 

numerous challenges for older adults when they encounter digital technology, such as altered 

cognition, impaired sight or hearing, issues of trust, and concerns about privacy [83, 84].  

https://aging.jmir.org/2022/1/e25251#ref8


It is highly probable that identifying and mapping the barriers to and challenges for using 

mHealth, particularly for older adults, will help researchers design appropriate tools to support 

CHWs. In addition, identification of the enablers of the use of ICT interventions may facilitate 

the design of mitigating strategies to overcome the barriers to their use. We hypothesised that 

ICT has the potential to support the care of chronic diseases among older adults, despite the 

operational and implementation challenges for integrating ICT within routine practices. 

Therefore, we performed a scoping review focusing on the available information regarding ICT 

interventions, and summarised the current state of the literature on barriers to and enablers of 

the adoption of ICT interventions among adults with NCDs. This scoping review is presented 

in Chapter 3 of this thesis (Figure 1). We decided to perform a scoping review since our 

objective was not to provide answers to a specific set of research questions, but rather to map 

the literature or data that revealed obstacles to adoption of mHealth and associated measures 

for mitigating these obstacles. 

Rational for generating a new mHealth app for CHWs  

As outlined in detail above, in rural India, there is a shortage of health workforce, lack of timely 

disease control, and inadequate resources and infrastructure for management of NCDs [85]. 

The major bottlenecks faced by public hospitals include a shortage of qualified personnel, an 

excessive patient load, ambiguous service quality, and costly out-of-pocket expenses. In this 

light, the mobilisation of CHWs for the control of NCDs, such as detection and treatment of 

hypertension, diabetes, and other priority chronic diseases, appears to have great promise. 

Nonetheless, empirical research is required to assess the efficacy of CHWs in NCD prevention, 

detection, and management and to determine the attitudes of ASHAs regarding the inclusion 

of new duties in their job description portfolio [86]. CHW programs are not inexpensive, but 

they are less expensive and require less time than the alternative, which is to deliver comparable 

services at publicly-available facilities with higher-level personnel [87]. If CHW programs are 

to be effective, they must be appropriately resourced (i.e., with adequate salaries and supplies). 

They should have robust monitoring, evaluation, and quality-assurance mechanisms to ensure 

continuous improvement [87]. 

Thus, the practice of involving ASHAs at the household level for screening, identifying and 

referring people with NCDs may ensure that the referral system in primary healthcare works 

properly. In the current routine system, ASHAs work to mobilise and support people in 

accessing health services available at the sub-centre or primary health centres, for government-

provided services such as immunisation, RMNCH, supplementary nutrition, and sanitation. 



However, it would be challenging for ASHAs to perform these multiple tasks, including 

provision of NCD care at the village level, without adequate institutional support. ASHAs are 

usually supported by other health workers such as ANMs, Anganwadi workers, and those who 

train ASHAs. Moreover, periodic training sessions are a major source of support for ASHAs 

to sharpen their knowledge. In addition, the use of mHealth, in the form of service delivery 

automation, can increase the range and quality of services provided by ASHAs [88].   

Interventions delivered by mHealth and designed for CHWs could be a pragmatic strategy to 

strengthen the ASHA program in rural India. This could be achieved by introducing a Clinical 

Decision Support (CDS) system, an important advancement in mHealth, to facilitate the work 

of ASHAs. CDS systems are computer-based programs that can analyse data within electronic 

health records to provide health workers with patient-specific assessments or recommendations 

to aid clinical-decision making [89]. Thus, there is scope to introduce a CDS system for CHWs, 

in the form of a mobile app that can be installed on a tablet device, enabling them to screen 

people with risk factors of NCDs and help them determine diagnoses. ASHAs equipped with 

a CDS-enabled app and point-of-care devices should be able to efficiently identify people with 

NCDs through a screening program.  

Current practice of data collection by ASHAs is not efficient, a problem that could potentially 

be solved by adopting a CDS system. For example, in addition to provision of services, ASHAs 

are required to collect data and make reports by filling hard copies of case records, registers, 

or checklists given to them by the health department. This manual data collection method is 

unsustainable and renders CHWs prone to mistakes. Furthermore, hard copies can get lost or 

damaged. Moreover, the registries are usually too bulky for CHWs to carry while serving in 

the community. Data gathered using digital platforms has the potential to be more accurate than 

data collected through paper forms by reducing transcription errors, data discrepancies and 

labor burden associated with manual storage and preservation of data.  

For ASHAs to be supported by a CDS system when they work alone in the communities, they 

need appropriate resources, training, and a user-friendly CDS system. Some research groups 

have developed software apps for use by healthcare workers in hard-to-reach settings [90]. 

However, none of these have been designed specifically for CHWs that deal with the provision 

of lifestyle interventions to manage NCDs or in the overall management of NCDs, and most of 

the apps are not freely available [91-96]. 



Moreover, we are not aware of any available descriptions of the development of a CDS system 

for CHWs in rural India, which could be followed to develop an app. To fill this gap in available 

tools for CHWs, development of a CDS system is justified. 

CDS systems can also efficiently facilitate digitalisation of data collection and monitoring and 

supervision of service provision. For example, a CDS system can be automated to track the 

progress of services or data collection by ASHAs. These data could then be easily downloaded 

from the server for review by health managers and supervisors. In addition, use of an online 

interface such as web-based dashboard in a CDS system could generate real-time reports in the 

form of charts and graphs. Moreover, a web-based dashboard can be accessed from anywhere 

using a web browser on a mobile phone, laptop, or desktop computer. Therefore, the next step 

in this project was to develop a CDS system, incorporating multiple features to facilitate the 

work of CHWs, to help them to make appointments, track patients, promote lifestyle 

modification, and promote adherence to medications.  

We aimed to develop a modern CDS system, the ‘Arogya Sahyog’ app (a Hindi term meaning 

‘health assistant’), including a web-based dashboard, using the human-centred design (HCD) 

approach [97]. We reasoned that development of this software application would require both 

laboratory testing in a controlled setting and then feasibility testing at a field site. Therefore, 

we adopted a mixed-methods approach which included site observations, meetings with 

stakeholders and the app development team, and laboratory simulation to fine-tune the 

architecture of the app. The app was designed based on the Innovation Design Engineering 

Organisation (IDEO) approach to HCD, which involved three stages: hear, create, and deliver 

[98]. These stages involved identifying user needs, specifying the context of use, specifying 

requirements, producing an initial version of the app, and evaluating the design of the app. A 

thorough HCD approach, informed by theoretical-empirical knowledge, as well as principles 

of user engagement, was utilised to ensure wide adoption of the Arogya Sahyog app [99, 100]. 

The processes, personnel, and resources involved in developing the app are described in 

Chapter 4 of this thesis.  

Feasibility of use of the Arogya Sahyog app in rural India 

Once the Arogya Sahyog app was developed and initially tested in the laboratory, we moved 

on to test the app at a study site. Compatibility testing of a new mobile app is a prerequisite to 

ensure it performs well [101]. Such testing includes real-time tests of various processes such 

as installation, start-up, and synchronisation of the app [102]. It also requires knowledge of the 



user-perceived level of satisfaction with the app. In doing so, feasibility testing of a CDS 

system can reveal the experiences and feedback of users in a real-life setting. Therefore, the 

next step was to develop a methodological approach for conducting operational research to test 

the functionality of the Arogya Sahyog app. 

A feasibility trial, to examine the usability and acceptability of the app, is essential in the 

implementation of mHealth applications [103]. According to the International Organization for 

Standardisation (ISO), usability can be defined as, “the extent to which a product can be used 

by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in 

a specified context of use” [104]. Better usability can lead to a number of benefits, including 

improved productivity, enhanced user well-being, increased accessibility, and reduced risk of 

harm [105]. Likewise, acceptability, which is defined as “the perception among 

implementation stakeholders that a given treatment, service, practice, or innovation is 

agreeable, palatable, or satisfactory”, is also a determining factor for implementation of any 

app [106]. Acceptability testing is necessary because people may decide not to use an app if it 

is difficult to operate.  

We conducted a mixed-method study, involving both qualitative and quantitative approaches, 

in three phases to test: (i) usability and acceptability of the app; (ii) effectiveness of a training 

program to develop capacity within the ASHA workforce on NCDs; and (iii) the ability of 

ASHAs, when supported by the app, to detect people for NCDs. Our primary hypothesis was 

that, with adequate training, ASHAs can use the app for screening and management of NCDs 

(Figure 1). The protocol for this study is described in Chapter 5 and the findings and 

conclusions are described in Chapter 6 of this thesis.  

Evaluation of a health education training program  

Research regarding the potential to implement strategies for primary prevention of NCDs 

through lay health workers such as ASHAs is still in its infancy [107]. Thus, it is crucial to 

determine whether it is feasible for ASHAs to take on these new responsibilities. Furthermore, 

in order to provide services for NCDs such as hypertension, diabetes, and dyslipidaemia, 

ASHAs require new clinical knowledge. One pilot study conducted in rural districts of 

Rajasthan in India demonstrated the feasibility of ASHAs delivering prevention and screening 

services for NCDs at the household level, along with a high level of acceptance of the services 

among the participants of the study [73]. Performance of such triage activities (screening, 

classification and referral) by ASHAs has the potential to not only promote initial management, 



but also to help reduce the workload of physicians. However, there remains a knowledge gap 

regarding whether ASHAs can use this clinical context and understanding in real-life settings.  

One of the challenges of introducing a task-sharing program into primary care that involves 

ASHAs is ensuring their competencies. Thus, there is potential to teach and engage ASHAs to 

measure blood pressure and blood glucose, screen for common cancers (e.g. cervical, breast, 

and oral) and identify patients needing immediate referral to a medical doctor. While there is a 

training Module for ASHAs on NCDs [108], and reading materials on NCDs for ASHAs [109], 

we are not aware of the existence of any approved trainers’ manuals and training agenda to 

facilitate such a training program. Therefore, the next step in this research project was to 

prepare a health-education program appropriate for ASHAs, to develop capacity within the 

ASHA workforce, so they can motivate people to adhere to healthy behaviour and self-manage 

their NCDs.  

We conducted this educational trial to assess the effectiveness of a health-education program 

for ASHAs on NCDs. Our aim was to evaluate the change in knowledge and health literacy 

among ASHAs who receive training on NCDs (Figure 1). We hypothesised that our health-

education program increases the knowledge and skills of ASHA with regard to NCDs. The 

methodology for this trial is described in Chapter 5 of this thesis, while details of the health-

education program and its evaluation are described in Chapter 7. 

Design of a study protocol for evaluating an ASHA-delivered mHealth intervention on 

NCDs 

Task-sharing management of NCDs between non-physician health workers (i.e., nurses, 

paramedics, and CHWs) and medical doctors might aid expansion of primary health care 

services in India [20]. However, CHWs are susceptible to making medical errors (e.g., 

malpractice) due to their lack of clinical orientation and in-depth knowledge of NCDs [62]. 

Therefore, we reasoned that the Arogya Sahyog app could provide support to CHWs in a task-

sharing role, enabling them to provide healthcare according to national guidelines. However, 

we do not know whether use of this app, in combination with community education, is effective 

in providing initial management of NCDs in a systematic way and motivates people to adhere 

to healthy lifestyle activities. Therefore, the next step was to design and implement a 

randomised controlled trial (RCT) to test the effectiveness of the Arogya Sahyog mHealth 

intervention package for lifestyle intervention in rural settings. 



We used an RCT design to determine the effectiveness of the mHealth intervention delivered 

by ASHAs in managing patients with hypertension and diabetes compared with usual care. Our 

global hypothesis for this aim is that an ASHA-delivered intervention improves the control of 

hypertension, diabetes, and other NCD risk factors, such as waist circumference and body mass 

index, compared to participants in the usual care group (Figure 1). The protocol for this 

proposed trial is described in Chapter 8 of this thesis.   

 



1.2 Thesis objective and aims 

The overall objective of the project described in this thesis was to mobilise trained CHWs to 

deliver health education and provide lifestyle interventions to manage NCDs. Such 

interventions may ultimately reduce the burden of NCDs among rural residents of India.  

The project comprised six major aims (Figure 1). First, we aimed to estimate the burden of 

chronic disease in rural India and assess the pattern of utilisation of health services (i.e., type 

of facilities and healthcare providers) among people with NCDs in rural India (Chapter 2). 

