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ABSTRACT
Introduction: Cancer, cardiovascular disease, chronic respiratory disease, and type 2 diabetes, are responsible for over 50% of
worldwide mortality. Chronic diseases have broad negative impacts in developing countries. Contributing to the development of
chronic diseases are sedentary lifestyles, poor nutrition and eating habits, and air pollution, among other risk factors. These are also
greatly increasing, and obesity has become a global phenomenon. Health promotion, and chronic disease prevention and
surveillance, can be achieved through information and communication technologies (ICT), which acquire, disseminate and store
health-related information electronically. The portable health information kiosk (PHIK) can be a powerful tool for promoting health
education in communities in both urban and rural settings. The objective of the study was to utilize a PHIK as a tool to assess the
burden of chronic disease and associated risk factors in diverse settings in India.
Methods: A convenience sample was enrolled from three diverse geographical locations including urban, rural and tribal to
explore the utilization of a PHIK for chronic disease health risk assessment in a community setting. Cross-sectional data was
recorded during the period of March–May 2010 in Rourkela and Bhubaneswar in the state of Orissa, India. Participants were asked
to use a touch screen, electronic kiosk that gathered subjective and objective data to understand the burden of chronic diseases and
associated risk in the community setting. The subjective data included responses to a series of multiple-choice questions and the
objective data was gathered using multiple physiological sensors such as weight, blood sugar and blood pressure. Descriptive analysis
was performed using univariate statistics with results for the continuous variables being reported as means and standard deviations
while results for the categorical variables were reported as frequency statistics as appropriate.
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Results: A total of 429 participants aged 18 years and older were enrolled in three different community settings: urban, slum and
tribal. Significant differences were seen in the systolic blood pressure of those living in the urban settings as compared with those
living in either slum (p=0.04) or tribal settings (p=0.02). Significant differences in the blood sugar levels were seen only among
those living in the tribal as compared with the urban settings (p=0.04). Results showed high prevalence of pre-hypertension, stages
1 and 2 hypertension among those living in the slum and tribal settings.
Conclusions: The results show the presence of chronic diseases in tribal and slum communities. The assessment of chronic health
conditions in these populations is insufficient. Poor infrastructure and lack of qualified personnel are challenges to providing a
meaningful service, as low wages, poor living and working conditions are obstacles that prevent the trained workforce from
establishing themselves in these areas of extreme need. Health kiosks can be a multifaceted solution, as they can be used to assess
health outcomes in areas that normally are not covered due to lack of infrastructure or health personnel, to establish health
education modules and inform the local population about them. They can support evidence-based decisions for national and regional
programs and policies.
Key words: chronic disease, computers, diabetes, hypertension, India, kiosk, monitoring, prevention, surveillance.

Introduction
The burden of chronic disease is felt globally. Cancer,
cardiovascular disease (CVD), chronic respiratory disease,
and type 2 diabetes are responsible for over 50% of
worldwide mortality1. Their prevalence is increasing
especially in developing countries. It is estimated that, in
2020, chronic diseases will be the cause of 50 million deaths
globally2. The prevalence of diabetes alone is predicted to rise
to 366 million people in 2030, of which 298 million will live
in the developing world3.
Chronic diseases have broad negative impacts in developing
countries, for example, in terms of the health of their
populations and on their national economies and budgets.
CVD, diabetes and stroke could lead to losses of $200–$550
billion in the gross domestic product of China, India, and
Russia in the next 10 years4,5. In 2005, the WHO projected
that 60 million people would have died of chronic diseases in
India by the year 20155. Diabetes is the most frequent chronic
disease in India, with a prevalence of 3.8% in adults living in
rural areas and 11.8% in urban areas, and 57.2 million cases
projected for 20256. Deaths from diabetes are expected to
increase by 35% in 20155. Ignoring this increase will

