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Health information technology (IT) to improve the
care of patients with chronic kidney disease (CKD)
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Abstract

Several reports show that patients with chronic disease who are empowered with information technology (IT) tools
for monitoring, training and self-management have improved outcomes, however there are few such applications
employed in kidney disease. This review explores the current and potential uses of health IT platforms to advance
kidney disease care by offering innovative solutions to inform, engage and communicate with individuals with CKD.
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Introduction
More than 70 million individuals worldwide have chronic
kidney disease (CKD) and according to estimates preva-
lence will further increase as will the already enormous
impact on health systems resources related to CKD care
[1,2]. Slowing disease progression and reducing adverse
safety outcomes requires significant personal involvement
of CKD patients to integrate complex recommendations
that include medication adherence, lifestyle modification
and nutritional adaptation. While studies indicate that
higher specific knowledge is associated with improved
self-management behavior in chronic disease, [3-6]
individuals with CKD are often dissatisfied with their
ability to communicate with their health care provider,
and are frequently unaware of their CKD diagnosis or
its implications [7-9]. As new technologies continue to
provide consumers with access to a myriad of applications
and portals to health information, a vast array of medical
reference material is available to patients through the
Internet and mobile applications, offering them a better
understanding of their diseases and best practices. This
review explores the current and potential uses of health
IT platforms to advance kidney disease care by offering
innovative solutions to inform, engage and communicate
with individuals with CKD.
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Review
The role of information technology in chronic disease
Use of the Internet and mobile devices to deliver health
care is growing rapidly. It is estimated that 91% of the
US population owns a mobile device, [10] and that 85%
of US adults use the Internet or email, [11] and as a result
electronic devices are increasingly used by both health
care providers and patients as communication tools [12].
While individuals with chronic diseases are less likely than
healthy adults to have Internet access (62% versus 81%,
respectively), once online those with chronic diseases
have a higher likelihood of using social media to share
information [13]. Further, the availability of the Mobile
Web is allowing individuals who may not have broadband
capabilities readily available in their homes, to access
Internet content with just the click of a button or the
swipe of a finger. In fact, it is estimated that 34% of cell
Internet users go online mostly using their phones, [14]
and that black and English-speaking Latinos are the
most active users of the Mobile Web, [15] which has
direct implications in CKD where ethnic and racial
minorities are disproportionately affected and suffer
worse outcomes than their white counterparts [16,17].
Although various interventions using the Internet and

mobile phones have been developed across a spectrum
of chronic illnesses with promising results, [18-23] there
are few such applications employed in kidney disease.
Individuals with CKD who are frequently older and of
lower socioeconomic status and health literacy, are often
not in the target markets of IT providers and vendors,
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and as a result, a large portion of the CKD population
may be overlooked as health care technologies emerge.
Compounding the slow adoption of health IT in CKD
is the overall poor insight and lack of awareness among
both patients and healthcare providers of a CKD diagno-
sis, and the likelihood of prioritization of other chronic
diseases such as diabetes and heart disease with less
emphasis placed on kidney dysfunction in the overall
care of such a highly comorbid individual. Nonetheless,
providers using mobile technology to connect with their
chronic disease patients improve overall patient-provider
communication, strengthen patient autonomy, and empower
patients to tackle daily health issues by becoming active
participants in their own care, all of which are directly
pertinent to the optimal care of the CKD population
[21,24-28]. General themes among studies on the uses of
health IT in chronic disease include prevention, compli-
ance, surveillance, and disease management [29]. Examples
of the latter themes include electronic self-documentation
of blood sugars and weights in chronic conditions such as
diabetes and congestive heart failure, respectively, which
has been shown to be an effective strategy to promote
patient self-activation [30,31]. Integrating novel health
IT platforms into the routine care of individuals with
CKD may enrich current strategies intended to improve
the often poor outcomes of these patients.

Web-based education
The Internet has become ubiquitous in society, with
the availability of the World Wide Web on nearly every
digital platform. Consequently, the bulk of digital educa-
tional materials available in kidney disease are available
in some form on the Internet. The most well-established
example of this in kidney disease is brought by the
National Kidney Disease Education Program (NKDEP),
which sponsors an initiative to promote kidney disease
education via digital media. The NKDEP website contains
several links to various kidney disease educational topics
targeted for the patient, rather than the provider (www.
nkdep.nih.gov). In addition, much of the web-based mate-
rials are available for download and print to be used as
educational supplements during a provider-patient inter-
action that the patient can then take home and refer to as
needed. The website content is directed at an elementary
school level reading capability, and has been modified
based on an iterative process of review [32]. This same
iterative process was used in the development of the
Safe Kidney Care Cohort study (SKC) website (www.
safekidneycare.org), which provides information to patients,
family members and providers, on topics relevant to patient
safety in CKD [33]. After one year of follow-up, ap-
proximately 29% (n = 31) of SKC participants who were
invited to visit the website (n = 108) did so, [34] which
corroborates with other studies of website usage, revealing
that approximately one third of study participants will visit
a website when asked [35,36].
The Internet has also become a place where individuals