Second, we performed a scoping review of the enablers of, barriers to, and adoption of ICT for 

the care of older adults with chronic diseases. Third, we designed and developed a mHealth 

app for CHWs to support early management of NCDs (Chapter 4). Fourth, we tested the 

usability and acceptability of the app among CHWs and used the feedback to update the app 

and training materials (Chapters 5 and 6). Fifth, selected CHWs were educated and trained to 

provide a lifestyle intervention, enhanced by the mHealth app, for managing NCDs (Chapter 

7). Finally, we developed a study protocol describing detailed methods for implementing an 

intervention package, to educate and train CHWs to provide a lifestyle intervention for 

managing NCDs, incorporating use of the mHealth app, and to assess the effectiveness of this 

intervention (Chapter 8).  

1.3 Thesis outline and guide to chapters 

This doctoral project was undertaken to explore the use of a mHealth intervention by CHWs 

for task-sharing management of NCDs. Individual components of the work were designed to 

investigate whether the Arogya Sahyog app, training materials, and task-sharing approach are 

usable and acceptable among CHWs. This thesis is organised according to the following 

chapters: 

Chapter 1 provides the overall rationale for the project and brief but specific rationales for each 

component of the project.  

Chapter 2 describes a secondary analysis of a dataset from the CHIRI study conducted in 

southern India. The aim of this secondary analysis was to assess the prevalence and 

determinants of self-reported NCDs in three diverse rural regions in Southern India. This 

analysis also explored the factors associated with healthcare utilisation and choice of public 

healthcare providers among people with chronic disease. 



Chapter 3 is a scoping review of use of ICT for supporting people with chronic diseases. It 

provides an understanding of the degree to which ICT or eHealth in general, and mHealth 

interventions in particular, have been utilised. This review provides an exploration of the 

factors that may hinder effective use of ICT by end-users (healthcare providers and 

participants). The findings provide insights required for design of future ICT applications 

(apps) in healthcare. This review was focused on the elderly because the prevalence of chronic 

disease increases with age and older adults face significant challenges in the use of ICT devices.  

Chapter 4 describes the development of the tablet-based decision support app, Arogya Sahyog, 

to support CHWs in the field. The aim was to design and develop the software application, 

incorporating a clinical algorithm on NCDs, to be used by CHWs. We also present the results 

of preliminary testing of the stable version of the app in order to identify potential obstacles to 

its further development. 

Chapter 5 describes a study protocol for assessment of the feasibility of CHWs to use Arogya 

Sahyog to screen and monitor NCDs. The methods used for assessing the usability of the app 

and the effectiveness of a training program for CHWs are described.  

Chapter 6 describes the analysis of data we collected, to test the feasibility of the Arogya 

Sahyog app in Northern India, according to the protocol described in Chapter 5. The aim of 

this mixed-method study was to assess the usability and acceptability of the app for screening, 

providing lifestyle advice, and referring patients with NCDs. 

Chapter 7 describes the implementation and evaluation of a training program of health 

education for ASHAs, who are working in rural areas of India, to improve their knowledge on 

chronic diseases. We aimed to test the effectiveness of the training program for ASHAs and 

whether it can increase their knowledge and skills. 

Chapter 8 describes the protocol of a cluster-RCT for the prevention and management of NCDs. 

The aim of the trial is to test the effectiveness of a package of lifestyle interventions (combined 

use of a mHealth app and health education materials), delivered by ASHAs, to control NCDs 

in rural India.  

Chapter 9 provides a final discussion of the findings from this PhD project and the major 

conclusions drawn. It also identifies the critical questions that could be future area of research.  
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Chapter 4 

Design and development of a clinical decision support system for 

community health workers to support early detection and management of 

non-communicable disease 

 

4.1 Overview 

A major barrier to improved healthcare in this setting is the lack of tools to facilitate the work 

of community health workers (CHWs) designated to manage health at the village level in rural 

India. Despite the fact that various research groups have developed mobile health (mHealth) 

interventions or software programs (apps) for use by healthcare workforce, these have not been 

intended for CHWs, have not followed the relevant national rules, or are not freely accessible. 

Therefore, we aimed to develop a mHealth tool for CHWs to support early prevention, 

identification, and non-pharmacologic management of non-communicable diseases (NCDs).  

We used human-centered design to create the Arogya Sahyog application (app), a simplified 

clinical decision support (CDS) system, that runs on the Android operating system. The app 

can be used to provide task-automation support for CHWs to screen, provide lifestyle advice, 

and refer critical patients in rural India. ‘In particular, the app is designed to provide step-by-

step instructions to ASHAs as to how to use digital blood pressure machines for identifying 

patients with hypertension and how to use glucometers for early detection of diabetes. Thus, it 

allows ASHAs to provide non-pharmacological management of hypertension and diabetes in 

collaboration with medical personnel. Additionally, the app directs ASHAs to refer 

complicated patients to hospitals and follow them up to ensure they are taking their medications 

as prescribed. In particular, the app is designed to provide step-by-step instructions to ASHAs 

as to how to use digital blood pressure machines for identifying patients with hypertension and 

how to use glucometers for early detection of diabetes. Thus, it allows ASHAs to provide non-

pharmacological management of hypertension and diabetes in collaboration with medical 

personnel. Additionally, the app directs ASHAs to refer complicated patients to hospitals and 

follow them up to ensure they are taking their medications as prescribed.  



 

We also described a science-based method and theory-based framework for designing and 

developing this mHealth tool. The outline we provided may be used by other researchers and 

developers as a roadmap for creating similar apps in LMICs. In this publication we have made 

the app, including codes, freely available (https://figshare.com/s/1067ac251be4a2fa79d6). 

This paper has been published as an ‘early-stage innovation report’ in BMJ Innovations in 

2021. 
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Chapter 5 

Feasibility of community health workers using a clinical decision support 

system to screen and monitor non-communicable diseases in resource-poor 

settings: study protocol 

 

5.1 Overview 

Accredited Social Health Activists (ASHAs), female community health workers (CHWs) in 

India, may be employed to identify and refer people for hypertension, diabetes, and common 

cancers. To do so, ASHAs need appropriate resources, training, and support. Therefore, we 

developed the Arogya Sahyog app (Chapter 4) and a training program (Chapter 7) to support 

ASHAs to work independently in the community to screen, provide lifestyle advice, and 

manage people with NCDs in rural India.   

In this chapter, we described a study protocol to conduct a feasibility trial to determine: (i) 

usability and acceptability of the app; (ii) effectiveness of a training program; and (iii) 

feasibility of ASHAs, supported with the app and training components, to detect people with 

NCDs in the community. This chapter outlines a road map to support the evaluation process of 

the app and an educational programme, both of which are intended to be utilised by CHWs in 

rural areas of India. This protocol paper was published in mHealth journal in 2021. 

Descriptions of the mixed-methods approach of combining quantitative and qualitative data in 

order to update the app and training can be found in Chapters 6 and 7. 
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Chapter 6  

Usability and acceptability of a software prototype ‘Arogya Sahyog’ to 

assess non-communicable diseases in rural India: a mixed-method study 

 

6.1 Overview 

We developed the Arogya Sahyog app (Chapter 4) and described the methodology for 

evaluating the usability of the app (Chapter 5) to determine whether community health workers 

(CHWs) are able to utilise the app to screen people for non-communicable diseases (NCDs).  

To address the knowledge gap, we conducted a mixed-methods approach to assess usability 

and acceptability of the app for Accredited Social Health Activists (ASHAs) for prevention 

and management of NCDs.  

We found that participating CHWs rated the usability of the app very highly and demonstrated 

skill in using it for screening, providing lifestyle advice, and referring people with NCDs. Using 

data from both the quantitative and qualitative components of the study, we identified strengths, 

weaknesses, opportunities and threats that should be considered in refinement of the app and 

in development of similar apps in other settings. The app, if appropriately used by CHWs could 

be integrated into routine systems, and may provide a pathway to deliver improved 

management of healthcare for the tens of millions of rural Indians with NCDs.  

We have made all training materials (Annexures 1, 2 and 3), codes of the app 

(https://figshare.com/s/806a0b9af3b1bc5d8927), and questionnaire (Annexure 4) publicly 

available to facilitate further evaluation and utilisation. This paper was published in Health 

Policy and Technology in 2022.  
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Chapter 7 

Effectiveness of a training program on non-communicable diseases for 

community health workers in rural India 

 

7.1 Overview 

We developed a training program for Accredited Social Health Activists (ASHAs) to learn 

about non-communicable diseases (NCDs) and, using the methods described in the protocol 

(Chapter 5), we tested whether the training program was effective in improving ASHAs’ 

knowledge of NCDs.  

We found that knowledge about NCDs improved more in the group of ASHAs provided the 

training program than in the group of ASHAs not provided with 5 days of training. ASHAs 

reported that the training program enhanced their ability to understand the concepts of risk 

factors and mitigation of risk, and that the training program had provided them with new skills. 

This training will assist ASHAs in learning how to deliver the lifestyle intervention which, in 

turn, will be supported by the work-flow instructions provided by the Arogya Sahyog app. 

The training program could potentially be scaled up across similar settings to enhance 

knowledge about NCDs among ASHAs. However, it remains unknown whether ASHAs 

provided with the training program can effectively screen and manage people with NCDs in 

their communities. This paper will be submitted to Journal of Community Health in the end of 

April 2023.  

  



7.2 Abstract 

Background 

Appropriate training of community health workers (CHWs) on non-communicable diseases 

(NCDs) could enable them to educate villagers about NCDs and to co-ordinate management of 

those with, or at risk of, an NCD. The aim of this study was to determine the effectiveness of 

a training program for Accredited Social Health Activists (ASHAs), female CHWs in India, on 

NCDs.  

Methods 

An educational intervention was tested using a randomised controlled trial design. Forty-eight 

ASHAs, working in the Tehri-Garhwal district of India, were randomised to the intervention 

or control group. The intervention comprised a 5-day training program on NCDs. The first two 

levels (i.e. reaction and learning) of the Kirkpatrick model were used to evaluate the 

intervention. Pre- and post-tests of knowledge of NCDs were administered and an evaluation 

survey was undertaken to assess the reaction items. Quantitative comparisons within and 

between the two groups were undertaken using Student’s t-test and two-way ANOVA. Content 

analysis was used to determine the presence of specific themes or quotes within the qualitative 

data.  

Results 

Thirty-six ASHAs agreed to participate (response rate 75.0%). Their mean age was 41.8 years. 

Most ASHAs (94%) had more than 6 years of work experience. Their mean pre-test knowledge 

score was 43.3 out of 100 points (95% CI 36.7-49.9) for the intervention group and 44.4 (38.9-

49.9) for the control group. The mean post-test knowledge score for the intervention group 

increased to 91.8 (a 48.5-point increase; p<0.0001), and the control group increased to 53.1 (a 

9.8-point increase, p=0.016). The p value for the interaction term (time*allocation) of the 

ANOVA was <0.0001. ASHAs indicated that the training package on NCDs enhanced their 

ability to understand the concept of risk factors and the importance of healthy behaviour in 

reducing NCDs. In addition, ASHAs reported acquiring new skills to detect hypertension, 

diabetes, or obesity, screen for breast and oral cancer, and to motivate people to follow a 

healthy lifestyle.  

Conclusions 



The training program increased knowledge of ASHAs on NCDs and improved their skills to 

detect NCDs. Future research is warranted to determine whether ASHAs are able to effectively 

screen and manage people with NCDs in the target population.  

Keywords 

Accredited Social Health Activists, community health workers, diabetes, hypertension, 

knowledge change, training  



7.3 Introduction 

Globally, non-communicable diseases (NCDs) cause approximately 41 million death each 

year, with the majority of these deaths (86%) occurring in low- and middle-income countries 

(LMICs) [1]. In India, it is estimated that, in 2016, NCDs contributed to 62% of all deaths and 

55% of disability-adjusted life years [2], these being driven by the high prevalence of risk 

factors such as tobacco use, consumption of alcohol, unhealthy diets, physical inactivity, 

overweight, hypertension, diabetes, and hyperlipidaemia [3]. Modifying and controlling these 

risk factors can reduce the burden of NCDs.  

