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Background: Social support received by patients from family and community has been identified as a key 
factor for success in improving medication adherence in those patients. This pilot study aimed to investigate 
the usability and feasibility of PillPal, a smartphone application that uses video-chatting as a social motivation 
medium to encourage medication adherence in cardiovascular disease (CVD) patients. We additionally 
gathered feedback on the Physician Calendar, an accompanying web platform that allows clinicians to view 
patient adherence data generated from the app.
Methods: Thirty patients were recruited from the Johns Hopkins Hospital (JHH) Lipid Clinic (n=14) and 
Inpatient Cardiology Service (n=16) to pilot test the app. Data were obtained through in-person interviews 
in which patients tested out the app and answered standardized questions regarding the app’s feasibility as a 
means to enhance social support, as well as its usability measured in terms of ease of use and patient comfort 
level with the video-chat technology. Cardiologists (n=10) from JHH were interviewed to gain feedback on 
the Physician Calendar.
Results: We recorded 43.4% participants who stated that PillPal would increase their motivation to take 
their medications; 96.7% stated the app was easy to use; and 70% stated they were comfortable with video-
chatting while taking their medications. Patient factors such as current adherence level, disease severity, and 
personality were more predictive of positive app reviews than the perceived level of social support. Clinicians 
generally approved of the Physician Calendar, as they would be able to quickly screen for non-adherence and 
begin conversations with patients to address the root cause of their non-adherence.
Conclusions: Based on pilot testing and interviews, using a smartphone app for video-chatting as a social 
support medium to improve patient medication adherence is feasible and has potential to increase medication 
adherence depending on certain patient characteristics. The Physician Calendar was deemed a useful tool by 
clinicians to quickly identify and understand reasons for medication non-adherence. 
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Introduction

Despite the effectiveness of pharmacotherapy in combating 
chronic illnesses, in particular cardiovascular disease 
(CVD), it is estimated that 50% or more of patients are 
non-adherent to their medications (1). Medication non-
adherence leads to poor achievement of treatment goals, 
increased patient morbidity and mortality, and costs 
an estimated $300 billion annually in U.S. healthcare 
expenditures (2). Since measurements of abnormal blood 
pressure and lipids can be used to objectively approximate 
adherence, a plethora of data is available regarding 
medication adherence in CVD patients. 

In its 2003 report, the World Health Organization 
identified five dimensions of medication non-adherence, 
stressing the multifactorial nature of the problem (3). 
Simple “forgetfulness” does not explain the majority 
of non-adherent behavior. It is a much more complex 
problem involving low patient self-efficacy, ambivalence 
or resistance to changing health behaviors, and conscious 
decision-making whereby the cons of taking medications 
(drug expenses, adverse side effects, etc.) outweigh the pros 
(enjoying positive health outcomes). There is a need to shift 
approaches from “blaming” the patient to “supporting” the 
patient to improve adherence. 

One key topic studied extensively in health psychology 
and behavioral medicine is social support. Studies have 
shown strong associations between familial support and 
glycemic control in diabetic patients (4), and that heart 
failure patients with lower perceived social support (PSS) 
scores have a 3.5 higher risk of cardiac events than those 
who have higher PSS (5). Moreover, Miller & DiMatteo’s 
research highlights the mediating effect of adherence 
on social support and health outcomes—greater support 
by family and friends promotes patient adherence by 
encouraging optimism, altering negative health behaviors, 
and buffering the stress of being ill, thereby creating better 
outcomes (6). 

Additionally, verification of proper patient usage of 
prescribed medications is important for clinicians to assess 
whether the treatment is working. In most outpatient 
settings, clinicians rely upon the patient’s self-report (7). 
However, multiple studies have shown that this is not 
reliable, as patient recall for medical information is poor 
and patients generally over-report adherence to please the 
clinician (8). Suboptimal assessment of patient adherence 
may lead to medication errors, such as over-prescription 
and dosing errors, compounding medical costs and also 

increasing the risk of harmful drug interactions and adverse 
side effects, further compromising treatment efficacy. 