can privately explore topics that may not be addressed in a
typical office setting due to time constraints or uneasiness
in speaking with providers, particularly for those who
prefer time to absorb information at their own pace.
Gordon et al. examined the quality of Hispanic-directed
web-based educational materials for kidney donation and
found significant heterogeneity in the content of the sites,
and suggested a more comprehensive Hispanic-targeting
educational platform would help increase knowledge
regarding living kidney donation in this population [37].
Schatell examined the role of the Internet in promoting
self-management in individuals on dialysis and those
with pre-dialysis CKD, and proposed that the value of the
Internet goes beyond the provision of static educational
content; the Internet has become a resource for the de-
velopment of social support systems for those affected
by kidney disease [38]. For example, the National Kidney
Foundation (NKF) has over 85,000 “likes” on Facebook
(www.facebook.com/nationalkidneyfoundation) and over
9000 followers on Twitter (twitter.com/nkf) as of September
2013. While this is certainly nowhere near the estimated
26 million Americans affected by kidney disease, the effect
of these social media outlets are far more widespread than
most other kidney disease educational initiatives.

Short message service (SMS) texting
SMS texting has been the most extensively studied
health IT platform in chronic diseases, yet little work
has been done to evaluate the potential benefit of this
platform in individuals with CKD. In other conditions,
texting has been used to provide appointment reminders,
[39,40] help aid tobacco cessation, [26,41,42] improve
physical activity and stimulate weight management
efforts, [43-45] and improve diabetic control [46-49] among
countless other applications. Studies from various clinical
contexts in which text-messaging services were introduced,
reported improved medication adherence [21,24-28,50].
While the mobile phone finds itself in the hands of
individuals on all continents, investigators and health
care providers have recognized an opportunity to reach
individuals where perhaps vehicles, clinics or even
computers cannot. SMS texting has become an integral
part of “rural medicine”, examples of which include
Lester et al’s study examining the effects of reminder
texts on antiretroviral adherence in Kenya [51] and
Asiimwe et al’s study evaluating the utility of an SMS
text-based reporting system of malarial outbreaks in
Uganda [52].
To some degree, kidney disease researchers are just

now beginning to explore the utility of SMS text in
the care of individuals with CKD. One co-author and

http://www.nkdep.nih.gov
http://www.nkdep.nih.gov
http://www.safekidneycare.org
http://www.safekidneycare.org
http://www.facebook.com/nationalkidneyfoundation


Diamantidis and Becker BMC Nephrology 2014, 15:7 Page 3 of 6
http://www.biomedcentral.com/1471-2369/15/7
colleagues examined a multi-platform medication inquiry
system designed to provide information about the safety
of drugs in pre-dialysis CKD, and found the SMS texting-
based platform to be the least preferred by participants
despite a comparable amount of technical errors noted
on this platform when compared with the web-based
or personal digital assistant (PDA)-based applications
[53]. It is important to consider the implications of
using an SMS text-based platform as a few characters
must transmit large amount of meaning, and there is
a greater potential for misunderstanding using this
approach [54]. The overall acceptance of this type of
application in a broader CKD population remains
unclear, as does its utility in improving adherence or
disease outcomes.

Mobile apps
“Mobile Computing”, which is a broad term comprised
of various forms of hardware (i.e. smartphones, tablet
computers) is presently one of the most important
technological trends, and offers promise for a “system
solution” for patients with chronic disease. It allows the
user to download mobile applications (“apps”) via the
Internet, which can then be applied for various activities
of daily life [55]. Worldwide there were almost 6 billion
mobile phones being used in late 2011, more than one
billion of these had broadband capabilities, and 43 billion
mobile applications were downloaded in the 12 months
ending September 2012 [56,57]. With the global preva-
lence of mobile technology, accessing health-related
applications via mobile phone seems a logical approach
to promote patient engagement [56]. In fact, according
to a US study, 25% of smartphone users were already
using such health applications and almost half of those
asked would be interested in doing so [58].
To date, the majority of mobile apps available in kidney