Primary interventions designed to provide health education and improve healthy behaviours, 

such as a healthy diet and physical exercise, as well as detection and prevention of 

hypertension, diabetes, and cancer are crucial to control NCDs [4]. But people living in rural 

regions of India face several challenges in accessing care for NCDs due to limited availability 

of physicians and nurses, and the unavailability of affordable medicines [5]. To overcome 

shortages of physicians and promote more accessible healthcare, non-physician health workers 

such as community health workers (CHWs) can play an essential role in enhancing coverage 

of NCD services in rural areas [6]. In addition, CHWs can act as a bridge between health 

services and communities in providing cost-effective interventions [7]. 

Under the National Rural Health Mission (NRHM), the Government of India created a cadre 

of health workers known as Accredited Social Health Activists (ASHAs) to improve 

community services. ASHAs are female CHWs entitled to performance-based incentives for 

undertaking primary health care activities such as ante-natal care, immunisation, and 

accompanying women to hospital for delivery [8]. Recently, ASHAs have also been given the 

responsibility of screening and providing NCD care to villagers. This includes identifying and 

referring critical patients to the nearest health and wellness centre (HWC) for further 

management.  

Appropriate training on various aspects of NCDs is essential to facilitate competency among 

ASHAs to provide screening and management of NCDs to villagers. Under the National 

Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases and 

Stroke, training sessions on NCDs have been conducted for ASHAs from 100 pilot districts 

across 21 States to enable them to manage NCDs [9]. For this, the NRHM developed and 

approved a ‘Training Module for ASHAs on NCDs’ [10] to teach ASHAs how to screen people 

for high blood pressure and high blood glucose and identify people with common cancers (e.g. 



oral, breast, and cervical). This training module has been introduced by the NRHM as a means 

of providing training to ASHAs concerning NCDs. However, there is no published evidence to 

determine whether this training increases the knowledge of ASHAs. In addition, we are 

unaware of the availability of training packages (e.g. manuals and training agendas) on NCDs 

to systematically facilitate such a training program for ASHAs. Therefore, we designed a 

health-education training program using an approved training module to develop core 

competencies of the ASHA workforce. All of these training materials 

(https://figshare.com/s/80766eaa43b70474e71c) are freely available online. Over the course of 

this training, ASHAs will become competent in the measurement of blood pressure and 

glucose. 

The aim of this study was to assess the change in knowledge among ASHAs after training on 

NCDs. Our primary hypothesis was that a well-designed health education training program 

increases the knowledge and skills of ASHA on various aspects of NCDs. If this hypothesis is 

correct, such training could have the potential to enhance the practical abilities of ASHAs in 

measurement of blood pressure and blood glucose their ability to successfully provide advice 

on modifying lifestyle. 

7.4 Methods 

Study design and settings 

This study was part of a feasibility trial aimed at CHWs using a clinical decision support system 

to screen and monitor NCDs in rural India [11]. Briefly, the trial aimed to (i) assess the usability 

of a decision support system; and (ii) develop and evaluate an educational training program on 

NCDs. Our previous study indicated that a decision-support system could greatly support 

ASHAs detecting people with NCDs [12]. The present investigation centred on developing, 

implementing, and evaluating an educational training program for ASHA on NCDs. A 

randomised controlled trial (RCT) design was used for the evaluation component. 

The study was conducted at Chamba in the Tehri-Garhwal district of the state of Uttarakhand 

(India), between July and August 2022. This region was selected as a study site as there was 

no ASHA-delivered ongoing program on NCDs at this site. All of the classroom-based training 

sessions for ASHAs were conducted at the training centre of the Garhwal Community 

Development and Welfare Society, a government-approved non-profit organisation in India.  

Sample size  

https://figshare.com/s/80766eaa43b70474e71c


The primary outcome of interest was a change in the knowledge of ASHAs regarding NCDs.  

Prior to conducting the baseline (pre-test) assessment of knowledge, we had no information 

regarding the level of knowledge of ASHAs regarding NCDs. Thus, the choice of effect size 

for testing our hypothesis was arbitrary. This was an increase in score, from the pre-training to 

the post-training test, of 25 points (out of 100) more in the group who received the education 

program than the control group. To detect a change in knowledge of 25 points (out of 100) 

more in the group provided training (score = 75, SD 24) than those not offered training (score 

= 50 points, SD 24), alpha 0.05, with a power of 80%, we estimated that we would require a 

total of 32 ASHAs (16 trained and 16 untrained; Cohen's d = 1.04). Based on an expectation 

that a third of ASHAs would choose not to participate in this study, our adjusted sample size 

was 48. Therefore, we aimed to randomise 48 ASHAs (n=24 per group).  

Development of a training package on NCDs 

We designed a training package to provide ASHAs with knowledge of NCDs, their risk factors, 

and strategies to deliver health education about healthy lifestyles and adherence to medications. 

A user instruction manual was developed to teach ASHAs how to use a digital blood pressure 

machine, use a point-of-care device to detect prediabetes and diabetes, and to measure height, 

weight and waist circumference. Contents for the PowerPoint presentations were adopted from 

the NRHM-approved ‘Training Module for ASHAs on NCDs’ [10], existing reading materials 

for ASHAs [9, 13], and the WHO Package of Essential Non-Communicable Disease 

Interventions (PEN) Guidelines [14]. We modified the training content to fit the local context 

and translated it into Hindi.  

The training was delivered by three local health professionals with considerable experience in 

the area of NCDs. In preparation for delivery of the program, two online workshops were held 

among the members of the research team and trainers to assess the training flow and adequacy 

of the training package. Then, the training materials were revised based on feedback. Finally, 

the research team conducted a 3-day online orientation program for the trainers before the 

training commenced.   

Recruitment, random allocation and blinding 

Our training participants, ASHAs, were sourced through the Garhwal Community 

Development & Welfare Society Chamba. We divided the villages into large (>300 population) 

and small/medium (≤300 population). Using computer-generated random numbers, we 

randomly selected 12 ASHAs from large villages and 12 ASHAs from small/medium villages 



for both the intervention group (n=24) and the control group (n=24; Figure 1). All the selected 

ASHAs were invited to participate in the study, and remained blind to the fact that they had 

been assigned to a specific group. To achieve this, participants were randomised before they 

were approached and consent sought. Thus, the consent forms differed for the two groups, so 

that each consented to the activities and assessments for that group only. Furthermore, both the 

pre- and post-tests were conducted at separate times for the two groups, so they were not able 

to meet or interact with one another. 

Ethical considerations 

The study was approved by the ethics committee of the Garhwal Community Development & 

Welfare Society in India (project/GCDWS/Arogya) and the Monash University Human 

Research Ethics Committee (project number 23168). All participating ASHAs provided 

informed consent. The participating ASHAs were compensated for their time during the 

training and pre- and post-tests of knowledge. 

The intervention (training program on NCDs) 

We designed a twenty-hour training program, delivered over 5 days, to teach ASHAs about 

identification, early management and referral of people with NCDs such as hypertension, 

diabetes, and cancer, and provide health promotional activities (Supplementary Table S1). 

Each ASHA in the intervention group was provided with a training kit (comprising a file folder, 

writing pad, pen, and ASHA module on NCDs) and logistics (e.g. weighing machine, digital 

BP machine, glucometer, lancet, cotton, measuring tape, and hand sanitiser). Most of the 

sessions were didactic in delivery. The instructional strategies to deliver the training content 

included interactive lectures and problem-based learning such as group discussions, role-play, 

and case studies. The training was provided using PowerPoint (Microsoft Corporation, 

Redmond, USA) presentations, flip charts, and whiteboards. Practical skills of ASHAs on 

NCDs were evaluated with the support of available volunteers (i.e. patients or other health 

workers). The trainers also allocated time to host question-and-answer sessions at the end of 

each chapter in the ASHA training manual. We sought feedback from ASHAs to prepare the 

scheduling of the training program appropriate for them (e.g. 10 am–2 pm). While only the 

intervention group of ASHAs received this training, all participating ASHAs (intervention and 

control) were provided with a copy of the NRHM training module on NCDs.  

Evaluation  



We used the first two levels of Kirkpatrick’s evaluation framework (i.e. reaction and learning) 

[15] to evaluate the outcome of this RCT (Supplementary Figure S1). First, we used pre-and 

post-test knowledge assessments to evaluate their learning (i.e. change in knowledge) between 

Day 1 (pre-training) and Day 14 (post-training for the intervention group and re-test for the 

control group). Second, we used a training evaluation survey, including qualitative assessment, 

to evaluate the experience of the training program by ASHAs in the intervention group.  

Learning: Pre- and post-test knowledge assessment   

We used a structured questionnaire for pre-and post-test assessments for ASHAs on NCDs. 

This questionnaire consisted of 20 multiple-choice questions examining current competence in 

five learning domains of NCDs: (i) general knowledge of risk factors for NCDs such as 

smoking, alcohol, and unhealthy diets (5 questions), (ii) definition, consequences and control 

of hypertension (3 questions), (iii) definition, symptoms, consequences, risk factors, and 

management of diabetes (6 questions), (iv) common cancers and cancer screening (2 

questions); and (v) understanding of their role in health promotion (4 questions). We conducted 

the pre-test (baseline) assessment separately for both groups on the same day (i.e. Day 1). For 

ASHAs in the intervention group, the post-test for assessing the retention of knowledge was 

undertaken one week following conclusion of the training program (Supplementary Table S1). 

For ASHAs in the control group, the re-test was conducted at the same time interval as for 

ASHAs in the intervention group (Supplementary Table S2). Thus, ASHAs from both groups 

separately participated in the post-test or re-test assessment on Day 14. A scoring system was 

developed where each correct response received five points, and the incorrect/no answer 

received zero. These 20 questions were summed for a total composite score of 100 points, 

which include risk factors (25 points), hypertension (15 points), diabetes (30 points), cancer 

(10 points) and health promotion (20 points), with a higher score indicating greater knowledge 

of NCDs. ASHAs had 20 minutes to complete the test.  

The questionnaire was developed by three public health professionals (SBZ, RGE and AGT). 

It was then reviewed by the local investigators (RajS and RajkS). Once their suggestions were 

incorporated, the survey was translated into Hindi and then back-translated into English to 

check for equivalence of meaning. The pre-and post-test assessment questionnaire is freely 

available online (https://figshare.com/s/801a8ac4fab204550df7 and Annexure 5). 

Reaction: Training evaluation survey 

https://figshare.com/s/801a8ac4fab204550df7


The ASHAs assigned to the intervention group were administered a semi-structured 

questionnaire to evaluate various aspects of their reactions to the training. We adopted most 

survey questions from the World Health Organization (WHO) manuals on ‘Evaluating training 

in WHO’ [16]. We included both positively and negatively framed questions and considered 

equal weighting to avoid bias toward a positive result and to allow the ASHAs an opportunity 

to be critical of the training program. For each question, possible responses were formulated 

according to a five-point Likert scale, ranging from ‘1’ (strongly disagree) to ‘5’ (strongly 

agree).  

In addition, four open-ended questions were used to collect qualitative information about the 

ASHAs training experience, how they intended to apply their new knowledge, how they 

planned to use their skills for NCD screening, their perception of the overall training, and their 

recommendation on how to improve the training program. The responses derived from the 

qualitative assessment were then back-translated into English for analysis. The survey 

questionnaire is freely available online (https://figshare.com/s/9eec3474dee568d4270f and 

Annexure 5). 

Statistical analysis 

Demographic characteristics of ASHAs are expressed as numbers (percentages). The Shapiro-

Wilk test and visual inspection of the frequency distribution were used to assess the normality 

of the data (i.e. pre- and post-test knowledge score). The scores are expressed as mean and 

95% confidence interval. To assess change of knowledge, Student’s t-test was used to compare 

scores within (paired) and between (independent sample) groups. We used the interaction term 

from two-way ANOVA (within-subject factor = time and between-subject factor = allocation) 

to formally test the hypothesis that the change in knowledge differed between the two groups. 

Stata 15 (Stata Corp LLC, College Station, TX, USA) was used to conduct all statistical 

analyses with a two-sided significance level of p ≤0.05. Content analysis was used to determine 

the presence of specific themes or quotes within the qualitative data.   

7.5 Results  

Thirty-six of the 48 ASHAs attended the pre-test of knowledge assessment with a response rate 

of 75%; 16 ASHAs for the control group (67% response rate) and 20 for the intervention group 

(83% response rate; Figure 1). Twelve of the invited participants could not attend the pre-test 

https://figshare.com/s/9eec3474dee568d4270f


assessment due to illness or urgent family issues and so were excluded from further 

involvement in the trial.  