The number of apps aimed at helping patients organize 
and track medication-intake is increasing in various 
smartphone platforms (9). For example, eMocha uses a video 
directly observed therapy (DOT) where patients record 
themselves taking their medication, and providers verify 
each dose. MediSafe is an advanced medication managing 
app that works as a virtual pill-box, and includes features 
such as trend dashboards, medication videos, and the 
“Medfriend” caregiver support. CeyHello also focuses on 
patient engagement through the “Care Circle” feature 
where family members can send patients motivating icons 
called “moticons”. None of these solutions, however, takes 
medical social networking to the level at which PillPal does, 
while also providing adherence verification to clinicians.

Currently, there is no reliable way to motivate patients 
to take their medications while also accurately verifying 
appropriate medication adherence to clinicians. Based on 
a separate interview of over 300 patients, we observed that 
many older patients identified loneliness as a common daily 
attribute, and often welcome the opportunity to interact 
with friends and family. The current study aimed to develop 
and pilot test PillPal, a newly developed smartphone app 
that socially connects patients by video chat to promote 
medication adherence.

Methods

App development

We identified two must-have features for the app: a mode 
of connecting patients with family members, friends, or 
with other patients and an effective display of adherence 
data to clinicians. Because medication-taking behavior is 
extremely complex and individual, we targeted a solution 
that can improve adherence in patients universally—that 
is, to internally motivate patients to engage in treatment. 
PillPal makes patients look forward to taking their 
medications by making it an act to be performed together 
with another individual, fostering new relationships and 
building a community through the shared experience. 
In addition to motivating the patient, it is important to 
display useful adherence data to clinicians. We envision 
a calendar format that can be used during the clinic visit. 
Adherence percentage is calculated as the number of pills 
taken divided by the number of pills prescribed by the 
physician:
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Number of pills taken 100
Number of pills prescribed

×
	

[1]

Figure 1 and Figure 2 show current prototypes of the 
PillPal app and Physician Calendar, respectively. 

Patient interviews

We conducted an Institutional Review Board (IRB) 
approved pilot study of the PillPal app on patients with 
CVD. The in-person interview followed 3 phases: (I) the 
patient answered 5 questions regarding their demographics 
(age, gender, number of daily medications, adherence level 
to medications, and PSS); (II) the patient used PillPal 
with a study member, going through all of the actions that 

are intended to be performed; (III) the patient answered  
5 questions soliciting specific feedback on PillPal. 

The procedure consisted of steps: 
(I)	 Study team members visited each of the following 

recruitment sites: Johns Hopkins Outpatient 
Center Cardiology/Lipid Clinic and Johns Hopkins 
Hospital (JHH) Inpatient Cardiology service; 

(II)	 Seth Martin, MD, MHS asked the patient whether 
he/she is willing to participate in the study; 

(III)	 After obtaining permission, patients were consented 
per the oral consent script. The participation 
request and oral consenting took place in-person 
upon investigator(s) visit to each recruitment site; 

(IV)	 Team members conducted the study based on the 
following design.

Study design:
	 Part A: preliminary survey.

(I)	 Ask the patient the following questions:
(i)	 “What is your age and gender?”
(ii)	 “What medical condition are you at this 

hospital for?”
(iii)	“How many medications do you take 

daily?”
(iv)	 “Have you ever forgotten to take your 

medication in the last month?”
(v)	 “On a scale of 1 to 10, how much do you 

feel socially supported?” (1= extremely 
lonely, 10= extremely supported by 
friends and family).

	 Part B: direct observation of patient using ‘PillPal’.

Figure 1 PillPal home page includes options for video-chat, viewing contacts, verification history, and account setup. Users take their pills 
during the call, tap the ‘verify’ button for each other, and then end the call.

Figure 2 Physician Calendar displays daily patient adherence as 
green (took all pills), yellow (took some pills), or red symbols (took 
no pills). Overall adherence percentage for the month is shown in 
upper right hand corner. 
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(I)	 The patient is handed an iPhone with ‘PillPal’ 
downloaded;

(II)	 The patient is asked to set up a video chat 
with a second interviewer;

(III)	 During the chat, the patient is asked to 
pretend to take pills (make a hand motion 
of taking pills without actually ingesting 

anything). When that is done, the interviewer 
pretends to take pills and patient is asked to 
verify on the app that the interviewer took 
the pill;

(IV)	 The interviewer and patient continue to have a 
conversation through the video chat (limited to  
5 min).

