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Samenvatting: 
 

Inleiding: Er is een grote toename in het gebruik van smartphones. Deze toename 

heeft tot een nieuwe werking in de (geestelijke) gezondheidzorg geleid, mobile health 

genaamd. Mobile health gebruikt mobiele applicaties in de behandeling van patiënten. 

Depressie is een geestelijke aandoening die een zware invloed heeft op een persoon 

zijn leven. Via m-health kan men deze personen helpen. Er zijn heel veel verschillende 

mobiele applicaties terug te vinden voor personen met een depressie. 

Verpleegkundigen moeten de patiënten in deze zoektocht naar de juiste applicatie 

kunnen begeleiden en moeten dus het aanbod en de werking van de mobiele 

applicaties kennen. De onderzoeksvraag van deze bachelorproef wordt gesteld als 

volgt: Welke gratis, Nederlandstalige mobiele applicaties bestaan er voor personen met 

een depressie en wat zijn de aandachtspunten voor verpleegkundigen? Via deze 

literatuurstudie proberen we een antwoord te krijgen op de volgende deelvragen:  

- Wat is M-health in de (geestelijke) gezondheidssector?  

- Wat zijn de aandachtspunten voor de verpleegkundigen in het gebruik van 

mobiele applicaties?  

- Welke gratis, Nederlandstalige mobiele applicaties zijn er terug te vinden via de 

iTunes store en Google Play Store voor personen met een depressie? 

 

Methode: Er werd gebruik gemaakt van 3 verschillende databanken voor deze 

literatuurlijst. Voor de onderzoeksvragen te beantwoorden, is er gebruik gemaakt van 

verschillende zoektermen.  

Resultaten: Er werden weinig Engelstalige wetenschappelijk onderbouwde artikels 

gevonden om de deelvragen goed te kunnen beantwoorden. Verder onderzoek naar de 

aandachtspunten voor verpleegkundigen is zeker gunstig.  

Discussie: De bruikbaarheid van deze bachelorproef is beperkt. Er werd gebruik 

gemaakt van een klein aantal wetenschappelijk onderbouwde artikels, daar dat mobile 

health nog heel nieuw is in de (geestelijke) gezondheidzorg. Enkele artikels spreken 

elkaar tegen en er zijn nog onduidelijkheden over de aandachtspunten voor 

verpleegkundigen in het gebruik van mobiele applicaties.  

Conclusie: Mobile health heeft een grote invloed op de (geestelijke) gezondheidzorg. 

Als hulpverlener gaat men de patiënt moeten begeleiden in het zoeken naar de juiste 

applicatie. Er zijn namelijk heel veel applicaties terug te vinden via verschillende 

websites en deze zijn niet allemaal even betrouwbaar. De zorgverleners gaan in deze 

zoektocht rekening moeten houden met verschillende aandachtspunten zodat men de 

applicatie op de juiste manier gebruikt of uitlegt.  

Keywords: 

Applications, Depression, Mobile health, Nurses 
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1. Inleiding: 
 

1.1. Probleem- en doelstelling: 

 

Depressie is één van de meest voorkomende psychiatrische aandoeningen. 20% Van de 

vrouwen en 10% van de mannen zou kans hebben om een depressie door te maken. 

Uit een onderzoek in 2011 blijkt dat 1 op de 7 mensen ooit een depressie zou 

doormaken. (http://www.geestelijkgezondvlaanderen.be/depressie) 

Depressie is een ernstige aandoening die onder de groep stemmingsstoornissen valt. 

Het is een problematiek in stemming en gemoedsbeweging. (Landelijke Stuurgroep 

Multidisciplinaire Richtlijnontwikkeling in de GGZ en het Trimbos-instituut, 2012) Men 

kan spreken van een depressie wanneer er langer dan 2 weken, 5 van de volgende 

kenmerken aanwezig zijn. Een neerslachtigheid, somberheid en/of lusteloosheid, de 

persoon heeft geen plezier meer en geniet niet meer van de dingen. Er is een 

verminderde of verhoogde eetlust aanwezig, dit zorgt ervoor dat men gaat afvallen of 

bijkomen. Men gaat heel veel of heel weinig slapen. De persoon heeft weinig energie en 

voelt zich steeds moe. Er is een gedachtegang van schuldgevoelens aanwezig en men 

heeft het gevoel niets waard te zijn. De persoon heeft moeite om zich te concentreren 

en om beslissingen te nemen. Er is een gevoel van nervositeit, rusteloosheid. Dit 

gedrag is opvallend voor buitenstaanders. Er kunnen zich suïcidale gedachten 

voordoen. (http://www.geestelijkgezondvlaanderen.be/depressie)  

Men kan heel snel van een depressie herstellen ook al is er geen behandeling aanwezig. 

50% Van de mensen met een depressie herstelt na 3 maanden van een depressie of de 

bijhorende symptomen. 60% Van deze mensen herstelt na 6 maanden van een 

depressie. Wanneer er na 6 maanden nog geen verbetering is, is het al moeilijker om 

van een depressie te herstellen. (Landelijke Stuurgroep Multidisciplinaire 

Richtlijnontwikkeling in de GGZ en het Trimbos-instituut, 2012) Hoe sneller men de 

behandeling start hoe minder ernstig de depressie zal zijn, het risico op een terugval 

zal hierdoor verminderen. (http://www.geestelijkgezondvlaanderen.be/depressie) Een 

depressie wordt chronisch genoemd wanneer de aandoening langer als 2 jaar duurt. Er 

kan ook steeds sprake zijn van een terugval. Dit is wanneer een persoon terug een 

depressie krijgt. (Landelijke Stuurgroep Multidisciplinaire Richtlijnontwikkeling in de 

GGZ en het Trimbos-instituut, 2012) 

Aangezien depressie één van de meest voorkomende aandoeningen is, heeft het een 

grote invloed op de levenskwaliteit van een persoon. Het is belangrijk dat men deze 

problematiek goed behandelt via een preventieve aanpak en een nazorgbehandeling. 

Dit zou mogelijk zijn via M-health ook mobile health genoemd. M-health is sinds 2003 

erg opgekomen in de (geestelijke) gezondheidssector. (Istepanian, 2014) Deze mobiele 

applicaties (apps) zijn heel handig voor patiënten en medewerkers in de 

gezondheidssector. M-health kan de verpleegkundige helpen bij het gebruik van 

medicatie (uitleg over medicatie, medicatie berekenen), ze kunnen via de applicaties 

communiceren met patiënten die anderstalig zijn, en richtlijnen terugvinden voor in de 

praktijk, ect. (Infolaw Mobile Health Care Apps,2013)  

 

 

 

 

 

http://www.geestelijkgezondvlaanderen.be/depressie
http://www.geestelijkgezondvlaanderen.be/depressie
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Er zijn heel veel verschillende mobiele applicaties voor personen met een depressie. Je 

kan deze terug vinden via de iTunes store en Google Play Store. Zo vind je al 

gemakkelijk 98 gratis applicaties via Google Play Store 

(https://play.google.com/store/search?q=depressie&c=apps) en 33 gratis applicaties 

via de iTunes Store. Voor patiënten is het heel moeilijk om de juiste mobiele applicatie 

voor hun aandoening terug te vinden. Ze geraken als het ware verloren in de zoektocht 

naar de juiste app. Het is dan ook belangrijk als verpleegkundige om goed op de 

hoogte te zijn van welke applicaties er zijn voor personen met depressie en hoe ze juist 

werken. Er moet ook gekeken worden naar de indicatie van de mobiele applicaties: 

therapeutische behandeling, psycho-educatie, ondersteuning, gezondheid toezicht. 

(Shen, Levitan & Wiljer, 2015) 

1.2. Verpleegkundige relevantie: 

 

Deze literatuurstudie is relevant voor verpleegkundigen die werken met personen die 

lijden aan een depressie. Aangezien er een toename is in het gebruik van een 

smartphone, is het belangrijk dat men als verpleegkundige op de hoogte is van de 

verschillende mogelijkheden en de werking van mobiele applicaties. Er zijn ook enkele 

aandachtspunten waar men als zorgverlener rekening moet mee houden wanneer er 

gebruik wordt gemaakt van mobiele applicaties. Deze bachelorproef omschrijft de 

meest relevante, gratis, Nederlandstalige mobiele applicaties voor personen met een 

depressie die kunnen worden teruggevonden via de iTunes Store en de Google Play 

Store. Via deze bachelorproef weet men als zorgverlener waar men op moet letten 

wanneer men gebruik maakt van mobiele apps. 

1.3. Onderzoeksvragen: 

 

De onderzoeksvraag die in deze bachelorproef zal beantwoord worden, is: Welke gratis, 

Nederlandstalige mobiele applicaties bestaan er voor personen met een depressie en 

wat zijn de aandachtspunten voor verpleegkundige? 

De volgende onderzoeksvragen worden onderzocht: 

- Wat is M-health in de (geestelijke) gezondheidssector? 

- Wat zijn de aandachtspunten voor de verpleegkundige in het gebruik van 

mobiele applicaties? 

- Welke gratis, Nederlandstalige mobiele applicaties zijn er terug te vinden via de 

iTunes store en Google Play Store voor personen met een depressie? 
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2. Methodologie 

 
Voor deze literatuurstudie is er gebruik gemaakt van 3 elektronische databanken: 

Cinahl, Google Scholar en Springer. Om een antwoord te krijgen op de 

onderzoeksvraag: welke gratis, Nederlandstalige mobiele applicaties zijn er terug te 

vinden via de iTunes store en Google Play Store voor personen met een depressie, 

is er gebruik gemaakt van de websites: iTunes Store en Google Play Store. Voor de 

selectie van de artikels is er steeds gekozen voor Engels- en Nederlandstalige, full 

tekst artikels die tussen 2008-2015 gepubliceerd zijn. Voor deze literatuurstudie 

worden er 3 vragen onderzocht: wat is m-health, de aandachtspunten voor 

verpleegkundigen en welke gratis, Nederlandstalige applicaties er bestaan voor 

personen met een depressie. Om een antwoord te krijgen op de verschillende 

vragen is er gebruik gemaakt van verschillende zoektermen.  

Om een antwoord te krijgen op de deelvraag wat m-health is, werden de volgende 

zoektermen ingegeven: ‘M-health-Mobile health AND depression’. Dit leverde bij 

Cinahl voor 271 resultaten. Bij Springer verkreeg ik 3 242 674 resultaten. Deze 

werden verfijnd tot 76 artikels, door de zoekterm mobile health in de titel te laten 

voorkomen. Google Scholar leverde 23 800 resultaten, maar deze werden ook 

verfijnd tot 328 resultaten door enkel voor artikels te kiezen waar m-health in de 

titel voorkomt. Daar dat er nog veel artikels overbleven, is er gekeken naar de titel 

van het artikel en de relevantie voor deze bachelorproef.  

Voor de deelvraag rond de aandachtspunten voor verpleegkundigen werden de 

volgende zoektermen gebruikt: ‘nurses AND mobile health’. Dit gaf 29 resultaten in 

Springer. In Cinahl gaven de zoektermen 46 resultaten. In Google Scholar werden 

er 359 000 artikels gevonden. Deze werden verfijnd door de zoektermen in de titel 

te laten voorkomen. Dit zorgde voor een resultaat van 2 artikels. Ook hier werden 

de abstracts van de artikelen eerst gelezen vooraleer ze gekozen werden.  

Voor de laatste deelvraag over welke gratis, Nederlandstalige applicaties er bestaan 

voor personen met een depressie is de volgende zoekterm gebruikt: ‘depressie’. Er 

werd gebruik gemaakt van de websites: de iTunes Store en de Google Play Store. 

Bij het opzoeken werd er meteen geselecteerd naar gratis mobiele applicaties. De 

zoekterm gaf in de iTunes Store 33 resultaten weer en in de Google Play Store 98. 

Verder werd er gekeken naar de relevantie voor personen die aan een depressie 

lijden. Dit leverde voor de Google Play Store 4 applicaties op en voor de Itunes 

Store 5.  
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3. Resultaten 
 

3.1. Wat is m-health in de (geestelijke) gezondheidzorg? 

 

M-health is een onderdeel van elektronic health (E-health).  

Elektronic health houdt in: 

“Elektronic health is het gebruik van communicatiesystemen en elektronische 

processen in de (geestelijke) gezondheidzorg.” (Adibi, 2015, p. 1) 

Onder mobile health verstaat men:  

“Het praktische gedeelte van e-health dat wordt bijgestaan door een 

smartphone. Smartphones worden gebruikt om informatie rond gezondheid te 

analyseren, te verwerken en over te brengen vanaf bepaalde sensoren en 

biomedische systemen.” (Adibi, 2015, p. 2)  

M-health maakt gebruik van smartphones, Gsm’s, tablets en draagbare applicaties (vb. 

stappenteller, smart watches, …). Deze toestellen bevatten bepaalde sensoren en/of 

parameters die informatie over de gezondheid van de drager zullen verzamelen en de 

persoon zullen begeleiden. (themagroep mHealth, 2014). Een smartphone bevat 

3G/4G, Wifi en Bluetooth en deze software kan men gebruiken in bepaalde applicaties. 

( Gravenhorst et al., 2015) Enkele voorbeelden van deze applicaties zijn: op afstand 

een patiënt begeleiden, online een overleg voeren, draadloze toegang tot 

patiëntendossiers/voorschriften, … (Levy, 2014). Met behulp van deze software kan 

men zich rechtstreeks via de smartphone verbinden met externe apparaten. Deze 

apparatuur kan men op/in het lichaam plaatsen. Zo kan men bepaalde informatie 

verkrijgen, vb. temperatuur, bloeddruk, elektrocardiogram, … (Dicianno, Parmanto, 

Fairman, Crytzer, Yu, Pramana, Coughenour & Petrazzi, 2015)  

M-health heeft een gunstige invloed op de (geestelijke) gezondheidzorg. Het zorgt voor 

meer toezicht op patiënten, vroegtijdig ontdekken van bepaalde medische aspecten, 

het stellen van diagnoses en het verlagen van de medische kosten. Financieel gekeken 

is de medische sector een dure investering voor patiënten. Zo betaalt men in Amerika 

voor een huisbezoek van de dokter $74 (€65), terwijl een “virtueel” bezoek via een 

smartphone $30 (€26) kost. Het gebruik van m-health zou het financiële kader van de 

medische sector voordelig kunnen beïnvloeden. (Mansoor, GholamHosseini & Conolly, 

2015) 

Een GSM is een heel persoonlijke eigendom van een persoon. Men heeft dit steeds bij 

zich en hier kan mobile health vele voordelen uit halen. Daar men de smartphone 

steeds bij de hand heeft is de gevraagde informatie ook steeds up-to-date. Dit in 

tegenstelling tot het noteren van info in een boekje. Het gebruik van een smartphone 

zal de therapietrouwheid van de gebruiker doen stijgen. (Gravenhorst et al. , 2015) 

Ook voor de zorgverleners zorgt het voor betrouwbaardere informatie. De 

verpleegkundige kan meteen de info ingeven in de tablet waardoor de informatie 

nauwkeuriger zal zijn dan wanneer men dit later in de verpleegpost ingeeft. (Timmer, 

2011) Aangezien men als gebruiker van een smartphone zijn eigen gezondheid kan 

opvolgen, hoeft men niet steeds op consultatie te gaan bij de arts. Hierdoor krijgt men 

meer zelfcontrole over zijn gezondheid. (Levy, 2014) 

 

 

 



11 
 

Mobile health zorgt voor een positieve ontwikkeling in de preventieve en-

nazorgbehandeling van chronische patiënten zoals personen met een depressie. Het 

zorgt voor een betere kwaliteit van het leven voor deze personen. (themagroep 

mHealth, 2014) 

Patiënten staan heel positief tegenover de aanbreng van online hulpverlening. Zo blijkt 

uit een enquête in 2010 dat 60% van de patiënten graag online contact met zijn 

zorgverleners zou hebben. Zo geven de patiënten aan: 

“Via een computer kan ik me beter verwoorden, ik kan rustig nadenken over wat ik wil 

zeggen, wat ik kwijt wil en durf ook meer te zeggen. Dat is erg fijn.” (Timmer, 2011, p. 

123) 

“Voor een uitslag van een onderzoek waar al een contact over is geweest, is een 

econsult snel en handig.” (Timmer, 2011, p. 123) 
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3.2 Wat zijn de aandachtspunten voor de verpleegkundige in het gebruik 

van mobiele applicaties? 

 

De mobiele applicaties zorgen ervoor dat de patiënt meer zelfcontrole heeft over zijn 

gezondheid en dat hij minder afhankelijk is van de zorgverleners. Patiënten begrijpen 

de werking van een mobiele applicatie niet altijd meteen. Het is dan ook aangewezen 

om tijdig de patiënt extra uitleg te geven en hem te begeleiden in het begrijpen en het 

gebruiken van de app. (Pelletier, Rowe, François, Bordeleau & Lupien, 2013) 

Een belangrijk aandachtspunt voor de inbreng van m-health in de (geestelijke) 

gezondheidzorg is dat het de dienstverlening tussen patiënt en hulpverlener zal 

vergemakkelijken. Mobile health heeft niet de intentie om het 1 op 1 contact over te 

nemen. (Dicianno et al., 2015) 

Men krijgt een gelijkwaardige relatie tussen zorgverlener en patiënt. Er wordt veel 

samengewerkt en er worden samen beslissingen genomen. Er is een verschuiving van 

een verticale afhankelijkheid naar een horizontale samenwerkingsrelatie. (Timmer, 

2011, p. 124) Als zorgverlener gaat men een coachende houding aannemen. Belangrijk 

hierbij is als verpleegkundige om te kijken welke coachende stijl hij moet aannemen. 

Iedere patiënt heeft een andere aanpak nodig en het is voor de zorgverlener een 

uitdaging om de juiste manier van begeleiden te vinden. Men gaat de patiënt helpen 

om informatie terug te vinden, bepaalde voor-en nadelen te bekijken van een besluit 

dat wordt genomen en de patiënt ook duidelijk maken dat er veel info terug te vinden 

is via mobiele applicaties. De verpleegkundige neemt het best een open en positieve 

houding aan ten opzichte van de patiënt. (Timmer, 2011) 

De verpleegkundige kan een patiënt op verschillende manieren begeleiden. Volgens 

Alpay et al. (2015) kan de verpleegkundige gebruik maken van telemonitoring en e-

coaching. Met telemonitoring wordt bedoeld dat men van op afstand gaat begeleiden en 

toezicht gaat houden op de patiënt. Bijvoorbeeld: een hartpatiënt bepaalde apparatuur 

meegeven zodat men de hartconditie in het oog kan houden. E-coaching houdt in dat 

men een patiënt gaat begeleiden tijdens enkele maanden. Men gaat tijdens deze 

maanden doelstellingen stellen en bepaalde problemen oplossen. De verpleegkundige 

kan doormiddel van e-coaching de patiënt stimuleren en ondersteunen. Dit geeft de 

patiënt meer zelfvertrouwen en meer zelfcontrole over zijn gezondheid. (Alpay, Verhoef 

& Van Wely, 2015) Een voorbeeld hiervan is dat een patiënt met een depressie al zijn 

emoties, gedachten kan neerschrijven in zijn smartphone. Al deze informatie neemt hij 

mee als hij op consultatie gaat bij zijn arts. Deze up-to-date informatie kan overlopen 

worden met de patiënt. De arts is via deze manier van werken goed op de hoogte van 

de patiënt zijn toestand. 

(https://play.google.com/store/apps/details?id=com.lilly.letstalk&hl=nl)  

Volgens Donker (2010) zijn er 4 verschillende soorten therapeutische begeleiding 

namelijk: 

- De zelf-toegepaste zelfhulp: men heeft geen ondersteuning, begeleiding van 

een zorgverlener nodig. 

- De voornamelijk zelfhulp: de patiënt krijgt telefonische begeleiding of in 

persoon. Bij deze begeleiding gaat men de persoon helpen in het gebruik van de 

applicatie.  

- De minimale contacttherapie: bij deze begeleiding heeft de zorgverlener een 

actief aandeel maar minder als bij de voornamelijk therapeutische behandeling.  

- De voornamelijk therapeutische behandeling: men heeft regelmatig contact 

met de zorgverlener. 
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M-health beïnvloedt de communicatie tussen patiënt en hulpverlener. Schriftelijke 

informatie wordt belangrijker. Men gaat als hulpverlener, de informatie die men 

normaal via een face to face gesprek verkrijgt, nu moeten verzamelen uit de mobiele 

applicaties. De verpleegkundige moet hierbij opletten dat men de neergeschreven 

gedragingen, gedachten, ... van de patiënt juist interpreteert. (Timmer, 2011)  

Volgens Timmer (2011) zijn er bepaalde vaardigheden nodig om de online 

communicatie te verbeteren: 

 

- Men moet niet enkel rekening houden met de inhoud van het online gesprek, 

maar men moet ook op de andere communicatieonderdelen letten. Bijvoorbeeld: 

wat verwacht de zorgvrager van de verpleegkundige? Wat zegt de inhoud van 

de tekst over de relatie tussen patiënt en zorgverlener? 

- Er moet duidelijk en overzichtelijk geschreven worden. De boodschap moet 

duidelijk zijn voor de patiënt.  

- Als verpleegkundige moet men de essentie uit een online gesprek kunnen halen. 

Dit doet men door de tekst samen te vatten.  

- Wanneer men chat met een patiënt, is de reactiesnelheid sneller dan wanneer 

men een e-mail verstuurd. Schrijffouten worden dan ook toegestaan in een 

chatgesprek maar niet in een e-mail.  

- Men moet zijn actieve aanwezigheid via taal weergeven. De zorgverlener kan dit 

het best doen door stimulerende vragen te stellen, tekens te gebruiken en 

samenvattende herhalingen weer te geven. 

- Er mag zeker niet vergeten worden, dat een tekst anders kan overkomen dan 

wanneer men dit zou zeggen, men moet de inhoud van het bericht dan ook 

doseren.  

 

Verpleegkundigen zijn nog steeds terughoudend voor het gebruik van applicaties. De 

zorgverleners denken dat het online gesprek voor een mindere kwaliteit van de 

behandeling zal zorgen. Een face to face gesprek met een patiënt zou een beter 

resultaat geven. (Timmer, 2011) Volgens Donker (2010) zouden zelfhulpbehandelingen 

via internet of mobiele applicaties even doeltreffend zijn als een face-to-face contact 

met een verpleegkundige. De manier van begeleiden kan van patiënt tot patiënt 

verschillen. Er zou wel een betere uitkomst zijn voor de patiënt met begeleiding door 

een zorgverlener, dan voor de patiënt zonder begeleiding. Er is nog veel onduidelijkheid 

omtrent de beste manier van begeleiden.  

 

Verpleegkundigen kijken zowel positief als negatief naar de inbreng van nieuwe 

technologieën in de zorg. Bijvoorbeeld: een elektronisch patiëntendossier zorgt voor 

een betere kwaliteit van de zorg maar men heeft minder tijd voor de patiënt. De 

zorgverleners geven aan dat ze te weinig worden betrokken tijdens de inbreng van 

nieuwe technologieën. Er zouden meer technische ondersteuningen en trainingen 

moeten zijn, aangezien niet alle verpleegkundigen de uitleg van de nieuwe 

technologieën begrijpen. (Alpay et al.,2015) Zorgverleners vinden het soms moeilijk 

om niet meer als eerste persoon aangesproken te worden. De patiënt vindt de 

informatie nu via applicaties dus is de verpleegkundige hier niet meer voor nodig. De 

zorgverleners zijn nu enkel maar ter ondersteuning in het gebruik van m-health. Als 

verpleegkundige gaat men zijn informatieve rol omruilen voor een ondersteunende rol. 

Het belangrijkste in de relatie met de patiënt is het vertrouwen, het vertrouwen in de 

zelfcontrole van de patiënt. (Timmer, 2011) 

 

 

 



14 
 

Zorgverleners mogen er niet van uit gaan dat mobiele applicaties altijd de juiste 

informatie geven. Deze informatie moet vaak bijgesteld worden en het is dan ook 

aangewezen om de app regelmatig te updaten. Vooraleer men een mobiele applicatie 

download, gaat men kijken naar de werking en de recensies van de app. Men kan het 

best de applicatie samen met meerdere verpleegkundigen uitproberen en elkaars 

mening navragen. Vraag ook altijd eerst toestemming aan de hoofdverpleegkundige. 

De verpleegkundigen moeten weten dat een mobiele applicatie foute informatie kan 

weergeven. Men moet dit tijdig inzien en bij twijfel de handeling zelf uitvoeren. (Infolaw 

Mobile Health Care Apps, 2013) 

Aangezien de smartphone van de gebruiker veel vertrouwelijke informatie bevat, is het 

belangrijk dat de privacy niet geschonden wordt. Daar de mobiele applicaties draadloos 

verbonden zijn, kunnen er zich problemen rond de privacy voordoen. Vooraleer men al 

de vertrouwelijke info inbrengt op de app is het noodzakelijk dat men gaat kijken of de 

gekozen applicatie goed beschermd wordt. Er zijn veel verschillende privacy systemen. 

Het is van belang alvorens een mobiele applicatie te gebruiken, eerst te kijken welk 

privacy systeem de app heeft en hoe het werkt. Zo voorkomt men dat de 

vertrouwelijke info doorgegeven wordt. (Mansoor et al., 2015) 
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3.3. Welke gratis, Nederlandstalige mobiele applicaties zijn er terug te 

vinden via de iTunes store en Google Play Store voor personen met 

een depressie. 

 

Volgens Dicianno et all. (2015) zou er een onderscheid gemaakt kunnen worden tussen 

de verschillende soorten applicaties en systemen.  

- Lifestyle georiënteerde apps: deze zijn bestemd voor de gebruiker een 

gezondere levensstijl aan te bieden. De app wordt bijgestaan door een systeem 

waarin men de vooruitgang van zijn gezondheid kan bijhouden. Voorbeeld: 

gewicht verliezen, aantal sportoefeningen, … Deze applicaties zijn niet gericht 

aan personen met een chronische problematiek. Het wordt individueel gebruikt 

en er is geen externe begeleiding.  

- Patiëntgerichte apps: deze applicaties zijn bekwaam voor personen met een 

chronische problematiek. De toepassing biedt hulp door vroegtijdige herkenning 

via symptomen en helpt tevens om de gezondheidsvoorschriften na te leven. 

Deze toepassing heeft geen rechtstreekse verbinding met een arts.  

- Klinische georiënteerde apps: deze toepassingen zijn een hulpmiddel voor de 

arts tijdens de behandeling van een patiënt. Op deze applicaties vindt de arts 

educatieve informatie, meetinstrumenten, rekenmachines terug die voor 

meerdere patiënten geschikt zijn.  

- Ziekte management systeem: deze app wordt gebruikt als hulpinstrument voor 

de arts bij de behandeling van chronische patiënten. Dit systeem wordt 

ingebracht in het elektronische patiëntendossier en biedt meer 

ondersteuningsmogelijkheden tijdens een besluitvorming. Het enige nadeel aan 

deze toepassing is dat men steeds verbonden moet zijn met het internet.  

- Traditioneel telehealth systeem: dit systeem is een synoniem voor elektronic 

health. E-health maakt gebruik van verschillenden communicatiesystemen en 

elektronische processen in de (geestelijke) gezondheidzorg.  

- M-health: Mobile health is een onderdeel van e-health. Mobile health maakt 

gebruik van smartphones. Via een smartphone gaat men informatie omtrent de 

gezondheid van de gebruiker analyseren en verwerken. 

 

Uit het onderzoek van Shen et al. (2015) blijkt dat mobiele applicaties op 4 

verschillende manieren personen met een depressie kunnen ondersteunen. Deze apps 

kunnen bestaan uit een programma voor therapeutische behandeling, psycho-educatie 

of de applicatie kan ondersteuning en toezicht bieden op de gezondheidsverloop van de 

gebruiker. 
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Voor de leerzorgcentrum-stage wordt er gekeken naar mobiele applicaties voor 

personen met een depressie. Er wordt gekozen voor gratis, Nederlandstalige apps. Men 

kiest in deze literatuurstudie voor gratis applicaties, zodat ook patiënten met een lager 

budget zich deze nieuwe manier van werken kunnen veroorloven. Hiervoor wordt er 

gezocht op de meest gekende websites: Google Play Store en iTunes Store. In 

onderstaand schema vindt men het aantal mobiele applicaties terug rond depressie. Als 

zoekterm werd er “depressie” ingegeven. In het aantal gratis, Nederlandstalige 

applicaties werd er onderscheid gemaakt tussen relevante apps voor personen met een 

depressie.  

Voor de relevantie werd er gekeken naar de doelgroep, volwassenen, en de werking 

van de mobiele applicaties. De applicaties moeten geschikt zijn voor zowel tijdens als 

na de opname van de gebruiker. Op beide websites waren er veel apps waarop 

rustgevende en mediterende muziek terug te vinden was. Er werden ook veel 

applicaties gevonden met de zoekterm depressie die niet voor deze doelgroep bestemd 

waren, voorbeeld: ManieCheck, deze app is voor personen met een manische 

depressie. Ook werden er door deze zoekterm spelletjes weergeven, deze applicaties 

werden dan ook meteen geëlimineerd.  

 

  # Gratis 

Applicaties  

# 

Nederlandstalige 

Applicaties 

Relevante 

Applicaties 

Google Play 

Store 

 98 5 4 

iTunes Store Iphone 23 18 5 

 Ipad 10 6 0 

(Bron: https://play.google.com/store/search?q=depressie&c=apps & iTunes Store) 

 

Hieronder volgt de omschrijving van de meest relevante applicaties voor personen met 

een depressie. 
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1. Happy App:   

Deze mobiele applicatie dient om het geluk van een persoon met een depressie te 

verbeteren. De gebruiker wordt gevraagd om zijn stemming in te geven op werk- en 

privégebied. Elke dag gaat men zijn stemming ingeven in de applicatie, dit wordt 

automatisch opgevraagd. Na enkele dagen ontvangt de gebruiker vragen om te kijken 

of de stemmingen positief zijn. Na het invullen krijgt men enkele tips en trucs die de 

stemming van de gebruiker zouden moeten verbeteren. (HSK Shared Services BV, 

2012) 

Als men kijkt naar de illustraties van Happy App geeft het geen professionele indruk. 

De manier van werken kan vast en zeker gebruikt worden voor personen met een 

depressie. Daar de patiënt elke dag zijn stemming moet bijhouden, krijgt de patiënt en 

de zorgverlener een duidelijk zicht op het verloop van de week. De stemmingsmeter is 

handig in gebruik voor personen met een depressie, de gebruiker krijgt een duidelijk 

(in) zicht op zijn gemoedstoestand. Een nadeel van deze app is, dat men niet meteen 

na de eerste registratie tips krijgt. De applicatie heeft enkele dagen nodig vooraleer hij 

adviezen kan geven aan de gebruiker.  

 

 

                   Figuur 3.3.1. Happy App                          Figuur 3.3.2 Happy App 
                   (HSK Shared Services BV, 2012)              (HSK Shared Services BV, 2012) 
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2. GGZ NHN:  

Deze app is voor patiënten en hun familieleden om via hun smartphone aan relevante 

informatie te komen. Men kan via deze applicatie informatie terugvinden over de 

behandelmogelijkheden, kosten, ondersteuningsalternatieven, ect in Nederland. Men 

kan ook via de agenda, die terug te vinden is in de app, data van 

informatiebijeenkomsten verkrijgen. Een informatiebijeenkomst kan bijvoorbeeld een 

samenkomst zijn van vrienden en familieleden die een persoon zijn verloren aan 

zelfdoding. De app geeft ook andere nuttige applicaties weer die men als gebruiker kan 

hanteren. Zoals: Medalert (applicatie die je eraan herinnert om je medicatie in te 

nemen), MedDossier (deze app geeft je de kans om je eigen medische dossier bij te 

houden), ect. (https://play.google.com/store/apps/details?id=nl.ggznhn.p1322HE)  

GGZ NHN biedt vele mogelijkheden voor vrienden en familie, ook hulpverleners kunnen 

via deze applicatie meer informatie verkrijgen. Een nadeel van GGZ NHN is dat het 

alleen bestemd is voor personen uit Nederland. Al de informatie die weergeven wordt is 

gebaseerd op info uit Nederland. Mensen uit andere landen kunnen deze applicatie 

instaleren, maar de informatie kan verschillen met de informatie in eigen land (vb. 

behandelmogelijkheden, de kosten, ect). Het concept van deze applicatie is zeker 

bruikbaar indien men de informatie aanpast naar de normen van eigen land.  

 

 

 

 

 

 

 

 

 

 

 
                        Figuur 3.3.3 GGZ NHN                        Figuur 3.3.4 GGZ NHN 

                    (https://play.google.com/store/apps/details?id=nl.ggznhn.p1322HE) 
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3. MedApp Medicijnen   

MedApp is een applicatie dat de gebruiker helpt bij zijn medicatiegebruik. De app is 

zeer gunstig voor personen die regelmatig medicijnen moeten innemen en dit soms 

vergeten of uitstellen. Een medicijnenwekker gaat er voor zorgen dat de medicatie 

correct wordt ingenomen. Deze info kan men later terugvinden in zijn 

innamegeschiedenis en de informatie kan men laten zien aan de zorgverlener. De grote 

database aan medicatie zorgt ervoor dat er veel informatie kan worden opgezocht. Dit 

kan bijvoorbeeld zijn: de bijsluiter, medicijnkosten, ect zijn. MedApp werkt samen met 

de apotheek, hierdoor kan men als gebruiker aangeven wanneer men medicatie moet 

bestellen (indien er een voorschrift aanwezig is van het gevraagde medicijn). Via de 

applicatie kan men ook laten weten of de gebruiker enige bijwerkingen ondervindt. Aan 

de hand van deze opmerkingen kan de producent van MedApp hier verder onderzoek 

naar verrichten, zodat de nevenwerkingen verminderen in de toekomst. MedApp zorgt 

voor meer zelfstandigheid van de gebruiker. Men kan via een medisch dossier allerlei 

gegevens bijhouden, dit medisch dossier kan men vergelijken met een dagboek. Men 

noteert hier bepaalde gebeurtenissen, bijwerkingen, gevoelens, huisartsbezoeken en 

andere relevante informatie in. Met al deze informatie kan men naar de arts, 

verpleegkundigen gaan en zij kunnen dit samen overlopen. (PharmIT B.V, 2016) 

Deze applicatie is zeer gunstig voor personen met een depressie. Het kan tijdens en na 

de opname gebruikt worden. MedApp kan voor meer zelfstandigheid van de patiënt 

zorgen. De therapietrouwheid van de patiënt kan via deze applicatie verbeteren, mede 

door de herinneringen die de app verstuurt en de verhoogde zelfstandigheid van de 

gebruiker. Aangezien de app veel informatie over medicatie omschrijft, moet men als 

zorgverlener attent zijn dat de patiënten hun medicatie blijven innemen. Sommige 

patiënten zullen bepaalde info lezen waardoor ze de medicatie gaan weigeren.  

 

 

 

 

 

 

 

 

 

 

 
                       Figuur 3.3.5 MedApp Medicijnen          Figuur 3.3.6 MedApp Medicijnen 
                       (PharmIT B.V., 2016)                         (PharmIT B.V., 2016) 
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4. Therappi stemming:  

Deze applicatie is bestemd voor personen met een depressie. De app zorgt voor 

begeleiding wanneer men last heeft van depressieve klachten. Therappi stemming laat 

de gebruiker zijn negatieve gedachten herkennen en men leert andere gedachten 

prioriteit te stellen. Deze app zorgt ervoor dat de gebruiker weer positiever gaat kijken 

naar het leven en meer zin krijgt om dingen te doen. Via een dagelijkse/wekelijkse 

stemmingsmeter weet men hoe het met hem gaat. Deze resultaten kunnen gedeeld 

worden met medeomstaanders bijvoorbeeld: een zorgverlener. De applicatie biedt geen 

vervanging van een psychologische behandeling. Wanneer de gebruiker het gevoel 

heeft in een depressie te geraken, kan men het best contact opnemen met een 

professionele hulpverlener. 

(https://play.google.com/store/apps/details?id=net.evect.therappi)  

Ook deze app maakt gebruik van een stemmingsmeter. Hierdoor kan de patiënt met 

hulp van de app een goed zicht krijgen op het verloop van zijn week. Therappi 

Stemming kan tijdens en na een opname gebruikt worden. De patiënt kan tijdens zijn 

depressie via de app hulp krijgen om zo positiever naar zijn leven te kijken. Een positief 

punt is dat de app aangeeft wanneer de depressie te zwaar wordt voor de gebruiker. 

De patiënt wordt dan verzocht contact op te nemen met professionele hulpverlening. 

Dit staat in geen andere omschrijving van de applicaties genoteerd.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
                  Figuur 3.3.7 Therappi Stemming                Figuur 3.3.8 Therappi Stemming 
                     (https://play.google.com/store/apps/details?id=net.evect.therappi) 
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5. How are you? 

Deze app doet de gebruiker nadenken en praten over zijn depressie. Men gaat kijken 

hoe de depressie zich uit en hoe het zijn leven beïnvloedt. Deze applicatie biedt ruimte 

om gedachten, gevoelens en stemmingen te noteren in zijn Smartphone. De notities 

kan men mee op consultatie nemen om met de arts al de genoteerde info te overlopen. 

Door deze up-to-date informatie kan de arts de juiste behandeling en ondersteuning 

bieden. (https://play.google.com/store/apps/details?id=com.lilly.letstalk&hl=nl)  

How are you geeft de gebruiker de tijd om stil te staan bij zijn depressie. De patiënt 

kan al zijn gedachten en emoties noteren en kan deze later met een zorgverlener 

doornemen. De patiënt kan alles meteen noteren in zijn smartphone waardoor men 

minder snel bepaalde gedachten gaat vergeten en de informatie up-to-date is. Deze 

manier van werken kan de patiënt een rustgevend gevoel bezorgen, daar dat hij alles 

bij zich heeft en het gewoon met de verpleegkundige kan overlopen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                
                  Figuur 3.3.9 How are you?                        Figuur 3.3.10 How are you? 
                 (https://play.google.com/store/apps/details?id=com.lilly.letstalk&hl=nl) 
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6. Trimbos Alert:  

Deze mobiele applicatie geeft alle recente informatie weer van het Trimbos-instituut. 

Dit kan gaan over: alcohol, drugs, depressie, angst, suïcidepreventie, ect. De gebruiker 

kan zelf kiezen over welk onderwerp men meer informatie wenst te ontvangen. Via een 

agenda, die terug te vinden is in de applicatie, krijgt men een overzicht van alle 

activiteiten. Dit kunnen onder andere trainingen, congressen of studiedagen zijn. Deze 

app is geschikt voor zorgverleners. 

(https://play.google.com/store/apps/details?id=nl.trimbos.alert&hl=nl)  

Trimbos Alert biedt veel informatie voor zorgverleners, maar ook deze applicatie is 

gebaseerd op informatie uit Nederland. De trainingen, congressen en studiedagen 

worden dan ook georganiseerd in Nederland. Het concept van Trimbos Alert kan zeker 

gebruikt worden in een applicatie dat zich baseert op informatie uit eigen land.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
                Figuur 3.3.11 Trimbos Alert                          Figuur 3.3.12 Trimbos Alert 
                 (https://play.google.com/store/apps/details?id=nl.trimbos.alert&hl=nl)  
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7. BoostMe: 

Deze applicatie richt zich op het vergroten van de mentale fitheid. Het verminderen van 

klachten zoals: piekeren, stress, slecht slapen, somberheid, ect. De app biedt 

oefeningen aan die gebaseerd zijn op de positieve psychologie, de cognitieve 

gedragstherapie, de probleemoplossende therapie en mindfulness. Enkele voorbeelden 

zijn: ademhalingsoefeningen, slaapweetjes, bodyscan, elke dag 3 positieve dingen 

opzeggen, maak iemand anders blij, opzoek naar je eigen krachten, afleiding zoeken, 

ect. Deze strategieën zorgen voor een toename in het welbevinden van de gebruiker. 

