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Abstract

Background: Despite the existing evidence that highlights the benefits of oral anticoagulation therapy (OAT) self-testing and
self-management by patients in comparison with conventional control, significant progressis still needed in the implementation
of computer-based, Internet-assisted systems for OAT within health care centers. The telecontrol tool “SintromacWeb” is a
previously validated system for OAT management at home, which is currently operative and accessed by patients through a
hospital Web portal.

Objective:  The intent of the study was to assess the effectiveness and safety of OAT management in patients using the
SintromacWeb telecontrol system in referenceto control in patients using the conventional system (management at the hematology
department), in terms of time in therapeutic range (TTR) of International Normalized Ratio (INR).

Methods: Inthisobservationa prospective study, patientswereidentified by their physician and divided in two groups according
to the OAT management system that they were already using (conventiona control or telecontrol with Sintromac\Web). For 6
months, patients were required to visit the hematology department every time their physician considered it necessary according
tousual clinical practice. Sociodemographic and clinical variablesfor the study were collected at first visit (baseline) and at those
visits closest to 2, 4, and 6 months after first visit.

Results: A total of 173 patients were evaluated, 87 with conventional control and 86 with telecontrol. Follow-up time was a
median of 6.3 (range 5.2-8.1) months. The average time of OAT treatment prior to enrollment was 9.2 (SD 6.4) years. Patients
in the telecontrol group tested their INR a median of 21 (range 4-22) days versus a median of 35 (range 14-45) daysin patients
in the conventional control group (P<.001). TTR in the telecontrol group was 107 (SD 37) days versus 94 (SD 37) daysin the
conventional control group (an increase of 12.6%; P=.02). In all visits, the percentage of TTR was higher in the telecontrol group
(at the third visit: 59% vs 48%; P=.01). Higher TTR (positive coefficient) was associated with patients under OAT telecontrol
(P=.03). Under-anticoagulation (INR<1.5) and over-anticoagul ation (INR>5) were observed in 34 (19.7%, 34/173) and 38 (22.0%,
38/173) patients, respectively (no differences between treatment groups). Seven thrombotic and/or bleeding events were serious,
12 were non-serious, and most of them (5 and 10, respectively) occurred in the conventional control group.

Conclusions: Inclinical practice, OAT management with the Internet-based tool SintromacWeb is effective and safe for those
patients who are eligible for OAT telecontrol.

(Interact J Med Res 2015;4(2):€10) doi:10.2196/ijmr.3610
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Introduction

Oral anticoagulation therapy (OAT) with vitamin K antagonists
effectively reduces the risk of thromboembolism in patients
with hereditary or acquired thrombophilia, heart valve
replacement, atrial fibrillation, and other conditions[1]. Studies
carried out in Spain and Italy showed a prevalence for OAT of
1.32% and 0.81%, respectively, with atrial fibrillation as the
main cause of an indication for anticoagul ation therapy (47.1%
and 45.6%, respectively) [2,3].

The INR (International Normalized Ratio) is a standardized
number obtained by means of alaboratory test that determines
the degree of anticoagulation level achieved by the vitamin K
antagonist [4]. The goals of OAT are both preventing
thromboembolism and minimizing the risk of bleeding
complications by reaching and maintaining the INR within the
appropriate range for each patient, depending on their disease
[5]. To summarize the INR control over time, percent timein
therapeutic range (TTR) of INR is used.

Monitoring of OAT patients is conventionally carried out in
hospitals and primary care centers, which are in contact with
the referring hematologist in specialized hospitals. However,
thereisextensiveliterature that supports effectiveness and safety
of OAT self-management by patients at home and shows that
self-management at homeis similar or even more effective and
safer than in conventional control [6-9]. Decentralized
management not only lightens the burden in health centers, but
also prompts fewer monitoring visits to specialized centers,
resulting in more freedom for the patient and improved quality
of life [10-12]. Furthermore, that the patient is provided with
greater responsibility in measuring and dosing their own INR
can increase awareness, commitment, and interest in the
management of their disease.

According to biomedical literature, any new management model
should demonstrate anticoagul ation control levels over 60% for
TTR of INR to be considered safe and be within at least 5 to
10% compared with routine monitoring to declare it as a better
model [6-8]. Since TTRisaparameter strongly associated with
the occurrence of clinical events, its use as a primary endpoint
in clinical trials of anticoagulation is recommended [13]. Few
randomized trials assessing TTR-based effectiveness and/or
safety of OAT self-testing programs have been performed so
far [14-20]. Importantly, no trial has tested a validated, already
implemented system in a hospital for OAT telecontrol at home.

“SintromacWeb” is a new-generation, Internet-based system
developed by Grifols (Barcelona, Spain) as an alternative tool
to conventional OAT management. Sintromac\Web has already
been successfully tested and validated in terms of reliability,
consistency, and patient satisfaction [21]. The system is
currently operative in the La Fe University Hospital (Valencia,
Spain), and it is accessed by patients through the hospital Web
portal.