Demographics of ASHAs 

The demographics, work experiences and other characteristics of the participating ASHAs 

appeared to be mostly similar between the intervention and control groups (Table 1). The mean 

age of the participants (n=36) was 41.8 years, ranging from 35 to 53 years. Most ASHAs were 

married (97%) and had completed at least ten grades of education (86%). Approximately 94% 

of the ASHAs had more than 6 years’ experience working as an ASHA and most reported 

working more than 30 hours per week (97%). Furthermore, no ASHA reported having any paid 

job other than their role as an ASHA. All ASHAs reported being able to operate a smartphone 

independently and 94% of them owned a smartphone. Approximately two-thirds of the ASHAs 

had attended all seven government training modules to learn about various health issues such 

as maternal and child health, adolescent, family planning, and sexually transmitted diseases, 

while a further 11% had received training on NCDs.  

Baseline knowledge  

The mean total knowledge score of ASHAs at baseline was 43.3 (95% CI 36.7- 49.9) points 

for the intervention group and 44.4 (38.9- 49.9) points for the control group (Supplementary 

Table S3). Additionally, the two groups had no significant differences in the specific domains 

of risk factors, diabetes, cancer, or health promotion. However, knowledge of hypertension was 

slightly but significantly greater for the control group than the intervention group (7.9 versus 

4.5 points out of 15, p=0.01).  

Change in knowledge 

At Day 14, there was a significant increase in overall post-test scores compared to the baseline 

for both groups (Figure 2, Supplementary Table S4). For the intervention group, the mean score 

increased to 91.8 points (a 48.5-point increase from baseline; p<0.001). In contrast, for the 

control group, the mean score increased to 53.1 points (an increase of 8.7 points from baseline, 

p<0.02). The interaction term from two-way ANOVA (time*allocation) was highly statistically 

significant (p<0.0001). Interestingly, while the post-test scores in the intervention group 

increased in each of the five specific domains of NCDs, the control group also demonstrated a 

significant increase in the domain of ‘risk-factors’ (Supplementary Table S4). 



When we undertook a two-way ANOVA to compare change in the five knowledge domains, 

significantly greater improvement in knowledge scores were observed in the intervention group 

than the control group for health promotion (p<0.0001), hypertension (p=0.0003), and diabetes 

(p < 0.0001) but not for risk factors (p=0.39) or cancer (p=0.08; Figure 3). 

Reaction evaluation items  

All 20 ASHAs in the intervention group (100% response rate) completed the questionnaire 

regarding their perception of (a) the development of skills regarding NCDs (Figure 4), and (b) 

the usefulness and acceptance of the training program (Supplementary Figures S2 and S3).  

Self-reported skill improvement on NCDs  

All 20 ASHAs either ‘strongly agreed’ (85-95%) or ‘agreed’ (5-15%) that they had learnt new 

skills to detect hypertension, diabetes, and obesity (Figure 4). They also reported that they had 

learnt how to screen for breast and oral cancer and motivate people to follow a healthy lifestyle.  

Perceived usefulness and acceptance of training program  

All ASHAs either agreed (10-30%) or strongly agreed (70-100%) that the “training improved 

my learnings and skills”; “improved my self-confidence for managing NCDs”; that they were 

“satisfied with the content and quality of the training” and that they “had opportunities to ask 

questions”. In addition, all ASHAs either disagreed (80-90%) or strongly disagreed (10-100%) 

with the statements that the “training objectives were not made clear” or that they were “not 

confident in managing NCDs”, while 90% either disagreed or strongly disagreed with the 

statement that “the training failed to meet expectations” (Supplementary Figure S2). 

All ASHAs either agreed or strongly agreed that the “trainers gave me a clear explanation”; 

that the “trainers encouraged group work”; and that the “time provided for the training was 

adequate”. In addition, all ASHAs disagreed or strongly disagreed with the statements that the 

“contents were very complicated”; “practical sessions were hard to follow’; and that they felt 

the “overall training was boring”. In addition, 95% either disagreed or strongly disagreed with 

the statement that the “trainers were not skilled” (Supplementary Figure S3). 

Challenges and recommendations 

In their qualitative interviews, ASHAs mostly provided positive feedback regarding the 

training program (Table 2). For example, they expressed their satisfaction with the overall 

training program. In addition, they valued the fact that the training sessions were interactive 



and stated that the trainers were supportive and helped them to learn new skills for managing 

NCDs. After the training, they also planned to start screening for NCDs. 

Some of the challenges highlighted by ASHAs in the interviews were the lack of available 

logistics (i.e. digital blood pressure machine, glucometer, test strips, weight machine, and 

measuring tape) required to screen people for NCDs. They were concerned that a lack of 

consistent supply of screening equipment and consumables may be the most significant 

obstacle to providing screening services in the community.  

Some ASHAs also complained about the lack of supportive supervision and insufficient 

remuneration for them to provide NCD care within the public health system. ASHAs suggested 

frequent refresher training sessions on NCDs to retain their knowledge. They also 

recommended including more practical sessions (e.g. role-playing, case studies, and group 

work) in the training package.  

7.6 Discussion  

We developed a training package on NCDs for ASHAs in India, to enable them to screen, 

monitor and manage people with an NCD and those at risk of developing an NCD. The training 

program for ASHAs significantly improved their knowledge regarding NCDs. The ASHAs 

reported acquiring new skills to measure blood pressure, blood glucose, waist circumference 

and to screen for breast and oral cancer. Their feedback indicated that the training package was 

valuable and acceptable to them. In addition, the ASHAs reported that the training enhanced 

their ability to understand the major concepts of risk factors and the importance of healthy 

behaviour in reducing NCDs. However, some ASHAs indicated a need for provision of 

refresher training on NCDs a few months after the initial training. They also recommended the 

inclusion of more practical sessions (e.g. role-playing and group work) to improve the training 

program. Thus, the training program appears to be effective, although there is scope to enhance 

it through additional practical sessions and refresher training. 

Our evaluation indicated that the training program for ASHAs was effective in that it increased 

their knowledge regarding NCDs. After the training, ASHAs demonstrated a considerable 

increase in knowledge regarding common NCDs such as hypertension, diabetes, common 

cancer (e.g. breast, cervical, and oral), and knowledge of health promotion. Our analysis also 

indicated a marked increase in knowledge scores for ASHAs compared with those who were 

not trained, at least in the domains of knowledge of health promotion, hypertension, and 



diabetes. Interestingly, there was also a marked increase in knowledge in the domains of risk 

factors and (to a lesser extent) cancer in the control group. We can only speculate as to the 

causes of this improvement, but provision of the NRHM training module on NCDs to all 

ASHAs participating in the trial might have made some contribution. Regardless, our findings 

accord with those of previous evaluations of training programs for ASHAs and other CHWs. 

For example, in a report from the control of hypertension in rural India (CHIRI) study the 

authors found that ASHAs had a 12% (based on the metric used) increase in post-training 

knowledge of hypertension [9]. Moreover, studies conducted among CHWs in other LMICs 

also showed an increase in knowledge of hypertension, diabetes, or CVDs from 3% at baseline 

to 40% (based on the metric used) after training [17-21]. Thus, well-designed training 

programs, such as the one developed herein, have the potential to enhance the knowledge and 

skills of ASHAs regarding screening, monitoring, and managing common NCDs in rural India.  

We found that ASHAs felt empowered and motivated through this training program to maintain 

their role as ‘health activists’ by expanding their work to NCDs in the community. Most 

ASHAs reported their interest in using their technical skills, which they developed from the 

training program, in screening, early detection, and referral of people with hypertension, 

diabetes, obesity, and common cancers. This finding accords with a previous report that CHWs, 

with proper training and support, can prevent and manage NCDs [22]. In addition to providing 

maternal and child health care as health activists [23], ASHAs showed their willingness to 

accept this new responsibility to screen people with NCDs and provide them with health 

education at the household level. However, it remains to be determined whether ASHAs can 

effectively work to prevent NCDs in the community, especially given their current workload 

in maternal and child care.  

ASHAs appeared to enjoy the training program and appreciate its value. Feedback from the 

ASHAs indicated that the education materials were easy to read and remember, practical to 

use, and enjoyable. In addition, some ASHAs stated that the trainers were very interactive and 

supportive and helped them understand real-life scenarios regarding risk factors for NCDs. Our 

qualitative findings indicated that ASHAs were satisfied with the overall training program and 

valued the fact that the training provided a first-hand opportunity to develop skills for NCDs. 

We reasoned that at least three important factors contributed to the acceptance of the training 

program. First, the NRHM-approved NCD module for ASHAs, which is particularly designed 

for ASHAs to facilitate their learning in the Indian context, was used to prepare the teaching 



materials. Second, the training was scheduled based on feedback from the ASHAs, so was 

convenient for them to attend. Third, the use of local trainers to deliver the lectures and conduct 

tutorial sessions for ASHAs likely resulted in a less threatening and more congenial learning 

environment.  

ASHAs identified barriers to implementing their skills on NCDs in the community. The 

ASHAs expressed their concern that the lack of logistics and supplies could limit their ability 

to screen and identify people with NCDs for further management. Therefore, as mentioned in 

a previous publication [24], appropriate resources need to be allocated to strengthen HWCs 

and primary health centres to assure availability of essential drugs, technologies, supplies, 

training of existing human resources, and counselling services in order to provide prevention 

and management of NCDs.   

There appear to be specific areas in which the training program could be improved. For 

example, the training was primarily didactic. Thus, it could potentially be improved through 

use of more contemporary educational principles such as ‘Flipped Learning’. An additional 

limitation is the fact that we did not assess the skill component of the education program (i.e. 

taking of blood pressure, glucose and other measurements). It is also not possible for us to 

separately identify the benefits of the theoretical and practical aspects of the training program. 

Some ASHAs recommended the inclusion of more practical sessions, such as role-playing, 

case studies, and group work on NCDs to improve the training program. Thus, the training 

package on NCDs might require further revision to fine-tune the contents for ASHAs. 

Additionally, several ASHAs expressed the need for refresher training and regular supervision 

on NCDs for the long-term preservation of their knowledge and skills, as described previously 

[9]. However, there is no current plan to include refresher training under the NRHM initiative. 

This limitation could be addressed by introducing an mHealth-enabled decision support 

system, such as the Arogya Sahyog app that was developed and tested in a similar setting, to 

facilitate the work of ASHAs on NCDs [25]. This proposition is supported by our previous 

finding that ASHAs valued the use of the Arogya Sahyog app for enabling them to screen and 

diagnose people with risk factors of NCDs in rural India [12]. 

Strengths and limitations  

To the best of our knowledge, the current study is the first to evaluate the effectiveness of a 

training program on NCDs for ASHAs in rural India. We used standard methods for assessing 

the effectiveness of the training program, which overcomes some of the deficiencies of other 



studies in which there was non-randomised allocation, absence of a control group, or in which 

the post-test assessment was conducted immediately after the training [9, 20, 21, 26]. Critically, 

in the current study an RCT design was adopted to permit assessment of the change in 

knowledge between an intervention and a control group. Furthermore, the post-test assessment 

was not undertaken immediately after the completion of the training. Instead, we waited one 

week following the training before conducting the assessment to evaluate knowledge retention 

among ASHAs. Considering the positive change in knowledge of NCDs, we subsequently 

conducted the training program for ASHAs in the control group.   

Our current study also had some limitations. First, this was a single trial, with most of the 

participating ASHAs residing in a single district, which could affect the generalisability of the 

findings. Another limitation arose from our use of self-reported evaluation by the ASHAs. 

Therefore, we cannot exclude reporting or social desirability bias for these self-reported skills. 

Finally, we were only able to report two of the four levels of training evaluation of the 

Kirkpatrick model [15] due to time and resource limitations. Thus, further investigation is 

required, to determine whether ASHAs can effectively screen and manage people with NCDs, 

using levels 3 and 4 (i.e. result and behaviour) of the Kirkpatrick model.  

7.7 Conclusions  

The training program increased knowledge of ASHAs regarding NCDs compared with those 

who were not trained. ASHAs found the training program acceptable and enjoyable. They 

showed interest and determination to coordinate managing people with or at risk on an NCD 

in the community. Future research is warranted to determine whether trained and well-equipped 

ASHAs can screen, manage and refer people with NCDs in the target population. 



