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ABSTRACT 

The thesis titled ñDevelopment of Sustainable Smart Clothing for Insulin Dependent 

Diabetesò is an investigation of daily life problems faced by people using insulin for 

diabetes management and aims to develop a practical and innovative solution in the 

form of smart clothing. The current state of textile and apparel industry, environmental 

and health impacts of activities within this industry, shift in consumer expectations from 

clothing and the emergence of smart clothing led to the concept for the present study as 

the development of smart clothing which addresses environmental and health concerns 

and that follows the lifestyle of the wearer. The concept has been further narrowed down 

towards insulin dependent diabetic population. The development of sustainable smart 

clothing responds to their lifestyle requirements and expectations, offering solutions 

that are sustainable in terms of environmental impact, health supporting and are also in 

line with the requirements of the modern world. Through primary sources, it was 

identified that forgetting, mistiming, or missing an insulin dose; insufficiently frequent 

rotation of injection site and social issues associated with insulin use; were prevalent 

amongst the target population. Lifestyle requirements, problems (social and health 

related) and expectations of the target population have been studied using secondary 

literature, findings of which were further reinforced by data collected through primary 

sources. Fabrics that are sustainable and have the potential to improve skin health were 

explored and selected based on their suitability, feasibility, functionality and 

availability. Similarly, available technology was explored, studied and appropriate 

option was selected. With all this data, one piece bifurcated garments were designed for 

females within the age group of 21 and 30 years with the aim of providing a solution to 

the previously identified issues. Selected garments were further constructed. Electronic 

circuit was developed which could be incorporated into that garment. Our effort was 

limited by the inability to incorporate the technology part on the garment due to need 

of technical expertise and financial constraints. Both garments and circuit were 

separately evaluated by end users and health care experts. The garment and the circuit 

were appreciated by both end users and healthcare professionals with a 

recommendation for further development.  
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CHAPTER- 1                                                              INTRODUCTION 

 

ñClothing is the outer expression of the inner spirit. It's a necessity that reveals our 

choices, shelters our bodies, and lifts our spirits, transcending beyond mere function 

into a statement of who we are."                                                             - Mary Schmich 

Clothing is a necessary requirement, a medium of self-expression, a language for visual 

communication, a symbol of tradition and culture, a mark of identity and social status. 

Exact period of the origin of clothing is not known but evidence from research studies 

suggest that it dates to not less than 107,000 years back (Kittler et al., 2003). Another 

source mentions the use of clothing by primitive humans 400,000 years ago (Gilligan, 

2023b). Primary reason discovered behind the development of clothing is protection 

against harsh weather (Gilligan, 2023a). Since origin, clothing has evolved 

continuously with increment in purpose and functions. It started with the initial purpose 

of protection, evolved as a symbol of identity, status, culture and adornment and today 

it reflects high order creativity and technological advancements of human civilization. 

There have been significant transformations throughout the timeline in response to 

changing needs, lifestyles, user demands and developments of that particular time. 

Clothing and apparel is not merely a reflection of the past but it also has the capability 

to shape the future as an industry. Standing at the second decade of 21st century, a 

flourishing clothing, textile and apparel/fashion industry can be witnesses which holds 

a significant contribution in global economy as well as proportionately large share in 

resource consumption. As we delve deeper, we find ourselves at a critical juncture 

where we have address current problems and challenges and progress sustainably and 

ethically with a promise of growth, innovation, holistic development and technological 

advancement running parallel with the present social structure and lifestyle 

requirements. The present study titled ñDevelopment of Sustainable Smart Clothing for 

Insulin Dependent Diabeticsò rediscovers the functional aspect of clothing in our lives. 

Technologically advanced clothing has been developed with an environment conscious, 

sustainable approach which participates to assist the daily life of the wearer providing 

potential health benefits at the same time. An introduction to all facets involved in this 

study are provided here in this chapter. 
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1.1. Background of the study 

This background presents necessary information about all aspects that have jointly 

contributed to the development of a concept which provides a foundation for building 

the study in its present shape. 

1.1.1. Current State of the Textile and Apparel Industry 

The textile and apparel industry takes together a variety of segments under its span with 

each segment having unique consume base and follows different market growth 

trajectories. The consolidated economic value of textile and apparel in global trade as 

estimated through a report titled ñTextile Industryôs Amrit Kaal: Roadmap for US$ 350 

Billion Market by 2030ò by Federation of Indian Chambers of Commerce and Industry 

and Wazir Advisors was US$ 910 billion during the year 2021 and projected to reach 

US$ 1.2 trillion till the end of year 2023. In the same report, apparel market size 

(globally) has been estimated to be US$1.7 trillion in 2022 which is estimated to stand 

at US$2.37 trillion by 2030(FICCI & Wazir Advisors, 2023). The expansion has been 

attributed to many reasons and increase in global demand for apparel (fashion industry) 

being the leading reason. Along with catering demand for clothing, this growth also 

powers fashion and design innovations. In the past 50 years, textile and apparel sector 

has undergone major transformations with the introduction of synthetic fibers, 

automated manufacturing, rise of fast fashion, development of global supply chains 

resulting in one world and growth in digital technology, integration of artificial 

intelligence in designing and retail and e-commerce being the most recent one. These 

mark an increment in industries production, innovation and influential powers. Not 

being limited to economy, this industry also influences culture by reflecting social 

conditions and reshaping trends. As evident from available data and estimates, future is 

going to follow an upward growth trend with a focus on innovation and sustainability 

while updating with technology. Sustainability plays a significant role in this path of 

growth due to raising awareness towards environment footprint. 

Increasing globalization has equally impacted the textile and apparel industry as well. 

Product development, demand and supply have been adjusted towards catering global 

audience and a wide variety of preferences. An understanding of different target market 

segments and diverse consumer needs is primary to exist in the global trade system and 
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providing something more than just a piece of textile or garment for imparting 

something to the quality of life of the consumer.  

The textile and apparel industry has a significant impact on the global economic system 

by serving to one of the primary need of humans, i.e., clothing. While being a provider, 

is also responsible for considerably large degree of environmental degradation. Major 

issues associated with this industry include unjustified use of natural resources, poor 

waste management and improper disposal systems, water, soil and air pollution, 

unethical labor practices, textile waste accumulation to name a few. With a growing 

global concern towards the environmental impact of this industry, there is an unmet 

need to address these concerns with joint effort of the policy makers, regulators, 

manufacturers and consumers. 

Along with strong growth indicators for future, the industry is also facing challenges. 

Adapting with changing demand trends, environmental and social concerns require 

innovative thought, advancements, far sighted vision and strong actions. 

1.1.2. Environment and Health Impacts of Textile and Apparel Industry 

The textile and apparel industry leaves a significant negative impact on the entire 

ecosystem which is divided into subparts and elaborated below. 

Carbon Emissions: The carbon emissions because of various activities of industry are 

much more than what can be taken as acceptable when weighted against its 

contributions to the economy. As per a research report available on the website of MIT 

Climate Grand Challenges, these emissions are 5 to 10 percent of total greenhouse 

gasses emitted globally and if no interventions are done, it will increase to 30 percent 

by the year 2030 (Medel et al., n.d.).  

Details of CO2 equivalent emissions by apparel industry per year have been tabulated 

below. 

Table 1: Global Apparel Industry Emissions 

Estimated Total 4 Gt CO2 equivalent per year 

Percent Emission Activity responsible for Emissions 

29% Dyeing and Finishing 

23% Yarn Preparation 

15% Usage at consumerôs end 

13% Fiber Production 
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10% Fabric Production 

5% Assembly of Garments 

4% Distribution and Retail 

1% Disposal 

Source of Data: https://climategrandchallenges.mit.edu/wp-

content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-

the-textile-industry.pdf (Medel et al., n.d.) 

Dyeing and Finishing activity is the largest contributor of greenhouse gas emissions 

followed by yarn preparation, during use emissions, fiber production, fabric production, 

garment assembly, distribution of product and retailing activities and disposal in 

decreasing order of their contribution. This data provides an overview of global 

greenhouse gas emission due to different activities. These emissions are responsible for 

global warming and climate change which looks more devastating if we look at the 

projected data for increase in emissions till 2030. Optimization of practices considering 

entire life cycle of clothing is necessary to reduce carbon impact to support the health 

of entire ecosystem. 

Pollution and Resource Consumption: Dyeing, finishing and treatment process of the 

textile production process, is known to be on the top of the list in water consumption. 

Intense requirement of water in dyeing leads to water scarcity and ground water table 

reduction. In addition to this, untreated dye effluents and residual wastewater of 

finishing process released directly into drainages and water streams contaminates 

aquatic bodies with toxic chemicals affecting aquatic life and to every living being who 

consumes that water directly or indirectly through the food web. Apart from dyes and 

chemicals, microfibers released at the time of washing synthetic textiles also flow out 

of the manufacturing and apparel finishing units, get released into the water bodies and 

enter the food chain in the same way as dyes and chemicals. Microfibers are small 

plastic particles that are not biodegradable in a realistic time frame. Their release is not 

limited to production part only. Microfibers are released from synthetic textiles 

(example polyester) at every domestic wash and introduced into the drainage systems. 

At present, there is an accumulation of 14 million tonnes of microplastic in the ocean 

beds which has been attributed to laundering of synthetic textiles (Society, 2023). The 

extent of damage can be estimated by the results of studies indicating microfiber 

particle presence even in human placenta. With advancements in research equipment 

https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf
https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf
https://climategrandchallenges.mit.edu/wp-content/uploads/2022/04/CGC_factsheet-Emissions-reduction-through-innovation-in-the-textile-industry.pdf
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and processes, scientists have discovered nanoplastic particles in purified drinking 

water which are smaller than microplastic particles and have the capacity to enter 

human cells (Liu, 2024) and even move across blood brain barrier (Purtill & Rust, 

2024). The origin of nanoplastic particles is same as microplastics i.e. plastic materials 

and synthetic textiles. It is an eye opener to note that they are present in much larger 

numbers than ever estimated. 

Air pollution in the form of greenhouse gas emissions during various activities has 

already been discussed previously. In addition to that, chemical vapours and particulate 

matter released into the surrounding air of factories degrade air quality and cause 

respiratory troubles to the workers. Along with this, suspended microplastics from 

synthetic textiles in the air are also a source of air pollution specially indoor air 

pollution. 

Soil Quality Degradation: Increase in demands have led to increase in raw material 

farming. One of the primary raw material, cotton cultivation is being done in large scale 

under the pressure of demands. There is use of chemical fertilizers and pesticides in 

large quantities which reaches surrounding water bodies through drainage and 

underground water through absorption into soil. Repeated use of chemical fertilizers 

and pesticides is vanishing soil fertility, turning the land barren, causing a major loss of 

biodiversity which is supposed to play a role in the ecosystem which cannot be 

replicated or substituted by anything in any way.    

Textile Waste: A substantial amount of textile waste is generated by the textile industry 

every year. This waste comes out from production processes as well as from consumers 

end. Considering the production phase, waste is generated at fiber production stage, 

manufacturing of textiles and garment production in the form of off cuts, faulty fabrics 

rejection (in terms of print, colour and manufacturing defects), excessive material 

disposal (leftover after marker planning and cutting). At the consumers end, short life 

span of clothing because of very frequently changing trends under the concept of fas 

fashion is key source of textile waste generation. It contributes to approx. 92 million 

tonnes of waste and this amount is constantly increasing (Igini, 2023). These are 

underutilized clothing item which end up in landfills and take up unrealistically long 

duration of time to decompose. Every textile or its product is manufactured by an 

investment of sufficiently measurable amount of resources in the form of water, energy, 
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time, raw material, labour, technology. All this investment goes underutilized and leads 

to inefficiency of the entire system. This is a growing concern especially when looked 

upon as a cause of environmental pollution and climate change. Responsible demand, 

manufacturing, consumption and disposable with maximum possible reuse and 

recycling are the only possible ways to deal with this situation. 

Exposure to harmful chemicals: Both industry workers and consumers are affected 

by the chemicals used in manufacturing and finishing process in textile and apparel 

industry. Harmful synthetic dyes are among significant contributors towards health 

risks. Workers involved in manufacturing experience long term health (skin, 

respiratory, nervous) problems while consumers suffer from skin sensitivity, irritation 

and allergic conditions. Industry workers are exposed to a variety of chemicals in the 

manufacturing process. It includes dyes, fixatives, bleaches, formaldehyde (potent 

carcinogen), flame retardants and vapours of other finishing chemicals. These 

chemicals are known to cause health problems with increase in period of contact. These 

chemicals are hazardous and require specific arrangements in working condition like 

appropriate ventilation, use of proper safety equipment. Lower to middle income 

countries like Bangladesh and India are places where cheap labour is available in large 

numbers making them mass producers in the world. In such areas, it is common to 

witness lack of stringent health and safety regulations and as a result, greater risk to 

workers health. After processing of clothing, there is possibility of some chemical 

residue being retained on surface of clothing or textile item. When consumers purchase 

and use them, it comes in direct contact with their skin. It has the potential to cause 

irritation, allergic skin reaction, dermatitis to people with sensitive skin. Immediate 

effects are visible in the form of skin adversities but long term effects are much more 

serious. It is an established fact that skin absorbs some amount of everything which 

comes into contact considering duration of contact as an important factor. Cumulative 

effect of absorption of chemicals and synthetic dyes from clothing we wear is a serious 

health effect in the long run. 

1.1.3. Shift in Consumer Expectations 

Throughout the timeline of evolution of clothing, changes can be seen in the material 

being used, design philosophy, methods of designing, production methods, demand, 

and consumption patterns. A segment of the younger generations (Millennials and Gen 
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Z), being educated and aware of the present-day industry practices receiving criticism 

over several platforms worldwide for its devastating effects on the entire environmental 

cycle, show a shift in their preferences for clothing. Preferences have shifted towards 

opting for better quality clothing aligned with sustainability and ethical production 

practices over disposable fast fashion clothing. Along with environmental 

consciousness, a health-conscious approach has also been noticed with preferences 

shifting towards clothing that is health oriented, body friendly, functional and 

comfortable. This awareness about health, wellness, sustainability, and environmental 

impact of clothing has been pushed forward by social media supplemented by 

educational and awareness campaigns. Organisations have played their part in 

educating consumers about the implications of the choices they make on their health, 

economy (personal and global) and ecosystem.  

In the chain of evolving expectations, clothing is now expected to: 

Be Sustainable: As discussed earlier, the awareness towards production and 

consumption of synthetic textiles and chemical involved and its disastrous impact on 

the environment is a concern of the present time. As per the United Nations 

Environment Program, if the same scenario continues, the fashion industry will occupy 

quarter of global carbon budget by 2050. Clothing is our basic need which implies that 

it has to be sustainable in terms of production and degradation. It must complete its 

cycle in the environment in a realistic time frame and in a very less damaging way so 

as to be called sustainable. Consciously considering the devastating effects of our wants 

and desires, great stress must be laid on sustainability as a means of future progress. 

Eco-consumerism is a resultant of a conscious approach where a demand for products 

that have minimal or no negative environmental impact and are beneficial to personal 

health, both at the same time. Organic fabrics, ethically sourced raw material, recycled 

material, and conscious production have gained much more importance.  

Provide Health Benefits: Along with providing protection and adorning the body, we 

now expect our clothing to provide health benefits while we wear them. This has 

become a choice of many people who want to calibrate every aspect of their lifestyle 

for health and wellness goals. This has been profoundly felt after the COVID-19 

pandemic which brought upon an unprecedented focus on generalised health and 

wellbeing and forced everyone to think about changing practices which have a negative 
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impact on the same. A greater concern for personal health raised a renewed interest in 

clothing that can be protective and provide health enhancing effects. Preference for 

antimicrobial properties, organic hypoallergic material, natural dyes, safer chemicals 

has regained momentum. Natural dyed textiles, particularly herbal dyed, are ñTextiles 

finished or dyed from extracts of various medicinal herbsò (Mishra & Gautam, 2020). 

It is worth mentioning here that this concept is not new for a country like India where 

the art of herbal dyeing has been prevalent through ages under the name ñAyurvastraò. 

It is believed to have originated as a practice about 5000 years ago for healthcare 

(Saluja, n.d.). As mentioned in a report published in Hindustan Times, 

ñAyurveda in all spheres of life including clothing is becoming more and more 

appealing to a generation that is seeking holistic well-being in times of 

turbulence. Ayurvastra, a word from Sanskrit roughly meaning life cloth. A 

branch of Ayurvedic traditional Indian medicine that uses herb-infused and 

herb-dyed organic fabrics as healing agents.ò (Swati Chaturvedi, 2020) 

Herbal dyed fabrics are not same as vegetable dyeing and the key difference being the 

presence of medicinal properties in the former. The process of dyeing does not involve 

any chemicals. Instead, natural ingredients are used to fix colour along with medicinal 

properties onto the fabric. Bleaching is done with animal dung and sunlight. Essential 

oils and herbal extracts get infused into the fabric in the process of dyeing and come 

into contact with the skin when such fabric is worn. It is a well-known fact that skin 

absorbs what comes in contact with its surface and this concept is brilliantly used by 

herbal dyed fabrics to provide medicinal and healing effects to the body by absorption 

through skin. This is how it was practiced as a method of treatment in olden days. 

Different herbal formulations are prepared as per required health benefits. These 

formulations are based on the effects of different herbs on topical application. It heals, 

nourishes, and provides protection to skin and benefits the body. This process is done 

on natural, organic fabrics and so is environment friendly, skin friendly, biodegradable, 

toxin free, healing, protecting, and greener alternative for those who want to have health 

benefits from clothing. Demand for such fabrics has increased as we are now expecting 

health benefits from clothing. 

Design as per the Lifestyle Requirements of the Wearer: There is an expectation 

from clothing to serve more than its traditional functions and aesthetics. Comfort and 
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adaptability, as a matter of consideration for clothing design, is being explored with 

even deeper perspective. This design thought has been limited to functional clothing 

meant for specialized industrial jobs or adaptive/ self-help clothing which is meant for 

the differently abled. An exploration into our dynamic lifestyle can make us realize 

many other circumstances where a design intervention can have a remarkable impact. 

The design of clothing be aligned with needs, preferences, activity requirements of the 

individual. Clothing is now expected to be play a contributing role in our lives both 

functionally (by customization to an extent which eases our daily chores, follows our 

lifestyle without compromising the appearance) and socially. Versatility and 

adaptability with social settings and keeping in line with cultural and social trends is 

essential to the modern consumer. An increase in lifestyle related health issues in the 

population is also one of the causes for such expectations.  

Be Smart: With advancements in communication technology and its collaborations 

with modern design philosophies, the field of clothing design is witnessing vast 

expansions in the form of smart garments/ smart clothing. Smart garments are clothing 

items incorporated with technology to augment it with more functionality other than its 

regular use. During early 1990ôs smart garments were introduced for military soldiers, 

later this concept was extended for industrial purposes and now a wide usage of such 

garments is being witnessed for fitness, healthcare and lifestyle sector. 

1.1.4. Emergence of Smart Clothing (Electronic) 

Smart clothing (also termed as ñNext Generation of Clothesò) is a recent innovation of 

this century supported by rapid advancements in information and communication 

technology. This concept is powered by the idea of making a basic need and an 

inseparable part of our life i.e. ñClothingò more functional and participative in our life 

through their fusion with technology for the purpose of healthcare, sports, work safety, 

ageing, productivity, fashion etc. It adds to an extension in utility by converting 

garments into interactive interface between the environment and the wearer. The 

concept of smart clothing has emerged out of the field of wearable technology which 

includes development of wearable devices like fitness trackers and smartwatches. These 

devices collect data as per program and transmit it to connected device when worn on 

the body. The idea behind smart clothing idea is to replace an external wearable device 

and incorporate it seamlessly into clothing, eliminating its need and reducing bulk while 
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keeping the functionality requirement being fulfilled as it was with an external 

wearable. The functional part remains unnoticeable, and the wearable looks same as a 

regular piece of clothing. This gained attraction and developed as a separate segment 

under the name ñSmart Clothingò.  

Smart Clothing is the integration of microelectronics (miniature, flexible, durable 

circuits) and communication technology with textile and apparel to make the 

garment/apparel function and participate in the life of the wearer in the intended way. 

An electronic circuit is embedded in the clothing which consists of sensors, 

microcontrollers or the control unit, actuators, conducting part (conductive fibers/ 

stainless steel wires), power source, communication module and a connected device. 

Connectivity of clothing with devices enhances its value and broadens the scope for 

functionality of smart clothing. It is a key feature based on Bluetooth, Near Field 

Communication (NFC), Wi-fi or Internet Protocol which makes it possible to 

communication (as per requirement) in the form of transfer of collected data between 

clothing and connected device. Development of smart wearables have initiated 

innovation in the field of textile material development resulting in the development of 

conductive textiles which can conduct electricity by the virtue of conductive yarns 

woven into it. As a key difference from using wires, these conductive yarns are flexible 

and provide better drapability which is a required property of fabrics used for clothing. 

It provides and integration of electronic functionalities directly into the textile material. 

A breakthrough in the field of conductive yarns is its feature to harvest energy and store 

it to power all electronic components like sensors, microcontrollers, actuators, 

communication modules, display panels etc. of the clothing.   

Smart clothing has found applications for healthcare, fitness tracking, remote health 

monitoring, continuous health monitoring, managing specific medical conditions, 

medical diagnosis, telemedicine, military, environmental protection, lifestyle and 

convenience, security and self-defense, sportswear, sleepwear, elderly care, fashion, 

entertainment, daily life assistance for differently abled and many more. There is a 

growing interest in smart clothing particularly for the purpose of health monitoring 

because of its capacity to record and track body vitals, health related metrics and 

particularly the data support which it provides for diagnostic purpose. It assists medical 

professionals to reach to an accurate diagnosis with reduced dependence on reported 

facts related to the condition. Lifestyle improvement by posture correction and muscle 
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stress recovery is of interest for fashion brands which are involved in technologically 

equipped apparel manufacturing in collaboration with health and fitness companies. 

Currently there are problems and challenges like washability, power dependence and 

efficiency, maintenance, cost, consumer awareness and data security associated with 

smart clothing but research and interdisciplinary collaboration for innovation are under 

progress to find out appropriate solutions. Currently this field is in its nascent stages. 

Once it matures, it has a potential to revolutionize our way of life, how we imagine 

clothing and our interaction with external environment, making it all connected and 

synchronized in a digital world. 

1.2. Development of a Concept for the Present Study 

After an amalgamation of the 4 aspects elaborated in background of the study- Current 

State of Textile and Apparel Industry, Environment and Health Impact of Textile and 

Apparel Industry, Shift in Consumer Expectations and Emergence of Smart Clothing a 

concept was developed for the present study which is presented here. The present times 

are witnessing significant environmental damage and pollution because of fast fashion. 

The apparel produced are not only harming the environment but also our health 

especially synthetic chemical dyes and finishing chemicals that get absorbed through 

skin and cause health complications. There is a need, expectation and demand for 

sustainable clothing solutions that are friendly for human and the environment. An 

increase in health consciousness is being noticed which has furthermore increased after 

the COVID pandemic. People now expect having health benefits from clothing also. 

Adding onto this, in today's era of development, people want their clothing to be 

participating in life both in terms of clothing design and function. When it comes to 

design, people want their clothing to be designed as per their specific lifestyle. It should 

be adapted to their lifestyle requirements. When it comes to functionality, people want 

clothing to be participating in their life and smart clothing is there to fulfil this 

requirement by integrating technology to make clothing function beyond its traditional 

work. Considering this altogether, a concept for the present study comes up as the 

development of smart clothing which addresses environmental and health concerns and 

that follows the lifestyle of the wearer. This has been considered as a tremendous 

opportunity for innovation. As the gap between apparel and technology is cutting down, 

this concept brings forward an opportunity to contribute positively to the future, 
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offering solutions that are not just limited to being innovative but also health supporting 

and environmentally conscious at the same time. 

1.3. Contextualizing the Developed Concept for Present Study 

The focus of concept developed in the previous section is narrowed down for insulin 

dependent diabetic population, the target population of this study. The development of 

sustainable smart clothing responds to their lifestyle requirements and expectations, 

offering solutions that sustainable in terms of environmental impacts, health supporting 

and are also in line with the requirements of the modern world. Diabetes is a disorder 

that arises as a result of no production of insulin hormone (Type-1) or due to insufficient 

production of insulin hormone/ insulin resistance that develops in the body (Type-2) 

(World Health Organization, n.d.). Diabetes is not limited to only these two mentioned 

types, there are several other types like LADA (Type 1.5), Type 3c, MODY etc. but 

majority cases are of Type 1 or 2. Whatever be the type of diabetes, problems lie in the 

improper generation and storage of energy from food consumed by the individual. India 

is claimed to become the ñDiabetes Capital of the Worldò. (TIMESOFINDIA.COM, 

2022). People living with this disorder are prescribed anti-diabetic drugs or insulin 

therapy or a mix of both as lifelong treatment (Diabetes UK, n.d.). They have several 

obstacles to overcome and some of them are social in nature. Lifestyle management 

and strict adherence prescribed treatment plans are to name a few. In the case of insulin 

dependent diabetics, who are in focus for this study, taking insulin at proper timings 

and scheduled intervals in required dosages is crucial to maintain a continuous blood 

sugar control irrespective of where they are (surrounding, social setting) and what they 

are doing at that time. Failure to follow a proper dosing schedule (missing or untimely 

dosages due to any reason) results in abrupt blood sugar levels which may possibly lead 

up to life threatening conditions in both short term and long term. Social stigma and 

misunderstandings associated with the usage of insulin also affects them adversely. This 

study is an effort to address and ease out many of these daily life struggles with design 

interventions, communication technology, and sustainability in clothing without 

compromising the aesthetic element. In line with the expectations from clothing, the 

developed garments are also supposed to give the added advantage of continuous skin 

healing effect and will also act as an extra line of defence for the sensitive skin of the 

targeted population.  



13 

 

1.4. Problem Statement and Research Gap 

There are continuous ongoing research and development in the textile and apparel 

industry for development of smart clothing or health/fitness monitoring however the 

area of clothing that is sustainable, provides health benefits and is technologically 

advanced is not much explored particularly for diabetic population. As stated earlier, 

current offerings are focused on general health and fitness. A lack of functional features 

in clothing that can ease our daily life requirements and assist the wearer with data 

support has been identified. The research gap lies in the intersection of sustainability, 

smart technology, diabetic health support and required health related monitoring. There 

are development undergoing in these areas but separately, combination of these for the 

targeted population of this study has not been studied. There is a requirement for 

research to explore the integration of these fields into one concept and its application 

for creating a user centric clothing design for diabetic population. 

Problem Statement: ñDevelopment of sustainable smart clothing for insulin dependent 

diabeticsò. 

1.5. Objectives of the study 

I. To study the problems of insulin dependent diabetic population.  

II. To select various fabrics which can be beneficial for sensitive skin of diabetic 

people.  

III. To create garments using different designing techniques which will create easy 

access to common injection sites.  

IV. To use the concept of smart clothing to apply sensing mechanism at common 

injection sites on selected garments which will be capable of monitoring 

injection time, frequency, and site selection.  

V. To evaluate the smart garment system based on feasibility, aesthetics, accuracy 

in performance, wearability and maintenance. 

1.6. Delimitations 

I. The study will be limited to Insulin Dependent Diabetics only.  

II. Samples who have reported Neuro/psych problems or any problem which alters 

the sense of reality of a person have been excluded from the study. 
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III. Evaluation of the developed garment will be done on the basis of feasibility, 

aesthetics, accuracy in performance, wearability and maintenance. 

IV. Smart clothing for this study is limited to electronic smart clothing only. 

V. Smart Garment will be limited to female gender for casual wear and daily use. 

1.7. Hypothesis 

Statement of Hypothesis (H1) - Designing and construction of Smart Clothing for 

people using insulin for diabetes management will result in monitoring of insulin 

injection time, site selection and frequency. 

Null Hypothesis (H0) - Designing and construction of Smart Clothing for people using 

insulin for diabetes management will have no impact on monitoring of insulin injection 

time, site selection and frequency. 

1.8. Significance of the study 

The proposed research work titled ï ñDevelopment of Sustainable, Smart Clothing for 

Insulin Dependent Diabeticsò is aimed at simplifying real life situations of insulin using 

diabetic people through smart clothing to induce greater levels of overall wellbeing and 

life satisfaction. Problems have been identified through secondary and primary sources 

which can be found enlisted in the upcoming chapters. Not all can be solved through 

clothing because of their medical nature but effort has been put to address as many as 

possible. Nature of problems is physical as well as social and many of these ends up in 

psychological issues. Human is a social creature. We interact with the society for a fairly 

large proportion of our lives. Any lifestyle changes or special requirements or process 

being followed by one or very small number of people create a sense of difference from 

the majority population or an unwanted mark of identity so difficulty is faced to get 

adjusted with the new requirements of life leading to compromises and health losses of 

many people which needs to be brought in light. Another aspect of human errors caused 

due to busy schedules, social roles and responsibilities has also been addressed. Apart 

from being problem focused, additional benefits have also been incorporated to assist 

life decisions and increase efficiency in personal healthcare. User can draw many 

benefits from the outcome of this work it will reduce dependency on healthcare system 

on minor subjects. Continuous healing effect provided by Herbal Dyed Fabric will 

enrich the largest organ of the body, i.e. skin. The sustainability of clothing item 
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developed will also be taken care of as a responsibility towards the environment 

considering the devastating effects of pollution caused by the present fast fashion 

industry. Textile and fashion pollution has raised concerns globally. Since the future of 

clothing is going to be óSMARTô counting and combining all this into a single solution 

will result in a technology enabled Smart Sustainable Clothing which will be 

aesthetically pleasing on the norms of fashion and also participating in the lives of the 

target population providing comfort and functional ease. 

1.9. Working Definitions  

a. Basal Dose- Basal insulin works consistently for long duration of time in the 

background to keep blood glucose levels in control when the body is fasting. So 

injecting basal insulin is called as a basal dose (Editorial, 2021).  

b. Bolus Dose- Insulin dose taken specifically at the time of a major meal is called 

a bolus dose (Editorial, 2021).  

c. Smart Pen- It is a reusable insulin injection pen device which stores data of 

insulin dose injected with its timing and sometimes communicates it via 

Bluetooth (depends upon pen model and features) to the smartphone app 

(Medtronic).  

d. CGM- It is a device used to measure blood glucose of insulin requiring diabetic 

people on a continual basis. It consists of three parts- a sensor placed under the 

skin, a transmitter to transmit blood glucose level data at a fixed frequency of 

time and a receiver that receives the data and displays it on the screen in human-

readable form. Over traditional prick method, it has the advantage of providing 

continuous data to observe patterns or trends in blood glucose levels to increase 

time-in-range (Wikimedia Foundation).  

e. Time-in-range ï Ideal blood sugar levels/ targeted blood sugar levels for a 

person are defined by the health care professionals. The time duration when 

blood sugar levels are maintained within this range is referred to as time-in-

range. It is a measure of time. More the time in range, better is the blood sugar 

control.  

f. Mistiming Insulin Dose: Not taking an insulin dose on scheduled time, instead, 

taking it earlier or later. It can be unintentional or deliberately done. 

g. Masked period- Masking a CGM means not making blood glucose data 

(measured by CGM) available to the subject so that their decisions are not 
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dependent on the blood glucose levels. This has been done for experiment or 

research purpose. The time period for which data was not made available is 

called the Masked Period. 

h. HbA1c- It is also called glycated hemoglobin or glycosylated hemoglobin, 

hemoglobin A1C or HbA1c. It provides data of average blood glucose levels 

over the past 3 months (Mayo Clinic). 

i. Serial Peripheral Interface: It is a protocol for data transfer (communication) 

between microcontroller and connected device (peripherals). It facilitates rapid 

communication between two or more devices in a master- slave relation. 