	 Part C: main survey questions for feedback on app.
(I)	 Ask the patient the following questions:

(i)	 “On a scale of 1 to 10 how would this app 
affect your motivation level to engage 
in treatment?” (1= less motivated, 5= no 
change, 10= more motivated);

(ii)	 “On a scale of 1 to 10 how easy was it to use 
the app?” (1= hard to use, 10 = very easy);

(iii)	“On a scale of 1 to 10 how comfortable 
were you video-chatting while taking 
your pills?” (1= not comfortable, 10= very 
comfortable);

(iv)	 “What features do you like about the app?”
(v)	 “Do you have suggestions for improvement?”
(vi)	 “Any general comments?”

Results

The analytic sample for this study was 30 patients. Inclusion 
criteria were patients with CVD, currently taking multiple 
medications, and able to use an iPhone following simple 
instructions. Exclusion criteria were the inability to use 
an iPhone following instruction from study member. 
Participants covered a wide spectrum of cardiac disease, the 
mean age was 62.7, mean number of daily medications was 
8.7, 60% reported at least one episode of non-adherence 
in the past month, and 27% had a low or moderate level of 
PSS (Table 1). 

Patients were asked to use PillPal and to critique its 
usability and potential to motivate medication adherence. 
Specifically, patients were asked to rank the app regarding 
how it would change their motivation level for taking 
medications regularly and at the appropriate time, its ease 
of use, and their comfort level with video-chatting friends, 
family, or a random ‘pal’ (Table 2). 43.4% of patients 
commented that the app would increase their motivation 
level to follow their medication regimens; 96.7% said the 
app was easy to use; and 70% said they were comfortable 
with video-chatting while taking their medications. Reasons 
for each of the rankings are noted on the right column.

Table 3 lists key themes and quotes that arose from 

Table 1 Demographic and clinical characteristics of interviewed patients 

Variable Data (%) (n=30)

Age

20–29 6.7 (2/30) 

30–39 3.3 (1/30) 

40–49 3.3 (1/30)

50–59 20.0 (6/30)

60–69 36.7 (11/30)

70–79 20.0 (6/30)

80+ 10.0 (3/30)

Sex

Male 53.3 (16/30) 

Female 46.7 (14/30)

Medical conditions

Hypercholesterolemia; hypertriglyceridemia; FH; atrial 
fibrillation; hypertension; hyperlipidemia; coronary artery 
disease; triple vessel disease; aortic valve disease; congestive 
heart failure; autoimmune deficiency; myocardial infarction; 
chronic kidney disease; HFPeF; diabetes mellitus; fatty liver 
disease

Number of medications taken daily

1–5 43.3 (13/30)

6–10 33.3 (10/30)

11–15 10 (3/30)

16–20 6.7 (2/30) 

21+ 6.7 (2/30)

Prevalence of patient-reported non-adherence

Non-adherence at least once in past month 60.0 (18/30)

Level of perceived social support (1–4= low; 8–10= high)

1–4 10 (3/30) 

5–7 16.7 (5/30)

8–10 73.3 (22/30)

FH, familial hypercholesterolemia.
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Table 2 Patient feedback on PillPal (N=30)

Variable N % Reason

Change in motivation level

1–4 (lose 
motivation)

2 6.7 “I’m simply not a social person.”

“I’m very busy so this will just add more things I have to do.”

“I feel that I need to put extra effort to make myself presentable on video-chat.”

5–7 (no change or 
slight increase in 
motivation)

15 50 “My condition is so severe that my motivation is to stay alive.”

“I already have a set routine that works for me, so I don’t see a need for this.”

8–10 (Increase in 
motivation)

13 43.4 “It would help to have somebody to take medicines with, especially for a lonely person.”

“It would be motivating if a friend or family member reminds me whenever I need to take my meds.”

“People who refuse to take pills will be encouraged to take them.”

Ease of use

1–4 (hard to use) 0 0 N/A

5–7 (indifferent) 1 3.3 “Volume was too low.”

“Screen was a little small.”

8–10 (easy to use) 29 96.7 “Very easy and simple.”

“It only required a few taps.”

Comfort level with video-chat†

1–4 (not 
comfortable)

7 23.3 “I don’t like video-chatting, even with family.”

“Not comfortable at all with talking to a stranger, but I’ll be happy to chat with a family member.”

“Don’t want to talk to stranger especially first thing in the morning or late at night.”