potentially stall India’s current development, especially since
42% of the population will be over 35 years in 2021, and
43% of the population will be urban dwellers6. Contributing
to the development of chronic diseases are sedentary
lifestyles, poor nutrition and eating habits, and air pollution,
among other risk factors. These are also greatly increasing,
and obesity has become a global phenomenon. Even
developing countries have been struggling with this problem7.
Information and communication technologies (ICTs) have
transformed the mode of healthcare delivery into patientcentered care, from an approach previously centered in the
provider. The patient-centered point-of-care approach goes
beyond the traditional clinical settings, and allows healthcare
services to be delivered in geographical areas where they are
most necessary, such as isolated communities8. Educating
patients through computer technology use has been
recognized as an effective measure to develop patient skills
and knowledge, which increases likelihood of engaging in
healthy behavior. The necessity of offering higher-quality
services at lower costs makes the use of computer technology
essential to support health education9.
Health promotion, and chronic disease prevention and
surveillance, can be achieved through ICTs, which acquire,
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disseminate and store health-related information
electronically10. These technologies can be presented and
accessed in different formats, such as web-based applications,
mobile phone and alert systems, and telephone and video
conferencing with patients11,12. The mHealth field, related to
the use of mobile technology, is expanding in developing
countries, with numerous new applications being constantly
designed. Health education and promotion, remote
monitoring and data collection, healthcare workforce
training, surveillance and patient support are key applications
for developing countries. Common challenges to implement
communication technologies in these countries are the lack of
infrastructure and political support, trained health personnel,
and access to the internet13.
Due to the advantages of accessibility and a user-friendly
interface, the portable health information kiosk (PHIK) can
be a powerful tool for promoting health education in
communities in both urban and remote settings. Kiosks are
usually built as freestanding units, which facilitates their
transportation and increases the possibility of providing
access. They can be placed in healthcare settings or a public
space14,15. Computerized kiosks possess a simplified interface
and are used by individuals from various backgrounds
regardless of socio-economic status or education14. Health
information programs can be designed with high interactivity
and usability levels, and deliver tailored health information
according to the specific needs of the users in a community,
once they are integrated into health kiosks.
These kiosks vary on many different levels such as
interactivity and feedback14. Kiosks relieve the burden of
providing preventive and continuous health education from
the healthcare providers, who can then concentrate on the
quality of their human care, especially in circumstances that
require immediate attention. The ability to continuously
tailor kiosk information based on input could be the
inexpensive bridge to addressing a patient’s need for adequate
information that is customized to his ever-changing health
status. No studies have been found that assessed chronic
conditions in remote tribal populations in India through the
use of health kiosks.

Prevention is still scarcely supported financially or politically
through public health programs, even though the potential
damage on population health and economies worldwide is
evident. Providing health care for millions of individuals with
chronic CVD, diabetes, and other chronic diseases is an
expensive endeavor, and it affects the economies of families,
and society as a whole. It has been estimated by the World
Bank that controlling CVD would lead to improved life
expectancy more effectively than trying to achieve WHO’s
Millennium Development Goals related to selected infectious
diseases and maternal and child health16. Unfortunately,
global chronic disease surveillance has not been a priority
until recently. There is a need for global risk factor
surveillance that could include various health professionals
from different backgrounds and supported by different
organizations17.
The objective of the study was to utilize the PHIK as a tool to
assess the burden of chronic disease and associated risk factors
in diverse settings such as urban, slum and tribal settings in
India.

Methods
A convenience sample was enrolled from three diverse
geographical locations, urban, slum and tribal, to explore the
utilization of a PHIK for chronic disease health-risk
assessment in a community setting. Cross-sectional data was
recorded for 429 participants during the period of March to
May 2010 in the cities of Rourkela and Bhubaneswar, state of
Orissa, India. The tribal population was enrolled from the
Rourkela settings, whereas urban and slum populations were
enrolled from Bhubaneswar. The targeted population was
adults aged over 18 years, and included both males and
females. The subjects’ participation in the study was
voluntary. Subjects were provided with a one-page summary
of what the study involved if they express their willingness to
participate.
Participants were asked to use the touch screen of an
electronic kiosk that gathered subjective and objective data to
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understand the distribution of chronic diseases and associated
risks in the community setting. Data gathered on participants
included subjective data that included responses to a series of
multiple-choice questions, including location of residence
(urban/slum/tribal), age (years), gender (male/female),
highest level of education attained (less than high
school/some college/graduate and above/none), smoking
(presently/in the past/never) and alcohol history
(presently/in the past/ never), height (feet, inches), ever
been told by a doctor about high blood sugar (yes/no/I don’t
know), and if yes are you currently being treated for your
high blood sugar (yes/no/I don’t know), ever been told by a
doctor about high blood pressure (yes/no/I don’t know), and
if yes are you currently being treated for your high blood
pressure (yes/no/I don’t know).
The objective data was gathered using multiple physiological
sensors such as weight (kilograms), blood sugar and blood
pressure. All the three sensors would capture individual
weight, blood sugar and blood pressure readings and
automatically transmit the readings to the touch screen of the
PHIK. The information gathered was de-identified and did
not include any follow up by the study personnel, nor were
individuals asked for a follow up visit. Assistance was
provided to those who needed help during the use of the
PHIK. Each participant spent 35 min on average using the
touch screen kiosk program.
Descriptive analysis was performed using univariate statistics.
Results for the continuous variables were reported as means
and standard deviations while results for the categorical
variables were reported as frequency statistics as appropriate.
Analysis of variance was performed to determine if there
were any significant differences in the continuous variables
across the different geographic settings including urban, slum
and tribal. Similarly χ2 analysis was performed to determine
if there were significant differences in the proportion of the
categorical variables and the geographic settings in which
participants were living. All analysis was performed using
SAS v9.1 (www.SAS.com) and the results have been
reported as p-values.