Reference

1. World Health Organization. Noncommunicable diseases 2022 [Accessed on Oct 6 

2022]. Available from: https://www.who.int/news-room/fact-

sheets/detail/noncommunicable-diseases. 

2. World Health Organization. Global health estimates 2016: deaths by cause, age, sex, 

by country and by region 2018 [Accessed on Sep 8 2022]. Available from: 

https://www.who.int/data/global-health-estimates. 

3. Ramamoorthy T, Leburu S, Kulothungan V, Mathur P. Regional estimates of 

noncommunicable diseases associated risk factors among adults in India: results from 

National Noncommunicable Disease Monitoring Survey. BMC Public Health. 

2022;22:1069. 

4. Bhattacharya S, Juyal R, Hossain MM, Singh A. Non-communicable diseases viewed 

as “collateral damage” of our decisions: Fixing accountabilities and finding sloutions 

in primary care settings. Journal of Family Medicine and Primary Care. 2020;9:2176. 

5. Khatib R, Schwalm J-D, Yusuf S, Haynes RB, McKee M, Khan M, et al. Patient and 

healthcare provider barriers to hypertension awareness, treatment and follow up: a 

systematic review and meta-analysis of qualitative and quantitative studies. PloS One. 

2014;9:e84238. 

6. National Familty Health Survey (NFHS-4). India Fact Sheet, Ministry of Health and 

Family Welfare, Government of India 2015-2016 [Accessed on Jan 23 2021]. Available 

from: https://dhsprogram.com/pubs/pdf/OF31/India_National_FactSheet.pdf. 

7. Javanparast S, Windle A, Freeman T, Baum F. Community health worker programs to 

improve healthcare access and equity: are they only relevant to low- and middle-income 

countries? International Journal of Health Policy and Management. 2018;7:943-54. 

8. Sarin E, Lunsford SS. How female community health workers navigate work 

challenges and why there are still gaps in their performance: a look at female 

community health workers in maternal and child health in two Indian districts through 

a reciprocal determinism framework. Human Resources for Health. 2017;15:44. 

9. Abdel-All M, Thrift AG, Riddell M, Thankappan KRT, Mini GK, Chow CK, et al. 

Evaluation of a training program of hypertension for accredited social health activists 

(ASHA) in rural India. BMC Health Services Research. 2018;18:1-11. 

10. National Health Mission. Module for ASHA on Non-Communicable Diseases  

[Accessed on Apr 20 2022]. Available from: 

https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/data/global-health-estimates
https://dhsprogram.com/pubs/pdf/OF31/India_National_FactSheet.pdf


 

file:///C:/Users/LENOVO/Downloads/Asha%20NCD%20Module_270117.pdf. 

11. Zaman SB, Evans RG, Singh R, Singh A, Singh P, Singh R, et al. Feasibility of 

community health workers using a clinical decision support system to screen and 

monitor non-communicable diseases in resource-poor settings: study protocol. 

mHealth. 2020;7. 

12. Zaman SB, Evans RG, Singh R, Singh R, Singh A, Goh TY, et al. Usability and 

acceptability of the software ‘Arogya Sahyog’ to assess non-communicable diseases in 

rural India. Health Policy and Technology. 2022;11:100681. 

13. Ministry of Health and Family Welfare Government of India. Reading Materials for 

ASHA Book No. 8: Role in prevention and control of Non Communicable DIseases 

(NCDs)  [Accessed on Apr 20 2022]. Available from: 

https://www.nhp.gov.in/sites/default/files/pdf/NCD.pdf. 

14. World Health Organization. WHO package of essential noncommunicable (PEN) 

disease interventions for primary health care 2020 [Accessed on Dec 18 2022]. 

Available from: https://www.paho.org/en/documents/who-package-essential-

noncommunicable-pen-disease-interventions-primary-health-care-0. 

15. Kirkpatrick DL, Kirkpatrick JD. Evaluating training programmes San Francisco. USA: 

Berrett-Koehier Publishers. 2006. 

16. World Health Organization. Evaluating training in WHO 2010 [Accessed on Oct 10 

2022]. Available from: 

https://apps.who.int/iris/bitstream/handle/10665/70552/WHO_HSE_GIP_ITP_2011.2

_eng.pdf. 

17. Ku GMV, Kegels G. Integrating chronic care with primary care activities: enriching 

healthcare staff knowledge and skills and improving glycemic control of a cohort of 

people with diabetes through the First Line Diabetes Care Project in the Philippines. 

Global Health Action. 2014;7:25286. 

18. Abdel-All M, Putica B, Praveen D, Abimbola S, Joshi R. Effectiveness of community 

health worker training programmes for cardiovascular disease management in low-

income and middle-income countries: a systematic review. BMJ Open. 

2017;7:e015529. 

19. Fatmah F. Training effect on improving cadres’ knowledge and skills of obesity and 

hypertension in older people. Makara Journal of Health Research. 2014:49-54. 

20. Gaziano TA, Abrahams-Gessel S, Denman CA, Montano CM, Khanam M, Puoane T, 

et al. An assessment of community health workers' ability to screen for cardiovascular 

https://www.nhp.gov.in/sites/default/files/pdf/NCD.pdf
https://www.paho.org/en/documents/who-package-essential-noncommunicable-pen-disease-interventions-primary-health-care-0
https://www.paho.org/en/documents/who-package-essential-noncommunicable-pen-disease-interventions-primary-health-care-0
https://apps.who.int/iris/bitstream/handle/10665/70552/WHO_HSE_GIP_ITP_2011.2_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/70552/WHO_HSE_GIP_ITP_2011.2_eng.pdf


 

disease risk with a simple, non-invasive risk assessment instrument in Bangladesh, 

Guatemala, Mexico, and South Africa: an observational study. The Lancet Global 

Health. 2015;3:e556-e63. 

21. Sranacharoenpong K, Hanning RM. Diabetes prevention education program for 

community health care workers in Thailand. Journal of Community Health. 

2012;37:610-8. 

22. Abdullah AS RL, Choudhury SR, Baral S, Jiang L, Sha T, et al. Use of community 

health workers to manage and prevent noncommunicable diseases. New Delhi: World 

Health Organization Regional Office for South-East Asia. 2019. 

23. Saprii L, Richards E, Kokho P, Theobald S. Community health workers in rural India: 

analysing the opportunities and challenges Accredited Social Health Activists (ASHAs) 

face in realising their multiple roles. Human Resources for Health. 2015;13:95. 

24. Krishnan A, Mathur P, Kulothungan V, Salve HR, Leburu S, Amarchand R, et al. 

Preparedness of primary and secondary health facilities in India to address major 

noncommunicable diseases: results of a National Noncommunicable Disease 

Monitoring Survey (NNMS). BMC Health Services Research. 2021;21:757. 

25. Zaman SB, Silva ND, Goh TY, Evans RG, Singh R, Singh R, et al. Design and 

development of a clinical decision support system for community health workers to 

support early detection and management of non-communicable disease. BMJ 

Innovations. 2022;0:1-8. 

26. Graciani A, Banegas JR, López-García E, Díez-Gañán L, Rodríguez-Artalejo F. 

Assessment of a blood pressure measurement training programme for lay observers. 

Blood Pressure Monitoring. 2002;7:251-7. 



 

7.8 Tables and Figures 

Table 1. Demographics of ASHAs participating in the study 

Characteristics Combined 

(n=36) 

Control  

(n=16) 

Intervention 

(n=20)  
n (%) n (%) n (%) 

Age (years) 
   

<40 14 (38.8) 6 (37.5) 8 (40.0) 

40-45 13 (36.2) 6 (37.5) 7 (35.0) 

>45 9 (25.0) 4 (25.0) 5 (25.0) 

Mean age [range] 41.8 [35, 53] 41.8 [35, 50] 41.7 [35, 53] 

Education (grades) 
   

9-10 5 (13.9) 3 (18.8) 2 (10.0) 

10 11 (30.5) 3 (18.8) 8 (40.0) 

11-12 16 (44.5) 9 (56.3) 7 (35.0) 

>12 4 (11.1) 1 (6.3) 3 (15.0) 

Marital status 
   

Married 35 (97.2) 16 (100) 19 (95.0) 

Widow 1 (2.8) 0 1 (5.0) 

Training received on ASHA modules 
   

<7 modules (but not Module 8) 9 (25.0) 3 (18.8) 6 (30.0) 

All modules (up to Module 7) 23 (63.9) 10 (62.5) 13 (65.0) 

Module 8 (NCDs) 4 (11.1) 3 (18.7) 1 (5.0) 

No paid job except as an ASHA 36 (100) 16 (100) 20 (100) 

ASHA work experience (years) 
   

≤6 2 (5.6) 0 2 (10.0) 

>6 34 (94.4) 16 (100) 18 (90.0) 

ASHA usual working hours per week* 
   

≤30 35 (97.2) 0 19 (95.0) 

>30 1 (2.8) 16 (100) 1 (5.0) 

Have a smartphone (ownership)  
   

No  2 (5.6) 2 (12.5) . 

Yes 34 (94.4) 14 (87.5) 20 (100) 

Ability to operate a smartphone, yes 36 (100) 16 (100) 20 (100) 

Size of village    

Large (>300 residents) 18 (50.0) 8 (50.0) 10 (50.0) 

Small/ medium (≤300 residents) 18 (50.0) 8 (50.0) 10 (50.0) 

ASHAs: Accredited Social Health Activists; NCDs; non-communicable diseases 

*Excludes unpaid household duties 

 



 

Table 2. Feedback from ASHAs in the intervention group regarding various aspects of the 

training program  

Main categories (with examples of quotes used for coding*) 

Application of learned skills 

“I was taught about the various components of NCDs adequately” 

“I learned how to measure blood pressure and blood sugar and conduct self-breast 

examination”  

“I had opportunities to learn details on how to screen for oral and breast cancer”  

Plans for NCD screening and perceptions of challenges 

“I plan to start screening people with NCDs and measure their blood pressure and sugar in 

my community”  

“It is really tough to remember what we were taught.” 

“We could provide more services on NCDs if we get proper support and remuneration.” 

“The equipment to measure blood pressure and sugar should be made available to ASHAs”  

Perception about the quality of the training program  

“The overall training program was beneficial and comprehensive”  

“The trainers used the training materials correctly to teach us various issues regarding 

NCDs”  

“The course curriculum was well-articulated, and its content seemed to be adequate”  

Further learning opportunities  

“To screen for NCDs, we need more training.” 

“There is a need to add more practical sessions (e.g., role-playing and group work) on NCDs 

to improve the training program”  

“It would be great to get a refresher training on NCDs after 5-6 months”  

*Codes were created from the open-ended responses of participants  

ASHAs: Accredited Social Health Activists; NCDs: non-communicable diseases 

 

 

 



 

 
 

Figure 1. Flowchart showing selection of participants  

ASHAs: Accredited Social Health Activists; NCDs: non-communicable diseases  

 

 

Intervention group

[Total 24 ASHAs]

(12 from large villages 

and 12 from 

small/medium villages)

Pre-test of knowledgePre-test of knowledge

Training on NCDs

Re-test of knowledgePost-test of knowledge

Randomisation

Evaluation of training

Total 109 ASHAs 

(ASHAs were selected from 55 large villages and 54 

small/medium villages)

20 ASHAs participated

[Response rate 83%]

(10 from large villages 

and 10 from 

small/medium villages)

No training

No evaluation

Control group

[Total 24 ASHAs]

(12 from large villages 

and 12 from 

small/medium villages)

16 ASHAs participated

[Response rate 67%] 

(8 from large villages 

and 8 from 

small/medium villages)



 

 

Figure 2. Pre-and post-test knowledge level change for ASHAs  

ASHAs: Accredited Social Health Activists  

F indicates ‘F test’ and p-value was determined by two-way ANOVA between the intervention and the control group  
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Figure 3. Change in post-test of knowledge score in various domains of NCDs from baseline for the intervention and control groups. 

The five domains of NCDs, i.e. risk factors (25 points), health promotion (20 points), hypertension (15 points), diabetes (30 points) and cancer 

(10 points) have different maximum scores.  