Microcontroller reserves the master position and slave is the connected device. 

(Heather Dewey-Hagborg, 2022) 
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CHAPTER- 2                                            REVIEW OF LITERATURE 

This chapter is a review of prior scholarly works that have been done and are directly 

or indirectly related to the present study. This review is important to provide knowledge 

of nature of work previously done and highlights the scope for further work. As we 

move forward towards reviewing literature for development of sustainable smart 

clothing for insulin dependent diabetics, an attempt has been made to have crucial 

knowledge about key aspects discussed in background of the study and their 

contextualization for the present study. Three domains have to be explored in detail: 

Smart Clothing for healthcare, Sustainability and health focused clothing, and specific 

needs and challenges of target population of this study along with the currently 

available solutions. The review seeks to capture all important knowledge relevant to 

this study. A sequence for review of relevant literature arranged in logical order is 

provided as follows. 

2.1. Environmental Impact of Textile and Apparel Industry Practices 

2.2. Health Implications of Synthetic Clothing and Synthetic Chemical Dyes 

2.3.  Sustainable Fashion and Health Focused Clothing 

2.3.1. Shift Towards Sustainability in Clothing 

2.3.2. Natural, Health focused Herbal Dyes 

2.4. Advancements in Clothing 

2.4.1. Technology Integration 

2.4.2. Communication and Technology in Clothing for Health and Daily Life     

Assistance 

2.5. Insulin Dependent Diabetes- Prevalence, Health Challenges, Need and  

Importance of managing these challenges 

2.6. Existing Smart Clothing and Devices for Diabetic Population 

Review has been done as per the above-mentioned sequence and presented in this 

chapter. 
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2.1. Reviews related to Environmental Impact of Textile and Apparel 

Industry Practices (special focus on pollution, synthetic textiles, and 

chemical dyes) 

Textile and Apparel Industry, being operating at global level, caters to every human on 

this earth. With a massive positive impact on everybody's life, it is responsible for an 

equally or even greater negative impact on the environment. H Ziya Ozek (2017) 

highlight the huge amounts of resources consumed and the quantum of harmful 

chemicals involved, environment footprint, environmental and occupational hazards 

and consider current practices as un-sustainable and detrimental. A concern has been 

raised for urgent action and shift towards sustainability in practice. Using natural and 

biodegradable raw material has been advocated as one of the measures for sustainability 

(Ozek, 2017). 

Current textile and apparel industry practices are contributing to upto 8% of global 

emission (UN Environment Programme, 2018) and revised data suggests it to be 10% 

of global emission (United Nations, 2019) of greenhouse gasses. This is expected to 

reach to 30% by 2030 as per Medel et al. (n.d.), 50% as per estimate available on the 

website of World Bank (The World Bank, 2019) and upto 60% as per UN Framework 

Convention on Climate Change. Mendel et al., (n.d.) identify causes of this emission as 

raw material production, dyeing, finishing of fabric material, laundering activities, early 

disposal. ñMEASURING FASHIONò- A report by Quantis International mentions 

textile dyeing and finishing reserving first position with 36 percent when it comes to 

activity wise distribution of contribution in total environmental impact of the textile 

and apparel industry. Further, yarn preparation is reported to contribute by 28 percent 

and fibre production by 15 percent (Quantis International, 2018), (RASHMILA MAITI, 

2024). 

Most of the water consumption in textile and apparel industry is for the purpose of wet 

processing (bleaching, dyeing, printing) and finishing. The textile sector ranked third 

in degrading water in the year 2020 and was responsible for polluting 20 percent of 

clean water globally (Society, 2023) with textile dyeing activity ranking second in terms 

of polluting water (UN Environment Programme, 2018).   
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Lellis et al., 2019 mention release of untreated effluents discharge in waterbodies to be 

the reason for major part of the environmental damage caused by textile industry. Of 

the total emissions release by this industry, 80 percent is due to this reason. Examining 

this wastewater discharged out, it has been found to have high B.O.D and C.O.D. with 

highly soluble organic compounds of non-biodegradable nature. These organic 

compounds are majorly man-made chemical dyes. Due to high solubility, their 

separation is difficult, and it is released as it is into water stream and drainages. Apart 

from the visually unpleasing effect on water, it reduces sunlight penetration through the 

surface of water body causing a decrease in photosynthesis and also reduced level of 

oxygen in water resulting in significant adverse on the life and survival of aquatic life. 

Damaging the quality of water, the dyes enter food chain and exhibit the effect of 

biomagnification as we move towards the higher trophic levels. Through this effect, 

heavy metals (known for being carcinogenic) also find way into the food chain. 

Wastewater containing metal ions (source- metal dyes) has copper, nickel, and heavy 

metals like chromium in unacceptable amounts enters the body of fishes through gills 

and accumulates in their tissues. In the system of living organisms, these dyes exhibit 

toxic, disease causing, genotoxin and carcinogenic effects (Khalaj et al., 2018) (Al-

Tohamy et al., 2022) (Liang et al., 2017) (Berradi et al., 2019). Mentioning similar facts 

about water quality damage caused by textile wet processing, Holkar et al., (2016) have 

elaborated the pollutants released at different stages of wet processing which is 

summarized here.  

 

Table 2: Pollutatnts released at different stages of textile processing 

Name of Process Associated Pollutants 

Scouring 
Sodium Hydroxide, chemicals used to reduce surface tension 

for increasing wetting properties, detergents, fats (oils, waxes) 

Bleaching Hydrogen Peroxide, Sodium Silicate, Stablizers 

Dyeing Dye, Metal ions, Salts, extreme pH solution 

Printing 
Formaldehyde, Solvents, Urea, Colouring paste/ solution 

residues 

Finishing Softenets, Resing, Solvents, Finishing chemicals, Waxes 

   

This water rich in chemical pollutants, when used for irrigation, destroys soil health and 

soil microbiota necessary for establishing balance in soil ecology and negatively affects 

plant growth. Extreme effects may be noted as soil turning unfit for any use.  
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Over 15000 chemicals are used for textile manufacturing from the beginning. In a study 

conducted under the Ministry of the Environment, EU (KEMI Swedish Chemicals 

Agency, 2014), 2450 chemicals used in current processes were studied and 1/10th of 

them were noted for high risk to human health (fragrance, direct dyes, brominated flame 

retardants stain repellants phthalates- reproductive toxins) (Niinimªki et al., 2020). The 

working of our ecosystem is a result of synchronous working of many inter-related sub-

systems. Any toxin or hazardous chemical that gets introduced into any subsystem gets 

circulated rapidly leaving a cascadic global impact. Same logic applies when it comes 

to textile production and chemical pollution. A Global spread of these chemicals is 

noted by Greg Peters et al. (2015) as presence of fluoropolymers (used for 

waterproofing textiles) in the bodies of polar bears and seals found in remote Arctic 

locations (Niinimªki et al., 2020) and even the placenta of living organisms (Ragusa et 

al., 2021) indicating aggressive circulation and an impact far larger than our estimation.  

 

Niinimªki et al. (2020) mention increase in demand and consumption as major cause 

of rise in environmental impact. This increase is consumption of textiles (counted on 

an annual basis) is projected to double by 2030. This is supported by the fact that 

clothing production has doubled from what it was in 24 years ago in the year 2000 and 

60 percent of fibre produced is used up by the apparel/ clothing sector.(Niinimªki et al., 

2020). A worser picture is presented by the fact that more than half (in terms of weight) 

of textiles manufactured in the year 2017 were synthetic and particularly polyester. 

Synthetic fibres and fabrics are man-made, prepared through chemical processes, many 

times from petroleum-based material. Nylon, Polyester, Acrylic, Lycra (or Spandex), 

Olefin are the major synthetic fibres made into fabrics for clothing purpose. These are 

used for manufacturing garments, swim wear, sportswear, winterwear, foundation 

garments, etc. Synthetic fibres/fabrics are preferred for their durability, resilience, 

elasticity and in short overall performance but they do more harm than good. Non-

biodegradable nature and energy intensive manufacturing are their major drawbacks. 

Microplastic along with ongoing studies on nanoplastic pollution are the key burning 

issues associated with synthetics which will be reviewed ahead in this section. 

Data reported by Textile Exchange, a non-profit organisation, indicates polyester 

leading the proportion of total fibres produced globally with a share of 54% in 2022 

followed by nylon (5%) (Textile Exchange, 2023) and as per Synthetic Fibers Global 

Market Report 2023, the consumption of polyester and cotton will be in the ratio of 3:1 
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by the year 2023 (The Business Research Company, 2024). Considering only the 

synthetic fibres segment, polyester dominates it too by occupying a share of more than 

70%. This data clearly indicates the increase in production and consumption of 

synthetic fibres thus resulting in negative impact on environment.   

The Council of Fashion Designers of America mention polyester as oil based and ñkind 

of plasticò that possibly takes more than 100 years to decompose. It has been mentioned 

to be more efficient in dyeing in terms of chemical use and less water consuming in 

production as compared to natural fabrics but the overall impact that it leaves on the 

environment fades out these positives. Quoting the words of council, 

ñDuring production, facilities producing polyester without treating wastewater 

have a high probability of causing environmental damage through the release of 

heavy metals, and toxic chemicals. The washing and disposal of polyester 

contributes to a significant amount of water pollution in terms of heavy metals, 

toxic chemicals, and plastic pollution (in the form of microplastics). Leaks or 

spills related to the extraction or transport of oil can also have detrimental 

effects on groundwater, oceans, and other water sources.ò (Materials Index | 

Resources | CFDA, n.d.) 

Nitrous Oxide gas, an air pollutant, released from the manufacturing process of 

synthetics is about 300 times more capable in destroying the stratosphere as compared 

to carbon dioxide, a greenhouse gas. Synthetics like nylon, polyester, acrylic are mostly 

petroleum derived plastics. They shed out microplastic particles with every wash be it 

at production stage or consumer use phase. Various studies have been conducted 

towards estimating this microplastic release and its impact.  Around 35 percent of total 

microplastic release in the oceans has been attributed to laundering of synthetics (TNN, 

2022). Half million tonnes of microplastic particles end up in the oceans due to laundry 

of synthetic textiles alone. This figure does not include any source other than laundering 

activity (United Nations, 2019) and when ingested by marine inhabitants, it causes 

ñstarvation, endocrine disruption, stunted growth in some species and broken-down 

digestive systemsò (United Nations, 2019).  

A study conducted on wastewater at sewerage treatment plants noted a figure of four 

million microplastic particles being released daily, eighty percent of which is from 

textiles (Mason et al., 2016). These particles reach freshwater through circulation and 

enter the bodies of living organisms and find way to the complex food web (Periyasamy 

& Tehrani-Bagha, 2022). More than million tonnes of plastics rest currently in the beads 
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of oceans and 20 lakhs to 50 lakh tonnes of more microplastic particles are being added 

up to this figure on an annual basis (European Environment Agency., 2023). Not only 

limiting their presence in water, but the presence of synthetic textile microfibers has 

also been detected even in rainwater (Suran, 2018). 

Recent developments have indicated the presence of even smaller and more dangerous 

ñNanoplasticsò in water. They come into existence as a result of shedding out from a 

plastic based material or by fragmentation of microplastic particles already present in 

the environment into smaller nanoplastic particles(Qian et al., 2024). Dimensions of 

microplastics falls within the range of 0.1 to 5000 Õm. and that of nanoparticles within 

the range of 1 - 100 nm (0.001ï0.1Õm) (EFSA CONTAM Panel [EFSA Panel on 

Contaminants in the Food Chain]), 2016). Nanoplastics are capable of passing through 

reverse osmosis membranes and entering human cells. In studies conducted on living 

organisms, they have been found to even get involved in the development of foetus and 

increment in the risk of developing Parkinsonôs disease (Macropanic Over 

Nanoplastics? | Office for Science and Society - McGill University, n.d.).  

There are documentary evidences of synthetic textiles being the source of nanoplastic 

particle release from their washing activity and abrasion (Yang et al., 2021).  

 

2.2. Health Implications of Synthetic Clothing, Chemicals and Synthetic Dyes 

Studies exploring dermal absorption of chemicals from synthetic clothing show an 

increase in concentration of chemicals in skin and body fluids of humans indicating a 

strong possibility of dermal absorption. Since clothing remains in contact with skin for 

longer periods, chemicals are absorbed through skin pores and also get dissolved in 

sweat accumulated on skin surface providing them a medium to enter the skin (Chavan, 

n.d.) (Bhalla, 2017). Lellis et al. (2019b) list the effect of synthetic textile dyes on 

human health which include dermatitis, eye irritation, conjunctivitis, rhinitis, 

occupational asthma (dyeing unit workers), chemical cystitis, skin allergic reactions, 

digestive, respiratory and renal problems. Manzoor & Sharma (2019) mention skin 

ulcers, dermatitis, skin aggravation happening as a result of exposure to metal 

component of synthetic dyes. Respiratory issues associated with inhalation of dye 

particles include sniffling, breathing difficulties. Singh Z & Bhalla Sunita (2017) 

mention folliculitis, impetigo along with the skin problems mentioned in previously 

mentioned studies. Systemic problems mentioned by them include endocrine 
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distruption, reproductive problems, headache, body pain, nausea, fatigue, eye problems 

and breathing difficulties. Since absorption of sweat is a problem associated with 

synthetic clothing, accumulation of sweat beneath clothing provides suitable conditions 

for infection causing microbes to develop and infect the skin. 

Responding to the Medical Express, textile designer turned Ph.D. Scholar cum 

Lecturer, Vanessa Mardirossian mentions 6 lakh tones of waste/ residual synthetic dye 

solution entering the water bodies as pollutants. These dyes have been found to be 

genotoxic, neurotoxic, mutagenic, carcinogen, endocrine disruptor when they enter the 

human body through direct exposure or circulation (polluted water consumption). Sha 

lays stress on the revitalization of nature friendly dyeing practiced before the advent of 

synthetic dyes, biomimetic approach to coloring as an alternative for overall benefit of 

ecosystem and all living beings (Q&A: Researcher Unveils the Health Risks Associated 

with Synthetic Fabric Dyes, n.d.). 

Referring to the year 2011 case where 800 Alaska Airline staff dermal rashes, eye and 

throat troubles as a result of wearing newly distributed uniforms, Maria A Munoj and 

Pramela J Lein (2023) mention the effects of the exposure the complex formed between 

metal and dye molecule to human body. Researchers have mentioned Chromium and 

Copper as a causative agent for skin adversities namely eczemas, itching and dermatitis; 

Lead leading to neurological defects; Cobalt for skin discoloration, eye problems and 

sensitivity. Along with these Bisphenol-A, abbreviated as BPA, is a known endocrine 

disruptor and is used for dye fixation in polyester and polyester based clothing. A 

concentration of 40 times more than the approved limited of BPA has been detected in 

sportswear of world-renowned brands (Toxic Textiles: Potential Health Risks 

Associated with Toxic Chemicals in Clothing, 2023).  

A study has found textile finishes imparting antimicrobial properties to textiles to be 

responsible for adversely affecting skin microbiota resulting in surface biotic imbalance 

and thus resulting in skin diseases and damages (Rovira & Domingo, 2019).  

Microplastic and Nanoplastics from synthetic textiles and clothing items are 

particularly concerning as a pollutant which is present in abundance in the environment. 

For the purpose of studying its effect on living beings and specially humans, several 

studies have been conducted worldwide. A study conducted by Dr. Phoebe Stapeton 

from Rutgers University, New Jersey aimed at studying the circulation and deposition 
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of nanoplastics entering via respiration in living beings. Experiment on pregnant rats 

exposed to nanoplastic particles resulted in concluding that these particles deposit in 

the lungs, reach the heart and even the developing foetus through circulation. Concerns 

were raised over the possibility of occurrence of similar occurrences in human body 

also (New Research in the Netherlands: Synthetic Clothing Fibers Inhibit the 

Production of Lung Cells - Plastic Soup Foundation, n.d.-a). 

To study the effects of sheds of synthetic microfibers of nylon and polyester on human 

lungs, scientists from University of Gronginton and Plymouth Marine Lab conducted 

experiments on stem cell generated lungs. The reason for selecting nylon and polyester 

for this study has been cited as their abundance in the surrounding air specially more in 

indoor air. 

Results uncover the quantum of deposition of micro and nano particles in lung tissue 

that were also found to hinder the production, growth, working and recovery of lung 

cells. Scientific evidences of penetration of such particles through lung cells and 

digestive tract cells have been reported along with their potential to cause serious 

diseases in organs and immune cell disfunction. Microplastics and nano plastics, loaded 

with endocrine disrupting chemicals, have also been noted to pose neurological 

development threats to children in early developmental phases (New Research in the 

Netherlands: Synthetic Clothing Fibers Inhibit the Production of Lung Cells - Plastic 

Soup Foundation, n.d.-b) (DO CLOTHES MAKE US SICK?, n.d.). 
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Figure 1: Extent of exposure of Mirco and Nanplastics within human body 

Sources of Data: Do Clothes Make Us Sick? Fashion, Fibers And Human Health- A 

Report by Plastic Soup Foundation & United Nations Environment Programme (Unep). 

From Pollution To Solution - A Global Assessment Of Marine Litter And Plastic 

Pollution. Unep, Nairobi, 2021, P. 35 
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2.3. Sustainable Fashion and Health Focused Clothing 

2.3.1. Shift Towards Sustainability in Clothing 

Dangelico et al. conducted a study titled "Is Covid-19 changing sustainable consumer 

behaviour? A survey of Italian consumers" to evaluate the sustainable product 

purchasing habits of consumer specially after the pandemic. A noteworthy change has 

been observed by them. The effect of pandemic has been in the form of heightened 

awareness towards sustainability, impact on economy, environmental issues and how 

their conduct can contribute towards environment betterment. This has affected their 

behaviours and decisions towards purchasing sustainable products (Dangelico et al., 

2022). 

The study "COVID-19: Impact on Consumer Behavior in Fashion Industry" by Georgia 

Tzavella is an investigation of the changes in fashion consumer behaviour driven by 

the pandemic. A growth has been observed with reference to brands which support 

social and environmental values, digitization and contactless shopping transactions. 

Digitization has been found to gain momentum as a result of pandemic situation and an 

increase in such interactions is evident. This shift, as per the researcher, needs to be 

understood to comprehend an overall larger movement in the direction of sustainable 

fashion practices and consumption. (Tzavella, 2020)  

ñImproving Society and the Planet: Sustainability and Fashion Post-Pandemicò looks 

at the effect of COVID-19 on the fashion consumer behaviour and their sustainability 

drive. According to the report, the pandemic may be a driving force towards a cultural 

movement for sustainable consumption. The study highlights the difficulties in making 

the shift to sustainable consumer practices by identifying discrepancies between stated 

sustainable behaviours and real purchase patterns using qualitative analysis from 

consumer surveys. The study also examines the impact that positive psychology plays 

in promoting sustainable decisions. It makes an argument that using positive messaging 

in marketing campaigns could encourage long-term shifts in consumer behaviour 

toward more environment friendly fashion practices and suggests a rising consensus 

towards implementing sustainable fashion practices. (Strübel et al., 2023) 

A closer examination of consumer attitudes has been found documented in the study 

"Slow Fashion Trends: Are Consumers Willing to Change Their Shopping Behaviour 

to Become More Sustainable?". The study explores the phenomenon of slow fashion in 
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greater detail and evaluates how ready consumers are to change their purchasing habits 

to be more environmentally friendly. It highlights the fashion industry's substantial 

environmental impact and talks about how slow fashion emerged in response to 

consumer demand for more ethical and sustainable business methods. The 

study investigates the inclination of consumers towards slow fashion, emphasizing the 

obstacles and prospects that enterprises face when they try to conform to sustainable 

principles. This study provides insights about how the market for sustainable fashion is 

emerging due to the change in customer views toward slow fashion and their 

willingness to change their buying habits. Increasing number of people are of the view 

that slowing down of the fashion cycles and the entire system is very important to 

prevent the degradation of the environment and public health. This study helps highlight 

the pros of ñslow fashion movementò to the fashion companies and manufacturers so 

that they adapt to the factors that matter to the consumers. The increasing value of 

sustainability and awareness of environmental impact in consumers' eyes leads to 

nature-friendly companies being able to charge more to meet the increased production 

cost of their products (Castro-López et al., 2021).  

Major consumers of the fashion industry belong to Gen Z and Millennials i.e. people 

born between 1981 and 2012. Millennials (Gen Y) are the group of people who were 

raised during the time of rapid technological advancements under process and cultural 

shifts. Known to have concerns about social and environmental issues, they possess the 

capacity to shape consumer trends and drive cultural conversations. Gen Z being 

diverse in nature, received exposure to technology in early stages of life. They are 

known for being broadminded in social values and conscious towards environment and 

social issues. A study on perceptions and motivations of Generation Z and Millennial 

regarding purchase of sustainable clothing indicated that while having some 

preferences specific to their respective generations, both generations highly prioritize 

their purchases being environmentally sustainable and socially responsible. Regarding 

the differences in preferences, the study found that while Gen Z seek novelty in their 

fashion statement the Millennials seek affordability and reducing waste. Gen Z was 

found to be more concerned with the increasing carbon footprint due to the current 

practices, on the other hand Millennials cared more about the climate change (Manley 

et al., 2023). Despite differences, both ultimately support a notion for shift in demand 

towards sustainability in clothing. 
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In similar context, the study ñConsumer Perception on Sustainable Clothing Among 

Indiansò has been undertaken to study about the knowledge and buying behavior of 

Indian population towards sustainability in clothing. The survey was conducted in 

Chennai and Bangalore covering 460 respondents. The findings indicate significant 

impact on knowledge, attitude and perception on purchasing decisions. (Tryphena & 

Aram, 2023) 

At global level, organisations involving representations form multiple countries are 

taking initiatives towards increasing awareness and action within the fashion industry 

towards reducing environmental impacts and fostering ethical labor practices. As the 

clothing, textile, fashion industry faces criticism for its role in carbon emissions, water 

pollution, and waste, alongside the dire working conditions often found in textile 

manufacturing, global organisations such as UN Alliance for Sustainable Fashion and 

the Fashion Industry Charter for Climate Action represent willingness, concrete efforts 

and action in order tackle these issues, promoting a shift towards more sustainable and 

health-conscious practices, including the use of natural and herbal dyes. These efforts 

highlight a growing commitment to sustainability that not only addresses environmental 

concerns but also prioritizes health and safety, marking a significant transition in how 

clothing is produced and valued. (Environmental Sustainability in the Fashion Industry 

ï Geneva Environment Network, n.d.) 

The above reviewed studies are evidence of growing awareness and shift towards 

sustainability. The notion is pushed forward by the changes in mindset of consumer 

induced by the COVID pandemic. Factors such as digital marketing and awareness 

campaigns, role of younger generations, global connectivity are promoting alignment 

of production and consumption with environmental requirements towards a sustainable 

future. 

2.3.2. Natural, Health focused Herbal Dyes 

It is hard to imagine life without colors. In context of textiles, dyes are responsible for 

imparting colors onto them. Due to the heightened awareness towards fashion industry 

pollution and toxic effects of synthetic dyes which are predominantly used in present 

times for textile coloration, a demand for environment friendly and health safe, non-

toxic natural dyes is witnessing an upsurge. Natural dyes are being looked upon as a 
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sustainable solution which provide added benefits which fall under functional category 

like UV protection, antimicrobial activity along with skin healing nature. These dyes 

are categorized into 3 types on the basis of their source within the environment- Plant, 

Animal and Mineral. Mineral Dyes are found to be poisonous and so are limited for 

use. (Chungkrang & Bhuyan, 2020) 

Moving on to plants and animals as sources of dyes, plant sources and more precisely 

herbs, are of particular interest for use as textile dyes because they impart medicinal 

properties to textiles. (Baid,Arun M., 2004) 

In India, herbal dyed clothing is referred to as ñAyurvastraò ï a word native to Sanskrit 

language which means ñLife Clothò. It is claimed to be more than 5000 years old 

practice designed for overall wellbeing of the wearer. Mentioning the ability of skin to 

absorb some part of whatever comes in contact with it, the researchers (Jyothirmai S & 

Sasmita Panda, 2016) explain healing mechanism of herbal dyed clothing by slow 

release of medicinal qualities of herbs with which the organic fabric is dyes. Apart from 

general wellbeing, herbs and their tailored combinations as per requirements for 

treatment of disorders and diseases are prepared by institutions providing ayurvedic 

treatment facilities. Several herbs along with the medicinal qualities that they infuse 

into the fabric in the process of dyeing have been found enlisted. Positive results, 

especially for skin ailments have been obtained on clinical trials conducted regarding 

efficacy of these textiles. Some drawbacks such as low colour fastness, requirement for 

special care in laundry, slow results and complexity of manufacturing process have been 

found mentioned.  

In tune to the results regarding the origin, use, raw material, and mechanism of action 

of herbal dyed fabrics (Minocheherhomji & Solanki, 2015) add the sources of dyes as 

bark, leaves, stem, roots, and parts of seed or whole seed of the plants. Colourfastness 

to sweat is another issue reported by them which affects the aesthetics of the clothing 

item.  

Anupama Mishra & Sapna Gautam (2020) studied the "Application of Natural Dyes for 

Herbal Textiles". Their study is a comprehensive overview of the integration of natural 

dyes and herbal finishes in the textile industry. Historical background, current 

applications, and future potential of herbal textiles have been discussed highlighting the 

noteworthy role they play in upholding sustainable fashion practices. This study sheds 
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light on the positive health impacts of wearing herbal dyed fabrics. Benefits stem from 

the respective herb that is used to dye the fabric. Role of herbal textiles in managing 

and alleviating various health conditions such as skin allergies, breathing problems, 

sleeping disorders, and blood pressure issues have been mentioned. Addressing herbal 

textiles as óSecond Skinô, the study suggests herbal dyed textiles possess the capacity 

to enhance skinôs ability to block toxins from penetrating inside which is a protective 

quality contributing to betterment in generalised health status. In short, health centric 

applications and benefits of herbal textiles have been studied and documented 

advocating a need and importance of research and innovation in this particular field.  

Similarly, Dr. Kanchan Bala and Dr. Alankruta R. Dave (2019), explored the benefits 

of traditional Ayurvedic practices and herbal treatments on skin health in their study 

"Role of Ayurveda in Skin Health". The study emphasized on the use of over 200 herbs, 

minerals, and fats as part of holistic approach followed by Ayurvedic system for the 

purpose of skin care. The resultant is not only limited to aesthetics but extends up to 

overall wellbeing of the body. Incorporating traditional knowledge into current day 

purposes and products can be a suitable and sustainable alternative to chemical-based 

products. A potential regarding innovation for sustainable and health centric textile 

dyeing has also been highlighted. (Bala & Dave, 2019) 

Common sources of natural dye are turmeric, neem, onion, aloe vera, beetroot and 

pomegranate (Kumar et al., 2021). Considering particularly health focused dyeing of 

fabrics- Neem, Indigo, Myrobalam, Sea Salt, Pomegranate, Madder (Majishtha), 

Jaggery, Cow Urine, Alum, Laal Kashish (Google Patents- US Patent, 2009), Brajil 

Wood, Catechu, Castor Oil, Turmeric (Jyothirmai S & Sasmita Panda, 2016), Harad, 

Golden Champa, Guar Gum, Marigold, Onion (Minocheherhomji & Solanki, 2015), 

Eucalyptus, Annatto, Weld, Woad (Santiago et al., 2023) have been found to be 

mentioned as sources of dyes.  

The study "Ethnomedicinal Plants Used for Wound Healing and Dermatological 

Problems in the North-Eastern Hill Region of India" has been conducted focusing on 

26 plant species from various families used by the local tribes of Nagaland, India, for 

their healing properties. These plants have been mentioned to be used for various 

conditions like soreness in skin, inflammation, wound healing and diseases of the 

urinary tract, tumours, diabetes, parasite infection, rheumatism and stomach related 
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problems. The study is a revival of indigenous knowledge for healthcare and reflects a 

potential for health benefits to individuals opting for natural remedies in textiles dyed 

with these medicinal plants. (DAS et al., 2022) 

After going through extensive literature available on the effects of different herbs, 

Madder (Rubia Cordifolia) and Pomegranate (Punica Granatum) were chosen for the 

development of clothing for Diabetic population. A focused discussion on the attributes 

and advantages of these two has been presented below followed by the reasons for their 

selection for the present study. 

Madder (Rubia Cordifolia) 

Study titled ñPhytochemical Characterization, Antioxidant and Anti-Proliferative 

Properties of Rubia cordifolia L. Extracts Prepared with Improved Extraction 

Conditionsò by Humbare et al. (2022) opens possibilities for Madder to be used for 

textiles in line with sustainability and health centric approach for textiles. This study as 

an investigation particularly into the anti-cancer properties, brings into light the anti-

oxidant properties of extracts obtained from this plant (maximum in root part). It  

highlights importance of methods of extraction and use of solvent affecting the efficacy 

of dyes obtained. Rubia Cordifolia, mentioned as common madder, is a plant rich in 

secondary metabolites- Pseudopurpurin and Morindaparvin A possessing significant 

medicinal value, particularly as an antioxidant and anti-proliferative agent. 

Identification of these compounds have been done through UPLC-UV-MS analysis. 

Pseudopurpurin found in the roots of madder plant is known for red colour which makes 

a good option for textile dyeing. Morindaparvin A possesses antileukemic properties 

suggesting that the extracts obtained from madder root could carry medicinal properties 

with it.  

ñA Review on Indian Madder as a Useful Herb" provides valuable information on the 

medicinal properties of Indian Madder (Manjishtha). It provides details about its use in 

Ayurvedic medicine. The review highlights the diverse uses of Indian Madder in 

skincare and various other aspects of human health. Manjishtha is found in hilly areas 

near water bodies. In ayurveda it is known to improve skin quality, treat acne, pimples, 

freckles, discoloration, and address pitta dosha imbalances. It is also known for its 

beneficial effects on the healing of wounds. The therapeutic properties of Indian 

Madder are well-recognized for its anti-inflammatory, antimicrobial, anti-aging, anti-
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acne, anti-diabetic, and anti-mutagenic effects. (Dudhe et al., 2023)  Textiles dyed with 

Indian Madder may transfer these benefits to the wearer offering aesthetic value along 

with potential therapeutic effects due to these applications being highlighted. These 

features make Indian madder a promising option for use in herbal dyed textiles which 

can contribute towards healthier skin conditions and potentially aid treatment of various 

skin diseases.  

Schmidt-PrzewoŦna et al. (2018) studied about ñNatural and safe dyeing of curing 

clothing intended for patients with dermatosesò using clothes dyed with extracts from 

herbs. This study, carried out by a research team from the Institute of Natural Fibers 

and Medicinal Plants in partnership with Marko-Kolor Co. and the University of 

Technology Ğ·dŦ, investigates the fusion of traditional dyeing methods with 

contemporary health and environmental requirements. The herbs examined in this 

research include French Marigold, Madder, Weld, Dyerôs Greenweed, Dyerôs 

Camomile, Dyer's coreopsis, Coreopsis, Woad and Indigo. According to the research 

findings, samples colored with Madder showed excellent resistance to fading when 

exposed to light. In addition, tests for antibacterial properties on fabrics dyed with 

Madder indicated decreased bacteria activity. Fabrics treated with plant extracts 

displayed positive effects on damaged skin, indicating potential healing properties 

associated with naturally dyed fabrics. A study involving women affected by skin 

disorders demonstrated enhancements in their skin conditions - including improved 

moisture levels and texture, as well as significantly reduced skin lesions - after wearing 

clothing dyed using natural extracts. This suggests that patients experienced positive 

effects from wearing garments colored with organic dyes, possibly including those dyed 

with Madder, based on its significance in the research. 

The study "Bioactive and Multifunctional Textile Using Plant-based Madder Dye: 

Characterization of UV Protection Ability and Antibacterial Activity" explores madder 

dye for its colour effect, durability, UV protective activity and antibacterial properties. 