Ethics approval
The study was approved by the Asian Institute of Public Health
Institutional Review Board.

Results
The study enrolled a convenience sample of 429 people aged
18 years and over across urban, slum and tribal settings of
Bhubaneswar and Rourkela in the State of Orissa. Fifty-two
percent (n=222) of the sample were from urban settings,
23% (n=100) were from slum settings and 25% (n=107)
were from tribal settings. Those in the urban setting were
older and the majority were female. Participants enrolled
from the slum settings were predominantly female (Table 1).
There were significant differences in the weight of those
living in urban settings compared with those in slum settings
(p<0.001), with average weight and BMI 60 kg (SD=14) and
23 (SD=4.33), respectively. Similarly, those living in urban
settings had significantly higher weights than those living in
tribal and slum settings (p<0.001). However, no significant
differences were seen between the weights of those living in
the slum and those living in the tribal settings.
The average systolic and diastolic blood pressure of the overall
population was 130/77 mmHg. Significant differences were seen
in the systolic blood pressure of those living in the urban settings as
compared with those living in either slum (p=0.04) or tribal
settings (p=0.02). No significant differences were seen in the
systolic and diastolic blood pressures for participants living in the
tribal or slum settings (p=0.98). Participants in the urban settings
had significantly higher diastolic blood pressure compared
with those living in the slum settings (p<0.001). No significant
difference was seen in the diastolic blood pressure of those living in
the urban as compared with the tribal settings (p=0.51).
However, participants in the tribal settings had significantly higher
diastolic blood pressure as compared with those living in the slum
settings (p=0.001). Significant differences in the blood sugar levels
were seen only among those living in the tribal as compared
with the urban settings (p=0.04).
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Table 1: Main characteristics and history of the sample
Variable
Socio-demographics
Age, years – mean (SD)
Male – % (n)
Education level – % (n)
<High school
Some college/Graduate
Post-graduate
None
Smoking history – % (n)
Presently
In the past
Never
Alcohol history
Presently – % (n)
In the past – % (n)
Never – n (%)

Total
N=429

Urban
n=222

Slum
n=100

Tribal
n=107

P-value

41.98 (14.39)

45.72 (11.62)

41.13 (14.14)

35.02 (14.39)

0.0001

61 (263)

79; (175)

31.0 (31)

53.3 (57)

0.000

27 (116)
48 (204)
7 (30)
18 (79)

14 (32)
72 (160)
14 (30)
0

44 (44)
16 (16)
0
40 (40)

37 (40)
26 (28)
0
36 (39)

19 (80)
13 (57)
68 (292)

14 (30)
19 (42)
68 (150)

11 (11)
9 (9)
80 (80)

36 (39)
6 (6)
58 (62)

21 (88)
13 (56)
285 (66.4)

17 (37)
15 (33)
152 (68.5)

19 (19)
11 (11)
70 (70.0)

30 (32)
11 (12)
63 (58.9)

No significant differences were seen for the blood sugar levels
of those living in urban versus slum (p=0.9) or slum versus
tribal (p=0.11) settings. Similarly, there was no significant
difference in the BMI of participants living in slum versus
tribal settings (p=0.09). However, participants living in the
urban settings had a significantly higher BMI than those living
in slum (p<0.001) or tribal settings (p<0.001) (Fig1).
In the self-report clinical assessment, more than half of the
participants didn’t know if they had diabetes or not (56%;
n=240). Similarly approximately 49% (n=210) of
participants didn’t know if they had hypertension or high
blood pressure. Overall, the prevalence of diabetes was 16%
(n=66) and that of hypertension was approximately 18%
(n=76). Of those who had diabetes, 32% (n=21) of them
were not treated for high blood sugar. Similarly, of those
who had high blood pressure, 33% (n=25) of them were not
treated for it. Significant differences were seen in the burden
of diabetes, blood sugar and their current treatment among
those those living in urban, slum and tribal settings. The
burden of diabetes and hypertension was significantly high in
the urban setting than in the slum and tribal settings
(Table 2).