BoostMe gaat de depressieve klachten en stress doen afnemen. (Trimbos Instituut, 

2015) 

Deze applicatie is zeker geschikt voor personen met een depressie. BoostMe kan tijdens 

en na de opname gebruikt worden. De app kijkt eerst welk probleem er het sterkst 

aanwezig is bij de gebruiker vb. slaapprobleem. Eens de app weet welke klacht er moet 

aangepakt worden, zullen er oefeningen aangeboden worden om het probleem te doen 

verminderen. De applicatie is heel persoonsgericht en biedt iedere gebruiker de hulp in 

oefeningen aan die hij dan het meest nodig heeft.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                  Figuur 3.3.13 BoostMe                               Figuur 3.3.14 BoostMe 

                  (Trimbos Instituut, 2015)                           (Trimbos Instituut, 2015) 
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Er zijn veel verschillende applicaties terug te vinden omtrent depressie. Vele van deze 

applicaties beweren dat zij de gebruiker kunnen helpen of zelfs kunnen behandelen. 

Maar niet alle applicaties bieden de juiste behandeling voor personen met een 

depressie. Er bestaan applicaties die weinig of niet gebaseerd zijn op wetenschappelijke 

informatie. Hierdoor wordt de applicatie onbetrouwbaar. De gebruiker gaat er vanuit 

dat de app hulp kan bieden voor zijn gezondheid. Maar een applicatie kan verkeerde 

informatie bevatten, waardoor de depressie juist kan verslechteren. Het is bijna 

onmogelijk om toezicht te houden op de kwaliteit van de applicaties. Men kan dit 

vergelijken met het internet. Niet alle informatie die op het net komt is betrouwbaar. 

Als hulpverlener en gebruiker van de app, is het belangrijk dat er eerst gekeken wordt 

naar wat de applicatie is, hoe hij werkt en of het wetenschappelijk onderbouwd is. 

(Shen et al., 2015) 
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4. Discussie  
 

Depressie is één van de meest voorkomende aandoeningen. Het is een problematiek 

dat een zware invloed heeft op het leven van een persoon. (Landelijke Stuurgroep 

Multidisciplinaire Richtlijnontwikkeling in de GGZ en het Trimbos-instituut, 2012)  

Aangezien m-health sterk in opkomst is, is het belangrijk dat alle zorgverleners hier de 

nodige kennis over beschikken en rekening houden met de aandachtspunten. Er zijn 

veel mobiele apps terug te vinden voor personen met een depressie. Door de grote 

hoeveelheid aan applicaties wordt het moeilijk als hulpverlener en gebruiker om de 

juiste applicatie terug te vinden voor zijn toestandsbeeld.  

M-health gaat in de toekomst een grote rol spelen in de gezondheidzorg dus men moet 

als gebruiker of adviseur weten wat de aandachtspunten zijn. Daar dat er zoveel 

applicaties terug te vinden zijn voor personen met een depressie moet men kijken naar 

indicatie van de mobiele applicatie. (Shen et al., 2015)  

Het doel van deze literatuurstudie is om m-health te verduidelijken en de 

aandachtspunten voor de zorgverleners duidelijk te verwoorden. Verder wordt er 

gekeken naar al de relevante mobiele applicaties die men voor personen met een 

depressie kan gebruiken. 

4.1.  Inhoudelijke discussie: 

Uit al de gebruikte artikels wordt weergeven dat mobile health een positieve invloed 

heeft op de (geestelijke) gezondheidzorg.  

Volgens Timmer (2011) zouden de verpleegkundigen terughoudend zijn over het 

gebruik van mobiele applicaties. Ze willen het wel gebruiken, maar ze geven aan dat 

deze manier van werken de kwaliteit van de behandeling negatief zal beïnvloeden. In 

tegenstelling tot Alpay et al. (2015), zij geven aan dat verpleegkundigen positief kijken 

naar de inbreng van apps in de zorgsector. De verpleegkundigen vinden zelfs dat ze te 

weinig worden betrokken in de inbreng van mobiele applicaties.  

Er is nog enige onduidelijkheid omtrent de begeleiding van de zorgverlener in het 

gebruik van mobiele applicaties. Pelletier et al. (2013) geeft aan dat verpleegkundigen 

de patiënten moeten begeleiden in het gebruik van apps. Elke patiënt zal anders 

reageren op het gebruik en de werking van de mobiele applicaties en heeft de steun en 

motivatie van de zorgverleners nodig. Donker (2010) brengt aan dat er nog geen 

zekerheid is over het effect van de kwaliteit op de behandeling door begeleiding. Er is 

nog geen goede manier van begeleiden onderzocht.  

Zoals Shen et al. (2015) aangeeft zijn er veel applicaties terug te vinden via 

verschillende websites. Door een te veel aan deze applicaties, weet men als gebruiker 

niet welke app effectief zal helpen bij zijn behandeling. De zoektocht naar mobiele 

applicaties voor personen met een depressie verliep dan ook langzaam. Er werden op 

beide websites, de iTunes Store en Google Play Store, heel veel applicaties 

teruggevonden voor personen met een depressie. De beschreven applicaties zouden 

gebruikt kunnen worden, maar er is geen zekerheid of deze werken bij elke patiënt.  
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De probleemstelling uit deze literatuurstudie is nog niet opgelost. Zo zijn er nog veel 

aandachtspunten voor de verpleegkundigen die best verder onderzocht worden. Er is 

nog veel onduidelijkheid omtrent de begeleiding bij het gebruik van een app. Men weet 

als verpleegkundige niet hoe men het best de patiënt kan begeleiden, welke manier het 

meest effectief is. Niet alle verpleegkundigen kunnen zelf werken met mobiele 

applicaties. Men gaat hiervoor bepaalde opleidingen, sessies moeten geven.  

Verpleegkundigen gaan de privacy van patiënten moeten beschermen. Hiervoor zullen 

de verpleegkundigen op de hoogte moeten zijn over de betrouwbaarheid van de apps. 

Er zijn ook enorm veel applicaties terug te vinden via websites. Het zou beter zijn voor 

de gebruiker als men enkel de apps zou weergeven die betrouwbaar en bruikbaar zijn 

voor zijn aandoening.  

4.2. Beperkingen van de literatuurstudie: 

 

Er zijn heel veel verschillende artikelen aangaande m-health teruggevonden maar ze 

zijn niet allemaal gelezen en gebruikt. Bij het selecteren van de artikelen met full tekst, 

gratis te verkrijgen, zijn er veel artikelen weggevallen. Dit zorgt ervoor dat deze 

literatuurstudie niet helemaal betrouwbaar is.  

M-health is nog heel recent maar er is toch al veel informatie terug te vinden over de 

rol van m-health. Over de aandachtspunten voor een zorgverlener in het gebruik van 

mobile health zijn er heel weinig Engelstalige, wetenschappelijk onderbouwde artikelen 

terug te vinden. De meeste informatie over m-health is in het Nederlands geschreven, 

daar dat men in Nederland hier al langer een onderzoek naar verricht. 

Voor deze literatuurstudie zijn niet alle artikelen specifiek gebaseerd op personen met 

een depressie. Sommige artikelen zijn vertrokken uit een steekproef bij personen met 

een andere aandoening.  

In deze literatuurstudie zijn er enkele applicaties aangehaald voor personen met een 

depressie. Deze applicaties zijn niet getest voor deze bachelorproef. Er kan dan ook 

niet met zekerheid gezegd worden dat deze apps betrouwbaar zijn en werken voor deze 

personen.  

4.3. Relevantie voor de verpleegkundige praktijk: 

 

Er is duidelijk een toename in smartphone gebruik merkbaar. Zo heeft (bijna) elke 

psychiatrische patiënt een smartphone. Naar aanleiding van deze toename en de 

opkomst van m-health is het gebruik van een smartphone in de (geestelijke) 

gezondheidzorg een positieve ontwikkeling. Deze Gsm’s gaan een grote invloed hebben 

op de behandeling van patiënten. Als zorgverlener is het dan ook aangewezen om op 

de hoogte te zijn van het gebruik en de werking van een smartphone.  

Niet alle zorgverleners en patiënten gaan even goed met een smartphone overweg 

kunnen. Men gaat dan ook in de toekomst bepaalde cursussen rond smartphone 

gebruik moeten organiseren zodat men op een juiste manier kan omgaan met een 

smartphone.  

Mobile health heeft nog enkele werkpunten en daar moet men als zorgverlener zich 

goed van bewust zijn. Er zijn in deze literatuurstudie al enkele aandachtspunten 

aangehaald waar men als verpleegkundige rekening kan mee houden. Deze 

aandachtspunten kan men gebruiken wanneer men een mobiele applicatie gebruikt of 

een patiënt heeft die hier mee wil werken. 
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4.4. Aanbevelingen voor verder onderzoek: 

 

Verder onderzoek is zeker gunstig na deze literatuurstudie. Er zou verder gekeken 

moeten worden naar specifieke aandachtspunten voor verpleegkundigen. Momenteel is 

hier weinig info over terug te vinden. Deze aandachtspunten kunnen het gebruik en het 

omgaan met mobiele applicaties gemakkelijker maken voor de zorgverlener. Mobile 

health heeft al een grote invloed op de zorgen in de (geestelijke) gezondheidzorg. Als 

men als verpleegkundige kan werken en omgaan met apps, zal de kwaliteit van de zorg 

door m-health enkel maar stijgen.  

Verder is er ook nog veel onduidelijkheid over het begeleiden van een patiënt tijdens 

het gebruik van een mobiele applicatie. Een verder onderzoek zou hier een uitkomst 

voor kunnen bieden.  

Omtrent de vele applicaties die beschikbaar zijn voor personen met een depressie zou 

een verder onderzoek bruikbaar zijn. Er worden heel veel applicaties gemaakt door 

producenten en als gebruiker en zorgverlener wordt het moeilijk om de juiste applicatie 

te vinden. Wanneer men beslist heeft een app te gebruiken, dan is er nog geen 

zekerheid dat deze app werkt voor de gebruiker en dat zijn privacy beschermt wordt. 

(Shen et al., 2015) Een onderzoek naar hoe men het best een mobiele applicatie kan 

vinden en hoe men zijn privacy moet beschermen zou gunstig zijn voor gebruikers en 

verpleegkundigen. 
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5. Conclusie  
 

5.1. Antwoord op de onderzoeksvraag: 

 

Mobile health is de nieuwe methode van zorg toedienen in de toekomst. M-health 

maakt gebruik van mobiele applicaties. Deze applicaties zijn via verschillende websites 

terug te vinden. Er zijn heel veel apps voor personen met een depressie op de iTunes 

Store en Google Play Store beschikbaar. Doordat er zo veel verschillende applicaties 

terug te vinden zijn, is het moeilijk als patiënt of verpleegkundige om de juiste 

applicatie te herkennen voor de patiënt zijn toestandsbeeld.  

Verpleegkundigen moeten rekening houden met de verschillende aandachtspunten 

wanneer ze gebruik maken van mobiele applicaties. Door mobile health gaat de relatie 

tussen patiënt en hulpverlener veranderen. Het gaat de relatie niet overnemen maar 

ieder gaat een andere rol moeten innemen. De communicatie online is helemaal anders 

dan wanneer men een gesprek van persoon tot persoon voert. Als hulpverlener ga je de 

patiënt begeleiden in de zoektocht naar een applicatie en het gebruik van de app. Hier 

zijn verschillende manieren voor. De verpleegkundige moet zijn aanpak steeds wijzigen 

en aanpassen aan de patiënt die hij begeleidt. Verpleegkundigen mogen niet vergeten 

dat m-health nog heel nieuw is en dat er nog enkele werkpunten zijn. Men mag er dan 

ook niet vanuit gaan dat de resultaten van de mobiele applicaties steeds correct zijn. 

Bij twijfel kan men best de handeling zelf nog eens uitvoeren. Niet alle mobiele 

applicaties zijn al goed beveiligd voor de privacy van de patiënt. Wanneer men een app 

installeert kan men best eerst kijken naar de privacy instellingen, zo is men zeker dat 

er geen vertrouwelijk informatie verloren gaat.  

5.2. Aanbevelingen voor verder onderzoek: 

 

Verder onderzoek omtrent de aandachtspunten voor zorgverleners en het nut van de 

begeleiding in het smartphone gebruik is essentieel voor in de toekomst.  

Ook is er een verder onderzoek nodig naar een betere en een meer veilige manier om 

bruikbare mobiele applicatie terug vinden. 
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The term “mHealth” refers to 
the concept of using mobile 
devices, such as mobile 

phones, tablets, and smartphones, in 
medicine and public health. mHealth 
can be considered a subcategory of 
“eHealth,” which is a broader term 
for the use of all electronic technol
ogies such as computers in medicine 
and public health. More than 80% of 
Americans have mobile phones, and 
more than 40% own smartphones, 
with the latter percentage projected 
to grow to more than 80% within 10 
years.1 Nearly half of American 
adults also have at least one chronic 
medical condition, and this number 
is also growing.2 Chronic conditions 
result in poor medical outcomes as 
well as increased cost and utilization 
of health care services, not only for 
older adults but for all age groups.3 
Because of the ubiquitous nature of 
mobile devices, and the fact that 
many Americans cannot leave home 
without them, their potential role in 
medicine and rehabilitation contin
ues to become more evident. Recent 
statistics show that 83% of smart
phones are always turned on and 
always with the user.4

Perhaps the “simplest” forms of 
mHealth are voice communication 
and text messaging. An advantage of 
these methods is that they can occur 
via low-cost mobile phones. Voice 
communication, either via person to 
person or using interactive voice 
response, is a simple example of 
mHealth.5 Text- and video-based 
messages have been used in cardiac 
rehabilitation programs6’7 and to 
support consumer and clinician 
communication in disease manage
ment.8-9 One meta-analysis reviewed 
several trials and reported overall 
modest evidence that text messaging 
has a positive impact on self
management and outcomes in condi
tions such as diabetes, asthma, and 
hypertension.10 A pilot study using 
text messages demonstrated 
increased healthy behaviors and

improved diabetes self-efficacy and 
medication adherence in a popula
tion of low income and bilingual 
individuals with diabetes.11 How
ever, meta-analyses1012 reveal that 
small sample size, dearth of studies 
that compare various modalities 
with each other (eg, text messaging, 
calls) or study long-term interven
tions, and bias of publication of stud
ies showing only positive results are 
barriers to evaluating efficacy of 
these basic technologies.

An exponential growth in the use of 
smartphones, however, has satu
rated the market with applications 
(“apps”) and web-based systems spe
cifically geared for health and well
ness purposes. As of 2010, there 
were 5,820 apps within health and 
wellness categories for smart
phones.13 As of 2013, analysts esti
mated that more than 17,000 mobile 
medical apps existed, with the vast 
majority being free to the con
sumer.14 Thirty-one percent of cellu
lar phone owners and 52% of smart
phone owners have used their 
phone to look up health or medical 
information, and 19% of smartphone 
owners have downloaded an app 
specifically to track or manage 
health.15 The Food and Drug Admin
istration (FDA) predicts that over the 
next 2 years, more than 500 million 
smartphone users will use mobile 
medical applications.14

The range of functionality of health 
and wellness apps and systems varies 
widely, and they can be categorized 
generally into 6 groups.

Lifestyle-oriented apps are those that 
aim to help individuals lead a health
ier lifestyle by tracking their progress 
in activities such as diet, weight loss, 
or exercise programs.16 Examples 
include “Nexercise,”17 “Weight 
Watchers Mobile,”18 and “Lose It.”19 
Individuals use these “stand-alone” 
apps on their own smartphones, usu
ally without oversight by a clinician.
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Individuals both with and without 
chronic conditions may use these 
apps.

Patient-oriented apps aid individuals 
with medical problems in managing 
chronic medical conditions through 
early self-identification of symptoms 
as well as management and adher
ence to treatment. For example, 
“iTriage”20 allows users to “self- 
diagnose” conditions and find appro
priate medical providers. These apps 
do not have the capability of inter
acting directly with a clinician and, 
therefore, must be used with caution 
in the absence of advice of a 
professional.

Clinician-oriented apps aid the cli
nician in patient management by 
providing: (1) reference or educa
tional information or (2) medical 
decision making or measurement 
tools or calculators. These apps are 
geared for clinicians to use on their 
own or to examine patients but not 
for “patient-only” use. Examples of 
reference or educational information 
include rehabilitation exercise 
guides,2122 medical encyclopedias, 
and drug reference books.23 Exam
ples of tools include mobile acceler
ometers, inclinometers, and goniom
eters.24’25 The accuracy of some of 
these systems in gathering data is 
constantly improving. In one study, 
it was possible to quantify gait 
parameters with an iPhone with a 
degree of accuracy and reliability 
comparable to that of the tri-axial 
accelerometer.26 However, native 
apps on the iPhone, the inclinometer 
and compass, may not be as reliable 
when used to measure range of 
motion.27

Disease management systems are 
portals (often web-based) that help 
clinicians monitor patients with 
chronic conditions. These systems 
may be integrated into electronic 
medical records, practice manage
ment systems, and pharmacies and

may include decision support tools. 
These systems utilize traditional 
computers but do not offer applica
tions for monitoring of patients with 
external, remote devices as part of 
their core features. The drawback of 
these systems are that they require 
an active Internet connection.28

Traditional telebealth systems use 
electronic communications to pro
vide and deliver information and ser
vices over any distance.29 Typically, 
they have interfaces for both the 
consumer and clinician and include a 
dedicated external device, such as a 
home-based blood pressure or heart 
rate monitor, and support communi
cation via a desktop or laptop com
puter but not a mobile device such as 
a smartphone. Similar to disease man
agement systems, they require clini
cian supervision, and some require an 
active Internet connection.

mHealth systems operate similarly 
to traditional telehealth applications 
but include a mobile phone or tablet 
application rather than a computer. 
For example, teledermatology appli
cations have been described in 
which patients can report the condi
tion and photos of a surgical wound 
or other skin problems to a derma
tology specialist through a smart
phone.30 Individuals can use these 
systems in their natural environ
ments and even when cellular or 
wireless connectivity may be unreli
able because, in some systems, data 
can be stored and forwarded once 
connectivity resumes. Such mHealth 
applications, therefore, are useful in 
situations in which sustained adher
ence to schedules and interventions 
are the aims. Research has demon
strated improved health outcomes 
using mHealth applications in condi
tions such as hypertension.28 Appli
cations for diabetes management 
have also utilized 2-way mobile 
communications, but this functional
ity is scarce in applications used in 
rehabilitation31; therefore, literature

in this area is still sparse for 
rehabilitation.

Why Smartphones?
Smartphones are becoming integral 
to mHealth for several reasons. First, 
as mobile phones and smartphones 
become more prevalent, individuals 
are becoming accustomed to carry
ing their devices unremittingly and 
using them for many different pur
poses. Thus, devices such as per
sonal digital assistants (PDAs) are 
now scarce, despite the fact that 
they have shown promise in some 
prior studies. For example, PDAs 
were found to have a modest bene
ficial effect on weight loss.32

Second, as people carry smart
phones throughout the day, the 
phones can collect ecological 
momentary assessment (EMA) data, 
which are data obtained in real time 
when a person is in his or her natural 
environment. Such data are less sub
ject to recall bias and can be used to 
maximize ecological validity in stud
ies.33 Often, EMAs are used to dis
pense ecological momentary inter
ventions (EMIs)—timely, point-of- 
care treatments delivered when a 
symptom or need is identified.

Third, smartphones can connect to 
external devices either directly or 
wirelessly. These external devices 
can be placed on or within the body 
to sense, sample, process, or trans
mit physiological signals. Examples 
of signals include temperature, heart 
rate, blood pressure, oxygen satura
tion, electrocardiography, electro
myography, energy expenditure, glu
cose level, and environmental 
conditions.34-35 Various forms of 
wireless sensors, such as accelerom
eters, gyroscopes, and force sensors, 
can be used to record physical activ
ity, movement, or gait patterns. This 
information can allow a clinician to 
monitor the quality of or adherence 
to exercise programs, and informa
tion can be fed back to the user for
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motivation. This information may be 
useful clinically to reduce cost and 
time associated with travel and from 
a research perspective because it 
provides objective data on 
adherence.36

Finally, smartphones also contain 
numerous internal sensors (eg, 
global positioning system, gyro
scope, oscillometer) that can be 
used with external devices to allow 
us to monitor a variety of contextual 
factors about a patient’s activities. 
These sensor data can be combined 
with EMA data using machine learn
ing systems to enable context- 
appropriate responses (eg, deliver
ing timely feedback, providing 
guidance during therapy) without 
relying on the patient to initiate such 
therapeutic interactions.37

Unique Features of 
m Heaith Technologies
As mHeaith technologies evolve, it is 
our expectation that they will pro
vide an overarching infrastructure to 
support self-management, health 
monitoring, self-directed learning, 
and interactive patient-clinician com
munications. Recent advances in 
mHeaith provide unprecedented 
opportunities for developing innova
tive health services and interven
tions that take advantage of the 
novel characteristics of mobile 
technologies.

Interventions delivered through 
mHeaith can have several properties 
that give them the potential to be 
more effective.38 Interactivity, the 
ability of the technology to exhibit a 
bidirectional mode of communica
tion, can provide a “personal coach” 
type environment to delivering care. 
Personalization, the ability of the 
technology to provide an interven
tion that is customized to an individ
ual’s own unique needs, may open 
new opportunities for learning and 
skill development. Timeliness, the 
ability of the technology to assess

and deliver an intervention at the 
right time, focusing on relevant, tar
geted, and timely information, may 
allow the intervention to occur 
when it is most likely to have the 
most beneficial effect. Context sen
sitivity is the ability of the technol
ogy to shape the intervention based 
on a unique circumstance or the 
individual’s environment.39 Ubiq
uity and accessibility refer to the 
availability' and familiarity of the 
technology' to all segments of popu
lations and geographic areas, includ
ing underserved populations. Mobile 
phones are now available and popu
lar even in some of the most remote 
and resource-poor environments.<H 
They are also the most commonly 
carried devices for people with dis
abilities.41 These features allow “any
time and anywhere” assessments and 
interventions in those who may have 
the most limited access to care.42-44

Roles of Rehabilitation  
Professionals and Patients 
in Using m Heaith
It is first important to note that 
mHeaith is not meant to take the 
place of in-person care but to 
enhance the service delivery pro
cess.45 The enhanced services, how
ever, may benefit the patient in sev
eral ways. First, the patient may be 
able to use the system to track and 
record data of interest, such as calo
ries eaten and burned, vital signs, or 
time spent exercising. The patient 
may access educational materials 
such as exercise videos, diagrams, or 
instructions. In most outpatient clin
ical settings, patients with an active 
therapy plan of care may receive a 
very limited amount of therapy per 
week. mHeaith may extend the clin
ical interface time by enabling 2-way 
communication at a time and place 
of convenience for the patient. This 
mobile on-demand access creates 
new opportunities for patients to 
strengthen their relationship with 
their therapist, reinforce their under

standing of the plan of care, confirm 
home exercise techniques, receive 
education, and proactively address rel
evant concerns. Such higher patient- 
clinician information engagement, in 
some medical scenarios, can signifi
cantly improve the patient’s ability to 
adhere to preventative medical 
plans.46 Health systems offering the 
continuum of therapy care could use 
mHeaith applications across a range of 
settings to improve the patient’s expe
rience during transition of care while 
maintaining patient engagement.

For rehabilitation professionals, 
mHeaith technology provides tools 
to monitor the effects of home exer
cise programs, collect reliable out
come measures or vital signs, pro
vide feedback on posture and body 
mechanics, supply educational mate
rial, and prompt patients with moti
vating messages. The improved 
access to clinical knowledge data
bases may provide therapists with 
supplementary ways to deliver 
evidenced-based interventions.

Because of the unique features of 
mHeaith, rehabilitation professionals 
can utilize EMAs to provide EMIs to 
their patients in the environments in 
which they live and function.47 For 
instance, a therapist could receive 
data on pain collected when a 
patient is actually experiencing the 
pain, combined with data on 
whether he or she is adhering to 
exercise regimens, rather than col
lecting this information through 
standard paper measurements after 
the event occurred, subjecting the 
data to more recall bias. Therapists 
also could choose to address these 
issues immediately when the patient 
is experiencing the pain, using an 
EMI, versus waiting until the next 
visit. In vivo care produces better 
health outcomes, and users of tech
nology find it easier to apply learned 
skills when done in natural 
environments.48
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The Concept of 
Gam ification in m Health
Gamification49 is a process by which 
the desirable features of games are 
used in non-game contexts to lever
age a person’s interest in competi
tion to achieve results in another 
realm. Gamification is important to 
recognize as a trend in mHealth for 2 
reasons.49 First, mobile consumers 
continuously seek newer and better 
smartphone devices, which provides 
game designers with more opportu
nities to create interactive health 
interventions. Second, developers 
are generally eager to take what they 
learn about players’ behaviors and 
incorporate the information back 
into the software they develop.

For example, Jacobs et al50 pilot 
tested a competitive gaming system 
that provides feedback and adjusts 
the level of difficulty based on per
formance in people who have had 
strokes. They added rewards in the 
form of points that are viewable by 
the person playing the game during 
repetitive upper extremity tasks. A 
study specifically using mobile 
devices provided adolescents with 
diabetes with an app that allowed 
them to “team up” and monitor their 
blood glucose levels together.51 
When rewards through iTunes music 
and apps were given, consistency of 
glucose monitoring and satisfaction 
with the program improved.51 Addi
tional examples are provided in an 
article by Lin and Zhu.52

Apps can provide supportive mes
saging or virtual rewards, such as 
coupons for products or restau
rants.53 A social component is avail
able through many of these apps that 
may incentivize individuals to exer
cise or lose weight through peer sup
port and a bit of healthy competition 
among friends and family as every
one reports their progress. A recent 
newspaper article54 pointed out the 
latest apps that are geared to creat

ing fun-filled unique challenges and 
reward systems for exercise.

The Role of m Health in
Patient-Centered
Rehabilitation
mHealth technologies can be used as 
a patient-centered approach to 
health care to influence important 
patient outcomes.55 High satisfaction 
with care has resulted from mHealth 
systems that improved diabetes self- 
efficacy and adherence.56 The use of 
mHealth has improved the quality of 
health care by collecting blood pres
sure readings from patients through 
mobile phones and allowing medical 
doctors to make more informed 
choices and provide feedback to 
patients from the web services.57 
mHealth systems also have been 
found to have great potential for 
behavior modification in drug abuse 
treatment, human immunodefi
ciency virus therapies,58 health 
behaviors, and physical and psycho
logical symptoms.59

Our Experiences in Using 
m Heath W ith in  a 
Com m unity Setting
Because of the potential to use 
mHealth to improve outcomes in the 
face of complex and chronic condi
tions, we developed our own sys
tem60 and pilot tested it in individu
als with spina bifida to assist them in 
managing skin integrity, neurogenic- 
bowel and bladder, and general 
health issues such as medication 
management and mental health. We 
based our system on our own Well
ness Pilot Program, in which well
ness coordinators managed the care 
of individuals with spina bifida and 
which resulted in improved out
comes in terms of reducing the num
ber of medical complications and 
reducing health care costs.61 Our 
mHealth system, iMHere,60 is a web- 
based portal used by a wellness coor
dinator that is linked to a suite of 
smartphone apps used by patients.

iMHere delivers reminders to 
patients to perform self-care activi
ties such as catheterization, taking 
medications, or checking the skin for 
pressure ulcers that might have 
occurred from using orthoses or 
from inadequate weight shifting 
within a wheelchair. If a problem is 
encountered, the patient can report 
the problem and provide informa
tion such as a photo of the wound or 
information about symptoms. The 
wellness coordinator can provide 
instructions or educational materials 
to the patient and can use the dash
board on the portal to triage and 
manage a cohort of patients with the 
goal of identifying problems early 
and delivering EMIs. The system was 
evaluated by a focus group of indi
viduals with spina bifida, clinicians, 
and caregivers who were overall 
receptive to adopting a system for 
personal and professional use.45

The usability studies revealed several 
key issues of interest to rehabilita
tion professionals when using 
mHealth. Concerns of respondents 
about the time efficiency of using the 
system and frequency of alarms 
resulted in significant design 
changes to make the system more 
user-friendly. Some clinicians, indi
viduals with spina bifida, and care
givers were more receptive to “new 
technology” than others. Thus, it is 
crucial with any mHealth system to 
carefully consider who the optimal 
users will be. Clinicians were most 
enthusiastic about having the ability 
to deliver EMIs in a new way. We 
have recently concluded a full ran
domized clinical trial evaluating the 
impact of the system on health and 
psychosocial outcomes as well as 
health care utilization, and the 
results are still being analyzed.

A second type of mHealth system 
developed at the Human Engineer
ing Research Laboratories (Pitts
burgh, Pennsylvania) is a virtual 
coaching system. Virtual coaching is
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a form of persuasive technology that 
provides encouraging messages to 
elicit voluntary behavior change.53 
The Virtual Seating Coach is a pro
grammable intelligent reminder sys
tem that was assimilated onto power 
wheelchairs to monitor the utiliza
tion patterns of power seat functions 
(eg, tilt, recline, and elevating leg 
rests) and provides reminders and 
cues for seat function use in accor
dance with clinical practice guide
lines.62-63 The Virtual Seating Coach 
can support in-person clinician train
ing on seat function use with audi
tory and visual feedback and remind
ers through text appearing on a 
touch screen display. For example, 
the Virtual Seating Coach reminds, 
guides, and provides positive rein
forcement to a user who has skin 
breakdown or lower extremity 
edema for adjusting the tilt to a 
degree (within a range established 
by the therapist) that has been found 
to relieve pressure or reduce edema. 
A new mobile phone application of 
the Virtual Seating Coach is being 
tested that provides feedback on seat 
function use plus affords users 
access to all of the features of their 
phones. The app is likely to improve 
availability of the Virtual Seating 
Coach technology to clinicians.6*

In itia tiv e s  o f th e  V e te ra n s  
A d m in is tra tio n
mHealth policy has still not caught 
up to the technology, and more evi
dence from research is needed to 
influence policy regarding the effi
cacy of mHealth. However, the Vet
erans Administration (VA) has 
embraced all forms of telehealth and 
is currently providing clinical ser
vices, and VA clinicians are billing 
for it. The VA has aggressively 
deployed mHealth and telemedicine 
also, in part, to support its aim to 
provide patient-centered care.65-66 
Early studies evaluated in-home tele
health messaging systems that were 
linked to landline phones. Veterans 
indicated that this mode of commu

nication was acceptable, easy to use, 
and helpful in the setting of drug and 
alcohol abuse.65 The authors con
cluded that, because of the veterans' 
perceived benefits, these types of 
services could be especially benefi
cial for those who may otherwise 
lack access to traditional treatment 
services.65 Another study evaluating 
the efficacy of a home exercise pro
gram for inactive older veterans 
revealed that those who received 
text message reminders had higher 
adherence to home exercise 
programs.66

The VA’s newer mobile health initia
tives have targeted 3 groups: veter
ans, caregivers, and VA clinical 
teams.67 Pilot projects have included 
a smartphone and tablet system that 
allows clinicians to access critical 
information from a patient’s elec
tronic health record; a tablet pro
gram with multiple apps connecting 
veterans, caregivers, and clinicians 
that provides coaching, access to 
medical records, and medication 
refills, among other functionality; 
and a system to make appointment 
requests through mobile browsers. 
The VA has already released several 
apps geared to supporting psycho
logical health, treating symptoms of 
post-traumatic stress disorder, 
improving sleep, and assisting with 
smoking cessation67 The VA also 
will be releasing its own VA App 
Library7 once the pilot programs are 
complete.

R e g u la to ry  Issues an d  
F u n d in g  C h a llen g es
While mHealth is not yet a reimburs
able service for rehabilitation provid
ers in all states, the overarching 
method of service delivery termed 
“telehealth” is being reimbursed 
within an increasing number of 
states in the United States.

The American Physical Therapy 
Association (APTA) endorses the 
development and use of telehealth

for the purpose of overcoming prob
lems with access to in-person physi
cal therapy services.29-68 Delivery of 
telehealth, however, must follow the 
standards of practice, position state
ments, policies, and ethics of 
APTA,69 including the Guide to Phys
ical Therapist Practice,70 Standards 
o f Practice for Physical Therapy,71 
and Code of Ethics,72 as well as state 
and federal laws for maintaining 
patient security and privacy29-68 In 
addition, rehabilitation professionals 
licensed in the state where the tele
health services are provided must be 
accountable, follow standard docu
mentation procedures, and have the 
experience and proficiency to pro
vide top-quality telehealth services in 
a safe manner. The APTA stresses the 
importance of using reliable elec
tronic systems to administer tele
health that deliver concise messages 
and receive accurate input from 
users and are able to be improved as 
technology progresses.29

The American Occupational Therapy 
Association (AOTA) also has been a 
strong advocate for the integration 
of telehealth services into clinical 
practice. A 2010 position paper and 
a recently revised 2013 position 
paper on telehealth by AOTA pro
vides an overview of the various 
technologies, terminology, policies, 
and ethical guidelines as well as 
several case studies that exemplify 
the use of telehealth practices in 
delivering occupational therapy 
services.73-74

In September 2013, the FDA released 
a statement on the guidance of reg
ulations for mHealth apps.75 The 
FDA concluded that the majority of 
medical apps do not pose a signifi
cant health risk to consumers and do 
not require oversight. However, sys
tems that use either a smartphone or 
tablet connected to a peripheral 
device such as a heart monitor or 
blood pressure cuff, for example, 
should be regulated at the federal
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level. At the time of the released 
guidance document, FDA officials 
had approved 75 mobile medical 
applications.14-75

A Global Perspective
Worldwide, 2 international organiza
tions that are actively promoting 
mHealth are the World Health Orga
nization (WHO) and the Interna
tional Telecommunications Union 
(ITU). The ITU develops standards 
for interconnection of technologies 
and networks and aims to improve 
access to information and communi
cation technologies all over the 
world. In addition, the International 
Society for Telemedicine and 
eHealth (ISfTeH) has official relation
ships with WHO and ITU, acts as a 
federation of telehealth organiza
tions, and assists with starting new 
technology initiatives in developing 
countries.

Worldwide, mHealth is seen as an 
enabler of change because of its high 
reach and low-cost solutions, espe
cially in the areas of chronic and 
communicable diseases.10-76 Mobile 
phone penetration in developing 
countries is 89%, whereas computer 
penetration is only 5%.77 Although 
mHealth is becoming useful in 
resource-constrained environments, 
particularly in developing countries 
where access to care may be limited, 
there are a few barriers that may 
limit its efficacy. A review article by 
Chib7K states that, although most lit
erature on global use of mHealth 
describes technology development 
for developing countries, there is a 
gap in the literature on health out
comes and adoption of mHealth in 
global populations. As mHealth is 
intended to augment but not com
pletely replace medical care, out
comes from its use may not be as 
favorable in some populations if 
few individuals ultimately access 
in-person medical services, even if 
they are provided with and use the 
technology. Moreover, socioeco

nomic and cultural differences as 
well as extreme poverty and illiter
acy can influence the adoption of 
mHealth. In countries where gender 
and social-cultural hierarchies exist, 
some women must rely on men to 
access information or technologies. 
Yet, in many resource-constrained 
environments, some countries such 
as Rwanda have made great strides in 
the implementation of mHealth tech
nologies.79-80

Looking Ahead to  the  
Future
A significant barrier to using smart
phones in rehabilitation is cost. In a 
previous study using a diabetes self
management program in which 
patients were given rebates to pur
chase phones and service, the drop
out rate was high because patients 
still could not afford them.81 
Although there are widely varying 
estimates of what smartphones will 
cost in the coming years, what is 
agreed upon is that costs will inevi
tably decrease. According to a report 
released by the International Data 
Corporation, average retail prices of 
smartphones are expected to drop to 
as low as $304 by 2017.82 A study by 
Informa Telecoms & Media predicts 
that 50% of smartphones sold in 
2017 will cost $150 or less.83

The lower cost of smartphones is 
certainly a factor that will allow 
them to continue to become more 
ubiquitously used. However, 
mHealth systems will eventually 
need to be able to share data with 
the electronic health record or per
sonal health record.28 Today, there 
are only a few systems that achieve 
such integration and that provide 
exchange of a very limited number 
of data points. Some diabetes appli
cations, for example, synchronize 
with a personal health record or 
server, relaying information on dia
betes management to the clinician, 
but few provide detailed or person
alized patient education.31 The abil

ity to exchange vast amounts of 
information on a patient’s multiple, 
chronic conditions with health 
records is crucial to harness the full 
potential of mHealth systems. Fur
thermore, rehabilitation profession
als will need to lend expertise to 
teams developing mHealth systems 
for these technologies to evolve to 
standards that meet the needs of the 
rehabilitation profession.

Conclusions
The evolution of mHealth technolo
gies has changed the way we deliver 
and think about delivering care to 
patients with chronic conditions and 
how individuals in the community 
manage their own health and well
ness. In general, these systems have 
shown promise from improving the 
quality of health care delivery, 
patient satisfaction, participation in 
self-care regimens, and behavior 
modification. However, there are sig
nificant information gaps regarding 
the long-term effects, acceptability, 
costs, and risks of such interven
tions, which warrant more research. 
As the role of mHealth within the 
field of rehabilitation grows, the 
emergence of studies on novel appli
cations such as iMHere will begin to 
elucidate the impact they can have 
on important functional and patient- 
centered outcomes.
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Abstract Mental disorders can have a significant, nega-

tive impact on sufferers’ lives, as well as on their friends

and family, healthcare systems and other parts of society.

Approximately 25 % of all people in Europe and the USA

experience a mental disorder at least once in their lifetime.

Currently, monitoring mental disorders relies on subjective

clinical self-reporting rating scales, which were developed

more than 50 years ago. In this paper, we discuss how

mobile phones can support the treatment of mental disor-

ders by (1) implementing human–computer interfaces to

support therapy and (2) collecting relevant data from

patients’ daily lives to monitor the current state and

development of their mental disorders. Concerning the first

point, we review various systems that utilize mobile phones

for the treatment of mental disorders. We also evaluate

how their core design features and dimensions can be

applied in other, similar systems. Concerning the second

point, we highlight the feasibility of using mobile phones

to collect comprehensive data including voice data, motion

and location information. Data mining methods are also

reviewed and discussed. Based on the presented studies, we

summarize advantages and drawbacks of the most prom-

ising mobile phone technologies for detecting mood dis-

orders like depression or bipolar disorder. Finally, we

discuss practical implementation details, legal issues and

business models for the introduction of mobile phones as

medical devices.

Keywords Mobile phone � Medical device �
Mental disorder

1 Introduction

1.1 Challenge of mental disorders

One in four Europeans report that they have suffered from

at least one mental disorder during their lifetime [1]. In the

USA, 26.2 % of the population, 60 million people, suffer

from at least one form of mental disorder [39]. Mental

disorders can have a significant, negative impact on suf-

ferers’ lives, as well as on their friends and family. More

than 90 % of people who commit suicide have a diagnos-

able mental disorder [14]. The economic impact is signif-

icant as well: Bipolar disorder, one form of mental

disorder, is responsible for more disability-adjusted life

years than all forms of cancer, each case causing lifetime

costs of up to 600,000$ [6].

However, fewer than 40 % of the people with serious

mental illnesses receive stable treatment [38, 40]. There are

several reasons for people failing to seek treatment (72 %)

as well as for dropout (58 %) [38]. By far, the main reasons

include people’s wish to solve their problem on their own,

as well as situational and financial barriers [38].
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Self-assessment and monitoring tools combined with

professional decentralized and user-centered pervasive

healthcare systems have the potential to reach more

patients more efficiently and therefore decrease their suf-

fering [2].