disease have focused on the provider or highly motivated
patients. A query of “chronic kidney disease” is the Apple
App Store™ will produce only a handful of relevant apps,
among them Renal Trkrr (available for $7.99 in the App
Store™), which is a comprehensive tool enabling indi-
viduals with CKD the opportunity to record their dietary
intake, track their renal function (by user input), and
communicate with their health care provider (by inputting
provider email addresses). While the comprehensive nature
of this tool is certainly admirable, the level of technical
and clinical aptitude needed to store data, in addition
to the relatively high cost, likely may make this novel
application prohibitive to a population which is largely
on the margin with regards to socioeconomic status and
e-literacy. Further study is needed to determine effective
disease-tailored mobile apps for the unique population
with kidney disease.
Barriers and considerations: lessons learned from the
iNephro study
The iNephro study investigated how far a “native” smart-
phone application (“Medication Plan”) which allowed
users the ability to maintain and alter personal drug
therapy plans and document vital signs on their personal
device, would be downloaded and used by general
smartphone users [59]. Although there were more than
11000 app users within the first 15 months, the interest
compared to apps targeting individuals with acute rather
than chronic medical conditions has been reported to be
much higher [56]. Most of the users seem to have been
“early adopters” of a new service: middle-aged male,
well-educated and derived from the relatively small
number of daily taken pills - comparatively healthy [60].
This discrepancy or “digital divide” between age groups,
sexes and education levels highlights the importance of
an iterative development process in order to reach the
needs of the intended audience, as the “digital divide”
implies that certain parts of the population have better
opportunities to benefit from modern technologies than
others due to access, awareness, and a desire to adopt
new technologies [61-63].
The iNephro study reported that the regular use of the

application decreased considerably within the first 2
months and lasted for more than a year in only a few
cases. This finding is consistent with other studies citing
a high attrition rate for Internet interventions, [34,64]
which may be a reflection of an early interest in the
novelty of the application, with a decline in eagerness
as the newness of the intervention wears off. At present
there is no scientific data on why people stop using
mobile health applications. In a commercial survey by
the Consumer Health Information Corporation (CHIC)
on the use of healthcare apps in 2011 users reported
“not user friendly” and “found a better one” as the two
most frequent reasons for no longer using an app (32%
and 34% respectively). 26% of health apps were used
only once after download and the dropout rate recorded
in this survey was 74% (of 395 participants) by 10th use
[65]. The fact that “Medication Plan” was not used per-
manently might therefore reflect deficits in usability and
once again call attention to the necessity to continuously
monitor consumer/patients’ demands. Others have found
that most patients value interactive systems, i.e. devices
that will give feedback - in this case on correct drug
intake, a feature as yet not included in “Medication Plan”
[66,67]. Also, patients seem to prefer to use mobile health
(mHealth) in conjunction with visits to their doctors -
another element which was not part of the iNephro
study [66,67]. In essence, use of such an app can be
seen as an expression of patients’ wishes to improve
the effectiveness of their treatment by improving their
adherence. The most favorable - if speculative - explanation
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for the decline in use of “Medication Plan” is that it may
only have been used temporarily as a learning tool at least
by some patients: once habituation to correct drug intake
had been achieved, assistance was no longer regarded as
necessary. Following this train of thought the fact that
older individuals seemed to be using the app for a longer
period than younger users may reflect a lesser slope in the
learning curve of older users and the temporary adoption
of the app as a companion tool.

Perspective for mHealth
In the present climate it seems likely that health-related
mobile computing applications will increasingly play a
role for elderly and chronically ill users for a variety of
reasons. Currently, most of the hardware and commercially
successful applications are likely to be targeting younger
(between 18 – 40 years of age) and healthier individuals, as
they constitute the majority of contemporary smartphone
users [55]. However, the young and middle-aged of today
are the CKD patients of tomorrow. This cohort effect will
alter the demographics of those who rely on information
technology and who increasingly integrate the mobile
Internet into their daily lives [56,64]. Future developments
should take into consideration that in general, Internet
use is inversely correlated with an increasing number
of medical conditions and lack of financial resources
[68]. Also, a decrease of associated costs of mobile devices,
i.e. costs for smartphones and tablet computers, may be
essential to mitigate the “digital divide”. From the iNephro
study it is known that in many cases the choice of
consumers to download the application seems to have
been promoted by media recommendations [69]. This
reflects the element of novelty in apps like “Medication
Plan”. It is likely that some form of guidance and possibly
coaching by the medical profession will - for the time
being - be necessary to establish health-related apps as
a fixture in patient care. In this context online-platforms
like “Happtique”, which provides certification for mobile
health app operability (http://www.happtique.com/plat-
form/) may play an important role in streamlining the
quality of mHealth materials for distribution to patients
and healthcare professionals.