F indicates ‘F test’ and p-value was determined by two-way ANOVA between the intervention and the control group.  
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Figure 4. ASHAs’ evaluation of the training program in terms of specific skills in management and prevention of NCDs (intervention group 

only, n=20) 

ASHAs: Accredited Social Health Activists; NCDs: non-communicable diseases  

ASHAs responded either ‘Strongly agree’ or ‘Agree’ in response to their skill development.  

No responses were recorded as ‘Strongly disagree’, ‘Disagree’ and ‘Neither’ in this survey. 
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7.9 Supplementary Materials  

Supplementary Table S1. Schedule of the training program on NCDs for ASHAs randomised 

to the intervention group (agenda) 

Session Title Topics discussed 

Day 1 Pre-test Assessment of knowledge and skills 

Day 2 Training overview   Objectives, roles, and responsibilities of ASHAs 

 Module details Module for ASHAs on NCDs 

 Health promotion Health promotion and healthy lifestyle 

 Orientation on NCDs Introduction to risk factors of NCDs 

Day 3 Review  Review of health promotion and healthy lifestyle 

 Tobacco & alcohol Details about tobacco & alcohol 

 Physical activity Healthy diets, physical activity, stress, causes of 

overweight 

 Waist circumference Measurement of waist circumference for all ASHAs 

Day 4 Review Review of risk factors of NCDs 

 Hypertension Definition, type, and risk factors of hypertension   

 Measurements Measuring blood pressure and weight 

 Complications Role of ASHAs in managing heart attack and stroke  

Day 5 Review Review of risk factors of hypertension  

 Diabetes Definition, type, and risk factors of diabetes 

 Measurements Measuring blood glucose 

 ASHA’s 

responsibilities 

Role of ASHAs in managing diabetes  

Day 6 Review  Review of risk factors of diabetes 

 Orientation on cancer Introduction to cancers (cervical, breast, and oral 

cancer) 

 Breast cancer Self-breast examination – practical sessions 

 Checklist orientation Community-based assessment checklist (CBAC) 

 Practical session Practical sessions for ASHAs to use the CBAC 

checklist 

 Ending and final wrap 

up 

Practicalities (payment, who to contact, etc.) 

Day 14 Post-test  Re-assessment of knowledge and skills 

 Training evaluation Post-training evaluation among the intervention group 

ASHAs: Accredited Social Health Activists; CBAC: community-based assessment checklist; 

NCDs: non-communicable diseases  



 

Supplementary Table S2. Schedule of the program for ASHAs randomised to the control 

group 

Session Title Topics discussed 

Day 1 Pre-test Assessment of knowledge and skills 

Day 14 Post-test/ retest Re-assessment of knowledge and skills 

 

 

 



 

Supplementary Table S3. Overview of pre-test (baseline) knowledge of ASHAs between the 

control group (n=16) and the intervention (n=20) group 

Knowledge of 

specific domains 

of NCDs 

Points Mean score (95% CI) p-value 

Range Control Intervention 
 

Risk factors 0-25 13.2 (9.8-16.5) 15.3 (12.6-18) 0.30 

Health 

promotion 

0-20 7.2 (4.7-9.8) 8.0 (5.8-10.3) 0.61 

Hypertension 0-15 7.9 (5.7-10.0) 4.5 (2.7-6.4) 0.01 

Diabetes 0-30 10.7 (7.9-13.4) 10.5 (7.9-13.2) 0.94 

Cancer 0-10 5.7 (3.8-7.6) 5.0 (3.5-6.6) 0.58 

Overall/total  0- 00 44.4 (38.9-49.9) 43.3 (36.7-49.9) 0.79 

ASHAs: Accredited Social Health Activists; CI: confidence interval 

p values were determined by t-test for independent samples (two-sample t-test) 

 

 



 

 

Supplementary Table S4. Comparison of pre-and post-test knowledge change for ASHAs between the control (n=16) and intervention (n=20) 

groups 

 

Knowledge of 

specific domains 

of NCDs 

 Control  Intervention 

 Mean score (95% CI) p-value  Mean score (95% CI) p-value 

 Pre-test Re-test 
  

Pre-test Post-test 
 

Risk factors  13.2 (9.8-16.5) 19.4 (16.7-22.2) <0.002 

 

15.3 (12.6-18) 23.3 (21.9-24.7) <0.0001 

Health promotion  7.2 (4.7-9.8) 5.7 (2.9-8.4) 0.24 

 

8.0 (5.8-10.3) 19.0 (17.8-20.3) <0.0001 

Hypertension  7.9 (5.7-10.0) 8.8 (6.7-10.9) 0.42 

 

4.5 (2.7-6.4) 11.8 (10.2-13.4) <0.0001 

Diabetes  10.7 (7.9-13.4) 12.5 (9.5-15.6) 0.35 
 

10.5 (7.9-13.2) 29.0 (28.1-30.0) <0.0001 

Cancer  5.7 (3.8-7.6) 6.9 (5.6-8.3) 0.21 
 

5.0 (3.5-6.6) 8.8 (7.8-9.8) 0.0009 

Overall/total   44.4 (38.9-49.9) 53.2 (46.5-59.8) <0.02 
 

43.3 (36.7-49.9) 91.8 (88.4-95.2) <0.0001 

Range   25-60 35-70 - 
 

20-65 75-100 - 

ASHAs: Accredited Social Health Activists; CI: confidence interval  

p values were determined by paired t-test  

Total composite score is 100 points.  

The five domains of NCDs, i.e. risk factors (25 points), health promotion (20 points), hypertension (15 points), diabetes (30 points) and cancer 

(10 points) have different maximum scores. 



 

 
 

Supplementary Figure S1. Level of evaluation used to assess training according to Kirkpatrick’s framework  

ASHAs: Accredited Social Health Activists; 

 

Did training 
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performance?

Did ASHAs use the skill in 
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Supplementary Figure S2. ASHAs’ evaluation of the training program with regard to their perception of the usefulness of the training program 

(intervention group only, n=20) 

ASHAs: Accredited Social Health Activists; NCDs: non-communicable diseases 
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Supplementary Figure S3. ASHAs’ evaluation of the training program with regard to their perception of the quality of the training program 

(intervention group only, n=20) 

ASHAs: Accredited Social Health Activists; NCDs: non-communicable diseases 
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Chapter 8 

Protocol for a randomised controlled trial evaluating the effectiveness of a 

package of lifestyle interventions, delivered by community health workers, 

to control non-communicable diseases in rural India 

 

8.1 Overview 

Community health workers (CHWs) may be employed to detect, identify, and manage people 

with non-communicable diseases (NCDs). To do so, CHWs need appropriate resources, 

training, and support. Therefore, we developed and tested a mobile health app (Chapters 4-6) 

and a training program (Chapter 7) to support their work. We also developed and partially 

tested a lifestyle intervention (i.e. group-based education and monitoring support) for CHWs 

to control NCDs. The next phase is to determine whether the CHW-led intervention, supported 

by the app and training program, can provide long-term benefits for people with NCDs. In this 

protocol, we describe the methods of a proposed randomised trial to determine the effectiveness 

of the intervention package for the prevention and management of NCDs in rural India.  

 



8.2 Abstract 

Background 

A task-sharing strategy involving community health workers (CHWs) provides a potential 

solution to curb the treatment gap for people with non-communicable diseases (NCDs). We 

developed an intervention package to enable Accredited Social Health Activists (ASHAs), who 

are CHWs in India, to screen for NCDs and provide education (supported by decision-support 

software) and ongoing monitoring of risk factors. Our objective is to determine the 

effectiveness of this ASHA-delivered education intervention.  

Methods  

We designed a randomised controlled trial (RCT) using a parallel design to be conducted in 

four main phases: (1) ASHA training; (2) pre-intervention screening (baseline) by ASHAs; (3) 

an intervention phase using an intervention package that incorporates 3 months of group-based 

education and 9 months of monitoring visits undertaken by ASHAs; and (4) an evaluation. The 

primary outcome is a between-group difference in change in systolic blood pressure between 

the usual-care and intervention groups from baseline to 12-month follow-up. ASHAs will use 

an automatic monitor to measure blood pressure and data will be recorded directly onto tablet 

devices (using the Arogya Sahyog app). We will use intention-to-treat analysis to determine 

the efficacy of the intervention. Additionally, in-depth interviews will be conducted with 

medical doctors and community health officers to elicit their perception of the acceptability of 

using ASHAs to provide this lifestyle intervention. A content analysis approach will be adopted 

for qualitative data. 

Discussion 

This RCT will provide evidence of the effectiveness of an intervention package, led by ASHAs 

and supported by app-based decision-support software, to manage NCDs. This intervention 

will also provide insight into the feasibility of future engagement of ASHAs to manage NCDs 

within the context of their assigned roles in maternal and child health. If effective, this 

intervention package for NCDs may reduce the burden on over-worked medical doctors 

through task-sharing roles of ASHAs in rural India. In addition, this CHW-focussed task-

sharing model on NCDs has the potential to be scaled up to other similar settings in low- and 

middle-income countries. 

Trial registration  



Australia and New Zealand Clinical Trials Registry: ACTRN12620000436976.  

Keywords 

Accredited Social Health Activists, community health workers, digital health, lifestyle 

intervention, low- and middle-income countries, mHealth, task-sharing 

 

 

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12620000436976p


8.3 Introduction  

Non-communicable diseases (NCDs) such as heart and lung disease, stroke, diabetes, cancer, 

and their complications are a growing problem in India and other low- and middle-income 

countries (LMICs) [1]. NCDs contribute to about 5.8 million deaths in India annually (~60% 

of the total deaths) [2]. In addition, India is on the way to becoming the global ‘hypertension 

capital’ [1], with ~220 million people with hypertension [3]. India is also estimated to have the 

second-largest number (~77.0 million) of individuals with diabetes [4, 5]. These morbidities 

hit rural populations particularly hard, partly due to relatively low incomes in these regions and 

limitations in health services [6].  

Medical doctors working in primary health centres (PHCs) are primarily responsible for 

managing NCDs in rural India, but some rural regions have few public doctors, so people have 

to rely on private doctors [7-9]. These alternatives are expensive and may impose significant 

out-of-pocket expenses. Hence, a substantial reduction in mortality due to NCDs will require 

policies to ensure availability of preventive care services [10, 11]. Task-sharing management 

of NCDs between non-physician health workers (i.e., nurses, paramedics, and community 

health workers (CHWs)) and doctors provides a potential solution to expand primary health 

care services [12].  

Accredited Social Health Activists (ASHAs), who are female CHWs in India, are well-

positioned in the primary health systems and able to deliver some aspects of reproductive, 

maternal, neonatal, and child health (RMNCH) care [13]. Recently, the Government of India 

began an initiative to involve ASHAs in providing healthcare services for NCDs, in addition 

to RMNCH services [14]. ASHAs are now given the responsibility to list all adults aged 30 

years and above; complete the Community Based Assessment Checklist (CBAC); organise a 

NCD screening day at the sub-centre; undertake health promotion activities; and create Patient 

Support Groups [15]. However, ASHAs are not actively involved in screening the community. 

Instead, they use the results of the CBAC to advise those at high risk to visit the nearest sub-

centres or health and wellness centre (HWCs) to have their blood pressure measured and other 

risk factors evaluated by a community health officer (CHO) [15]. ASHAs could provide this 

service if given the right tools and support, but this is currently not being done. The current 

protocol is the culmination of a research program in which we have generated such tools and 

support structure and now intend to test the effectiveness of a program that is based on them. 



There is potential to teach and engage ASHAs to measure blood pressure and blood glucose 

and identify patients needing immediate referral to a doctor. One pilot study conducted in rural 

districts of Rajasthan in India demonstrated the feasibility and acceptability of ASHAs 

delivering prevention and screening services for NCDs at the household level [16]. However, 

to provide services for controlling NCDs in the community, one of the challenges that ASHAs 

face is the lack of clinical knowledge and expertise. To address this gap, we developed a 

training program on NCDs for ASHAs, which includes content on hypertension, diabetes, 

obesity, and common cancers (e.g. cervical, breast, and oral). The training program was found 

to be effective in improving the knowledge of ASHAs regarding NCDs (Chapter 7), so will be 

utilised in the current research program as basic training for all ASHAs prior to commencement 

of the trial.  