5–7 (indifferent) 8 26.7 “I prefer talking to a family member.”

“Not sure how I would video-chat when I’m at work.”

8–10 (comfortable) 21 70 “I’d definitely use it because I’d meet new people.”

“I like the face-to-face that you get through video-chat.”

†, six patients rated 8–10 for video-chatting with “family” and 1–4 for video-chatting with random “pal”; N/A means there were no 
responses in this category as no one rated the app's ease of use between 1–4.

patient interviews. Positive reviews were centered around 
the uniqueness of the app in incorporating a fun element 
to the otherwise mundane and cumbersome task of taking 
medications. Patients who were open to chatting with 
a random ‘pal’ liked the idea of being able to make new 
friends and creating a supportive community. They thought 
this feature would also aid in the exchange of information 
between patients, such as experiences with specific diseases, 
as well as side effects of medications. 

Negative reviews included hesitance to use the ‘pal’ 
feature due to unfamiliarity with the ‘pal’, concerns with 
privacy, and the difficulty of incorporating a new routine for 

patients with an established medication-taking routine. 
Suggestions for improvement included increasing the 

accuracy of verification by adding the number of pills taken, 
having the app on devices with larger screens, having other 
modes of communication for situations where video-chat 
may be inconvenient, making the ‘pal’ feature more specific, 
and creating customizable notification systems.

A total of 10 cardiologists were interviewed to gain 
feedback on the Physician Calendar. The goal was to 
determine whether this would be helpful for clinicians, how 
it could improve patient care, and suggestions for further 
improvement. The list of questions asked and clinicians’ 
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responses are presented in Table 4.
Clinicians stated that by using this calendar, they would 

be able to quickly detect non-adherence and immediately 
be able to help patients by addressing their root cause of 
medication non-adherence. Some clinicians noted that the 
calendar should display patient adherence for individual 
pills. This is due to the relative importance of certain 
medications in a patient’s regimen compared to others. 
For example, skipping a few doses of a blood pressure 
medication would rarely be fatal, but skipping a blood 
thinner or a diuretic for a few days could result in serious 
consequences. Thus, for patients with severe diseases, 
clinicians need to know precisely which medications the 
patient is non-adherent to; however, PillPal currently 
does not support pill-by-pill verification. Other clinicians 
did not see this as a fatal flaw of the app. While tracking 
individual pills is the most accurate, it risks making the app 

more cumbersome for patients to use. Instead, an overall 
adherence score for each patient since the last clinic visit 
would be useful as a jumping-off point in guiding the clinic 
conversation. If the adherence score is low, clinicians will 
know that they need to probe the patient with questions 
such as, “I see your score is a little low, is everything okay? 
Is there a specific medication you’re having trouble with? 
Did you experience side effects? Did you run out? Can I 
help clarify what your medications are for?”

Overall, the cardiologist surveys were valuable in 
understanding the usefulness of the calendar to clinicians 
and the ideal workflow when using the calendar during a 
patient’s clinic visit.

Discussion

This pilot study provided a proof-of-concept for leveraging 

Table 3 Summary of responses obtained from patient interviews (N=30)

Questions Responses

“What features do you like 
about the app?”

“It’s a very unique idea, it seems fun.”

“I like that it’s very easy.”

“I like the idea of meeting someone in the same neighborhood.”

“I can meet new patients and start new friendships.”

“I will be able to talk about my side effects and maybe my ‘pal’ and I can exchange useful information like 
how to deal with side effects.”

 “I like being able to add people to my contact list if we get along.”

“What features do you 
dislike about the app?”

“I only want to talk to my family.”

“The pal aspect can freak people out.”

“I’m concerned with privacy issues.”

“Do you have any 
suggestions for 
improvement?”

“Indicate how many pills my pal has to take (this would make the verification more accurate and 
meaningful to doctors).”

“Assign each person a few other ‘pals’ that they are responsible for.”

“Want bigger screen (make the app on iPad or computer).”

“Set a time for notification so I know when to take my pills.”

“Add some kind of reward system.”

“Make the volume louder.”

“Do you have any general 
comments?”

“It would be helpful as a reminder, but it may not work in someone who already has a set routine.”

“Usage will really depend on people’s personalities (whether they are open to chatting with a stranger or 
just want to talk to family).”