1.2 Smartphones as mobile healthcare sensors

From a technological point of view, mobile phones offer a

promising hardware platform for various applications in

the pervasive and mobile healthcare domain. In developed

countries, almost everybody owns at least one mobile

phone; worldwide this adds up to 4.5 billion users [18].

The trend is continuing, reaching out to developing coun-

tries and making phones ideal tools for leveraging the

vision of providing healthcare everywhere, anytime and to

anyone [2].

The modern smartphone is an ideal platform for per-

vasive healthcare applications. Here, we outline three key

reasons. Firstly, smartphone ownership has increased

exponentially in the last decade. Smartphones accounted

for 51.8 % of mobile phone sales in 2013 worldwide [26].

As of 2014, one-third of the currently worldwide used

mobile phones are already smartphones [18]. In contrast to

the dissemination of other technologies, the rapid uptake of

smart phones is not restricted to developed countries [88].

Their cost has dropped dramatically and functionality

continues to expand.

Secondly, a smartphone is a powerful technical plat-

form. It comes with extensive computational power in

terms of CPU, memory and battery power; it has extensive

communication capabilities with built-in network inter-

faces for 3G/4G, Wifi and Bluetooth; it is equipped with a

number of sensors including accelerometers, GPS, micro-

phone, proximity sensors; it has powerful touch-enabled

displays that support advances gesture-based input and

visualizations. In many respects, a modern smartphone is a

more sophisticated computational platform than a regular

desktop computer. This aspect is described in more detail

in Sect. 3.

Thirdly, a smartphone is personal and is almost always

with the patient [15]. This is especially useful in automated

data collection, where the mobile phone acts as a wearable

sensor platform located in the user’s pocket. Furthermore,

studies have shown that when using a personal mobile

phone, the quality of the data collected through question-

naires is of a much higher quality compared to the paper-

based self-assessment diaries traditionally used [5]. Using a

paper-based diary relies on patients remembering to carry

them with them and fill them out, which often results in

poor adherence rates, last minute, retrospective completion

and memory errors [75]. In contrast, adherence and com-

pliance rates are significantly improved when patients use

personal smartphone since a phone is much more easily

available [5].

1.3 Smartphones for mental health

Taken together, the above factors make smartphones an

ideal platform for supporting personal, pervasive health-

care services to patients. Looking more specifically at

supporting mental health, there are more additional benefits

to the smartphone.

First, many mental disorders are treated through a

combination of pharmacotherapy (i.e., medication) and

psychological treatment such as cognitive-behavioral

therapy (CBT). The treatment objective is basically to

reduce the symptoms of the disease through the use of

medication and to help patients identify and change their

behavior in a healthy manner. A smartphone-based system

can be effective in providing real-time feedback to patients

about behavioral patterns and help instruct them how to

change them, including through adherence to medication.

As such, CBT behavioral training based on multimedia

content (text, pictures, videos) can be provided directly to

patients over the phone right in situations where it is nee-

ded. For example, instead of providing instructions on good

sleep hygiene in a clinic during the middle of the day, such

instructions can be provided to the patient ‘‘right-on-time’’

before going to sleep. Similarly, continuous feedback on

adherence to medication can be provided without the need

for the clinic to interfere.

Second, consultation with patients plays a core role in

the treatment of mental disorder. Since a smartphone is

also a (video)phone, reminders, communication and remote

consultations become feasible. For example, in many

studies clinicians can send text messages to patients or

phone them if needed, and in the treatment of, e.g.,

schizophrenic patients, video consultations have been

applied. As such, the smartphone also becomes a platform

for telemedicine in mental health.

Mobile phone usage by our target group, patients with

serious mental illnesses, is 72 %. This is a bit below the

average usage of the general population; however, non-

users have expressed interest in using a phone if beneficial

for their health management [7]. Among medical provid-

ers, smartphone penetration is already 85 %. Their most

commonly used applications are drug guides [23].

1.4 Some examples

In practical studies, patient adherence rates for smartphone

interventions are high. McTavish et al. [54] introduced a

smartphone application to support patients with alcohol

addiction; 16 weeks after downloading the app, more

than 70 % of the initial group were still actively using it.
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Kuhn et al. [43] surveyed perceived helpfulness and sat-

isfaction of post-traumatic stress disorder patients who

used a smartphone application as self-management tool for

their mental disorder. The results presented were promising

but only preliminary. To further increase the acceptance of

medical apps, Wac argues important focus points include

the reliability of the service and the credibility of the

information and the provider [83].

Another recent project called MONARCA focused on

bipolar disorder patients and used smartphone sensors as

well as additional wearable sensors [68]. The analysis of

acceleration data collected with smartphones revealed a

correlation between physical activity levels and psychi-

atric assessment of depression [64]. The practical issues

and limitations for integrating this mobile technol-

ogy into clinical practice are discussed by Luxton et al.

[49].

Ehrenreich et al. [16] reviewed eight randomized trials

assessing the effect of mobile phones and handheld com-

puters used in psychiatric treatment. The trials targeted

smokers who wanted to quit and anxiety patients. The

intervention groups had significantly better outcomes than

the control groups in the majority of cases.

Another great review of smartphone capabilities and

available applications to gather behavioral data is done by

Miller [55]. He expects 5 billion smartphone users by 2025

and points out potentials from a medical and technical

point of view. He assumes the market of mental apps to

grow significantly; however, he does not describe how this

process can be initiated and how this influences the

requirements on the technical side.

Heron and Smyth [34] reviewed 27 intervention studies

in which palmtop computers or mobile phones were used to

extend traditional psychosocial and health behavior treat-

ments and therapies. They found that this kind of mobile

treatment which is provided to people during their every-

day lives can be effectively implemented for a variety of

health behaviors and psychological symptoms. Their work

focuses on medical results, they omit most technical or

legal details.

The most recent systematic review of controlled mobile

health intervention studies was performed by Free et al.

[24]. They developed evaluation criteria to rate the effec-

tiveness of interventions supported by mobile healthcare

technology. However, medical evaluation is only one

aspect of research into mobile health care. This paper,

while referring to Free et al.’s article, explores the tech-

nological, legal and implementational challenges.

1.5 Contribution

This work gives an overview about technical, legal as well

as business aspects of mobile health care for mental

disorders. This work contributes to the state-of-the-art in

the following respects:

• Legal framework We point out in which direction the

regulatory framework is developing, how this influ-

ences the requirements on new technologies or appli-

cations and name examples.

• Phones as human–computer interface We suggest

design criteria and conclude from related work how

interfaces and system architectures should look like to

most beneficial support mental disorder treatment in

terms of patient adherence, user acceptance and quality

of self-assessment data.

• Phones as sensors We describe technical possibilities

which data can be obtained with mobile phones and

potentials how to exploit this data in mental health care.

Existing work is considered to compare and discuss

results and draw conclusions.

• Business models The success of a new technology is

significantly influenced by its compatibility in the

market. We point out possible market strategies and its

implications on the product development.

1.6 Paper organization

Section 2 looks at the phone as a human–computer inter-

face (HCI), featuring reminders, communication channels

to caregivers, and to support self-assessment by patients.

Section 3 outlines how mobile phones can be exploited as

sensor devices to unveil behavior patterns and voice

characteristics of users. In Sect. 4, the implications of the

legal regulations governing health research, especially in

the area of mental disorders, are discussed. Finally, Sect. 5

presents potential business models that can be used to

introduce the proposed technology into the market.

2 Human–computer interface

2.1 Smartphone design features and dimensions

A number of systems for mental health based on smart-

phones have been designed for depression [9, 37], bipolar

disorder [5, 25], borderline personality disorder [69], as

well as more general purpose systems for mood charting in

CBT [50, 57, 84]. These applications have implemented a

range of features, which are targeted at different needs in

different mental disorders.

However, looking across these systems an overall sys-

tem design and a set of core design features crystalizes.

Many of the systems implement a common overall system

design consisting of a smartphone app, a server for data

storage, and a web portal for browser-based access.
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The setup is illustrated in Fig. 1. Treatment is supported

through a double loop: In the patient loop, self-assessment

and automatically collected sensor data are sampled by the

patient’s smartphone, which is uploaded and processed in

the back-end server setup. This data processing provides

different data visualizations and other kinds of feedback to

the patient on the smartphone. In the parallel clinical loop,

clinicians (i.e., physiatrists and nurses) oversee the

incoming data and provide therapeutic feedback via the

system or engage in direct communication with patients.

The core features in this system are self-reporting, auto-

matic data sampling, behavioral patterns recognition, data

visualization, therapeutic feedback and communication.

Let us consider these in turn while using the design of the

MONARCA system [5, 25] and the Mobilyze! system [9]

as examples. Both of these research projects use mobile

phones for the treatment of depression or bipolar disorder;

they incorporate all of the mentioned core features but each

comes with different add-ons and different experiences.

2.1.1 Self-reporting

Patient self-reporting is a core to treatment for most mental

disorders and plays a key role in, e.g., CBT. Therefore,

most of the early work on using smartphones in mental

disorder treatment focused on collecting self-reported data

on cognitive and behavioral parameters as mood, stress,

sleep, activity and coping. Self-reporting is often imple-

mented according to established and clinically validated

scoring charts (such as the -3/?3 mood scale used in

bipolar disorder and transferred to the MONARCA system,

as shown in Fig. 2b), which leads to a simple questionnaire

on the smartphone. Taking advantage of the interactive

nature of the multi-touch interfaces of a smartphone has

been suggested. For example, the mobile therapy app

suggested using the touch screen to input mood scored in a

special-designed ‘‘mood map’’ [57].

2.1.2 Automatic data sampling

Utilizing the sensor platform available in modern smart-

phones offers significant potential for the treatment of

mental disorders. Since behavior is such a core factor in

mental disorders, the ability to monitor it is crucial. Data

on physical behavior in terms of activity and mobility can

be sampled through the accelerometer and the location

sensors (e.g., GPS). For example, the Mobilyze! system [9]

for patients with depression, sampled data from the

accelerometer, the GPS, the network interfaces (Bluetooth,

Wifi) and ambient light. Besides automatic sampling of

physical behavior, the smartphone is also the perfect plat-

form for sampling social behavioral data. It is well known

that there is a strong correlation between a mentally ill

patient’s social activity and the state of her or his illness.

For example, a bipolar patient in a manic phase is by far

more talkative than when depressed. By simply monitoring

the number of in- and outgoing messages and phone calls,

the system can make an accurate sample of such social

data, which has been shown to correlate with the mood of

the patient [25]. In general, automatic sampling of data is a

Fig. 1 Double-loop treatment

setup applying smartphones in

the treatment of mental

disorders
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strong feature of any smartphone-based health technology

for mental diseases, since it by nature does not involve the

patient and can run unobtrusively in the background.

2.1.3 Behavioral patterns recognition

Higher-level behavioral pattern analysis and activity recog-

nition based on automatically and self-reported data can be of

high value in the treatment of mental disorders. First of all,

activity recognition can identify specific, higher-level

behaviors such as walking, running, sleeping, shopping,

attending work. For clinical treatment, this level of activity

data is much more useful than, e.g., low-level accelerometer

data. For example, the Mobilyze! system [9] was able to

recognize the location of the patient and to what degree she or

he was with friends. Moreover, by analyzing temporal pat-

terns in data, a system is able to identify patterns and corre-

lations that are not identifiable by the clinician’s sporadic

review of data. For example, in the MONARCA system, a

patient-specific correlation analysis was able to reveal the

relationship between self-reported mood and different so-

called impact factors, which were based on the data collected.

Figure 2a illustrates how this correlation analysis is visual-

ized on the smartphone applying a ‘‘speech bubble’’ meta-

phor—each speech bubble denotes the currently most

important impact factors for the patient (i.e., the data that

correlated strongest with self-reported mood).

2.1.4 Data visualization

Different approaches to data visualization have been sug-

gested for smartphone-based health apps. The most basic

approach is to simply show raw data visualization applied

on a line, pie, bar or similar number chart. For example, in

the MONARCA system, data are visualized in a stylized

line and a bar chart showing the raw data on mood, sleep,

stress, physical activity, social activity, etc. (see Fig. 2c).

However, in other smartphone-based health systems, more

metaphorical designs are applied. Different more abstract

data visualization is a common approach in so-called per-

suasive applications aiming at encouraging healthy

behavior. For example, applying metaphors related to

‘‘growing a garden of flowers’’ [13] or ‘‘keeping fishes in a

fishbowl healthy’’ through increased physical activity and

exercise [45]. Visualization of data in appropriate charts

seems, however, to be the approach taken in the majority of

existing mental health applications, such as in the Mo-

bileMoodDiary [50], the Mobilyze! [9] and the MONAR-

CA systems [25]. This approach is often feasible since

patients are familiar with data visualization from paper-

based self-assessment forms. But, the design of proper and

useful data visualization metaphors on smartphone-based

applications for mental disorders is still an open research

challenge.

2.1.5 Therapeutic feedback

Since the treatment of mental disorders is often based on a

combination of pharmacotherapy and psychological treat-

ment, the smartphone can become a therapeutic platform.

Adherence to medication is core in the treatment of most

mental disorders, as it is often a prerequisite for stabilizing

the disease. For this reason, some systems incorporate

support for medicine prescription (by the psychiatrist) and

Fig. 2 Smartphone–user interfaces of the MONARCA Android application: a Android wall paper with colored ‘‘speech bubbles’’ representing

impact factors relevant to the patient; b the self-reporting form; c historical data visualization; d feedback to the patient
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for the patient to record compliance with the prescriptions.

By using the smartphone, medicine can be adjusted in a

much more fine-grained manner. By continuously over-

seeing the disease parameters and compliance to medica-

tion, the psychiatrist is able to continuously adjust

prescriptions. For example, a psychiatrist observing a

patient going from a depressed state to a manic state is able

to adjust the medicine accordingly. Similarly, cognitive-

behavioral therapeutic feedback to the patient can be

delivered on the smartphone platform as small multimedia

productions that instruct patients how to handle different

situations. Examples include small description of ‘‘actions-

to-take’’ when experiencing sleeping problems or when

feeling depressed (see Fig. 2d), or as online video

instructions, such as available in the myCompass system

[32].

Another therapeutic approach for many mental disorders

is to support community-based therapy and peer-to-peer

support groups. Again, the smartphone is a perfect platform

for this. As it embeds a fully functional web browser, it can

provide access to many online communities, for instance

PatientLikeMe, CureTogether and MyCompass. In such

online communities, patients can share experiences and

practical advice.

A related, yet quite different approach is to use elements

from computer games in the design of smartphone-based

health applications. Examples outside mental disorders

have been proposed. For example, in the bant system [10]

for the treatment of diabetes, users were rewarded for

regularly taking glucose measurements with points that

could be converted to gift cards in the iTunes Store.

Alternatively, users could earn ‘‘badges’’ or compete online

with each other. However, in a study of the Fish’n Steps

system [45] there was no evidence that gamification had an

effect on healthy behavior. It is still an open research

question to what degree gamification can play a positive

role in the design of personal health technologies for

mental disorders.

2.1.6 Communication

Direct patient–clinician communication is clearly a core

part of the treatment and care of mentally ill patients.

Again, the smartphone is a solid platform for enabling

remote, real-time communication using text, images and

video. Simple asynchronous messaging has proved to be of

great value; for example, studies have reported simple SMS

messages, and reminders to schizophrenic patients can

have a positive impact on treatment [67]. Smartphone-

based systems for mental disorder treatment can therefore

fully utilize both asynchronous and synchronous commu-

nication. Moreover, communication can be contextualized

since communication acts can be tied to events that can be

identified in self-reported or automatically sampled data. A

recent study [25] implemented rule-based triggers that

would show a message to the patient if certain patterns

Fig. 3 Technical possibilities

on exploiting mobile phones as

sensor devices: a most naturally,

voice and SMS data can be

obtained and analyzed; b in case

of smartphones, additional built-

in sensors can increase the data

collection possibilities;

c external wearable devices can

connect wirelessly to the phone

and deliver data such as heart

rate measurements
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were observed in data, such as not sleeping more than 5 h

3 days in a row. Such automated messages could also be

forwarded to clinicians, helping them to identify important

patterns in the data.

3 Technical possibilities

The previous chapter focused on using mobile phones as

human–computer interfaces for medical applications.

However, mobile phones and modern smartphones in par-

ticular provide more and more sensing modalities, which

enables the collection of valuable data without any addi-

tional effort from the user. This chapter focuses on the

technical possibilities on exploiting mobile phones as

sensor devices. Sensing modalities can be roughly grouped

in three classes (Fig. 3).

1. The most natural sensor in a phone is the microphone,

which enables voice analysis. Statistical analysis of

changes in calling, texting and phone usage patterns

allow assumptions to be made about the current mood

status (Fig. 3a).

2. Apart from the microphone, an increasing number of

additional sensors and communication interfaces are

being implemented in smartphones. These include

accelerometers, proximity sensors, light sensors, Wifi,

Bluetooth and more (Fig. 3b).

3. External wearable devices that communicate with

smartphones, usually wirelessly, are another group of

sensors. The most common devices are heart rate

measurement belts and wrist-worn activity sensors

(Fig. 3c).

The technical possibilities within these three groups of

sensors are reviewed in the following three subchapters.

3.1 Traditional phones: voice and SMS

Making and receiving phone calls is the original and most

intuitive application of the mobile phone. Since 1993

sending short text messages has also become more and

more common practice. These two basic functionalities

already offer a broad base for medical applications in the

area of mental disorders. By listening to another person’s

voice or reading written messages, humans are capable of

estimating the mental state of a conversational partner.

Adapting this intuitive humane analysis to machines is a

very active field of research. Analysis of phone calls can be

carried out on three levels (Fig. 4): semantic analysis

focuses on the content of the spoken words; acoustic ana-

lysis extracts features based on the tone and flow of the

spoken words rather than the actual content; phone activity

analysis is based on the communication and phone usage

behavior or patterns. Text messages can be analyzed on a

semantic or activity level, a pseudo-acoustic analysis is

also possible if emoticons or other non-dictionary symbols

are used.

3.1.1 Semantic voice analysis

The first step for analyzing the content of spoken words

with artificial intelligence systems is to perform an auto-

matic speech recognition analysis, which transforms the

spoken words into text. The next step, the actual content

analysis, is based on the assumption that conversation

topics differ depending on the medical status of mental

disorder patients.

The diversity of expressions used in the spoken word is

considered a sign of a person’s creativity. Lauronen et al.

found evidence of a link between creativity and mental

disorder; however, they have not yet found casual expla-

nations for it [44]. Tager-Flusberg found significant dif-

ferences in language development of autistic children

compared to healthy controls [77]. Autistic children show

slowed development rates in most cognitive abilities rela-

ted to their language. However, the most significant dif-

ferences are found in their language concerning the

semantic and pragmatic functioning. Impairments in these

areas persist and are still present in adolescent autistic

Fig. 4 Analysis potential of voice call- and SMS-enabled phones:

a semantic analysis focuses on the content of the spoken words;

b acoustic analysis extracts features based on the tone and flow;

c phone activity analysis is based on the phone usage behavior; d text

messages can be analyzed on a semantic or activity level
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subjects of average intelligence [4, 74]. A general corre-

lation between psychiatric disordered children with speech

and language retardation is also confirmed by Cantwell and

Baker [11]. The causality is still controversial. In most

cases, the authors assume psychiatric disorders are indi-

rectly caused by speech and language retardation, rather

than the other way round.

Computerized voice recognition methods were used by

Munoz et al. [61] to detect major depressive episodes.

Applied to 104 patients in a clinical setting, the computerized

screening method yielded results comparable with those of

live interviews in both the English and Spanish language.

To sum up, many studies have proven the existence of

mental disorder symptoms in patients’ language; however,

the automatic analysis based on semantic voice analysis is

still in its infancy. More controlled laboratory studies are

necessary before results can be adapted to real-life studies

based on smartphone applications. The main two disadvan-

tages from a practical perspective are (1) language depen-

dency, the algorithm has to be trained for the used language

and (2) privacy, users might feel uncomfortable knowing that

the content of their private phone calls is scanned.

3.1.2 Acoustic voice analysis

To analyze voice on a phonetic or acoustic level, the actual

content is not identified. Actually, it does not matter

whether the spoken words make sense nor in which lan-

guage they are spoken.

For each voice recording, several thousands of acoustic

features can be computed [19]. The state-of-the-art proce-

dure is shown in Fig. 5. In a first step, the continuous audio

stream is sliced in segments of equal length, for example,

25 ms. For each of these segments, more than 50 low-level

descriptors are computed. At the end, low-level descriptors

of several segments are merged together to obtain the final

feature vector.

Reasonable sizes of feature vectors are around 300–400

features per voice recording [60]. These features are the

input for data mining algorithms, like classifications by

machine learning or correlations. The ultimate goal is to

find dependencies between acoustic features and the diag-

nosis or severity of mental disorders.

Some acoustic features are known to correlate with the

diagnosis of mental disorders. For example, speech pause

and speech rate are established measures for identification

of depression [76, 79] or mania [89]. They were already

introduced before automatic analysis of these features was

technologically possible and when mobile phones were still

a vision. One of the first studies dating back to 1938 [62]

identifies acoustic characteristics of speech that can be

observed in specific affective disorders.

Mental disorders often originate from or come together

with other chronic and neurodegenerative diseases.

Energy
Pitch
MFCC
...

Continuous 
Audo/Voice Data Features ExtractionSegmentation

...
•
•
•
•

Fig. 5 Acoustic feature

extraction: For each voice

recording, several thousands of

features can be computed
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The latter are proven to have a direct link to voice disor-

ders, also known as dysphonia [72]. Based on the analysis

of acoustic features, Little et al. discriminated Parkinson’s

disease patients from healthy controls. They achieved

accuracy rates of 91 % [46] and later Tsanas et al. [81]

achieved 99 % accuracy for the same task.

Vanello et al. [82] proposed an algorithm to characterize

the mood state in bipolar patients. Acoustic features like

pitch and jitter are computed after identifying voiced seg-

ments in audio files. The authors evaluated their system

with a speech database and found significant correlations of

acoustic features with patients’ mood states.

Most studies analyze voice in a controlled laboratory

environment. Adapting laboratory results and mobile

phone recordings to real-life conditions is the subject of

ongoing research. One of the first studies involving ana-

lysis of acoustic features recorded by mobile phones is

presented by Lu et al. [48]. The assessment of the user’s

stress level in unconstrained outdoor acoustic environments

achieved an accuracy of 76 %.

In a nutshell, acoustic voice analysis is a well-explored

field of research. Results of numerous studies have proven

the value for classification and identification of mental

disorders. Since acoustic voice analysis does not identify

the content of the spoken word, it is not language depen-

dent and involves less privacy concerns than semantic

voice analysis. In case of shared phones, acoustic speaker-

identification can filter out phone usage which is not per-

formed by the specific patient. The main drawbacks are the

resource requirements to compute the features, and these

can be significant depending on platform and feature

selection. As a next step, more experiments have to be

adopted from laboratory-controlled environments to real-

life settings.

3.1.3 Phone activity analysis

Rather than analyzing the voice in any respect, this method

logs data such as the number of phone calls per day, their

duration, the time of the day calls are made, the ratio

between incoming and outgoing calls as well as the number

of unique contacts. Significant changes of phone usage

behavior, like an increased number of outgoing phone calls

during unusual times of the day, might be a sign of a

change in the patient’s mental state. Phone activity is never

analyzed in isolation, rather it comes together with voice

analysis or is used in conjunction with the analysis of the

sensors implemented on the mobile phone (see Sect. 3.2).

The link between social contacts and mental disorders is

thoroughly researched. George et al. [27] proved low

availability of social support correlates with signs of

depression. Another study with 331 subjects suggests a

strong correlation of health deterioration with decreasing

frequency of social contact [8]. Knutson and Lansing [41]

found a link between decreased communication abilities

and mental disorders.

Grüenerbl et al. [30] defined phone calls as a social

interaction parameter and showed that mildly depressed

people exhibit an increased desire to talk, quantified by an

increase in length and number of phone calls. Muaremi

et al. [60] derived phone call parameters from dyadic

phone conversations and showed that the phone call

duration and accumulated talking time are the most

important variables for predicting bipolar disorder

episodes.

In summary, numerous studies suggest that the amount

of social interaction of mentally disordered patients cor-

relate with the type and severity of their illness. Addi-

tionally, recent studies indicate that statistical analysis of

phone activity seems to be a reliable method to quantify a

subset of human interactions. However, more studies with

more subjects are needed to prove this subset to be repre-

sentative enough to allow for correct medical conclusions.

The main advantage of phone activity analysis compared to

the previously mentioned methods is the very low com-

putational effort that the extraction of these statistical

features require. Moreover, most of these features do not

need to be extracted in real time, instead the processing of

the phone log can be postponed to a most convenient time,

when the phone is not used and connected to a charger.

One disadvantage is the non-availability of speaker iden-

tification which leads to biased results in case the phone is

shared between different users.

3.1.4 SMS

Most existing studies involving SMS either focus on col-

lecting self-assessment data through text messages or used

as a feedback channel from the caregiver to the patient.

Moore et al. used SMS to collect self-assessment data. A

group of 153 bipolar patients were regularly prompted to

complete questionnaires through SMS, and the data were

used to calculate mood ratings [56].

Pijnenborg et al. [67] used text messages as a prosthetic

aid for compensating cognitive impairments and found it

effective for some individuals with schizophrenia. A later

study focusing on schizophrenia patients found interven-

tions by text messages to be beneficial for medical adher-

ence and socialization [28]. SMS used as a simple self-

assessment tool for bulimia nervosa patients improved their

eating disorder significantly within 12 weeks [73]. With

similar concepts, text messages also achieved significant

reductions of stress, anxiety and depression [32] or to

successfully change patients’ behavior [12].

Besides using SMS as an additional communication

channel between caregivers and doctors, another possibility
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is to unobtrusively monitor the natural messaging behavior

of patients. This can be done by deploying smartphone

applications that do not actively request information from

the user, but run quietly in the background.

Similar to phone activity, changes in patient’s behavior

can be extrapolated from statistical data from SMS logs,

for instance the length of messages, variations in their

length, the number of messages, both received and sent, per

day. In [70], Rutland et al. introduced measures to analyze

the number of sent and received SMS in order to identify

addiction.

Beside the log, the semantic analysis of content is per-

formed in the same way as with the content of the speech.

Here again, privacy compliance is an important issue. To

analyze content of SMS, text scanning and classifying tools

can be used. Tauscik and Pennebaker introduced a tool for

computerized text analysis methods. This tool classifies

words in psychologically meaningful categories [78] and

can be used to estimate the author’s mood or emotions.

Today smartphones offer more and more ways to

replace traditional SMS technology with internet-based

smartphone apps such as Whatsapp, Facebook and Viber.

The variety of proprietary systems creates additional

challenges for the implementation of message analysis

tools. While phone operating systems offer standardized

interfaces and methods to access traditional SMS, internet-

based communication applications do not follow any

standardization, and hence, third-party medical applica-

tions cannot access these messages for monitoring and

analysis purposes.

To conclude, mobile health applications could poten-

tially benefit from considering text messaging technologies

in multiple ways. It could serve (1) as additional form of

communication between caregiver and patient, (2) to allow

statistical analysis on a patient’s texting behavior and (3) to

perform content analysis, possibly complementing the

previously mentioned semantic voice analysis. While the

first point is already used extensively in numerous studies,

for example to obtain self-assessment data from patients or

send intervention events to the patients, the scientific

benefit of passive usage of SMS such as mentioned in (2)

and (3) is still an open research question. From a technical

point of view, the automatic processing of text messages

can be done more efficient and more reliable than voice

analysis during phone calls. However, it is still unclear in

which cases the application-specific entropy of mobile

texting is comparable to the one of extracted voice features.

3.2 Smartphone-implemented sensors

All smartphones include a number of sensors, which are

necessary to provide all the functionalities expected from a

smartphone (Fig. 6). For example, there is the feature that

the display is rotated and the keyboard enlarged when the

smartphone is tilted. This is done by the included 3-axis

accelerometer. The availability of all of these sensors (see

Table 1) allows entirely new forms of utilization, it can

serve as inertial sensor, as GPS tracker or as barometer for

sociableness.

Fig. 6 Smartphone-implemented sensors are used to obtain data such

as location, physical activity and crowd density

Table 1 Available internal sensors and their possible medical

relevance

Sensor Measurements Medical relevance References

GPS traces Outdoor

location

How active is patient

in terms of going

outdoors, visiting

places?

[31]

Wifi signal

strength

Indoor

location

How much does the

patient move

around indoors?

Accelerometer Physical

activity

How active is the

patient in terms of

physical activity?

[30, 64]

Bluetooth

device

detection

Crowd density

measurement

Is the patient willing

to spent time in

vicinity of other

people?

[85, 86]
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3.2.1 GPS traces: outdoor location

A GPS is included in the smartphone’s set of sensors so that

users can navigate with maps. Storing the respective latitu-

dinal and longitudinal values allows the outdoor behavior of

the user to be traced offline. This data can provide a valuable

insight into the patient’s state, as from a psychiatric point of

view the outdoor behavior of a patient changes according to

their mental states [47]. For example, depressive patients

limit the radius of action to their flat, or even bed in severe

cases, while manic patients feel at home everywhere in the

world and might happen to fly to Venice for a coffee.

Possible features that may provide information about the

patient’s state and that can be extracted from these GPS

traces include as follows:

• amount of time spent outdoors,

• clusters (Places where the user/patient spent some

time),

• distances travelled,

• frequency of visited places,

• regularity of daily habits.

These features can be analyzed on a daily basis, e.g., by

comparing morning and afternoon. However, in order to

find correlations between behavior changes and mental

state shifts, long-term data series over a series of days or

weeks have to be considered.

A study with bipolar disorder patients has confirmed that

the amount of time spent outdoors significantly differs

between depressive and normal states [30]. Moreover, the

radius of action clearly changes with changing states.

From a technical point of view, the main disadvantage

of relying on GPS traces is that scanning for GPS reduces

the battery life extensively, which may drive the user to

turn the GPS reading off. Therefore, it is important to find

ways of dealing with data lacks, as was done in [31].

3.2.2 Wifi signal strength: indoor location

Indoors, the patient’s position and location can be deter-

mined by the amount and signal strength of visible Wifi

stations. Analyses of surrounding Wifi access points help to

determine the location of the user/patient when no GPS

signal is available, especially indoors. Gathering informa-

tion about surrounding Wifi access points is completely

passive, and no connection has to be established. Potential

location accuracy is around 30 m.

Works about indoor location using 802.11 fingerprinting

have existed for about 10 years. For example, [66] intro-

duces the powerline positioning system, which uses fin-

gerprinting in order to achieve sub-room-level localization.

In [3], a different approach for using Wifi on mobile

phones is presented. The authors introduce SurroundSense,

a mobile phone-based system for localization via ambience

fingerprinting.

3.2.3 Accelerometer: physical activity

Most modern smartphones include accelerometers. These

sensors are necessary to enable the tilting of the screen

when the phone is rotated. Nevertheless, accelerometer

data includes much more information and can be exploited

for a number of additional applications. For example, by

subtracting the gravity from the 3-axes amplitude, it can be

determined when the smartphone simply lies somewhere or

when it is moved. Using this amplitude, a number of other

features can be extracted:

• amount of high/low acceleration,

• average amount of movement,

• RMS (root mean square),

• frequency centroid,

• frequency fluctuation.

Again, possible changes in the measure of activity over the

course of time could be an indication of changes in the well-

being and mental state of the patient. Enhanced activity could

indicate the beginning of a manic episode, while reduced

activity could signal change into a depressive episode.

Different works have already shown that the activity level

of bipolar patients is significantly different depending on their

mental states (depressive, normal, manic) [30, 64]. Further-

more, Osmani et al. showed that it is possible to analyze the

differences of activity levels of psychologically ill patients

depending on the time of the day [64]. Other work [35, 87]

also successfully measured the physical activity of people

suffering from mental illnesses using accelerometer sensors.

3.2.4 Bluetooth device detection: sociableness

Nowadays most cell phones have Bluetooth available to be

able to connect to several devices. Most people do not turn

Bluetooth off even though it is not used currently [85, 86].

It is possible to use this fact in order to distinguish the

density of people in proximity of a cell phone. More spe-

cifically, reading of Bluetooth traces should enable one to

determine whether a patient is in the presence of (many)

other people, or is alone.

In different studies [85, 86], it has been shown that it is

possible to attain an accuracy level of 75–80 % of crowd

density by simply scanning for visible Bluetooth devices.

3.3 Accessories: wearable devices

Emerging wearable sensor technologies offer the possibil-

ity of going out-of-the laboratory and monitoring people in

daily life.
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There are two different types of sensors built into

wearable devices: physical and bio-physiological. The

physical sensors (Fig. 7a), mainly accelerometers, are used

for activity detection of the upper body or the arm

depending on where the sensor is worn. The bio-physio-

logical sensors (Fig. 7b) on the other side measure the

biological response of the body such as heart rate, heart

rate variability (HRV), pulse, respiration or galvanic skin

response (GSR).

There are several commercially available devices on the

market. Most of them are designed as end-customer pro-

ducts, with the focus on appearance and robustness.

Examples for these Activity Tracker & Fitness Monitors

are Nike? FuelBand [63] or FitBit Flex [21] worn on the

wrist or Wahoo BlueHR [22] worn on the chest. The wrist

band Empatica E3 [17] or the Zephyr BioHarness 3 [80]

are mainly used by research institutes interested in

enhancing existing biomedical signal processing

algorithms.

Typical examples of wearable device applications in the

area of mobile health include: stress monitoring in every-

day life and the workplace [58, 59]; and in the early

detection of Parkinson’s disease [52, 53].

The data of the wearable sensors are usually transferred

to the smartphone in real time. This offers the option of

predicting a person’s behavior online through the smart-

phone in a multimodal approach, using both data from the

smartphone and wearable sensors. Moreover, transmitting

data continuously simplifies its synchronization for offline

calculations, which in some cases may otherwise be a

difficult task.

4 Legal issues

While conducting clinical trials using ICT solutions, it is

necessary to comply with a series of requirements related

to the adherence to different policies and regulatory

frameworks. The requirements and efforts needed to

overcome the compliance with such policies typically vary

from one country to another making it difficult to align the

planning and execution of cross-countries experimentations

in a coordinated way. In the following, we focus on

applications using mobile phone technology to deliver

health care, so-called mHealth applications. Among the

different requirements needed to conduct mHealth clinical

trials, the most common are explained in the following

section.

4.1 Regulatory requirements

Healthcare solutions using mobile phone applications are

not yet governed by a clear regulatory framework at the

international level. To this regard, some pioneering work

has been done in the USA by the Food and Drug Admin-

istration (FDA) who recently released a first specification

on the use of mobile medical applications [20]. The FDA

made a clear distinction between mobile apps for health

and mobile medical apps. The first one refers to applica-

tions that can support personal health management without

being considered a medical device, while the second one

refers to those apps (1) meeting the definition of a medical

device, (2) are an accessory to a regulated medical device

or (3) transform a mobile platform into a regulated medical

device. Some examples of these different categories are

included in the specification and mentioned in Table 2.

4.2 Ethical approvals

User studies conducted by ICT researchers typically need

to comply to general rules for information consent, privacy

management and data handling. However, conducting

multidisciplinary work in the ICT and clinical domain

requires more sophisticated set of rules to be satisfied such

as clearance of ethical issues. The application for ethical

approval can be time-consuming and burdensome for

researchers not used to such practices and the associated

procedures may differ from country to country and often

from one disease domain to another. In particular, applying

for ethics consent for trials on research involving the

monitoring of behavioral patterns of patients in the field of

mental health can require a long time and meticulous

procedures raising the risk of delays in experiments. An

example of the challenges presented by ethical standard

regulation is presented by Mayora et al. [51] within

Fig. 7 Different types of sensors in external wearable devices:

a physical sensors are used for tracking of physical activity; b bio-

physiological sensors measure biological activity of the human body

such as galvanic skin response, respiration or heart rate
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MONARCA project. The three main issues were as

follows:

1. The uncertainty in the definition of mobile phone as a

medical device (or not); as mentioned above, at the

time of this research there was no clear regulation on

the definition of mobile phone apps as medical

devices; therefore, the ethics committees had trouble

giving consent due to the absence of precedents in this

regard.

2. The use of non-certified devices for extracting bio-

physical parameters; as part of the research project,

new wearable sensors for monitoring galvanic skin

response were developed. However, the use of such

sensors was limited to laboratory tests and their use

was not authorized for clinical trials given that the

devices were early prototypes and not clinically

certified.

3. The need to obscure any possible trace of patients

identity including locations, personal information,

speech and any other possible signal from which

identity may be reconstructed also posed a challenge to

the project. In compliance with ethical committee

recommendations, the strategy MONARCA followed

after was to use a privacy-by-design approach. The

features extracted on each monitoring modality were

coded in a way that did not allow the reconstruction of

the original signal. An example of this is the speech

signal that was cut into short time intervals (10 ms)

and then scrambled. This way it was impossible to

reconstruct any content in the speech while physical

feature extraction (pitch, intensity, etc.) was still

possible [29].

5 Implementation and business models

In terms of a business model, the services provided by

psychiatric health monitoring (see e.g., [71], [32, 65])

cannot be thought of in isolation. Together with other types

of data contained in the patient’s electronic health record

(HER) such as medical summaries, e-prescriptions, labo-

ratory results and radiological studies, the system enables

patients and clinicians to

1. track the development of the bipolar disease until the

present point (longitudinally, with a view toward

episodes and other influential factors1),

2. establish a feedback loop for the patient at the current

instance (alarms and warnings as suggested by the

system, e.g., concerning early warning signs; clinical

feedback sent by clinicians),

3. predict the future development of the disease, based on

a trend analysis (subjective: through daily patient

questionnaires; objective: through sensor data from the

cell phone and other medical devices such as EEG).

Among the stakeholders in this environment, we can now

identify likely clients that would benefit directly or indi-

rectly from the system, thus creating value. We are not

specifically dealing with legal aspects of that choice, as this

differs between countries, medical bodies and even clinical

departments. However, this does not free us of ethical

correctness, meaning that the well-being and dignity of

patients are central and must be respected at all times.

5.1 Clients

Patients (more correctly called clients in that context) are

the core users, but not necessarily the key payers. We have

2.6 % prevalence in adults ([39], Table 1), which might

seem quite a large population. If there was only one storage

for this data (i.e., a single psychiatric EHR domain), then

provision could indeed be quite cheap. However, this is

unrealistic as the data originate in different counties, in

which there are several regional health providers (health

associations running their clinics) and sub-providers (e.g.,

laboratories) with a variety of document sources (HIS, DIS

or RIS, to name just a few) and different legal obligations

(cross-departmental rules in a clinic; cross-provider rules;

Table 2 Examples for classification between health apps and medical

apps according to [20]

Mobile apps for health Mobile medical apps

Mobile apps that are intended to

provide access to electronic

copies (e.g., e-books, audio

books) of medical textbooks or

other reference materials with

generic text search capabilities

Mobile apps that use a sensor or

lead that is connected to a

mobile platform to measure and

display the electrical signal

produced by the heart

Mobile apps providing generic

aids but not intended for use in

the diagnosis of disease or other

conditions, or in the cure,

mitigation, treatment or

prevention of disease

Mobile apps that use an

attachment to the mobile

platform to measure blood

oxygen saturation for diagnosis

of specific disease or condition

Mobile apps allowing users to

identify pills, input pill shape,

color or imprint and displays

pictures and names of pills that

match this description

Mobile apps that alter the

function or settings of an

infusion pump

Mobile apps that are intended for

healthcare providers to use as

educational tools for medical

training or to reinforce training

previously received

Mobile apps that connect to a

nursing central station and

display medical device data to a

physician’s mobile platform for

review

1 Both medical and non-medical: for example, alcohol consumption

may render medication ineffective.
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cross-county rules). Thus, in reality, such work requires a

fairly large amount of coordination and interfacing, in a

standardized (e.g., HL7, IHE) or proprietary form (e.g.,

XML) and the costs are usually high. Standards may

require lots of work to be natively implemented in the

software tools where the data originates, whereas proprie-

tary solutions that act as adaptors are hard to maintain.