Other health IT delivery methods
In addition to web-based and mobile phone-based ap-
plications, several other uses for health IT are currently
being explored in kidney disease. One such is example
is the use of Telehealth, which is a broad term referring to
the use of a technology in health care delivery. Possibilities
for Telehealth interventions are wide-ranging and include
the delivery of telephone-based educational materials and
prompts via landline, to video-conferenced clinical visits
(also known as “Telenephrology”). Other health IT practices
such as the use of interactive voice response system (IVRS)-
based applications may have appeal in CKD, particularly
as IVRS does not require a high degree of technical
aptitude for correct usage and can be used from any
type of phone. Further, the use of the personal health
record (PHR) by patients to communicate with their
healthcare provider, obtain lab results, and view appoint-
ment schedules, has become a widespread initiative by
various agencies in an effort to streamline the delivery of
care to patients [70,71], however the long-term effect of
such initiatives has yet to be determined.
Finally personable wearable fitness devices or passive

sensor technology are more and more deployed in patient
care [72]. Traditionally, these have been used to measure
vital signs such as heart rhythm, oxygen level, and blood
pressure [73,74], however, an interesting approach for
measuring kidney function is under development by the
Fraunhofer Institute for Reliability and Microintegration
(IZM), Berlin [75,76]. This technology would involve re-
duction in a fluorescent radiation as the kidney excretes
an injected colorant, allowing for non-invasive monitoring
of GFR [75]. In the future such a technology may allow
continually and more accurate monitoring of the kidney
function at a lesser cost.

Conclusion
The possible uses of health IT as a method to engage
individuals with CKD are wide-ranging. In a perfect CKD
world, individuals would be able to view comprehensive
therapy plans and medical records issued by physicians on
their personal mobile devices, with assurance of confi-
dentiality and ease of accessibility. Applications would be
available on multiple platforms, created using an iterative
development process, and tailored closely to the specific
demands of the CKD community to improve the likeli-
hood of acceptance as part of an often complicated day-to
day routine. Simplicity would be a vital element to any
CKD-directed health IT application, particularly when
targeting users with low e-literacy. And while health IT
can never replace the provider-patient relationship, it
can be integrated to create more effective and efficient
treatment strategies for individuals with CKD. The future
is closer than you think.

Abbreviations
CKD: Chronic kidney disease; Health IT: Health information technology;
SKC: Safe kidney care; mHealth: Mobile health.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CD and SB contributed equally to the design and drafting of this review.
Both authors read and approved the final manuscript.

Authors’ information
CD is an Assistant Professor of Nephrology in the Division of Nephrology at
the University of Maryland School of Medicine and has published work
related to the use of health information technology in chronic kidney

http://www.happtique.com/platform/
http://www.happtique.com/platform/


Diamantidis and Becker BMC Nephrology 2014, 15:7 Page 5 of 6
http://www.biomedcentral.com/1471-2369/15/7
disease. SB is Oberarzt at the Department of Nephrology and head of the
iNephro Initiative at University Duisburg-Essen, Essen, Germany.
Acknowledgements
The authors would like to thank Drs. Jeffrey Fink, Anna Mitchell and Andreas
Kribben and for their contributions.

Author details
1Division of Nephrology, University of Maryland School of Medicine,
Baltimore, MD, USA. 2Veterans Affairs Maryland Health Care System,
Baltimore, MD, USA. 3Department of Nephrology, University Duisburg-Essen,
Essen, Germany.

Received: 4 November 2013 Accepted: 4 January 2014
Published: 9 January 2014
References
1. Braun L, Sood V, Hogue S, Lieberman B, Copley-Merriman C: High burden

and unmet patient needs in chronic kidney disease. Int J Nephrol Renovasc
Dis 2012, 5:151–163.

2. Levey AS, Schoolwerth AC, Burrows NR, Williams DE, Stith KR, McClellan W:
Comprehensive public health strategies for preventing the
development, progression, and complications of CKD: report of an
expert panel convened by the Centers for Disease Control and
Prevention. Am J Kidney Dis 2009, 53:522–535.

3. Curtin RB, Sitter DC, Schatell D, Chewning BA: Self-management,
knowledge, and functioning and well-being of patients on hemodialysis.
Nephrol Nurs J 2004, 31(4):378–386. 396; quiz 387.

4. Kazancioglu R, Ozturk S, Ekiz S, Yucel L, Dogan S: Can using a questionnaire
for assessment of home visits to peritoneal dialysis patients make a
difference to the treatment outcome? J Ren Care 2008, 34(2):59–63.

5. Cavanaugh KL, Wingard RL, Hakim RM, Elasy TA, Ikizler TA: Patient dialysis
knowledge is associated with permanent arteriovenous access use in
chronic hemodialysis. Clin J Am Soc Nephrol 2009, 4(5):950–956.

6. Dobbels F, Duerinckx N: Wise decisions on renal replacement therapy
require knowledgeable patients and good self-report knowledge scales.
Transpl Int 2013, 26(12):1161–1163.

7. Nunes JA, Wallston KA, Eden SK, Shintani AK, Ikizler TA, Cavanaugh KL:
Associations among perceived and objective disease knowledge and
satisfaction with physician communication in patients with chronic
kidney disease. Kidney Int 2011, 80(12):1344–1351.