Polyester fabric has been used for this study for dyeing and experimentation. Major 

findings of the study which hold special relevance for the present study are as follows. 

Regarding Color Performance and Durability: Madder dye was discovered to produce 

a bold yellow/orange hue on polyester fabric. Tests revealed good colour fastness to 
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strong resistance against light exposure, as well as outstanding resilience to washing 

and rubbing. Colour and durability of dyed fabric was concluded as óGoodô 

Regarding UV Protection Enhancement: The madder dyed has been noted to improve 

UV protection action of the textile when used at a concentration of 3% by weight. This 

provides added advantage in addition to health benefits that the dye provides. 

Regarding Antibacterial Activity: Sample dyed with madder dye demonstrated 

significant antibacterial activity of 86% against both Staphylococcus aureus and 

Escherichia coli as compared to sample not dyed with madder dye. This is an evidence 

of medicinal properties of madder dyed fabric. 

These findings present madder as strong, naturally sourced material for enhancing the 

functional qualities of fabrics. The results open new avenues for development of 

sustainable and biologically active textiles.(Agnhage et al., 2017) 

Santiago et al. (2023) studied ñChromatic and Medicinal Properties of Six Natural 

Textile Dyes: A Review of Eucalyptus, Weld, Madder, Annatto, Indigo and Weldò. They 

mention dye derived from the madder plant to be well-known for its strong antibacterial 

characteristics, which are considerably amplified when mordants and bio-mordants are 

utilized. These agents aid in the stronger fixation of dyes onto textile fibers, thereby 

amplifying the dyed fabric's antibacterial activity. Study suggests antibacterial activity 

of madder dye to be an outcome of release of alizarin (found in madder) which disrupts 

the bacterial cell wall, endowing madder-dyed fabric with distinct antibacterial 

qualities. The efficacy of these properties is further attributed to the anthraquinone 

structure of the madder dye, which can interact with bacterial proteins, inhibiting their 

functions and leading to increased bacterial reduction which increases proportionately 

with dye concentrations. Beyond its antibacterial prowess, madder dye is also 

recognized for providing UV protection, showcasing its multifaceted utility. 

Furthermore, madder dye exhibits antioxidant and anti-wrinkle properties, making it an 

invaluable asset not only for its coloration capabilities but also for its contribution to 

fabric functionalities that promote health and longevity. This combination of properties 

underscores madder dye's significant role in creating textiles that are not only 

aesthetically pleasing but also beneficial for well-being and skin health. 
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Pomegranate (Punica granatum) 

The study "Pomegranate Peel Phytochemistry, Pharmacological Properties, Methods of 

Extraction, and Its Application: A Comprehensive Review" by Singh et al. (2023) 

focuses on multiple benefits of pomegranate peel observed throughout the human body.  

Traditionally being considered as a waste, is now being looked upon as a treasure trove 

of bioactive compounds. It contains bioactive compounds namely, gallic acid, ellagic 

acid, punicalagin, and other phytochemicals. These bioactive compounds are 

responsible for its antioxidant, anti-inflammatory, cardioprotective, anticancer, and 

antimicrobial properties. The potential of pomegranate peel in improving health and 

effective wound healing has also been explored. Pomegranate peel has been mentioned 

to contain polyphenols and flavonoids which impart wound healing properties through 

its topical application.   

Karim et al. (2021) conducted experiments on diabetic rats to study the difference 

created by pomegranate peel extract (in form of gel) in wound healing (wound in full 

thickness of skin). Experiment group was applied pomegranate peel extracts on their 

wounds while control group was not. The experiment continued for 21 days and the 

experiment group displayed better wound contraction, collagen production and wound 

healing as compared to the control group. Bioactive compounds were noted for the 

results in favour pomegranate peel extract. This experimentally established 

pomegranate peel for promoting wound healing. 

Saeed et al. (2018) found pomegranate to possess strong antioxidant properties which 

are majorly responsible for its function in reducing oxidative stress. Findings of this 

study also include anti-inflammatory, antimicrobial properties which share similarity to 

the findings of previous study. Improved lipid metabolism, immunity boosting action 

for overall health has been mentioned in addition. 

"Pomegranate Peel as a Source of Bioactive Compounds: A Mini Review on Their 

Physiological Functions" by Mo et al. explores the bioactive components of 

pomegranate peel and their broad physiological effects, highlighting the peel's potential 

as a functional ingredient due to its rich polyphenolic content, including tannins, 

flavonoids, and phenolic acids. Moving a step ahead towards explanation of its 

bioactivity, the study explains that pomegranate peel's high polyphenolic content works 

as a scavenger for free radicals and reduces oxidative stress biomarkers, thereby 
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offering protection against oxidative damage. Oxidative stress is a phenomenon 

responsible for visible ageing of the skin forming wrinkles, loss of elasticity. It has also 

been noted that anti-inflammatory effects of pomegranate peel extracts, which can 

significantly reduce inflammatory markers in the body. The antibacterial properties 

have been mentioned which are similar to that mentioned by Saeed et al. (2018). 

Experimenting with different extraction solvents, pomegranate peel was found to 

exhibit antibacterial and antioxidant properties by Malviya et al. (2014) also. 

To study the working mechanism of pomegranate rind extracts in modulation of the 

inflammation pathway, particularly looking at the expression of cyclooxygenase-2 

(COX-2), a key enzyme in the inflammatory process, in simple words, studying the 

action of pomegranate rind extract in inflammation reducing process, Houston et al. 

(2017) studied "Anti-inflammatory activity of Punica granatum L. (Pomegranate) rind 

extracts applied topically to ex vivo skin". The study is an experiment on porcine skin 

in out of the body conditions. The researchers observed that application of pomegranate 

rind extract significantly on experimental skin demonstrated anti-inflammatory activity. 

This effect was observed in 6 hours after application and maintained up to 24 hours. 

The study confirmed about skin penetration capabilities of punicalagin (the major 

polyphenolic component of pomegranate rind extract), indicating that the anti-

inflammatory effects are due to the direct action of pomegranate phytochemicals within 

the skin. Through this experiment, the capability of pomegranate rind extract to 

penetrate the skin and show anti inflammatory activity becomes evident which supports 

its topical use. 

Another study presents the observed effects of pomegranate seed oil extract (PSOE) 

and cosmetic cream on neurologically mediated skin inflammation in both animals and 

humans. The study noted reduction in inflammatory biomarkers in rats. Human subjects 

who participated in the study also displayed significant decline in inflammation, 

presenting pomegranate as an effective anti-inflammatory agent. Chemical studies 

confirmed the presence of anti-inflammatory, antioxidant, and other health-promoting 

constituents (Hamouda & Felemban, 2023) 

Batista Da Silva et al. (2023) studied "Pomegranate (Punica Granatum L) and Wound 

Healing: A Review of Experimental Studies" to study pomegranate and its effects in the 

area of wound healing. Researchers have examined existing research that explores the 



36 

 

use of pomegranate for treating skin wounds using different experimental approaches. 

The paper discusses the mechanisms by which pomegranate works for healing, as well 

as the obstacles and prospects for future investigation in this area. Explanation of 

wound healing activity, decreasing bacterial load and the role of polyphenols, 

flavonoids, and tannins in decreasing oxidative stress, inflammation, and infection 

similar to that as mentioned by Mo et al. (2022). Studies on animals have shown that 

pomegranate extract accelerates wound healing processes by closure, re-

epithelialization, collagen formation while reducing inflammation and bacterial 

presence in different types of wounds.  

Below are the studies that have focused on investigating UV protective action of 

Pomegranate and its extracts. 

The study "Protective Effects of Standardized Pomegranate (Punica granatum L.) 

Polyphenolic Extract in Ultraviolet-Irradiated Human Skin Fibroblasts" is a probe into 

the photoprotective properties of pomegranate polyphenolic extract (PE) against UV-

induced damage in human skin fibroblasts. Pomegranate is examined for its potential 

to protect from UV radiation effects, including cell death, oxidative stress, and 

inflammation. The extract was uses by the researchers and cell culture experiments 

were performed to study different characteristics on skin fibroblast cells. To study UV 

protective action, cells were exposed to UV and their decrease (death) was noted for 

measuring the protection. It has been noted that pomegranate extract treated cells 

showed less reduction in number confirming the UV protective action. When compared 

between UV- A and B, protection was more effective against UV- B. Reactive oxygen 

species generated as a result of exposure to UV light was also found to have decreased. 

(Lisbeth et al., 2008) 

The research study "Pomegranate as a Cosmeceutical Source: Pomegranate Fractions 

Promote Proliferation and Procollagen Synthesis and Inhibit Matrix Metalloproteinase-

1 Production in Human Skin Cells" aims to utilize the potential of pomegranate for skin 

rejuvenation and anti-aging. Pomegranate seed oil has been observed to promote the 

growth of epidermal keratinocytes, which could aid in thickening and repairing the 

outer layer of skin. Additionally, extracts from pomegranate peel have demonstrated an 

ability to encourage the production of type I procollagen and reduce MMP-1 secretion 

by dermal fibroblasts, thereby supporting the regeneration of the inner layers of skin. 
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The research emphasizes the distinctive impacts of pomegranate constituents on various 

layers of the skin, demonstrating that seed oil supports the regeneration of the outer 

layer while peel extracts assist in repairing the inner layer. The distinct impacts of 

various parts of the pomegranate on the outer and inner layers of the skin create new 

possibilities for specific therapies to address sun-damaged or aging skin. (Aslam et al., 

2006) 

Both studies provide valuable insights into the use of skincare products derived from 

pomegranate, focusing on UV protection and skin repair mechanisms. Lisbeth et al. 

focus on the protective effects of pomegranate polyphenolics against UV-induced 

damage, while Aslam et al. delve into a wide range of applications for pomegranate in 

promoting skin cell growth and procollagen synthesis, as well as inhibiting MMP-1 

production. These studies collectively emphasize the potential of pomegranate as a 

natural and effective ingredient in dermatological and cosmeceutical products that aim 

to improve skin protection and rejuvenation. 

The third study is to explore "Protective Effect of Pomegranate Derived Products on 

UVB-mediated Damage in Human Reconstituted Skin". This research takes into 

consideration- pomegranate juice, extract and oil. The effects of pomegranate-derived 

products (POMx juice, POMx extract, and pomegranate oil) has been studied on human 

reconstituted skin model (EpiDermÊ FT-200) which is a lab made three-dimensional 

model similar to human skin.  The aim has been to assess these products' efficacy in 

inhibiting UVB-induced markers of DNA damage, protein oxidation, and photoaging. 

The products were applied in specific concentrations and allowed to interact with the 

skin for 1 hour before exposure to UVB radiation, simulating a protective dermal 

application scenario. Treatment with pomegranate-derived products significantly 

reduced the biomarkers of DNA damage and photoaging. Furthermore, these treatments 

also Sharing similarity with the findings of (Lisbeth et al., 2008) , this study also 

highlights the potential of pomegranate-derived products in protecting human skin 

against UVB-induced damage through their antioxidative properties. (Afaq et al., 2009) 

These studies are evidence of positive health benefits of application of pomegranate on 

human skin. The efficacy of pomegranate extract also indicates of the potential of these 

effects being carried on to textiles on dyeing them using the extracts derived.  



38 

 

The article "Extraction of Natural Dye Pomegranate Rind and Its Fastness Properties" 

mentions a high concentration of antioxidants in pomegranates compared to green tea, 

suggesting potential health advantages. Laleitha (2020) employed an aqueous 

extraction method to extract dye from pomegranate peel, with ferrous sulphate, copper 

sulphate, and oxalic acid used as mordants to enhance the dyeing process using pre- 

and post-mordanting techniques. The evaluation of dyed fabrics included assessments 

for wash fastness, light fastness, and rubbing fastness similar to previous research in 

order to determine the durability and quality of the dyed fabric. The utilization of 

different mordants impacts both coloration and fastness properties of the dyed fabric. 

The article "Natural Dye constituents from rind of Punica granatum and its application 

on Pashmina fabrics" explores the use of natural dyes obtained from pomegranate rind 

in dyeing Cashmere wool. The research showcases positive dyeing characteristics, 

resulting in a variety of colors and demonstrating strong colorfastness on the fabric. 

The described method for dyeing Pashmina fabric with extracts from pomegranate rind 

presents an economically feasible, environmentally friendly approach to textile dyeing, 

focusing on upcycling waste and promoting sustainable natural dyeing methods. (Lal 

et al., 2011) 

A study on "Cotton Dyeing with Natural Dye Extracted from Pomegranate (Punica 

granatum) Peel" explores the process and effectiveness of using pomegranate peel as a 

natural dye source for cotton fabric. Pomegranate peel was chosen due to its widespread 

availability and the presence of granatonine, an alkaloid responsible for the dye's color. 

Various tests were conducted on the dyed fabrics to evaluate their durability and dye 

quality, which included assessments of light, wash, and rub fastness. The results 

revealed that the mordanting process had differing effects on the achieved levels of 

fastness properties. An analysis was also performed to examine the expenses associated 

with producing pomegranate peel dye, highlighting its economic feasibility in 

comparison to synthetic dyes available in nearby markets. This research is driven by a 

growing preference for environmentally friendly dyeing techniques given concerns 

about harmful properties linked to synthetic dyes. (Kulkarni SS et al., 2011) 

The study titled "Evaluation of colourfastness properties of cotton fabric dyed with 

pomegranate rind extract dye" by (Borah et al., 2023) explores the use of natural dyes 

derived from pomegranate rind for dyeing cotton fabric. The research employed 
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pomegranate peel, which makes up approximately 60% of the fruit's weight. The peel 

underwent cleaning, sun-drying, and grinding to prepare it for further extraction of the 

dye. Mordants like alum, myrobalan, and banana pseudo stem were used to improve 

the dye's ability to bond with cotton fabrics and create various shades of dye that last 

for different lengths of time. The resultant dyed fabric was tested for colorfastness to 

sun, laundering, crocking, ironing conditions both wet and dry. Outcomes of the tests 

revealed colorfastness to be good with apparently no staining. Mordant use improved 

color penetration and adherence to fabric effectively for achieving desired dyed textile. 

The research "Analysis of the Coloring and Antibacterial Effects of Natural Dye: 

Pomegranate Peel" investigates a sustainable method for textile finishing using 

pomegranate peel extract as a natural dye on polyamide fabrics. Pomegranate is known 

for its high concentration of phenolic and flavonoid compounds, as already mentioned 

earlier, which not only provide health benefits but also offer colors in textile dyeing. 

Researchers have used pomegranate peel extract as a dye for polyamide fabrics, 

resulting in a variety of yellow and brown shades. The colored textiles showed strong 

to exceptional resistance to rubbing and washing, and moderate to strong resistance to 

light. Moreover, the dyed fabrics displayed effective antibacterial performance against 

the bacteria testing, suggesting potential for developing textiles with enhanced health 

properties. The antibacterial effectiveness was evaluated against two types of bacteria: 

Escherichia coli and Staphylococcus aureus. The dyed fabrics displayed a significant 

decrease in bacterial proliferation, demonstrating strong antibacterial capability against 

the tested bacterial strains; however, there is also observed variability in the 

antibacterial potency of the dyed fabrics between the two bacterial strains. E. coli 

showed a greater reduction rate compared to S. aureus, indicating varying levels of 

antibacterial effectiveness against different bacteria for the dyed fabrics. Additionally, 

the choice of mordant also appears to affect dyeability, wash fastness and antibacterial 

properties. The research findings suggest that polyamide textiles colored with 

pomegranate peel extract display significant antibacterial effects, possibly due to the 

presence of natural compounds like phenolics and flavonoids in the pomegranate peel. 

(Bouaziz et al., 2021) 

After going through this literature about Madder and Pomegranate and transfer of these 

qualities to textiles dyed with their extracts, a combination of these two herbs has been 
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finalized to be used for textile dyeing for the development of clothing for insulin 

dependent diabetic population for the following reasons: - 

1. People with diabetes are at greater risk of infections and sensitivity- Both 

Madder (Majistha) and Pomegranate have been found to possess antimicrobial 

and skin healing qualities. 

2. Both have skin healing and anti-inflammatory effects- This is of particular 

importance to diabetic personôs skin which is known to undergo healing at a 

relatively slow pace. Madder promotes skin regeneration and pomegranate has 

been mentioned in the literature surveyed for diabetic wound healing. 

3. Both are rich in antioxidants which have been proven useful for protection 

from skin damage from environmental causes. Pomegranate has been 

mentioned to relieve oxidative stress and pre mature ageing which can 

specially benefit the skin of the target population of this study. 

4. Moisturization and Skin Tone Improvement- Diabetic skin can often become 

dry; majistha and pomegranate provides deep moisturization and improves 

skin quality. Additionally, Manjistha helps in evening out the skin tone, 

addressing issues like pigmentation that can sometimes occur with diabetic 

skin. 

5. Majistha aids detoxification, promoting healthy skin which becomes essential 

as diabetic population often experiences skin related issues. 

When combined, Manjistha and Pomegranate can work together to provide therapeutic, 

defensive, and revitalizing characteristics that target the particular needs of diabetic 

skin care. They support the preservation of skin health, facilitate recovery, and provide 

crucial antioxidant defense for the delicate skin of individuals with diabetes. 

2.4. Advancement in Clothing 

Clothing has been a medium to portray culture and express ourselves, not being limited 

to providing protection from the external environment but also to display individual 

identity and conform to social norms. Over centuries, clothing has evolved under the 

influence of a range of factors including technology advances, changing fashion trends, 

shifts in cultural values and lifestyle requirements. Today, as we stand on an intersecting 

path of tradition and innovation, the overall approach of clothing is undergoing 
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transformations. This is fueled by the age of technology and the digital world, where 

technology is integrating into daily life seamlessly and also persistently. It falls within 

this context that we are witnessing smart clothing as an emergence of evolution in 

apparel. This has initiated a massive change in the landscape of fashion, clothing and 

textiles. This new emerging domain is a joint venture of engineering, electronics, 

fashion design and communication technology where clothing rises above its traditional 

role of providing protection and aesthetics to incorporate advanced functionality and 

interactivity.  

2.4.1. Technology Integration 

Smart clothing, emerging as a focal point in this movement where technology meets 

clothing, includes in it advanced materials and electronic components to result in a 

garment that not just caters to style and aesthetic needs but also extends to facilitate the 

wearers daily life with advanced functionalities, playing a participating role. As 

mentioned, such garments are interactive. They interact with the environment and usersô 

body and prove as an interface between the two. Features like health monitoring, fitness 

tracking, adaptation to environment conditions, personal safety and self-defense, daily 

life assistance etc. are provided depending upon the purpose for which garment is 

manufactured and the intended use. Such kind of clothing reflects a broader shift in 

trend from generalized to more personalized, efficient, convenient, connected and 

technology integrated clothing. As this field undergoes consistent expansions, it 

redefines the way we interact with our environment and our relationship with what we 

wear.  

"Towards The Internet of Smart Clothing: A Review on IoT Wearables and Garments 

for Creating Intelligent Connected E-Textiles" by Fern§ndez-Caram®s & Fraga-Lamas 

(2018) presents the journey of smart clothing from the very beginning till its current 

state, emphasizing the role of communication technologies and IoT in transforming 

garments into intelligent e-textiles capable of communication and interaction with the 

wearer and digital world.  

Main components of smart clothing as mentioned by the authors are-  

¶ Controlling Unit ï CPUs, Application Specific Integrated Circuits, 

Microcontrollers, most popular wearable microcontrollers in Do-it-yourself 

category are Adafruit Gemma. Others are Adafruit flora, Arduino Lilypad, etc.  
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¶ Actuatorsï Light indicators, sound emitters, Heating and Cooling, Vibration.  

¶ Sensors - Motion sensors, Position sensors, Pressure sensors, Temperature sensors, 

Location sensors, Vitals sensors- ECG, Heart rate, blood oxygen etc. Tactile 

sensors, Photo sensors, UV sensors, Audio sensors.  

¶ Communication module - To transmit data to the storage device/ server/ connected 

device - Near field communication, RFID, Bluetooth Low Energy, Wi-Fi, 

communication over internet protocol 2G/3G/4G, Low Range WAN, Ultrasound, 

Infrared, etc.  

¶ Power Source- Depends on power consumption by other subsystems of the smart 

garment, may be rechargeable or replaceable - Examples are- Button Type Batteries 

for low energy requirement, AAA or AA batteries for medium energy requirement 

but it is less suitable for clothing purpose, Lithium- Ion batteries for high 

consumption- these are commonly found in laptops and smartphones  

but recent developments in this sector have made it possible to be used in smaller 

size, light weight circuits.  

¶ Data Storage Units ï Data collected by controlling unit is transmitted through the 

communication module to a processing cum storage systems, popularly our 

smartphones in todayôs time. Remote storage systems like cloud are also used 

frequently for data storage.  

¶ Display Units- It is not a necessary component. The garment is connected with a 

smartphone in most cases where the display system is already available but if there 

is no such device being used, depending upon the case, a display system, commonly 

a digital screen has to be used in the smart garment but it increases power 

consumption.  

Identifying the ñcommunication architectureò as óKey Componentô, which may be 

either wireless technology or conductive fabrics for interconnecting various subsystems 

within a garment or a combination of the two, the researchers hold it in utmost 

importance for ensuring the reliability, washability, and comfort of smart clothing. 

Decision of the method of communication is crucial for the development of functional 

and user-friendly smart garments. A ñtypical IoT architectureò for transfer of data, 

processing, data storage and facilitating remote access of data has been mentioned. A 

detailed diagram of the structure of smart clothing based on this study has been 

presented on the next page. Areas of present and potential application of smart clothing 
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includes defence, public safety, and environmental interaction along with fitness and 

health monitoring. The study puts forward some challenges like integrating electronic 

parts while maintaining comfort at the same time, maintenance and garment life, data 

security and the further development in this field have been expected to overcome these 

issues to increase acceptability. 
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Figure 2:   Components of A Smart Clothing System
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A study on "Applications of Smart Clothing: A Brief Overview" by Jiang et al. (2021) 

looks onto smart clothing as an emerging area, marking its development from a 

concentrated topic to a growing industry with potential for enormous expansion. 

Analysis of the integration of electronics in clothing has been done demonstrating a 

remarkable shift towards clothing item aimed towards improving daily life. Progress in 

the field of technology has been identified and studied as a precursor for development 

of smart clothing systems for varied of uses including healthcare and improving athletic 

performance. Noting the growth of smart clothing concept from experiments to 

industrial product, this study suggests unparallel growth propelled by healthcare and 

sports applications. It has been categorized on the basis of intelligence level. First 

category comprises of the garments with basic smart properties like stain resistance and 

the second category takes into it the garments which have integrated electronic 

microsystems and smart functions. Information has been provided about the materials 

and technologies employed, including conductive yarns and sensors, which are integral 

to the functionality of smart garments. Coming towards applications of such clothing, 

the findings share some similarity with the previous study mentioning, workwear, 

military use, fashion have been mentioned other than healthcare and sports which are 

leading the list. Each sector of application reveals unique opportunities to enhance 

productivity, efficiency, safety and convenience. Along with the potentials and 

prospects in the area of smart clothing, the study reports same problems as Fernández-

Caramés & Fraga-Lamas (2018). Jiang et al. present smart clothing as an active 

participant in enhancing the quality of life. 

Chen et al. outline several technology components integral to the design, functionality, 

and implementation for the development of smart garments for health monitoring 

purpose. The components work in synchronization with each other to gather, process 

and transfer data ensuring comfort and utility for the wearer. Smart clothing makes use 

of textile fabrics embedded with various microsensors to collect physiological signals 

from the human body. These sensors are capable of measuring vital signs such as heart 

rate, body temperature, electrocardiography (ECG), and electroencephalography (EEG) 

signals. These are connected with other electronics components within the smart 

clothing using flexible wires which are sewn along the clothing's edges or embedded 

within the fabric, providing a medium for conduction of electrical signals while keeping 

garment's flexibility and comfort undisturbed. Data processing unit or module is 
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responsible for collecting data from all sensors embedded in the clothing. It also 

performs preprocessing of signals to filter out noise and convert them into a format 

suitable for analysis and transmission. It acts as the brain of smart clothing. Data 

collected is transmitted to a smartphone or cloud server for further analysis. The storage 

module within smart clothing temporarily holds this data, making sure that no critical 

health information is lost during periods of communication disruption. For data 

transmission to an external connected device or server, low powered wireless 

communication technologies such as Bluetooth or Wi-Fi is employed. For  power 

requirements, a small and lightweight battery is integrated into the garment. This 

battery must be engineered to be energy-efficient, supporting the continuous operation 

of sensors and communication modules without frequent recharging. An essential 

aspect of smart clothing mentioned by the researchers is its washability, which can be 

achieved through the design of removable electronic components or making them 

waterproof. Before washing non-waterproof components like batteries, data processing 

modules, and communication modules can be detached to ensure easy maintenance.  

2.4.2. Communication and Technology in Clothing for Health and Daily 

Life     Assistance  

The introduction, basic structure, variety of real-life applications, benefits and 

drawbacks of technologically advanced (smart) clothing have been reviewed in 

previous section. This section comprises of a review of studies/ attempts directed 

towards development and application of such type of clothing particularly for health 

care and daily life assistance. The objective is to gain information about the use of 

communication and technology components for diverse health related purposes and its 

real-world functioning. Data has been reviewed from both academic and commercial 

information providing platforms. 

Lin et al. (2018) prepared a health care and monitoring system for elderly people using 

smart clothing. The system incorporates ECG and Heart Rate sensors connected 

wirelessly with a smartphone and synchronized with cloud servers for remote data 

access by care institutions. This setup provides total 8 services ï monitoring heart 

activity, important life surveillance, physiological activity tracking, tracking of field of 

activity, features that protect against being lost, detection of fall of the wearer, 

emergency calling in case of help required, identifying device wearing status and 
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alarming for recharging. Its functional efficiency and effectivity have been tested 

through practical use trail in an elderly care institution situated in Taiwan. High 

precision along with user satisfaction and acceptance has been reported through the 

trials. 

Another study for cardiac care using smart garments was conducted by Lai et al. (2021) 

with the aim to find out whether heart related data obtained from developed smart 

clothing and conventionally used medical grade 3M gel electrode patches share 

similarity and up to what extent. Physiological data collection maintaining user comfort 

was examined. An upper body fitting piece of clothing was developed by the 

researchers taking into account its comfort, breathability, moisture permeability of 

fabric that allows seamless integration with everyday attire. The garment design 

incorporates silver fiber in fabrics which is utilized as ECG electrode, strategically 

chosen to minimize skin irritation and to enhance the reliability of data captured through 

clothing. Adding to the benefits of using silver fiber other than conductivity and 

technical reasons, the researchers have mentioned silver fiber to possess antibacterial 

activity which is beneficial in preventing infections which holds significant importance 

for healthcare in both medium and long term. The technical architecture of this smart 

clothing system comprises of 3 main components: Smart clothing itself, equipped with 

snap on devices for physiological signal transmission; a signal control unit tasked with 

data transmission, processing and calculation work; and a signal sensing unit. Signal 

control unit is integral to the systems functionality, equipped with modules for data 

transmission, processing and computation. It captures ECG signals directly from the 

garment, which then undergo signal refinement via low-pass wave filtration and 

amplification through the MAX30001 module, culminating in the generation of a 

digital ECG signal output. This sophisticated module not only produces ECG 

waveforms, heart rate, and rhythm data but also includes a BioZ channel for respiratory 

measurements. It's designed to deliver high input impedance, minimal noise, and a high 

common-mode rejection ratio, featuring programmable gain, diverse wave filters, and 

an advanced analog-to-digital converter, all safeguarded by robust electrostatic 

discharge and electromagnetic interference protections. This study embarks on a 

comparative analysis between the physiological cardiac parameters derived from smart 

clothing and those obtained using conventional 3M gel electrode patches. Participants 

for this study included people within the age group of 20 to 60 years. Comfort and 
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material sensation were quantitatively accessed using a Likert scale and the results 

indicated no significant differences in comfort levels when compared to traditional 

monitoring methods. Subjective assessments of the material feel, tightness and overall 

comfort revealed no significant differences in user perception, emphasizing the 

garments practical wearability alongside its technological sophistication. Objective 

data analysis further validated the smart clothingôs reliability for cardiac monitoring, 

demonstrating comparable accuracy to traditional gel electrodes. The study presents 

smart clothing as a suitable alternative to traditional disposable ECG electrodes and a 

significant potential of integrating advanced technology into healthcare oriented smart 

clothing.  

N.K. Srivastava and Satyam Singh from the Department of Electronics and 

Communication Engineering, Shri Ramswaroop Memorial College of Engineering & 

Management, Lucknow, Uttar Pradesh, India developed assistive smart gloves designed 

to aid individuals who have lost their vision. At core of NETRA's technology for smart 

gloves are Ultrasonic Sensors that detect obstacles within a range of 4-5 meters by 

emitting ultrasonic waves at 40kHz, ensuring the wearer's safety by triggering a buzzer 

and vibrational motor attached to the glove. A camera mounted on the glove captures 

images, specifically texts that the wearer wants to read and processes it with optical 

character recognition technology developed using MATLAB for text recognition. The 

text is next converted into speech using Microsoft win32 Sapi, enabling the user to hear 

the text through earplugs. The system also captures images of static objects and 

processes them for identification by comparing them with stored images in a database. 

If the match accuracy exceeds 70%, the name of the object is announced to warn the 

wearer. The prototype glove demonstrated effective functionality for its purpose, 

offering a solution for the visually disturbed. Upon being tested for functionality, the 

glove could detect obstacles up to 5 meters away and successfully convert text images 

to speech, demonstrating the glove's practicality and effectiveness. (Srivastava & 

Singh, 2018) 

Aggarwal et al. (2017) developed smart socks for foot care and diagnosis by embedding 

3 sensors into the fabric of socks to capture weight distribution data and study foot 

movements and orientation. Socks capture movement data related to the patient's 

physiotherapy exercises. foot movements for treatment of foot and lower limb pain 



49 

 

through physiotherapy. The data collected is specific to foot movements for treatment 

of foot and lower limb pain through physiotherapy. The recorded data is displayed as 

information on connected device through a user interface that enables physiotherapists 

to visualise patient movement details in real time on virtual foot sketches which further 

enables physiotherapists to observe and guide the patients to perform movements 

remotely during video consultations. The paper's focus is on addressing the challenges 

faced during video consultations, specifically the lack of detailed physical observation, 

which is critical in physiotherapy. The socks are useful for remote consults and cases 

which require deeper study to diagnose causes of pain or disturbed condition. 

After a review of available scholarly work, it becomes important to review successfully 

commercialized smart clothing to have clarity of technology components and its 

functioning mechanism in smart clothing already accepted and in use by the general 

population. 

The e skin sleep t-shirt developed by Xenoma Healthcare, a Japan based company, is 

aimed at collecting data about the wearers sleep quality and providing 

recommendations for enhancement in quality of sleep. Conventional devices used for 

sleep analysis are available as wristbands or sensors embedded in beddings. Creating a 

contrast in trend, the developers have prepared a smart t shirt suitable for all seasons 

and looks and feels like any regular piece of clothing but gets involved into the wearer's 

daily life to fulfill its aim. Technology is incorporated as sensors embedded in the t shirt 

that monitor variance through the sleep hours. Data collected gets synchronized with 

smartphone mobile applications and is available to the user in the form of scores, 

patterns, and recommendations for improvement. On being paired with the air 

conditioner remote control device, the smart garment system can change temperature 

of the air conditioner to keep it suitable as per the sleep pattern and changes being 

observed in real time.  The overall attempt results in improvement of physical and 

mental health which is a result of adequate sleep of optimal quality. (E-Skin Sleep Tshirt 

ï Xenoma Store, n.d.) 