Legal issues between data providers are another aspect to

be paid for. In short, costs are generally too high for a

single patient to be able to afford the service, and thus,

some form of cross-financing is needed.

Giving access to caretakers is another possibility for

adding benefits to both the affected person as well as his/

her family and friends. Bipolar patients typically have a

custodian before, during and after being hospitalized. Apart

from the patient’s well-being, this person is responsible for

maintaining financial affairs. Offering access to this group

(based on a patient’s wish, of course) may be beneficial, so

that both current status and prediction can be incorporated

into the supervision. Both near relatives as well as

appointed custodians can take this role. However, from a

business standpoint, relatives may indeed be willing to pay

for this service, while appointed custodians would need to

be re-financed through the medical system. The first case

might furthermore be legally tricky, since access to the

documentation would actually be required for much longer

than the actual hospitalization—it might be that the family

wants to know what happens with the patient even though

the disease is not in one of its severe phases.

Clinicians (or rather psychiatrists, in this case) are

responsible for the patient, and thus require access to the

psychiatric health record as a tool for treatment. However,

the benefits cannot be found in the (intramural) treatment

process, but rather in the time spent outside the hospital.

Thus, argumentation needs to focus on indirect returns.

Naturally, this needs to be considered at a higher level than

just an individual clinic. If it is true that we can decrease

treatment costs while at the same time increasing the well-

being of the patient extramurally, part of the saved costs

can be reallocated for giving access to the system. How-

ever, we would note that the clinical process has to be

changed as well. Instead of a treatment that would focus on

a pipeline in which the doctor acts an end point, we would

argue for a bidirectional communication pipeline supported

by our system. Of course, this comes at a cost. Automated

analysis features can give warnings to doctors and patients

when a significant status change occurs, but these will in

turn raise workload in the treatment process. All in all, we

feel that it is more about redirecting now-common clinical

costs in the treatment process for the sake of treating the

patient extramurally. This can raise some legal issues with

looking at the treatment which now becomes more of a

regular task instead of one that is clearly subsumable under

a medical case. The client in that case is not the clinician,

but the medical body to which he belongs.

In continuation of the medical body being the client, we

can also say that the psychiatric record as a service, aug-

mented with data from automatic analysis of sensor infor-

mation and questionnaires, can be included into a national (or

one day may be cross-national) medical record. One example

for the latter would be the Austrian ELGA, which is operated

centrally by the main social insurance but fed by each indi-

vidual county. The client in that case would be the medical

system itself. On the top of the technical infrastructure, we

have the national patient index. Paving the way for psychi-

atric data to enter the central domain is already a business

opportunity, and providing the necessary level of security and

operating the connection to the central system is a project of

its own. Vice versa, connecting individual clinics with their

psychiatric data is also an opportunity; however, this requires

a strong integration with the HIS (and is thus best suited for

HIS providers).

Third parties, such as insurance companies, were not

considered by us, as we feel that their role in the actual

treatment process is very limited. Nevertheless, some fea-

tures, such as the analysis of early warning signs, might be

applicable for prevention of other mental diseases and may

thus be used beyond bipolar disorders. However, this

remains speculative, and outside of our scope.

5.2 Possible business models

Among several possibilities for modeling the revenue chain

for a psychiatric monitoring system (see e.g., [42]), we now

discuss two complementary options often used in the pro-

vision of software:

• Freemium (free/premium, [33]) strategies might be

used in cases where a base service is augmented by

extra functionality. A classical example is the longitu-

dinal (psychiatric) health record, which is presented as

is, with documentation ordered by time (base service).

For an extended fee, these pieces of data could be given

visually, by composing graphs and charts showing the

data down to the level of its contents (e.g., fields

contained in a laboratory report). Likewise, search

functionality and personalized views according to

favorite filter criteria could be a sales opportunity for

both the clinical environment as well as the patients.

For clinics, faster access to the data (e.g., through full-

text indexing, pre-fetching, high-speed data connec-

tions) might be another important factor affecting work

efficiency with the system, thus also becoming factors

in premium-level access.

• Subscriptions may be used for actually implementing

the freemium model, if the costs are to be distributed
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over a longer span, thus making it more likely for

patients to use extended features. The base subscription

for the psychiatric record service is implicit, generating

a constant revenue stream that is needed for the initial

implementation, operational costs and maintenance.

A concrete example for both cases is the health monitoring

service dacadoo (www.dacadoo.com), which is free for all

persons under 20 and then becomes a subscription service

(currently 5€ per month). In the psychiatric domain, per-

sonalized portals such as Optimism (www. findingopti-

mism.com) offer a dual concept, free for clients, with a

monthly subscription fee (39$) per clinician. Interestingly,

the border between monitoring applications and the used

hardware (i.e., sensors) is becoming quite elusive; for

example, Philips DirectLife (www.directlife. philips.com)

offers an activity sensor and at the same time a monitoring

portal for providing feedback. Segregation into different

sensor-centric domains is not a problem so long as data

integration into an aggregated health record happens in the

background. This is yet another business opportunity.

5.3 The big picture

Putting together the presented context, clients and business

models, we could think of a base service being financed by

the medical system (national health insurance, health pro-

vider, clinic), in which an EHR, HIS or other document

source is extended by the base psychiatric monitoring

system in the following fashion (also refer to Fig. 8).

Importing sensory data from a mobile phone would lead

first to basic processing and then higher-level analysis, and

then to a current patient status that is made available to

both clinician and patient as documents. Depending on the

presented fields of application, we may now extend this and

distinguish by:

• Past The provided documents, alongside existing

documentation, offer a view of the longitudinal devel-

opment of the disease. More insight into the history

may be given by a subscription service, in which

patients and medical institutions pay to see a graphical

time line, labeled by episode. Clinics may also be given

access to more elaborate tools for mining the patient

history, such as in-depth graphs that are based on the

document contents. Part of the costs for that can be

diverted from savings in the treatment process (i.e.,

days spent intramurally). That means that the money is

provided by the next higher level; for example, the

social insurance could finance the medical institution

rather than the clinic directly.

• Present The present status, including immediate feed-

back (alarms, warnings) to client and clinician, is

covered by the base service. However, bidirectional

feedback between clinicians and their patients is a more

advanced functionality which could be available at a

surcharge. As a side note, the time that clinicians spend

with the system is outside our consideration, it would

likely be charged as documentation during medical

treatment. Likewise, communication support between

the patient and his/her caretakers is another premium

functionality. Patients can give their caretaking agree-

ment in an easier (digitized) fashion using a web

solution, and caretakers would be able to track the well-

being of their patients in parallel to their development.

• Future Predictive capabilities are central to such a

system’s utility. Trend prediction lies at the core of the

services provided; however, the supplier may offer

extended capabilities (i.e., longer time spans, upper/

central/lower bound for prediction) as a premium

service. For the clinical world, future extensions such

as validation (predicted state vs. state assessed by the

medical staff) may also enter the premium package.

We argue that all parts of the monitoring system should be

subject to prescription: The sensors (e.g., activity), cell

phone apps (e.g., sleep monitor, mood charts), personalized

health portals along with the required technical infra-

structure in the background all contribute to the greater

goal of sustaining the mental health of the patient. How-

ever, argumentation for financial support in the context of

mental disease prevention is still in its infancy. Some

results clearly point out the benefits even when applied

over a short time span [5, 36]. Longer trials and more data

on which monitoring and analysis configurations are most

effective are yet to come.

6 Conclusion

Mental disorders are a challenge in the developed as well

as developing world, which is forecasted to continue rising.

As such, developing effective and efficient treatment is

important. The concept of pervasive health care is recog-

nized as one potential treatment option, and smartphones

are identified as a promising technology platform through

which to implement it. They are already widely available

and can serve as human–computer interface as well as

sensor device for monitoring the mental disorders at the

same time.

Different approaches to implementing HCI on mobile

phones for mentally disordered patients have been

reviewed, and based on previous studies, suggestions are

given. User acceptance and user adherence are very

important parameters that can be influenced significantly

by the design of the HCI. Moreover, not only the quantity

and reliability but also the quality of data is improved when
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self-assessment questionnaires are issued through thor-

oughly designed mobile phone interfaces compared to the

state-of-the-art paper-based versions.

From a technical point of view, smartphones are

becoming more and more powerful and are able to

implement more and more features out of the box. Broad

data collection is possible, not only based on traditional

sensors like microphones, but also including additional

sensors like accelerometers, GPS, proximity and light

sensors as well as external sensors like heart rate mea-

surement belts. Different analysis methods are reviewed,

and results are discussed. The ideal approach strongly

depends on the specific application. We present advantages

and drawbacks of the most promising technologies with a

particular focus on detecting mood disorders like depres-

sion or bipolar disorder.

Finally, the paper discusses practical implementation

questions regarding legal issues and business model

options for introducing successful research into the market.

Legal requirements differ from country to country. As a

general guideline, the differentiation between health apps

and medical apps is most probably going to be imple-

mented under many different legislative systems. An

application being classified as medical app has to fulfill

similar requirements as traditional medical hardware like

infusion pumps or ECG measurement devices, including

labor- and cost-intensive certification processes.

Considering the promising results mobile phones can

offer for the treatment of mental disorders, commercial

healthcare providers are becoming increasingly interested

in adapting research into products and introducing them

into the market. We discuss benefits that can be provided to

patients, caretakers, clinicians and healthcare insurance

providers. Furthermore, we identify business models

through which these benefits can be converted into pay-

ments, making the investments payoff.

We are convinced that mobile phones are beneficial for

providing better treatment to more users with less cost, in

particular in the area of mental disorders. The main

challenges are primarily not technological, rather they lie

in the complexity of the healthcare sector. The paradigm

shift necessary to implement pervasive healthcare includ-

ing from mobile phones requires a close collabora-

tion between politicians, researchers and medical staff as

well as commercial healthcare institutions. Established

infrastructure needs to change to be ready for these

advances.
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HEALTH IT AND TECHNOLOGY

m-health: a decade o f 
evolution and impact on 

services and global health
Robert SH Istepanian

ABSTRACT
M obile  health (m -health) was firs t in troduced in 2003, and has now  become one o f the  m ajor 

pillars o f m odern ICT fo r  healthcare. This artic le examines the  g row ing  im portance o f m -health 
over the  past decade, and the  ongoing con tribu tion  o f this concept g loba lly  to  key areas 

healthcare, such as disease managem ent, w e llbe ing  and diagnostics.

Key Words: m-health • mobile phones • ICT • global health • disease management

When the concept of mobile health (m-health) 
was first introduced and defined in 2003 
(Istepanian and Lacal, 2003), there was no 
indication a decade on that it would become 
the fourth pillar of ICT in the healthcare 
domain after telemedicine (1960s), telehealth 
(1970s) and e-health (2000s). Today, this 
multidisciplinary healthcare and engineering 
discipline spans major medical and other 
related scientific research areas together with a 
multi-billion dollar related industry worldwide 
(McKinsey and Company and GSMA, 2010).

This evolution was not feasible without the 
rapid advances in wireless communications and 
network technologies from the dawn of the 21st

R o b e r t  S H  Is te p a n ia n
Visiting Professor century onward, when the 3G networks were
and Academic, first introduced allowing the capability of data to
imperial College, London be transferred over the mobile networks. While
Email- Robert m-Health is rapidly expanding in the commercial
istepanian@imperial.ac.uk world and has effectively evolved into a new and 

influential discipline, it is still ‘under the radar’

in general, and probably some way from being 
fully adopted by the medical world, however, this 
gap is narrowing.

The introduction of the smart phone 
technologies in 2007 played a major, if not 
influential role in this evolution, albeit, in a 
focused way, particularly on wellbeing and health 
monitoring issues. Today we can see tens of 
thousands of mobile health applications that use 
4G smart phone technologies, with estimated 
business opportunities in the global mobile 
healthcare market that are worth between 
$50 and $60 billion (McKinsey and Company 
and GSMA, 2010).

The concept entered a major leap in its 
evolutionary process with the introduction of 
the first smart phone (iPhone) in 2007. Now, 
thousands of medical ‘apps’ are downloaded 
and used for different medical, wellbeing 
and healthcare applications worldwide both 
on Apple Store or Google Play for example.
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This mobile evolution was both a curse and a 
blessing. A blessing is that this breakthrough 
from the mobile communications perspectives 
put m-health on the global radar. In contrast, 
it generated a curse with a false pretext, that 
m-health is just another ‘app’ domain and 
business that narrowed the wider view and 
influence of the concept itself.

Figure l shows a successful example of 
mobile health on diabetes management and 
the evolutions from the pre-smart phone era 
to the present day. Mobile chronic disease 
management is now a well-know success story 
of the effectiveness of m-health in this important 
healthcare area with clear clinical evidence and 
benefits to the patients.

To reflect on this progress, a recent and 
detailed study by the IMS Institute of Health 
Informatics estimated that by October 2013, 
there were 43 689 apps under the categories 
‘healthcare and fitness’ or ’medical’, out of which 
only 23 682 are considered within genuine 
healthcare categories (IMS Institute of Health 
Informatics, 2013). This evolution unfortunately 
narrowed some people’s view that m-health is 
just another ‘medical app’ domain, although it 
has created unprecedented global interest. It is 
also important to differentiate what the m-health 
concept is from what smart health applications 
represent. The smart health apps are an offshoot 
of m-health and not the main thing, however, 
this is the dominating element due to the global 
proliferation of the smart phone and massive 
usage worldwide.

Mobile health (m-health) was first coined 
and defined a decade ago as ‘mobile computing, 
medical sensor and communications 
technologies for healthcare’ (Istepanian and 
Lacal, 2003; Istepanian et al, 2004; 2006). The 
concept of the original definition of m-health is 
illustrated in Figure 2.

This basic definition is still as valid today 
as it was a decade ago, as it simply represents 
the essence of what the m-health concept is 
all about. It also reflects the adoption of this 
domain as a triumph of the digital ubiquity and 
technological evolution that we witness today. 
From technologies such as smart phones, 4G 
and beyond, cloud computing, smart wearable

Figure 1. The evolution o f mobile diabetes management from  thepre 
smartphone era to current era of4G healthcare

medical sensors linked with Internet of Things 
(IOT) and machine-to-machine (M2M) 
communications, the future is wide open in the 
next decade on how all these devices will be 
connected to provide better personalised health, 
without much intervention from the users or 
their clinicians. Telecommunication industries 
were the first to embrace the mobile health 
concept as part of their future business and 
revenue models, with Vodafone being the 
earliest (Vital Wave Consulting, 2009).

Why is m-Health important?
This unprecedented evolution is enabled by the 
current 6 billion mobile phones users globally 
with these phones increasingly equipped with 
embedded sensors, GPS, touch screens, apps and 
communication tools that motivate the billions 
of users concerned for their health, wellbeing 
and economic realities. For example, the latest

M obile health (m-health) 
w as f ir s t  coined and defined 
a decade ago as ‘mobile 
computing, m edical sensor 
and communications 
technologies fo r  healthcare’
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Figure 2. General concept ofm-health systems (Istepanian et al, 2004)

smart phones are beginning to be equipped with 
embedded heart rate and wellbeing sensors 
that can calculate the real-time heart rates and 
exercise levels with a touch of their screen.

From the global health perspective, numerous 
World Health Organization (WHO) and other 
global initiatives, with a special focus on 
developing and third world countries with poor 
healthcare resources, are currently ongoing 
across the globe—especially in African countries. 
The WHO’s report on m-health (WHO, 2011) 
provides a comprehensive literature review and 
outlook at these services that include among 
others the following services:
• Emergency response systems (such as road 

traffic accidents, emergency obstetric care).
• Disease surveillance and control (such as 

malaria, HIV/AIDS, tuberculosis, avian 
influenza, chronic diseases—especially diabetes)

• Human resources coordination, management, 
and supervision

• Synchronous and asynchronous mobile 
telemedicine diagnostic and decision support 
for clinicians at the point-of-care

• Remote patient monitoring and clinical care

• Health extension services, health promotion, 
and community mobilisation

• Health services monitoring and reporting
• Health-related m-learning for the general 

public
• Training and continuing professional 

development for healthcare workers.
From the UK perspective, the Department

of Health published in 2012 it’s first Digital 
Strategy and Information Strategy, The Power 
o f Information: Putting all o f us in control 
of the health and care information we need 
(Department of Health, 2012), together with 
the other relevant NHS publications such as 
of NHS’s England’s Digital First: Clinical 
Transformation Through Pathology Innovation 
(NHS England, 2012) that details the digital 
innovation in pathology services 

. To date, most of the NHS mobile health 
services are confined to pilot studies and pocket 
of adoptions that need to be widely scaled up. 
However, there is a trend of increased allocation 
of NHS funds for the next few years that aim 
for IT innovation projects to develop mobile 
health and smart phone applications that target
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areas such as: reducing paperwork; increasing 
the time nurses spend with patients; securing 
mobile data; improving management and 
reducing overheads; and harnessing cloud-based 
platforms for improved healthcare and hospital 
services.

There is no doubt that the coming years will 
see major mobile health services embedded 
within the different NHS and hospital services, 
particularly for chronic disease management, 
hospital management processes, A&E wards 
and elderly and home care services. It is 
expected that mobile health will play a major 
role in these areas in the near future. However, 
clear strategy on how best these services can be 
used, need to be carefully assessed and planned 
by experts before any large-scale deployment.

It is paramount to differentiate the market 
forces from the clear outcomes and expected 
benefits that these services can provide to the 
patients and care givers. The recent lessons 
learned from the Department of Health’s Whole 
System Demonstratror (WSD) ‘telehealth’ project 
are evident on these critical issues. There should 
be a clear mandate and an ‘m-health matching 
strategy’ between the particular healthcare 
services being targeted. The appropriate 
technology and platforms being deployed must 
match these services, as there is no fit-for-all 
m-health technology or platform that can work 
for all areas. With this in mind, it is expected that 
the next few years will see wider usage of, and 
a possible surge of, different mobile healthcare 
services within the NHS.

In conclusion, mobile health has experienced 
an unprecedented decade of evolution and 
development with more wider healthcare impact 
and benefit evidence shown in the developing 
world compared to the developed world where 
these are still largely within mobile health 
pilots and clinical studies rather than full-scale 
deployments. However, there is evidence that 
such a gap is expected to be shortened in the next 
few years mmnai
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We live in a world that’s connected wire-
lessly with almost as many cellular phone 
subscriptions as there are people on the 
planet. According to the International 
Telecommunication Union, there were 
almost 6 billion mobile phones in use 
worldwide in late 2011.1 The ubiquity 
of mobile technology offers tremendous 
opportunities for the healthcare industry 
to address one of the most pressing global 
challenges: making healthcare more acces-
sible, faster, better and cheaper. 

Unlike many other forms of communica-
tion, such as the Internet, mobile health 
(mHealth) will likely have a greater effect 
on how care is delivered for three reasons: 

• Mobile devices are ubiquitous and 
personal; 

• Competition will continue to drive lower 
pricing and increase functionality; and

• Mobility by its very nature implies that 
users are always part of a network, 
which radically increases the variety, 
velocity, volume and value of informa-
tion they send and receive. 

Even before the advent of mobile connec-
tivity the distinct lines between traditional 
health sectors were blurring and new 
business models were emerging. mHealth 
is dropping into a ‘perfect storm’, enabling 
and accelerating three major global trends 
already in play in healthcare.

Regulatory reform driven by demographic 
changes, such as ageing and chronic 
illness, is redressing the balance between 
public and private sector participation in 
healthcare. More and more, the public 
sector, while seeking to optimise access 
and quality, is looking towards the private 
sector for innovation and efficiency. 
mHealth enables both sectors in this 
regard, helping to improve access and 
quality while at the same time providing 
dramatic innovation and cost reduction 
opportunities. 

1 Number of mobile phones end of 2011: 
5.98bn. International Telecommunication 
Union (ITU). Key Global Telecom Indicators 
for the World Telecommunication Service  
Sector, 2012.

David Levy, MD 
Global Healthcare Leader

Industrialisation of the healthcare 
sector, already in motion, and driven by 
technologies such as electronic medical 
records, remote monitoring and commu-
nication platforms, etc. is in many ways 
the prerequisite for the flourishing of 
mHealth. Patient-centric, ‘care anywhere’ is 
becoming a reality. 

Healthcare is moving towards a precision-
based model—or ‘personalised medicine’.  
As a result of greater understanding of 
the human genome, together with other 
personalised technologies, the industry 
will likely transform—as have many 
other industries—to one that is predic-
tive, personalised, participatory, and 
preventive.2 mHealth will be a major 
factor in providing personal toolkits 
that will ultimately help those manage 
predicted vulnerabilities, chronic illness, 
and episodic acute conditions. Enabled by 
technology, connectivity and data, mass 
customisation is on the horizon allowing 
mHealth solutions to flourish. 

In recognition of these accelerating 
factors, PwC commissioned the Economist 
Intelligence Unit (EIU) to examine the 
current state and potential of mHealth, 
barriers to adoption, and opportunities  
for companies seeking growth in the 
mHealth space. The result is the following 
report based on surveys and interviews 
with key subject matter experts conducted 
by the EIU. 

In addition to the EIU’s analysis, PwC 
provided its own commentary on best 
practices and strategic considerations for 
companies active in the mHealth arena 
noted in the report as ‘PwC Perspectives’. 
We hope that these insights, coupled 
with the survey findings and interviews 
summarised in the pages to come, are 
useful in helping the stakeholders in the 
industry understand, plan and participate 
in this inevitable yet exciting new future.

2 Lee Hood, “Vision for Systems Medicine: 
Predictive, Personalized, Preventive and 
Participatory (P4)” http://sis.org/cases2007/
SIS2007ConferenceHighlights-Hood/docs/
HoodLeroy.pdf
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Mobile healthcare (mHealth) is “the 
biggest technology breakthrough of our 
time [being used] to address our greatest 
national challenge”, said US Health and 
Human Services Secretary, Kathleen 
Sebelius in her keynote address at the 
2011 annual mHealth Summit in the 
Washington, DC area. Worldwide, the 
technology and its promise have moved 
up the healthcare agenda.

The interest is understandable. 
Increasingly ubiquitous and powerful 
mobile technology holds the poten-
tial to address long-standing issues in 
healthcare provision. However, such 
effervescence in a field with few proven 
business models suggests that, yet again, 
technology-driven hype may lead to 
expensive failures. 

This Economist Intelligence Unit report, 
commissioned by PwC, examines the 
current state and potential of mHealth 
in developed and emerging markets,  
the ongoing barriers to its adoption and 
the implications for companies in the 
field. Based on the research, the key 
findings include: 

Expectations are high for mHealth. 
Roughly one-half of patients surveyed 
for this report predict that mHealth 
will improve the convenience, cost and 
quality of their healthcare in the next 
three years (see “About the research”). 
Meanwhile, six in ten doctors and payers 
believe that its widespread adoption in 
their countries is inevitable in the near 
future. Yet most experts interviewed 
for this study, while also convinced that 
mHealth will eventually become an 
important part of care provision, expect 
that adoption will take time.

Healthcare’s strong resistance to 
change will slow adoption of inno-
vative mHealth. New technology is 
not enough. Widespread adoption of 
mHealth will require changes in behav-
iour of actors who are trying to protect 

Executive summary

their interests. The challenge will be 
even greater for innovators because 
the improvements that mHealth can 
bring—such as patient-centred care 
and a greater focus on prevention—will 
involve disruption of how healthcare is 
provided. To succeed, innovators must 
manoeuvre through culturally conserva-
tive, highly regulated and fragmented 
yet often monopolistic systems that 
often provide contradictory incentives.

The diversity of interests at play 
makes an evolving landscape even 
more complex. Patients want more 
convenient provision of healthcare, 
but they also want greater control. For 
doctors, mHealth can help provide better 
patient care and ease their administrative 
headaches, but they are likely to resist the 
loss of power implicit in greater patient 
control. Payers already display interest in 
mHealth, and the economic pressure for 
more patient-centred, preventive care is 
likely to drive them further towards the 
patient’s viewpoint. 

Emerging markets are the trail-
blazers in mHealth. Patients in these 
markets are much more likely to use 
mHealth applications or services than 
those in developed countries. Similarly, 
more emerging-market doctors offer 
mHealth services than colleagues in 
developed countries, and more payers 
cover these costs. The ability of these 
countries to leap ahead lies in the 
paucity of existing healthcare: there is 
greater demand for change and, just as 
important, there are fewer entrenched 
interests to impede the adoption of new 
approaches.

Solutions, not technology, are the 
key to success. Widespread mHealth 
adoption requires services and products 
that appeal to current payers because 
patients, highly sensitive to price, will 
provide little income. Consumers’ sense 
of entitlement with regard to health-
care aggravates this price sensitivity. 
Accordingly, vendors must concentrate 
on solving payers’ problems. Technology 
is an essential, but not sufficient, tool in 
this endeavour. 

About the research
In developing this report, commissioned by PwC, the Economist Intelligence Unit 
conducted two surveys in ten countries: Brazil, China, Denmark, Germany, India, 
South Africa, Spain, Turkey, the UK and the US. The first survey asked 1,027 
patients—with a broad distribution of economic backgrounds, ages, levels of educa-
tion and states of health—about their opinions on various aspects of mHealth. The 
second survey queried 433 doctors and 345 executives from payer organisations. 
The respondents in the doctor group were drawn from the public sector (46%) and 
the private sector (49%) or were independent physicians (5%). The group is more 
urban (67%) than suburban (24%) or rural (10%), with 45% practicing in primary 
care, 45% in secondary care and 10% in tertiary care. The executives from payer 
organisations responding to the survey are roughly evenly divided between the 
public and the private sector, with 55% C-suite or above. 

In addition, the research included extensive desk research and 20 in-depth inter-
views of senior executives from healthcare providers and payers, technology and 
telecommunications companies and industry organisations, as well as leading 
experts from academia, think-tanks and non-governmental organisations.

Finally, the EIU commissioned internal reports on mHealth for nine of the countries 
covered by the survey from its country experts.



4

Introduction: Not so fast?



5

Introduction: Not so fast?

Excitement surrounding mHealth is 
palpable. A burgeoning calendar of 
events and exponential growth in web 
content generated on the topic reflect the 
rising intensity of interest (see chart 1). 

The nature of the discussion is also 
shifting. “About four years ago [mHealth 
conferences] were just a few people in 
jeans meeting occasionally,” says Peter 
Benjamin, Managing Director of Cell-
Life, a South African non-governmental 
organisation (NGO) developing mHealth 
technology. “Three years ago proper 
doctors started to show up; about two 
years ago we had reports on the first 
randomised controlled trials; and 
last year the suits got involved so that 
many mHealth conferences are now 
dominated by [corporate] executives 
[discussing return on investment].”

This growing interest rests on the 
assumption that two phenomena—the 
ubiquity of wireless technology and the 
imperative need to transform healthcare 
provision—will inevitably intersect. The 
change will be profound. 

The current landscape
By late 2011 the world’s roughly seven 
billion people already had just shy of 
six billion mobile-phone subscriptions, 
more than one-sixth with mobile broad-
band, according to the International 
Telecommunication Union (see chart 
2). Connections are likely to outnumber 
people by 2013. Omnipresent in the 
developed world, this technology is 
increasingly widespread in developing 
countries as well. 

Connectivity is just part of the story. 
Misha Chellam, Chief Operating 
Officer of Scanadu, an mHealth device 
company, explains the value of ubiqui-
tous infrastructure for innovators: in 

2006:  2,750 hits

2008: 14,800 hits

2012: 314,500 hits

2010: 48,800 hits

5,340 hits :2007 

27,500 hits :2009 

147,000 hits :2011 

*

*Estimate for all of 2012 taken by multiplying pre-March 27 figure by 5

Chart 1: New mHealth Google hits in year
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Chart 2: Mobile subscribers for 10 countries
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building attachments for the phone, they 
“are riding on the back of an incredible 
amount of investment; there is a billing 
model, connectivity and a user inter-
face people are trained on”. So much 
communication and computing power 
in so many hands should drive provi-
sion of always-on, anywhere service in 
numerous fields.

Meanwhile, the healthcare sector is ill-
suited for modern needs. In developed 
countries, hospital-centric systems focus 
largely on acute care even while chronic 
conditions dominate the disease load. 
Population ageing will only exacerbate 
the challenge. Moreover, healthcare 
services are frequently disjointed and 
locked into provider-defined silos that 
ignore wider patient needs. 

Economic problems have raised aware-
ness of the high cost of these inadequate 
systems. Healthcare spending in the 
OECD has risen in the last decade from 
an average of 7.8% of the region’s GDP to 
9.7%. Of this, typically about 70% comes 
out of increasingly constrained govern-
ment budgets. Jennifer Dixon, Director 
of the Nuffield Trust, a UK-based health-
care think-tank, notes that although 
areas such as telemedicine and eHealth 
are not new, the focus on such solutions 
“has had a particular impetus in the last 
three years because of the economic 
downturn. More people are looking at 
change in a way that we haven’t seen in 
the last 10 to 20 years.” 

The impact of mHealth on relationships 
with patients will be about as big as that 
of the Internet, doctors say. 

Pilot projects around the world point 
to the plethora of possibilities. These 
range from the Patient Link programme 
in Tianjin, China, which gives rural 
patients access to medical profes-
sionals, to a host of programmes 
across Africa that educate the public 
about AIDS through SMS messages, to 
SmokefreeTXT in the US, which helps 
young Americans to give up smoking.

Most experts interviewed for this study, 
however, are much more cautious. 
“We all need to come back down to 
earth,” says Patricia Mechael, Executive 
Director of the mHealth Alliance, a 
multi-stakeholder group dedicated to 
advancing mHealth. “My forecast is 
that in the next year the hype cycle 
will reach its peak, we will then move 
into the trough of disillusionment, and 
then move back up to a happier place.” 
Steinar Pedersen, Chief Executive 
Officer of Tromsø Telemedicine Consult, 
adds that currently “you have a research 
environment that produces papers, a 
business environment that produces 
expectations, and a healthcare environ-
ment that creates healthcare. So far they 
have not met. This will happen, but how 
long it will take I’m not sure.”

Such words of caution suggest that 
change, while certainly desirable 

In emerging markets, the situation 
is both worse and more hopeful. 
Inadequate health infrastructure limits 
much of the rural population and urban 
poor to, at best, only the most basic 
care. However, rapid economic growth 
is driving citizens to demand more. 
India’s government, for example, faces 
increasing pressure to raise health-
care spending. Jason Mann, Barclays 
Capital’s Head of China healthcare, says 
that health is now a hot-button issue 
for that country’s government too. “Its 
legitimacy is somewhat tied up with its 
ability to provide broad and inexpensive 
healthcare across China,” he explains.

Expectation versus reality
Expectations are high that mobile tech-
nology will help to increase access to 
care in emerging markets and transform 
the developed world’s costly healthcare 
behemoths into less expensive, preven-
tion-based and patient-focused systems. 
The surveys conducted for this research 
programme found that although patients 
see relatively modest change so far, 
large numbers expect that mHealth will 
have a significant impact on how care 
is delivered in the next three years (see 
chart 3). Roughly one-half predict that 
it will improve the convenience (52%), 
cost (46%) and quality (48%) of their 
healthcare (see chart 4). Similarly, 59% 
of doctors and payers believe that the 
widespread adoption of mHealth in their 
countries is inevitable in the near future. 

The mHealth universe
In this research programme, mHealth is defined as the provision of healthcare or 
health-related information through the use of mobile devices (typically mobile 
phones, but also other specialised medical mobile devices, like wireless monitors). 
Mobile applications and services can include, among other things, remote patient 
monitors, video conferencing, online consultations, personal healthcare devices, 
wireless access to patient records and prescriptions.

A broad variety of stakeholders take part in mHealth. They include patients and 
patient advocacy groups; healthcare professionals (doctors, nurses, and other 
professionals who patients see as part of normal healthcare); institutions where care 
is provided (hospitals, clinics and others); payers (government and private); medical 
device companies; biopharma companies; technology companies (devices, appli-
cations, software, infrastructure, data analytics and others); telecommunication 
services providers; pharmacies and other healthcare-related retail outlets; NGOs; 
regulators; policymakers; and a series of new entrants that include entrepreneurs 
and retailers. 
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Chart 4:  Patients say mHealth will improve convenience, quality and cost of 
healthcare

Source: Economist Intelligence Unit, 2012
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52%
mHealth applications/
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healthcare substantially 
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mHealth applications/
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46%
mHealth applications/
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reduce my overall health-

care costs (including linked 
costs like travel to and from 

the doctor or time off to 
go to clinics)

In the next three years, patients agree that:

and likely, is not simple. As with any 
important new technology, mHealth 
can enable incremental innovation—
improvements to existing practices, or 
disruptive innovation—fundamental 
changes that alter healthcare provi-
sion. Professor Chris Taylor, Director 
of the University of Manchester’s 
mHealth Innovation Centre, sees 
“some quick wins to be had, that will 
almost certainly come from the simpler, 
more boring things”. For example, the 
increasingly common practice of texting 
appointment reminders to patients 
substantially reduces costs from missed 
attendance. These innovations have 
value, but they do not change the way 
medicine is delivered. 

Chart 3: Patients expect mHealth to change their healthcare experience

59%

51%

49%

48%

48%

48%

47%

46%

% of respondents who say that, in the next three years, mHealth will significantly change:

How I seek information on health issues

How providers or services send general healthcare information

How I manage my overall health 

How I manage my chronic conditions

How my healthcare providers and I communicate 

How I manage my medication

How I measure and share my vital health information 

How healthcare providers monitor condition and compliance 

Source: Economist Intelligence Unit, 2012

To meet current and future challenges, 
healthcare systems need disruptive 
change. For mHealth to enable that, 
though, it will have to deliver in the 
teeth of an industry with a long history 
of effectively resisting disruption. 
Clayton Christensen, one of the leading 
scholars on innovation, once described 
healthcare as perhaps “the most 
entrenched, change-averse industry  
in the US”.3 Analyses of other countries 
are similar. 

3 Clayton Christensen, Richard Bohmer and 
John Kenagy, “Will disruptive innovations 
cure healthcare?” Harvard Business Review, 
September-October 2000.

If mHealth succeeds in delivering such 
things as a greater focus on prevention, 
better monitoring of chronic conditions 
and patient-centred care, its impact will 
be dramatic. But the scope of the task 
and the resistance it engenders should 
not be underestimated. As Eric Dishman, 
Intel’s Director of Health Innovation, 
puts it: “mHealth is about fundamentally 
changing the social contract between 
patients and doctors. It will take time.” 
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Colliding interests,  
competing visions
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mHealth can be a powerful instrument, 
potentially altering relationships within 
the healthcare industry. But Sangita 
Reddy, Executive Director of Operations 
at Apollo Hospitals in India, says that 
mHealth’s “greatest uptake will be when 
it is just another methodology in the 
healthcare cycle”. 

Mobile is thus a tool, not a new type of 
medicine, and its meaning will emerge 
from how it is applied within existing 
healthcare systems. This will be deter-
mined more by the interests of leading 
healthcare stakeholders than by the 
actual technology. That means that the 
tension among these interests, many of 

which are highlighted by our surveys, 
will shape the use of mHealth and the 
speed of its adoption. 

The patient perspective: Patients 
believe that mHealth offers them easier 
access to care and more control over 
their own health (see charts 5 and 6). 
But this would involve a substantial, 
disruptive move away from doctor-
directed care towards a patient-as-
consumer model. Clinicians would 
remain important, but not always the 
patient’s first option: already, among 
those who use mHealth services, 59% 
say these have replaced some visits to 
doctors or nurses. 

Chart 5:  Patients define mHealth in terms of access and control

Source: Economist Intelligence Unit, 2012
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42%

29%

25%

18%

18%
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5%

How patients define mHealth

Use of mobile phone to learn about/monitor wellness (e.g., weight, diet, amount of exercise)

Contact between patient and healthcare provider by mobile phone or other device

Accessing health telephone call centres/advice lines/emergency services

Automated contact with my healthcare provider (e.g., reminders about appointments or to take medication)

Healthcare providers monitoring a specific patient condition (e.g., chronic disease)

Community health promotion or information initiatives sending messages to mobile phone

Medical professionals having remote access to electronic patient records

Support for medical professionals making decisions remotely

Collecting patient data for clinical trials
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Chart 6:  Patients will adopt mHealth if it improves access, lowers cost and increases control

46%

43%

32%

28%

25%

Top drivers for patients to consider beginning to use or increasing use of mHealth applications/services 

Ability to access my healthcare providers more conveniently/effectively

Ability to reduce my own healthcare costs

Ability to take greater control over my own health

Ability to obtain information that is difficult or impossible for me to obtain from other sources 

Ability to access better quality healthcare

Source: Economist Intel l igence Unit, 2012

“Consumers are mobilised under the 
banner of convenience and, where they 
pay out of their own pockets, they begin 
to recognise cost,” says George Poste, 
Regents’ Professor and Del E. Webb 
Chair in Health Innovation at Arizona 
State University. In this, patients simply 
expect healthcare to catch up with other 
service industries. 

Nevertheless, it would involve disrup-
tive change. Ozgur Turgay, Managing 
Director of Acibadem Mobile Health, one 
of Turkey’s largest providers of mHealth 
services, calls it a revolution. “We are 
creating a new environment in health-
care,” he says.

The doctor perspective: While patients 
are pushing for change in healthcare, 
our survey reveals doctors’ resistance to 
disruption of their traditional roles. Only 
27% encourage patients to use mHealth 
applications in order to become more 
active in managing their health; 13% 
actively discourage this. 

Indeed, doctors are averse to a funda-
mental change to the patient’s role 
(and power): 42% of doctors surveyed 
worry that mHealth will make patients 
too independent. A generational divide 

exists, but it is not what conventional 
wisdom might predict. Among younger 
doctors—those with less than five years’ 
experience—53% are worried about 
the potential for patient independence. 
Perhaps they are more aware of the 
depth of change technology has brought 
in other fields, or their more junior 
positions makes them more sensitive to 
how vulnerable they are to disruption. 
Twenty-four percent of these younger 
doctors actively discourage patients 
from using mHealth applications to 
manage their own health. 

Doctors are nevertheless embracing 
some aspects of mHealth. A 2012 
survey of European doctors conducted 
by Manhattan Research, an organisa-
tion that researches medical personnel, 
found that 26% owned iPads and spent 
over one-quarter of their professional 
time using them. Its survey in the US 
showed that in 2011 30% of surveyed 
doctors had an iPad, and 28% expected 
to buy one in the next six months. 
Uptake in emerging markets has also 
been strong. Cláudio Giulliano Alves da 
Costa, President of the Brazilian Health 
Informatics Association, notes that 
physicians often resist adopting new 
information technology but, surpris-
ingly, they have accepted tablets. 
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Chart 7:  Necessity is the mother of adoption in mHealth

Source: Economist Intelligence Unit, 2012

Patients with health issues are most likely to use mHealth products and services

Survey average Have poorly managed conditions

Healthcare spending > 30% of income

Familiarity with term 
“mHealth”

Engage in mHealth

Currently use one or 
more apps

49% 62% 74%

64% 82% 79%

47% 72% 68%

Early adopters: driven or desperate?
With most disruptive technologies, the early adopters tend to be those who are 
ill-served by existing provision or not served at all. mHealth is no exception. The 
two types of patients in the Economist Intelligence Unit’s survey most attracted 
by its products and services are those with poorly managed chronic diseases and 
those who pay more than 30% of their household income towards healthcare. Both 
groups are better informed about mHealth, are much more likely to be using such 
applications and services already, and are noticeably more willing to pay for them 
(see chart 7). They are, however, also more likely to abandon these applications and 
services within the first six months. This suggests that greater attention to efficacy 
data for mHealth is urgently needed—not just to improve return on investment but 
also to protect the potentially vulnerable from electronic quackery. 
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Chart 8:  mHealth is about contact with patient, say doctors

Chart 9: Search for quality and efficiency are top incentives for doctors to 
adopt mHealth
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Source: Economist Intel l igence Unit, 2012
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What would spur doctor adoption of mHealth

Improved quality of care/better health outcomes

Easier access to care for existing patients

Reduction in administrative time for medical personnel, allowing greater time for patients

More efficient internal processes/communication

Ability to reach previously unreachable patients

Patient expectations/demand

Lower overall cost of care for patients

Opportunity to provide new services/tap into new markets

Ubiquity of smartphones and applications in all areas of life

Encouragement by regulators

Expectation/demand of medical personnel or employees

Source: Economist Intelligence Unit, 2012

Doctors are buying into mobile tech-
nology because it can help meet some of 
their needs, such as monitoring patient 
compliance, accessing records and 
communicating with colleagues (see 
charts 8 and 9). One of the most popular 
medical apps, for example, is Medscape, 
a free service which provides the latest 
medical news and information about 
diseases and drugs. While improvement 
of care is a bigger driver than simple 
convenience, doctors hope that it will 
happen through streamlining, rather 
than re-inventing, existing systems. 
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Chart 8:  mHealth is about contact with patient, say doctors

Fighting chronic disease through mobile coaching
A recent US trial demonstrated the impact mobile phone-based coaching and online decision support can 
have on diabetes patients.  