8. Greer RC, Cooper LA, Crews DC, Powe NR, Boulware LE: Quality of patient-
physician discussions about CKD in primary care: a cross-sectional study.
Am J Kidney Dis 2010, 57(4):583–591.

9. Tuot DS, Plantinga LC, Hsu CY, Jordan R, Burrows NR, Hedgeman E, Yee J,
Saran R, Powe NR: Chronic kidney disease awareness among individuals
with clinical markers of kidney dysfunction. Clin J Am Soc Nephrol 2011,
6(8):1838–1844.

10. Pew internet: mobile. Available at: http://pewinternet.org/Commentary/
2012/February/Pew-Internet-Mobile.aspx, accessed December 18, 2013.

11. Pew internet: who’s not online and why. Available at: http://pewinternet.
org/Reports/2013/Non-internet-users.aspx, accessed December 18, 2013.

12. Buntin MB, Burke MF, Hoaglin MC, Blumenthal D: The benefits of health
information technology: a review of the recent literature shows
predominantly positive results. Health Aff (Millwood) 2011, 30(3):464–471.

13. Pew internet: chronic disease and the internet. Available at: www.
pewinternet.org/Reports/2010/Chronic-Disease.aspx, accessed
December 18, 2013.

14. Pew internet: cell internet use 2013. Available at: http://pewinternet.org/
Reports/2013/Cell-Internet.aspx, accessed December 18, 2013.

15. Pew internet: mobile access 2010. Available at: www.pewinternet.org/
Reports/2010/Mobile-Access-2010, accessed December 18, 2013.

16. Mehrotra R, Kermah D, Fried L, Adler S, Norris K: Racial differences in
mortality among those with CKD. J Am Soc Nephrol 2008, 19(7):1403–1410.

17. Hsu CY, Lin F, Vittinghoff E, Shlipak MG: Racial differences in the
progression from chronic renal insufficiency to end-stage renal disease
in the United States. J Am Soc Nephrol 2003, 14(11):2902–2907.

18. Head KJ, Noar SM, Iannarino NT, Grant Harrington N: Efficacy of text
messaging-based interventions for health promotion: a meta-analysis.
Soc Sci Med 2013, 97:41–48.
19. Cummings E, Turner P: Patient self-management and chronic illness:
evaluating outcomes and impacts of information technology. Stud Health
Technol Inform 2009, 143:229–234.

20. Eland-de Kok P, van Os-Medendorp H, Vergouwe-Meijer A, Bruijnzeel-Koomen C,
Ros W: A systematic review of the effects of e-health on chronically ill
patients. J Clin Nurs 2011, 20:2997–3010.

21. Downer SR, Meara JG, Da Costa AC, Sethuraman K: SMS text messaging
improves outpatient attendance. Aust Health Rev 2006, 30(3):389–396.

22. de Jongh T, Gurol-Urganci I, Vodopivec-Jamsek V, Car J, Atun R: Mobile
phone messaging for facilitating self-management of long-term illnesses.
Cochrane Database Syst Rev 2012, 12:CD007459.

23. Bennett GG, Warner ET, Glasgow RE, Askew S, Goldman J, Ritzwoller DP,
Emmons KM, Rosner BA, Colditz GA: Obesity treatment for socioeconomically
disadvantaged patients in primary care practice. Arch Intern Med 2012,
172(7):565–574.

24. Weaver A, Young AM, Rowntree J, Townsend N, Pearson S, Smith J, Gibson O,
Cobern W, Larsen M, Tarassenko L: Application of mobile phone technology
for managing chemotherapy-associated side-effects. Ann Oncol 2007,
18(11):1887–1892.

25. Fjeldsoe BS, Marshall AL, Miller YD: Behavior change interventions
delivered by mobile telephone short-message service. Am J Prev Med
2009, 36(2):165–173.

26. Rodgers A, Corbett T, Bramley D, Riddell T, Wills M, Lin RB, Jones M: Do u
smoke after txt? Results of a randomised trial of smoking cessation
using mobile phone text messaging. Tob Control 2005, 14:255–261.

27. Kerwin M, Nunes F, Silva PA: Dance! Don’t fall - preventing falls and pro-
moting exercise at home. Stud Health Technol Inform 2012, 177:254–259.

28. Hurling R, Catt M, Boni MD, Fairley BW, Hurst T, Murray P, Richardson A,
Sodhi JS: Using internet and mobile phone technology to deliver an
automated physical activity program: randomized controlled trial. J Med
Internet Res 2007, 9:e7.

29. Deglise C, Suggs LS, Odermatt P: SMS for disease control in developing
countries: a systematic review of mobile health applications. J Telemed
Telecare 2012, 18(5):273–281.