The Hexoskin Smart Garments make use of sensors in clothing for precise and 

continuous monitoring of cardiac, respiratory, and physical activity data. The technical 

components used for function purpose are- Sensors embedded directly into the fabric 

of the garments, which are non-invasive and comfortable for the user. They detect 
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physiological signals related to cardiac and respiratory functions as well as movement. 

The garments also include a feature for continuous ECG using 1 lead 

electrocardiograph sensor for monitoring, providing insights into heart rate, Heart Rate 

Variability (HRV) for stress and fatigue assessment, and other cardiac-related events 

and metrics. Along with heart activity sensors, RIP (Respiratory Inductance 

Plethysmography) sensors have been included to offer continuous respiratory 

monitoring by measuring the expansion and contraction of the chest and abdomen, 

thereby calculating breathing rate, minute ventilation, and VO2 max. Another 3-Axis 

Accelerometer sensor tracks physical activities, steps, cadence, and sleep patterns by 

sensing motion and orientation. These sensors detect and record physiological data 

from the body, such as heart rate, breathing patterns, and movements which is then 

transmitted via Bluetooth connectivity to the Hexoskin Connected Health Platform 

accessible on iOS, Android devices, and online dashboards. Users can keep a check on 

their health data in real-time through the platform, enabling immediate feedback and 

long-term health monitoring. The advanced analytics offered through this platform 

provides a comprehensive overview of the wearer's health status using the collected 

data. The system has been mentioned to have been clinically validated, ensuring the 

reliability of the data collected for health assessments. (Hexoskin- CARR£ 

TECHNOLOGIES INC., n.d.) 

Nyokas Technologies in collaboration with iDex (Innovation for Defense Excellence) 

under the aegis of the Government of India, developed a smart t-shirt for use by armed 

forces. The garment/strap records critical vital parameters such as cardiac data, 

accelerometry data, and respiration through embedded sensors and transmits it using 

BLE (Bluetooth Low Energy) to establish energy efficient communication, keeping the 

recorded data undisturbed. For users, Nyokas software analyses and presents collected 

data into useful information displayed on a user-friendly interface. (Nyokas 

Technologies Pvt. Ltd., n.d.) 

After going through these academic and commercial smart clothing projects, it is 

evident that sensor based smart clothing is being used throughout the globe for 

healthcare and daily life assistance purposes. Details of electronic components and their 

functioning will help in understanding the technology requirements for the present 

study and their use as per desired outcomes. 
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The review of literature from heading 1 to 4 cover necessary information related to the 

development of a concept for the present study. Two out of three domains mentioned in 

the beginning of this chapter have been explored till here namely, Smart Clothing for 

healthcare, Sustainability and health focused clothing. Moving forward towards 

contextualizing the concept for the present study, we need to explore the prevalence, 

health challenges and need for management and solution to the problems faced by the 

target population of this study, i.e., insulin dependent diabetics, under heading 5 for 

identification of problems that are possible to be solved through sustainable smart 

clothing and having an in depth insight about them to provide appropriate solution, 

adding to the quality of life and overall wellbeing of this population. 

2.5. Insulin Dependent Diabetes- Prevalence, Health Challenges, need for 

managing these challenges and its Importance  

As per latest update provided by the International Diabetes Federation through their 

publication IDF Diabetes Atlas 10th Edition (2021), 537 million is global count of adult 

people with diabetes out of which 774,194,700 adults are from India. The federation 

projects the global count to reach 783 million which implies an increment of 46 percent. 

This figure includes all types of diabetes. Two major diabetes types detected are Type 

1 and Type 2. The first is detected in childhood and cannot be delayed or cured due to 

its cause currently identified as óAutoimmunityô which is driven by a combination of 

genetic predisposition and environmental factors and the latter is commonly identified 

as a lifestyle related disorder where the body produces less than required insulin or gets 

resistant to insulin hormone (Anonymous, 2022) resulting from obesity, sedentary 

lifestyle, unhealthy eating etc. (Viswanathan & Rao, 2013). Type 1 diabetes is managed 

by lifelong insulin therapy (Guo & Shao, 2022) while Type 2 diabetics are prescribed 

with anti-diabetic oral medications along with lifestyle changes. Insulin is also 

prescribed for type 2 diabetes under certain circumstances and such cases are less in 

number as compared to ones with oral medication. It is important to note that diabetes 

is not limited to these two types, LADA (Type 1.5) for instance, also requires insulin 

for management so for the present study being undertaken, the focus is on insulin 

dependence, irrespective of type of diabetes diagnosed so metrics of prevalence of 

insulin dependence is of key importance. 
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Gregory et al. (2022) estimated 8.4 million cases of Type One diabetes living worldwide, 

3.1 million dead due to lack of diagnosis and 3.7 million missing cases in the year 2021. 

Using a data analysis model, the researchers visualised an increase these cases by 60 to 

107% by the year 2040. The study mentions India to rank second in Type one diabetes 

prevalence, first being the United States of America (LiveMint, 2022). 

According to a report published in June 2022 in The Times of India, there are 95600 

documented cases of T1D children in India below the age of 14 years and every year 

approximately 15900 fresh cases are being reported in this age group (Dey, 2022). The 

Ministry of Health and Family Welfare, Government of India, through their press release 

mention 22,94,000 individuals below the age of 19 years are living in India as in 2021 (PIB 

Delhi, 2022).  Explaining the recent increase in new cases of type 1 diabetes, Dr. Meghna 

Chawla cites the novel Coronavirus (responsible for COVID-19 pandemic) as one of the 

triggers of type 1 diabetes in children, and mentions 75000 new diagnosis every year 

(Clarance, 2023). This appears to be in congruence with the findings of the ICMR study 

published in 2017 which was conducted in association with two other bodies operating at 

national level to study health related metrics, which state increment in cases of Diabetes by 

64 percent over the past 25 years (TIMESOFINDIA.COM, 2022).  

Limited precise data on the count of insulin requiring diabetic population is available 

directly so an estimate has to be drawn based the data collected from different sources. 

Below is a summary of such data tabulated for ease of understanding. 

Table 3: Insulin requiring population 

Total ï 100% 

T1DM ï 5 to10% T2DM- 90 to 95% 

All require insulin. 

30% T2Ds require insulin (Diabetes 

Teaching Center at the University of 

California, n.d.).  

T2Ds require insulin when they fail to 

achieve glycemic control targets 

(Anonymous, 2022). 

Data of Health Action Internationalôs 

Report: 14.4% - In Asia & 15.6% - 
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Globally require insulin (Basu et al., 

2018) 

Garg et al. (2018) - 20-30% require 

insulin 

Better Health Channel, Govt. of Australia 

- 50% of T2Ds require insulin after 6-10 

years of diagnosis (Department of 

Health, n.d.) 

40% of T2Ds use insulin in India and 

Gulf countries (M. Baruah et al., 2017). 

 

In the above table, only type 1 and type 2 diabetes has been mentioned due to its high 

incidence and there is lack of data available on the count of other people falling out of the 

above mentioned two categories so it can be safely assumed that the actual count is greater 

than the above-mentioned estimates of data. The data of prevalence is being studied here 

for the sole purpose of having an approximate idea of the proportion of population that falls 

under the purview of this study. 

 

Review of problems faced by Insulin Dependent Diabetics 

 

Diabetes requires regular medication and induces major changes in the lifestyle of a person, 

irrespective of type of diabetes diagnosed. People have to adapt to these new health 

requirements to lead a healthy life in future however there arise many problems in this 

procedure and also its continuation throughout life. Problems are firstly of physical in 

nature- essentially related to health like maintaining proper blood sugar, taking 

medications timely, maintaining general health with some extra care and so on. Then 

comes the social aspect where there are many social constraints that hinder the 

adjustment of these individuals which further leads to unnecessary stress.  

 

Edwards et al. (2022) used Bluetooth connected smart insulin pens and real-time CGM 

to evaluate missed insulin doses (bolus) in both T1Dôs and T2Dôs (taking more than or 

equal to 3 bolus insulin doses per day) and its impact on glycemic control over a period 

of 12 weeks. Smart pens were used to record data of timing and dosage of insulin and 

real time CGMôs were used to obtain continuous blood glucose levels of the 
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participants. During the first phase 6 weeks where the CGMôs were masked, a mean of 

22.2 missed insulin doses (bolus) per month and its effect as decreased time-in-range 

blood glucose levels was observed. This condition improved in the next phase of the 

study when CGMôs were unmasked. 

Goldman et al. (2023) has mentioned about diabetics reporting problems like forgetting 

to take insulin or being uncertain if they had already administered their dose, 

highlighting memory problems as a critical barrier to insulin adherence. Insulin site 

reactions, psychological stress, financial considerations are some of the reported 

problems. 

Robinson et al. (2021) did a systematic review to study mistimed and missed insulin 

doses in people managing diabetes with insulin. Their study takes into account a total 

of thirty studies from twelve countries including 58,617 participants. As mentioned by 

the authors, the breakdown of 30 studies is as follows. 

                        

Figure 3: Breakdown chart on the basis of Type of Diabetes of the population studied 

Numerous reasons for missing or mistiming insulin doses along with the consequences 

of such occurrences have been reported by them. As the present study is focused on 

solving problems through clothing, studies or data within their review stating reasons 

such as tendency to avoid hypoglycemia, changed eating patterns, lack of responsibility, 

depression, inability to eat, pain of injection etc. has been excluded and the rest is being 

tabulated as Table 4 below.  

 

 

 

 

 

30 studies in total

17 studies 

(T1D's only)

5 studies 

(T2D's only)

8 studies - Mixed 
(T1 and T2 both)
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Table 4: Summary of data collected through available literature for missing or 

mistiming insulin doses 

Author Type of 

Diabetes 

Missed and Mistiming 

Data 

Reasons for such 

occurrences 

T1 T2 Both  

Smythe 

et 

al.(2018) 

--   56.2% miss >1 bolus dose 

and 39.5% miss >1 basal 

dose/ month 

Forgetting, too busy, 

away from home. 

Datye et 

al. 

(2018) 

---   19% miss >1 bolus 

dose/week and 12% miss 

>1 bolus dose per month. 

 

McCarth

y & Grey 

(2018) 

---   Reported that emerging 

adults more likely to miss 

insulin doses. 

 

 

 

Giani et 

al. 

(2017) 

---   38% of people with 

diabetes miss insulin 

doses 

 

Harashi

ma et al. 

(2017) 

  --- 44% missed a mean of 

2.95 doses in a month. 

66% healthcare 

professionals report their 

patients not taking doses 

as prescribed on a mean 

of 6.18 days in a month.  

As per self- reporting 

data, 26% were too busy, 

23% forgot, 6% were 

embarrassed to inject in 

public. 

As reported by doctors, 

24% were too busy, 2% 

forgot, 18% were 

embarrassed to inject in 

public 

Hessler 

et al. 

(2017) 

---   Reported people with 

diabetes missing 13% 

bolus doses in the past 2 

weeks. 
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Yavuz et 

al. 

(2015) 

 ---  20.3 % miss a dose atleast 

once a week (this is more 

common with basal- 

bolus regimens -61.3%) 

9.4 % omit insulin for a 

day 

Most common- 

forgetting due to 

distruption in daily 

routine, distraction by 

social events, busy, 

minor interruptions, 

workload  

Munro & 

Barnett 

(2014) 

 ---  16 % missed >1 dose per 

month 

8% missed >5 doses per 

month 

Healthcare Professionals 

reported 78% of their 

patients missing >1 dose 

per month and 94% 

mistiming >1 dose per 

month. 

 

Leiter et 

al. 

(2014) 

 ---  26% mistimed >1 basal 

insulin dose, 6.8% 

mistimed >5 doses in a 

month. Healthcare 

professions report 40% of 

their patients mistiming 

>5 insulin doses per 

month. 

Out of these 23% quote 

feeling uncomfortable 

taking insulin in social 

conditions as a reason for 

mistiming. 

Brod et 

al. 

(2012) 

 ---  24% mistimed >1 basal 

insulin dose in the past 30 

days 

 

Uncomfortable taking 

insulin in social 

conditions is one of the 

reasons. 

Peyrot et 

al. 

(2012) 

  --- 34.6% report >1 day of 

insulin omission in past 

month, mean 3.41-day 

As per people taking 

insulin taking insulin for 

blood glucose 

management, 18.9% 
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insulin omission was 

observed. 

were too busy, 9.7% 

were embarrassed to 

inject in public, 7.4% 

forgot, 3.8% feel 

regimen too complicated 

to follow. 

As per doctors, 41.9% of 

of their patients were too 

busy, 36.8% were 

embarrassed to inject in 

public, 2% forgot, 16.8% 

feel regimen too 

complicated to follow. 

 

The authors found missing and mistiming of insulin doses to be common and 

widespread among people taking insulin for diabetes management and forgetfulness 

emerging as the key theme. This issue is even more prevalent in real life than what 

appears in data. An urgent need for more support systems is highlighted to reduce 

complexities and help people to take better care and control of their condition.  

To assess the adherence to prescribed insulin regime, a study including 415 participants 

with equal representation from both genders was conducted by Alsaidan et al. (2023). It is 

important to note that 40.7 percent of the study participants agreed to have forgotten to take 

insulin doses. On being enquired regarding frequency of such happenings, 38.46% agreed 

to 1 or 2 doses per week, 33.72% agreed to 3 or 4 doses per week, 15.38% agreed to 5 or 6 

doses per week and 12.42 agreed to more than 6 doses per week. Multiple reasons, as 

reported by participants, have been listed in the study for missing insulin doses. The ones 

relevant to the present study include not being at home, feeling of embarrassment to take 

insulin in outdoor situations and simply forgetting.  

Sharing similarity in findings, diabetes.co.uk (2023) mentions forgetting is the most 

common cause of missed insulin doses. It can happen because of stress, busy schedule, 

distraction. Consequences of forgetting may lead to double dosing or complete missing and 

both can end up in disastrous situations. Double dosing eventually leads to severe 
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hypoglycemia rising up to the severity of requiring emergency medical intervention 

(Forgetting to Inject Insulin, 2023). 

Brod et al. (2014) have addressed forgetting as a significant issue that negatively impacts 

diabetes management. This study aimed at studying unintended missing of insulin dose. 

Major cause came out to be disruption in Daily Routine (changes in schedule due to 

emergency, travel, engagement in social events, being busy in work) as major cause of 

missing an insulin dose. Minor changes like distraction caused due to some regular 

work has also been found to contribute in missing a dose. Such missing results in 

uncertainty of the possibility of having taken insulin, when and how much. Through 

their study, the researchers present mean incidence of events of forgetting to be more 

than once a month.  

It is evident from the above studies that missing/forgetting insulin doses is a widespread 

problem with diabetics. To understand the effect of forgotten/missed insulin doses on 

HbA1c levels in people managing diabetes with insulin therapy and quantify it, Randlßv 

& Poulsen (2008) utilized mathematical modeling and simulation technique. It was 

found that on missing (short acting, meal targeted) insulin doses twice a week, the 

HbA1c levels elevate by 0.3 to 0.4 percent and for the same frequency of missing the 

data would be 0.2 to 0.3 percent for long-acting insulin. If missing frequency is 

increased, for example 39 percent of total prescribed doses, HbA1c would rise up by 

approximately 2 percent. Emphasizing the importance of regular insulin dosage for 

proper glycaemic control, the study brings into light a requirement of interventions to 

maintain proper dosing. Similarly, Munshi et al. (2019) also reveal strong association 

of missed insulin doses with poor glycemic control. The study employed Bluetooth 

connected insulin pen caps which provided objective and precise data related to dosing 

pattern and non- adherence ensuring facilitating medically informed decisions and 

better strategy formulation.  

Adolfsson et al. (2020) studied "Increased Time in Range and Fewer Missed Bolus 

Injections After Introduction of a Smart Connected Insulin Pen". Their aim was to 

investigate the impact of a smart connected insulin pen (NovoPenď 6) on blood glucose 

control and insulin management in people using insulin for diabetes management. This 

study has been conducted in real life settings across 12 clinics across Sweden. An 

important finding in context of the present study is that there was a reduction by 43% 
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in missing insulin doses. It is indicative of prevalence of memory problems and also 

role of technology is solving such problems. Connected smart pen (Novopen 6 in this 

case) has the ability to record and transmit insulin dosing data and can give reminders 

when linked with appropriate software. Towards the end of study, an improvement has 

been noted by the researchers in the duration (time) of glucose being under control 

range. Technology in the form of smart connected pen has been reported to potentially 

change patient-doctor interactions from assumptions about dosing to data backed 

discussions based on actual dosing behaviour. This could lead to better individualized 

diabetes management strategies. 

A cause of intentional missing of insulin doses and itself a problem of social nature is 

the stigma, misinformation about insulin and mis-associations of insulin with drugs of 

abuse. Embarrassment to take insulin when in social situations (out of home) is 

associated with insulin stigma in the society. The editorial published in The Lancet 

Diabetes & Endocrinology (2018) brings into light, the stigmatization of insulin 

requiring people in public due to miss association of insulin with drugs of abuse. 

Individuals also experience social stigma as taking insulin emerges as a visible and 

behavioural mark of having diabetes. This results in negative psychological effects and 

also non adherence to recommended therapies further leading to poor blood sugar 

management and future complications.  

"The still persistent stigma around diabetes: is there something we can do to make it 

disappear?" by Uchigata (2018) examines stigma associated with diabetes and its 

manifestations oh health of diabetic individual. It has been mentioned that stigma in 

case of diabetes in knotted with the visible signs like blood glucose monitoring or taking 

insulin. Individuals defer from taking insulin in social conditions as it is looked upon 

as astonishing. They are concerned about being misunderstood and being judged. They 

face difficulties in searching for a separate place to take insulin when in outdoor 

situations and many times skip insulin resulting in poor management of their health. It 

puts a significant negative impact on physical, social and mental well being of the 

individual. A survey conducted by McGill University Health Center revealed poor 

blood glucose management in Canadian samples including severe highs and lows as a 

result of stigma. In Finland, 30 percent of the surveyed population managed to never 

disclose about themselves having diabetes due to associated feeling of stigma.  
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Proceeding forward towards exploring skin health, Lipohypertrophy is another 

common problem occurring at insulin injection sites (skin problem) in diabetic 

population. It is the accumulation of fat in the area where insulin is injected repeatedly 

which leads to improper absorption of insulin. Injecting at the same site or very close 

area causes lipohypertrophy (Pierre & De Villiers, 2006) or in other words not rotating 

injection sites correctly has been identified as one of the major causative agents of 

lipohypertrophy (Thewjitcharoen et al., 2020).  

Pierre & De Villiers (2006) found LH skin thickening to be prevalent in 52 percent of 

the study sample due to repetitive insulin injection at same site on the body mostly in 

the area convenient for the subject. Researchers mention about the practice of continued 

use of the same injection site even after the initiation of skin thickening primarily 

because they are unaware of the need and importance of rotating sites. 

An analysis of 748 people taking insulin over 10 years (2006ï2016) for a mean duration of 

8.8 years revealed a prevalence of LH to be close to 13% which was significantly associated 

with incorrect injection technique, injecting angle, not rotating injection sites and needle 

reuse (M. P. Baruah et al., 2017) while Trief et al. (2016) noted 38.3% of diabetics having 

skin problems like lipohypertrophy at their injection sites and 25.4% of diabetics not 

following insulin injection site rotation.  

Patton et al. (2010) found that only fifteen percent of their study participants properly 

followed site rotation in a way recommended to reduce risk of LH and facilitate proper 

absorption of injected insulin. The researchers have highlighted a gap between 

recommended behavior and actual behavior towards changing insulin sites. Tailored 

interventions to address this issue and noting the actual pattern to determine precise 

corrective action becomes important for effective solution to avoid complications. 

To study the impact of frequent insulin injection without changing site on skin layers 

Murao et al. (2022) utilized sonography and skin biopsy. The study has been conducted 

with focus on those individuals who do not rotate injection sites. Structural changes 

have been noted in the form of increased skin thickness and the dense accumulation of 

certain protein (amyloid) which negatively impact insulin absorption and as a result, 

the glycaemic control of the individual. This finding underscores the importance of 

rotating insulin injection sites to prevent such complications.  
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Risk of such skin complication can be reduced by proper injection site rotation which is 

clinically defined as injecting atleast 1cm from the previous injection (Gorska-Ciebiada et 

al., 2020). Rotation allows some time for the skin to heal and regain its normal state.  

High incidence of skin (bacterial and fungal) infections has been mentioned by de 

Macedo et al. (2016) due to high levels of circulating blood glucose and formation of 

AGEôs (Advanced Glycation End Products) which are mentioned as key factors that 

make diabetics more susceptible to skin infections and disorders. The study explains 

the reason for such impact on skin as follows:  

¶ Inhibition of multiplication of movement of óKeratinocytesô which are the cells 

present in outer layer of skin and have a role in skin repair, regulating hydration 

levels, providing protection to inner layers, towards the areas where repairs and 

healing (eg- wound) is required. This results in slow/ delayed wound healing, 

repair and maintenance.  

¶ Trigger óApoptosisô (a natural process of programed cell death and their 

removal) of inner lining cells of blood vessels responsible for supply of oxygen 

and nutrients to skin. Due to cell death being more than generation rate, vessels 

get weakened, blood flow reduces and skin does not receive adequate amount 

of oxygen and nutrients resulting in poor skin health. 

¶ Decrease in amount of Nitric Oxide as a result of high glucose is detrimental for 

skin. Nitric Oxide performs important functions in the body, particularly with 

reference to skin, it aids in dilation (widening) of blood vessels improving the 

blood flow. Decrease in this level implies a decrease in blood flow to the skin 

harming daily maintenance and repair work. 

¶ High blood glucose impairs the functioning of immune cells of capturing and 

destroying foreign particles and pathogens and also their capacity to move 

towards the area where they are required example- the site of infection or injury. 

This renders the skin more prone to getting infected and a slowdown in healing 

activity. 

 

Gkogkolou & Bºhm (2012) explain about AGEs- their formation, effects on skin and 

establish their association with high blood glucose levels which increase their formation 

and accumulation in the body. AGEs are one of the factors behind natural ageing of 

skin. As mentioned by them, ñHyperglycemia accelerates the non-enzymatic reaction 
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between sugars and proteins, lipids, or nucleic acids, leading to the formation of AGEsò. 

To explain in simple words, AGEs (Advanced Glycation End Products) are a kind of 

sticky substance formed when sugar sticks to proteins and fats in our body. More the 

amount of circulating glucose/ sugar, more is the formation of AGEs. They accumulate 

in the skin and modify skin proteins like collagen negatively impacting structure and 

integrity, add up to oxidative stress, make the skin stiff, aged, dry and difficult to heal. 

UV in light, poor lifestyle, smoking also contributes to age formation. Sharing 

similarity with the study by de Macedo et al. (2016), the researcher has mentioned 

AGEs reduce proliferation of keratinocytes and fibroblasts and promote inflammation. 

As a result of effects of hyperglycemia on skin health, people with diabetes might notice 

their skin getting very dry, itchy, or more easily infected. de Macedo et al. (2016) 

emphasize the importance of glycemic control, regular checkup and moisturization of 

the skin to maintain softness and overall appearance. 

PŁtraĸcu (n.d.) performed an in-depth analysis and its impact on skin. Researchers 

reported a high prevalence of skin disorders that affect the individuals at some point of 

time in their life. They have mentioned about AGEs and its effects same as what was 

mentioned in the previous studies reviewed here. Bacterial and fungal infections, dry 

skin, suboptimal immune function are mentioned to affect diabetics more frequently 

and have direct association with diabetes. 

The Center of Disease control and Prevention, U.S. Department of Health & Human 

Services, mention high blood glucose to dehydrate the body, impact of which is visible 

externally as dry skin. They mention dryness, itching and bacterial, fungal infections as 

not exclusive to diabetes but it is often exaggerated in diabetics due to poor circulation 

of blood towards skin layers and suboptimal immune function respectively. (Diabetes 

and Your Skin | CDC, n.d.) 

2.6. Existing Smart Clothing and Devices for Diabetic Population 

After studying the prevalence, nature of problems faced by people using insulin for 

diabetes management and understanding the need for managing these challenges, this 

section is aimed at reviewing existing solutions in the form of devices, smart clothing, 

technology like mobile applications or any other form which are presently available. 

https://www.hhs.gov/
https://www.hhs.gov/
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Academic as well as commercial sources have been reviewed to gather required 

information. 

Table 5: Review of existing smart clothing/ devices for diabetic population 

Device 

Name 

Manufacturer/ 

Study Title in 

case of 

published 

study 

Function and Features Citation 

Insulin pen 

clip on 

device- 

InsulCheck 

Classic 

Innovation Zed 

Ltd., Ireland 

Consists of a timer that counts 

time since last insulin dose taken. 

It is targeted to avoid accidental 

double dosing. Device detects 

insulin injection event and resets 

automatically. 

Innovation Zed 

Ltd. (n.d.) 

 

Insulin pen 

clip on 

device- 

InsulCheck 

Connect 

Innovation Zed 

Ltd., Ireland 

Advanced version of previous 

device, with automatic dose log 

creation and maintenance and 

data transfer through Bluetooth 

connectivity. Data collected 

through the device can be used 

with software applications, for 

further analysis and sharing. Date, 

temperature and time is recorded 

for each insulin taking event. 

Innovation Zed 

Ltd. (n.d.) 

Insulin pen 

clip on 

device- 

InsulCheck 

Dose 

Innovation Zed 

Ltd., Ireland 

This device captures dose taken, 

time of dosing, temperature and 

even data corresponding to when 

the device was mounted and 

unmounted on insulin pen. 

Similar to the previous device, 

this device utilizes Bluetooth 

technology to transmit collected 

Innovation Zed 

Ltd. (n.d.) 



64 

 

data which can be used for 

analysis on other software and 

even sharing. 

Insulclock 

Cap 

Insulcloud, 

Spain 

It is insulin pen cap.  

Detects and records insulin dose 

and times, provides audio 

feedback on detection of incorrect 

use of insulin pen, monitors 

insulin temperature to ensure it 

remains in recommended 

temperature range. 

It is connected to a smartphone 

application which offers facility 

of integrating CGM data with 

insulin record to assist dose or diet 

adjustment decisions. User can 

provide their scheduled insulin 

timings and it will remind in case 

of a missed dose. Data can be 

shared. 

Innovation Zed 

Ltd. (n.d.) 

Timesulin 

pen cap 

Timesulin, 

Australia 

It records last insulin dose time. 

Targeted to avoid dosing 

confusions and track missed 

doses, mistimed doses and avoid 

double dosing out of confusions. 

Timesulin - an 

Innovative 

Smart Cap for 

Your Insulin 

Pen. ï 

Timesulin 

Australia (n.d.) 

Smart 

Cap- 

Dukada 

Trio 

DUKADA, 

Denmark 

Records time since last insulin 

dose administration. Illuminated 

needle area with inbuilt LED light 

to assist proper insulin injection. 

The device covers insulin 

Diabetes 

Management 

with DUKADA 

Trio for Your 

Insulin Pen 

(n.d.) 
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containing area protecting it from 

light. 

Go Cap 

ñClinical, 

Economic, and 

Patient-

Reported 

Benefits of 

Connected 

Insulin Pen 

Systems: A 

Systematic 

Literature 

Review" 

Manufactured by- Common 

Sensing, Boston (Now Acquired 

by Bigfoot Biomedical). It records 

remaining insulin quantity, last 

dose, gathers and stores data such 

as time, date of taking insulin and 

transfers to connected mobile app 

over Bluetooth. With mobile 

application, user can set 

reminders for insulin dosing. 

 

Cranston et al. 

(2023) 

ClipSulin 

ShengHuo 

Technology 

Ltd., Taiwan 

Battery operated device capable 

of recording and storing data of 

200 insulin taking events as 

device memory which can be 

transferred to connected mobile 

app through Bluetooth or Near 

Field Communication (NFC).  

Intended for keeping insulin 

taking record (dose, time) for 

further analysis and better 

diabetes management. 

ShengHuo 

Technology 

Ltd. (n.d.) 

Mallya- 

Insulin Pen 

Cap 

Manufactured 

by Biocorp- a 

France based 

company 

which is now 

taken oven by 

Novo Nordisk. 

Launched in 2015, this pen cap 

smart device, having a functional 

life of 2 years, automatically 

collects and records data of dose 

amount, type of insulin injected 

along with event date and time. 

Audio-Visuals help to guide 

correct injection technique. Once 

paired with a smartphone via 

Home - My 

Mallya (n.d.) 

Mallya | 

Biocorp (n.d.) 
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Bluetooth, it transfers all data in 

real time.  

Novopen 5 

and 

Novopen 

Echo - 

Smart 

Insulin Pen 

Novo Nordisk, 

Denmark 

A standalone insulin pen that 

keeps record of last injection dose 

amount (units) and time. 

NovoPenÈ 5 

(n.d.) 

NovoPen 

EchoÈ (n.d.) 

Novopen 6 

and 

Novopen 

Echo Plus- 

Connected 

Insulin Pen 

Novo Nordisk, 

Denmark 

Smart insulin pens connected to 

smartphone, tablet, computer, 

laptop, blood sugar monitoring 

device via NFC which record and 

maintain log of 800 insulin. The 

amount of insulin and time 

elapsed since last insulin taking 

event gets noted. 

NovoPenÈ 6 

and NovoPen 

EchoÈ Plus 

(n.d.) 

Inpen 
Medtronic, 

United States 

Smart pen connected to 

smartphone application over 

Bluetooth. It captures insulin dose 

taken with time and even provide 

reminders for insulin in case of 

detection of a missed dose. 

Through data integration from 

glucose monitors and further 

analysis, it acts like a system that 

is capable of providing deep 

insights about blood glucose 

patterns and recommend suitable 

dose with diet changes.  

InPenTM Smart Insulin 

Pen, Medtronic (n.d.) 

ESYSTA- 

A system. 

EmperraÈ 

GmbH E-

Health 

Technologies 

It is a system incorporating a 

smart pen, glucose monitoring 

device and a data compilation and 

transmission device named 

ESYSTA È 

ESYSTA È 

Product System 

The Fully 
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ñESYSTAÈ Basisò. The pen 

records time lapsed from last 

injection event, dose being 

injected, time and the glucose 

monitoring device is for testing 

sugar levels. The device ñBasisò 

collects data wirelessly from both 

devices and transmits it to be 

accessible through a web portal. 

The smart pen assists the user for 

proper insulin administration and 

is designed for a working life of 

two years. 

Automatic 

Telemonitoring 

System for 

People with 

Insulin-

Dependent 

Diabetes 

Mellitus The 

Fully 

Automatic 

Telemonitoring 

System for 

People with 

Insulin-

Dependent 

Diabetes 

Mellitus (n.d.) 

 

Klonoff & Kerr (2018) highlighted the contribution of smart insulin pens in improving 

diabetes management in insulin dependent diabetics. In current times, insulin pens are 

the most widely used devices for taking insulin so integrating technology with them 

would prove beneficial. Addressing the issue of poor adherence to insulin, omitting, 

mistiming insulin doses intentionally or unintentionally, improper dose calculation as 

major barriers faced with insulin using diabetics, the researchers find automation and 

technology as a potential solution which will reduce possible medication errors and 

ease out life along with facilitating the user and the healthcare providers to take better 

informed decisions and make projections for the nearby future. With positive sides of 

using smart pens, a concern has also been raised regarding widespread adoption of 

smart pens due to financial constraints, behaviour of users towards adopting new 

technology, required technological education at the users end so that it can be used 

properly and utilized up to maximum potential. 

Blanchard et al. (2022) developed a smartphone application which is for the purpose 

for guiding and helping people using insulin pumps and continuous glucose monitors 
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in rotation of sites to prevent skin problems like LH. The app allows users to log pump 

infusion set (CSII) and CGM placements in real-time and assists by tracking site 

rotation pattern being followed by the user and warns of overuse of a particular site. 