0.000

0.000
0.068

Participants in the urban setting were significantly overweight
(32%, n=70) compared with those in the slum (10%, n=10)
and tribal settings (12%, n=13) (p=0.0001). Seventy-one
percent (n=305) of participants had either pre-hypertension
(42%, n=178), stage 1 hypertension (18%, n=78) or stage 2
hypertension (11%, n=49), and 27% (n=116) had abnormal
blood sugar levels. A high prevalence of pre-hypertension,
and stages 1 and 2 hypertension were found among those
living in the slum and tribal settings (Table 3).
Concordance analysis (Table 4) was performed to determine
the level of agreement among the participants who selfreported having diabetes and hypertension and had abnormal
readings using objective assessments using medical sensors
through PHIKs. Of those who did not know if they had
diabetes, 36% (n=42) were found to have abnormal blood
sugar levels. Similarly, among those who did not know if they
had high blood pressure, more than half were found to have
pre-hypertension, 29.5% were in stage 1 hypertension and
38.8% in stage 2 hypertension.
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Figure 1: Comparison of variables according to setting.

Table 2: Self-reported clinical assessment
Self-report of clinical assessment
Told by doctor that you have diabetes?
Yes
No
I don’t know
Currently treated for high blood sugar?
Yes
No
Told by doctor that you have hypertension?
Yes
No
I don’t know
Currently treated for high blood pressure?
Yes
No

Urban

Setting n (%)
Slum

Tribal

48 (21.8)
99 (45.0)
73 (33.2)

11 (11.0)
7 (7.0)
82 (82.0)

7 (6.5)
15 (14.0)
85 (79.4)

0.000

37 (77.1)
11 (22.9)

6 (54.5)
5 (45.5)

2 (28.6)
5 (71.4)

0.021

50 (22.7)
116 (52.7)
54 (24.5)

14 (14.0)
11 (11.0)
75 (75.0)

12 (11.2)
14 (13.1)
81 (75.7)

0.000

40 (80.0)
10 (20.0)

6 (42.9)
8 (57.1)

5 (41.7)
7 (58.3)

0.004

Further analysis was performed to assess if those who had
self-reported having diabetes had received any kind of
treatment, and on the status of their blood sugar levels
(Fig2). Results have shown that almost half of the people in
slum areas (n=5) who had self-reported diabetes were left
untreated, and 40% (n=2) of them had abnormal blood sugar
readings. The reality is even more worrisome for inhabitants
of tribal areas, where 71% (n=5) of positively self-reported
diabetics were untreated, with 80% (n=4) of them actually
presenting with abnormal levels of sugar in the blood. In
urban areas, 77% (n=37) of the people who answered ‘yes’

P-value

to the diabetes self-report were treated, and the number who
had abnormal readings was 81% (n=30). In the case of those
who self-reported hypertension (Fig3) in the slum setting,
57% (n=8) went untreated and 62.5% (n=5) had abnormal
blood pressure readings. Similarly, in the tribal setting 58%
of the respondents hadn’t been treated. Of those, 86% had
abnormal blood pressure readings. Finally, in the urban areas,
20% of self-reported hypertensive participants were
untreated, with 90% of this group having abnormal blood
pressure readings.
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Table 3: Chronic disease assessment
Variable

Setting n (%)
Slum
n=100

Urban
n=222
BMI
Underweight (<18.5)
Normal (18.5-24.99)
Overweight (25.0-29.99)
Obese (30 or greater)
BP (mmHg)
Normal
(<120 & <80)
Pre hypertensive
(120-139 or 80-89)
Stage1 hypertension
(140-159 or 90-99)
Stage 2 hypertension
(>160 or >100)
Blood sugar (mm/L)
Normal (<140)
Abnormal (≥140)

P-value
Tribal
n=107

18 (8.1)
125 (56.3)
70 (31.5)
9 (4.1)

21 (21.0)
62 (62.0)
10 (10.0)
7 (7.0)

35 (32.7)
56 (52.3)
13 (12.1)
3 (2.8)

46 (20.7)

36 (36.0)

42 (39.3)

101 (45.5)

40 (40.0)

37 (34.6)

47 (21.2)

13 (13.0)

18 (16.8)

28 (12.6)

11 (11.05)

10 (9.3)

150 (67.6)
72 (32.4)

75 (75.0)
25 (25.0)

88 (82.2)
19 (17.8)

0.000

0.012

0.017

Table 4: Concordance analysis
Clinical assessment
Self-report
Told by doctor you have diabetes?
Yes
No
I don’t know
p-value
Told by doctor that you have hypertension?
Yes
No
I don’t know
p-value

Frequency n (%)
Normal

Abnormal

14 (4.5)
99 (31.8)
198 (63.7)

52 (44.8)
22 (19.0)
42 (36.2)

Normal
10 (8.2)
35 (28.7)
77 (63.1)

Discussion
The results of the study showed significant differences in
systolic blood pressure between those living in the urban and
slum or tribal settings. Those in urban settings also had
significantly higher diastolic blood pressure than those living
in the slum settings. For all participants, 56% didn’t know if
they had diabetes, and 49% didn’t know if they had
hypertension or high blood pressure. The overall burden of
diabetes was 16% compared with 18% for hypertension.