30. Lane SJ, Heddle NM, Arnold E, Walker I: A review of randomized controlled
trials comparing the effectiveness of hand held computers with paper
methods for data collection. BMC Med Inform Decis Mak 2006, 6:23.

31. Scherr D, Kastner P, Kollmann A, Hallas A, Auer J, Krappinger H, Schuchlenz H,
Stark G, Grander W, Jakl G, et al: Effect of home-based telemonitoring using
mobile phone technology on the outcome of heart failure patients after an
episode of acute decompensation: randomized controlled trial. J Med
Internet Res 2009, 11(3):e34.

32. Goldstein K, Briggs M, Oleynik V, Cullen M, Jones J, Newman E, Narva A:
Using digital media to promote kidney disease education. Adv Chronic
Kidney Dis 2013, 20(4):364–369.

33. Diamantidis CJ, Zuckerman M, Fink W, Hu P, Yang S, Fink JC: Usability of a
CKD educational website targeted to patients and their family members.
Clin J Am Soc Nephrol 2012, 7(10):1553–1560.

34. Diamantidis CJ FW, Yang S, Zuckerman MR, Ginsberg J, Hu P, Xiao Y,
Fink JC: Directed use of the internet for health information by patients
with chronic kidney disease: a prospective cohort study. J Med Internet
Res 2013. in press.

35. Fleisher L, Kandadai V, Keenan E, Miller SM, Devarajan K, Ruth KJ, Rodoletz
M, Bieber EJ, Weinberg DS: Build it, and will they come? Unexpected
findings from a study on a web-based intervention to improve colorectal
cancer screening. J Health Commun 2012, 17(1):41–53.

36. Zhang Y, Jones B, Spalding M, Young R, Ragain M: Use of the internet for
health information among primary care patients in rural West Texas.
South Med J 2009, 102(6):595–601.

37. Gordon EJ, Rodde J, Gil S, Caicedo JC: Quality of internet education about
living kidney donation for Hispanics. Prog Transplant 2012, 22(3):294–303.

38. Schatell D: Web-based kidney education: supporting patient
self-management. Semin Dial 2013, 26(2):154–158.

39. Car J, Gurol-Urganci I, de Jongh T, Vodopivec-Jamsek V, Atun R: Mobile
phone messaging reminders for attendance at healthcare appointments.
Cochrane Database Syst Rev 2012, 7, CD007458.

40. Hasvold PE, Wootton R: Use of telephone and SMS reminders to improve
attendance at hospital appointments: a systematic review. J Telemed
Telecare 2011, 17(7):358–364.

41. Haug S, Meyer C, Dymalski A, Lippke S, John U: Efficacy of a text
messaging (SMS) based smoking cessation intervention for adolescents

http://pewinternet.org/Commentary/2012/February/Pew-Internet-Mobile.aspx
http://pewinternet.org/Commentary/2012/February/Pew-Internet-Mobile.aspx
http://pewinternet.org/Reports/2013/Non-internet-users.aspx
http://pewinternet.org/Reports/2013/Non-internet-users.aspx
http://www.pewinternet.org/Reports/2010/Chronic-Disease.aspx
http://www.pewinternet.org/Reports/2010/Chronic-Disease.aspx
http://pewinternet.org/Reports/2013/Cell-Internet.aspx
http://pewinternet.org/Reports/2013/Cell-Internet.aspx
http://www.pewinternet.org/Reports/2010/Mobile-Access-2010
http://www.pewinternet.org/Reports/2010/Mobile-Access-2010


Diamantidis and Becker BMC Nephrology 2014, 15:7 Page 6 of 6
http://www.biomedcentral.com/1471-2369/15/7
and young adults: study protocol of a cluster randomised controlled
trial. BMC Public Health 2012, 12:51.

42. Obermayer JL, Riley WT, Asif O, Jean-Mary J: College smoking-cessation
using cell phone text messaging. J Am Coll Health 2004, 53(2):71–78.

43. Patrick K, Raab F, Adams MA, Dillon L, Zabinski M, Rock CL, Griswold WG,
Norman GJ: A text message-based intervention for weight loss:
randomized controlled trial. J Med Internet Res 2009, 11(1):e1.

44. Joo NS, Kim BT: Mobile phone short message service messaging for
behaviour modification in a community-based weight control
programme in Korea. J Telemed Telecare 2007, 13(8):416–420.

45. Hebden L, Chey T, Allman-Farinelli M: Lifestyle intervention for preventing
weight gain in young adults: a systematic review and meta-analysis of
RCTs. Obes Rev 2012, 13(8):692–710.

46. Krishna S, Boren SA: Diabetes self-management care via cell phone:
a systematic review. J Diabetes Sci Technol 2008, 2(3):509–517.