The trials demonstrated effectivity of the app in the form of excellent compliance 

towards site rotation and user satisfaction. 

Siren Care, San Francisco, developed smart socks for people with diabetes who are 

known to be at a heightened risk for foot injuries. Irregular Blood sugar levels combined 

with genetic, lifestyle factors have the potential to result in blood vessel damage in the 

feet, reducing sensitivity and increase in chances of injuries remaining unnoticed which 

can take a serious turn in terms of complications if not worked upon in a timely manner. 

Socks work to protect the foot to bring down the risk of injuries. ñSiren Care Diabetic 

Socksò incorporates miniature temperature sensors which monitor foot temperature and 

detects difference of temperature between both feet indicating a sign of inflammation 

which occurs in early stages of injury. Integrating these socks with ñFoot Management 

Systemò data collected from socks is transferred to the medical professionals for 

analysis and early intervention which results in better healing. (Siren Care, 2021) 

A prototype for smart underwear has been presented by Lim (2009). A sensor implanted 

under the skin of the wearer transmits glucose level data to the glucose sensor sewed 

into the waistline of the underwear. The part of waistline on the back side of the body 

has a sensor to measure ECG, Temperature, BP. Data gets transmitted wirelessly to the 

smartphone which acts like a processor which further makes it available through 

internet to the people concerned. Alarms for high sugar levels are also mentioned. 
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CHAPTER- 3                                                             METHODOLOGY 

The first chapter comprises of an introduction to the problem under investigation and 

the background information that led to the development of a concept and ultimately, the 

research problem. The second chapter comprises of a review of available literature 

which is directly or indirectly related the concept developed and contextualized for the 

present study as mentioned in the first chapter. Through data obtained from available 

literature, it becomes evident that individuals using insulin for diabetes management 

face problems at personal and social levels (a significant prevalence of which, got 

further re-verified through the pilot study conducted before commencement of this 

research work). Missing and mistiming of insulin doses, problems in adhering to 

prescribed insulin regime, confusions/ missed memory/ forgetting regarding insulin 

dosing due to various reasons, inability to take insulin at scheduled timings due to social 

situations, social stigma/ misinformation related to insulin use, skin problems arising 

as a result of impaired glycaemic control, lipohypertrophy- due to not rotating insulin 

injection sites, are the problems found mentioned in literature which are in specific 

relation to diabetes. These have been reported to be widespread in the target population. 

Also, a need to address these problems have been raised by experts and scholars. 

Beyond the study of problems of the target population, the literature also provides 

support to the use of a combination of microelectronics and communication technology 

for health monitoring purposes and the potential of herbal dyes and herbal dyed clothing 

for improving skin health and overall wellbeing of the user in contrast to the synthetic 

dyes which have an overall detrimental impact in almost all aspects. With a list of issues 

to be addressed and considerations for design development, this study targets to utilize 

clothing up to its maximum potential to provide a solution through design intervention 

and technology. A possibility has been identified to fill the current research gap 

identified in this area by development of Sustainable Smart Clothing for Insulin 

Dependent Diabetics. 

This chapter presents details of the research methods and materials employed for this 

study, including the research design divided into five (5) phases, methods of data 

collection and analysis to fulfil the objectives of the study. Each phase in the plan of 

work is divided as per conditions and requirements of the study, designed and arranged 

in a logical sequence that is helpful not only in comprehensive exploration but also 
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towards finding answers to the phenomena under the purview of this research. The 

description of each phase in research methodology includes the specific methods, tools, 

and techniques applied, providing unobstructed pathway for the research. This phased 

approach aligns with the objectives and ensures a continuous, inter-related and 

progressive development of research activities and objective analysis of facts and data 

at every stage in the direction of research objectives. 

This chapter has been divided into following parts: 

3.1. Statement of Problem  

3.2. Objectives of the study 

3.3. Delimitations of the Study 

3.4. Hypothesis 

3.5. Population for this Study 

3.6. Research Design 

3.7. Research Methodology  

3.8. Expected Contribution form the Study 

3.1. Statement of Problem 

The statement of problem is stated as- ñDevelopment of sustainable smart clothing for 

insulin dependent diabeticsò. 

3.2. Objectives of the Study 

I. To study the problems of insulin dependent diabetic population.  

× Under this objective, problems faced by target population have been 

studied for their nature and frequency of occurrence and prevalence 

among the population. Answers to some research-oriented questions has 

also been sought. Both primary and secondary sources have been used 

for this purpose. 

II. To select various fabrics which can be beneficial for sensitive skin of diabetic 

people. 

× As the present study is aimed at development of garments, a study of 

various natural herbal dyed textiles, their suitability for skin of target 

population of this study, sampling from manufacturers, check for 
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feasibility of use, screening and final selection on the basis of textile 

testing report falls under this objective. 

III. To create garments using different designing techniques which will create easy 

access to common injection sites.  

× After selection of suitable fabric, garment designing considering 

aesthetics, functionality and providing easy access to common injection 

sites have been done under this objective. Furthermore, shortlisting of 

garments on the basis of preference of target population and processes 

for final construction have also been included here. 

IV. To use the concept of smart clothing to apply sensing mechanism at common 

injection sites on selected garments which will be capable of monitoring 

injection time, frequency, and site selection.  

× After final construction of the garments, integration of microelectronic 

circuit and communication technology onto the garment to convert it 

into a prototype of smart garment that can maintain a record of injection 

time, frequency, and site selection has been completed under this 

objective. 

V. To evaluate the smart garment system based on feasibility, aesthetics, accuracy 

in performance, wearability and maintenance. 

× The prototype of smart garment has been subjected to evaluation by 

healthcare providers and target population for feasibility, aesthetics, 

accuracy in performance, wearability and maintenance. The aim is to 

evaluate the practical application and user experience with the prototype 

smart garment. 

3.3. Delimitations of the study 

1. The study will be limited to Insulin Dependent Diabetics only.  

2. Samples who have reported Neuro/psych problems or any problem which alters 

the sense of reality of a person have been excluded from the study. 

3. Evaluation of the developed garment will be done on the basis of feasibility, 

aesthetics, accuracy in performance, wearability and maintenance. 

4. Smart clothing for this study is limited to electronic smart clothing only. 

5. Smart Garment will be limited to female gender for casual wear and daily use. 
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3.4. Hypothesis 

Statement of Hypothesis (H1) - Designing and construction of Smart Clothing for 

insulin dependent diabetics will result in monitoring of insulin injection time, site 

selection and frequency. 

Null Hypothesis (H0) - Designing and construction of Smart Clothing for insulin 

dependent diabetics will have no impact on monitoring of insulin injection time, site 

selection and frequency. 

3.5. Population for this Study 

All diabetic people, irrespective of their type of diabetes, using insulin therapy for 

diabetes management. 
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3.6. Research Design 

Below is division of the entire plan of work into five (5) phases.  

Table 6: Research Design 

PHASE 1 PHASE 2 

Initial Data Collection through Review 

of Literature and Pilot Study. 

1. In depth study of problems of insulin 

dependent diabetic population through 

available literature and survey method. 

2. Study of existing solutions to 

identified problems. 

PHASE 3 PHASE 4 

1. Study, sampling and final selection of 

fabric for garment construction which 

can be beneficial for sensitive skin of 

diabetic people. 

2. Designing of garments in accordance 

with problems identified in Phase 2. 

3. Selection of 5 garment designs for 

construction.  

1. Construction of selected 5 garments. 

2. Selection of technology options for 

smart garment prototype development. 

3. Circuit design (electronic circuit) for 

smart garment prototype development. 

4. Incorporation of developed electronic 

circuit on to one (1) garment selected in 

Phase 3. 

PHASE 5 

Evaluation of developed prototype of the Smart Garment. 

A detailed description of the methodology adopted during above-mentioned five (5) 

phases is presented as follows under the heading ï óResearch Methodologyô. 
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3.7. Research Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Phase 1 

PHASE 1: This phase has been aimed at initial data collection through both primary 

and secondary sources. Sources of secondary data include reports and websites of 

health-related organizations and published research articles. Primary data has been 

collected using questionnaire with the purpose of firsthand information regarding the 

A Survey 

(Online + Offline Mode) 

Study of prevalence of insulin 

dependence. 

Identification and study of 

associated problems that fall 

within the purview of this study. 

PHASE 1 

Initial Data Collection 

Through Review of 

Literature 

Through Pilot Study  

 

Reports and Websites of health-related 

organisations, Research Articles 

also included in 

Details of Tool 

Employed 

Sampling Details Data Analysis 

Tool: Questionnaire  

Consisting of 14 

closed and 8 open 

ended questions. 

 

Sample Size = 36 samples 

Samples: All diabetic 

people using insulin for 

diabetes management. 

Sampling Technique: 

Purposive Sampling 

Count of 

Frequency, 

Percentage 

and Mean 
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prevalence of certain problems with this population like mistiming and missing 

prescribed medication dosages due to memory problems, social problems, or any other 

reasons. Problems studied through review of literature have also been included for 

investigation. Other important aspects which can be relevant for proposed study have 

also been enquired through the questionnaire. An attempt has been made to have an 

estimate about the acceptance for smart technology in the form of wearables as a 

solution to the problems. 

The survey has been conducted utilizing both online and face to face interview methods. 

Sampling Technique- Purposive sampling. In order to fulfil the objectives of the present 

study, participants satisfying the pre-defined criteria were selected. Criteria for 

exclusion of a response from data analysis has been set to the presence of a medically 

diagnosed cognitive disorder, neurological disorder or mental disorder. Forgetting, 

missing, confusions, etc. which have been identified as problems to be considered for 

solution through the present study are associated with daily life functioning and not a 

result of some other medically diagnosed disease. These problems have different extent 

of manifestation and require specialised treatment in individuals where the cause is a 

medically diagnosed disease so at this particular phase of identifying and studying 

problems, such responses have to be excluded to avoid errors in data collected. A total 

of 40 samples were surveyed and their responses were collected for analysis. Out of 

these 4 responses were disqualified due to the responses not meeting the criterion of 

this study so effective sample size remains to be 36 samples.  The questionnaire used 

as a tool for primary data collection consisted of total 22 questions out of which fourteen 

(14) questions were closed ended and the remaining questions were open ended. Out of 

total 22 questions, first nine (9) questions were related to demographic data collection. 

Data analysis techniques include count of frequency, percentage and mean. 
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PHASE 2 

In depth study of problems 

of insulin dependent 

diabetic population 

Study of existing solutions 

to identified problems 

Secondary 

Source 

Primary 

Source 

Research 
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Commercial 

Medical Product 
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User Manuals- 

Commercialised 

Products 

Literature Survey 
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Research Studies) 
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Study: India 

Sampling Details Tool for 

Data 

Collection 

Data 

Analysis 

Sample Size: 
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(Indian) using 

insulin for 

diabetes 

management. 

Sampling 

Technique:  

Purposive 

Sampling 

Validated 

Questionnaire 

Count of 

Frequency, 

Percent, 

Mean 

PHASE 2A PHASE 2B 

Figure 5: Phase 2 
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PHASE 2A 

For in-depth study of problems of insulin dependent diabetic population, both 

secondary and primary sources have been used.  

The following secondary resources have been used and presented as literature survey 

in the previous chapter:- 

¶ Reports of WHO, ADA, IDF, Government Health Departments, etc. - Diabetes 

Statistics (India & Global) and basic care requirements for a healthy life. 

¶ Research Articles on health issues of Diabetic people - common problems 

faced by this population. 

¶ Research Thesis 

Source of primary data for this phase of study is survey conducted using a validated 

questionnaire as a tool. Problems of the targeted population have been studied under 3 

major categories ï Health Problems, Economic Problems and Social Problems. To fulfil 

the stated purpose, a questionnaire with 34 questions has been prepared containing both 

closed and open-ended questions. For ease of understanding and clarity in purpose and 

presentation, the questionnaire is divided into following five (5) parts. 

Part1: Demographic Information 

Part 2: Health 

Part 3: Diabetes, Daily Life and Society 

Part 4: Economy 

Part 5: Study Specific 

The questionnaire was further validated by a panel of three (3) experts. Members of the 

panel are: 

1. Dr. Dhanwanti Bishnoi 

Associate Professor, Department of G.P.E.M. 

Government Maharani Sudarshana Girls College, Bikaner (Rajasthan) 

2. Dr. Shruti Agarwal 

Professor, Department of Home Science (Clothing & Textiles) 

Government Arts Girls College, Kota (Rajasthan) 



78 

 

3. Dr. Rashmi Gupta 

Professor, Department of G.P.E.M. 

G.D. Government College for Women, Alwar (Rajasthan) 

After obtaining the validation certificate from the panel of experts (Appendix- III) the 

questionnaire was used as a tool for survey.  

Office bearers holding public relations positions in various diabetes related health 

organisations/ clinics/ foundations being operated throughout the country for diabetes 

support and community connect were contacted through their specified official modes 

and requested to circulate this questionnaire in online mode (Google Form) among their 

community groups. Participants have contributed to this survey with their responses on 

the basis of their willingness to support the present study. Questionnaire was also posted 

on online non-profit global community forum founded by Nick Jonas (American 

Singer), Juliet de Baubigny (Social Advocate for Type 1 Diabetes), Sarah Lucas and 

Sam Talbot (Celebrity Chef, Philanthropist) named ñBeyond Type 1ò (founded in 2015) 

and ñBeyond Type 2ò (founded 2019). This online community has been selected due to 

its repute among users and global reach. While using online modes, contact details of 

the researcher have been circulated for use in case the respondents wish to have their 

queries answered. People visiting private clinics in Kota city have also been contacted 

physically and responses collected through pen and paper mode. Sampling details are 

as follows: 

Sample Size= Total hundred (100) samples 

Samples: All diabetic people (Indian only) using insulin for diabetes management. 

Sampling Technique: Purposive sampling. In order to fulfil the objectives of the present 

study, participants satisfying the pre-defined criteria were selected. Criteria for 

exclusion of a response is same as that of pilot study mentioned in Phase-1. 

Statistics involved in analysis of data collected include count of frequency, mean and 

percentage. 

Since the available literature provides sufficient data related of prevalence of problems 

among the target population, this survey is intended only towards listing down research-

oriented problems being faced by the heterogenous Indian population and gathering 

responses to some questions relevant for the development of the present study. It has 
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also been noticed that there exists a shortage of studies targeting Indian population and 

studying their problems so this survey helps in listing down problems and to investigate 

if there exist some difference or some addition to the already known problems faced by 

Indians just for the purpose that they may be included in the present study. 

PHASE 2B 

Study of existing solutions to problems studied in Phase 2A has been done through 

these sources: 

¶ Research Articles 

¶ Websites of Commercial Medical Product Developers 

¶ User Manuals- Commercialised Products 
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PHASE 3A 

Study of fabric that can be beneficial for sensitive skin of diabetic population 

Sufficient data related to skin conditions and its relation to diabetes have been found 

mentioned in available literature. Real life experiences noted through survey conducted 

during Phase-2A also adds to the knowledge required for the present study. Taking all 

data into account, natural herbal dyed fabrics have been found to have the potential of 

providing slow but consistent benefit in such conditions. Also, by using herbal dyed, 

we avoid skin exposure to evidently harmful effects of synthetic chemical dyes.  

To study about the effects of different herbal dyes, available literature has been 

considered as a good source of information. Along with the information available on 

websites, herbal dyed fabric manufacturers, information mentioned on product leaflets, 

product care labels have also been utilized to gain information regarding raw material 

used, herbal dyeing process, cost, availability of fabric, quality certifications and effects 

on health. Manufacturers were then contacted for the purpose of fabric sample 

procurement.  

Next in sequence is the process of shortlisting and final selection from among the 

samples procured. This process has been carried out on the basis of: 

¶ Suitability (physical appearance and feasibility for garment type)  

¶ Affordability (cost) 

¶ Availability  

¶ Functionality (reports of textile testing) 

Initial screen includes visual inspection of fabric characteristics, analysis of cost and 

verification of availability in the quantity estimated to be used for the present study. 

Samples shortlisted though visual screening were sent to textile testing laboratory of 

Northern India Textile Research Association for testing of following parameters. 

Chemical Quality Evaluation Laboratory 

i) Colour Fastness to Light 

ii) Colour Fastness to Washing (With Alkali Detergent) 

iii) Colour Fastness to Washing (With pH Neutral Detergent) 

iv) Colour Fastness to Rubbing (Both Dry and Wet) 
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v) Dimensional Stability after immersion in water- Warp, Weft 

vi) Colour Fastness to Water 

vii) Colour Fastness to Drycleaning 

viii) Dimensional Change to domestic washing (After 3 wash cycles*) ï Warp, Weft 

ix) Dimensional stability after 0l wash cycle ï Warp, Weft 

x) Colour Fastness to Perspiration 

xi) Microbiology Testing: Antibacterial Evaluation Test (a) Staphylococcus aureus, (b) 

Klebsiella pneumoniae 

xii) Blend Composition 

xiii) Dimensional Stability to dry heat - Warp Direction, Weft Direction 

xiv) Colour fastness to Hot pressing ( l5s in Dry state)- Change in Colour and Staining 

on Cotton 

ECO Laboratory 

i) pH Value of aqueous extract at 24.5 0C (degree Celsius) 

ii) Free Formaldehyde 

iii) Releasable Formaldehyde 

iv) Banned Amines Released from Azo -Colorants 

Final selection of fabric has been done on the basis of reports of textile testing obtained 

from the laboratory. 

PHASE 3B 

After having an understanding of the problems that can need to be solved, 25 sketches 

of one piece bifurcated garment (Jumpsuit) covering upper and lower body were 

prepared with appropriate design features to provide easy access to common injection 

sites. 

Targeted for Gender- Female 

Occasion- Casual Wear, Daily use purpose 

This type of garment has been selected because it offers more possibilities for designing 

and if technology is applied in an appropriate manner, the concept can be transferred to 

other garment styles as well. 
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Twenty-Five (25) designs sketched manually have been then converted into digital 

fashion illustration to enable better presentation and realistic visualization for the 

respondents during the process of selection of five (5) designs from among these 

designs.  

PHASE 3C 

For the purpose of selection of five (5) designs, an online survey has been conducted 

among a sample size of 20 participants who were all females equally divided in number 

in age groups of 21 to 25 years and 26 to 30 years (10 samples from each age group). 

A google form with displaying all designs was presented to them asking them to select 

any 5 designs as per their preference and then assign ranks to them. First rank must be 

assigned to most preferred, second rank to next in order of preference and so on till the 

fifth rank. To assist the process of selection, respondents were presented larger images 

of dress designs as per their requirement and demand, using Microsoft PowerPoint 

Slideshow feature. Additionally, respondents of the survey were also asked about their 

reason for their choices and their opinion can be used as requirement input during the 

process of garment construction. 

Data analysis includes conversion of ranks assigned by respondents into weighted mean 

score and then calculation of total score obtained by each garment.  
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PHASE 4A 

Paper Patterns for selected five (5) garment designs have been prepared in this phase 

through drafting technique followed by pattern layout on fabric, marking cutting and 

garment construction. 

PHASE 4B 

After preparation of five (5) garments in the previous phase, a study of technology 

options for development of circuit prototype have been done in this phase. For 

development of a microcontroller-based circuit to be connected at common injection 

PHASE 4 

Development of 

paper patterns for 

selected 5 

garments 

Layout, Marking, 

Cutting and 

Garment 

Construction 

Finalization of 

parts to be used 

Electronic System Design 

(Circuit Design) 

a. Procurement of parts. 

b. Development of code 

sketch using ARDUINO IDE 

c. Development of a circuit 

plan and connection of parts 

d. Programming 

microcontroller board using 

the sketch developed in 

ARDUINO IDE. 

e. Execution of the program.  

Figure 7: Phase 4 

PHASE 4A PHASE 4B 

Study of 

technology options 

for development of 

circuit prototype 

garments 

 

Incorporation of 

developed 

electronic circuit 

on one (1) 

garment. 

PHASE 4C 
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sites which will be capable of for sensing and recording injection time, frequency, and 

site selection, microcontrollers available have been studied to find out the one which 

would be suitable for serving this specific purpose. Fern§ndez-Caram®s & Fraga-Lamas 

(2018)have mentioned Arduino, Adafruit, Squarewear, Igloo as manufacturers of 

microcontrollers that are suitable for their use in wearables. Sharing some similarity 

with their findings, Wong (2018) have highlighted the use of Lilypad (by Arduino), 

Flora and Gemma (by Adafruit Industries), TinyLily Mini by Tiny Circuits and Stitchkit 

my Makecircuit for their use in wearables. In a study titled ñDesign Develop and 

Evaluate the Smart Wearable Electronic Fabric for Monitoring Healthcareò the 

researcher utilized Arduino UNO for development of smart wearable(Sangeetha Priya 

B, 2018). Apart from those which are named above, other microcontrollers from these 

manufacturers have also been studied for having knowledge for more products which 

can be useful for the present study. Considering the knowledge of the researcher, it was 

of utmost importance that apart from availability, the microcontroller board and other 

components selected should be beginner friendly and there must be an availability of 

education resources in the form of tutorials, detailed product guides etc. (to gain 

understanding of the structure, features and working) and easily accessible online 

product support provided by the manufacturers. Due to their compliance towards all 

these conditions, microcontroller boards manufactured by Adafruit Industries were 

explored. ñAdafruitò founded in 2015 by Limor Fried, manufactures programmable 

microcontroller boards and sensors for diverse applications targeted towards students, 

freelancers and professionals of engineering. Some of the series of boards manufactured 

by them include Feather, Express, Metro, Trinket, ItsyBitsy, Circuit Playground, Flora 

and Gemma, QT Py, Hallowing series. For specific requirements of the present study, 

the Adafruit Feather M0 Adalogger and Adafruit Feather M0 Bluefruit LE have been 

found suitable and elaborated in the next chapter. 

Ways to convert garment closures into a switch which can activate the circuit and 

register an event have also been explored. Components required for the construction of 

circuit prototype were then sourced and a schematic plan was developed according to 

which the parts were connected. Simultaneously, ARDUINO Integrated Development 

Environment (IDE) has been set up and code sketch has been developed as per the 

selected microcontroller. Finally, the instructions mentioned as a code sketch was 

executed through the microcontroller using the with the entire circuit. 
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PHASE 4C 

Incorporation of developed electronic circuit on to one (1) garment. 

 

 

 

 

 

 

 

 

 

 

 

PHASE 5 

This phase includes the evaluation of the garment and circuit developed as a solution 

to the problems identified and addressed through this study. Questionnaire cum 

Interview schedule combined with a demonstration of functioning has been used as a 

tool of data collection. Purposive sampling technique has been applied to select samples 

which include total 10 samples. The samples have been further divided equally into two 

groups. First group comprises of 5 end users and the second group comprises of 5 

HCPôs (Health Care Providers). Respondents were provided 5-point rating scale or 

Yes/No options as per the requirements of the question, to register their response. One 

open ended question has been asked towards the end of questionnaire to collect 

feedback/suggestions. Data analysis has been done by converting rating into mean 

scores and count of frequency has also been done for analysis as per the requirement of 

question. Evaluation has to be performed on the basis of aesthetics, wearability, 

functionality, accuracy in performance and maintenance. 

3.8. Expected Contribution from the study 

Expected contributions from the present study have been listed here.  

For Insulin Users   

× This type of clothing can provide regular skin healing effects.  

PHASE 5 

Evaluation 

Sampling Details: - 

Type: Purposive Sampling 

Samples: 5 End Users & 5 HCPôs, Total= 10 samples 

Tool Used: Questionnaire cum Interview Schedule along with 

demonstration of the prototype 

Data Analysis: Meaning Scoring, Frequency, Percent 

Figure 8: Phase 5 
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× It will provide functional as well as social ease which will reduce stress and  

positively affect the experience of life.  

× It will help in cases of dosage confusion and also help to detect missed insulin  

doses. Accidental double dosing can also be prevented.  

× It will provide data of real-life insulin injection site selection patterns so that the  

person can himself prepare better plan regarding site rotation as per his/her  

choice and convenience and prevent skin damage or further skin complications.  

× If the person is sufficiently educated or understands his/her condition well, the  

outcome of this study, in long term, will enable them to self-manage with greater  

efficiency and least effort, thereby reducing their dependence on medical  

system for minor issues.    

× In case of T1D child, it will help parents and HCPs to monitor insulin dosing 

and will also provide them much required data to adjust the dosing regimen as 

per specific needs and lifestyle requirements of the child. 

For Medical Professionals/ Healthcare Providers 

× With the dosing data stored in the device, it will be possible for healthcare 

professionals to identify actual dosing patterns being followed by the patient 

rather than relying on what is being reported. Self-reporting frequently includes 

human errors which lead to wrong conclusions and a lot of wastage in terms of 

time and effort.  

× It will help them chalk out better plans for diabetes management which will be 

as per the actual conditions of the subject. 
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CHAPTER- 4                                       RESULTS AND DISCUSSIONS 

Results of the research work conducted for the ñDevelopment of Sustainable Smart 

Clothing for Insulin Dependent Diabeticsò have been presented in a sequence starting 

from Phase 1 and progresses in sequence of phases of work. Each phase has been 

designed and work has been executed to achieve the objectives laid down for this study. 

This chapter includes in depth analysis of data obtained as per the methodology 

described in the previous chapter and displays findings which will further lead to a 

fruitful conclusion of this endeavor.  

Starting with identifying and studying about problems associated with regular insulin 

use and type one diabetes, available literature has been referred to obtain initially 

required data. Various problems and issues have been found reported along with their 

data of prevalence in the target population by studies conducted across different 

geographies across the globe. At this point, it is of utmost importance to keep a note of 

the scope of the present study being undertaken. This ensures maintaining focus on 

finding solutions to problems which fall within the scope of this study. With focus on 

objectives and limitations of the study, the results have been presented and discussed in 

this chapter under the following heads. 

4.1. Pilot Study 

4.2. To study in detail problems of Insulin Dependent Diabetic Population 

4.3. Study of fabric beneficial for skin of target population 

4.4. Designing of garments in accordance with problems identified in Phase 2A and 

selection of 5 garment designs for construction using Survey method 

4.5. Description of selected 5 garments. Designing and development of paper patterns 

for selected 5 garments and final outcome. 

4.6. Technology (Microcontroller) used for development of circuit prototype 

4.7. Development of electronic circuit prototype 

4.8. Incorporation of developed electronic circuit prototype on one (1) garment 

4.9. Evaluation of developed garment along with prototype circuit 

4.10. Hypothesis 
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4.1. Pilot Study 

Primary data has been collected during pilot study using questionnaire with the purpose 

of firsthand information regarding the prevalence of certain problems with this 

population like mistiming and missing prescribed medication dosages due to memory 

problems, social problems, or any other reasons. Problems identified through review of 

literature have also been included for investigation. Other important aspects which can 

be relevant for proposed study have also been enquired through the questionnaire. An 

attempt has been made to have an estimate about the acceptance for smart technology 

in the form of wearables as a solution to the problems. This pilot study, conducted at as 

a first step (Phase-1) of the present study, provided the necessary input towards 

finalization of the research problem and also providing first hand data directly from the 

target population which is useful for the study to advance in right direction. The results 

of pilot study have been presented below. 

Sample Size for Pilot Study included a total of 40 samples out of which 4 responses 

were disqualified so final sample size remains to be of 36 Samples. 

The sample for pilot study constitutes of 44% females and 56% males.  

Present study was targeted towards people using insulin for diabetes management 

irrespective of their type of diabetes The result of segregation on the basis of type of 

diabetes have been presented as follows. 

Table 7: Distribution of samples on the basis of Diabetes Type (Pilot Study) 

Diabetes Type Frequency of Response Percent 

Type 1 24 67 

Type 2 5 14 

Not sure 7 19 

Total 36 100 
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Figure 9: Distribution on the basis of Type of Diabetes (in percent) 

The sample includes- 67% - Type 1 Diabetics, 14% - Type 2 Diabetics and 19% are not 

sure about their type of diabetes.  

Mean insulin use duration of the sample has been found to be of 11.26 years. 

Further, the respondents were asked about their profession to understand about their 

status and roles in the society. 

Table 8: Details of Profession (Pilot Study) 

Data obtained for Profession of 

respondents 
Frequency of Response Percent 

Any Other 9 25 

Businessman/ Businesswomen 3 8.33 

Engineer 4 11.11 

Healthcare professional 4 11.11 

Housewife 7 19.44 

Student 6 16.66 

Teacher 1 2.77 

Teacher/ Professor 2 5.55 

Grand Total 36 100 

 

The respondents were enquired regarding their frequency of insulin use in a span of 24 

hours as per the doctorôs prescribed regime. 

Type 1
67%

Type 2
14%

Not sure
19%

Type 1 Type 2 Not sure
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Table 9: Frequency of Insulin Usage (in 24 hours) 

Frequency of Insulin Usage Frequency of response Percent 

Once a day 3 8.33 

Twice a day 8 22.22 

Thrice a day 7 19.44 

Four times in a day 9 25 

More than 4 times in a day 9 25 

   

8% of samples have reported to use insulin only once a day, 22% reported taking insulin 

twice a day, 20% take it thrice a day and half of the total samples (50%) have reported to 

use insulin at a frequency of 4 and more than 4 times a day. 

Being more specific towards studying the problems faced by the target population, they 

were asked about the occurrence of an event where they missed/forgot to take insulin at 

the scheduled timings. 

Have you ever missed/forgot to take insulin at the scheduled timings? 

Table 10: Have you ever missed/forgot to take insulin at the scheduled timings? 

Response Frequency of Response Percent 

Yes 25 69 

No 11 31 

Total 36 100 

It was interesting to note that 69% of respondents agreed to the fact that there have been 

such events in their life where they missed/forgot to take insulin (intentionally or 

unintentionally) at the scheduled timings. It is also important to have knowledge of the 

frequency of such events. On being asked about the frequency of missing insulin, the 

responses obtained have been presented below. 

It is clear that the problem of missing/forgetting is widespread due to a variety of 

reasons which have been studied here under 2 major categories- Intentional and 

Unintentional. Reasons have been coded for ease of analysis and presented below.  
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Table 11: Reasons for forgetting/ missing insulin doses unintentionally with Code 

Code Description of Reason 

A I forgot unintentionally. 

B 
I was confused whether I had already taken it so had to skip for 

safety. 

C 
Initially I was busy and then got confused whether I had already 

taken it. 

D I got confused and questioned the amount of insulin taken. 

E Any other reason. 

F I never forget. 

 

Table 12: Reasons for forgetting/ missing insulin doses intentionally with Code 

Code Description of Reason 

G I skipped because I was in a party and couldn't find suitable space to 

complete this task. 

H I feel uncomfortable to look for a separate space to inject I am with 

my friends/relatives.  

I I was in a long meeting/ official work. 

J Major disruption in my daily routine due to family events, sudden 

guests, urgent unexpected work cause confusion of already taken 

insulin. 

K Any other reason. 

L I have never faced such a situation. 

 

Responses obtained from the samples have been presented below. 

Note: Respondents of the survey were allowed to choose more than one reasons. 
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Table 13: Responses for Reasons (Unintentional and Intentional) 

Reasons for Unintentional Missing Frequency of Response 

A 13 

B 7 

C 9 

D 0 

E 0 

F 14 

Grand Total 43 

  

Reasons for Intentional 

Skipping/Missing 
Frequency of Response 

G 5 

H 3 

I 2 

J 11 

K 1 

L 18 

Grand Total 40 

Further, respondents were asked about have they tried any solutions to the problem of 

missing/forgetting an insulin dose.  