Designed as the natural extension of its predecessor [21], this
study prospectively assessed both effectiveness, in terms of
TTR, and safety of OAT management in patients using the
SintromacWeb system in clinical practice, compared to patients
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using management at the hematology department, a system
considered conventional.

Methods

Study Design and Objectives

This prospective, observational study was conducted at the La
Fe University Hospital in Vaencia, Spain. The study was
performed in accordance with the Declaration of Helsinki and
approved by the Ethics Committee for Clinical Investigation
by the La Fe Hospital .

The main objective of this study was to assess the effectiveness
and safety of OAT management in patients using the
SintromacWeb compared to OAT management in patients using
the conventional control (management at the hematology
department). Therefore, the TTR of the INR in both groupswere
compared.

Secondary objectives were to assess the percentage of patients
with INR within the therapeutic range at the time of each visit,
the proportion of INR values within and outside of the
therapeutic range, and the extreme values indicative of
under-anticoagulation (INR<1.5) or over-anticoagulation
(INR>5.0).

The safety objective was to assess the presence of abnormal
coagulation events such as the number and severity of
thromboembolism and bleeding events during the follow-up
period.

SintromacWeb System Description

The SintromacWeb system for OAT telecontrol at home consists
of two key elements: a point-of-care (POC) devicefor patients
INR self-testing and software that allows onlineinteraction with
physicians.

The POC device used was the HemoSense INRatio (Philips
Remote Cardiac Services, Windsor CT), which isamonitoring
system for INR home testing. The INRatio is capable of
receiving the prothrombin time and INR results in less than a
minute by using asmall blood drop. A test strip isinserted into
the INRatio monitor and a sample of fresh whole blood (15 L)
received from afinger prick is applied to the test strip. Blood
is drawn into the test area by capillary action where it mixes
with coagulation inducing reagents. The monitor performs the
test and determines whether the controls are within pre-set
limits.

The SintromacWeb software alows OAT patients to
communicate with their doctors online, at home, or wherever
an Internet access point is available. The SintromacWeb site is
hosted by the same server asthe La Fe Hospital website and is
accessed through the hospital portal. Patients are provided with
a username and password, which alows them to enter their
personal area (Figure 1 A). The current medication schedule
can be viewed, and according to the self-testing program, INR
results are introduced and sent to the health care center. As a
result, the hematologist can connect to the system, analyze the
data, and introduce a new medication schedule for the patient
(Figure 1 B). After the doctor has updated the schedule, an email
is sent to the patient informing them that the treatment
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SintromacWeb.

Figurel. Illustrative pictures of the SintromacWeb software. In patient’s personal area (panel A), current medication scheduleis available; INR results
areintroduced and sent to health care center. In physician’s area (panel B), the hematologist analyzes the data and introduces new medication schedule

for patient.

Patients and Recruitment

All patients were enrolled at the Hemostasis and Thrombosis
Unit of the Hematology Service of the La Fe Hospital. The
enrollment period lasted 3 months and patients were followed
for 6 months.

Themaininclusion criteriawere: patients aged 18 yearsor older,
under OAT treatment (either telecontrol or conventional control)
for at least 3 months beforeinclusion in the study, and expected
to be under OAT for at least 6 months after the inclusion in the
study. The main exclusion criteria included patients who did
not follow criteria for treatment adherence according to the
investigator, patients who were not able to follow the visit
schedule, and patients participating in another clinical trial
during the study period.

Patients who met the criteriawere identified by their physician
when they came to the hematology department for a routine
visit. Candidates were invited to participate in the study, and
after acceptance, written informed consent was obtained.
Patients were divided in two groups according to the OAT
management that they were already following (conventional
control or telecontrol with SintromacWeb). Patients using the
telecontrol management system came from the cohort of the
previous study in which the maininclusion criteriawere patients
aged 18 yearsor older with adequate technical facilitiesat home
(computer and connection to the Internet) to run the Web-based
telecontrol tool [21]. Recruitment ceased when the calculated
minimal population size for each treatment group was reached.

Variables of the Study

During the follow-up period, patients were required to visit the
hematology department for OAT every time their physician
considered it necessary, according to usua clinical practice.
Variables of interest for the study were collected at four time
points according to the following schedul e: first visit (baseline)
at the beginning of the study and at three follow-up visits (those
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closest to 2, 4, and 6 months after first visit). Variables
corresponding to the 3 months prior to the first visit were
obtained from the patient’s clinical records.

Information was gathered in a Case Report Form (CRF)
specifically designed for the study. Confidentiaity of the
patient’s identity was preserved according to Spanish law for
personal data protection.

Clinical datarelated to the study included starting date of OAT,
indication for OAT, frequency scheduled by the physician for
INR measurement, and target INR range and its changes during
the follow-up period.