The introduction of clinical decision-support software (app), incorporating step-by-step 

instructions, may enable ASHAs to screen people for NCDs, provide at-risk patients with 

health promotion advice, refer critical patients to medical doctors, and follow-up patients to 

establish a continuum of care [17]. Our 'Arogya Sahyog' app (in Hindi 'Health Assistant'), 

which we developed to support ASHAs, has previously been shown to be usable and acceptable 

by ASHAs in detecting people with NCDs [18]. This tablet-based app works as a clinical 

decision support system, provides an algorithm-based management approach during screening, 

categorises patients into risk groups, provides details of lifestyle advice to provide to patients, 

and identifies those patients who require referral to medical doctors [19].We, therefore, propose 

that ASHAs utilise this app in the current study, to aid in tracking, monitoring and management 

of patients.   

To complete development of a platform for ASHAs to contribute to management of NCDs, we 

developed an intervention program for them to use to manage patients with NCDs or at risk of 

developing an NCD (described in detail in the Methods section). The intervention is based on 

the 3-month group-based education program from the Controlling Hypertension in Rural India 

(CHIRI) trial. In that trial, those in the intervention group had a mean 5.0 mmHg greater 

reduction in systolic blood pressure (SBP) and 2.1 mmHg greater reduction in diastolic blood 

pressure (DBP) than in the usual care group. However, this study had a relatively short follow-

up period and was only targeted at hypertension [20]. To address these shortcomings, the 

current intervention has a longer-term intervention and has been tailored for a wide range of 

disorders such as diabetes, anaemia, stroke, heart disease, early-stage of cancer, and 



hypertension. Our intervention package (Table 1) also aligns with the ‘India Hypertension 

Control Initiative’ program, a nationwide primary health care program under the National 

Health Mission, to prevent and control NCDs by delivering integrated primary care services 

[3]. Thus, the primary aim of this protocol is to determine the effectiveness of the lifestyle 

intervention package delivered by trained ASHAs to control NCDs. 

ASHAs already have a significant role in delivering care for RMNCH [21]. They also deliver 

interventions to control infectious diseases such as malaria and tuberculosis [14]. There is also 

some evidence that ASHAs can successfully provide care for common NCDs, such as 

cardiovascular disease [14, 22]. However, the majority of this evidence was derived from either 

pilot studies or small-scale projects [16, 23]. Concerns have also been raised that employing 

ASHAs to monitor NCDs will affect their ability to manage their core duties [16]. Therefore, 

the secondary aim of this protocol is to determine whether it is feasible for ASHAs to take on 

new responsibilities related to NCDs in addition to their routine roles in RMNCH care. This 

study will also include an assessment of whether the delivery of this NCD intervention results 

in any change to management of RMNCH care. 

8.4 Methods  

Study setting  

This study will be conducted in Chamba in the mountainous Tehri Garhwal district of 

Uttarakhand in India. The complex terrain contributes to the inaccessibility of health care. 

There are no ongoing mHealth-delivered programs to manage hypertension or diabetes or other 

NCDs in this district.  

Trial design (randomisation, outcomes, and blinding) 

We will conduct a cluster randomised controlled trial (RCT) with an equal allocation of 

participants between the intervention and usual-care group. We will adopt a cluster sampling 

technique, with ‘villages’ as a cluster. Using a list of villages, each having an ASHA who is 

responsible for providing health support for their village, we will randomise each 

ASHA/village to the intervention or usual-care group using computer randomisation managed 

centrally (i.e. computerised sequence generation).  

This RCT will be conducted using a parallel design (Figure 1) and has four main phases: (1) a 

training program for ASHAs; (2) pre-intervention screening (baseline) by ASHAs (Figure 2); 

(3) an intervention phase using an intervention package that incorporates group-based 



education (Table 1) and monitoring undertaken by ASHAs (Figures 2 and 3); and (4) an 

evaluation phase which includes how the intervention affected the ASHAs usual work activities 

(Figure 2). The primary outcome will be the between-group difference in change in SBP 

between the usual-care and intervention groups at the 12-month follow-up. Information related 

to the expected outcomes of this RCT is provided in Table 2. 

Allocation will be concealed from ASHAs in that they will not be informed about what is being 

delivered in the opposite arm of the trial. The people receiving the treatments and people who 

are outcome assessors will remain blinded to the allocation. However, the field supervisors will 

remain unblinded in this study. Investigators will not have access to treatment allocation until 

follow up is finalised.  

Training of ASHAs to screen people with NCDs, including app training  

We will conduct a 5-day training program on NCDs for ASHAs in the intervention group and 

the usual-care group separately. This training material is available free of charge online 

(https://figshare.com/s/80766eaa43b70474e71c). The effectiveness of the training program 

was demonstrated in the studies described in Chapter 7 of this thesis. A user instruction manual 

has been developed to teach ASHAs how to use a digital blood pressure machine, other point-

of-care devices (to detect prediabetes, diabetes, anaemia, and hyperlipidaemia), and 

measurement of height, weight, and waist circumference (Annexure 3). ASHAs in both groups 

will also receive a 6-day training program on the use of the app and point-of-care devices. 

ASHAs will learn how to use the Arogya Sahyog app to screen people with NCDs.  

Inclusion and exclusion criteria for initial screening 

ASHAs will approach all potential participants aged≥30 years living in their villages for 

screening NCDs (e.g., hypertension, diabetes, common cancers). Participants who do not 

intend to reside in the catchment area of ASHAs for at least the next 12 months will be 

excluded, as will those who are unable to provide informed consent.  

Pre-intervention screening (baseline) and enrolment  

Details of the pre-intervention component of this study have been reported previously [17]. 

Briefly, all the selected ASHAs, in both the intervention and usual care groups, will use tablet 

devices (Samsung Galaxy Tab A, South Korea) to screen the participants for NCD risk factors. 

First, ASHAs will use a digital blood pressure machine (HEM-907, Omron, Japan) to measure 

blood pressure (BP). They will only enrol the participants in the trial if their SBP≥140 mmHg 

https://figshare.com/s/80766eaa43b70474e71c


The group-based component of the intervention will be delivered by an ASHA at six fortnightly 

sessions with each session taking approximately 1½ hours. The meeting sessions will be 

conducted in a locally situated community hall or other convenient location. At the beginning 

of each meeting session, the ASHA will measure each participant’s blood pressure, heart rate, 

blood glucose, and weight. The ASHA will also inquire about their last visit to a sub-centre or 

PHC for managing hypertension and assess their adherence to prescribed medications. The 

ASHA will use the Arogya Sahyog app to store these data and inform the participant about 

how s/he is managing her/his risk factors. ASHA will then deliver the group-based educational 

intervention that is focussed on various aspects of knowledge on how to manage hypertension 

and comorbid conditions (e.g. the introduction of NCDs and risk factors, self-management 

education, physical activity, nutrition and diet, and practical self-management; Table 1). The 

ASHAs’ supervisors will attend each meeting and use a paper-based checklist to evaluate their 

performance. 

C. Three-monthly monitoring intervention  

Following the conclusion of the 3-month group-based education, ASHAs will visit participants 

in their homes every 3 months, for 9 months (i.e., on three occasions) to measure blood 

pressure, blood glucose, and weight and monitor other risk factors (smoking, alcohol, physical 

exercise, diets). Participants will be asked about their lifestyle, including access to care, use of 

medications, and dietary changes adopted). This one-on-one monitoring activity will take 

approximately 45 minutes, and will include monitoring of lifestyle, advice (e.g., self-

management education and support to adhere to medications), follow up of monitoring targets 

(e.g., BP<140/90 mmHg, body mass index (BMI)<23 kg/m2 and blood glucose<100 mg/dl), 

and referral to the HWC or PHC if the participant’s risk factors are inadequately controlled 

(Figure 3). ASHAs will use the app to enter these data, while the referral algorithm built within 

the app provides on-screen prompts to help ASHAs inform participants about how they are 

doing in terms of controlling hypertension and other risk factors [19]. The ASHAs will receive 

appropriate training in order to make the most effective use of the app and device. As the point 

of care devices will be used for measurements and the app will be used for data collection, no 

harm is expected to occur through incorrect use of devices. 

Usual care  

The ASHAs in the usual care group will not receive training on how to deliver the lifestyle 

intervention. The ASHA will inform all participants about their risk and advise them to visit 



the nearest primary health centre to receive usual care. The ASHA will provide no further 

interaction. However, for those receiving care for RMNCH, ASHAs may conduct home visits 

and talk with the participants as a part of their routine care.   

Monitoring plan for the project  

During the course of the project, a monitoring team (consisting of at least two 

nurses/paramedics and one supervisor) will be formed to monitor the activities involved. A 

paper-based checklist will be used by the monitoring team to evaluate ASHA performance 

during the group-based meetings and monitoring activities. Regular monitoring and data 

checks will be conducted to ensure the quality of the data. The responsibilities of the monitoring 

team include monitoring the use of the app, evaluating the proficiency of the use of POC 

devices, and observing the delivery of the intervention. The monitoring team will review data 

records in the app on a weekly basis during data collection. Continuous monitoring should be 

conducted during the entire data collection process, with supervisors visiting all sites during 

this period.  

Outcome assessment procedures   

We will conduct two outcome assessments of participants in both the usual care and 

intervention groups, one at 3 months after baseline, and one at 12 months after conclusion of 

the intervention. After the conclusion of the intervention, we will assess the activity logs of 

ASHAs and conduct interviews with medical doctors, community health officers, and 

participants to determine their perception of the lifestyle interventions.  

(i) Outcome assessments 

Outcome assessments will be conducted by independent members of the research team who 

are unaware of group allocation. The assessor will measure BP, blood glucose, HbA1c, lipid 

profile, and anthropometry, and use the app to record the data. Additionally, information on 

demographics, socioeconomic status, health literacy, use of health care services, and quality of 

life will be collected.  

(ii) Data extraction  

As part of the assessment of the potential effects of the additional workload that ASHAs 

undertake for NCDs on their usual activities for RMNCH, we will count and compare the total 

number of services provided by ASHAs before and after their involvement in delivering 

services related to NCDs. In doing so, we will collect details of the service log for the respective 



ASHA using a data collection form. First, the number of services for RMNCH over the 12 

months prior to delivery of the lifestyle intervention will be counted. Then, we will count the 

number of services for RMNCH over the 12-month period during which ASHAs were 

delivering the lifestyle intervention. In addition, we will count the number of NCD services 

provided by the ASHA during the intervention using the log on the app. A paper-based survey 

questionnaire will be used to record the workload data of ASHAs.   

(iii) Qualitative exploration and process documentation  

Rigorous process documentation and qualitative methods of data collection will be employed 

to document the process of involving ASHAs in a task-sharing approach and assess the 

implementation outcomes. Three to four in-depth interviews will be conducted separately with 

(i) medical doctors and community health officers to determine the acceptability of using 

ASHAs to manage NCDs and risk factors and to determine whether having this intervention 

reduced their workload; and (ii) participants from the intervention group to determine the 

acceptability of the lifestyle intervention. For this, skilled and qualified interviewers (e.g. social 

science background) will be recruited and subsequently trained to conduct the in-depth 

interviews.   

Power and sample size calculation  

This cluster RCT is efficacy-based, with sample size determined for the primary outcome 

measure, and is designed to avoid local contamination effects. Power calculations rely on a 5 

mmHg greater reduction in SBP (SD 25.0) in the intervention group than the usual care group, 

similar to the reduction in blood pressure observed in the CHIRI study conducted in southern 

India [20]. Using a significance level of 5% and power of 80% results in a preliminary sample 

size of 396 participants per group. Considering projected attrition of 15% this gives us 

396/0.85=465 participants per group with hypertension. Therefore, 465 participants will be 

allocated to the intervention group and the other 465 participants to usual care. Based on the 

sample size, 20 ASHAs for the intervention and an equal number of ASHAs for the usual care 

group will be recruited. Considering the prevalence of hypertension is 25% in rural India [24], 

ASHAs will be required to screen a total of 3720 participants to reach the sample size of 930 

from the selected 40 villages. Thus, ASHAs will be required to recruit at least 23 people with 

hypertension in their village cluster to reach ~465 participants per group.  



Data management  

Data will be collected at the time of monitoring and assessment using 7-inch tablet devices. 

Data will be uploaded to a central server during periods of good internet connectivity. We will 

use a No-SQL server for data upload. Stata 14.0 (College Station, Texas, USA) will be used 

for data cleaning, management, and analysis.  