Table 14: Responses of- ñHave you tried any solution to the problem of missing/ 

forgetting insulin?ò 

Response 

Options 
Response Frequency Percent 

Yes 7 19.44444 

No 22 61.11111 

I never forget 7 19.44444 

Total 36 100 

19.44% of respondents have reported that they never forgot or missed an insulin dose 

so they need not try any solutions; 19.44% have tried solutions like maintaining daily 
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diary, asking family members to remind, setting alarms at scheduled timings and 

61.11% have not tried any solution. 

Have you ever faced problem of accidental double dosing? 

Table 15: Have you ever faced problem of accidental double dosing? 

Responses Percent 

Yes 33.33 

No 66.66 

Total 100 

It was alarming to note that 33.33% respondents have reported to have accidentally 

injected twice due to forgetting/confusion. Out of these 58.33% of respondents had to 

approach emergency medical services due to severe hypoglycemia caused because of 

accidental double dosing. 

Table 16: Do you prefer smart wearables as a solution to such problems? 

Response Percent 

Yes 30.55 

No 19.44 

Maybe 50 

Total 100 

Regarding preference for smart wearables as a solution to such problems, 50% of the 

total sample size opine that they would be willing to use such wearables depending on 

what is being offered to them and its ease of use along with its benefits, 31% prefer to 

use smart wearables and the remaining i.e. 19% do not prefer to have such wearables. 

It was also found that participants who have never faced problems of missing, forgetting 

or accidental double dosing also responded positively for the use of smart wearables as 

a solution of such problems. 

Majority of positive responses for use of smart wearables have been obtained from the 

age group of 26-30 years followed by age group of 21-25 years. 

Here is a more elaborate analysis of and discussion of data for the preference of smart 

wearables as a solution to the problems being faced. It is important to understand this 

data as the present study is targeted towards developing smart wearable (clothing). 
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Preference for smart wearables by only those who have agreed to have missed/forgot 

to take insulin at the scheduled timings is taken into account and further studied.  

Case 1: Preference for smart wearables of those who have agreed to have missed/forgot 

to take insulin at the scheduled timings have been considered irrespective of whether 

they have faced problem of accidental double dosing or not. 

Findings: Age group wise distribution of samples who have agreed to have 

missed/forgot to take insulin at the scheduled timings have been done. Out of them, 

64% of the respondents opine that their preference would depend on the product which 

is being offered and 32% have responded positively regarding preference. Majority of 

positive responses for use of smart wearables have been obtained from the age group 

of 26-30 years followed by age group of 21-25 years. It was interesting to note that that 

nearly 71% of respondents belonging to the age group of 50+ years have also displayed 

an interest in smart wearables and their preference would depend on the product which 

is being offered. 

Case 2: Preference for smart wearables of those who have agreed to have missed/forgot 

to take insulin at the scheduled timings AND have also faced problem of accidental 

double dosing. 

Findings: No negative response have been found regarding preference for smart 

wearables from this group. 

Case 3: Preference for smart wearables of those who have agreed to have missed/forgot 

to take insulin at the scheduled timings AND have not faced problem of accidental 

double dosing. 

Findings: 68% of the respondents stated that they may prefer smart wearables, but it 

depends on what is being offered, 25% have responded positively for their preference. 

Results obtained by studying the responses under the above described 3 cases highlight 

directly add to the relevance of the present study.  

Form the primary data obtained through this survey conducted as Pilot Study, it is 

evident that missing/forgetting insulin doses is a common problem among those who 

take insulin for diabetes management. At least half of the population faces these kinds 
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of issues in their daily lives due to varied reasons. Unintentional forgetting, being busy, 

confusion due to major disruptions in daily routine are major reasons. These findings 

share similarity with the data obtained through secondary sources i.e. review of 

literature. This data indicates the presence of such problems in society which result in 

severe health outcomes as documented in literature. The research problem was finalized 

for study and data regarding prevalence and occurrences of such problems have been 

found in abundance from available literature and presented in Chapter 2 of this thesis. 

The literature indicates that the problem under consideration is not new, instead, it has 

been into existence for a long period of time. To maintain focus on developing a 

solution, it was decided to collect primary data from a larger sample size not for the 

purpose of reporting prevalence of such problems in statistical terms but for the purpose 

of having a better understanding of current problems specifically in Indian population 

and reporting of any problems which may have been gone unnoticed in available 

literature. There has been found a shortage of studies conducted specifically on 

problems of Indian population which are specific to the current study, so this becomes 

even more important. Accidental double dosing of insulin has also been found to exist 

as a problem through the pilot study that results in emergency, life-threatening 

conditions. Another important issue reported is of the use of bolus rapid insulin instead 

of basal i.e. use of incorrect insulin preparation as per prescribed regime. As solutions 

only manual methods like maintaining logs and setting reminders have been found to 

be used. Regarding preference for smart wearables, it has the target population is 

willing to use smart wearables, and their choice also depends on what being offered to 

them. 

4.2. To study in detail problems of insulin dependent diabetic population 

The first objective of the study being undertaken is stated as óTo study the problems of 

insulin dependent diabetic population.ô For this purpose, a structured, validated 

questionnaire sub divided into 5 parts has been used as a tool for study. A survey with 

sample size of 100 samples has been conducted using purposive sampling technique. 

Results have been elaborated and discussed in this section. 
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4.2.1. Sample Overview (through Demographic Data)  

Table 17: Gender Distribution 

Gender Frequency of Response Percent 

Female 52 52 

Male 48 48 

Total 100 100 

Among the sample surveyed, 52% were females and 48% were males. This represents 

approximately equal participation of both genders. 

The samples were asked to choose appropriate age group which applies to them. Age 

group and Gender wise Sample Distribution of samples has been presented as table 18. 

Table 18: Age and Gender wise Sample Distribution 

No. of Respondents Gender 

Age Female Male Total 

10-15 yrs. 1 2 3 

16 - 20 yrs. 2 6 8 

21-25 yrs. 9 8 17 

26- 30 yrs. 15 16 31 

31- 35 yrs. 5 4 9 

36- 40 yrs. 4 3 7 

41-45 yrs. 2 6 8 

46-50 yrs. 6 1 7 

50+ yrs. 8 2 10 

Total 52 48 100 

Among surveyed samples, 31% of respondents fall within the age group of 26-30 years 

followed by 17% within age group of 21-25 years. 10% are above 50 years of age, 9 % 

fall withing the age group of 31-35 years, 8% fall within 16-20 and 41-45 years 

individually, 7% fall withing the age groups 36-40 years and 46-50 years individually, 

3% fall within age group of 10-15 years. 

Educational status of respondents has been presented as table 19. 
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Table 19: Educational Status of Respondents 

Educational Status Frequency of Response Percent 

10th ï Secondary 3 3 

12th ï Senior Sec. 10 10 

Diploma / ITI 4 4 

Graduate 57 57 

Post- Graduate 23 23 

Doctorate 1 1 

Post- Doctorate 0 0 

Other 2 2 

Total 100 100 

Employment status of respondents has been presented as table 20. 

Table 20: Employment status of Respondents 

Emp. Status Frequency of Response Percent 

Employed 38 38 

Unemployed 6 6 

Student 19 19 

Retired 4 4 

Home ï maker 12 12 

Self- Employed 14 14 

Freelancer 5 5 

Any other 2 2 

Total 100 100 

 

4.2.2. Health (Part-1 of Questionnaire) 

This part of questionnaire enquires about general health related aspects of the 

respondents associated with diabetes. 

Since how long are you taking insulin for diabetes management? 
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Table 21: Duration of Insulin Use 

Duration 
Percent 

(Responses) 

0-5 yrs. 27 

6-10 yrs. 29 

11-15 yrs. 14 

15+ years 30 

Total 

Responses 
100 

 

                                                       Figure 10: Duration of Insulin Use 

30% of respondents have reported to have been using insulin for more than 15 years 

followed by 29% participants who have been using it for 6-10 years. 27% have been 

using for 0-5 years and 14% have been using for 11-15 years. 

How many times do you take insulin in a day (24 hours)? Please answer as per 

your doctorôs prescribed regime. 

Table 22: Frequency of insulin use in 24 hours 

Frequency 
Percent 

(Responses) 

Once 3 

Twice 10 

Thrice 16 

Four times 55 

More than 

4 
16 

Total 

Responses 
100 
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Figure 11: Frequency of Insulin 

Usage 
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More than half (55%) of the surveyed samples take insulin 4 times a day followed by 

16% for more than 4 times a day and 16% for thrice daily. 

What do you use to inject insulin? 

Table 23: Data regarding use of Insulin Delivery System 

   
Percent 

(Responses) 

Insulin Pen 60 

Syringe 11 

Pen and Syringe both 21 

Insulin Pump only 2 

Insulin Pump and Pen both 6 

Total 100 

Majority of surveyed participants (60%) have been found to use insulin pen for insulin 

delivery. 

Please select appropriate options related to minor skin injuries. This is about 

injuries that occur in daily life NOT major accidents. 

Table 24: Self-reported healing speed of skin injuries 

Statement 
Percent 

(Responses) 

Minor injuries usually get healed up within expected time 

frame. 

66 

Minor injuries get infected due to slow healing process. 26 

Minor injuries require medical attention. 8 

Total 100 

This has been enquired majorly to have an assessment of diabetes on skin healing which 

is taken as is a measure of skin health. Majority of respondents (66%) agreed to the 

statement that óMinor injuries usually get healed up within expected time frame.ô 28 

percent of respondents end up in minor injuries getting infected due to slow healing 

process. 
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Do you catch seasonal flu and infections frequently and take longer than 10 days  

to recover? 

This has been enquired as a measure of general health and immunity. 

Table 25: Responses to being infected and recovery time taken 

Response 
Precent 

(Responses) 

Yes 28 

No 46 

Not Sure 26 

Total 100 

   

Majority (46%) respond to not being infected with flu and infections frequently and 

getting recovered within 10 days if the catch it but 28% agreed to get infected with flu 

and infections frequently and take longer than 10 days to recover. 

Select your preferred site for injecting insulin. Use the following diagram as a 

guide and follow the code to answer. You can select multiple options. 

Table 26: Preference for Insulin Injection Site 

Preference Frequency of Response 

Abdomen 78 

Thighs 69 

Arms 23 

This has been enquired for having data regarding preference of insulin injection site 

which will be important in developing smart garment as per objectives of the present 

study. Respondents were allowed to choose multiple sites. Most preferred site is 

abdomen followed by thighs. Arms appear to be less preferred as an injection site by 

the respondents. 

After how many times of use do you discard a pen needle/ syringe?  

This data indicates pen needle/syringe reuse frequency which is used as an indirect 

measure of skin health status due to frequent insulin administration. 
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Table 27: Pen needle/ Syringe reuse frequency 

Needle use frequency 

Frequency of response for 

pen needle reuse 

frequency 

Frequency of response for 

Syringe needle reuse 

frequency 

1 0 3 

2 4 5 

3ï4 24 12 

6ï10 32 4 

More than 10 times 26 8 

Majority of respondents have agreed to use pen needle 6-10 times (32%) followed by 

more than 10 times (26%). Use of insulin pen needle more than 10 times is a definite 

cause of skin problems in insulin using diabetic population.  

How do you rotate between injection sites? Choose any one from the following. 

The respondents were provided images representing different ways of site rotation and 

were asked to choose the one which is followed by them. They were allowed to choose 

more than one options if they followed more than one pattern of site rotation. 

Table 28: Site Rotation Pattern as followed by respondents 

Site Rotation Pattern 
Frequency of 

Response 

I move back and forth from right to left side of my 

body. 
14 

I move from one site to another. 29 

I inject about a finger breadth from where I injected 

previously. 
16 

My pattern describes a circle around my injection site 9 

I do not follow any specific pattern. 31 

I do not rotate injection sites. 7 

 
     

106 

The data collected indicates that majority of respondents do not adhere to any specific 

pattern and rotate randomly. 7% responded not to rotate sites and the remaining have 
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agreed to follow a site rotation pattern. Use of a pattern helps implement better site 

rotation and prevent skin related complications. 

Do you feel swelling or lump under the skin at your usual injection site after some 

time (weeks, months) of injection insulin? 

Table 29: Responses for ñDo you feel swelling or lump under the skin at your usual 

injection site after some time (weeks, months) of injection insulin?ò 

Response Frequency of Response Percent 

Yes 57 57 

No 43 43 

 100 100 

This data clearly indicates skin related complications due to frequent and improper 

injection of insulin or absence of effective site rotation plan or poor skin health.  

Have you noticed any of the following conditions at injection sites? You can select 

more than one options. 

Table 30: Responses for presence of various skin problems at insulin injection sites 

Condition 

Frequency 

of 

Response 

Interpretation  Percent 

Pain 28 

69% of respondents have faced 

these conditions. Out of total 

who have faced such 

conditions, individual 

percentages are mentioned in 

next column. 

40.58 

Bruising 24 34.78 

Prolonged Redness 13 18.84 

Hardness of skin 35 50.72 

Appearance of OR 

feeling like a small hard 

bead under your skin 

upon touching the site 

immediately after 

injecting 

29 42.03 
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Insulin leakage from 

skin after taking out 

needle. 

32 46.38 

None 
31 

31% of respondents did not 

face such conditions 
31 

Total 192 

4.2.3. Diabetes, Daily Life & Society (Part-2 of Questionnaire)  

To what extent do you agree to the following statements. 

Table 31: Frequency of responses (opinion) to provided statements 

 Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree Statement 

People have little or no 

knowledge about insulin 

dependent diabetes. 

60 32 8 0 0 

There is stigma around use of 

insulin in public. 
41 31 20 7 1 

People misjudge insulin use 

with drugs of abuse. 
31 40 22 6 1 

I am NOT comfortable with 

how others react on insulin 

use. 

34 30 18 11 7 

Taking insulin at public 

places attracts unwanted 

attention. 

46 32 16 6 0 

It gets difficult to search for a 

place to take insulin when I 

am in outdoor events like 

travelling, leisure outings, 

parties, family gatherings etc. 

34 40 15 8 3 

Insulin stigma has adverse 

effects on my social life. 
15 28 29 22 6 
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To quantify these responses, numerical values have been assigned to each response. 

Description of assigned values has been presented below as table 32 

Table 32: Description of assigned Numerical Value 

Numerical Value Assigned to obtain Mean Score 

SA- 5 A- 4 N- 3 D- 2 SD- 1 

 

To calculate the mean score for each statement: - 

Each response needs to be replaced by its assigned numerical value. This is same as 

multiplying the frequency of a response by its assigned value and summing up the 

values which gives the score.  

ὊὶὩήȢέὪ Ὓὃzυ ὊὶὩήȢέὪ ὃ τz ὊὶὩήȢέὪ ὔ σz ὊὶὩήȢέὪ Ὀ ςz

ὊὶὩήȢέὪ ὛὈz1) = Score 

This gives the total score of a statement which was further divided by the number of 

participants (100) to obtain the mean score for that statement. 

ὓὩὥὲ ὛὧέὶὩ έὪ ὥ ὛὸὥὸὩάὩὲὸ 

 

ὊὶὩήȢέὪ Ὓὃzυ ὊὶὩήȢέὪ ὃ τz ὊὶὩήȢέὪ ὔ σz ὊὶὩήȢέὪ Ὀ ςz
ὊὶὩήȢέὪ ὛὈzρ

ρππ
 

 

After calculation of mean score for each statement, the value obtained was compared 

with the range provided as table 33 for interpretation and presented as table 34. 

Table 33: Range for Mean Score 

Range for mean score 

Strongly Disagree 1 to 1.80 

Disagree 1.81 to 2.60 

Neutral 2.61 to 3.40 

Agree 3.41 to 4.20 

Strongly Agree 4.21 to 5.0 
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Table 34: Statement wise Analysis 

Statement Mean Score Interpretation  

People have little or no knowledge about 

insulin dependent diabetes. 
4.52 Strongly Agree 

There is stigma around use of insulin in 

public. 
4.04 Agree 

People misjudge insulin with drugs of abuse. 3.94 Agree 

I am NOT comfortable with how others 

react on insulin use. 
3.73 Agree 

Taking insulin at public places attracts 

unwanted attention. 
4.18 Agree 

It gets difficult to search for a place to take 

insulin when I am in outdoor events like 

travelling, leisure outings, parties, family 

gatherings etc. 

3.94 Agree 
 

 
Insulin stigma has adverse effect on my 

social life 
3.24 

Neutral 
 

Respondents have:  

Strongly agreed to the statement- óPeople have little or no knowledge about insulin 

dependent diabetes. 

Remained Neutral to the statement- óInsulin stigma has adverse effect on my social 

lifeô.  

Agreed to the remaining statements. 

Through these weighted mean scores, it is evident that people using insulin for diabetes 

management are facing stigma and problems associated with social perception of 

insulin and its use. 

Have you ever missed/ forgot to take insulin at scheduled timings?   
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Table 35: Responses to ñHave you ever missed/ forgot to take insulin at scheduled 

timings?ò 

Response Frequency of Response Percent 

Yes 70 70 

No 30 30 

Total 100 100 

70% of respondents have agreed to have forgot to take insulin at scheduled timings. 

This finding resonates with the finding of the pilot study. This data is strong indicative 

of forgetting/missing as a significant problem which needs to be addressed for solution.  

Same as done during analysis of pilot study data, reasons have been studied here under 

2 major categories- Intentional and Unintentional. Reasons have been coded for ease of 

analysis and presented below.  

Please select one or more than one suitable reason for forgetting/ missing insulin 

dose unintentionally from the below list as per your life experience. 

Table 36: Reasons with Code Assigned 

Reasons Code 

I forgot unintentionally. R 

I got confused about having already taken insulin and got uncertain, so 

had to skip it to stay on the safer side. S 

I was occupied during my scheduled time and afterwards, I became 

confused about whether I had previously taken it. T 

I was confused about the dose of insulin to be taken. U 

I never forget. V 

Other: _____ W 

 

Please select suitable reasons from below related to intentional insulin skipping 

that apply to you. You can select more than one option. 
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Table 37: Reasons with Codes Assigned 

Reason Code 

I skipped because I was in a party and couldnôt find suitable place to 

complete this task. X 

I feel uncomfortable to look for a separate space to inject when I am 

with my friends/ relatives. Y 

I was in a long meeting/ official work. Z 

Major disruptions in my daily routine due to family events, sudden 

guests, urgent unexpected work cause confusion of already taken 

insulin. A1 

I have never faced such a situation. A2 

Other: _____ A3 

 

Table 38: Response frequency for reasons (Unintentional) 

Forgetting/ missing insulin dose unintentionally 

Code Frequency of Response 

R 35 

S 27 

T 26 

U 3 

V 32 

W 0 

 

Table 39: Response frequency for Reasons (Intentional) 

Intentional insulin skipping/ missing 

Code Frequency of Response 

X 14 

Y 10 

Z 12 

A1 31 

A2 50 

A3 0 
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Figure 12: Responses for Reasons (Unintentional) 

 

Figure 13: Responses for reasons (Intentional) 

What is the frequency of such events of missing insulin (Both intentional and  

unintentional)? 

Table 40: Frequency of Missing 

Frequency Frequency of Response Percent 

Never 27 27 

Rarely 41 41 

Once a month 23 23 

More than once in a month 5 5 

Once a week 2 2 

More than once in a week 2 2 

Total 100 100 
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27% of respondents have never forgot to take insulin dose. Out of remaining 73% 

respondents, 41% forget rarely, 23% forget once a month, 5% forget more than once a 

month, 2% forget once a week and remaining 2% forget more than once a week. 

Have you ever faced problem of accidental double dosing? 

Table 41: Occurrence of Accidental Double Dosing 

Response Frequency of Response Percent 

Yes 33 33 

No 67 67 

Total 100 100 

It is alarming to note that one third of the respondents have faced problem of accidental 

double dosing 

Have you ever reached emergency medical services due to severe hypoglycaemia 

caused by accidental double dosing?      

Table 42: Requirement for Emergency Medical Services 

Response Frequency of Response Percent 

Yes 12 12 

No 88 88 

Total 100 100 

Requirement of emergency medical services due to severe hypoglycaemia caused by 

accidental double dosing has been reported by 12% of respondents. 

4.2.4. Economic 

How do you perceive the cost involved in diabetes management? Choose the option 

that best describes your opinion.    

Table 43: Perception of cost involved in diabetes management 

Response Frequency of Response Percent 

Not at all burdensome 7 7 

Slightly burdensome 27 27 

Moderately burdensome 25 25 
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Significantly burdensome 24 24 

Extremely burdensome 17 17 

Total 100 100 

The cost (monetary) of diabetes management has been considered as slightly 

burdensome by 27% of respondents, moderately burdensome by 25% of respondents, 

significantly burdensome by 24% of respondents, extremely burdensome by 17% 

respondents and not at all burdensome by the remaining 7%.   

To what degree has your allocation of expenses shifted towards diabetes 

management? 

Table 44: Expense shift towards diabetes management 

   Frequency of Response Percent 

No effect/ Not at all shifted 12 12 

Slightly shifted 30 30 

Moderately shifted 26 26 

Significantly shifted 32 32 

   100 100 

 

Majority (32%) of respondents have mentioned that their allocation of expenses has 

significantly shifted towards diabetes management followed by 30% respondents 

mentioning that the expenses have slightly shifted. A moderate shift has been reported 

by 26% and no effect/not at all shifted has been chosen by the remaining 12%. 

Choose appropriate option that best describes the impact of diabetes related 

expenses on your family budget.        

Table 45: Impact of Diabetes management on family budget 

  Frequency of Response Percent 

Negligible impact 4 4 

Minor impact 29 29 

Moderate impact 39 39 

Significant impact 28 28 

  100 100 

 



112 

 

Respondents have indicated a moderate impact (39%) of diabetes related expenses on 

their family budget. 29% have indicated a minor impact, 28% have reported a 

significant impact and the remaining 4% have negligible impact on their family 

budgets. 

Is the cost of managing diabetes limiting your expenditures on other aspects of 

life? 

Table 46: Effect of diabetes related cost on other expenditures of life 

      
Frequency of 

Response 

Percent 

Yes, significantly 25 25 

Yes, moderately. 29 29 

Yes, slightly. 29 29 

No, itôs not limiting my expenses on other aspects 

of life. 
17 

17 

      100 100 

Slight to moderate limiting impact (both individually 29%) has been found on 

expenditures on other aspects of life due to cost of diabetes management. 25% of 

respondents have reported a significant limiting impact and 17% report no limitation 

on expenditures on other aspects of life due to cost involved in diabetes management. 

4.2.5. Study Specific   

The aim of this section is to collect important information relevant to the designing and 

development of clothing. 

Are you allergic to any kind of fabric? If yes, mention name or type of that fabric. 

Table 47: Information regarding allergy towards any fabric 

Response Frequency of Response Percent 

Yes 9 9 

No 91 91 

Total 100 100 
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Majority (91%) of respondents have not reported to be allergic to any type of fabric. 

Those who have reported to have allergies have mentioned synthetic material, 

polyester, silk, georgette and velvet in description of material. 

What type of fabric do you prefer for daily wear?     

Table 48: Preference for fabric type 

Response 
Frequency of 

Response 
Percent 

Natural fabric only 41 41 

Synthetic fabric only 1 1 

Blended fabric 7 7 

No specific choice, only cost matters to me. 10 10 

I donôt have knowledge of fabrics. 13 13 

I have never thought about it. 28 28 

Total 100 100 

41% of respondents prefer to have natural fabrics for daily wear, 28% have never 

thought about it, 13% lack the knowledge of fabrics, 10% have no specific choice and 

only cost matters to them, 7% prefer blended fabrics and the remailing 1% prefer 

synthetics only. 

Does the timing of mealtimes, particularly insulin injections, impact your clothing 

choices for outings? 

Table 49: Responses to ñDoes the timing of mealtimes, particularly insulin injections, 

impact your clothing choices for outings?ò 

Response Frequency of Response Percent 

Yes 47 47 

No 37 37 

It doesnôt matter to 

me. 
16 16 

Total 100 100 
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Nearly half of respondents (47%) agree to have an impact on clothing choices for 

outings particularly when a mealtime is involved. 37% disagree to have an impact on 

choice and 16% opine that it doesnôt matter to them. 

Please share your experiences and thoughts on how taking insulin during outdoor 

events (functions, parties, workplace etc.) influences your decision-making 

process, style preferences, and overall comfort when it comes to selecting clothing. 

This question required subjective experiences of the respondents. After analysing the 

responses received to this question, it has been found that: 

¶ Clothes that are revealing injection sites are selected by respondents for outdoor 

purposes. Example- Traditional lehenga choli revealing the abdomen part so 

that insulin can be taken without disturbing the entire look, polo shirt and jeans 

which keeps the arms free for taking insulin. 

¶ Bulky, multilayered and heavily embellished clothes are being avoided. Clothes 

that need to be tucked in are also being avoided. One-piece dresses are being 

avoided by female gender. 

¶ Uncertainty about the availability of a private space to inject insulin results in 

lots of confusion and difficulties in choosing clothing. 

¶ It has also been found that people skip insulin intentionally due to fear of the 

aesthetics of their dress being disturbed. 

¶ Respondents feel limited options that can suit this particular purpose without 

hassles. 

¶ It has also been reported that the site where insulin has to be taken outdoors has 

to be decided first and then keeping it in mind, dress needs to be chosen. 

¶ Ripped, cut work designs on some particular injection sites specially arms are 

being chosen for ease. 

In continuation to question 33, is there any specific style/ features in clothing that 

you prefer? Select one or more appropriate options from below. 
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Table 50: Preferences for specific style of clothing/ specific features in clothing 

   Frequency of Response 

Asymmetric dresses 14 

Overlapped pattern dresses. 13 

Short 17 

Zipper 13 

Ripped 3 

Any other 7 

4.3. Study of fabric beneficial for skin of target population 

The present study is focused on developing sustainable smart clothing. The aim is to 

use fabric which is sustainable in terms of manufacturing and entire life cycle. As part 

of the manufacturing process, dyeing is a major contributor of pollution from the textile 

industry. It has been taken care that dyeing is not only sustainable but also that the end 

result be beneficial on contact with the human skin which can be perceived as dual 

benefit. As mentioned, while explaining the background of the present study, this is a 

present-day requirement as a part of evolving expectations from clothing. Sustainability 

of clothing coupled with the expectation from clothing for providing health benefits can 

be found together in medicinally rich herbal dyed textiles. These textiles have been 

chosen to be used for the present study. Further study has been done from available 

literature as a secondary source and the information available on websites, herbal dyed 

fabric manufacturers, information mentioned on product leaflets, product care labels 

have also been utilized to gain information regarding raw material used, herbal dyeing 

process, cost, availability of fabric, quality certifications and effects on health. 

Manufacturers were then contacted for the purpose of fabric sample procurement. 

The process starting from sample procurement till final selection has been presented as 

figure 14. 

It has been decided to complete this process on the basis of: 

¶ Suitability (physical appearance and feasibility for garment type)  

¶ Affordability (cost) 

¶ Availability  

¶ Functionality (reports of textile testing)
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Figure 14: Selection of Fabric 

On the basis on Availability

On the basis of Affordability

On the basis of Suitability

5 Organisations 
contacted for 

sourcing of Fabric 
Samples

Supplier-1 

Sample 
found 

suitable

Sample 
found 

suitable

Sample 
found 

suitable

Supplier- 2

Sample 
found 

suitable

Sample 
found 

suitable

Sample 
found 

suitable

Supplier- 3

Sample 
found 

suitable

Sample 
Rejected

Supplier- 4

Sample 
Rejected

Supplier- 5

Sample 
Rejected
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Samples from Supplier- 1 and Supplier-2 have been found suitable on the basis of 

suitability for construction of a one piece bifurcated garment, one the basis of 

affordability and have been found available in the required quantity. Samples from rest 

3 suppliers have been rejected. 

The next step is to get the samples tested for their functionality. For this, the following 

samples have been procured quantity as per requirements of the NITRA Textile Testing 

Laboratories. 

Supplier 1- Total 3 varieties procured 

¶ Cotton Poplin 

¶ Cotton Chambray 

¶ Cotton Cambric 

Supplier 2- One variant procured 

¶ Ayurvedic dyed, cotton (plain woven) 

Total 4 samples were then sent to NITRA Testing Laboratories, Ghaziabad for testing. 

On the basis of results obtained for functionality of samples, Cotton Poplin was finally 

selected. Twenty-Seven (27) meters of Cotton Poplin fabric dyed with Pomegranate and 

Madder was purchased for development of clothing. 

4.4. Designing of garments in accordance with problems identified in Phase 2A 

and selection of 5 garment designs for construction using Survey method 

After selection of suitable fabric for the purpose of garment construction, the process 

of garment designing was started with the following points under consideration: 

¶ The garment should provide easy access to common insulin injection sites so 

that taking insulin in outdoor conditions can be done with ease and it be 

designed in such a way that taking insulin should not disturb the presentation 

and aesthetics of the garment. 

¶ The garment should be compatible with the fabric selected. 

¶ The garment must not compromise on aesthetics, visibly look like any normal 

garment and remain functional at the same time. 
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¶ While taking care of the above-mentioned points, it should be taken at utmost 

importance that an electronic circuit needs to be integrated into its design. This 

circuit will keep a log of time of injection, frequency of injection along with site 

selected for injecting each insulin dose. The data is of great importance when it 

comes to avoiding accidental double dosing in case of confusions. The dosing 

pattern and data thus obtained will be helpful in detecting missed doses and 

preparing personalized healthcare plan. 

¶ At last, the garment must be suitable for daily wear without the requirement of 

elaborate care and maintenance. 

With these considerations, twenty-five (25) one piece bifurcated garments popularly 

known as óJumpsuitsô were designed and digitized for effective visualization. Each 

of them was assigned a code starting from JS-01, JS- 02, JS- 03 and so on till JS- 

25 for identification purpose.  

For selection of five (5) garments which will be finally constructed, a questionnaire 

was used as a tool for study. It was circulated through online mode to 20 samples 

selected through purposive sampling and the results obtained have been presented 

below. 

The respondents were asked to select 5 designs and then assign ranks on the basis 

of their opinion on ease of access to common insulin injection sites provided in the 

garment, overall look and their personal preference. The garment standing as first 

choice had to be assigned Rank-1, Second choice had to be assigned Rank-2 and so 

on till Rank-5. Since ranks assigned cannot be analyzed directly, the rank data 

obtained was then converted to scores for analysis. In table 51, scores of each 

garment have been mentioned in the column of their respective garment which is 

represented as a code.
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Table 51: Frequency of Ranks and Conversion to Scores 

 Frequency of Ranks  

Garment 

Code 
Rank-1 Rank-2 Rank-3 Rank- 4 Rank- 5 Score 

JS- 01 0 0 0 0 0 0 

JS- 02 0 0 0 0 0 0 

JS- 03 3 5 6 3 1 60 

JS- 04 0 0 0 0 0 0 

JS- 05 0 0 0 0 0 0 

JS- 06 3 2 2 3 1 36 

JS- 07 0 2 0 0 0 8 

JS- 08 0 0 0 0 0 0 

JS- 09 0 0 0 1 1 3 

JS- 10 0 0 0 2 2 6 

JS- 11 0 0 0 1 1 3 

JS- 12 0 0 0 1 3 5 

JS- 13 1 0 1 0 2 10 

JS- 14 0 0 0 0 0 0 

JS- 15 4 6 6 1 2 66 

JS- 16 0 0 0 0 2 2 

JS- 17 0 0 0 0 2 2 

JS- 18 1 0 2 2 0 15 

JS- 19 0 0 1 2 0 7 

JS- 20 0 0 0 2 0 4 

JS- 21 0 0 0 0 0 0 

JS- 22 0 0 1 1 2 7 

JS- 23 0 0 0 0 2 2 

JS- 24 1 0 0 0 1 6 

JS- 25 7 6 1 2 1 67 
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Table 52: Selected 5 garment designs as per score data 

Garment Code Total Score 
Position in overall 

preference 

JS- 25 67 First 

JS- 15 66 Second 

JS- 03 60 Third 

JS- 06 36 Fourth 

JS- 18 15 Fifth 

The above table summarizes 5 garments along with their scores which have been used 

as a basis for their final selection. The images of finally selected 5 garment designs 

along with their codes have been presented below.                   