Pre-hypertension
25 (14)
62 (34.8)
91 (51.1)

0.0001
Stage1 hypertension
25 (32.1)
30 (38.5)
23 (29.5)
0.0001

Stage 2 hypertension
16 (32.7)
14 (28.6)
19 (38.8)

Almost half of the people in slum areas who had self-reported
diabetes were left untreated, and 40% of them had abnormal
blood sugar readings. In tribal areas, 71% of positively selfreported diabetics were untreated and 80% of them had
abnormal blood sugar levels. In the slum setting, 57% of selfreported hypertension was untreated, and 62.5% of
respondents had abnormal blood pressure readings. Similarly,
58% of respondents in the tribal setting hadn’t been treated,
with 86% having abnormal blood pressure readings.
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Figure 2: Frequency of ‘yes’ answer to having been told by the doctor that they have diabetes, according to
setting and outcome. Nml, Normal; Abn, abnormal.

Figure 3: Frequency of ‘yes’ answer to having been told by the doctor that they have hypertension, according to
setting and outcome. Nml, Normal; Abn, abnormal.
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The study results have shown that the burden of chronic
diseases in tribal and slum communities needs further
investigation. Of the Indian tribal population, 25% doesn’t
have access to health services18. The state of Orissa, India,
where Rourkela is located, has a population of over
40 million people19. According to the 2001 census, 85% lived
in rural regions and 22% were tribal populations. According
to the subjective assessments, 79.4% of people in tribal
communities reported that they didn’t know if the doctor had
told them if they have diabetes, and 75.7% of tribal
populations reported the same for hypertension. Therefore,
the assessment of health conditions in these populations is
insufficient. The results of the concordance analysis using
PHIKs to measure abnormal levels of blood sugar and blood
pressure demonstrated that 36.2% of people who didn’t
know about their diabetes status had abnormal blood sugar
readings, and 51.1% of those who didn’t know about their
hypertension status had pre-hypertension, and 38.8%
presented with stage 2 hypertension. One of the limitations
was the use of self-report assessments on the various disease
conditions reported. The objective measurements of blood
pressure, blood sugar and weight at the point of care through
the use of physiological sensors contributed towards an
accurate health assessment. However, accurate information
about the family history, prior diagnosis of various disease
conditions, and information about smoking and alcohol
consumption could not be validated because of self-reporting.
Poor infrastructure and lack of qualified personnel are
challenges to providing a meaningful service, as low wages,
poor living and working conditions are obstacles that prevent
the trained staff from establishing themselves in these areas of
extreme need20. Patient self-management support, group
visits, automated registries, and primary care integrated with
specialist support are important strategies to improve quality
of care21. The interaction between patient and healthcare
provider can be enhanced by various community resources,
but little effort is currently made to implement multifaceted
approaches, despite studies that establish their
effectiveness22,23. Governments and institutions must act
more decisively in addressing social determinants and health

issues based on the past success of multifaceted health
promotion strategies. Such strategies present the potential to
address the global health problems that will predominate in
the 21st century24,25. For governments and institutions to
enact policies that can improve health outcomes in
disadvantaged areas, they first need the data and the evidence
to support it. It has been demonstrated that multifaceted
interventions generate larger and more positive effects than
single interventions.
Computerized kiosk systems could be the key to improving
public health among diverse populations in varied settings
around the world. ICTs can be utilized as a platform to assess
risk, deliver multifaceted interventions tailored to the needs
of the specific users after taking into account their health
literacy levels. Future work should be explored to evaluate
the impact of health kiosks in improving short- and long-term
health outcomes in these diverse settings.

Conclusions
Health kiosks can be the multifaceted solution to overcome
difficult obstacles when working in remote and resource-poor
settings where there is poor infrastructure and a lack of qualified
trained personnel. The use of health kiosks to communicate
interactive health education modules created in a user-friendly
interface can help to inform the populations in diverse settings
about the risk factors of chronic diseases and the methods of
prevention, monitoring and its management. Health kiosks can
also be useful in determining a true epidemiological burden of
disease conditions in remote and rural areas. Health kiosks can
help to generate evidence-based, meaningful information to
support key decisions for national and regional programs and
policies throughout the developing world.
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