Chronic conditions are the leading causes of death and disability globally, putting an enormous and increasing 
burden on most healthcare systems. Prevention and early intervention are a big step towards the ultimate aim of 
making populations healthier through better lifestyles and increased compliance with their suggested care regimens. 
mHealth has the potential to specifically target chronic disease patients, with customised sensors, devices, services 
and tools to modify behaviour in an engaging and sustainable way. 

WellDoc Inc., a healthcare behavioural science and technology company, has created a system of instant and  
longitudinal feedback and coaching driven by clinical, evidence-based guidelines and behaviour science.  
A 2009-2010 US trial of the WellDoc system sought to reduce blood glucose levels in 163 patients suffering from 
diabetes, with each participant receiving a glucose meter and supplies, along with a mobile phone application and 
access to a web-based portal.

Patients can enter blood glucose levels and other self-care data into their phones—both ‘feature’ as well as ‘smart’—
and receive real-time responses from ‘virtual patient coach’ (in the form of an expert mobile/web-client and cloud-
based software system), providing assistance on managing the condition as well as more general tips on diet, exercise 
and other aspects of their lifestyle. The system can also produce ongoing, evidence-based reports of great use to the 
patients’ clinicians, helping them monitor their conditions more accurately. 

The results showed a mean decline in A1c (glycated haemoglobin—the gold-standard measure for diabetes control) 
by 1.9% in the intervention group (against 0.7% in the usual care group). A clinically significant change in A1c was 
seen, regardless of whether patients began the trial with a high or low A1c. By comparison, the US Food and Drug 
Administration considers a new drug that is able to reduce A1c by 0.5% as clinically significant. WellDoc’s application 
has been cleared by the US Food and Drug Administration, works on the vast majority of data-enabled mobile phones 
and can be integrated into the standard software and electronic health records used by doctors.4 

With an estimated $218 billion spent annually on diabetes in the US,5 there is hope that this solution could enable 
annual cost savings per patient of as much as US$10,000 in reduced healthcare charges and increased worker produc-
tivity. 6 7 8 In addition, this approach could allow patients to gain more control over their condition and make better 
decisions on a daily basis, which should enhance the lives of millions of patients who suffer from diabetes. Remote-
based coaching of this kind also has considerable potential for other chronic diseases. Diabetes, obesity and hyperten-
sion are seen as the three chronic diseases with the highest potential for mobile management through the application 
of phones and web-based solutions.
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4 The impact of smartphone applications on the mobile health industry (vol. 2), Mobile health market, Report 2011-2016, research2guid-
ance, 9 January 2012.

5 Figures for the Centers for Disease Control and Prevention (2010) and the American Diabetes Association, 2009.

6 Milliman, 2011.

7 Medication adherence leads to lower health care use and costs despite increased drug spending, Roebuck MC, et al. Health Affairs (Mill-
wood) (1):91-9, Jan 30 2011; Hospital Stays for Patients with Diabetes, Fraze T, et al. 2008; Statistical Brief #93. Healthcare Cost 
and Utilization Project (HCUP) Statistical Briefs [Internet]. Rockville (MD): Agency for Health Care Policy and Research (US); Aug 
2006-2010.

8 Testa MA, et al. Health Economic Benefits and Quality of Life During Improved Glycaemic Control in Patients With Type 2 Diabetes Mel-
litus. JAMA 280 (17):1490-6, Nov 1998. 
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Payer perspectives: Payers—which in 
our survey include private insurance 
companies and government entities 
which pay for healthcare services that 
they or others provide—currently 
occupy a middle ground. They are not 
so much interested in pure cost reduc-
tion as value for money. This includes 
a reduction in administrative burdens 
for patients, as well as promoting better 
health through greater patient involve-
ment in care (see charts 10 and 11). 
The ultimate aim of improved value 
for money may differ between private 
payers, who desire to reduce their 
spending, and public ones, who may 
have a fixed budget but seek to provide 
the best treatment possible within that 
envelope. mHealth-created efficiencies, 
however, can appeal to both.

The potential, practical benefits for 
payers are numerous. Dan Brostek, Head 
of Member and Consumer Engagement 
at Aetna, a health insurer, notes that 
these range from the administra-
tive savings from making commonly 
requested information easy to down-
load, to improving outcomes through 

access to personalised information, to 
making customers—especially those 
with high deductibles—aware of the 
actual costs of their treatment choices. 

Payers are likely to shift even closer to 
the patient position because they will 
bear most of the economic consequences 
if healthcare systems fail to reform. 
Disruption is in their interest, and many 
are trying to redefine their roles within 
healthcare. This includes a greater 
emphasis on wellness and prevention—
areas where mHealth can help greatly. 

Many have launched their own 
mHealth services. Others have bought 
popular ones. Aetna, for example, 
has acquired iTriage, an application 
with some five million downloads that 
allows customers to research medical 
symptoms, locate nearby healthcare 
providers and schedule appointments. 
Mr Brostek points out that consumers 
increasingly expect mHealth solutions. 
By providing patients with the mobile 
capabilities they want, insurers can 
differentiate themselves in a competi-
tive marketplace.

Payers are likely to shift 
even closer to the patient 
position because they 
will bear most of the 
economic consequences  
if healthcare systems fail 
to reform



15Colliding interests, competing visions

Chart 10:  Patient at centre of mHealth, according to payers

Chart 11: Search for quality and efficiency are top incentives for payers to adopt mHealth

Source: Economist Intelligence Unit, 2012

35%

31%

30%

28%

27%

26%

25%

24%

19%

What payers most associate with the term mobile healthcare (mHealth)

Contact between patient and healthcare provider by mobile phone or other device

Use of mobile phone to learn about/monitor wellness

Medical professionals having remote access to electronic patient records

Monitoring of a patient’s condition or compliance with treatment regimen

Automated contact between patient and healthcare provider 

Support for medical professionals making decisions remotely

Community health promotion or information initiatives with messages to mobile phones

Accessing health telephone call centres/advice lines/emergency services

Collecting patient data for clinical trials

30%

29%

28%

26%

24%

23%

22%

21%

19%

What would spur payer adoption of mHealth

Reduction in administrative time for medical personnel, allowing greater time for patients

Improved quality of care/better health outcomes

Lower overall cost of care for patients

Ability to reach previously unreachable patients

Easier access to care for existing patients

Patient expectations/demand

Opportunity to provide new services/tap into new markets

More efficient internal processes/communication

Expectation/demand of medical personnel or employees

Source: Economist Intelligence Unit, 2012
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The centre of the battlefield
The difference between doctors and 
patients, says Mr Pedersen, “is the 
centre of the battlefield” over mHealth. 
Mr Chellam adds that such technology 
“changes the balance of power. It is  
not surprising that doctors would  
be concerned.”

Payers, on the other hand, are using 
their influence more actively to support 
mHealth: 40% encourage patients to 
let doctors monitor them through such 
services, compared with just 25% of 
doctors. Moreover, although physicians 
frequently cite existing payment struc-
tures as a barrier to their greater deploy-
ment of mHealth, in most cases payers 
are much more likely to cover mHealth-
related services than doctors are to 
provide them (see charts 12 and 13).

Doctor resistance is likely to hold back 
some aspects of mHealth. This opposi-
tion is all the more problematic because 
mHealth will also have to overcome 
myriad barriers that typically delay 
change, especially disruptive innovation 
in healthcare. Still, most interviewees 
point to the appearance of the Internet 
and believe that doctors will be unable 
to resist—especially as payers join 
patients in demanding change. 

Doctor resistance is likely to hold back some aspects 
of mHealth...still, most interviewees believe that 
doctors will be unable to resist—especially as payers 
join patients in demanding change
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Chart 12:  Doctors see promise in offering mHealth services

Chart 13: Payers support diverse mHealth services, and plan to support even more
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Source: Economist Intelligence Unit, 2012

% of doctors who have begun to offer the following types of services via mobile devices, and which they would like to offer

Have no 
plans to 
offer

Would 
like to 
offer

Have 
begun 
to offer

Offer but 
intend to 
stop

Total*

Telephone-based consultations

Administrative communication

Receiving data to monitor patient 

Provide patients access to portions of their medical record

Drug adherence and other health-related communication

Use of mobile device to explain/demonstrate during office visits

Text-based consultations

Analysis of general health and wellness data gathered by mobile devices

Video consultations

*Numbers may differ due to rounding
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30%
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33%
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% of payers who say their organisation has begun to pay for the following types of services provided via mobile devices, and which it intends 
to pay for in the next three years

Have no 
plans to 
pay for

Plan to 
pay for 
in next 
3 years

Have 
begun to 
pay for

Pay for, 
but 
intend to 
stop

Total*

Telephone-based consultations

Administrative communication

Access by patients to portions of his or her medical record

Drug adherence and other health-related communication

Text-based consultations

Analysis of general health and wellness data gathered by the patient’s mobile devices

Medical professionals receiving data as part of patient monitoring

Video consultations

Source: Economist Intelligence Unit, 2012

*Numbers may differ due to rounding
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Healthcare innovation: 
A school of patience



19

Innovation in healthcare—particularly 
disruptive reorganisations of processes, 
care pathways and even job responsi-
bilities—is famously difficult and slow. 
Although mHealth has a broad range of 
potential uses and benefits, a common 
set of powerful barriers also exists. 
These are both diverse—ranging from 
technology to culture, from incentive 
structures to regulations—and mutu-
ally reinforcing. 

Technology: Technology still presents 
challenges for mHealth adopters. Both 

Healthcare innovation: 
A school of patience

doctors and payers list privacy and 
security concerns as leading barriers to 
greater use of mHealth, and only around 
half of doctors believe that the mobile 
Internet facilities at their workplace are 
reasonably secure. 

Poor integration also impedes uptake. 
Just 53% of doctors say that the mHealth 
applications and services they use work 
with their organisation’s information 
technology (IT), and even fewer say they 
are integrated with technology in other 
parts of the health system (see chart 14).

Chart 14: Poor integration of IT systems impedes uptake of mHealth

Source: Economist Intelligence Unit, 2012
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IT systems of my organisation (e.g., the medical practice where I work)

IT systems of local hospitals and clinics

IT system of the national healthcare system in my country

IT systems accessible by colleagues in other organisations (e.g., academia, other medical practices)

Health data systems that patients can access directly
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Lack of interoperability between tech-
nologies is often to blame. Claudius 
Metze, Business Solutions Architect in 
the Healthcare Unit at SAP, Germany-
based enterprise software company, 
notes that almost every healthcare 
customer has “many disparate systems 
that are hard to integrate, and where 
only the vendor knows the secret of how 
to get data out”.

Nor will technological issues ever 
completely disappear. Mr Brostek 
explains that one of the biggest chal-
lenges in mHealth is the rapid change 
in consumer technology and adoption 
behaviours: “When a new operating 
system comes out, people almost expect 
within a month that its new capabilities 
will be layered into your applications. It 
is complex to move at that speed.”

Culture: Technological issues fade next 
to the complexities of bringing about 
change in healthcare, however. “It is 
very easy from the technology point of 
view to say that this is the future, but 
[those saying so] don’t take into account 
the traditions and the complexity of the 
healthcare system,” says Mr Pedersen. 
Electronic health records, for example, 
have been on the cusp of revolutionising 
care since 1985, but in most countries 
they have been unable to break through 
these broader barriers to change.

In fact, 27% of doctors and 26% of payers 
cite an inherently conservative culture 
as a leading barrier to mHealth. Thierry 
Zylberberg, Head of France Telecom’s 
Orange Healthcare, notes that this is not 
inevitably a bad thing: the field changes 
by consensus precisely because if innova-
tion does not work out as planned, the 
risks to human health can be substantial 
and difficult to foresee. 

“It is very easy from 
the technology point of 
view to say that this is 
the future but [those 
saying so] don’t take into 
account the traditions 
and the complexity of the 
healthcare system.” 



Source: Economist Intelligence Unit, 2012
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Chart 15: A technology gap exists between private and public sectors

But no matter how understandable the 
roots of such a cautious approach, it can 
stand in the way of clearly beneficial 
change, even one that does not carry 
much risk. 

Size and complexity: Most national 
health systems are both vast and 
fragmented. The UK’s National Health 
System (NHS), for example, is the 
seventh-largest employer worldwide 
and Europe’s biggest, but decision-
making powers are diffuse. Ian Leslie, 
Professor of Computer Science at 
Cambridge University and an expert 
in mHealth in China, notes that one 
strategy for mHealth entrepreneurs is, 
as much as possible, to “avoid inter-
acting with the humongous thing” that 
is the health system.

Moreover, figuring out the levers of 
change in one country is not necessarily 
helpful elsewhere, because systems 
vary markedly. They frequently include 
dominant monopolies, substantial state 
control and high costs for and regula-
tory barriers to new entrants, all of 
which are inimical to entrepreneur-
driven innovation. 

State control is particularly relevant for 
mHealth. Ongoing government retrench-
ment has created a technological gap 
that will slow adoption. Lack of existing 
technology is the biggest barrier to 
greater use of mHealth, according to the 
public-sector doctors and payers surveyed 
(see chart 15). One-third of public-sector 
doctors do not even have mobile Internet 
at work, compared with 14% in the 
private sector. Obtaining the economic 
benefits of mHealth will therefore require 
governments to invest more to catch up 
technologically.

Regulation: The highly regulated nature 
of healthcare also hinders innovation. 
For rapidly changing technologies, the 
problem is frequently either a regula-
tory void—which increases risk for 
providers—or the application of inappro-
priate regulations from earlier technolo-
gies: 45% of payers and doctors believe 
that the latter is holding up mHealth. 

Bakul Patel, a policy adviser at the US 
Food and Drug Administration (FDA), 
notes that his organisation wants to 
support mHealth and is developing 
new ways to deal with the attendant 
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regulatory challenges. For example, to 
allow faster innovation, the FDA has 
broken new ground by issuing a descrip-
tion of low-risk mHealth areas, such as 
patient self-management, that would 
not be regulated, even if they meet the 
regulatory definition. Mr Patel acknowl-
edges that regulators continue to face a 
pressing challenge in seeking to balance 
patient safety with potential benefits in 
this fast-changing field: “There is a lot 
more work in terms of how regulators 
can add value to this ecosystem. As part 
of that effort we are developing a new 
framework for the small subset of high-
risk mHealth devices that will be able 
to accommodate the rapid innovation 
cycles of these technologies.”

Perverse incentives: Perhaps the 
greatest difficulty for innovation in 
healthcare is the complex incentive 
arrangements that have created and 
continue to reinforce current systems. 
An mHealth product will only be 
adopted if a stakeholder sees an advan-
tage in paying for it, but finding such a 
purchaser is not always straightforward. 

One of the best-known mHealth 
services, run by Ghana-based NGO 
mPedigree, exemplifies the challenge 
in finding purely market support for 
mHealth innovation. The service allows 
consumers purchasing drugs in certain 
parts of Africa to text a coded number 
on the packaging to the service, which 
will either verify that the product is 
legitimate or warn that it is counterfeit. 

The widely praised programme benefits 
a broad variety of stakeholders—
including pharmaceutical firms, 
pharmacies, purchasers and mobile-
phone companies that carry the data 
traffic. Nevertheless, mPedigree has 
not found a commercially viable model. 
Pharmaceutical companies provide some 
sponsorship, but the programme also 
relies on prize money, grants and dona-
tions of low-cost or pro bono services 
from a variety of companies. 

More daunting still is the ability of 
insiders to fight innovation that they 
find disruptive. “With many mHealth 
solutions you need to understand what 
is in it for the person who pays your bill 
and, even more important, you need to 
understand whose toes you are stepping 
on, and how to turn it into a situation 
where everybody wins,” says Axel 
Nemetz, Head of Vodafone mHealth 
Solutions. He recalls one project that 
clearly provided superior care for the 
patient at home and had the support of 
medical personnel. Hospital adminis-
trators, while recognising the benefits, 
initially sought to block the scheme 
because they would lose income from 
the resultant reduction in hospital-based 
services. In the end, compensation work-
arounds were developed in the interests 
of patients and other stakeholders. 
This is not an isolated incident, but 
rather traditional behaviour inside the 
health sector, where actors use diverse 
economic, regulatory and organisational 
levers to protect themselves.
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How SMS technology can fight the spread of counterfeit drugs 
Due to mobile technology, patients and clinicians in Kenya, Cameroon and Ghana can check whether drugs 
are fake by sending a single SMS, receiving an instant verification. An example of the many initiatives 
underway is the one from Orange Healthcare.

It’s hard to overestimate the cost of counterfeiting. One expert believes that the global market for fakes could be worth 
between US$75-$200 billion—a year9 in lost revenue for pharmaceutical companies. The practice could even jeop-
ardise national and international investment in research manufacturing facilities, marketing and distribution. 

However the biggest cost is arguably to society as a whole in the form of additional treatment and especially in lost 
lives of those who could otherwise have made a productive contribution to a nation’s wealth over a lifetime. The 
200,000 deaths a year attributed to malaria alone could potentially cost billions to the countries affected. The WHO 
estimates that malaria can decrease annual gross domestic product (GDP) by as much as 1.3% in countries with high 
levels of transmission, while in some countries the disease accounts for up to 40% of public health expenditures, 
30-50% of inpatient hospital admissions and up to 60% of outpatient health clinic visits.10 

Given these staggering sums, it’s no surprise that there are concerted efforts to help health systems and the pharma-
ceutical industry secure the global supply chain for drugs. The WHO has been working with government agencies and 
manufacturers around the world to create a database of products, giving each packet of medicine a unique number.
And a new initiative from mobile phone company Orange (part of France Telecom), these markings can now be 
tracked at any point in the distribution pipeline using widely available and relatively inexpensive technology.

The system is a collaboration between Orange and a non-governmental organisation called m-Pedigree and is simple 
for users and/or clinicians. Each pack has a batch number and expiry date, along with a one-time code that is only 
revealed by scratching the covering ink. The code number is sent by SMS to a server, which sends an instant response 
verifying whether the drug is real or fake.

The code on the packages is a one-off encrypted number that incorporates the batch code and expiry date, so the 
system is relatively foolproof.

The costs are minimal and initial trials in Kenya have been very successful, with thousands of messages sent to the 
server, suggesting that such an approach has a huge potential for wider application in both emerging and mature 
markets. Once trials have been completed, there are plans to develop a sustainable business model with non-profit 
organisations, government agencies and pharmaceutical companies.

While the many initiatives underway have experienced various levels of success, the results are positive for  
mHealth overall.
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9 “Poison pills: Counterfeit drugs used to be a problem for poor countries. Now they threaten the rich world, too,” The Economist,  
2 September 2010.

10 WHO estimates http://www.who.int/mediacentre
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However daunting, the difficulties  
of innovation in healthcare are 
neither insurmountable nor universal. 
Disruptive innovation typically occurs 
on the fringes of a sector, where 
consumers have fewer resources and 
entrenched interests are weaker or non-
existent. mHealth is no exception.

Mobile healthcare solutions are being 
deployed more rapidly in emerging 
markets than in developed economies. 
“We see it on the ground in countries  
we work with. While the US thinks 
about dealing with fundamental issues 
like secure electronic health records,  
in places like India, China and Singapore 
mHealth is taking place,” says  
Mr Dishman. 

In the emerging markets surveyed, 
patient awareness and expectations 
of mHealth are, on average, far higher 
than in developed countries (see charts 
16, 17, 18). More important, far more 
patients are already using mHealth: 
59% of emerging-market patients use at 
least one mHealth application or service, 
compared with 35% in the developed 
world, and among those who do not, 
emerging-market residents are more 
interested in starting (see chart 19). 

Chart 16: Patients are more aware of mHealth in emerging markets

Source: Economist Intelligence Unit, 2012
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Chart 17: Emerging market patients have great expectations of mHealth

Source: Economist Intelligence Unit, 2012
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Source: Economist Intelligence Unit, 2012
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Chart 18: Patients in emerging markets are more optimistic of mHealth to 
their overall care

Chart 19: Interest is high among emerging market patients who do not yet use 
mHealth

Source: Economist Intelligence Unit, 2012
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Reaching out through mHealth and making healthcare available to masses
Trials in India suggest that remote triage advice and health monitoring via mobile phones can bring health-
care within reach of millions of poorer rural dwellers who couldn’t have reached out to tertiary care centres. 

Apollo Hospitals Group in India is aware that its private hospitals can only serve a small proportion of India’s huge 1.2 
billion population. However, with 900 million owning a mobile phone11, the opportunity for de-monopolising health-
care knowledge from the tertiary care centres and extending the same to rural areas is considerable. Even the first 
lifecycle state of providing basic education and awareness along with primary care would make quality healthcare 
reach millions who currently have no access to physicians.

Apollo’s first steps into mHealth involved triaged health information and advice via contact centres staffed by para-
medics, physiotherapists, nurses, doctors and health advisers, using an IT platform with a structured query database 
to give an appropriate health response. This service is offered in collaboration with leading telecommunications 
companies, and has the following track record: 

• Over 700,000 calls handled by the triage service since it launched.

• Country-wide coverage, reaching a potential audience of 70 million, 24 hours a day and 7 days per week. 

• 2G-based and provisioning for 3G-based video consultations. 

As a next step, Apollo is trialling remote analytics through a range of devices monitoring symptoms such as blood 
glucose count, heart rate, blood pressure and peak flow, all carried out from a patient’s own home, creating a ‘mobile 
health system’ that also includes lifestyle, diet and educational support. 

For example, with their diabetes management program called SUGAR, diabetics may upload their blood sugar count 
to the clinician through SMS and mobile applications, with an SMS text delivered back to the patient explaining the 
readings and advising whether further action is required. Further support comes from the contact centre staffed by 
medical professionals, and customers also have access to customised personal health records. Early signs are encour-
aging, with the diabetes monitoring in particular raising compliance to an appropriate diet and exercise regime, with 
plans for further expansion.

Over time the network will become more integrated to link health providers, payers and mobile phone suppliers with 
new phone customers asked to enter health records at point of purchase as a standard procedure, and a button on the 
phone to access the telehealth provider at a single touch. And by partnering with health insurance companies, Apollo 
hopes to make mHealth an integral part of the cure process and not an alternate method of care. 
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11 Telecom Regulatory Authority of India, 2011
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Payers and doctors in emerging markets 
are also more active in mHealth. More 
payers currently cover the costs of, or 
plan to pay for, every mHealth-related 
service in the survey than do their 
counterparts in wealthier countries (see 
chart 20). Doctors in these markets, 
meanwhile, are more likely to have 
some form of mobile Internet at work 
and to have their own applications inte-
grated with local and national health-
care data systems. 

mHealth already has brought about 
substantial change in the doctor-patient 
relationship for 27% of emerging-market 
doctors (compared with 16% in devel-
oped countries) and a marked internal 
restructuring of their workplace for 
34% (compared with 19%). Collectively, 
doctors and payers in emerging markets 
are also much more likely to recommend 
patients use mHealth either on their 
own or to let medical personnel monitor 
their conditions (68% to 59%). In China 
and India, in particular, this figure rises 
to eight out of ten. 

The scope of mHealth is also broader 
in emerging markets. Mobile tech-
nology has proved particularly effec-
tive in public health activities, such 
as outbreak-tracking in remote areas. 
The data-gathering programme in 
Brazil’s Amazonas State, for example, 
provided nearly real-time information 
on outbreaks of dengue fever that previ-
ously took one to two months to collate. 

Ms Mechael expects mHealth in many 
emerging countries to support front-
line health workers before it addresses 
consumer wishes. Our survey reflects 
this: 29% of public-sector health execu-
tives in emerging markets associate the 
term mHealth with community health 
promotion or education, the third most 
common choice for that group.

Finally, while ‘pilotitis’ remains an 
ongoing problem in developed countries, 
the scale of mHealth projects is starting 
to grow in emerging markets. Brazil’s 
Sistema Tele-Eletro-cardiografia Digital 
allows ambulances across the country 
to send cardiograms to the telemedicine 
unit of a specialist heart hospital in São 
Paulo. Within five minutes they receive a 
diagnosis to guide emergency treatment. 
In Turkey, Acibadem Mobile runs an 
mHealth nutrition service with 450,000 
members, and in less than two years an 
emergency healthcare service offered 
in conjunction with Turkish Telecom 
has grown to 100,000 members. In 
Mexico, meanwhile, Medicall Home has 
five million subscribers who pay US$5 
a month on their phone bills in order to 
access medical advice. Finally, South 
Africa is preparing to launch a national 
mHealth-enabled programme to 
increase HIV/AIDS screening. Such proj-
ects suggest that mHealth is maturing 
beyond basic experimentation.

Greater need and fewer options
Overwhelming necessity helps explain 
the more rapid adoption of mHealth in 
emerging markets. “In mature markets, 
[healthcare involves] a luxury problem: 
am I going to receive first-class treat-
ment in the hospital, in the physician’s 
office or at home? In emerging markets 
the challenge is completely different,” 
says Mr Nemetz. 

The number of doctors per head in the 
surveyed countries gives some indica-
tion of the disparity (see chart 21), but 
the distribution of medical personnel 
makes it even starker. Doctors world-
wide tend to concentrate in urban 
areas. This has a particular impact in 
developing countries where there are 

so few doctors overall, and is especially 
relevant in India, China and South 
Africa, where so much of the population 
lives in the countryside. In such rural 
areas, medical care is often provided, if 
at all, by those with only the most basic 
of training.

In emerging markets care is also often 
expensive: 53% of patients there 
cite cost as a driver of greater use of 
mHealth, compared with 34% in devel-
oped countries. In many cases mobile 
technology is the only viable tool to 
reach people. As Dr Benjamin points 
out: “The cell phone in Europe is a nice 
gadget, but a substitution for other tech-
nology. For a majority of Africa it is not 
a substitution for anything, but [rather] 
the only access.” 

This is also true in much of Asia. 
Bangladesh’s Grameenphone, in 
co-operation with the Telephone 
Reference Centre, set up Healthlink to 
allow its customers (and others using 
village phone centres) to talk with a 
doctor any time of day or night. It is not 
surprising that, in a country with less 
than one doctor per 4,000 people, the 
service has fielded 3.5 million calls in 
the last six years. 

The lack of healthcare infrastructure 
means that emerging markets do not face 
the challenge of entrenched interests 
that can impede mHealth in developed 
countries. Barriers to change remain, of 
course: China’s hospital system is notori-
ously fragmented, making reforms diffi-
cult. Overall, though, Mr Leslie notes: 
“In the developed world, the problem is 
this enormous medical infrastructure 
that is very conservative and resistant to 
change. In emerging markets, you have 
a lot of the drivers of innovation without 
the barriers.” 
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Chart 20: More mHealth services are covered by payers in emerging 
markets than in developed countries
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Ms Reddy, who oversaw the growth of 
Apollo’s mHealth business, adds: “When 
you have no legacy, it is easy to build.” 
She notes that “in emerging markets, 
higher penetration of mobility is coupled 
with increasing acceptance of the tool 
as a medium to interact and exchange 
information. Healthcare services need to 
ride this wave to ensure quality health-
care is available to masses irrespective 
of the patient location.”

Finally, these emerging markets are 
doing well financially, have the tech-
nological infrastructure to engage in 
mHealth, and have populations with 
expectations of improved care. Looking 
at all the factors in emerging markets 
together, Mr Leslie concludes: “In some 
ways, you can’t think of better condi-
tions. Why waste time in the West?”

Emerging solutions
Emerging markets are likely to be the 
seedbed of innovation—an advantage 
they can leverage in the global market. 
Two of the best-known American 
mHealth services follow emerging-
market examples. GlowCaps, a tool that 

warns patients and their caregivers 
when the former fail to take prescribed 
drugs, is very similar in concept to 
SIMpill, a South African product that 
appeared several years before. Similarly 
Text4Baby—a free, multi-stakeholder 
service sending relevant information 
to pregnant mothers—is one of the 
few mHealth programmes to reach 
substantial scale in the US. Its design 
drew on Mexico’s VidaNet service (for 
patients with HIV/AIDS) and Kenya’s 
MobileforGood Health Tips. Technology 
transfer from emerging countries is 
likely to continue.

More important, the development of 
mHealth in emerging-market coun-
tries can accelerate the development of 
ecosystems of firms—providers, tech-
nology companies, telecoms operators, 
payers and others—that analysts agree 
are essential for mHealth’s long-term 
success. Given mHealth’s digital nature, 
an ecosystem will not be restricted by 
national boundaries. This will eventu-
ally allow participants to support disrup-
tion in a host of markets. The future of 
Western healthcare may be developing 
in emerging markets today.

Chart 21: mHealth adoption may reflect relative need

Source: Economist Intelligence Unit, 2012
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Chart 21: mHealth adoption may reflect relative need
A tale of two countries—India and the UK 
The UK and India reflect the stark differences between 
developed and emerging markets in mHealth. For the 
latter, mHealth can address pressing healthcare needs; for 
the UK, it is simply an added luxury.

The healthcare landscapes of each country create different 
motives for using mHealth. Indians cover about three-
quarters of their medical expenses out of their own pocket, 
and adequate care is beyond the financial reach of many. 
The country has only 0.6 doctors per 1,000 people, the 
vast majority of whom are concentrated in urban areas 
that encompass just 30% of India’s 1.2 billion inhabit-
ants. Rural residents usually receive care from accredited 
social health activists rather than more trained medical 
personnel. Given the degree to which specialists concen-
trate in metropolitan areas and semi-urban towns, “tele-
medicine and mHealth methods will have to be adopted”, 
according to Sunderrajan Jagannathan, Head of Strategy 
at Siemens Healthcare India.

The UK, meanwhile, is reasonably well served by the 
National Health Service (NHS). Life expectancy of 80.4 
years is above the developed world average (78) and far 
above that of India (67.1). Moreover, the NHS’s free service 
at the point of need removes the economic burden of care 
from most of the population. Instead, the currency British 
patients tend to pay in is inconvenience, with waiting lists 
a continuing problem.

The drivers of mHealth in each country are thus different. 
For Indian respondents, the three biggest attractions are 
cost reduction (cited by 58%), convenience of access (55%) 
and ability to obtain otherwise unavailable information 
(40%). Convenience is the biggest consideration of British 
patients (49%), but this is followed by a desire to take 
greater control of their own health (43%). Cost reduction 
(25%) is far down the list. 

Cost is also the leading driver of mHealth for payers 
and doctors in India, followed by the opportunity to 
provide new services and to reach previously inaccessible 
patients. These considerations are much less important 
in the UK, where reduced administrative time is a leading 
concern. Indeed, UK payers were twice as likely to say that 

encouragement by regulators (34%) was a leading impetus for 
greater use of mHealth than improved outcomes (17%). 

Even the people whom mHealth users are seeking to help differ 
between countries. In the last two years users in India were 
slightly less likely than British respondents to have acted on 
their own behalf (74% to 79%), but more than twice as likely to 
have done so for other family members (54% to 24%) and ten 
times more likely to have done so for friends and neighbours 
(29% to 3%).

The barriers to mHealth also reveal a telling difference in 
perspective. While cultural and medical attitudes are as  
much a problem in India as elsewhere in the world, the third-
biggest barrier for British payers is that other areas need  
investment first. 

The results are predictable. Among patients, 48% of British 
respondents do not engage in any mHealth-related activity, 
compared with just 12% of Indian respondents. 

A glance at headline projects tells the same story. India has 
a range of substantial mHealth activities. The Aravind Eye 
Hospital System’s mobile health vans are an often studied use 
of wireless technology. The Apollo Telemedicine Networking 
Foundation has over 70 telemedicine centres in the country 
that allow contracting parties to serve rural areas. The govern-
ment has announced plans for a variety of national telemedi-
cine networks, including in oncology and disease surveillance. 
Still, Mr Jagannathan characterises India’s progress in tele-
medicine and mHealth as “baby steps—it has a long way to go, 
but has big potential.”

In Britain, meanwhile, progress is far less steady. Numerous 
mHealth projects exist, and stakeholders in Manchester are 
experimenting with the creation of a broadly based ecosystem 
of organisations to support the field. Nevertheless, after ten 
years and investment of £6.4 billion (US$10.3 billion), the 
largest eHealth project—the creation of electronic health 
records across the country—was abandoned as unfit for modern 
needs. In order to save money, the largest national telemedicine 
programme—NHS Direct—is also being replaced by a series 
of local facilities that will probably have less skilled personnel, 
potentially a setback in healthcare provision.
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Disruption may eventually overcome 
barriers to change in mature healthcare 
systems—it is already starting to do so 
in emerging markets. Yet entrepreneurs 
worldwide still need to find business 
models that work in the current environ-
ment. This is proving a challenge: 64% 
of doctors and payers say that today 
mHealth has exciting possibilities but 
too few proven business models. 

“You can do great things with mHealth,” 
says Mr Nemetz, “but at the end of the 
day the question is who is willing to pay 
your bill.” Sunderrajan Jagannathan, 
Head of Strategy and Development for 
Siemens Healthcare India, agrees: “[For] 
any business model the revenue chain 
must be firm. That is where mHealth has 
a problem.” 

New technology does not always attract 
new sources of revenue. mHealth is 
a case in point. The flood of personal 
health phone apps notwithstanding, 
patients are still largely unwilling to buy 
services. They cite cost as the biggest 
barrier to greater use of mHealth (49%), 
not because products are expensive, but 
because patients are highly price sensi-
tive. Of those using mHealth services or 
applications, around one-quarter pay 
more than just US$5 per application. Of 
those without such services, only about 
15% are willing to pay that much. These 
figures change very little with income. 

Patients in emerging markets are more 
willing to pay than those in developed 
ones—probably reflecting the higher 
proportion of all healthcare costs they 
pay out of their own pocket—but even 
they demonstrate reluctance. According 

to Mr Dishman, although they are 
willing to pay for technology in other 
areas, such as consumer electronics, “the 
moment it crosses over into healthcare, 
[consumers’] entitlement mentality 
kicks in regardless of social status. For 
the foreseeable future, we have to show 
value to [existing healthcare] payers.” 

Finding and proving a need
To convince payers—or providers 
interested in cost reduction—to pay 
for mHealth, companies must focus on 
solutions that help these stakeholders 
directly. This is not always straightfor-
ward. Lack of imagination is one of the 
biggest problems facing mHealth, says 
Mr Dishman, but this is common with 
new technology: before email became 
widespread, Intel’s surveys showed that 
most people claimed not to want it.

New entrants from technology indus-
tries may find it particularly difficult to 
understand what potential customers 
want. As Mr Metze notes: “Technology is 
nearly nothing as long as you don’t know 
what to do with it. It is only in combina-
tion with solutions that you can show 
real value, but it is very important to 
find a language that bridges technology 
people and clinicians, because they tend 
to think differently.” 

Working with care providers in creating 
mHealth solutions is one way to help 
them be relevant, and it has important 
additional benefits. Mr Nemetz explains 
that “when doctors and nurses see that 
they are in the driver’s seat, you don’t 
encounter the behavioural hurdles [to 
adoption that otherwise occur]”.

From incremental to disruptive 
change
A solution- rather than technology-
based approach may seem to lead to 
merely incremental innovation. Such 
improvements, however, can be signifi-
cant. Mr Leslie notes that the ability to 
book appointments by mobile phone has 
brought huge efficiency gains in China. 

Moreover, solutions themselves often 
allow or involve broader change. Ms 
Reddy says that Apollo Hospitals floun-
dered when the focus was on mobile 
technology. “When we came back to 
putting the patient in the centre, then 
everything fell into place.” 

The company’s diabetes programme, 
she says, has been particularly effec-
tive. This has created an integrated 
loop between doctors and patients 
that includes voice, text and mobile 
apps. This integration has improved 
compliance with care protocols and has 
helped diabetics manage their condition 
more effectively. New processes were 
created along the way, but according 
to Ms Reddy, mHealth was integrated 
into existing healthcare rather than 
standing apart from it. Similarly, Orange 
Healthcare’s project to digitise and store 
all medical imaging from Paris hospitals 
in the cloud addresses the problem of 
the huge storage costs that these institu-
tions face, but also allows easier access 
and sharing of such data by clinicians.

Ultimately, however, mHealth needs to 
do more than integrate with existing 
healthcare systems. As with any disrup-
tive technology, it will need to rely on 
and act through an ecosystem of actors 
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with a shared concept of how healthcare 
should be delivered. 

It requires “multi-sector, long-term part-
nerships and critical mass”, according 
to Mr Taylor. On a technological level, 
this inevitably involves the integration 
of data and services based around the 
individual patient. This is not an end 
in itself, but is instead the key enabler 
of patient-centred care that involves all 
aspects of health from prevention to 
treatment in a holistic way. 

Ingredients for successful mHealth models  
The pervasiveness of technology is enabling the emergence of a new, more patient-centric healthcare value 
chain. As a result, conventional business models, which typically place consumers at the periphery, may soon 
no longer apply. 

To lead, all stakeholders—physicians, hospitals, health insurers, pharmaceuticals, medical device companies and 
government—will likely shift their practices toward patient/consumer models that will focus on clinical outcomes, 
value, and patient satisfaction.

One needs to look no further than other industries (e.g., media, retail and travel/tourism) that provide value-add 
online services—many of which are free of charge—in order to generate a competitive advantage. As in these other 
industries, business models that will likely get the most traction will be based on payment schemes that leverage 
retailers, product companies and other business partners to absorb any additional costs with minimal reliance on 
consumer payments. 

PwC research has found that mHealth solutions have begun to embrace the following six principles: 

Interoperability – interoperable with sensors and other mobile/non-mobile devices to share vast amounts of data 
with other applications, such as electronic health records and existing healthcare plans. 

Integration – integrated into existing activities and workflows of providers and patients to provide the support 
needed for new behaviours. 

Intelligence – offer problem-solving ability to provide real-time, qualitative solutions based on existing data in order 
to realise productivity gains. 

Socialisation – act as a hub by sharing information across a broad community to provide support, coaching, recom-
mendations and other forms of assistance. 

Outcomes – provide a return on investment in terms of cost, access and quality of care based on healthcare objectives. 

Engagement – enable patient involvement and the provision of ubiquitous and instant feedback in order to realise 
new behaviours and/or sustain desired performance. 
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Picking up the tab
But, again, who will pay? To increase 
behaviours that prevent chronic disease, 
says Martin Kopp, Head of Healthcare 
at SAP, “you need to find the compa-
nies that will benefit from [employees] 
changing behaviour.” The same is true of 
healthcare reform as a whole. 

In the long term, the most common view 
among those interviewed for this study 
is that healthcare payers will underwrite 
mHealth as part of broader changes 
in healthcare. In Dr Poste’s words: 

“Economically we cannot go on as we 
are. Pressure will come from payers. 
We will each have to do a better job of 
taking personal accountability for our 
own health. Economic forces will dictate 
that payers, providers and patients will 
be in increasing alignment.” 