 
Plate 1: Code- JS 25 

 
Plate 2: Code- JS 15 

 
Plate 3: Code- JS 03 
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Plate 4: Code- JS 06 

 
Plate 5: Code- JS 18 

 

4.5. Description of selected 5 garments. Designing and development of paper 

patterns for selected 5 garments and final outcome. 

Selected 5 garment designs have been presented in the previous section. Here is an 

elaborate presentation of the selected 5 garment designs starting with their rough 

sketches which include details of that design, their digital illustration, drafted paper 

patterns (on 1:10 inch scale) developed for garment construction and final look of the 

garment constructed. Before proceeding to the next section, here is the basic jumpsuit 

block along with drafting instructions, which has been adapted for preparing drafted 

patterns for selected five designs. 

Measurements for Drafting Basic Bodice and Pants Block 

Chest Circumference: 32 inches 

Waist Circumference: 29 inches 

Bodice Length: 16 inch or 16.5 inch (as per design requirements) 

Shoulder: 14 inches 

Sleeve Length: 15 / 16 / 17 inch (as per design requirements. Mentioned individually 

with draft) 

Total Garment Length: 56 inches 

Hip Circumference: 40 inches 
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Waist to Hip Length: 9 inches 

Crotch Depth: 12 inches 

Waist to knee length: 23.5 inches 

Waist to Ankle Length: 38 inches 

Drafting Instructions of Basic Bodice (Dartless)  

Note: Seam Allowances not included. 

0-1 = Bodice Length 

0-2 = Armhole depth  

0-3 = Front Neckline Depth  

0-3ô= Back Neckline Depth  

0-4 = Neck Width  

0-5 = Across Shoulder/ 2  

2-10 = Chest Circumference/4 + 1 inch (ease) 

Square down from point 5 till line 2-10. Mark intersection as point 7. 

5-6 = Shoulder Slope = İ inch 

8 is the mid- point of 6-7. 

9 is half inch inwards from point 8. 

Draw curve 6-8-10 for back armhole and curve 6-9-10 for front armhole. 

2-10 = 1-11 

1-12 = Waist Circumference/4 + 1 inch (ease). 

Join points 10 and 12 with a straight line. 

Cut along points 3ô-2-1-12-10-8-6-5-4 for back bodice block. 

Cut along points 3-2-1-12-10-9-6-5-4 for front bodice block. 

This basic bodice will be adapted for development of patterns of selected five garments. 

Line 1 

Li                             ne 2         Scale- 1:10 inch 

       6 

 

 

 

   7 

 

 

 

 

 

 

 

 

 

  

 

 

 

3ô 

 3                  9   8 

 

 2                              10 

 

 

 

 

     1                   12   11     

 

 

 

 

 

 

 

 

0       4          5  

 

 

 

 

  

 

 

 

 

 

 

 

 

 



123 

 

Line 1

               Front   Back 

Scale- 1:10 inch 

Basic Sleeve Draft 

 

Back1 Front 

Scale- 1:10 inch 

Drafting Instructions of Basic Pants (Dartless)  

0-1 = Required Pant Length 

0-2 = İ of Hip Circumference + 2 cm 

0-3 = Waist to Hip Length 

0-4 = Crotch Depth 

0-5 = Waist to Knee Length 

0-6 = İ of 0-2 Measurement 

0-2 = 3-3a = 4-4a = 5-5a = 1- 1a 

Square down from point 6. Mark 14 at the intersection of line 1-1a. Mark 13 at the 

intersection of 4-4a. 

4-7 = İ of hip circumference / 8 

4a- 8 = 4-7 + 3 cm 
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Position of point 9 is 0.5cm inward from line 0-3 and 1 cm downwards from line 0-6 

for front. Join points 9 ï 3 ï 7.  

Position of point 10 is 4 cm inwards and 2.5 cm upwards from point 2 for back. Join 

points 10 ï 3a ï 8.  

9- 11= Waist Circumference /4 + 1.5 cm 

10- 12= Waist Circumference/4 + 0.5 cm 

Join 11- 13 and 12-13 with a slight curve. 

Crease Line Marking: ï  

For Front: Mark midpoint of 7 ï 13 and square down. 

For Back: 13-16 = 7 ï 13. Square down from point 16. 

7-13 = 15-14, 7-15= 13-14. Similarly, 8-13 = 16-14, 13-14= 8-16 

Leg shaping has not been done in this basic draft. Instead, it is left straight so that it can 

be adapted and shaped as per the varied requirements of the selected designs. 

 

Pants Draft (Front and Back) 

Line 10 
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Front Back

Scale- 1:10 inch 

The bodice and pants drafted previously have been used to develop basic pattern for 

jumpsuit as shown in the following diagram. 

 

 

 

 

 

 

 

 

 

Line 1 
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Front & Back 

Scale- 1:10 inch 

After blending both blocks, here is the basic jumpsuit pattern which is used as 

foundation for all 5 selected designs. 

Line 1 Basic Jumpsuit Pattern Draft 

Line 2 

Line 3 

Line 4 

Line 5                 

Line 6 
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e Front                                                         Back15 

Scale- 1:10 inch 
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4.5.1. Details of Garment Code JS 25 

Garment Opening: Front 

 

Plate 6: Working Sketch JS- 25 

Plate 7 indicates the position of zippers which facilitate easy access to common insulin 

injection sites provided in this design when superimposed on the body structure. 

 

 

Spirally stitched frills. 

Center Front buttons (to 

ensure wearability) 

Belt 

 

 

False Pocket on outer side 

seam. Detailed structure of 

pocket on next page. 

 

 

 

 

 

Frills all along this  

seam. 
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Plate 7: Zip position superimposed on body JS-25 

Below is the detailed diagram of the structure of the pocket with zip positioning. 

  

 

 

                         

 

 

 

 

 

 

 

 

 

Zip stitched under the 

spirally stitched frill. 

Opening: Vertically 

Downwards 

Zip stitched horizontally 

covered by belt. Opening: 

From center of body to 

horizontally outwards. 

 

Zip stitched inside the 

pocket placed over the 

outside leg seam of the 

lower part. Opening: 

Vertically Downwards 

 

 

 

Plate 8: Detailed Structure of False Pocket 

Outside leg seam 

 

 

Pocket Flap with 

buttonholes 

 

Buttons 

 

False Pocket 

Box pleat at center 

 

Zip stitched in lower layer 

of box pleat.  

Opening: Vertically 

Downwards 
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Plate 9: Digital Illustration of JS-25 
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Pattern Making: Drafting 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bodice Front 

 Bodice Back 

Sleeve 

 Knife Pleats 
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Final Outcome 

 
Plate 10: Jumpsuit JS- 25 

 
Plate 11: Arm Zip Details 

 
Plate 12: Garment Lower False 

Pocket for zip 

 
Plate 13: Abdomen Zip Details 
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4.5.2. Details of Garment Code JS 15 

Garment Opening: Back 

This design involves the use of box pleat like structure on centre of sleeve and outside 

leg seam of the garment. The pleat is provided with a button and loop structure so that 

it can be opened to access the lower layer of the pleat where a zip is placed that can be 

opened and closed. This creates easy access to arm and abdomen insulin injection sites, 

conceals the zip and adds to the aesthetics of the garment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Center of the must be 

embellished on the surface 

with buttons and loops to 

facilitate opening and 

closing of zip hidden in the 

seam. 

Same structure on outer 

side seam as the one on 

center of sleeves. 

Same button loop 

arrangement to facilitate 

access hidden zip. 

Plate 14: Working Sketch JS-15 

Zip below belt. 
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Plate 15: Zip position superimposed on body JS-15 

 

 

 

Zip stitched in seam. 

Opening: Vertically 

Downwards 

 

Zip stitched horizontally 

covered by belt. Opening: 

From center of body to 

horizontally outwards. 

 

 

Zip stitched in the seam on 

outside leg seamline of the 

lower part. Opening: 

Vertically Downwards 

Sleeve Center line 

 

 

 

Hidden Zip 

 

Button Loop 

Embellishment 

Plate 16: Structure of Sleeve 

Similar structure has been used to give easy access to thigh injection site on 

outer side seam of garment lower part. 
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Plate 17: Digital Illustration of JS-15 
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Pattern Making: Drafting 
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Final Outcome 

 
Plate 18: Jumpsuit JS-15 

 
Plate 19: Sleeve and Garment 

Lower Zip Details 

 
Plate 20: Abdomen Zip Details 
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4.5.3. Details of Garment Code JS 03 

 

Plate 21: Working Sketch of JS-03 

 

Zip positions superimposed on body and directions of zip are same as that in JS-15. Zip 

is placed at the seams where circular cascades are inserted.  
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Plate 22: Digital Illustration of JS-03 
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Pattern Making: Drafting 
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Final Outcome 

 
Plate 23: Jumpsuit JS-03 

 
Plate 24: Sleeve Zip Details 

 
Plate 25: Garment Lower Zip Details 

 
Plate 26: Abdomen Zip Details 
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4.5.4. Details of Garment Code JS 06 

 
Plate 27: Working Sketch of JS-06 

Zip Superimposition Diagram same as JS-15 except the direction of opening of arm zip 

which opens in reverse direction in this design. 

   

 

 

 

               

 

 

 

Sleeve Center line 

 

 

 

Hidden Zip on Layer 1  

 

 

Upper Circular 

Layer 

 
 

Lower Layer 

Plate 28: Structure of Sleeve 
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Plate 29: Thigh Pocket in closed state 

This is the appearance of pocket in its closed state. It has vertical opening with buttons 

as closures. 

 

Plate 30: Thigh Pocket detailed structure 

 

 

 

 

Outside leg side 

seam 

Zip 

Button to be stitched 

here. 

 

This part is on front 

part of garment. 

 

Buttonholes 

 

 

 

 

Pocket flap which 

opens towards the 

back. When closed, 

it turns towards 

front part of the 

garment. 
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Plate 31: Digital Illustration of JS-06 
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Pattern Making: Drafting 
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Collar 
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Final Outcome 

 
Plate 32: Jumpsuit JS-06  

Plate 33: Garment Lower False Pocket 

and Zip Details 

 
Plate 34: Abdomen Zip Details 
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4.5.5. Details of Garment Code JS 18 

 

Plate 35: Working Sketch of JS- 18 
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Plate 37: Zip/ Button Position superimposed on body 

 

 

 

 

 

 

 

Tulip sleeve has been used in this design to provide easy access to arm injection site. 

Buttons have been provided that can be used as switches for converting it into a smart 

garment sleeve. 

Buttons for easy access to 

arm as injection site. 

 

Overlapped Layer Overlapping Layer 

Plate 36: Structure of Sleeve 
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Plate 38: Digital Illustration of JS-18 

 

 

 

 

 

 



150 

 

Pattern Making: Drafting 

 

 

 

 

 

Front                          Back 
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Final Outcome 

 
Plate 39: Jumpsuit JS-18 

 
Plate 40: Sleeve Button Details 

 
Plate 41: Garment Lower Zip Details 

 
Plate 42: Abdomen Zip Details 
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4.6. Technology (Microcontroller) used for development of circuit prototype 

To fulfil the specific requirements of the present study, the Adafruit Feather M0 

Adalogger and Adafruit Feather M0 Bluefruit LE (manufactured by Adafruit Industries) 

have been found suitable and described in this section. These boards have been 

connected to zip which have been converted into a switch. Switch state change (opening 

and closing) data has to be logged and stored/ transmitted by these microcontrollers. 

Adafruit Feather M0 Adalogger 

This board is designed specifically for the purpose of data logging which fully aligns 

with the objective of this study. Its technical specifications which are relevant to the 

study are as follows: 

1. Processor - ATSAMD21G18 ARM Cortex M0 processor, 32bit, frequency 48MHz. 

Instructions provided to the board are processed by this processor which works 

at a rate of 48 million cycles per second and operates at a electrical supply of 

3.3 volts. The processor is fast, efficient and powerful for the function of 

complex data logging (zipper switch state change for this study) through sensors 

(zipper switches in this case) connected to the board. 

2. Flash Memory- 256 kb 

Flash Memory is the built in storage capacity provided in the board reserved for 

storing the uploaded code/ programs. This is sufficient for data for complex 

applications. 

3. SRAM- 32 kb 

This is intended to assist the board in speedy functioning by temporarily storing 

data which is required very frequently while the board performs its functions. 

This allows quick availability of data hence increasing speed of working. 

4. Operating Power ï 3.3 V, 500mA peak value of current supply 

The board has a regulator to ensure a regulated 3.3 Volt of current supply. It can 

supply a maximum of 500 milli Ampere of current. 

5. Power Source ï USB or Battery 

The board can be powered using two methods. First one is to directly connect 

the board with USB cable to the port provided. The built in regulator can 

manage the power supply as per the board requirements. Second method is to 
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connect a 3.7V Lithium Polymer/ Lithium-Ion Polymer battery to the dedicated 

slot provided on the board. The board is also capable of recharging the battery. 

6. Storage- Micro SD Card Slot provided 

A slot is provided for inserting Micro SD card which provides ample storage 

capacity for logged data to be stored. 

7. Time Keeping 

This board does not contain a separate clock which is also termed as real time 

clock (RTC). However, it a softRTC can be included using RTCLib in the code 

sketch which uses internal processor timer for time functions required in the 

present study.  

8. USB Connectivity 

A USB port has been provided to connect the board directly to the computer 

with a USB cable. A USB bootloader software is preloaded in it which provides 

ease in loading programs to the board and provision of debugging the program 

has also been made available for troubleshooting purpose. 

9. 20 General Purpose pins for Input/Output have been provided which are intended 

for the purpose of connecting and controlling other components with the board. 

10. Pin Number 13 is connected to a red LED which blinks to visually indicate that the 

board is working. 

11. Dimensions ï 5.1cm * 2.3cm * 0.8 cm 

12. Weight ï 5.3 grams 

Adafruit Feather M0 Bluefruit LE 

1. Processor, Flash Memory, SRAM, Operating Power and Power Source required by 

microcontroller are same as that of Adafruit Feather M0 Adalogger. 

2. Wireless Connectivity 

Connectivity is provided by using an adapted version of Bluetooth Low Energy 

module. Bluetooth Low Energy abbreviated as BLE; requires very low power 

supply in comparison to regular Bluetooth technology. On this particular board, 

adapted version of BLE named as Bluefruit Low Energy module is used. As per 

the manufacturer, adaptations have been made to make it easy to use and ensure 

compatibility with the companyôs line of products and associated software 

systems. This board includes ñBluefruit LE module which is a nRF51822 
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chipset from Nordicò. It is capable of connecting with smartphones running on  

both Android and iOS operating systems to establish a two way communication. 

3. Dimensions- 5.1 cm * 2.3 cm * 0.8 cm 

4. Weight- 5.7 grams 

5. Data Storage 

This device does not provide the facility of storage of data collected through 

sensors, so it essentially relies on external storage for data. In this case, the data 

has to be transmitted via Bluefruit Low Energy to a connected device 

(smartphone) where it can be stored. 

6. USB Connectivity is also same as that of Adafruit Feather M0 Adalogger. 

7. 20 General Purpose pins for Input/Output have been provided which are intended 

for the purpose of connecting and controlling other components with the board. 

8. Pin Number 13 is connected to a red LED which blinks to visually indicate that the 

board is working. 

4.7. Development of electronic circuit prototype 

4.7.1. Using Adafruit Feather MO Adalogger  

4.7.1.1. Material Used 

 

Plate 43: Conductive 

wire 

 

Plate 44: Adafruit Feather 

M0 Adalogger 

(Microcontroller Board) 

 

 

 

Plate 45: Zipper with 

metal runner 
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4.7.1.2. Circuit Schematic diagram 

 

 

 

 

 

 

 

 

Figure 15: Circuit Schematic Diagram 

 

4.7.1.3. Circuit 

Zipper having a metal runner has been converted into a switch in the circuit displayed 

as plate 33. This has been done by following the same method as described by Stern 

(2018) in her tutorial titled ñZipper Switch (Conductive Thread Zip- Trigger)ò. 

 

 

Plate 46: Circuit Setup 

4.7.1.4.Setup of ARDUINO IDE 

After connecting the microcontroller with zipper switches and inserting a Micro SD 

card in its slot provided on the microcontroller as per the above-mentioned plan, 

Switch Switch 

Switch 

Switch Switch 

Switch 
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Arduino IDE software has been downloaded, installed and prepared for programming 

the microcontroller. 

 

Plate 47: Arduino IDE Installation 

After installation of IDE software, a board support URL was added in the board 

manager of the software. It is necessary for programming third party boards that are 

compatible with Arduino IDE. After adding the URL, next comes the step of installing 

package for board support. 

 

Plate 48: Installing Arduino SAMD Board Support Package 
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Plate 49: Installing Adafruit SAMD Board Support Package 

After installation of board support packages, the required board was selected from the 

available options. 

 

Plate 50: Selection of microcontroller board in Arduino IDE 
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Plate 51: Installing RTC Library for its timestamping function 

With the installation of RTC library (for timestamping function) and SD library (to 

handle SD card), the software becomes ready for preparation and uploading of a 

program sketch to the microcontroller board. 

4.7.1.5. Coding and Compiling 

The aim of developing the code sketch the entire electronic circuit is to monitor the 

state of zipper switches (opened and closed) which are connected to microcontroller 

(Adafruit Feather M0 Adalogger). It should be able to provide the following data: 

× Zip (switch) opening and closing log. 

× Time of opening and closing (Timestamps) 

× Duration of time when the zip remained in open state 

× Name of the zip opened (Nomenclature specified in code sketch) 
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× Log the entire data in a text file in SD card. 

For the above requirements, Arduino code sketch has been designed which is described 

as follows. 

Including Relevant Libraries and Defining Constants 

ʢÉÎÃÌÕÄÅ ˱30)ƚÈ˲ 

ʢÉÎÃÌÕÄÅ ˱3$ƚÈ˲ 

ʢÉÎÃÌÕÄÅ ˱24#ÌÉÂƚÈ˲ 

 

ÃÏÎÓÔ ÉÎÔ .5-ʍ37)4#(%3 ˮ ʫƘ 

ÃÏÎÓÔ ÉÎÔ Ó×ÉÔÃÈ0ÉÎÓǁ.5-ʍ37)4#(%3ǂ ˮ ǅ!ʣƗ !ʦƗ !ʧƗ !ʨƗ !ʩƗ !ʪǆƘ 

ÃÏÎÓÔ ÃÈÁÒǉ Ó×ÉÔÃÈ.ÁÍÅÓǁ.5-ʍ37)4#(%3ǂ ˮ ǅ 

  ʏ2)'(4 !2-ʏƗ 

  ʏ2)'(4 3)$% !"$/-%.ʏƗ 

  ʏ2)'(4 4()'(ʏƗ 

  ʏ,%&4 4()'(ʏƗ 

  ʏ,%&4 3)$% !"$/-%.ʏƗ 

  ʏ,%&4 !2-ʏ 

ǆƘ 

This part of code sketch provides names of all relevant libraries which should be 

included for required functioning. Setup and loop functions which have been specified 

ahead in this chapter are based on these libraries. Here, SPI, SD and RTC libraries have 

been instructed to be included. The SD library is required for SD card functioning and 

RTC library is required for keeping a track of time which is of key importance to 

timestamping and calculation of duration. 

Zipper switches have been attached to pins provided on the microcontroller. Detail of 

number of switches, pin number with its corresponding switch along with switch 

nomenclature are the constants which have been defined.  

Defining Variables 

ÂÏÏÌ Ó×ÉÔÃÈ3ÔÁÔÅǁ.5-ʍ37)4#(%3ǂƘ 
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ÂÏÏÌ Ó×ÉÔÃÈ/ÐÅÎǁ.5-ʍ37)4#(%3ǂƘ 

ÕÎÓÉÇÎÅÄ ÌÏÎÇ Ó×ÉÔÃÈ/ÐÅÎ4ÉÍÅǁ.5-ʍ37)4#(%3ǂƘ 

 

24#ʍ-ÉÌÌÉÓ ÒÔÃƘ 

&ÉÌÅ ÌÏÇ&ÉÌÅƘ 

After defining constants, this part mentions about variables. These keep track of 

variables like switch states, time, log file (file updates after every open/close event). 

Next in sequence are the statements which specify the setup and loop functions. This is 

the longest part of the code sketch. 

General format followed for writing setup and loop functions 

ÖÏÉÄ ÓÅÔÕÐƽƾ ǅ 

      ƳƳ ÓÅÔÕÐ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÔÈÉÓ ÒÕÎÓ ÏÎÃÅƙ 

ǆ 

 

ÖÏÉÄ ÌÏÏÐƽƾ ǅ 

     ƳƳ ÍÁÉÎ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÉÔ ÒÕÎÓ 

ÃÏÎÔÉÎÕÏÕÓÌÙ ÉÎ ÒÅÐÅÔÉÔÉÏÎƙ 

ǆ 

 

Plate 52: General Code Structure 

 



161 

 

Setup Functions 

ÖÏÉÄ ÓÅÔÕÐƽƾ ǅ 

      ƳƳ ÓÅÔÕÐ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÔÈÉÓ ÒÕÎÓ ÏÎÃÅƙ 

ǆ 

Statements written for setup run only once. Statements were written to:  

× Initialize the serial communication, RTC, and SD card.  

× Open a file for logging switch state change events. 

× Set up microcontroller pins for zipper switches and enable internal pull-up 

resistors. 

× Reading and logging initial switch states.  

Loop Functions 

ÖÏÉÄ ÌÏÏÐƽƾ ǅ 

     ƳƳ ÍÁÉÎ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÉÔ ÒÕÎÓ 

ÃÏÎÔÉÎÕÏÕÓÌÙ ÉÎ ÒÅÐÅÔÉÔÉÏÎƙ 

ǆ 

Statements written for loop function run continuously in a repetitive manner. 

Statements were written to: 

× Monitor switch state and log data when state changes. 

× Provide data with timestamp. 

× Provide data for which switch was opened. 

Format followed for timestamps is DD-MM-YYYY and timestamping is HH: MM.  

For instance, if the "RIGHT SIDE ABDOMEN" zip is opened at 14:08 and closed at 

14:11:52, the log entry will be as displayed below. 

 

Date and time are separated by capital óTô which is short for óTimeô. 

After completion of development of code sketch, it was compiled and uploaded to the 

microcontroller using the Arduino IDE software. 



162 

 

 

Plate 53: Uploading of code sketch onto the microcontroller 

4.7.1.6.Execution of the code 

The execution of code through the circuit developed with zipper switches has been 

presented below. All activity and logged data are displayed on the serial monitor of 

Arduino IDE. 

To check the execution of the developed sketch with microcontroller and zipper 

switches, zips were opened and closed, and the data record of time displayed on the 

serial monitor was cross checked with external stopwatch. The circuit provided correct 

time of opening and closing of zip along with its name, date and the duration for which 

it remained open.  
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Plate 54: Working of Adafruit Feather M0 Adalogger as per study requirements 

4.7.2. Using Adafruit Feather MO Bluefruit LE 

4.7.2.1. Material Used 

 

Plate 55: Conductive 

wire 

 

Plate 56: Adafruit Feather M0 

Bluefruit LE (Microcontroller Board) 

 

 

 

Plate 57: Zipper 

with metal runner 
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4.7.2.2. Circuit Schematic diagram 

 

 

 

 

 

 

 

 

 

 

Figure 16: Circuit Schematic Diagram 

4.7.2.3. Circuit 

 

Plate 58: Circuit Setup 

This circuit connections have been distributed into two layers to avoid cross 

connections. The layer below white paper sheet has only those wires which connect to 

the ground pin of microcontroller. The upper layer which is visible contains wires that 

contain wires that connect to the input/output pins. 

Switch 

Switch 

Switch 

Switch 

Switch 

Switch 
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4.7.2.4. Setup of ARDUINO IDE ï Libraries installed for use with Adafruit Feather 

MO Bluefruit LE have displayed here. Rest all is same as shown in point 4.7.1.4. 

 

Plate 59: Installed Adafruit Bluefruit LE nRF51 Library 

 

 

Plate 60: Installed RTCZero Library 

After installing libraries, board and port were selected to start working on code sketch. 
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4.7.2.5. Coding and Compiling 

The aim of developing the code sketch and the entire electronic circuit with Bluetooth 

data transfer functionality are same as those mentioned in 4.7.1.5 with an addition that 

the data collected must be transmitted through Bluetooth technology to the connected 

device (smartphone). Storage of data has to be managed at the receiving end. 

For these requirements, Arduino code sketch has been designed for Adafruit Feather 

MO Bluefruit LE which is described as follows. 

Including Relevant Libraries 

ʢÉÎÃÌÕÄÅ ˱!ÄÁÆÒÕÉÔʍ",%ƚÈ˲ 

ʢÉÎÃÌÕÄÅ ˱!ÄÁÆÒÕÉÔʍ"ÌÕÅÆÒÕÉÔ,%ʍ30)ƚÈ˲ 

ʢÉÎÃÌÕÄÅ ˱24#:ÅÒÏƚÈ˲ 

These libraries have been included to handle communication over Bluetooth and 

internal clock of Adafruit Feather M0 Bluefruit LE. 

Defining Pins for the Bluefruit LE SPI 

ʢÄÅÆÉÎÅ ",5%&25)4ʍ30)ʍ#3 ʭ 

ʢÄÅÆÉÎÅ ",5%&25)4ʍ30)ʍ)21 ʬ 

ʢÄÅÆÉÎÅ ",5%&25)4ʍ30)ʍ234 ʩ 

Here, CS means (Chip Select), IRQ means (Interrupt Request), RST means (Reset). 

The defined pins are for the purpose of Serial Peripheral Interface communication with 

the Bluefruit LE module.  

Declaration of Constants and Variables 

ÃÏÎÓÔ ÉÎÔ .5-ʍ37)4#(%3 ˮ ʫƘ 

ÃÏÎÓÔ ÉÎÔ Ó×ÉÔÃÈ0ÉÎÓǁ.5-ʍ37)4#(%3ǂ ˮ ǅ!ʣƗ !ʦƗ !ʧƗ !ʨƗ !ʩƗ !ʪǆƘ 

ÃÏÎÓÔ ÃÈÁÒǉ Ó×ÉÔÃÈ.ÁÍÅÓǁ.5-ʍ37)4#(%3ǂ ˮ ǅ 

  ʏ2)'(4 !2-ʏƗ ʏ2)'(4 3)$% !"$/-%.ʏƗ ʏ2)'(4 4()'(ʏƗ 

  ʏ,%&4 4()'(ʏƗ ʏ,%&4 3)$% !"$/-%.ʏƗ ʏ,%&4 !2-ʏ 

ǆƘ 
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ÃÏÎÓÔ ÕÎÓÉÇÎÅÄ ÌÏÎÇ ÄÅÂÏÕÎÃÅ$ÅÌÁÙ ˮ ʦʣʣƘ 

 

ÂÏÏÌ Ó×ÉÔÃÈ3ÔÁÔÅǁ.5-ʍ37)4#(%3ǂƘ 

ÂÏÏÌ Ó×ÉÔÃÈ/ÐÅÎǁ.5-ʍ37)4#(%3ǂƘ 

ÕÎÓÉÇÎÅÄ ÌÏÎÇ Ó×ÉÔÃÈ/ÐÅÎ4ÉÍÅǁ.5-ʍ37)4#(%3ǂƘ 

Total Number of switches along with their specified nomenclature and the pin number 

to which they are connected has been declared. debounce Delay is mentioned to prevent 

false readings due to switch bounce. 

Switch states and time have been defined in variables. 

Setup Functions 

ÖÏÉÄ ÓÅÔÕÐƽƾ ǅ 

      ƳƳ ÓÅÔÕÐ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÔÈÉÓ ÒÕÎÓ ÏÎÃÅƙ 

ǆ 

Statements written for setup run only once. Statements were written to:  

× Start Serial Communication for debugging. 

× Start Bluetooth module and prepare it for performing required functions. 

× Start the internal clock. 

× Set all microcontroller pins as input receiving pins with internal pull-up resistors 

enabled. 

× Read initial switch states. 

Loop Functions 

ÖÏÉÄ ÌÏÏÐƽƾ ǅ 

     ƳƳ ÍÁÉÎ ÃÏÄÅ ÓÔÁÔÅÍÅÎÔÓ ÁÒÅ ×ÒÉÔÔÅÎ ÈÅÒÅƗ ÉÔ ÒÕÎÓ 

ÃÏÎÔÉÎÕÏÕÓÌÙ ÉÎ ÒÅÐÅÔÉÔÉÏÎƙ 

ǆ 

Statements written for loop function run continuously in a repetitive manner. 

Statements were written to: 
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× Check for data availability for Bluetooth and call handleBluetooth()  if data 

is found. 

× Continuously read switch states and compare with initial state to detect and 

register log for opening or closing with timestamp and switch name. Duration 

of time when the switch remined open is also mentioned. 

Commands to handle Communication of data with Bluetooth 

ÖÏÉÄ ÈÁÎÄÌÅ"ÌÕÅÔÏÏÔÈƽƾ ǅ 

  ÓÔÁÔÉÃ ÃÈÁÒ ÉÎÐÕÔǁʦʣʣǂƘ 

  ÓÔÁÔÉÃ ÕÉÎÔʭʍÔ ÉÄØ ˮ ʣƘ 

 

  ×ÈÉÌÅ ƽÂÌÅƚÁÖÁÉÌÁÂÌÅƽƾƾ ǅ 

    ÃÈÁÒ Ã ˮ ÂÌÅƚÒÅÁÄƽƾƘ 

    ÉÆ ƽÃ ˮˮ ʎʌÎʎƾ ǅ 

      ÉÎÐÕÔǁÉÄØǂ ˮ ʎʌʣʎƘ 

      ÐÁÒÓÅ#ÏÍÍÁÎÄƽÉÎÐÕÔƾƘ 

      ÉÄØ ˮ ʣƘ 

    ǆ ÅÌÓÅ ǅ 

      ÉÎÐÕÔǁÉÄØ˩˩ǂ ˮ ÃƘ 

      ÉÆ ƽÉÄØ ˲ˮ ÓÉÚÅÏÆƽÉÎÐÕÔƾƾ ǅ 

        ÉÄØ ˮ ʣƘ 

      ǆ 

    ǆ 

  ǆ 

ǆ 
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ÖÏÉÄ ÐÁÒÓÅ#ÏÍÍÁÎÄƽÃÏÎÓÔ ÃÈÁÒǉ ÃÍÄƾ ǅ 

  ÉÆ ƽÓÔÒÎÃÍÐƽÃÍÄƗ ʏ4)-%ƙʏƗ ʪƾ ˮˮ ʣƾ ǅ 

    ÉÎÔ ÙÅÁÒƗ ÍÏÎÔÈƗ ÄÁÙƗ ÈÏÕÒƗ ÍÉÎÕÔÅƗ ÓÅÃÏÎÄƘ 

    ÓÓÃÁÎÆƽÃÍÄ ˩ ʪƗ ʏ˧ʣʩÄƜ˧ ʣʧÄƜ˧ ʣʧÄ4˧ʣʧÄƙ˧ʣʧÄƙ˧ʣʧÄʏƗ ŸÙÅÁÒƗ 

ŸÍÏÎÔÈƗ ŸÄÁÙƗ ŸÈÏÕÒƗ ŸÍÉÎÕÔÅƗ ŸÓÅÃÏÎÄƾƘ 

    ÒÔÃƚÓÅÔ4ÉÍÅƽÈÏÕÒƗ ÍÉÎÕÔÅƗ ÓÅÃÏÎÄƾƘ 

    ÒÔÃƚÓÅÔ$ÁÔÅƽÄÁÙƗ ÍÏÎÔÈƗ ÙÅÁÒ Ɯ ʧʣʣʣƾƘ 

    3ÅÒÉÁÌƚÐÒÉÎÔÌÎƽʏ4ÉÍÅ ÕÐÄÁÔÅÄ ÖÉÁ "ÌÕÅÔÏÏÔÈʏƾƘ 

  ǆ 

ǆ 

Two commands have been mentioned in this part, handleBluetooth() and 

parseCommand(). These read incoming data towards the microcontroller. In this case it 

is the initial time command which has to be sent from the smartphone. The 

handleBluetooth() command detects and reads incoming data, collects this data and 

passes it to parseCommand() which will break down that data to simpler components. 