47. Kim HS: A randomized controlled trial of a nurse short-message service by
cellular phone for people with diabetes. Int J Nurs Stud 2007, 44(5):687–692.

48. Hanauer DA, Wentzell K, Laffel N, Laffel LM: Computerized Automated
Reminder Diabetes System (CARDS): e-mail and SMS cell phone text
messaging reminders to support diabetes management. Diabetes Technol
Ther 2009, 11(2):99–106.

49. Franklin VL, Waller A, Pagliari C, Greene SA: A randomized controlled trial
of sweet talk, a text-messaging system to support young people with
diabetes. Diabet Med 2006, 23(12):1332–1338.

50. Arora S, Peters AL, Agy C, Menchine M: A mobile health intervention for
inner city patients with poorly controlled diabetes: proof-of-concept of
the TExT-MED program. Diabetes Technol Ther 2012, 14(6):492–496.

51. Lester RT, Ritvo P, Mills EJ, Kariri A, Karanja S, Chung MH, Jack W,
Habyarimana J, Sadatsafavi M, Najafzadeh M, et al: Effects of a mobile
phone short message service on antiretroviral treatment adherence in
Kenya (WelTel Kenya1): a randomised trial. Lancet 2010, 376:1838–1845.

52. Asiimwe C, Gelvin D, Lee E, Ben Amor Y, Quinto E, Katureebe C, Sundaram
L, Bell D, Berg M: Use of an innovative, affordable, and open-source short
message service-based tool to monitor malaria in remote areas of
Uganda. Am J Trop Med Hyg 2011, 85(1):26–33.

53. Diamantidis CJ, Zuckerman M, Fink W, Aggarwal S, Prakash D, Fink JC:
Usability testing and acceptance of an electronic medication inquiry
system for CKD patients. Am J Kidney Dis 2013, 61(4):644–646.

54. Tirado M: Role of mobile health in the care of culturally and linguistically
diverse US populations. Perspect Health Inf Manag 2011, 8:1e.

55. Sarasohn-Kahn J: How smartphones are changing health care for
consumers and providers. Available at http://www.chcf.org/publications/
2010/04/how-smartphones-are-changing-health-care-for-consumers-and-
providers, accessed December 18, 2013.

56. Price Waterhouse Cooper: Emerging mHealth: paths for growth. Available at
http://www.pwc.com/en_GX/gx/healthcare/mhealth/assets/pwc-emerging-
mhealth-full.pdf, accessed December 18, 2013.

57. TechCrunch: ABI: 43.6B app downloads in year to Sept 2012, Apple leads
Google + Microsoft overall, but Microsoft tops for innovation. Available
at http://techcrunch.com/2013/01/02/abi-43-6b-app-downloads-worldwide-
in-year-to-sept-2012-apple-leads-google-and-microsoft-overall/, accessed
December 18, 2013.

58. Fronstin P: Findings from the 2011 EBRI/MGA consumer engagement in
health care survey. EBRI Issue Brief 2011, 365:1–26.

59. Becker S, Kribben A, Meister S, Diamantidis CJ, Unger N, Mitchell A: User
profiles of a smartphone application to support drug adherence-
experiences from the iNephro project. PLoS One 2013, 8(10):e78547.

60. Rogers EM: Diffusion of innovations. Macmillan Company: Free Press of
Glencoe; 1962.

61. Smith A: 46% of American adults are smartphone owners. Available at
http://pewinternet.org/~/media/Files/Reports/2012/Smartphone%
20ownership%202012.pdf, accessed December 18, 2013.

62. Sarkar U, Karter AJ, Liu JY, Adler NE, Nguyen R, Lopez A, Schillinger D: Social
disparities in internet patient portal use in diabetes: evidence that the digital
divide extends beyond access. J Am Med Inform Assoc 2011, 18(3):318–321.

63. Lorence DP, Park H, Fox S: Racial disparities in health information access:
resilience of the digital divide. J Med Syst 2006, 30(4):241–249.

64. Boulos MN, Wheeler S, Tavares C, Jones R: How smartphones are changing
the face of mobile and participatory healthcare: an overview, with
example from eCAALYX. Biomed Eng Online 2011, 10:24.
65. Cosumer Health Information Corporation: Motivating patients to use
smartphone health apps. Available at: http://www.consumer-health.com/
press/2008/NewsReleaseSmartPhoneApps.php, accessed December 18, 2013.

66. Kripalani S, Yao X, Haynes RB: Interventions to enhance medication
adherence in chronic medical conditions: a systematic review. Arch Intern
Med 2007, 167(6):540–550.

67. Rai A, Chen L, Pye J, Baird A: Understanding determinants of consumer
mobile health usage intentions, assimilation, and channel preferences.
J Med Internet Res 2013, 15(8):e149.