As discussed earlier, emerging markets 
are leading the way in mHealth. 
But economic pressures will lead to 
the reconfiguration of healthcare in 
developed countries as well. When that 
happens, they will need to catch up.
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Does it work? Does that matter?
Perhaps the most visible element of mHealth is the 
profusion of phone apps, especially ones related to fitness 
and wellness. Tens of thousands are already available, and 
different market research firms have issued predictions for 
global downloads in 2012 that vary widely from just over 
40 million to nearly 250 million.

Other data, however, suggest that all will not be clear 
sailing for the fitness and wellness market. The Pew 
Internet & American Life Project found that in the year 
ending August 2011 the increase in the number of adults 
in the US who had ever downloaded an mHealth app for 
their phones was insignificant. 

More worrying for the industry is the immense drop-out 
rate. The survey fielded by the Economist Intelligence 
Unit shows that, discounting respondents who had just 
started, 67% of respondents who have used an mHealth 
wellness or fitness app with manual data entry discon-
tinued it in the first six months. For automated apps that 
took information from other devices, the figure was even 
higher (74%). This is consistent with the experience of 
many interviewees. 

High drop-out rates highlight two particular weak-
nesses of these apps. First, on their own they lack value. 
George Poste, professor at Arizona State University, says 
that most “are intriguing, but won’t have any impact 
because they are not inter-operable and not actionable.” 
Integration with healthcare systems, however, will be 
problematic. Prof. Chris Taylor, director of the University 
of Manchester’s mHealth Innovation Centre, notes that 
“healthcare professionals don’t currently treat as credible 
any data that are being created [through lifestyle apps]”.

The second challenge is understanding efficacy. Very few 
studies have been conducted evaluating the impact of 
mHealth applications on care, let alone their return on 
investment. Misha Chellam, Chief Operating Officer of 
Scanadu, an mHealth device company, explains that while 
his company is working on finding appropriate measures, 
“people are ignoring it because it is hard”. 

Patricia Mechael, executive director of the mHealth 
Alliance, a multi-stakeholder group seeking to advance 
mHealth, sees this as one of the biggest barriers in the 
field. The mHealth Alliance is working with its partners, 
including the World Health Organisation (WHO) and 
Johns Hopkins University in Baltimore, Maryland, on the 
Global mHealth Initiative, to identify and promote the 
types of mHealth programmes that are, in fact, effective. 

There may well be surprises. To date, studies tend to show 
that remote monitoring can lead to substantial declines 
in the use of other healthcare assets. The US Veterans 
Administration, for example, found that overall the prac-
tice cut hospitalisation by 30% and admissions for heart 
failure by 40%, more than paying for the programme. In 
contrast, a recent major study of telemedicine in the UK 
found that such services did little or nothing to reduce 
hospitalisation rates.

But these issues are not confined to health self-manage-
ment apps. Such products may show some of mHealth’s 
difficulties most clearly, but others suffer similar weak-
nesses: 61% of patients surveyed by the EIU discontinued 
using mHealth services that allow better communication 
with healthcare professionals within the first six months, 
while 70% stopped using the devices that automatically 
send data to health providers. 

Clear efficacy data could speed mHealth’s adoption, but 
their absence may matter less than one might expect. 
Jennifer Dixon, Director of the Nuffield Trust, notes that, 
as with the advent of computers, mHealth “is probably 
going to happen anyway; there is an inevitability about it, 
so people aren’t looking carefully.” 

In itself, this may not be bad. She notes that even if banks 
did not do cost/benefit analyses when introducing online 
banking, this technology has allowed the restructuring 
of numerous processes that would have been impossible 
otherwise. Society may, then, simply expect such change 
in healthcare, and the issue will be how to use it most 
effectively. As Bakul Patel, a policy adviser at the US Food 
and Drug Administration (FDA), says, “Hype or not, it is 
becoming part of life.”
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Conclusion

There is good reason to be excited over 
mHealth. Mobile technology can enable 
much-needed, thoroughgoing change 
in healthcare systems worldwide and 
in turn bring significant social and 
economic benefits. The scope of the 
task ahead, though, should temper the 
current excitement. 

The adoption of mHealth, if it is to be 
meaningful, must be part of a wider 
disruption of healthcare. But however 
ripe the sector is for change, the barriers 
remain substantial. Powerful stake-
holders with contradictory incentives 
will either fail to underwrite change that 
benefits the system as a whole but not 
themselves, or use the complexities of 
systems to block innovation that might 
harm them.

Disruption is never easy, but is rarely 
impossible. Already mHealth is being 
adopted where the need is greatest and 
the barriers are lowest: among those 
who pay a large proportion of income 
for healthcare, among patients who are 
not getting effective care from existing 
structures and, most of all, in emerging 
markets.

To thrive in complex healthcare environ-
ments, companies active in mHealth 
should bear in mind the following 
guidelines:

• Find applications and services that 
bring concrete value to identifiable 
stakeholders. Someone needs to be 
willing to pay for change. This may 
be a single stakeholder or a combina-
tion of several, who come together 
under cost- and risk-sharing arrange-
ments. The benefits of innovation 
must be clearly discernible to those 
who can potentially underwrite its 
development.

• Think in global terms. The main 
mHealth markets are already, and 
will continue to be, in the emerging 
economies. These countries will be 
sources of substantial innovation 
that can be transferred to developed 
markets. 

• Focus on solutions, not technology. 
An overemphasis on what mobile 
devices can do will lead companies 
to miss chances to solve problems 
for which people are willing to pay. 
Businesses outside of healthcare may 
be the ones to spot those opportuni-
ties: many in healthcare have yet to 
understand the full potential of the 
new technology. New entrants, on the 
other hand, must develop a greater 
understanding of the industry, 
working with existing providers 
and payers and co-operating with 
other companies to build an mHealth 
ecosystem that supports the long-
term use of the technology.

• Identify possible partners to 
create a greater impact and find 
new value. Any technology relies 
on an ecosystem of interconnected 
suppliers, creators and users. The 
mHealth ecosystem is only beginning 
to evolve, and profitable new rela-
tionships are there to be found. This 
evolution will also involve co-oper-
ation and co-creation between 
member organisations, including 
existing healthcare firms, new tech-
nology providers, payers, medical 
professionals and even patients. This 
will not only identify the best ways to 
use the new technology, but will also 
help to smooth its adoption.

Most of all, advocates of the technology, 
especially those who come from outside 
the health field, need to avoid the trap 
of seeing mHealth as something apart 
from healthcare. Its greatest value will 
be how it integrates with health systems 
and allows them to provide better care 
for patients. In some cases the promise 
of mHealth will prove illusory: personal 
contact between patient and provider 
will always have a place in medicine. 
In others cases, however, mHealth will 
revolutionise the way care is provided. 

Ultimately, mHealth will probably 
become so commonplace as to fade from 
notice. According to Dr Benjamin, in 
several years “the bits of mHealth that 
work won’t be called ‘mHealth’: they 
will be called ‘health’, in the way that 
nobody talks about ‘electric health’ and 
no country has a ‘stethoscope society’.” 
mHealth will have reached its full poten-
tial when it becomes ordinary.

.
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Abstract Mobile phones are becoming increasingly

important in monitoring and delivery of healthcare inter-

ventions. They are often considered as pocket computers,

due to their advanced computing features, enhanced pref-

erences and diverse capabilities. Their sophisticated sensors

and complex software applications make the mobile

healthcare (m-health) based applications more feasible and

innovative. In a number of scenarios user-friendliness,

convenience and effectiveness of these systems have been

acknowledged by both patients as well as healthcare pro-

viders. M-health technology employs advanced concepts

and techniques from multidisciplinary fields of electrical

engineering, computer science, biomedical engineering and

medicine which benefit the innovations of these fields

towards healthcare systems. This paper deals with two

important aspects of current mobile phone based sensor

applications in healthcare. Firstly, critical review of

advanced applications such as; vital sign monitoring, blood

glucose monitoring and in-built camera based smartphone

sensor applications. Secondly, investigating challenges and

critical issues related to the use of smartphones in healthcare

including; reliability, efficiency, mobile phone platform

variability, cost effectiveness, energy usage, user interface,

quality of medical data, and security and privacy. It was

found that the mobile based applications have been widely

developed in recent years with fast growing deployment by

healthcare professionals and patients. However, despite the

advantages of smartphones in patient monitoring, education,

and management there are some critical issues and chal-

lenges related to security and privacy of data, acceptability,

reliability and cost that need to be addressed.

Keywords Smartphone based applications � Healthcare
systems � Mobile healthcare applications � m-Health

applications � Mobile monitoring and mobile healthcare

technology

Introduction

Today world is witnessing the increase in the use of mobile/

smartphones. A Smartphone generally includes advanced

functionality beyond making phone calls and sending text

messages. Most smartphones have the basic functionality

like; high quality imaging, video streaming, e-mail, and

internet access. Users will have plenty of personal computer

features in their handheld smartphone with a touch of a

button or swipe of a finger; from international to local news,

world maps to local area knowledge, phone banking to

online shopping, and most importantly the mobile health-

care (m-health) deliveries. There has always been a rapid

change in the way healthcare delivers. In nineteenth cen-

tury, first commercial but bulky electrocardiograph (ECG)

device was developed, which later on improved to a 12-lead

ECG with smaller size and advance functions. However,

today ECG measurement (using two leads) is possible via

smartphone and other hand held devices such as tablets and

personal digital assistants (PDA) [1–4]. Today’s techno-

logical change is due to a combination of three factors.
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Firstly, the availability of low-cost embedded sensors either

in-built or integrated to the mobile phone which allowed

researchers to adopt multi-disciplinary approach in their

model. Secondly, smartphones are available everywhere

and programmable. Thirdly, new applications allow large

populations of users across the globe to deploy new appli-

cations, collection and analysis of data far beyond the scale

of what was previously possible. The combination of these

advances opens the door for new innovative research and

will lead to the development of sensing applications that are

likely to revolutionize a large number of existing business

sectors and ultimately significantly impact our everyday

lives. Mobile healthcare applications have now enabled the

technology to be applied in different and versatile manner

which was previously unseen [5–7]. Such technology

reduces the platform dependent applications particularly;

patient monitoring, early diagnosis, detection and other

important medical aspects. Developments in wireless

communication technologies and trend towards using hand-

held mobile devices are forcing a re-evaluation of existing

technology infrastructures within healthcare. M-health

systems have potential to provide a variety of opportunities

to address public health challenges and reduce the health-

care cost [8]. Based on a comparison between the average

cost per day (or per visit) of various healthcare alternatives,

it is reported that ‘hospital inpatient in the U.S.A. costs

$820 per day, while a nursing home costs $100. The average

cost of a house call is $74, while a telemedicine ‘‘virtual

visit’’ costs only $30’ [8]. There are approximately 100,000

health related applications for smartphones are now avail-

able on the two major smart phone platforms, Apple’s iOS

and Google’s Android. [9, 10]. Emergence of smartphone

based healthcare applications can address key issues/chal-

lenges such as; increasing worldwide healthcare related

cost, increasing older adults population, high usage of

smartphones in our daily lives and to enhance overall

healthcare delivery. Some of the key reasons/facts that

motivate researchers, developers, and manufacturers to

derive research initiative into the advance healthcare

applications are discussed below.

Worldwide healthcare cost

According to US Bureau of the Census [11], within the

next decade, annual U.S. expenditure on healthcare is

projected to reach $4 trillion/year, or 20 % of the gross

domestic product [12]. During this period, all United States

healthcare spending is projected to grow at an annual

average rate of 5.8 %, 1.1 % points faster than expected

growth in Gross Domestic Product (GDP). By 2020,

healthcare spending is projected to be 19.8 % of GDP,

increasing from 17.6 % in 2010. All healthcare spending

will reach $4.64 trillion in 2020 [13–15]. Therefore, health

monitoring systems (HMS) can play a significant role in

reducing hospitalization, the burden on medical staff,

consultation time, waiting time and overall healthcare

costs. There is always a constant motivation throughout the

world towards the reduction of health related costs. In

recent times, one emerging solution which has potential to

reduce healthcare cost is smartphone/mobile phone based

healthcare (m-health) applications. According to Deloitte

research, annual US healthcare spending, including hidden

costs, is projected to hit $3.8 Trillion in 2014. Almost

100 million Americans now use m-Health technologies,

and 38 % of smartphone users deem their mobile devices

‘‘essential’’ for finding health and medical information.

According to Manhattan Research Cybercitizen Health

study [16], it is also reported that a significant improve-

ment has been made in their quality of life. Increasing

Older Adult population.

In last two decades, the rapid increase in older adult

population (65?) has proved to be a major challenge in

healthcare. Number of patients now requiring continuous

monitoring has raised proportionally with this increase in

population and, by 2025, this group will number approxi-

mately 1.2 billion. By 2050, there will be 2 billion of this

age group, with 80 % in developing countries [17].

Moreover, in developed countries, older adults will con-

stitute nearly 20 % of the overall population according to

population reference bureau [18]. According to French

National Institute of Statistics and Economic Studies

(NISE), 24.4 % of French population is of older age group

(65?) [19]. In 2006, in UK, the 75? age group is

accounted for 41 % of population of state pensionable age.

However, by 2056, with the increase in age for state pen-

sion entitlement, this group will account for 67 % of

pensionable population [20]. In June 2010, there were

3.01 million people aged 65? in Australia [21] and, in

New Zealand, by 2031, one in five New Zealanders will be

aged 65?, compared to one in eight in 2009. It is projected

that the proportion of older adults aged 65?, in New

Zealand will increase from approximately 13.5 % in 2011

to 22.3 % by 2031 and 26.3 % by 2051 respectively [22].

Mobile phone/smartphone usage in our daily life

According to the International telecommunication union

(ITU) [23], there are estimated 5.9 billion mobile-cellular

subscriptions worldwide with global penetration of 79 % in

the developing world. Mobile-broadband subscriptions

have grown 55 % annually over the last 4 years [9, 24].

The rapid growth of smartphone medical and health

applications demonstrates that developers/researchers see a

current market for mobile health [10, 25]. In order to have a

fast mobile internet access a total of 159 companies

24 Australas Phys Eng Sci Med (2015) 38:23–38
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worldwide have launched 3G services commercially and

number of active mobile-broadband subscriptions has

increased to almost 1.2 billion [23]. Large randomized

controlled trials have shown that stable mobile applications

have contributed towards the improvement of quality of

life, especially using self-monitoring mobile applications,

electronic health records and automated alert/reminder

based applications [24, 26, 27].

Smartphone based healthcare systems are designed to

enhance patient care in hospital, home, or remotely [28,

29]. Certainly, there are some challenges/issues regarding

the use mobile phones in healthcare such as; feasibility,

reliability, stability, security and privacy, accuracy, user-

friendliness and power consumption. This paper is divided

into two parts; firstly, smartphone based vital signs and

blood glucose monitoring systems as well as sound and

image detection systems are discussed with a critical ana-

lysis and second part discusses issues and challenges

related to the selected smartphone based applications. The

development of m-health applications with their challenges

and issues is the main focus of this review paper.

Methods

An extensive search has been carried using major academic

research databases, such as; Scopus, SpringerLink, IEEE

eXplore, Google Scholar and PubMed for recent articles

related to ‘smartphone healthcare’, ‘mobile phone health-

care’, ‘mobile phone monitoring’, ‘smartphone health

monitoring’ and ‘smartphone applications’. We considered

papers that discussed technical design, innovation, evalu-

ation, or use of smartphones for healthcare professionals

but excluded studies which are based on ‘SMS’, ‘phone

Call’, ‘remainder’, ‘test massage’ and ‘automated calls’;

terms in the abstract with the year of publication between

2007 and 2013.

Among hundreds of studies collected initially, few

potential studies were selected for this review based on the

above exclusion criteria. Whereas, the application field of

smartphones in healthcare is growing fast and attracting

lots of commercial interests, we included those smartphone

applications with commercial benefit plans. However,

search for articles was limited to ‘health’ or ‘patient health’

or ‘healthcare’ or ‘health applications’. Moreover, articles

dealing with advanced technologies and innovative meth-

odologies were considered especially those articles which

focused on; vital sign monitoring, measuring blood glucose

and in-built camera applications because these three areas

are undergoing significant technological shift. It was found

that smartphone based healthcare applications have been

emerged since late 2002 and a number of good review

articles have been published [30–36]. Therefore, this study

incorporates more recent articles that are in conjunction

with our methods as stated in this section.

Overview of smartphone based monitoring systems

M-health applications are beginning to emerge as a useful

technology for healthcare delivery. For example, by using a

basic cell phone calling service or short message service

(SMS), people with type 1 diabetes mellitus were assisted in

self-management, by sending a text message on their mobile

phone. This method has produced favourable changes in

diabetes self-efficacy and adherence to treatment [37] and

their behavioural changes [38]. There is also an effective and

positive response from smokers, which is one of the world’s

current biggest problems. This is done throughmobile phone

based projects such as ‘Text2Quit’ and ‘txt2Stop’ [39, 40].

Today m-health applications are available in every area of

healthcare such as; physical activity [41], anti-obesity [42],

Diabetes self-management [43] and Asthma self-manage-

ment [44]. However, this research is mainly focuses on

smartphone based healthcare applications using advanced

technology and therefore, we exclude the applications which

uses basic mobile phone features such as; SMS, automated

phone calls and reminders, a comprehensive methodological

review on basic features of mobile phone health interven-

tions is carried out by Klasnja and Pratt [31]. Moreover, an

extensive review of healthcare applications for smartphones

has been conducted by Mosa et al. [30].

Smartphone based vital sign monitoring systems

Vital signs are often referred to, heart rate (HR), blood

pressure (BP), electrocardiography (ECG), oxygen satura-

tion (SpO2), body temperature and respiratory rate. In this

paper we consider these physiological parameters for

mobile phone based monitoring system. Airstrip Technol-

ogies [45] has developed an innovative patient monitoring

solution, using AppPointTM software development plat-

form, which is compatible with mostly all handheld

smartphones, tablets and PCs. Figure 1a shows the Airstrip

Technologies’ remote continuous vital sign monitoring via

iPhone. According to Topol [46] acceptance of mobile

phone in healthcare is possible because of; ever-growing

use of smartphones, enhanced bandwidth with third and

fourth generation (3G and 4G) mobile data networks and

smartphones with computing power equal to that of a

personal laptop computer. Ren-Guey et al. [47] has

developed a smartphone based healthcare system with alert

mechanism using unified modelling language (UML) via

Nokia 7610 phone. System detects abnormal parameter and

alerts the clinician via SMS using mobile internet data
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shown in Fig. 1b. The system achieved R-wave detection

of 95 % and it can be further increased by reducing false

alarms. This system uses smartphone as the main pro-

cessing platform, which connects to external hardware/

sensor and transmits the alert via mobile data. For the

purpose of continues monitoring, mobile communication

link should be ON all the time, which is often considered

costly and it will also have a huge impact on the mobile’s

battery life.

By integrating Holter monitor with mobile phone, Ore-

sko et al. [3] has developed a smartphone based cardio-

vascular disease detection system called ‘HeartToGo’. The

system employs windows mobile operating system 5 and 6

for smartphones, and MIT-BIH database to test its perfor-

mance. Its core model is built using C??, C# and detects

QRS signals with quite high accuracy as shown in Fig. 1c.

Classification accuracy of this system was analysed by

three-way cross-validation method which helps to mini-

mise variations due to random sampling of finite-size data

samples. It is also reported that the dataset was partitioned

for each class randomly into three disjoint subsets of

approximately equal size. A similar system called ‘Blue

Box’ [48] has been developed as a novel hand-held device

capable of collecting and wirelessly transmitting key car-

diac parameters ECG, PPG and bio-impedance (Fig. 1d). It

also measures RR interval and QRS duration, HR, systolic

time intervals and assesses their values in correlation with

cardiac output measured by an echo-doppler. In ECG

measurement there is a 30–60 s time delay has been

reported. Other common issue reported in literature is,

simulation or testing of system by using small sample size

and healthy subjects often gives low accuracy results when

tested in real-time [48, 49]. Figure 1e shows wrist-worn

integrated health monitoring device (WIHMD) developed

by kang et al. [50]. WIHMD consists of six vital signals; a

fall detector, a single-channel electrocardiogram, non-

invasive blood pressure, pulse oximetry (SpO2), respiration

rate, and body surface temperature measuring units. It is

essential to mention that the size of the WIHMD is

60 9 50 9 20 mm, except wrist cuff, and total system

weighs only 200 g, including two 1.5-V AAA-sized bat-

teries. System has achieved high accuracy and works on

low power consumption, and tested using 150 simulated

cases and five human subjects.

Majority of vital sign monitoring systems uses built-in

Bluetooth technology to receive information from various

devices and use mobile internet or WiFi to transfer infor-

mation. Such applications are now easy to build by

development kits for smartphone applications using almost

all major operating systems. This typical setup limits the

mobility of user to its Bluetooth (BT) range only and

continues use of BT often reduces battery life.

Fig. 1 a Image curtsey of AirPort Technologies [45], b a mobile

healthcare system with alert mechanism developed by Ren-Guey et al.

[47], c HeartToGo—a cardiovascular disease detection system

developed by Oresko et al. [3], d a remote patient monitoring system

for heart failure patients called ‘Blue Box’ [48] and e wrist-worn

integrated health monitoring device (WIHMD) developed by kang

et al. [50]
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Smartphones applications for blood glucose

measurement

Today’s smartphones not only serves as key computing and

communicationmobile devices of choice, but they also come

with a rich set of embedded and advanced sensors, such as an

accelerometer, digital compass, gyroscope, GPS, micro-

phone, and camera. Collectively, these sensors are enabling

new applications across a wide variety of domains. Tackling

diabetes is likely one of the major concerns for global public

health community where smartphone can play an effective

role. Smartphones using GPRS, 3G, 4G and 5G (under

development) for data transfer is a technically attractive

solution in establishing reliable communication link

between patients and clinicians. Nowadays smartphones can

transmit and receive data in real-time, using its widescreen

graphical display of data, and keyboard to allow entry of

additional data. Figure 2 shows variety of smartphone based

blood glucose detection systems which are currently in use

and/or available in market today and developed by;

(a) Farmer et al. [51], (b) Tatara et al. [52–55], (c) Cho et al.

[56] and (d) AgaMatrix [57].

Usually these systems can be connected wired or via

wireless BT (Accu-Chek compact plus blood glucose

meter) and often record the readings as a text and present

data with time and history information on the user screen.

Each reading is then converted into a text format which can

be sent manually or automatically as a SMS or over the

internet to doctors, nurses or family members. For blood

glucose meter, user has to buy a user’s phone compatible

device, a mobile application and a mobile phone service

subscription. Smartphone service providers often support

one type of device and thus users are constrained to one

supplier. However, main features of this technology, such

as; low cost, easy to use, simple to adopt are often

neglected or ignored in such cases.

Smartphone based sound and image detection systems

The advanced graphical features of smartphone enable us to

see complex medical signals displayed on mobile. For

example, ECG signal can be displayed on the mobile screen

with heart rate and arrhythmia detection capabilities using

standalone simple ECG diagnosis algorithm in smartphone

[58–60]. Researchers simplified the m-health platform in

such that, microphones of smartphone acts as a stethoscope

to get heart sound (data). Figure 3 shows some of the leading

ECG and heart rate (sound) detection systems. BlueSpark,

an Auckland based company, has developed a smartphone

(iPhone) based application which detects heart rate using in-

built microphone shown in Fig. 3(a). This application works

even better using headsets [61]. Similar heart rate detection

application called ‘Instant heart rate’ was developed by

Azumio technologies, which uses in-built camera. User has

to place the finger gently over the camera and has to hold it

steady for at least 10 s. Instant heart rate application uses

iPhone’s in-built camera to detect pulse from fingertip. A

technique similar to the one used bymedical pulse oximeters

is now available on smartphones [62]. More smartphone

based applications have also been developed using built-in

camera and microphone in recent times [58–60, 63]. Usually

the phone’s camera acts as a scanner, which scans fingertip

using flash light and a program analyses heart rate variations.

However, there is no reliability and stability in such systems

because the output will dramatically change depends upon

the finger position and lighting conditions even for a same

person. Mobile microphone can be used as stethoscope and

data (sound) will be amplified so that user can actually hear

the recorded sound. Smartphones are embedded with vari-

ous sensors such as; acceleration sensors, vibration trans-

ducers, or angular transducers, that provide enhanced

services like; biometrics authentication, motion detection, or

obstacle detection [64].

Fig. 2 Shows the variety of smartphone based blood glucose detection systems developed by; a Farmer et al. [51], b Tatara et al. [52–55], c Cho
et al. [56] and d AgaMatrix [57]
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Imaging is a critical and valuable method in medical care

which can be realized through smartphones. Ultrasound

imaging using smartphone made the clinical diagnosis

simple and advanced. For example, a smartphone works by

coupling with USB-based ultrasound probe technology, to

enable a compact and mobile computational platform. A

medical imaging device that fits in the palm of a hand, has

been developed by Richard and Zar, Washington University

as shown in Fig. 3b [65]. Fluorescence imaging of tuber-

culosis and automated image analysis performed on mobile

phone provides an immediate efficiency gain analysis as

well as a longer term potential for automated microbe and

pathogen identification (Fig. 3c) [66]. Quality of such sys-

tem can be further improved, such that, imaging sensors in

the smartphones could be enhanced through software and

algorithms. An enhanced imaging system has been devel-

oped by Zhu et al. [67], which demonstrated the integration

of imaging cytometry and fluorescent microscopy on a

smartphone using a compact, lightweight, and cost-effec-

tive optofluidic attachments.

Smartphone healthcare network systems are often based

on personal area network (PAN) or body area network

(BAN) in which the network of intelligent bio-sensors

collects biological data from patient. Collected information

would be transmitted to smartphone for analysis, detection,

monitoring and diagnosis. Wireless technologies in

m-health often considered as wireless wide area network

(WWAN), which provide standard communication plat-

form over a wide geographical area; and Wireless local

area network (WLAN) technologies (e.g., WiFi) which

provide over a narrow geographic area [32, 68].

Today, almost every (standard) smartphone has a built-

in camera, it is expected that the majority of healthcare

applications will focus on using this feature to address the

important aspects of healthcare deliveries. Some of the

challenges with using camera and image/video processing

of captured information are related to camera quality on

which the application is built upon. Moreover, complexity

of image/video processing handled by smartphone in terms

of processing time, battery life and advancement to the

already existing systems is currently a hot research topic.

Biofeedback application in mobile healthcare are also an

emerging area, especially for sports, physiotherapy and

musculoskeletal systems. A lightweight biofeedback sys-

tem has been developed for Android operating system to

continuously monitor outdoor sports activity using GPS,

Shimmer sensor and automated labelling algorithm [69].

Such application in real-time provides information of the

location as well as the e-health record of the athlete, which

in most cases, regarded as the early detection of the decline

in the performance related monitoring [70–72]. Another

area of concern in the view of biofeedback applications is

the mental health and behavioural disorders, which are

generally difficult to treat and monitor [73]. Common

examples include a variety of addictions (drugs, gambling,

food, etc.) as well as anxiety disorders or depression. In

order to address the behavioural intervention related to the

use of drugs via mobile application, a mobile sensor system

has been developed, consists of a sensor band worn on the

ankle that continuously monitors electrodermal activity

(EDA), 3-axis acceleration, and temperature. The EDA

signal from the ankle bands provides a measure sympa-

thetic nervous system activity and used to detect arousal

events. In case of a specific arousal event the phone

automatically presents therapeutic and empathetic mes-

sages to the patient in the tradition of Cognitive Behav-

ioural Therapy (CBT) [74]. To detect the early change in

the behavioural response using the body sensors and using

activities of daily life (ADLs) and integration of personal

health record via telehealthcare application is proposed by

Kulkarni [75]. Early detection of abnormal activities was

deleted from the ADLs and analysed using the robust sta-

tistical measures. The unique combination of telehealthcare

and ADLs gave the advantage of real-time early detection

Fig. 3 Various smartphone based sound and image detection appli-

cations. a BlueSpark’s heart monitor for iPhone [61], b Richard and

Zar, Washington University developed USB-based ultrasound

imaging system [65] and c Breslauer et al. developed the clinical

microscopy system using smartphone [66]
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of various activity and behavioural changes [76, 77]. Apart

from the ADLs analysis, there is also a growing applica-

tions on various mental engagement for the Dementia

patients in the form of a mobile game or an interactive

smartphone application so that the behavioural change can

be monitored and measured [78].

A brief summary of m-health systems and its potential

benefits is presented in [34, 79], where some successful

case studies in the areas of electronic patient records,

emergency telemedicine, tele-radiology and home moni-

toring are discussed. Various scenarios and situation of

m-health system for managing emergency circumstances

can be found in [80, 81]. Recent studies and surveys on

advancements in m-health domain are given in [32, 35, 79,

82–85]. Table 1 summarises the above discussed mobile

healthcare systems. The most successful and widely

adopted m-health technology networking architecture is

shown in Fig. 4. Similar architecture is also adopted by

many researchers such as; Liu et al. [86], Lane at al. [83],

Kumar et al. [81], Alemdar and Ersoy [79], Ming et al.

[87], Mughal et al. [88] and Kulkarni and Ozturk [75].

Critical analysis of smartphone based healthcare

applications

Smartphone based healthcare technology would benefit

patients and medical professionals by providing rapid

access to health information especially, in emergency sit-

uations. This technology is continuously being enhanced

while there are challenges to improve its clinical applica-

tions. Advantage of mobile phone based monitoring has

been proved for data capture and transfer only, whereas

data processing on a mobile devices poses serious disad-

vantage in terms of accuracy, delay and power/battery life

[24, 73]. For instance, raw data can be transmitted effi-

ciently from a mobile phone, but the analysis and pro-

cessing of that data inside the smartphones is still a major

concern. This is due to the high impact of data processing

on the mobile phone’s battery runtime and ultimately

causing delay in transmission of data. The model of data

transmission in mobile health monitoring systems can be

presented in two transmission types. In type 1, patient data

is collated by a mobile device and then transmitted to a

remote server for processing. Then, data is transmitted to

clinician’s mobile device directly or via patient’s mobile

device. In type 2 mobile transmission, the patient data

collected using body sensors are directly transmitted to a

remote station/server for data processing, then alerts are

transmitted to other devices to avoid any delays.

Continuous data transmission by mobile devices can

significantly reduce battery life. This scenario particularly

is more challenging when compared to low signal strength

in rural areas or in case of data transmission charges.

Another critical challenge is the security and privacy of

user data, especially in remote monitoring systems. These

systems not only monitor vital signs but also can detect

abnormalities and transmit data to healthcare professionals

in real-time. However, a significant threat to these systems

is the data security and privacy, in terms of patient iden-

tification and confidentiality of medical information. These

issues have not been fully addressed yet and there is a need

for improvement in the design and structure of these

Table 1 Selected smartphone based healthcare delivery systems

Name Purpose Smartphone Wireless technology Programming language

used

Ren-Guey et al.

[47]

Healthcare system with

alert mechanism

Nokia 7610 Bluetooth class 2

application programming

interface, JAVA

Borland C ?? 6.0 ActiveX

data objects

HeartToGo [3] Cardiovasc-ular disease

detection System

Windows Mobile 5 (Amoi

E72) and 6 (HTC)

Blue tooth class, Matlab

and LabView

C#, C ??,.NET and used

MIT-BIH database

Blue Box [48] Heart failure patient

monitoring system

Handheld device Low-power Bluetooth

module

Converter (AD5934)

Kang et al. [50] Wrist-worn integrated

health monitoring device

(WIHMD)

Samsung smartphone Personal area network, ad

hoc networking

QRS detection algorithms,

microcontroller

(ATmega103L, Atmel,

USA

Farmer et al. [51] Phone based telemedicine

system for type 1 diabetes

Motorola T720i phone Bluetooth, GPRS (2.5G) JAVA programming

Tatara et al. [52] Self-help tool for Type 2

diabetes

HTC P3450 Wireless data transmission JAVA programming

Breslauer et al.

[66]

Clinical microscopy Nokia N 73, (with 3.2

megapixel CMOS

camera)

N/A C ?? and JAVA with

integrated microscopy

image analysis
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systems to comply with medical and ethical standards.

However, smartphone applications may impact heavily on

the staff in the common areas that support some important

activities such as patient schedule changes, and discussions

related to professional feedback and quality control. This

impact in a surgical department was found to be negative

and additional socio-technical mechanisms may be

required to overcome these issues [89]. However, despite

the advantages of mobile/smartphones in patient monitor-

ing, education, and management there are some critical

issues and challenges related to security and privacy of

data, acceptability, reliability and cost that need to be

addressed. Next section addresses some of the critical

issues/challenges currently facing by mobile healthcare

technology, and recommendations on the identified issues.

Critical issues and current challenges facing

by m-health technologies

A number of critical issues are considered important in

m-health monitoring such as: duration of monitoring, fre-

quency of data collection and transmission, amount of data

transmitted and nature of monitoring in terms of alert, peri-

odic or continuous. The following overview of requirements

of patient monitoring shows the complexity, diversity, and

somewhat contradictory nature of the requirements. Some of

the current and future challenges that researchers must

overcome are investigated in the following sections.

Reliability, efficiency and acceptability

With the ever growing smartphone based monitoring sys-

tems, end-user acceptability is becoming an important

aspect in the design of such systems. There is still an open

research question to be addressed and the opportunity for a

paper to address a particular question such as: Do smart-

phone based monitoring systems make a difference to the

patient’s (end-users) well-being? To answer this important

aspect of healthcare many researchers have included

patients as well as medical professional’s consideration at

every stage of the design and development [90]. We

believe the acceptance of any system in the healthcare

industry depends on the user awareness and acceptability.

Adaptation of a device within the clinical field is stuck

when they are negatively perceived. User-centred design is

essential in order to incorporate these perceptions into the

product, especially at the earlier stages of the project

development. When analysing user’s needs, contextual

inquiry, user’s profiling the designer should consider a

number of factors such as; task analysis, surveys, inter-

views and focus groups to address the user acceptability

[91]. We support the proposal of Steele et al. [92] that

future studies should document any attitudes, perceptions

and concerns of users. It is known that highly sophisticated

technology and data analysis techniques become irrelevant

if user do not wear the sensor systems for the allocated

periods of time [93].

The reliability of monitoring systems is an important and

open research question which often considered as a critical

parameter for the acceptability of the system. In the context

of reliability and efficiency, main purpose is to connect

m-health monitoring system to the user within their activity

area (Bluetooth range) and model the regular activities. An

alert is not triggered when the person is outside coverage

area or specific range by more than a predefined threshold

range. Several methods are proposed for determining when

an alert/alarm should be triggered [75, 94]. Bergmann and

McGregor [95] carefully considered several systems and

Fig. 4 Widely adopted m-health technology networking architecture
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recommended the best and most efficient body worn sensor

design. Current trends in m-health applications have pro-

duced an innovative and versatile approach to wearable

textile based monitoring systems using smart shirts [96],

T-shirts [97], electrode-embedded textiles [98–100], worn

at home [101, 102], in bed [103, 104] in the form of

headgear [105], or footwear [106]. Innovative methods for

improving physiological signal processing have also been

developed [107]. These include, neural networks [108],

fuzzy logic [109, 110], principal component analysis and

independent component analysis [111]. In brief, m-health

applications must provide reliable and efficient vital data

and algorithm for evaluating the patient’s needs. The sys-

tem should be simple, reliable, and user-friendly.

Smartphone platform variability and cost effectiveness

Software platform is becoming a drawback towards the

development and implementation of smartphone based

applications due to its multiple/different operating systems.

The development environments for handsets cover a wide

range of operating systems including, Microsoft Windows

Mobile, Symbian, Blackberry, Palm OS, Mobile Linux,

J2ME, Apple’s iOS and the Android platform by Google.

Another issue with use of mobile platforms is variability

and compatibility between the programming language and

application environment. At present, efforts to make

m-health systems fully functional in all available (com-

mon) smartphone platforms are slowly approaching [45,

61–63]. The involvement of healthcare professionals in the

development of such systems and their participation in the

policy discussions would be important in order to achieve

full potential of m-health applications [112–114]. Another

barrier is mobility of data as most of the smartphone based

healthcare systems transfer patients’ vital data and/or key

physiological parameters via mobile communication links,

that are; GPRS, 2G, 3G, 4G and 5G (under development)

networks. Costly mobile phone contracts and expensive

termination fees could create a barrier to access for a

specific service such as medical data processing [115].

Energy usage and battery life

It is very important to have a low energy consumption

device especially for battery operated systems, such as

smartphone. With the vital sign monitoring and considering

the use for older adults, is one of the main goals to reduce

energy consumption for achieving a longer battery life.

There is a long lasting debate on the effect of cell phone

radiation on the human body, which is beyond the scope of

this study. When a device transfers a considerable size of

raw data to central processing unit of a stationary com-

puter, a large amount of energy is required which normally

supplied by a battery. For example a blood pressure mea-

surement every 10 min require 35 mA/h (consider data

transmission, valve and microcontroller), in this case

1,000 mA/h or AAA batteries required which will long last

for a day or so. These application requires high quality of

data in real-time, sent to multiple devices (PC, laptop and

tablet) [116]. Long term use of such systems can pose a

serious threat to mobile device’s battery life and seriously

compromise the transmission of essential data [117, 118].

Researchers are actively developing new low-power, low-

energy consumption sensors which can be used in long

time monitoring and gives more battery life [68, 79, 119–

122]. Proper frame work has to be developed to address the

energy consumption issue in smartphones which can be a

serious threat not only to system but also m-health tech-

nology [123, 124]. In emergency situations when; patient

collapsed, or the strength of mobile signal is low, espe-

cially in rural areas, or when phone goes off self-automated

alert systems should be activated by smartphone’s in-built

chips [125]. Recent attempts have been made to overcome

the mobile power barrier such as ePROF a fine tuned

energy profiler, it identifies the unique challenge of asyn-

chronous power behaviour of the open/running applications

in a mobile phone to allocate the memory usage and its

power impact on the monitoring hardware. This research

shed light on internal energy dissipation of such energy

profiling apps and reported that 20–65 % energy con-

sumption can be achieved by controlling I/O events within

application [126].

User interface and quality of patient’s medical data

From user point of view, graphical user interface (GUI)

feature of a smartphone is one of the most appealing

functions that should be easy to use, simple and functional.

Such feature can be difficult to develop for different types

of users including the elderly and handicapped. Today

smartphones offer simple and easy process to download an

application (by looking at 3–4 screen shots shown by the

manufacturer). Thus, there is a possibility that if the user

dislikes the application or finds it complicated then the

application will be removed as easy as it was downloaded.

Therefore it is essential to have a user-friendly and simple

to use m-health application for all common mobile

platforms.

Using high quality data (according to medical standards)

in m-health applications is important for reliable commu-

nications. Various techniques were applied to collect high

quality data [103, 127–132]. However, in some studies

short time data measurement was worrisome [103],

because, either the data quality was substandard [133] or

high false positive alarm rates were reported [134]. It is

necessary for the vital sign monitoring systems to capture
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and transfer the highest possible data quality. For example

ECG signals were far more accurate when gel electrodes

were used [99] whereas those measuring devices without

gel proved to be inaccurate [135]. It is important that at

early stage of application development, a theoretical

framework be set in combination with data (simulated or

trial) to manage physiological parameters. At each stage of

the development, the feedback of medical professionals

should also be considered and discussed it in every possible

aspect in relation with the end user (patient).

Security and privacy

Security and privacy is the most important functionality of

any healthcare system and often this area is left behind in

the development of m-health based healthcare system.

Usually m-health application deals with personal infor-

mation which needs protection in order to have a safe and

secure system. Overall, security is a concept similar to the

safety of any system. As transmission of data in m-health

based application is wireless, it may result in various

security threats. Such threats have potential to pose serious

problems to social life of an individual. Security issues in

wireless sensor networks are a major area of research in

recent years and many researchers have specifically

addressed security issues with respect to healthcare appli-

cations [36, 87, 136–138]. In the following section some of

the security and privacy issues related to m-health based

system will be discussed along with some recommendation

for improvement.