This command will update the internal clock with date and time received from 

smartphone only if the data received (command to update) starts with óTIMEô. 

The sketch thus prepared has been compiled and uploaded to Adafruit Feather M0 

Bluefruit LE using the Arduino IDE. 
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Plate 61: Compiling Code Sketch 

 

 

Plate 62: Upload Code Sketch to Microcontroller 

4.7.2.6. Execution of the code 

For checking the execution of this command, it is necessary to ensure connectivity with 

a smartphone. For this purpose, Bluefruit Connect App provided by Adafruit Industries 

was downloaded in smartphone.  
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The circuit developed with Adafruit Feather M0 Bluefruit LE and Zippers as switches 

was already connected, programmed and ready to function in a powered-ON state.  

  

 

Bluetooth was turned ON in the smartphone and Bluefruit 

Connect App was opened. Within the app, óSCAN FOR 

PERIPHERALSô option was selected and the 

microcontroller board was selected for connection and 

communication by tapping onto the óCONNECTô option. 

With this, the connection has been established.  

 

 

 

 

 

 

 

 

In the smartphone app, the UART section was opened to 

send and receive data. 

 

 

 

 

 

 

Plate 63: Bluefruit Connect App ï 

Establishing Connection 

Plate 64: Bluefruit Connect 

App- Section Selection 
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Firstly, a command in the format: TIME:YYYY-MM-

DDTHH:MM:SS was typed and sent to microcontroller to 

set date and time of its internal clock. Sent command is 

displayed with time followed by suffix óTXô. 

 

 

 

 

 

As the command gets received, it displays message- óTime updated via Bluetoothô on 

the serial monitor of Arduino IDE on the computer. 

 

Plate 66: Serial Monitor of Arduino IDE displaying the successful update of time 

Now, the actual execution was checked by opening and closing the zipper switches. 

Log data is visible on UART section on the Bluefruit Connect App on smartphone and 

on Serial Monitor of the Arduino IDE on computer. 

Plate 65: Bluefruit Connect 

App- Sent Time Command 
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Plate 67: Logged Data on Serial Monitor of Arduino IDE 

 

 

Plate 68: Logged data on UART section of Bluefruit Connect App 
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4.8. Incorporation of developed electronic circuit on one (1) garment 

The garment has been designed and constructed which provides easy access to common 

insulin sites. It has also been designed to accommodate an electronic circuit which uses 

zips sewed on it as switches. The circuit has been elaborated in point 4.7, has been 

developed to monitor insulin timing, site selection and frequency of taking insulin and 

tested for its functioning. The functioning has been observed to be accurate and 

simultaneous with physical handling of switches. No timing lag was observed in actual 

happening of events and their logging. Still the garment and circuit were decided to be 

kept separate because there was a need of technical expertise and financial constraints 

for ensuring washability. Except this, all parameters have been satisfied by the 

developed circuit. 

4.9.Evaluation of developed garments and prototype circuit 

The electronic circuit and constructed garments were subjected to evaluation by five 

(5) end users i.e. people using insulin for diabetes management and five (5) health care 

providers. These end users were females of age group 21 to 30 years. Purposive 

sampling technique has been used to select respondents for this evaluation. 

Questionnaire has been used as a tool for data collection. Two separate questionnaires 

have been prepared, one for end users and the other for healthcare providers. The 

questionnaire consisted of closed ended questions (five-point rating scales, Yes/ No, 

multiple choice type questions) with one open ended question for obtaining comments/ 

suggestions. All respondents were demonstrated the electronic circuit system, and its 

working was explained to them. After circuit demonstration, the developed 5 dresses 

which provide easy access to common insulin injection sites was displayed. The 

respondents were then requested to respond to the questionnaire. The results of this 

evaluation have been presented in this section. 

4.9.1. Results of Evaluation by End Users 

PART 1- Evaluation of garment 

The respondents were first asked to rate the overall design of garment, fabric texture 

and appearance (aesthetics) of the garments presented to them. Rating was to be 

provided on a five-point rating scale of Very Good- Good- Neutral-Bad- Very Bad. 
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Table 53: Frequency Distribution of Rating Obtained 

 
Rating Obtained 

Very 

Good 
Good Neutral Bad 

Very 

Bad Parameter 

Overall Design 4 1 0 0 0 

Fabric Texture 3 2 0 0 0 

Appearance 3 2 0 0 0 

The rating frequency distribution has been shown above. Numerical values (as per table 

54) have been assigned to each response for calculation of score from rating obtained 

on each parameter. 

Table 54: Description of Assigned Numerical Value 

Numerical Values Assigned to obtain Score 

SA- 5 A- 4 N- 3 D- 2 SD- 1 

 

The mean score calculated (calculated as mentioned on page 105) for each parameter 

was compared to the ranges as described in table 55 for their interpretation. 

Table 55: Range for Mean Score 

Range for mean score 

Very Bad 1 to 1.80 

Bad 1.81 to 2.60 

Neutral 2.61 to 3.40 

Good 3.41 to 4.20 

Very Good 4.21 to 5.0 

Table 56: Parameter Wise Mean Scores 

Parameter Mean Score Interpretation  

Overall Design 4.8 Very Good 

Fabric Texture 4.6 Very Good 

Appearance 4.6 Very Good 
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An overall opinion of respondents regarding overall design, fabric texture and 

appearance of the dress has been found to be within the range of óVery Goodô. Percent 

data of individual opinion on the same question is as follows. 

Special efforts were made while designing the garment to keep functional features 

hidden making it visibly same as any normal garment. The respondents agreed that this 

attempt has been successful.  

The garment is designed with features pockets, circular cascades, belts, layers, frills 

and trims like zips, buttons which have contributed to provide easy accessibility to 

common injection sites in this garment. The respondents were asked about the 

appropriateness of these for the intended use. In continuation to this, they were also 

asked to rate the idea of using them for the stated purpose.  

Table 57: Responses to appropriateness (in percent) 

 Pockets Frills  
Circular 

Cascades 
Layers Belt Zips Buttons 

Yes 100% 80% 100% 80% 
100

% 

100

% 
100% 

No 0% 20% 0% 20% 0% 0% 0% 

Table 58: Frequency Distribution of Rating obtained for idea of using design features 

Feature 
Very 

Good 
Good Neutral Bad 

Very 

Bad 

Pockets 5 0 0 0 0 

Frills 3 1 1 0 0 

Circular Cascades 2 2 1 0 0 

Layers 1 2 2 0 0 

Belt 4 1 0 0 0 

Zips 5 0 0 0 0 

Buttons 5 0 0 0 0 

To obtain an overall view for the idea of using the above-described features, numerical 

vale has been assigned as shown in table 54 and range for mean scores has been 
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followed as shown in table 55. Using this, mean score for idea of using each feature has 

been calculated and the interpretation has been done. 

Table 59: Feature Wise Mean Scores and Interpretation 

Feature Mean Score Interpretation  

Pockets 5 Very Good 

Frills 4.4 Very Good 

Circular Cascades 4.2 Good 

Layers 3.8 Good 

Belt 4.8 Very Good 

Zips 5 Very Good 

Buttons 5 Very Good 

Proper placement of these features is crucial for proper functioning and convenience of 

use. All respondents have agreed that the design features are appropriately sized and 

conveniently placed on the garment. 

Next, the respondents were provided 5 statements related to the garment and asked to 

respond in YES or NO to express their opinion.  

Table 60: Responses to Statements (In Percent) 

Statement Yes No 

Comfortable to wear 100% 0% 

Well Fitted? 100% 0% 

Causing irritation while wearing? 20% 80% 

Suitable for daily wear? 100% 0% 

Suitable for different weather conditions in India? 80% 20% 

All respondents found the garment comfortable to wear, well fitted and suitable for 

daily wear. 80% of respondents did not find it irritating the skin and agreed to its 

suitability for use in different weather conditions across India. 

As per the data collected, the aspects of garment functionality that need improvement 

is the use of layers and frills. Layers have been perceived to reduce convenience while 

using insulin and frills are subject to frequent fashion trend change. 
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PART 2- Evaluation of use of technology for monitoring insulin injection time, 

frequency and site selection 

A five-point rating scale of Very Good- Good- Neutral- Bad- Very Bad was provided to 

rate the use of technology for ï (a) monitoring insulin time, site selection and frequency 

and (b) the use of zip as switches for logging events. All respondents rated both (a) & 

(b) as óVery Goodô.  

On being asked whether they will be comfortable with electronics on their garments 

(assuming that they have been tested and certified for user safety), 80% of respondents 

opted óYESô and 20% opted óNOô but all respondents stated that understanding the 

working of electronic circuit and operating zippers as switches was not at all difficult 

and the circuit is accurate in performing its intended function.  

All respondents have recommended further development of the demonstrated circuit 

for use on garments and stated that they would recommend such garment to others. Out 

of the two variants of circuit demonstrated to them, 80% of respondents personally 

preferred Bluetooth variant over SD card variant. And the remaining 20% respondents 

were convenient with both variants.  

Towards the conclusion of evaluation be end users, the respondents were asked about 

what additional features do they want to have bey using technology in garments and 

were requested to provide their recommendations/ suggestions / feedback. 

What additional features do you wish to have by using technology in garments? Data 

received is as follows: 

× It may provide suggestions for site selection for upcoming dosing. 

× Alarm system on suspect of accidental double dosing. 

× Integration of collected data with glucose monitoring data for enabling the user 

to notice dynamics of insulin activity and BG levels. 

Suggestions/ Recommendations/ Feedback received -   

× Garments other than Jumpsuit should be developed with similar functionality. 

× Manual data entry feature in case if system faults. 

× Use of technology has been appreciated for confusing situations.  
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4.9.2. Results of Evaluation by Healthcare Providers 

Five Healthcare Providers have been approached for evaluation. They were explained 

the purpose of the entire work done and the importance of this evaluation. All 5 

respondents have been presented a questionnaire to respond to. Similar to what was 

done with end users, healthcare providers were also demonstrated the functioning of 

electronic circuit, and dresses developed were displayed to them. 

All respondents responded óYESô on being asked whether the garment developed is 

suitable for the stated purpose. 

Six (6) statements were provided, and the respondents were asked to express their 

agreement/ disagreement on a five-point rating scale for each statement. 

Table 61: Responses to statements provided (Frequency) 

Statement 
Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

The data collected is clear and 

well understood. 
5 0 0 0 0 

Data collected through the 

circuit developed would help 

the subjects in self-

management of their 

condition. 

3 2 0 0 0 

Site rotation data would help 

the subjects to follow 

prescribed patterns 

effectively. 

3 2 0 0 0 

The data collected would 

better support healthcare 

providers in making treatment 

related decisions rather than 

relying on reported facts. 

2 2 1 0 0 

The data collected would be 

helpful in detection of errors 
5 0 0 0 0 
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in adhering to the prescribed 

insulin regime. 

Data collected would be 

helpful in preparation of 

personalized treatment plans 

that would potentially 

improve the health of the 

subject. 

1 4 0 0 0 

Numerical values to be assigned and ranges for mean scores is same as table 54 and 55 

respectively. 

Table 62: Statement Wise Analysis based on Mean scores 

Statement 
Mean 

Score 
Interpretation 

The data collected is clear and well understood. 5 Strongly Agree 

Data collected through the circuit developed would 

help the subjects in self-management of their 

condition. 

4.60 Strongly Agree 

Site rotation data would help the subjects to follow 

prescribed patterns effectively. 
4.60 Strongly Agree 

The data collected would better support healthcare 

providers in making treatment related decisions 

rather than relying on reported facts. 

4.20 Agree 

The data collected would be helpful in detection of 

errors in adhering to the prescribed insulin regime. 
5 Strongly Agree 

Data collected would be helpful in preparation of 

personalized treatment plans that would potentially 

improve the health of the subject. 

4.2 Agree 

All respondents have recommended further research and development of smart clothing 

systems for health management and monitoring to be used by insulin dependent 

diabetics and find the data collected through such electronic systems reliable for 

consideration while making health decisions if the system is used properly. 
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The current concept is developed to ease out diabetes management with the help of data 

and communication technology. It is not intended for use by a person with medically 

diagnosed disease which could result in similar situations and occurrences covered in 

this study. After having evaluated the entire effort 80% of respondents opted óNOô to 

extend the same concept for use for other medically diagnosed diseases. 

Towards the end of evaluation, the respondents were requested to provide their 

comments/ suggestions. Data received is as follows. 

× This is beneficial for the user when used properly. 

× For healthcare providers, a consolidated report would be beneficial with 

irregularities highlighted for efficient use of time and resources. A future 

development consideration may be to integrate this data with sugar levels. 

× This system is good for self-management. User interface should be more 

friendly so that everyone can use it with ease.  

× Complete data is useful for wearer, but HCPs are not concerned with every 

detail specially when everything is going as right as per expectations. A 

suggestion is to provide a human graphic for insulin site use and proper app 

development which could highlight irregularities for us and track user specific 

patterns. Highlights are important to HCPôs, rest, it is really useful for users if 

developed properly and integrated on garment.    

4.10. Hypothesis 

The statement of hypothesis was stated as- ñDesigning and construction of Smart 

Clothing for insulin dependent diabetics will result in monitoring of insulin injection 

time, site selection and frequency.ò 

The hypothesis covers 3 aspects - 

a) monitoring of insulin injection time, 

b) site selection  

c) frequency 

The data collected through evaluation has supported the alternative hypothesis. 
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Result from evaluation 
Inference for 

Hypothesis 

Statement/ Question Result 

Supported/ Not 

Supported the 

Hypothesis 

End Users  

Received highest 

rating- ñVery 

Goodò by all 

respondents. 

 

Supported 

All three aspects of 

hypothesis have been 

supported. 

i. 

How would you rate the use of 

technology for monitoring 

insulin injection time, 

frequency and site selection? 

ii. 

As per your experience, was 

the circuit accurate in 

performing its intended 

function? 

Response- ñYesò 

by all 

respondents. 

Supported 

All three aspects of 

hypothesis have been 

supported. 

iii. 

How would you rate the use of 

zip as a switch for logging 

events? 

Received highest 

rating- ñVery 

Goodò by all 

respondents. 

Indirectly Supported 

All three aspects of 

hypothesis have been 

supported. 

Healthcare Providers 

They were informed that ï ñThe aim of development is to provide easy access to 

common insulin injection sites, monitor insulin injection time, frequency and site 

selection for people managing diabetes with insulin therapy.ò 

i. 

Do you think that this garment 

developed is suitable for the 

above-mentioned purpose? 

Response- ñYesò 

by all 

respondents. 

Supported 

All three aspects of 

hypothesis have been 

supported. 

ii. 

The data collected is 

clear and well 

understood. 
  

Mean Score- 5 

Response-

ñStrongly Agreeò 

by all 

respondents. 

Supported 

All three aspects of 

hypothesis have been 

supported. 
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iii. 

The data collected would 

better support healthcare 

providers in making 

treatment related 

decisions rather than 

relying on reported facts. 

 

 

 

 

 

  

Mean Score- 4.2 

Response- 

ñAgreeò 

Supported 

All three aspects of 

hypothesis have been 

supported. 

iv 

The data collected would 

be helpful in detection of 

errors in adhering to the 

prescribed insulin 

regime. 

 

 

  

Mean Score- 5 

Response-

ñStrongly Agreeò 

by all 

respondents. 

Supported 

All three aspects of 

hypothesis have been 

supported. 

 

The circuit developed has demonstrated the functions of monitoring of insulin injection 

time, site selection and frequency with accuracy. This has also been agreed upon by 

respondents during the phase of evaluation. Further, expertise from the field 

microelectronic engineering to ensure washability is required for its application on 

garments. The aim of monitoring of insulin injection time, site selection and frequency 

has been completed.     
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CHAPTER - 5                                                                  CONCLUSION 

The study ñDevelopment of Sustainable Smart Clothing for Insulin Dependent 

diabeticsò has been conducted for development of smart clothing for the purpose of 

health monitoring through garment design interventions with special focus on people 

using insulin for diabetes management. Along with a pursuit for advancement, the study 

also takes together sustainability, health benefits and an adaptation to integrate into the 

lifestyle of the wearer.  An attempt has been made to utilize clothing for various 

possibilities and benefits that it can offer at a time. The aim has been to address 

problems and daily challenges faced by the target population to ease out daily life and 

as a result, enhance the experience and quality of life.  

Objectives of the study were: 

I. To study the problems of insulin dependent diabetic population.  

II. To select various fabrics which can be beneficial for sensitive skin of diabetic 

people.  

III. To create garments using different designing techniques which will create easy 

access to common injection sites.  

IV. To use the concept of smart clothing to apply sensing mechanism at common 

injection sites on selected garments which will be capable of monitoring 

injection time, frequency, and site selection.  

V. To evaluate the smart garment system based on feasibility, aesthetics, accuracy 

in performance, wearability and maintenance. 

Secondary sources of data for studying about various problems, in depth review of 

available literature in the form of published research papers, conference proceedings, 

publications (reports and websites) of organizations working in this field have been 

utilized. To gain further insight, primary data collection has also been done through 

survey method using a validated questionnaire. Problems of the targeted population 

have been studied under 3 major categories ï Health Problems, Economic Problems 

and Social Problems. Use of primary data becomes even more important for studying 

those problems or situations for which limited secondary data could be found. Another 

reason has been that study specific data of prevalence of problems in Indian population 
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could not be found in sufficient amount. Findings of the survey conducted for collection 

of firsthand information are as follows. 

In approximately equal proportion (count of respondents), both male and female 

participants who reported to be taking insulin for diabetes management responded to 

the questionnaire which enquired about the health, daily life, social condition and 

economy of the respondent. This questionnaire also consisted of some study specific 

questions. These questions were necessary for development of the garment as per 

objectives.  

Maximum participants belonged to the age group 26 ï 30 years (31%) followed by 21 

ï 25 years (17%) and about equal distribution of genders has been observed within 

these two age groups also. Majority of the respondents reported to have been taking 

insulin for more than 15 years followed by 29% of respondents taking insulin for a 

duration of 6 - 10 years. It has been found that more than half of respondents have been 

taking insulin 4 times a day using insulin pen. To have an estimate of general skin 

health, it was asked whether minor injuries get healed up within the expected time frame 

without getting infected and majority have expressed their agreement to getting healed 

on time.  Most preferred insulin injecting site has been found out to be abdomen 

followed by thighs. This preference is important for consideration while designing 

garments and providing easy access to common injection sites. Frequency of needle 

reuse has been well established through many studies for its positive correlation with 

negative impact on skin. In the present study, data indicates significant needle reuse as 

32% of respondents reported to be reusing an injection needle 6-10 times followed by 

29% of then reusing it more than 10 times. Rotating insulin injection sites holds similar 

importance as reducing needle reuse frequency. For site rotation, 31% of respondents 

have also reported not to follow any specific pattern while 7% do not follow any site 

rotation. More than half of respondents (57%) have observed swelling or lump under 

the skin after insulin of a span of weeks, months of insulin use. Skin problems like 

hardness (35%), insulin leakage from skin immediately after taking out needle (32%), 

appearance or feeling of a small hard bead under the skin upon touching immediately 

after injecting (29%), pain and bruising. These are all associated with insulin use and 

symptoms of poor skin health and highlight a need to consider site rotation or change. 

For the present study, it indicates a need for monitoring insulin injection site selection 
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pattern and preparation of effective plan which can reduce impact of damage by 

providing sufficient healing time. The smart garment being developed had to consider 

this requirement which is a part of objective 4.  

Significant issues associated with insulin use in social situations have been reported. 

Stigma, misjudgment of insulin as drugs of abuse, unwanted attention, difficulty in 

finding a private space to inject insulin during outdoor situations discourage use of 

insulin in such situation which have a negative impact on glycemic control and overall 

health. Along with this forgetting / missing to take insulin at scheduled timings have 

been reported by 70% of respondents. This figure is significant enough to draw 

attention for further action and solution. Unintentional forgetting, confusion and 

uncertainty leading to precautionary missing, being busy at the scheduled time and then 

confusion have been identified as reasons of unintentional insulin missing/skipping 

while major disruption in daily routine due to family events, sudden guests, urgent 

unexpected work as causative agents of confusion whether insulin has been taken or 

not, skipping because of unavailability of a suitable place to inject insulin, long 

meeting/official work, being uncomfortable in looking for a separate space to inject 

when surrounded with family/ friends have been identified as reasons of intentional 

insulin missing/skipping. Accidental double dosing has been reported by 33% of 

respondents. This figure is significant enough as the consequence of double dosing may 

range up to death. It has been an attempt to provide a solution to most of these problems 

with smart clothing. Forgetting can be identified through log maintained of insulin time 

and frequency. It also helps in resolving dosing related confusions. Accidental double 

dosing can be avoided by resolving confusions, log can also aid in early detection of an 

accidental double dose if it has already happened so that appropriate action can be taken 

and reducing the time spent in severe hypoglycemic condition.  

The cost involved in diabetes management has been perceived as slightly burdensome 

to moderately burdensome and a significant shift in allocation of expenses towards 

diabetes management. An equal number of respondents (29% for each) consider that 

the cost of diabetes management is moderately limiting and slightly limiting their 

expenditures on other aspects of life. A slight to moderate impact can be concluded in 

this case. This has been enquired to have an assessment of the economic condition of 

the target population.  
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Some data directly related to development of clothing has been collected which 

enquired about allergy to any kind of fabrics, preference of type of fabric for daily wear, 

impact of mealtimes, particularly insulin injection times on the choice of clothing to be 

worn for outings and influence of insulin timings on decision making process, style 

preference, and overall comfort when it comes to selection of clothing for outings. The 

responses were considered while selecting fabric for the garment and designing the 

garment for the present study i.e. jumpsuit.  

After study of problems of the target population, suitable fabric for use in garment 

construction was selected. For this purpose, sustainability, skin impacts of dyes, 

expectation from clothing to provide health benefits and skin health of the target 

population were taken into account and medicinally rich herbal dyed fabric was found 

suitable for use in clothing construction. Samples were procured and fabric was selected 

on the basis of its suitability for the garment to be constructed, affordability, availability 

in required quantity and functionality (textile testing report). 

Moving on towards the third objective of this study, problems studied previously and 

properties of selected garment were kept in mind and 25 one-piece bifurcated garment 

designs were prepared and presented to the end users (20 females of age group 21-30 

years) for selection of 5 garment designs on the basis of overall appearance an ease of 

use. The selected designs were taken forward for construction.  

Objective 4 was concerned with the use of concept of smart clothing to apply sensing 

mechanism at common injection sites on selected garments which will be capable of 

monitoring injection time, frequency, and site selection. This has been done as a 

solution to identified problems as discussed earlier in this chapter. Microcontroller was 

selected and zip has been converted to be used as a switch to trigger the circuit to 

register an event. The circuit has been designed and supposed to operate in such a way 

that it registers every insulin injection as an event with its time when it occurred, when 

was the switch turned óONô (opening of zip), how much time it remained open 

(calculation of duration) and when was the switched turned óOFFô (closing of zip). 

Nomenclature for each zipper switch has been done on the name of their respective 

injection site. This nomenclature has also been provided to the microcontroller so that 

it registers the name of zip operated along with timing details. When the name of sites 

get registered in the log along with timing details, frequency of usage of a site and 
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rotation pattern can be obtained. This is beneficial to user to implement a healthy pattern 

in real life and for HCPôs in identifying the errors in following prescribed pattern. This 

data can also provide useful input for HCPôs in deciding remedial measures and future 

course of action if the user faces complications on insulin injection sites. In light of all 

this, 2 circuits were created. The difference lies in the use of microcontroller and storage 

of data. The one using Adafruit Feather M0 Adalogger microcontroller stores data in a 

SD card mounted on it while the other one uses Adafruit Feather M0 Bluefruit LE 

microcontroller to transmit the collected data to a connected smartphone device using 

Bluetooth Low Energy communication technology.  

It was decided to conduct an evaluation of the smart garment system based on 

feasibility, aesthetics, accuracy in performance, wearability and maintenance of system. 

Since the garment and circuit were decided to be kept separate, wearability and 

maintenance were not evaluated. Feasibility, aesthetics of the garment and accuracy of 

performance (functionality) of the circuit developed was evaluated by presenting the 

constructed garment and both circuits to 5 end users and 5 HCPôs who were informed 

about the limitation and asked for their opinion for this concept and its further 

development. A separate questionnaire was presented to end users and HCPôs.  

Overall design, fabric texture and appearance of the garment were rated óVery Goodô, 

which was the highest available rating on the scale provided to them. 40% of the 

respondents opined that the garment completely aligns with their style preference and 

an equal proportion (40%) stated that it mostly aligned with their style preference 

however a demand for creating other style of garments with same concept was also 

expressed by them. All respondents agreed that the efforts to provide easy access with 

functional features while keeping them hidden has been successful. Further, the features 

which were used to create easy access to common insulin sites were individually 

evaluated for appropriateness and the idea of using them for the intended purpose. 

Pockets, frills, belt, zip, button received highest rating followed by circular cascades 

and layers. Through this evaluation, the garment was found to be comfortable, well 

fitted, non-irritating, suitable for daily wear for different weather conditions in India. 

Regarding improvement in garment functionality, respondents have mentioned layers 

and frills as less suitable.  



189 

 

Use of technology for monitoring insulin injection time, frequency and site selection 

and the use of zip as switch received highest rating and understanding the operation of 

electronic circuit and use of zippers as switches was found to be easy by the end users 

and a majority of them expressed that they would be comfortable with electronics on 

their garments if user safety is proven and well tested. A strong recommendation for 

further development of the circuit and its application on garment has been received with 

suggestions for additional features that may be included. When asked about personal 

preference, majority (80%) respondents preferred to have Bluetooth Low Energy 

instead of SD card as a mode of data transfer and storage.  

HCPôs responded positively when asked for the suitability of the garment for the 

intended purpose. They have expressed strong agreement on clarity of data collected 

through circuit and its understandability, its usefulness for self-management by end 

users and detection of errors in adhering to prescribed patterns by HCPôs. The 

respondents have agreed that data would help in making treatment related decisions and 

preparation of personalized plans for health improvement. Recommendations for 

further development has been received from them along with their comments/ 

suggestions. According to them, it the user uses this system properly, the data collected 

would be considered reliable for making health decisions. 

This study aimed to address daily life related problems faced by people using insulin 

for diabetes management by leveraging the potential of smart clothing. With rapid 

evolution in the field of wearable technology, this study presents a direction for 

innovation and development of health focused clothing targeting diabetes management 

which does not stop at functionality but extends to general health support, sustainability 

and aesthetics. The possibility to enhancing quality of life has been demonstrated. An 

interdisciplinary approach has been adopted, particularly between the fields of 

traditional holistic health care systems, textile dyeing, garment designing, 

microelectronic engineering and communication technology. Through this study, an 

attempt has been made to address the broader goal of obtaining positive health 

outcomes through innovation and sustainability. 

 

 

 



190 

 

5.1. Recommendations for Future Research   

i. The prototype circuit can be further developed by the experts of microelectronic 

engineering for actual application on garments. Custom printed circuit boards 

can be explored as an option for this purpose. 

ii. Manual entry feature may be introduced to log data in case of technical faults.  

iii. Dedicated mobile application with user friendly interface can be developed. 

iv. Automated site selection suggestions may be provided to the user through app. 

v. A requirement for alarm system on suspect of accidental double dosing as soon 

as the zip opens has been observed as a measure to prevent it. This may be 

fulfilled by future studies. 

vi. Other designing features can be explored for garment designing for providing 

easy access to common insulin injection sites. 

vii. Other style of garments can be developed with similar functionality. 

viii. Other natural sustainable fabric types and herbal dyes can be used for 

development of garments. 
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SUMMARY 

The thesis titled "Development of Sustainable Smart Clothing for Insulin Dependent 

Diabetes" is aimed at developing smart clothing for people using insulin for diabetes 

management which aids them in health management. The development of a concept for 

this study is based on four aspects ï 

a. Current state of Textile and Apparel Industry 

b. Environment and Health Impacts of Textile and Apparel Industry 

c. Shift in Consumer Expectations 

d. Emergence of Smart Clothing  

These four aspects led to the development of a concept for this study as the development 

of smart clothing which addresses environmental and health concerns and that follows 

the lifestyle of the wearer. This has been looked upon as an opportunity for offering 

solutions that are not just limited to being innovative but also health supporting and 

environmentally conscious at the same time. The concept has been further narrowed 

down towards people using insulin for diabetes management which have been 

mentioned as target population for this study. The development of clothing was targeted 

to respond to their lifestyle requirements and expectations, offering solutions that 

sustainable in terms of environmental impacts, health supporting and are also in line 

with the requirements of the modern world. Secondary literature has been studied for 

identifying the nature and prevalence of their problems and conditions that can be 

addressed through development of smart clothing. To study real world situations and 

identify if anything went undiscovered, primary data collection and analysis became 

necessary. This is even more important when limited studies are available specially for 

Indian population. So, utilizing validated questionnaire as a tool for study, data was 

collected. Findings of the survey resonated with that of data obtained from secondary 

literature. An in-depth study of social, economic and health problems and study specific 

data through the same survey provided further insights of the situations associated with 

insulin use and factors to be considered for smart clothing development. The results 

highlighted that the target population is facing problems of forgetting, missing, 

mistiming an insulin dose, accidental double dosing that may harm the health and 

longevity of the person. Insufficient rotation of insulin injection sites, social problems 

associated with insulin use are also among the findings. 
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After study of the results obtained, fabric selection had to be done which would be in 

accordance with the requirements of the study and present-day expectations from 

clothing. To ensure sustainability and provide potential health benefits, herbal dyed 

natural fabric was decided to be used. Data related to herbal dyeing process and its 

effects on human body has been collected and studied through available scholarly 

literature and manufacturerôs publications. On the basis of suitability, feasibility, 

functionality and availability, cotton (poplin) fabric dyed with Madder and 

Pomegranate was selected and sourced. Further, 25 one piece bifurcated dresses 

(Jumpsuits) with features that provide easy access to common insulin injection sites 

were designed for female gender ensuring that an electronic circuit can be incorporated 

on them. These jumpsuits were then presented to 20 female respondents of age group 

21 to 30 years who had to shortlist 5 jumpsuits for final constructions. This was 

completed on basis of ease of access to common insulin injection sites and their 

personal preference. The selected jumpsuits were then constructed. Simultaneously, an 

exploration for appropriate technology option for use in specific purpose of this study. 

Suitable technical components were selected, and the circuit has been developed which 

would be capable of monitoring insulin injection time, frequency and site selection and 

logging this data for future reference.  

Circuit has been developed in 2 variants. Both variants along with the constructed 

garment were presented to end users i.e. people using insulin for diabetes management 

and Healthcare Providers for evaluation. The users have given highest rating for overall 

design, texture, appearance of the garment and to the idea of using technology for 

monitoring insulin time, site selection and frequency. Positive rating has been obtained 

for the use of functional features to provide easy access to common insulin injection 

sites. Healthcare providers have positively responded to the use of technology for the 

stated purpose and the data collected and its relevance for self-management by users 

providing inputs for healthcare providers. Recommendations of further development 

have been received from end users and healthcare providers. 
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