68. Choi NG, Dinitto DM: The digital divide among low-income homebound
older adults: internet use patterns, eHealth literacy, and attitudes toward
computer/Internet use. J Med Internet Res 2013, 15(5):e93.

69. Becker S, Mitchell A, Konigsmann T, Kribben A, Erbel R: Mobile applications
and management of hypertension: possibilities, problems and
perspectives. Herz 2012, 37(7):742–745.

70. Haggstrom DA, Saleem JJ, Russ AL, Jones J, Russell SA, Chumbler NR: Lessons
learned from usability testing of the VA’s personal health record. J Am Med
Inform Assoc 2011, 18(1):i13–i17.

71. The recovery act. Available at: www.recovery.gov, accessed
December 18, 2013.

72. Sarasohn-Kahn J: Making sense of sensors: how new technologies can
change patient care. Available at: http://www.chcf.org/~/media/MEDIA%
20LIBRARY%20Files/PDF/M/PDF%20MakingSenseSensors.pdf, accessed
December 18, 201.

73. Nangalia V, Prytherch DR, Smith GB: Health technology assessment review:
remote monitoring of vital signs–current status and future challenges.
Crit Care 2010, 14:233.

74. Adnane M, Jiang Z, Choi S, Jang H: Detecting specific health-related
events using an integrated sensor system for vital sign monitoring.
Sensors (Basel) 2009, 9:6897–6912.

75. Fraunhofer Institute for Reliability and Microintegration: Romper suit to
protect against sudden infant death. Available at: http://www.fraunhofer.
de/en/press/research-news/2013/january/romper-suit-to-protect-against-
sudden-infant-death.html, accessed December 18, 2013.

76. FierceMobileHealthcare: Wearable sensor technology enables SIDS
prevention, revolutionizes kidney testing. Available at: http://www.
fiercemobilehealthcare.com/story/wearable-sensor-technology-enables-sids-
prevention-revolutionizes-kidney-te/2013-01-04, accessed December 18,
2013.

doi:10.1186/1471-2369-15-7
Cite this article as: Diamantidis and Becker: Health information
technology (IT) to improve the care of patients with chronic kidney
disease (CKD). BMC Nephrology 2014 15:7.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.chcf.org/publications/2010/04/how-smartphones-are-changing-health-care-for-consumers-and-providers
http://www.chcf.org/publications/2010/04/how-smartphones-are-changing-health-care-for-consumers-and-providers
http://www.chcf.org/publications/2010/04/how-smartphones-are-changing-health-care-for-consumers-and-providers
http://www.pwc.com/en_GX/gx/healthcare/mhealth/assets/pwc-emerging-mhealth-full.pdf
http://www.pwc.com/en_GX/gx/healthcare/mhealth/assets/pwc-emerging-mhealth-full.pdf
http://techcrunch.com/2013/01/02/abi-43-6b-app-downloads-worldwide-in-year-to-sept-2012-apple-leads-google-and-microsoft-overall/
http://techcrunch.com/2013/01/02/abi-43-6b-app-downloads-worldwide-in-year-to-sept-2012-apple-leads-google-and-microsoft-overall/
http://pewinternet.org/~/media/Files/Reports/2012/Smartphone%20ownership%202012.pdf
http://pewinternet.org/~/media/Files/Reports/2012/Smartphone%20ownership%202012.pdf
http://www.consumer-health.com/press/2008/NewsReleaseSmartPhoneApps.php
http://www.consumer-health.com/press/2008/NewsReleaseSmartPhoneApps.php
http://www.recovery.gov/
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/M/PDF%20MakingSenseSensors.pdf
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/M/PDF%20MakingSenseSensors.pdf
http://www.fraunhofer.de/en/press/research-news/2013/january/romper-suit-to-protect-against-sudden-infant-death.html
http://www.fraunhofer.de/en/press/research-news/2013/january/romper-suit-to-protect-against-sudden-infant-death.html
http://www.fraunhofer.de/en/press/research-news/2013/january/romper-suit-to-protect-against-sudden-infant-death.html
http://www.fiercemobilehealthcare.com/story/wearable-sensor-technology-enables-sids-prevention-revolutionizes-kidney-te/2013-01-04
http://www.fiercemobilehealthcare.com/story/wearable-sensor-technology-enables-sids-prevention-revolutionizes-kidney-te/2013-01-04
http://www.fiercemobilehealthcare.com/story/wearable-sensor-technology-enables-sids-prevention-revolutionizes-kidney-te/2013-01-04

	Abstract
	Introduction
	Review
	The role of information technology in chronic disease
	Web-based education
	Short message service (SMS) texting
	Mobile apps
	Barriers and considerations: lessons learned from the iNephro study
	Perspective for mHealth
	Other health IT delivery methods

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