The security issues can be classified into two categories:

system security and information security. Ng et al. [139]

has classified threats and attacks into two major catego-

ries—passive and active. Kargl et al. [140] have mentioned

attacks in health monitoring in detail such as; modification

of medical data, forging of alarms on medical data, denial

of service, location and activity tracking of users, physical

tampering with devices and jamming attacks. Security and

privacy vulnerabilities are discussed in detail by Williams

[141]. Some of the key points mentioned are; ease of

network formation, complexity of interactions, duplicitous

users, and leakage to third party servers and shared content.

A number of security and privacy frameworks have been

developed, designed and tested for their reliability in

m-health applications, 22 free web based personal health

record privacy and security policies have been analysed by

Carrion et al. [138] and reported a high level of user’s

security is in place with applications such as Google

Health, ZeabraHealth, Keas and Microsoft Health Vault. Al

Ameen et al. [36] have divided security and privacy into

two aspects; firstly, system security, which includes

administrative, physical and technical level security and

secondly, information security, which includes data

encryption, data integration, authentication and freshness

protection [36, 87, 136, 137].

A strong and robust privacy-preserving scheme against

global eavesdropping for e-health systems called SAGE,

works with multiple layer security transit relationship to

make current m-health safe and secure [137]. It is also

essential to consider; policymakers, certification bodies,

manufacturers, public-key infrastructure, distribution and

management in order to develop a successful health sys-

tem. Some of the most reliable security and privacy

frameworks to be considered, are discussed in detail by

Kotz et al. [136] and Avancha et al. [142] which include;

office of the national coordinator (ONC) national frame-

work (2008), health privacy project’s (HPP) best principle

(1999), HPP best practices (2007), Markel’s foundation’s

‘connecting for health’ common framework (2008) and the

Certification Commission for Healthcare Information

Technology’s (CCHIT) certification criteria (2008).

A trust based security framework using encryption and

decryption [117], a framework designed to secure mobile

wireless-networked sensors with a middle ware component

to deliver sensing data and retrieve patient monitoring

information securely using a two tier architecture [88], a

robust and secure system built on three main functions:

data protection on the device, secure authentication and

data encryption [142], design consideration for the long

term monitoring of vital signs [143], and a work presented

at [144] are some of the recent development carried out by

the researchers in addressing the most common and vital

security and privacy issues. If any of the above frameworks

is adopted for an m-health application then the system can

be considered to have basic security standards. As times

comes there will be more and more advancement in this

area because, m-health is getting high acceptance in the

general public and development of more secure and reli-

able applications are under development or already avail-

able in the market [31, 86, 118, 124].

Discussion

Apart from the above mentioned issues, global standardisa-

tion among the smartphone usage is another critical issue

acquiring more attention due to the increasing use of

m-Health applications. It is reported that [145] there are

many organisations actively developing global standards

and implementation guidelines to achieve interoperability

within a specific health domain, such as the international

organisation for standardisation (ISDOs), Health Level 7

(HL7) international and integrating the healthcare enter-

prise. Organisations such as international telecommunica-

tion union (ITU), WHO and international medical

informatics association (IMIA) are actively contributing
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towards the global m-health standardisation. Among them,

WHO plays an important leadership role by producing the

WHO family of international classification (FIC) to provide

a common, global framework and language for health

information [145]. Smartphone based monitoring systems

have been considered suitable for improving the quality of

healthcare delivery. Currently, majority of systems focus on

capturing information related to a specific health condition

and/or parameter monitoring of users’ health and physical

activities [34, 124]. Enhanced features of smartphones such

as; wireless connectivity, high quality images and videos

make them suitable for more advanced healthcare applica-

tions. Lin’s survey [35] on mobile monitoring gives an

insight into the various mobile platforms and technologies.

With the ever growing research in smartphone based health

applications, end-user consideration is often ignored or

neglected in the design of such applications. There is still an

open research question to be worked on to address the user

acceptability issues. Moreover, there is room for research on

the quality of smartphone based health applications related to

the patient (end-users) well-being.

To answer these important aspects, many researchers

have included patient as well as medical professionals’

feedback at every stage of the design and development [66,

90]. We believe the acceptance of any system in the

healthcare industry depends on the perception of the user.

User-centred design is essential in order to transfer the

concept into the product, especially at the earlier stages of

the project [91]. In the development of smartphone based

(m-health) applications, some researchers have certain

perception and often consider user-friendliness and user

preferences.

It is suggested that m-health applications should be

distributed among population for disease, treatment or

point-of-care and many such modules could be re-used

across applications (platforms) [30]. It is very important to

consider broad community, target group/disease, healthcare

professional from the early stage of the design so that user

centric approach can be implemented throughout the

development phase. It is also worth considering the youth

and early technology adopters so that the interest/focus

towards the application usage can be maintained. It is

‘somewhat’ proved that successful m-Health applications

considered patient and medical professional consultation in

the design as well as development stages [30, 33]. As

suggested by Steele et al. [92], the theoretical framework

should be built based on the user preferences. It is evident

that even with advanced m-health systems if the user does

not fulfil the requirements such as, not wearing the sensor

for the allocated periods of time, then the application

becomes immaterial [15, 93, 133].

Although, smartphone-based monitoring is still in its

pre-establishment stages and the realization process has

merely begun [77, 146], the future work will help to fine

tune the concept and bring forth the realization of a

smartphone based healthcare environment. Issues of

acceptability, security and privacy as well as trust of doc-

tors and patients should also be considered. Security and

privacy is crucial phenomenon to the success and adapta-

tion of the m-health systems. This area in particular has

raised interesting research issues in wireless, wearable and

pervasive healthcare networks. Nonetheless, in order to

develop a successful m-health application, the suggested

techniques and guidelines proposed in the literature

reviews [147–149], surveys [35, 79, 81, 83, 85, 123, 144],

frameworks [17, 34, 91, 124, 136] and end-user accept-

ability [7, 33, 150] can be considered.

Conclusion

In this paper we reviewed a number of smartphone based

applications in healthcare settings. It was found that

applications such as; remote access to patient data and

information, reducing medical errors, falls detection and

early assessment can enhance quality of healthcare service

as well as save time and cost. Advanced features of

smartphones like wireless connectivity and information

mobility are inspiring medical professionals towards the

adaptation of m-health applications in clinical settings.

However, some studies show that slow adaptation of

m-health is due to lack of validation, standardization and

positive patient outcome. In addition, majority of

researchers believe that there are several factors discour-

aging m-health adaptation by medical professionals. These

factors include; understanding of advanced technology,

usability (size, weight and other basic features), medical

implementation, lack of clinical adaptation for individual

need. Due to the wireless operation of smartphones, secu-

rity and privacy of the transmitted data are also considered

as important issues. Therefore, there is room for further

research to investigate the user preferences for m-health

systems. Despite some limitations of the selected studies,

several general preferences were identified. Using common

recommendations by patients and clinicians, it was sug-

gested that the system should be compact, preferably

embedded and simple to operate. It should be available

alongside the work of health professionals with minimum

interruption on normal daily activities. The m-health

technology could be extended to support highly personal-

ized healthcare services to people living in nursing homes

and aged care facilities while being remote. This review

paper discusses current state of the art and open challenges

in emerging field of smartphone based healthcare applica-

tions. One of the m-health’s biggest fears and technical

barriers is the security and privacy of the personal
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information. Once these technical barriers are resolved,

m-health technology will emerge as a reliable and trust-

worthy technology across many health domains as pre-

dicted by majority of clinicians, patients (users) and

manufacturers.

Some of the related research projects are reviewed and

their issues, challenges and barriers are discussed with

several recommendations and frameworks. However, the

current study highlights the fact that there are still chal-

lenges and issues that need to be resolved for such systems

to become more applicable to real-life situations and to be

accepted by patients and healthcare professionals as a

reliable, multifunctional, easy-to-use, and cost effective

technology that can enhance their quality of living.

Conflict of interest The authors declare no conflict of interest.

References

1. Wellens HJJ, Gorgels AP (2004) The electrocardiogram

102 years after Einthoven. Circulation 109(5):562–564

2. Kwon S, Lee J, Chung GS, Park KS (2011) Validation of heart

rate extraction through an iPhone accelerometer. Paper pre-

sented at the Engineering in Medicine and Biology Society,

EMBC, 2011 Annual International Conference of the IEEE,

Boston, USA

3. Oresko JJ, Jin Z, Cheng J, Huang S, Sun Y, Duschl H, Cheng

AC (2010) A wearable smartphone-based platform for real-time

cardiovascular disease detection via electrocardiogram pro-

cessing. Inf Technol Biomed IEEE Trans 14(3):734–740

4. Worringham C, Rojek A, Stewart I (2011) Development and

feasibility of a smartphone, ECG and GPS based system for

remotely monitoring exercise in cardiac rehabilitation. PLoS

ONE 6(2):e14669

5. Chiu P, Lee T, Cheng J, Yeung ST (2011) Health guard system

with emergency call based on smartphone. Paper presented at

the IET International Communication Conference on Wireless

Mobile and Computing (CCWMC 2011), Shanghai, China

6. Sikka N, Carlin KN, Pines J, Pirri M, Strauss R, Rahimi F

(2012) The use of mobile phones for acute wound care: attitudes

and opinions of emergency department patients. J Health

Commun 17(sup1):37–43

7. Luxton DD, McCann RA, Bush NE, Mishkind MC, Reger GM

(2011) mHealth for mental health: integrating smartphone

technology in behavioral healthcare. Prof Psychol Res Pract

42(6):505–512

8. Kun LG (2001) Telehealth and the global health network in the

21st century. From homecare to public health informatics.

Comput Methods Programs Biomed 64(3):155–167

9. Market Research (2013) mhealth apps and solutions market by

connected devices—global trends and forecast to 2018. Market

Research, Rockville

10. Reiswig J (2011) Apps: finding the best. J Med Libr Assoc

99(4):326–327

11. Population (2011) http://www.census.gov/. http://www.census.

gov/. Accessed 1 Jan 2013

12. Pal S, Torres DC, Mantione MM (2013) The consumers of

health care. In: Pharmacy and the US health care system, p 245

13. Keehan SP, Sisko AM, Truffer CJ, Poisal JA, Cuckler GA,

Madison AJ, Lizonitz JM, Smith SD (2011) National health

spending projections through 2020: economic recovery and

reform drive faster spending growth. Health Aff

30(8):1594–1605

14. Truffer CJ, Keehan S, Smith S, Cylus J, Sisko A, Poisal JA,

Lizonitz J, Clemens MK (2010) Health spending projections

through 2019: the recession’s impact continues. Health Aff

29(3):522–529

15. Williams J (2004) Wireless in healthcare: a study tracking the

use of RFID, wireless sensor solutions, and telemetry technol-

ogies by medical device manufacturers and healthcare providers.

The FocalPoint Group, USA

16. MobileSmith (2014) Mobile apps as tools of cost reduction in

healthcare. MobileSmith, vol 39. Mobile Smith Inc, USA

17. World Health Organization (2002) Active ageing: a policy

framework: a contribution of the second United Nations World

Assembly on Ageing. World Health Organization, Geneva

18. Kinsella K, Phillips DR (2005) Global aging: the challenge of

success. Popul Bull 60:1–40

19. National Institute of Statistics and Economic Studies (NISES)

(2011) Population Statistics

20. Helen Bray (2008) National Population Projections. Office for

National Statistics

21. Australian Bureau of Statistics (2010) Population by Age and

Sex, regions of Australia

22. Statistics New Zealand (2007) New Zealand’s 65 ? Population:

A statistical volume

23. Information and Communication Technology (ICT) Statistics

(2011) ITU. http://www.itu.int/ITU-D/ict/index.html. Accessed

11 Mar 2013

24. Instruments National (2013) Smartphones and tablets for mea-

surement and control. National Instruments, USA

25. Shih G, Lakhani P, Nagy P (2010) Is android or iPhone the

platform for innovation in imaging informatics. J Digit Imaging

23(1):2–7

26. Rajan RD (2013) Wireless-Enabled Remote Patient Monitoring

Solutions. Medical Design Technology (MDT). Qualcomm

Incorporated, USA

27. Murdoch TB, Detsky AS (2013) The inevitable application of

big data to health care. JAMA 309(13):1351–1352

28. Hung M-C, Jen W-Y (2012) The adoption of mobile health

management services: an empirical study. J Med Syst

36(3):1381–1388. doi:10.1007/s10916-010-9600-2

29. Jiang Z, Gu X, Chen J, Wang D (2012) Development of an

equipment room environment monitoring system based on

wireless sensor network and mobile agent. Procedia Eng

29:262–267. doi:10.1016/j.proeng.2011.12.704

30. Mosa ASM, Yoo I, Sheets L (2012) A systematic review of

healthcare applications for smartphones. BMC Med Inform

Decis Mak 12(67):1–31

31. Klasnja P, Pratt W (2012) Healthcare in the pocket: mapping the

space of mobile-phone health interventions. J Biomed Inform

45(1):184–198. doi:10.1016/j.jbi.2011.08.017

32. Ullah S, Higgins H, Braem B, Latre B, Blondia C, Moerman I,

Saleem S, Rahman Z, Kwak K (2012) A comprehensive survey

of wireless body area networks. J Med Syst 36(3):1065–1094.

doi:10.1007/s10916-010-9571-3

33. Putzer GJ, Park Y (2012) Are physicians likely to adopt

emerging mobile technologies? Attitudes and innovation factors

affecting smartphone use in the southeastern United States.

Perspect Health Inf Manag 9(1b):1–22

34. Pawar P, Jones V, van Beijnum BJF, Hermens H (2012) A

framework for the comparison of mobile patient monitoring

systems. J Biomed Inform 45(3):544–556

34 Australas Phys Eng Sci Med (2015) 38:23–38

123

http://www.census.gov/
http://www.census.gov/
http://www.census.gov/
http://www.itu.int/ITU-D/ict/index.html
http://dx.doi.org/10.1007/s10916-010-9600-2
http://dx.doi.org/10.1016/j.proeng.2011.12.704
http://dx.doi.org/10.1016/j.jbi.2011.08.017
http://dx.doi.org/10.1007/s10916-010-9571-3


35. Lin C-F (2012) Mobile telemedicine: a survey study. J Med Syst

36(2):511–520. doi:10.1007/s10916-010-9496-x

36. Al Ameen M, Liu J, Kwak K (2012) Security and privacy issues

in wireless sensor networks for healthcare applications. J Med

Syst 36(1):93–101. doi:10.1007/s10916-010-9449-4

37. Franklin VL, Greene A, Waller A, Greene SA, Pagliari C (2008)

Patients’ engagement with ‘‘Sweet Talk’’–a text messaging

support system for young people with diabetes. J Med Internet

Res 10(2):e20

38. Fjeldsoe BS, Marshall AL, Miller YD (2009) Behavior change

interventions delivered by mobile telephone short-message ser-

vice. Am J Prev Med 36(2):165–173

39. Abroms LC, Ahuja M, Kodl Y, Thaweethai L, Sims J, Wi-

nickoff JP, Windsor RA (2012) Text2Quit: results from a pilot

test of a personalized, interactive mobile health smoking ces-

sation program. J Health Commun 17(sup1):44–53

40. Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou

W, Rodgers A, Cairns J, Kenward MG, Roberts I (2011)

Smoking cessation support delivered via mobile phone text

messaging (txt2stop): a single-blind, randomised trial. Lancet

378(9785):49–55

41. Kwapisz JR, Weiss GM, Moore SA (2011) Activity recognition

using cell phone accelerometers. ACM SIGKDD Explor Newsl

12(2):74–82

42. Moghaddam RF, Moghaddam FF, Cheriet M (2011) The blue-

network concept. Cornell Univerrsity Library, cite as: Arxiv

preprint arXiv:11100436

43. Preuveneers D, Berbers Y (2008) Mobile phones assisting with

health self-care: a diabetes case study. In: MobileHCI ‘08 Pro-

ceedings of the 10th international conference on human com-

puter interaction with mobile devices and services Amsterdam,

The Netherlands, ACM, pp 177–186

44. Bayira MA, Demirbasa M, Eagleb N (2010) Mobility profiler: a

framework for discovering mobility profiles of cell phone users.

Pervasive Mob Comput 6(4):435–454

45. AirStrip Technologies (2012)) Airstrip Technologies remote

continuous vital sign monitoring via the iPhone. http://www.

airstriptech.com/

46. Topol EJ (2010) Transforming medicine via digital innovation.

Sci Transl Med 2(16):16cm14

47. Ren-Guey L, Kuei-Chien C, Chun-Chieh H, Chwan-Lu T (2007)

A mobile care system with alert mechanism. Inf Technol Bio-

med IEEE Trans 11(5):507–517. doi:10.1109/titb.2006.888701

48. Pollonini L, Rajan N, Xu S, Madala S, Dacso C (2012) A novel

handheld device for use in remote patientmonitoring of heart failure

patients—design and preliminary validation on healthy subjects.

J Med Syst 36(2):653–659. doi:10.1007/s10916-010-9531-y

49. Atoui H, Fayn J, Rubel P (2010) A novel neural-network model

for deriving standard 12-lead ECGs from serial three-lead

ECGs: application to self-care. IEEE Trans Inf Technol Biomed

14(3):883–890

50. Jae Min K, Yoo T, Hee Chan K (2006) A wrist-worn integrated

health monitoring instrument with a tele-reporting device for

telemedicine and telecare. Instrum Meas IEEE Trans

55(5):1655–1661. doi:10.1109/tim.2006.881035

51. Farmer A, Gibson O, Hayton P, Bryden K, Dudley C, Neil A,

Tarassenko L (2005) A real-time, mobile phone-based tele-

medicine system to support young adults with type 1 diabetes.

Inform Prim Care 13(3):171–178
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Abstract

Background: Despite the increasing pervasiveness of mobile computational technologies, knowledge about
psychiatric patients’ preferences regarding the design and utility of mobile applications is very poor. This paper
reports on a pilot-study that involved 120 psychiatric patients in the development of a mobile application (app)
that is being used for data entry into the Signature Project data bank at the Institut universitaire en santé mentale de
Montréal (IUSMM), Canada. Participants were invited to comment on the ‘look and feel’ of the Signature App. Their
input also extended the procedures for data collection. These suggestions may contribute to increased mental
health literacy and empowerment of persons with mental illness receiving services at the IUSMM.

Methods: Participants were recruited to fill out a questionnaire on a tablet computer while waiting at the
Emergency Room (ER, n = 40), Psychotic Disorders outpatient clinic (n = 40) or Anxiety and Mood Disorders
outpatient clinic (n = 40) of IUSMM. Nine patients from each of these sub-groups participated in a focus group to
review the results and to discuss how the design and use of the Signature App could be improved to better meet
the needs of patients.

Results: This study (n = 120) indicated that psychiatric patients are clearly capable of using a tablet computer to fill
out questionnaires for quantitative data entry, and that they enjoyed this experience. Results from the focus groups
(n = 27) highlight that the app could also be used by patients to communicate some personal and contextual
qualitative information. This would support a holistic and person-centered approach, especially at the ER where
people acutely need to describe their recent history and receive emotional support.

Conclusions: This pilot-study has confirmed the necessity of involving patients not only in the testing of a new
mobile application, but also as active contributors in the entire research and development process of a
person-centered information and communication technology infrastructure. The input of participants was essential
in designing the Signature Project computational procedure and making use of the app a positive and
empowering experience. Participants also gave critical feedback remarks that went beyond the initial scope of the
pilot-study, for example they suggested the addition of a client-clinician component.

Keywords: Personalization, Patient participation, Strategy for patient-oriented research, Information and
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Background
New products are usually designed to match targeted
users’ preferences and capacities by involving them in the
research and development process (R&D) [1]. In recent
years, mobile applications (apps) have become part of
daily life for many, and they have also entered the medical
field [2]. For example, apps can be used by patients who
would like to quit smoking [3] or to lose weight [4], but
more often apps are designed to be used by professionals
[5]. This may explain why Mosa et al. recently observed
that in the scientific literature there is “low coverage” of
smart phones apps intended for patients [6] and hence,
even less of their eventual contribution to an app R&D
process. Of the 14 articles related to mobile applications
dedicated to patients’ use, their systematic review captured
2 papers reporting on apps to be used by psychiatric pa-
tients, both regarding self-monitoring of substance use
[7,8]. Neither of these papers discussed patient contribu-
tions to the R&D processes for these apps. Therefore, we
still know very little about what the nature of the input
from psychiatric patients would be to the R&D of an app
to be used by their peers.
In May 2010 the Centre de recherché de l’Institut

univesitaire en santé mentale de Montréal (CRIUSMM),
Canada, aligned itself with the “four P’s” of research,
according to the National Institute of Mental Health: 1) in-
creasing the capacity to Predict who is at risk for develo-
ping disease; 2) developing interventions that Pre-empt the
disease process; 3) using knowledge about individual bio-
logical, environmental and social factors for Personalized
interventions; and 4) ensuring that clinical research in-
volves Participation from the diversity of people involved
in health care, including patients [9]. This paper mainly
focuses on the latter “P”, that is on the active participation
of IUSMM psychiatric service-users in the R&D of an app
imbedded in an innovative computational architecture
meant to support more personalized psychiatric interven-
tions (third “P”).
A pilot-study was undertaken at IUSMM as a prelimi-

nary step in the implementation of a comprehensive data-
bank, known as the Signature Project. This endeavour, a
first in the field of psychiatric research, aims to embrace
use of the “four P’s” by collecting a wide array of bio-
logical, psychological and social data concerning the 6000
in- and out-patients that receive IUSMM psychiatric care
and services and by involving them as active participants.
For instance, the psychological and social data sets will be
electronically collected by patients filling out a series of
questionnaires on a tablet computer with an app (Signature
App). To make the Signature App as user-friendly as pos-
sible, the pilot-study involved 120 participants who were
asked to fill out a questionnaire on a tablet and to com-
ment on this experience. The preliminary results were
discussed in focus groups by 27 participants who reflected

and gave their insights on how to make this human-
computer interaction useful for patients as well as for
researchers and clinicians.
In November 2012, the Signature Project officially began

to collect psychological and social data from IUSMM
patients e.g.: [10-14]. In accordance with the increasing
emphasis on the role of patients in developing and eva-
luating services [15,16], influencing research priorities
[17,18], and actively contributing to information and com-
munication technology (ICT) systems design [1,19], this
paper reports on the research process and findings, in re-
gard to improving the design and utility of the Signature
Project computational procedure and its app suite. The
pilot project aimed to answer two questions regarding the
participants’ experience using an app: (1) Are psychiatric
patients able to use the mobile application technology?
and (2) How can the mobile application be improved to
better meet patients’ needs?

Study design
To assess how psychiatric patients can use an app on a
tablet computer to fill out questionnaires and how this
data collection procedure can be improved to better meet
their needs, 120 psychiatric patients of IUSMM were
recruited from October 2010 to January 2011 to complete
a questionnaire with a beta version of the Signature App,
and to participate in an individual debriefing interview.
Participating patients were recruited in specialized out-
patient clinics: Anxiety and Mood disorders clinic, and
Psychotic disorders clinic, where patients receive services
in accordance with these specific diagnostics. Participants
at the ER were not recruited on the basis of their diagnos-
tics. Participants were thus selected in three sub-groups:
Anxiety and mood disorders (AMD, n = 40), Psychotic dis-
orders (PD, n = 40), and Emergency Room (ER, n = 40).
These volumes were chosen in order to generate as many
insights as possible and were representative samples of pa-
tients treated in the corresponding IUSMM sites. The total
volume of 120 patients was in line with comparable studies
for broader psychiatric populations [20], and for specific
subpopulations such as inpatients suffering from schizo-
phrenia [21-23]. Patients who agreed to participate in the
individual testing and debriefing interview were also in-
vited to participate in a focus group. Participation and
acceptance ratios are presented in Table 1.
The inclusion criteria were that the participants had to

be treated at the testing site, that they had sufficient
mental capacities to allow informed consent, and that
they were legally able to consent for themselves. At each
site, a Research Nurse (RN) was introduced by the cli-
nical team to the patients, unless the chief psychiatrist
considered that a patient was not able to participate at
that time. The clinical team stopped approaching pa-
tients when the target number of participants was
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reached for each site. Recruitment took approximately
two weeks (10 days) at the AMD and PD sites, and four
weeks (20 days) at the ER.
Staff in charge at each site identified a liaison clinician,

whose responsibility included coordinating the referral of
potential participants to the RN. The RN then approached
the referred participant and briefly introduced the study.
The RN explained that the device would be used to play a
video introducing the study and its ethical aspects,
followed by an electronic consent form for the partici-
pant’s digital signature. Finally, an electronic version of
the Beck Depression Inventory was administered on the
handheld device. The Beck Depression Inventory (BDI)
is a 21-question self-report inventory [24] that is widely
used for measuring the severity of depression. IUSMM
Institutional Review Board approval for this pilot-study
was granted on September 1st, 2010.

Methods
Six main steps were followed in this pilot-study: (1) identi-
fying and approaching potential participants, (2) introdu-
cing the project to them, (3) obtaining their consent, (4)
administering the BDI questionnaire with the Signature
App, (5) debriefing with each participant, and (6) con-
ducting focus groups. Focus groups were held to further
explore the user experience with the Signature App and
more broadly to explore ways of enhancing the utility of
this computational procedure for patients. The RN was
present with the participating patients at all times, and
recorded her observations with a template (Table 2:
Appendix A of the research protocol). This study was
carried out in compliance with the Helsinki Declaration
and the Institutional Review Board of IUSMM gave ap-
proval (reference number: 2010–012).
If a patient agreed to view the video, the RN handed the

tablet to him or her and started the video. The video lasted
approximately 5 minutes, with the Principal Investigator
(PI) (on-screen) describing the project’s goal and the
ethical aspects of the study that participants must under-
stand before consenting. This step was included to validate
the feasibility of explaining the study by video in order to

foster informed consent, as patients do not always tho-
roughly read a multi-page consent form. The presence of
the RN throughout the consent process ensured that the
participant could, at any time, request further explanation
or verbally refuse to participate.
For those who accepted and signed the form, the app

automatically transitioned to the BDI questionnaire. For
each question, four choices were displayed on the app.
The participant simply had to touch the choice that best

Table 1 Participation and acceptance ratios

AMD PD ER ALL

1 Approached for individual testing and interviews 47 55 51 153

2 Recruited for individual testing and interviews 40 40 40 120

3 Accepted to participate in a focus group 19 28 21 68

4 Participated in a focus group 9 9 9 27

5 Ratio of participation for individual testing and interviews 85% 73% 79% 78%

(Line 2/Line 1)

6 Ratio of acceptance to participate in a focus group 48% 70% 53% 57%

(Line 3/Line 2)

Table 2 Appendix A of the research protocol

Themes Observations

Attention in viewing the
video

1) Extremely attentive

2) Very attentive

3) Attentive

4) Not very attentive

5) Not attentive at all

Feasibility of electronic
signature

1) Could sign easily

2) Had some difficulty to sign

3) Could not sign/did not want to sign on
the app

Understanding the app 1) Had no difficulty in understanding

2) Did not understand the basic concepts

3) Could not navigate from question to
question

4) Had some difficulty reading the
instructions/questions

Using the app 1) Had no difficulty in using the app

2) Wanted to press on a button but pressed
another one

3) Tried to press but the software did not
detect

4) Left an answer that did not seem to be
wanted answer

Got frustrated 1) No

2) Yes (if yes, why?)

Completed 1) Yes

2) No (if no, why?)
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described them, and the app automatically moved on to
the next question.
Once the questionnaire was completed, the RN con-

ducted a short debriefing session with the participant to
elicit his/her feedback on their experience of completing
the questionnaire, and his/her ideas for improving the
intervention. Each session of individual data collection
lasted approximately 30 minutes. At the end of the indi-
vidual session, the participant was invited to attend a focus
group to further explore his/her experience with the app.
Three focus groups were held, one for each sub-group in-
volved in this study. In each of these subsequent meetings,
a facilitator guided 9 participants in a two-hour discussion
of their experiences and feelings about their use of the app
and their preferences or opinions about how to improve
the “look and feel” of the app and the usefulness of the
overall computational procedure. To foster discussion, the
facilitator asked the participants to comment on the re-
sults and themes covered by the individual debriefing
sessions (Appendix A of the research protocol used by
the RN). Those themes are:

1. Attention in viewing the video;
2. Feasibility of electronic signature;
3. Understanding the app;
4. Using the app;

4.1 Frustration
4.2 Completion

5. Global experience;
6. Maximal duration;
7. Discussing the results.

No names of individual debriefing session participants
were mentioned and focus group participants were asked
to maintain the confidentiality of other focus group
participants.

Results and discussion
For conversational purposes in focus groups with lay
psychiatric patients unfamiliar with specialized statistical
terminologies (e.g.: SD), it was necessary to present the
results in the most accessible manner to combine quan-
titative and qualitative data sets. It was thus decided to
use percentages in order to foster discussion, as they are
presented in Table 3.

Attention in viewing the video
The level of attention in viewing the video was scored by
the RN for each participant on a Lickert scale: 5) extremely
attentive, 4) very attentive, 3) attentive with occasional
distraction, 2) not very attentive with long periods of
distraction, and 1) not attentive/constantly distracted. The
scores were summed, for a maximum total of 200 for each
group of 40 participants (40X5) and the result was divided

by 2 to become a percentage. Rankings for other themes
were calculated in a similar fashion.
In focus groups, participants said that they were not sur-

prised by the high level of attention in viewing the video
(80%). They suggested that it was normal that the level of
attention was lower at the ER due to a person’s typically
high level of distress in that situation. Others suggested
that the variability in attention might be due to the fact
that for some people, it is more convenient to read be-
cause reading can be done at one’s own pace, versus hea-
ring a video. Nevertheless, the overall very high attention
level indicates that presenting a consent form through
video with a multimedia app helps the viewer to stay
focused (e.g.: of 40 PD participants, 21 were checked
'extremely attentive' and 13 'very attentive'; 34/40). While
waiting at an outpatient clinic, this type of activity is also
seen as a positive distraction: it is different and more
empowering than simply reading a magazine, for example.
Participants suggested that the presence of such a tablet
computer could be an incentive to some people to stick to
their appointment and that it could be used not only to
capture some data but also to enhance mental health
literacy by offering accurate and useful information on
mental health and mental illness management.

Feasibility of electronic signature
Electronically signing the consent form was deemed to
be feasible, but many holder participants found that it
was too different from signing on paper with a pen, and
that both signatures did not really resemble. Several par-
ticipants questioned whether or not such a signature
was as legally binding as a penned signature. Also, since
participants had to receive a paper copy of their consent
form and terms of participation, the RN had to use
paper sheets anyway to give the participant a copy and
to leave another copy for the hospital record. Thus par-
ticipants in focus groups recommended use of pen and
paper for signing the consent form.

Understanding and using the app
A small number of participants had some difficulty un-
derstanding the Signature App, mainly due to the small
size of the font, and received assistance from the RN.
Only a few participants had difficulty using the app.
Given that 0% became frustrated, as reported by the RN,
and that 100% of participants completed the task, it was
clear to participants in the focus groups that the Signa-
ture App was not only understandable and usable by
almost anyone, but that it was in fact fun to use for
speedy and easy data entry.

Global experience
On a scale from 1 to 5, participants were asked to rate
their global experience with using the app. They checked
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1 when they 'did not like it at all', and 5 when they 'loved
it'. Results were again presented to each focus group by
percentage with regards to the maximum possible total
for that group. There was very little difference between
the groups’ responses, with patients from the PD group
(90%) enjoying it 4% more than the AMD group (86%)
and 3% more than the ER group (87%). Study participants
were generally very satisfied, but one common concern
was about the BDI itself. Many would have liked to be able
to add their own answer when it was not among the
offered choices. The BDI does not allow that. Also, having
a function such as a text box that would appear after com-
pletion of each [or after all] responses would allow people
to note their impressions or comments, and might en-
hance participant’s interactive experience with the app.

Maximal duration
We wanted to know how much time service-users
thought their peers could dedicate to using an app to fill
out electronic forms. Some said “no more than 10 mi-
nutes,” others said “endlessly.” Some participants gave a
range, for example “45 minutes to an hour”. In such cases,
the higher figure in the range was used for data entry. The
longest time period given was 4 hours (240 minutes).
When the answer was “endlessly,” 240 minutes was used
for data entry.
The average for all 120 participants was 56 minutes

(Table 3). To focus group participants, it thus seemed rea-
sonable to expect future respondents to be able and wil-
ling to dedicate about an hour of their time. Participants

also suggested, however, that there could be a great deal of
variability among users. People in acute distress might not
be able to remain focused for more than 15 minutes.
Therefore, one recommendation was to allow respondents
to choose, among different sets of questions, which ones
they would like to fill out first. Participants felt that future
respondents should be made comfortable to complete
only one set, if that was all they could do at that time, and
then as many as they could in their preferred order.

Discussing the results
This pilot-study evaluated only the Signature App per-
formance in administering electronic consent and ques-
tionnaires and the overall experience with the tablet, not
the Beck Depression Inventory in particular. Neverthe-
less, participants were asked if they would have liked to
discuss the results of the Beck Depression Inventory if
recorded. There was some variability among groups in a
range from 57% of AMD participants to 78% of ER par-
ticipants saying that they “would have liked” or “maybe
would have liked” to discuss the results. Some partici-
pants said that it would depend on whom they would be
discussing the results with, for example in identifying
topics of personal interest to be discussed with the
clinician.
ER participants were more inclined to discuss the re-

sults right away with their clinician, while being the least
attentive to viewing the video. There was a difference of
22% between the ER and PD groups with attention in
viewing the video and a difference of 21% between the

Table 3 Results by percentages

Dimensions AMD PD ER ALL

1- Attention in viewing video 85% 88% 66% 80%

(…xx% were attentive in viewing the video)

2- Feasibility of electronic signature 60% 55% 53% 56%

(…xx% had no difficulty with electronic signature)

3- Understanding the app 88% 90% 93% 90%

(…xx% had no difficulty with understanding the app)

4- Using the app 88% 98% 98% 97%

(…xx% had no difficulty with using the app)

4.1- Frustration 0% 0% 0% 0%

(…xx% got frustrated or became agitated)

4.2- Completion 100% 100% 100% 100%

(…xx% completed the questionnaire)

5- Global experience 86% 90% 87% 87%

(…xx% had a good experience with the app)

6- Maximal duration 62 m 55 m 51 m 56 m

(…xx minutes could be spent in completing questionnaires on an app)

7- Discussing the results 57% 62% 78% 66%

(…xx% would have liked to discuss the results)
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ER and the AMD groups with discussing the results. The
ER focus group participants proposed the hypothesis that
the more a patient is in need of speaking to someone; the
less they would pay attention to a video. However, this
could also be true with information and consent paper
forms. ER patients would thus be more in need of inter-
action when in quest for emotional support.
When asked what the implication would be for the app

designers and developers, the ER focus group formulated
the recommendation of adding a function to the multi-
media app that would allow people to tell a bit of their
story before meeting their clinician. Participants were
aware that even so, it was possible that the clinician could
not have time to immediately discuss the specific issue(s)
some patients would like to raise but in the least, these pa-
tients could tell their story, and the clinician could listen
to these stories afterward. Some participants said it might
be very frustrating not to have this opportunity at all in
the ER. They recommended the addition of a question
about recent life events, a question that could be answered
verbally and audio-recorded: What brought you here? This
would also be a good way to optimize the multimedia bi-
directional capabilities of a mobile application.

Implementation of recommendations
In November 2012, the Signature Project was officially
launched at IUSMM, with Institutional Review Board ap-
proval. The Signature computational procedure and app
interface were specifically designed for maximum useful-
ness among populations suffering from cognitive deficits
and psychiatric disorders, a group that was included in the
R&D process of the Signature App. Literature underlines
the importance of actively involving users in the system
design process both to influence design and for the signifi-
cant cost-benefit advantages of such an approach, com-
pared to when targeted users test a new product only
when it is ready to be commercialized and that there is
too little room for improvements [25,26]. This pilot study
and contextual inquiry [27] aimed at gaining a better
understanding of participants’ preferences with regards to
the human-machine interaction and use of the app. Al-
most all patients’ recommendations that emanated from
the focus groups were addressed, as discussed below.
For this pilot-study, the PI and first author of this paper

appeared in the video to explain the electronic data collec-
tion process, research objectives, and the consent process.
Participants liked to hear and look at someone explaining
the project, but in focus group it was recommended to
provide information and consent paper form to whoever
would prefer to read (attention in viewing the video). As
recommended in focus groups, it was also decided to use
typical pen-paper consent form (feasibility of electronic
signature). Again as recommended, it is now possible to
change the size of the font displayed on the screen to

facilitate the reading of the questions (understanding and
using the app), but it is not yet possible to leave comments
for enhanced interactivity (global experience). Nor is it
possible, at present, for participants to choose the ques-
tionnaires they would prefer to complete first. They can,
however, stop at any time and their choice of answers is
kept for aggregation, even if each of the actual 168 ques-
tions are not all answered. Based on participant feedback,
it is anticipated the average time for completion of the
questions is one hour (maximal duration). Finally, at the
time of inauguration of the Signature Project, it was not
planned that patients would necessarily discuss their re-
sults of the questionnaires with their clinician, but they
will know, per the information and consent form, that
their clinician does have access to these results. It will
therefore be possible for patients to ask their clinician to
discuss the results of their participation with them. As
highlighted by Bauer and Moessner, the increasing avai-
lability of Information and Communication Technologies
has opened new perspectives for prevention, self-help and
treatment of mental disorders (“e-mental health”), as well
as within the context of regular face-to-face care [28]. This
study tends to support the view that the app can be used
to foster greater interactivity within a regular face-to-face
clinical encounter.
More than 25 years ago, Norman and Draper [29] em-

phasized the importance of having a good understanding of
the users’ expectations regarding a new technological prod-
uct, but without necessarily involving them actively in the
R&D process. Since then, active user participation through-
out the entire development process and throughout the
system lifecycle has become a constitutive characteristic of
user-centered systems design [30]. Redesigning an app to
match the expectations and values of psychiatric patients
involved more than feedback on the app’s colors and but-
tons: encompassed comments on the quality of the service
and how this app could be integrated into service delivery
and organizational processes [31,32]. Usually, new mobile
applications are designed to be used by professionals [5],
and with a predominately individual-based approach [33].
However, “individualized” does not equal “personalized.”
When an app is designed to be used by patients and when
patients are invited to give their input about the app’s
design and potential use, questioning how the app will im-
pact the person’s interaction with others (particularly clini-
cians) is necessary. An implication for developers of mobile
applications who seek input from psychiatric patients is
that they should be prepared to respond to potentially sen-
sitive questions, as participants may want to discuss matters
that go well beyond the mechanics needed to provide data.
For example, some patients with schizophrenia believe that
use of the Internet has the potential to favorably change
their relationships with doctors [19], and this could be the
case for mobile applications as well.
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Study strengths and limitations
The participation of psychiatric patients as active con-
tributors is part of the very foundation and history of
the Signature Project, having proven its utility in the
R&D process. Their input was sought and taken into
account. Still, a fully person-centered approach would
have included other stakeholders in the development of
the app, since clinical and interpersonal dynamics can be
affected by the introduction of the app in clinical practice.
For this reason, Progmet, Georgiou and Westbrook sug-
gested that implementers and adopters of such technolo-
gies should explicitly address questions about why and
how the mobility of these devices is expected to improve
care delivery and to support the work of clinicians [34].
Differences in interaction seem to predict adherence to
what would be agreed upon with a clinician [35]. There-
fore, an important limitation of this pilot-study is that
clinicians whose practice might be impacted were not as
involved in this pilot-study, from the onset, as were
patients. This could be corrected with a follow-up study
similar to this one with some IUSMM clinicians, as the
Signature App will continue to evolve from one iteration
to the next.
Another limitation is that only one questionnaire was

used in this study, the BDI, while several more will be
administered with the full Signature Project. It is pos-
sible that patients will not be as interested in discussing
results with their clinician after having spent an hour or
more with an app, compared to having spent only a few
minutes doing so, as was the case for this study. Also, as
its name indicates, the BDI is solely focused on depres-
sion, and this may limit the generalizability of findings.
It is possible that the results would differ for other types
or levels of psychological distress.