Statistical methods  

All analyses will be blinded until the analysis is finalised and approved by all investigators. 

Efficacy of the intervention, i.e., SBP at follow-up, will be adjusted for baseline levels using a 

mixed-effects regression analysis (clustered by village). All analyses will be based on 

intention-to-treat. Generalised estimating equations (GEE) will be used to determine the factors 

associated with the control of hypertension and other comorbidities with treatment. The scales 

of the continuous covariates will be checked for suitability using fractional polynomial plots. 

Collinearity between variables will be evaluated using partial correlations. In addition, routine 

diagnostic tests (Hosmer-Lemeshow test) will be used to validate the fitted models. A content 

analysis approach will be adopted for qualitative data. All the in-depth interviews and field 

notes will be recorded and transcribed verbatim. A master code list will be generated, based on 

which the rest of the transcripts will be coded. We will use NVivo software (QSR International 

Pty Ltd. Version 12, 2018) to store, code, and analyse the qualitative data. 

Ethical considerations 

The protocol was approved by the ethics committee of the Garhwal Community Development 

and Welfare Society Chamba (GCDWS/AROGYA/ETHICAL) and the Monash University 

Human Research Ethics Committee (23168). This trial is registered with the Australian New 

Zealand Clinical Trials Registry (ACTRN12620000436976). All participants and ASHAs will 

provide written informed consent prior to undertaking any assessments. This study will be 

conducted in accordance with the Declaration of Helsinki; the Indian Council of Medical 

Research (ICMR); Good Clinical Practice (GCP) guidelines; and all applicable laws of the 

Republic of India. This trial includes free screening for hypertension, diabetes, 

hyperlipidaemia, and anaemia for the participants. Blood tests will be undertaken using point-

of-care devices, so we will not store any blood samples.  

https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12620000436976p


8.5 Discussion 

In this protocol paper, we describe a proposed trial to test the effectiveness of an ASHA-

delivered intervention package to enhance prevention and control of hypertension, diabetes, 

cardiovascular diseases, obesity, and common cancers (e.g. cervical, breast, and oral) in the 

community. The intervention itself comprises multiple components, including a training 

program for ASHAs on NCDs, an app specifically designed to support ASHAs in the field, a 

training program to enable ASHAs to use the app, a group-based education program, and 

monitoring visits. This intervention has the potential to enable ASHAs, the existing CHWs in 

rural India, to task-share with medical doctors to reduce the burden of NCDs among rural 

residents of India. Specifically, it may enable a limited number of medical doctors to work in 

teams with ASHAs to reach populations in need. Furthermore, this research could identify 

barriers to, and enablers of, integrating such a task-sharing approach for managing NCDs in 

rural India.  

The RCT protocol we propose is the culmination of a series of developments and 

investigations. We demonstrated the feasibility of using ASHAs to deliver group-based 

education for controlling people with hypertension and other comorbidities [25]. The program 

we developed, specifically aimed at control of hypertension, resulted in a greater improvement 

in BP in the intervention group than the usual-care group [20]. In order to expand this work to 

NCDs in general, we recognised the need for additional components. We developed an app to 

provide clinical decision support to ASHAs [19], along with a training program to enable 

ASHAs to learn how to use the app [18]. We then demonstrated the usability and acceptability 

of this app for ASHAs [18]. We also developed and tested a training program for ASHAs on 

NCDs and showed that it increased their knowledge and skills for the early detection and 

management of common NCDs (Chapter 7). Additionally, we demonstrated the feasibility of 

using ASHAs to deliver group-based education for controlling people with hypertension and 

other comorbidities [20]. In the proposed RCT, we will determine whether these individual 

components, when combined, can enable ASHAs to improve the optimal care of patients with 

NCDs.  

A particularly novel aspect of the proposed intervention is the use of a specifically designed 

app to support clinical decision-making by ASHAs. The Arogya Sahyog app was specifically 

designed to enable ASHAs to track and follow up patients to establish a continuum of NCD 

care. Several non-physician health worker-driven interventions have shown benefits in 



managing NCDs [26-29]. However, we are unaware of any app-based task-sharing approach 

designed for CHWs to facilitate NCD management. Use of this app in the field may increase 

the capacity of ASHAs to screen and identify patients with, or at risk of, NCDs, thus reducing 

the workload of medical doctors.  

This intervention includes a 9-month monitoring home visit by ASHAs for the long-term 

control of NCDs in the community. The CHIRI study showed that a group-based education 

delivered by ASHAs was effective, at least for hypertension, in the short term. However, this 

study could not generate evidence of whether there is a long-lasting improvement in controlling 

hypertension due to the short-term follow-up period (~6–8 weeks). Specifically, the inclusion 

of these 9-month monitoring activities, delivered by ASHAs, may facilitate long-term self-

management of NCDs among the participants. This will allow us to determine whether the 

various components of the intervention, when combined, are effective in controlling 

hypertension and other risk factors in the longer term. 

The involvement of ASHAs in a task-sharing role in the management of NCDs imposes an 

extra workload for ASHAs, which may interfere with their regular responsibilities in RMNCH 

[16]. An essential component of the proposed trial is to determine the impact of this proposed 

new role for ASHAs, including their attitudes to the tasks they are to provide, and whether 

these new responsibilities have the potential to impair their routine work related to RMNCH. 

Our proposed engagement with various stakeholders will also provide insight into the 

perceived barriers to, and challenges of, scaling up this ASHA-delivered NCD intervention.  

This CHW-focussed intervention package is intended to provide a task-sharing model that can 

be scaled up to other similar settings in LMICs. After completion of the trial, we plan to 

disseminate results via international peer-reviewed journal articles and conference 

presentations. The Global Alliance for Chronic Diseases (GACD) will also be informed of the 

study findings. Finally, we will share the results of this trial with the Ministry of Health & 

Family Welfare, officials of the National Health Mission, and people living in the villages.  

There are some limitations and strengths of our proposed trial. This RCT will be conducted in 

a single district of India, which may limit the generalisability of the findings. Further, we have 

not yet formally tested whether ASHAs can use the app to provide a group-based education 

and monitoring intervention in the community. This will form part of the process evaluation 

we will conduct in parallel. Nevertheless, the inclusion of a validated app and a training 



package for ASHAs is a strength. App-based data collection, using validated and standardised 

tools, may enable us to improve data quality and reduce data collection time. Finally, the mixed 

method approach will allow us to triangulate various data sources.  

8.6 Conclusions 

The overall aim of the current protocol is to determine the effectiveness and feasibility of a 

task-sharing program to allow ASHAs to play a greater role in the management of patients with 

NCDs and those at risk of developing an NCD. Our findings should also provide insight into 

the future engagement of ASHAs in managing NCDs within the context of their assigned job 

in the field of RMNCH. If effective, this intervention could strengthen the Indian Hypertension 

Control Initiative to expedite access to treatment services for approximately 220 million people 

with hypertension in India [3]. 

Trial status 

The trial is currently at the stage of screening people for NCDs and risk factors. Data 

collection began in September 2022 and will continue until February 2024. 
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8.7 Tables and figures 

Table 1. Topics of the group-based education designed to deliver in six sessions  

Meeting sessions Topics to be covered by ASHAs 

1. Introduction to 

NCDs and risk factors 

Details about risk factors of NCDs, their consequences, and 

management. 

2. Self-management 

education 

Advice on dietary changes and adherence to medications. 

3. Physical activity Details about the benefits of physical activity, including the type, 

frequency, and intensity of various exercises that can help reduce 

weight and keep healthy. 

4. Nutrition and diet Details about a healthy diet including more grains, vegetables, 

fruits, and reductions in the consumption of salt, sugar, and alcohol. 

5. Practical self-

management 

Instruction on SMART (Specific, Measurable, Attainable, Relevant, 

Timely) goal-setting. ASHAs will monitor the progress of the 

participants to support their self-management of risk factors. 

6. Recap Recap of sessions 1-5 and plan for conducting the 3-monthly 

monitoring visit with participants. 

ASHAs, Accredited Social Health Activists; NCDs, non-communicable diseases



Table 2. Study outcomes, timing, methods and procedures  

Outcomes Timing Methods and procedures   

Evaluation component 

1. Between-group differences 

in change in systolic blood 

pressure from baseline.   

3 months and 

12 months after 

randomisation 

Independent outcome assessors, 

blinded to group allocation, will use 

an automatic BP monitor to measure 

BP, adhering to strict procedures. 

Data will be recorded directly onto 

tablet devices. 

2. Between-group differences 

in control of hypertension  
3 months and 

12 months after 

randomisation 

As above. Control of hypertension is 

defined as BP<140/90 mmHg 

3. Between-group differences 

in adherence to treatment or 

medication 

3 months and 

12 months after 

randomisation 

Independent outcome assessors, 

blinded to group allocation, will use 

a standard questionnaire to ascertain 

whether or not they are currently 

taking medications. Data will be 

recorded directly onto tablet devices.  

4. Change in knowledge of 

health literacy among people 

with hypertension with or 

without comorbidities 

(diabetes, anaemia, and 

hyperlipidaemia) 

3 months and 

12 months after 

randomisation 

Independent outcome assessors, 

blinded to group allocation, will use 

a standard questionnaire to determine 

health literacy. Data will be recorded 

directly onto tablet devices.  

Qualitative interview and data extraction 

1. Acceptability of using 

ASHAs to manage 

hypertension, diabetes and 

other NCD risk factors 

One year after 

randomisation 

In-depth interview guides will be 

used to collect information related to 

acceptability of using ASHAs to 

provide lifestyle intervention. 

Separate interviews will be 

conducted with medical doctors, 

CHOs and enrolled participants. 

2. Change in services provided 

by ASHAs for RMNCH care 

One year after 

randomisation 

A data collection form will be used to 
collect details of the service log for 

the respective ASHA. Data collectors 

will count and compare the total 

number of RMNCH services 



Outcomes Timing Methods and procedures   

provided by ASHAs before and after 

their involvement in delivering 

services related to NCDs. In addition, 

the number of NCD services 

provided by the ASHA will be 

counted from the Arogya Sahyog 

app.   

ASHAs, Accredited Social Health Activists; BP, blood pressure; CHO, community health 

officers; NCDs, non-communicable diseases; RMNCH, reproductive, maternal, neonatal, and 

child health  

 



 

Figure 1. Flowchart of the cluster randomised controlled trial 

ASHAs, Accredited Social Health Activists; BP, blood pressure; NCDs, non-communicable 

diseases

40 ASHAs/ villages

Usual care group

(20 ASHAs)

Intervention group

(20 ASHAs)
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Training to deliver 

lifestyle intervention 

(5 days)

Fortnightly group-based 

education (3 months)

Randomisation

Independent follow up at 3 months

ASHA training 

(5 days of NCD +

6 days of app)

ASHA training 

(5 days of NCD +

6 days of app)

Usual care

3-monthly monitoring 

intervention (9 months)

Independent follow up at 12 months

Usual care

Screening of villages



 

 

Figure 2. Pre-intervention, intervention, and post-intervention phases of this cluster randomised controlled trial. 

ASHAs, Accredited Social Health Activist; BP, blood pressure



 

Figure 3. Components of lifestyle intervention, monitoring targets, and conditions for clinical referral 

ASHAs, Accredited Social Health Activists; BMI, body mass index; BP, blood pressure; RBG, random blood glucose; TIA, transient ischemic 

attack; WC, waist circumference 

 

Provide lifestyle advice Monitor risk factors Refer to health centre

Self-management 

education and support:

�‡ Control of risk factors 

(tobacco use, physical 

inactivity, alcohol, and 

unhealthy diets)

�‡ Check adherence to 

treatment/ medication

�‡ Enable community 

support to assist daily 

self management

�‡ Emotional support

3-monthly 

monitoring targets:

�‡ BP<140/90mmHg

�‡ RBG*<100mg/dl 

�‡ BMI<23kg/m2

�‡ WC, women<80cm

�‡ WC, men<90cm 

*Only in those with 

diabetes or pre-

diabetes

After identification of 

the following: 

�‡ BP≥ 140/90mmHg

�‡ RBG>140mg/dl

�‡ Non-adherence to 

treatment

�‡ Appearance of any 

chest pain 

�‡ Symptoms/ signs of 

TIA/ stroke 

�‡ Breathing difficulties 

�‡ Foot ulcer
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