“How do you know that patient will remember to video-chat when they can’t remember to take their pills?”

“Having pictures of individual pills won’t work because there are so many pills that look similar.”
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social connections between patients to encourage better 
medication adherence. Close to half of patients stated that 
the social experience of video-chatting another person 
would increase their level of motivation in adhering to 
medication regimens. While the data obtained from this 
first prototype are promising, they elucidated many aspects 
of the app that can be improved.

Feedback on the ‘random pal’ versus family member 
connection aspect of the app were mixed, with some 
patients being open to video-calling new people every day, 
while others preferring to limit interactions within known 
family members or friends. This preference appeared to be 
highly dependent on the individual’s personality.

Some patients noted that the app was a good idea but 
may not work for them, as they already have a set routine 
for taking their medicines. Some did not see the need 
to make new friends as they already had a high level of 
social support from family members. Therefore, to gain 
substantial user base, it will be important to identify patients 
who are regularly non-adherent, who may not have a set 

medication routine, and are open to creating new social 
connections. 

PillPal offers a novel approach to improving medication 
adherence, building upon the fundamental premise that 
people are social beings and that behavioral changes often 
come from a change in internal motivation. A higher degree 
of social support—patient connection with family members, 
friends, and other patients—has consistently been shown 
to enhance patients’ intrinsic motivation to engage in 
treatment and thereby improve adherence. From this study 
we were able to validate the idea that a video-chatting app 
can increase social support and motivation in patients to 
improve medication adherence. 

Failure modes of the app include the decreased overall 
technological proficiency of the elderly population. However, 
the share of adults age 65 and up who own smartphones has 
been rising rapidly, from just 18% in 2013 to 42% in 2017, 
and is expected to continue increasing (10). Another risk is 
the violation of patient privacy and lack of a method to report 
abusive users. We plan to mitigate this risk by implementing 

Table 4 Summary of responses obtained from clinical interview (N=10)

Questions Responses

“How would 
this calendar be 
useful/helpful?”

“Seeing an overall adherence score before clinic will give me a ballpark sense of where the patient is at, and based 
on that I can decide how to guide my conversations.”

“Maybe knowing the fact that the patient has only taken some medications will trigger an earlier clinic visit.”

“Use for elderly and socially isolated patients.”

“Not just doctors, but can be used by worried family members to make sure the patient is taking his/her pills.”

“How can you 
make a clinical 
impact by using 
this calendar?”

“I can quickly detect non-adherence and drill right down to the problem without spending time asking probing 
questions to find out whether or not the patient is taking their meds.”

“If patient shows certain symptoms, I’m able to quickly check if lack of adherence may be the cause.”

 “It can facilitate conversations about medication taking in the clinic.”

“Do you have any 
suggestions for 
improvement?”

 “Clinic is busy, with a lot of data to go over. Perhaps, in one screen, just have the overall adherence score for patient 
since last appointment.”

“Make sure it doesn’t become just more data to look at.”

“Make sure it’s more trustworthy and objective than just asking the patients themselves.”

“App can obtain reason for not taking some pills (forgetfulness, side effects, cost, etc.).”

“Want visuals of global data and statistics (i.e. bar graphs, pie charts, trends) per pill upon opening patient calendar.”

“Want medications automatically updated upon changes to regimens.”

“Incentivize patients to use app with reward system financially (insurance premiums, discounts, coupons), or through 
social media.”

“Would use if it takes 30 seconds maximum to navigate.”

“Have to be careful of how clinicians use the calendar, because it can become accusatory.”
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methods to report and block users, as well as a remote-wipe 
function to delete unwanted accounts. Moreover, it is easy for 
patients to “game” the system and generate false positives, 
e.g., two users both agree to verify each other when neither 
has taken their medications. Currently, there is no way to 
address this problem; however, PillPal is an app designed for 
patients who inherently want to adhere but lack the social 
support or motivation to do so, thus we do not foresee this 
being a major barrier for our solution.

Though the app generally received positive reviews, insight 
gained from this study will be used to improve the app’s 
usability and likelihood of adoption. In making medication-
taking a social experience, there was general hesitancy in 
meeting strangers over video-chat. Therefore, the ‘pal’ 
aspect of the app may need to undergo an improvement in 
conceptual design to improve this core feature of the app. 
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