Conclusions
The use of electronic devices to answer psychiatric ques-
tionnaires is certainly not new, for example in the as-
sessment of anxiety [36,37]. What is new with this study
is that it provides insight into the added value of involv-
ing psychiatric patients early on as active contributors in
the development of a mobile application. This study
revealed that psychiatric patients can clearly manipulate
a tablet computer for data entry while waiting at a clinic
or even at the ER, and that this technology is appealing
to most of them. The active participation and input of
patients to this pilot-study were essential in making the
Signature Project data collection procedure and app a
positive, empowering and genuinely personalized expe-
rience. Participants’ recommendations were taken into
consideration to improve their experience of human-
computer interaction. Results of this pilot-study can sup-
port informed decisions about how to involve psychiatric
patients in the R&D of an app that would facilitate data

entry. More importantly, it suggests that an R&D process
should anticipate the clinical interaction in the assessment
of potential outcomes over the quality of mental health
care. In that respect, more participatory research is needed
by involving clinicians as well as patients in the R&D of an
app to be used by patients and providers through the cli-
nical encounter. Family members and other significant
others of patients could be involved too.
Many apps that are currently available do not have writ-

ten privacy policies [38]. This should soon cease to be the
case, as emerging certification standards now request such
policies, particularly in the medical field. Documentation
about how the content of an app was formulated should
also be provided to make sure that this content is reliable
[39]. As there can be several categories on a continuum of
possible levels and degrees of participation [40], among
those standards, we suggest that information should also
be provided about how and to what extent the targeted
users of an app, whether clinicians or patients, were in-
cluded in the R&D process of that app and interacted.
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Abstract

Background: Depression is highly prevalent and causes considerable suffering and disease burden despite the existence of
wide-ranging treatment options. Mobile phone apps offer the potential to help close this treatment gap by confronting key barriers
to accessing support for depression.

Objectives: Our goal was to identify and characterize the different types of mobile phone depression apps available in the
marketplace.

Methods: A search for depression apps was conducted on the app stores of the five major mobile phone platforms: Android,
iPhone, BlackBerry, Nokia, and Windows. Apps were included if they focused on depression and were available to people who
self-identify as having depression. Data were extracted from the app descriptions found in the app stores.

Results: Of the 1054 apps identified by the search strategy, nearly one-quarter (23.0%, 243/1054) unique depression apps met
the inclusion criteria. Over one-quarter (27.7%, 210/758) of the excluded apps failed to mention depression in the title or description.
Two-thirds of the apps had as their main purpose providing therapeutic treatment (33.7%, 82/243) or psychoeducation (32.1%,
78/243). The other main purpose categories were medical assessment (16.9%, 41/243), symptom management (8.2%, 20/243),
and supportive resources (1.6%, 4/243). A majority of the apps failed to sufficiently describe their organizational affiliation

(65.0%, 158/243) and content source (61.7%, 150/243). There was a significant relationship (χ2
5=50.5, P<.001) between the main

purpose of the app and the reporting of content source, with most medical assessment apps reporting their content source (80.5%,
33/41). A fifth of the apps featured an e-book (20.6%, 50/243), audio therapy (16.9%, 41/243), or screening (16.9%, 41/243)
function. Most apps had a dynamic user interface (72.4%, 176/243) and used text as the main type of media (51.9%, 126/243),
and over a third (14.4%, 35/243) incorporated more than one form of media.

Conclusion: Without guidance, finding an appropriate depression app may be challenging, as the search results yielded
non-depression–specific apps to depression apps at a 3:1 ratio. Inadequate reporting of organization affiliation and content source
increases the difficulty of assessing the credibility and reliability of the app. While certification and vetting initiatives are underway,
this study demonstrates the need for standardized reporting in app stores to help consumers select appropriate tools, particularly
among those classified as medical devices.

(JMIR mHealth uHealth 2015;3(1):e16)   doi:10.2196/mhealth.3713
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Introduction

Depression is a serious, common, and recurring disorder linked
to diminished functioning, quality of life, medical morbidity,
and mortality [1]. There has been a 37.5% increase in health
life years lost to depression over the past two decades [2].
Depression was the third-leading cause of global burden of
disease in 2004 and the leading cause of burden of disease in
high- and middle-income countries. It is projected to be the
leading cause globally in 2030 [3]. While effective treatments
for depression are available, they are underused. Barriers to
treatment include geography, socioeconomic status, system
capacity, treatment costs (direct and indirect), low mental health
literacy, cultural beliefs, and stigma [4,5]. A 2010 study found
that 75% of primary care patients with depression in urban areas
could identify more than one structural, psychological, cultural,
or emotional barrier to accessing behavioral treatments. The
rate was substantially higher in rural areas [6].

Information and communication technologies (ICTs) hold
tremendous promise to expand the reach of quality mental health
care [7] and close the treatment gap for depression. A
meta-analysis [8] examining the effectiveness and acceptability
of computer-based therapy for anxiety and depressive disorders
found that computer-based therapy showed superiority in
outcome over the control groups with substantial effect sizes.
The study also found that adherence and satisfaction were good,
suggesting acceptability. These findings were echoed in other
meta-analysis studies of computer-based treatments for
depression [9,10]. With the ever-increasing ubiquity and
sophistication of ICTs, namely the evolution to mobile devices
(ie, smartphones, tablets, and phone tablets or “phablets”), there
is potential to further expand the reach of mental health
treatment through mobile health (or mHealth). The emergence
of a commercial marketplace of software for mobile devices
(or apps) has given users the ability to personalize their devices
to cater to their health and informational needs by purchasing
or downloading apps at their convenience [11]. These apps can
help support a variety of useful tasks such as self-assessment,
symptom monitoring, psychoeducation, psychological therapy,
and psychotherapy skills training [12].

Many consider apps as an opportunity to increase patient access
to evidence-based mental health (and addictions) treatments
[13-17]; however, many apps fail to incorporate evidence-based
practices, health behavior theory, or clinical expertise [17-19]
into the design of the app. For instance, smoking cessation apps
are found to have low adherence to evidence-based practices
[20,21] and insufficiently incorporate behavioral theory [22].
A study on addiction recovery apps found that only six of the
52 app developers had clinical experience or used academic or
clinical advisors in the development of apps; additionally, none
of the app store descriptions mention any evaluation of the apps
[23]. The lack of reported evaluations is also seen in scientific
literature, as the current body of evidence is marginal in
comparison to the number of mental health apps available. In
2013, there were only 32 published articles on depression apps

in comparison to the 1536 available in the marketplace [24]. A
2013 systematic review [14] found only four studies (3
randomized controlled trials and 1 pre-post) evaluating three
different depression apps. Two apps demonstrated a significant
reduction in depression [25,26]; however, none of the apps were
publicly available at the time of that review.

The discrepancy between availability and evaluation is
problematic because many of these products will continue to
be marketed with unfounded claims of health improvement to
attract health consumers [27-29]. To better understand what
types of apps are offered to those seeking support for depression,
this study aimed to identify the mHealth offerings in the mobile
app marketplace and characterize the information provided to
health consumers in the app store descriptions. This study asked
the following research questions: (1) What mobile apps are
available for people in treatment for depression, as well as for
their families, including informal caregivers? (2) What are the
commercial characteristics of depression apps? (3) What are
the main purposes of depression apps? and (4) How do
depression apps claim to support users in the store description?

Methods

Overview
We used a systematic review and content analysis approach
based on a study by Bender et al [30] to guide the collection
and characterization of available depression apps. The review
was carried out on the five major app stores: Apple (iTunes),
Android (Google Play), BlackBerry (AppWorld),
Nokia/Symbian (Ovi), and Windows Mobile (Marketplace). On
March 5, 2013, we entered the keyword “depression” into the
search field on each of the four marketplace websites. The Apple
apps were accessed through the iTunes interface using the same
search term. The search term was applied across all store
categories in the five instances. The two reviewers (MJL and
NS) recorded the links and the titles of apps found in the search
yield. Based on their availability, one reviewer (NS) compiled
apps found in iTunes and the other (MJL) focused on the
remaining app stores. For the eligibility assessment of the apps,
the entire inventory was split into two equal samples for
independent review.

Selection Criteria
Apps were organized as either “potentially relevant” or “not
relevant” based on the app title, store description, and available
screenshots. Apps were categorized as “potentially relevant”
and included in the final analysis if they met three criteria: (1)
the term “depression” was in the title or store description, (2)
the app targeted health consumers (ie, those who self-identify
as needing support for depression, including family or
caregivers), rather than health care professionals, and (3) the
app had an English-language interface or English translation
(if in another language).

Apps were excluded from the study if they did not provide
sufficient information, did not have a clear focus on depression,
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used the term depression in an unrelated context (eg, the Great
Depression), used the term depression as a keyword in a list of
unrelated items or as background information, and were
duplicates appearing in multiple markets or for other devices
(ie, optimized for tablets). The duplicate that provided the most
information for data extraction was retained based on the
following hierarchy (most to least information): Google Play,
iTunes, AppWorld, Ovi, and Marketplace.

After independent screening for relevance, the 2 reviewers
exchanged a random selection of 5% (104 apps) of their search
yields to verify eligibility. Interrater reliability (IRR) of the
random samples, as determined by Cohen’s kappa (kappa=.77,
P<.001), was statistically significant. According to Landis and
Koch’s guidelines [31], the score indicated that there was a
“substantial agreement” between the 2 reviewers. Because the
IRR exceeded the pre-determined minimum kappa threshold of
.7, independent reviews of the whole sample were not required.
Disagreements found in the exchanged sample were resolved
by consensus.

Data Extraction and Coding
Information was extracted from the store descriptions of the
apps for the following variables: commercial information (ie,
year of release/update, cost, developer name, audience,
downloads), organizational affiliation, content source, main
purpose, user interface, media type, and popularity (ie, rating,
number of raters, number of comments). The 2 reviewers (MJL
and NS) collectively and iteratively developed a preliminary
coding scheme by analyzing the content of 20.5% (108/528) of
randomly selected “potentially relevant” apps. The coding for
the main purpose variable used the Luxton et al [17]
classification of mental health app (ie, self-assessment, symptom

monitoring, psychoeducation, psychological therapy,
psychotherapeutic skills training) as the foundation for
development. An IRR test of 20.4% (22/108) of this pilot sample
was conducted to evaluate understanding and application of the
codes. The results were all significant (P<.001), yielding “almost
perfect” agreement for exclusion (kappa=1.00), affiliation
(kappa=.91), content source (kappa=1.00), and user interface
(kappa=.91). There was “substantial agreement” for main
purpose (kappa=.77) and “moderate agreement” for media type
(kappa=.49) [31]. The discrepancies in coding for the
multimedia variable were discussed, and problem areas were
identified and resolved. The final coding scheme is outlined in
Table 1.

The remaining sample was divided for data extraction based on
odd and even numbering to ensure that the reviewers had equal
proportions of apps from each marketplace. After independent
review, 20% (combined 41 apps) of each reviewer’s sample
was randomly selected, exchanged, and coded to assess IRR.
The results were all significant (P<.001) with “almost perfect
agreement” for affiliation (kappa=.89) and main purpose
(kappa=.83), and “substantial agreement” for user interface
(kappa=.74). There was also “substantial agreement” for media
type (kappa=.68); however, the low kappa (kappa<.70) required
the reviewers to examine and understand the discrepancies in
coding and correct the coding within each of their respective
samples. This process was also applied to content source
(kappa=.53). Flagged apps were collectively reviewed for
inclusion and then coded. Because the exclusion criteria became
more nuanced during this process, apps that were labeled not
relevant were also collectively reviewed and coded if they were
considered relevant.
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Table 1. Final codebook for content analysis.

DescriptionCodeVariable

UNIVERSITY: Produced in affiliation with a university or other academic institutionUNIOrganizational affilia-
tion

MEDICAL CENTER: Produced in affiliation with a medical institutionMEDC

GOVERNMENT: Produced in affiliation with a government institutionGOVT

INSTITUTION: An explicit association (ie, foundation, center, NGO, church)INST

OTHER: There is a clear but unclassifiable affiliation (eg, LLC, LLP, Inc.), not .comOTHER

INSUFFICIENT: The affiliation cannot be confirmed by available infoINSUFF

EXPERT: Developed by/with an accredited medical professional (eg, Dr., LCSW)EXPContent source

EXTERNAL SOURCE: From specific external source (eg, BDI, DSM, Bible) but not “based on” or inspired
by a theory/practice (eg, cognitive behavioral therapy)

EXT

LAYPERSON: Source identified but no credential mentioned. Non-medical expertise clearly indicated by detailed
bio or qualifier (eg, years of experience)

LAY

PERSON LIVED EXPERIENCE: Indication that app is developed by people with lived experiencePLE

INSUFFICIENT: No direct information provided about origin of interventionINSUFF

ADULT: Adult or high maturity, age 18+ADULTAudience

YOUNG ADULT: Medium maturity, age 12+YADULT

YOUTH: Low maturity, age 9+YOUTH

ALL: “Everyone,” age 4+, “general,” no ratingALL

PSYCHOEDUCATION: Educational material that includes books or guides, news or journal articles, commen-
taries/opinions, tips, and lessons

PEMain purpose

MEDICAL ASSESSMENT: Allows users to screen, diagnose, assess risk, determine treatmentMA

SYMPTOM MANAGEMENT: Allows users to track symptoms – only for mood diariesSM

SUPPORTIVE RESOURCES: Provides referrals for help or connects users with support. May include the use
of forums

SR

THERAPEUTIC TREATMENT: Provides therapy and includes functions that support relaxation (eg, hypnosis,
binaural beats); meditation, spiritual faith-based solutions; holistic therapy (eg, diet, exercise, nutrition, lifestyle,
cannabis); and positive affirmation

TT

MULTIPLE PURPOSES: Use only if indistinguishable overlap of categoriesMULTI

INFORMATION ONLY: Static user interface that provides minimal interaction (eg, e-book). The only interactions
available are for settings or navigation

INFOUser interface

TOOL: Dynamic user interface that provides an interactive component to app (ie, games, social media consul-
tation) or allows users to input data

TOOL

AUDIO: Audio only (with supporting background images/text)AUDMedia type

TEXT ONLY: Text only (with supporting background images) – eg, e-bookTXT

PICTORIAL: Pictures only (eg, wallpaper)PIC

VIDEO: Video onlyVID

VISUAL: Animations or graphics or charts (ie, no audio or video)VIS

MULTIMEDIA: Used more than one of the categories aboveMULTI

INSUFFICIENT: Not enough information to determine types of media usedINSUFF

Data Analysis
Cohen’s kappa and descriptive statistics were computed using
SPSS version 20. Chi-square tests of independence examined
the relationship between the variables data source, user interface
and multimedia, and the main purpose of the app. Statistical
significance was set at P<.05. The option to collapse the values
within a variable to fulfill the expected cell frequency

assumptions of chi-square tests was explored if the research
team viewed it as a logical transformation.

Results

General Characteristics
The initial search yielded 1054 apps, of which 53 were excluded
as duplicates (31 were available in two stores, eight in three
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stores, two in four stores, and one in all stores). Of the remaining
apps, 243 met the inclusion criteria. Figure 1 shows the
exclusion of apps at the various stages of the study. See
Multimedia Appendix 1 for a list of the included apps.

Windows (4.5%, 11/243), Nokia (2.5%, 6/243), and BlackBerry
(2.5%, 6/243) accounted for less than 10% of the included
sample, as the majority of apps were from the Google (53.5%,
130/243) and Apple (37.0%, 90/243) marketplaces. The apps
spanned 32 different store categories, with 79.9% (194/243) of
the apps found under four categories: health and fitness (41.2%,
100/243), medical (17.3%, 42/243), lifestyle (14.4%, 35/243),
and books (7.0%, 17/243). Six (2.5%, 6/243) apps had no
categorization. The average price for paid apps (152/243; 62.6%)
was CAN $3.15 and ranged from $0.99 to $15.99. The majority
of paid apps (73.7%, 112/152) were sold for less than $4.99,
with the mode price of $0.99 (18.9%, 46/243).

Only the release date was provided by the iTunes store, whereas
Google Play, BlackBerry, and Windows provided dates of the
last app update. Nokia did not provide this information. The
earliest date reported by the app stores was 2009 (3.7%, 9/243).
Two-thirds (66.0%, 156/237) of the apps were released or
updated in 2012 (36.2%, 88/243) and the first quarter of 2013
(28.0%; 68/243). Google Play was the only market that reported
the number of installs (ie, downloaded and installed on an
Android mobile device) and was reported in ranges; 40 apps
(30.8%, 40/130) were installed less than 50 times. The most
frequent ranges of installation were 100-500 and 1000-5000,
each registering 16.9% (22/130) of the sample. One app (0.4%,
1/243) was installed in the 1 million to 5 million range, and four
apps fell into the 100,000 to 500,000 range.

Figure 1. Flow diagram illustrating the exclusion of apps at various stages of the study.

JMIR mHealth uHealth 2015 | vol. 3 | iss. 1 | e16 | p.5http://mhealth.jmir.org/2015/1/e16/
(page number not for citation purposes)

Shen et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Developers and Affiliations
There were 190 developers in the sample, with 35 accounting
for multiple apps. Of this group, 27 developers created two
apps, three developed three apps, and four developed four apps.
The top developer, MOZ, created nine apps. Only 5.3% (10/190)
of the developers were either medical centers (1.0%, 2/190),
universities (1.0%, 2/190), and institutions (3.2%, 6/190). A
total of 56 developers indicated that they were a commercial
developer (eg, LLC, LLP, Inc.), while 124 developers did not
provide sufficient information about their affiliation.

Depression Apps Ratings
Of the 113 rated apps (46.5%, 113/243), there was an average
of 37.2 raters (95% CI 21.6-52.81) per app. One app had 583
raters. The average rating (out of five stars) was 3.5 stars (95%
CI 3.3-3.7). There was an average of 5.9 comments per rated
app (95% CI 4.2-7.7), with a range from zero to 56 comments.

Overall Picture of Depression Apps
Over 80% of the apps had the main purpose of providing
therapeutic treatment (33.7%, 82/243), psychoeducation (32.1%,
78/243), or medical assessment (16.9%, 21/243). Apps with

multiple purposes accounted for 7.4% (18/243) of the sample.
Only 38.3% (93/243) of the apps reported the content source
in sufficient detail and mainly cited an external (17.7%, 42/243)
or expert (14.0%, 30/243) source. The majority (72.4%,
176/243) featured a dynamic user interface. Over half of the
apps were text-only (51.9%, 126/243), while 14.4% (35/243)
used multiple forms of media. Table 2 summarizes the
distribution of apps across the different variables.

The chi-square tests of independence yielded significant results
(P<.001); however, the expected cell count assumption was
violated in all cases. Two variables, affiliation and content
source, were collapsed into binary variables. The chi-square
analysis for affiliation (ie, sufficiently or insufficiently reported)
and main purpose showed that there was no relationship between

the two variables (χ2
5=8.8, P=.12). The content source variable

(ie, sufficiently or insufficiently reported) showed a significant

(χ2
5=50.5, P<.01) association between the main purpose of the

app and the reporting of the source. An ad hoc analysis was
conducted between media type and user interface, which yielded

a significant relationship between the two variables (χ2
4=46.3,

P<.01).
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Table 2. Distribution of depression apps by variable and main purpose.

Main purpose, n (%)aVariable and Value

TotalMPSRSMMAPETT

24318 (7.4)4 (1.6)20 (8.2)41 (16.9)78 (32.1)82 (33.7)Overallb

Affiliation c

Reported b 85 (35.0)

7 (2.9)3 (75.0)1 (5.0)2 (2.6)1 (1.2)Institution

2 (0.8)1 (25.0)1 (2.4)Academic

2 (0.8)1 (2.4)1 (1.2)Medical center

74 (30.5)6 (33.3)6 (30.0)14 (34.1)21 (26.9)27 (32.9)Other

158 (65.0)12 (66.6)13 (65.0)25 (61.0)55 (70.5)53 (64.6)Insufficient information

Content source c

Reported 93 (38.3)

42 (17.3)5 (27.8)1 (25.0)1 (5.0)21 (26.9)6 (7.7)8 (9.8)External

30 (12.3)6 (33.3)11 (26.8)10 (12.8)3 (3.7)Expert

11 (4.5)1 (5.6)2 (10.0)1 (2.4)7 (9.0)Patient lived experi-
ence

10 (4.1)1 (1.3)9 (11.0)Layperson

150 (61.7)6 (33.3)3 (75.0)17 (85.0)8 (19.5)54 (69.2)62 (75.6)Insufficient information

User interface

176 (72.4)18 (100.0)4 (100.0)20 (100.0)41 (100.0)18 (23.1)75 (91.5)Tool (dynamic)

67 (27.6)60 (76.9)7 (8.5)Information only (static)

Media type d

126 (51.9)7 38.9)2 (50.0)4 (20.0)35 (85.4)61 (78.2)17 (20.7)Text only

39 (16.0)3 (3.8)36 (43.9)Audio only

35 (14.4)4 (22.2)2 (50.0)3 (15.0)1 (2.4)9 (11.5)16 (19.5)Multimedia

34 (14.0)7 (38.9)11 (55.0)4 (9.8)4 (5.1)8 (9.8)Visual

6 (2.5)1 (5.0)5 (6.1)Pictorial

3 (1.2)1 (5.0)1 (2.4)1 (1.3)Insufficient information

aCalculated as percentage within main purpose category; TT=therapeutic treatment, PE=psychoeducation, MA=medical assessment, SM=symptom
management, SR=supportive resources, MP=multiple purposes.
bTotal was calculated as percentage within the whole sample (N=243).
cThe denoted variables were collapsed into binary categories for chi-square analysis.
dNone of the apps were video based.

Characterization of Apps by Main Purpose

Therapeutic Treatment
Audio (44%, 36/82) was the most frequently used media for
therapeutic treatment apps, which accounted for 92% (36/39)
of audio apps found in the entire sample. Similarly, therapeutic
treatment apps most frequently used multimedia, which
represented 46% (16/35) of multimedia apps in the entire
sample. Half (41/82) of the therapeutic treatment apps supported
audio therapy in the form of hypnosis (n=14), brainwave
entrainment (n=23), music therapy (n=3), or nature sounds
(n=1). Five of the audio therapy apps included other types of
media. One hypnosis app used visual media only. Nine of the

11 relaxation therapy apps reported layperson as the source,
which accounts for 90% (9/10) of the layperson-sourced apps
in the sample. Other types of therapy included
spiritual/faith-based (n=10), entertainment (n=10), positive
affirmation (n=7), behavior training (n=7), and light/visual
(n=3). Two apps provided exercise-based therapy consisting of
breathing techniques and yoga. One app focused on diet and
one provided activity suggestions. There were ten apps that
provided cognitive behavioral therapy and were classified under
the multipurpose category.
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Psychoeducation
The psychoeducation category of apps predominantly used a
static (ie, read-only) interface (n=60) and represented 90.0%
(60/67) of the static interface apps in the sample. The most
frequently used media was the text-only category (n=61) and
represented roughly half of all text-only apps (48.4%; 61/126)
in the entire sample. Fifty psychoeducation apps were general
e-books about depression, of which two were fiction and seven
were reference manuals (ie, medication library), 12 apps
provided tips or advice on how to overcome depression, and 11
apps provided education through learning modules or lessons.
Five apps provided a collection of resources such as news and
journal articles. The psychoeducation category had the greatest
number of apps based on patient lived experience (n=7). Five
of these were general e-books, one provided tips, and one
provided lessons.

Medical Assessment
Of the medical assessment apps, 33 (81%; 33/41) reported the
content source, which is the highest proportion and number of
sourced apps within a main purpose category. External sources
were reported 21 times and used 11 different questionnaires.
The most frequently used questionnaire was the Patient Health
Questionnaire (PHQ-9) [32], used in eight apps. The Beck
Depression Inventory 2 [33], Geriatric Depression Scale [34],
and M3 Questionnaire [35] were all used twice. The Automatic
Thoughts Questionnaire [36], Center for Epidemiology Studies
Depression Scale [37], Edinburgh Postnatal Depression Scale
(EPDS) [38], Goldberg Depression Questionnaire [39], Quick
Inventory of Depressive Symptomology Questionnaire [40],
and Zung Self-Rating Depression Scale (SDS) [41] were each
used once. The Psychological Tests App contained multiple
depression questionnaires. The 11 expert-sourced apps did not
provide a specific questionnaire but mentioned in the description
that a medical professional (ie, physician or psychologist)
developed the app or that the questionnaire was used in practice.

One app contained a questionnaire based on patient lived
experience. With the exception of five apps, all the apps were
text-only.

Symptom Management
Only 15% (3/20) of symptom management apps reported the
content source, the lowest proportion of all the main purpose
categories. Over half of the symptom management apps used
visual media (55%; 11/20). Nine apps allowed users to track
their moods and eight tracked lifestyle factors (eg, mood, sleep,
diet, medication, exercise). Two apps allowed users to keep a
journal, and one app used a checklist system.

Supportive Resources
Half of the apps (50%; 2/4) were text-only, while the other half
were multimedia. One app reported the content source and cited
an external source. Two apps provided resources (online and
offline) and references for help. The other two apps connected
users to a community via online forums.

Multipurpose
Two-thirds (67%; 12/18) of the multipurpose apps reported the
source, with almost all citing an expert (n=6) or external (n=5)
source. All the apps used text (n=7) or visual (n=7) as the
primary media. Four apps were multimedia, and 17 apps (94%;
17/18) used a combination of medical assessment and symptom
management. Ten of these apps specifically focused on cognitive
behavioral therapy (CBT), while seven used a questionnaire
and allowed users to track depression over time. The
questionnaires consisted of PHQ-9 (n=2) [32], EDPS (n=1)
[38], and SDS (n=1) [41]. One app used a proprietary
questionnaire (Treatment Depression Inventory). Two apps did
not specify the questionnaire. One app provided therapeutic
treatment through meditation exercises and also provided
psychoeducation about the exercises and CBT. Figure 2 presents
a summary and distribution of the different app functions.
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Figure 2. Distribution of depression apps by function.

Discussion

Principal Findings
This review found that depression apps provided support on
five different dimensions: therapeutic treatment,
psychoeducation, medical assessment, and supportive resources.
Through the iterative development of this typology and
understanding of the available commercial information, the
results provided some insights into the user experience of those
seeking depression support through apps. Similar to a recent
study by Martinez-Perez et al [24], this study found that
depression app seekers need to filter through 400+ apps in either
the Google Play or iTunes marketplace. In context of the one
million app milestone announcements by both Google and Apple
in 2013 [42,43], this number may suggest that the app
marketplace has entered a phase of “overload” or “diseconomies
of scale”, where the large quantity of apps available makes it
difficult for users to find the right one [44,45]. The apps
excluded from this study indicate that metadata may play a role
in this phenomenon. Vendors may leverage the use of metadata
or the keyword “depression” to increase exposure of their
non-depression apps in the depression app search results. For
example, one-fifth of the search yield made no mention of
depression anywhere in the app title or store description.
One-quarter of the search yield was excluded because the word
depression was mentioned only in a “laundry list” of keywords
in the app’s description, not in the title. Many of these apps
were white-labeled (ie, essentially identical but marketed for
different purposes or under different developer names) and were
evident by the identical store descriptions (see Figure 3). White
labeling was primarily observed for e-book and audio therapy

apps. Last, although some apps made reference to depression,
their main purpose was to address a different condition (eg,
weight loss or acne apps may describe how being obese or
having acne may lead to depression).

Of the apps included in the study, there were three times more
text-only apps than any other media category; furthermore,
almost all the text-only apps with static interfaces were found
in the psychoeducation app category. The reviewers found that
these apps, based on screenshots and descriptions, were
rudimentary in function and minimal in design. The proliferation
of these apps may be a result of the low barrier to entry into the
marketplace in the form of prerequisite resources and skills,
thereby allowing those with minimal programming skills and
resources to develop and publish their own apps [46]. This
finding could explain why only one-third of the 190 unique
developers adequately described or indicated their affiliation
and the proportionately low number of apps from formal
institutions. Furthermore, only a third of the app store
descriptions reported content sources. Many other app reviews
[18-23,30,47-51] have also found that the app development
process often failed to involve health care professionals or
academics and to include content aligned with clinical guidelines
or behavior change theories or techniques. The majority of these
apps were categorized under the main purposes of
psychoeducation and therapeutic treatment.

The lack of apps that incorporate authoritative sources remains
problematic. It has been estimated that one in five of paid apps
claim to treat or cure medical ailments [28]. Similar to the
potential shortcomings of information found on the Internet,
the information or therapies provided by apps may be incomplete
or based on insufficient scientific evidence. This presents a
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potential health hazard for consumers who interpret this
information incorrectly or try inappropriate treatments [52]. For
example, reading about a disease may increase health anxiety,
reinforce hypochondriasis, cause unnecessary concerns, or lead
people to purchase harmful drugs or engage in risky health
behaviors [53]. These harms, however, are often a cautionary
claim, as most research on the utility of online health
information has focused on the quality of information rather
than its effects [54,55]. Only a few studies actually reported
instances of harm [56]. This gap between evidence-based
recommendations and app functionality continues to be a
common theme across different health conditions
[20,21,47,51,57-59]. Public attention has turned to these “snake
oil” apps, prompted by a US Federal Trade Commission
settlement involving two app developers who falsely cited a
study from the British Medical Journal of Dermatology in their
claims that the colored display screens featured in their apps
could cure acne [60]. The proceedings were founded on the
premise of false advertising rather than public safety [61]. This
case has led to a call for the US Food and Drug Administration
(FDA) to regulate mobile medical apps; however, there is debate
about the appropriateness of this measure [62]. In September
2013, the FDA issued guidance for developers of apps that
perform as medical devices, defined as apps that diagnose or
treat disease whereby malfunctions can carry significant risks
of harm [63].

Based on the app store categories used in this study, 42 apps
were defined as medical; however, this category included apps
that are considered innocuous, such as those that help patients
organize their health information or look up information about
treatments [64]. Perhaps these apps would be better suited for
other categories, such as health and fitness, lifestyle, and books,
where more than half of the included apps were found. Apps
found in these non-medical categories are considered low risk
as long as they do not provide specific treatments or treatment
suggestions. They may provide benefits to the patient, such as
those associated with using a mood tracker to maintain a
symptom diary [65]. To help users navigate the app marketplace,
Happtique (a subsidiary company of the Greater New York
Hospital Association) developed standards for an app
certification program in early 2013. Unfortunately, these efforts
were brought to a halt when an audit found that 2 of the 19
Happtique-certified apps had privacy issues [66]. There are
other initiatives to help curate apps, such as the iMedicalApps
website; however, it is a tremendous task to benchmark. Policing
the quality of apps is a near-impossible endeavor that is
reminiscent of the early days of appraising online health
information [67]. Deshpande and Jadad have found that past
initiatives to assess the quality of online health information or
tools had limited success and recommend that efforts be hedged
towards an open, distributed, and collaborative approach similar
to Wikipedia [68].

Figure 3. An example of white labeling where the apps have the same description but are labeled as different apps. The word depression (circled in
red) is only one in a list of unrelated terms and is an example of how such lists allow non-depression apps to enter the search.

Evaluation
The most common function of depression apps provides users
with information about depression through an e-book modality.
Despite the potential to translate books or bibliotherapeutic

guides, only 13 of the 50 e-books cited a content source. The
majority of these books were self-help guides, often with titles
that claimed they would help users overcome depression.
Examples include “Beat Depression”, “Defeat Depression”, and
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“Stomping Out Depression”. While these non-sourced books
do pose the potential to distribute erroneous or biased
information to people seeking help, the Google dataset shows
that two-thirds of these apps are installed less than 100 times
and indicates that users do exercise some discretion before
purchasing or installing apps. Nettleton et al [69] suggested that
users are able to make reasonable assessments of health
information in the context of other health information seeking
practices to complement their formal care. This behavior extends
to mobile phone apps: one qualitative study found that the
reputation and legitimacy of sources factor into the use of an
app [70]. For example, an e-book app that cited the US National
Institutes of Health was downloaded within the 10,000 installs
range. While promising, this finding could be confounded by
the application’s free status. The “Anxiety and Depression” and
“Audio Book Anxiety and Depression” e-book apps, which
were in the install ranges of 10,000 and 100,000, were also free.
One study suggested that consumers exercise more caution
when having to purchase apps than when downloading them
for free due to the burden of price [71]. The same study also
showed that ranking, customer ratings, and content size affect
downloading when the app is free. Consumers depend more on
their own information and experiences rather than on rankings
or ratings when the app requires payment. They closely consider
low ratings, including complaints, not mean score when they
have to pay [71]. The relationship between price, affiliation,
source, downloads, and satisfaction via ratings and comments
could be a potential area to explore in future studies.

Medical assessment was the only app category with a high rate
of reporting content source. All of these apps were screening
tools that allowed users to self-diagnose for depression. There
is an absence of published data investigating the impact of
patient self-diagnosis using apps or the Internet; however, some
studies have identified false positive assessments as a potential
source of harm [53,72-74]. Despite this shortcoming, medical
assessment apps could help to address some systemic barriers
to diagnosing depression in primary care [75]. Depression is
often under-detected in the health care system, and the practice
of routine screening is a contentious and unresolved issue [76].
Medical assessment apps may help to bridge this gap by
assisting individuals in identifying mental health issues, thereby
providing the impetus to approach and engage their health care
providers. Clarke and Yarborough described this effect as a
lowering of threshold of entry-level mental health services so
that it extends the reach of care to people who do not seek
traditional treatment for depression [5].

Audio therapy apps may have a similar potential to that of
medical assessment apps [77,78]. This study found that half of
therapeutic treatment used audio therapy and is consistent with
a recent report that found that 43% of therapeutic apps used
audio for treatment [28]. The effectiveness of audio therapy,
regardless of mode of delivery, is not fully understood and is
often under scrutiny [47,79-81]. There are many gaps in
knowledge regarding the psychological effects of brainwave
entrainment and hypnosis on depression [82,83]. Systematic
reviews [81] and meta-analysis [84] of existing research have
found mixed results on the effectiveness of these types of
interventions. A similar review of a hypnosis app found on

iTunes reported that none of the 407 identified apps were tested
for efficacy or were based on evidence [47]; however, the study
did not discuss potential harms associated with using
non-evidence-based, non-evaluated apps. The authors do caution
against “self-described professional titles”, as certification could
easily be purchased online. They also warn that certification
does not mean that the individual was adequately trained.

The fourth most prevalent function of depression apps was
offering behavior training or therapy, with most apps focusing
on CBT. Internet-based CBT (ICBT) has shown to be an
effective treatment for depression [85], with the magnitude of
effects depending on level of support and content of the
intervention [86]. ICBT is considered to be well suited for
delivery through an app because it would offer users the
convenience of recording and tracking their moods and context
in real time, as well as accessing psychoeducational materials
[87]. Two-thirds of the CBT apps identified in this study had
multiple purposes, which often included tracking, screening,
and providing psychoeducation. In practice, one study
demonstrated the feasibility of app-based CBT in treating
depression, with clinical improvement in the patients [26]. This
app was captured in the sample and provided a very brief
description mentioning the CBT program and its affiliation with
a hospital; however, the raters felt it did not provide sufficient
information about the intervention source. This shortcoming
underscores the importance for app developers to follow a
standardized reporting system to advertise the credibility of
apps and to prevent empirically tested apps from going
unnoticed. Similarly, it might be necessary to develop a
framework that could protect both app developers and users
from harm, particularly from liability associated with cases of
preventable suicide.

Limitations
While the development of regulations and certification standards
for assessing the quality of apps is underway, this study used
the information available in the app store description (ie,
developer affiliation and content source) to understand how
depression apps are advertised to health consumers seeking
depression apps. The information provided about affiliation and
content source was accepted prima facie based on the developed
inclusion criteria. The high percentage of insufficient reporting
of affiliation may be an overestimation, since the developer
websites were not examined to corroborate their status.
Similarly, the reported content sources were not further
examined. It is acknowledged that the apps themselves may
contain more information and that not downloading and testing
the apps is a limitation of this study. The lack of physical testing
mirrors the actual user experience when making the decision to
download apps [48], where the information provided in the
description may serve as an initial proxy measure for quality
before downloading and trialing an app. It also underscores the
need for a standardized app store description reporting system
for vendors to refer or adhere to. With over 190 unique
developers identified in our eligible sample and many more in
the initial sample, consumers may not have the time to view all
the developer websites to verify their affiliations. Requiring
vendors to outline their affiliations, evidence base, or content
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source could provide potential users with enough contexts to
assess the credibility of the app.

A second limitation lies in the possibility that many of the apps
excluded from this study because they were not depression
specific could potentially be useful for people with depression.
ICBT apps are prime examples of potentially useful
non-depression-specific apps. ICBT is regarded as a
well-established treatment for depression, panic disorder, and
social phobia, but it is also an option for 25 other clinical
disorders. While ICBT apps could be the prototypical depression
app [26,88], non-depression ICBT apps were excluded to
maintain consistency in assessing the relevance of other apps
that provided an intervention (eg, binaural beats [81], yoga [89],
spirituality [90]) where a case could be made for their inclusion.
To prevent confirmation biases from entering the sample, it was
decided that the app was required to be specific to depression
to be eligible.

This study represents a snapshot of depression apps found in
Canadian app stores in March of 2013. This may be a limitation
in three ways. First, the landscape of the depression market will
have changed at the time of submission of this publication.
Second, the findings from this study may not be representative
of all the depression apps available on the global market because
certain apps may be localized or licensed only to specific
countries. The study by Martinez-Perez et al in Spain found
over 1537 depression apps available on the five major platforms.
In comparison, the current review yielded 1001 unique apps,
with a large part of the discrepancy attributed to Google Play
app count. Moreover, a sample of Android apps may be missing
because this study was conducted just prior to the Amazon
announcement [91] of expanding access to its Android app store
outside of the United States to Canada and 200 other countries.
A quick search of the Android app store using the search term
“depression” yielded 123 apps. Because development standards
vary from different app stores, future content analysis studies
should consider including the Amazon marketplace to

understand its contributions to the app marketplace. Last,
frameworks such the Self-Certification Model for Mobile
Medical Apps by Health on the Net Foundation (HON) [92]
and App Synopsis [93] became available shortly after the data
extraction phase concluded (mid-2013). These models provide
some important parameters that were not covered in this study
(eg, data requisition and management, advertising policy,
justification of claims). However, this study demonstrates that
most apps would fare poorly against the aforementioned
standards and delineates the need for such reporting approaches
to be disseminated to mHealth developers to bring the
information presented to health consumers to an acceptable
level.

Conclusions
This study found that finding an appropriate depression app
may be challenging due to the large quantity available. The
search results yielded non–depression-specific apps to
depression apps at a ratio of 3:1. Over one-quarter of the apps
excluded from the study failed to even mention depression in
their description or title and exemplify the role of metadata in
populating the search results. The lack of reporting of
organizational affiliation and content source brings the
credibility into question. Whether the content is evidence-based
is a whole other issue. This lack of information was most
common among symptom management apps, followed by
therapeutic treatment and psychoeducation apps. Only medical
assessment apps, many of which were based on well-established
depression questionnaires, adequately described their sources.
As the app phenomenon and health consumerism continue to
grow, the user’s ability to find a reliable and credible app may
become increasingly difficult. While efforts are underway to
populate the marketplace with certifications and professional
vetting, this study delineates the need for standards in reporting
and for a framework to enable people with depression or other
conditions to use proxy measures to assess the legitimacy of
apps.
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