At the three follow-up visits, INR measurements and adverse
events were collected. Adverse eventsincluded the presence of
thromboembolism and its seriousness (major: deep thrombosis
or non-transient ischemia; minor: surface thrombosisor transient
ischemia) aswell as the presence of bleeding/hemorrhage and
its seriousness (magjor: fatal and/or symptomatic bleeding into
acritical area or organ, and/or bleeding that causes a decrease
in hemoglobin 220 g/L, or which reqguires the transfusion of
two or more units of whole blood or red blood cells, and/or
gastrointestinal, urogenital, hemoptysis, minor: other not
included in the described concepts).

Timein Therapeutic Range (TTR) Assessments

For the purpose of this study, two therapeutic INR target ranges
were defined: (1) INR 2-3 for OAT indications of deep vein
thrombosi/pulmonary embolism, atria fibrillation, heart valve
disease, and heart valve bioprosthesis, and (2) INR 2.5-3.5 for
indications of mechanical prosthetic heart valve, and venous
thrombosis or stroke repetition in the context of antiphospholipid
syndrome [22,23].

The primary endpoint of the study, TTR, was calculated using
the approach proposed by Rosendaal [4], inwhichitisassumed
that the INR value between two consecutive determinations
varies linearly and the value of INR estimated for each of the
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days between consecutive measurements at intervals of
increase/decrease of INR is =0.1. The Rosendaal method
INR-specific for person-time takes into account the frequency
of INR determinations and their actual values. By considering
theindividual valuesof INR collected at each visit with respect
to the previous visit and the time elapsed between the two
determinations, the TTR was calculated as the percentage of
days within the therapeutic range out of the total days of
treatment.

Statistical Analysis

Population sample size was calculated by taking into
consideration that the estimated average TTR is approximately
65% with astandard deviation (SD) of 20. Calculations showed
that 174 patients (87 patients in each group) were needed to
detect a difference of 8.5% in TTR between the two groups of
OAT control (to meet the 5-10% difference between methods
as recommended in the literature [6-8]) with a power of 80%
and a significance value of P=.05. The analysis was stratified
according to the type of OAT management to alow for the
comparison between groups.

Continuous variables are presented as the mean (SD) or as
median and range (minimum-maximum). For categorical
variables, the number and percentage by category are used. For
continuous variables, study groups were compared using
Student’s t test. In case of different baseline characteristics
between groups, comparison was made by adjusting variables
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using a linear regression model. For categorical variables,
comparison between study groups was performed using the
chi-square or Fisher’'s test when the expected values of at |east
80% of the cellsin a contingency table were >5.

In all cases, statistical significance level was set at P<.05. The
statistical package SASv. 9.2 for Microsoft Windows was used
for calculations.

Results

A total of 175 patients who met the inclusion criteria were
enrolled in the study (88 in the conventional OAT control group
and 87 in the telecontrol group). Two patients died before 3
months of follow-up: onein the conventional control group (an
84-year old female with obesity, diabetes, dydlipidemia,
hypertension, and heart failure; death after aortic valve
prosthesis implant) and one in the telecontrol group (a57-year
old male with obesity, dydipidemia, hypothyroidism, heart
failure, smoking habit, and chronic obstructive pulmonary
disease; death from sudden cardiac arrest with anoxic
encephal opathy).

At the end of the study, 173 patients were evaluated: 87 in the
conventional control group and 86 in the telecontrol group.
Follow-up time was a median of 6.3 (range 5.2-8.1) months
with 6.4 (range 5.7-8.1) months in the conventional control
group and 6.2 (range 5.2-7.1) months in the telecontrol group.
Figure 2 shows the flow of patients through the study.
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Figure 2. Flow of patients through the study.
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Screened patients
Conventional control (N = 128)
Telecontrol (N = 98)

\ 4

Recruited patients
N=175

Selection criteria:

- Aged 18 or older

- Prior OAT for at least 3 months
- Expected OAT for 6 months

- Written informed consent signed

A 4

Conventional control (N = 87)
Telecontrol (N = 88)

Randomization

Lost of
follow-up [«
N=2

v

Evaluated (N = 173)
Conventional control (N = 87)

Follow-up:
- 1% visit (at recruitment)

- 2" visit (after 2 months)
- 3" visit (after 4 months)
- 4™ visit (after 6 months)

Telecontrol (N = 86)

Population Char acteristics

Themean age of patientswas 64.0 (SD 14.1) years (range 18-93)
with 53.2% (92/173) of patients between 50 and 70 years.
Patients were 50.3% (87/173) male and 95.4% (165/173)
Caucasian. Most patients had a high school, college, or
university education (58.4%, 101/173). Retirement wasthe most
common labor status (50.6%, 87/172), whileliving accompanied
(partner and/or with family: 86.7%, 150/173) was the most
common family environment. Details of the sociocultural and
environmental profile of patients in the two treatment groups
are summarized in Table 1. Variables in both treatment groups
were balanced with the exception of sex (more males in the

http://www.i-jmr.org/2015/2/e10/

Data available for analysis:

- Sociodemographic characteristics
- Clinical characteristics

- OAT management data

- INR values

- Adverse events

telecontrol group) and family environment (more patientsliving
alone in the conventional control group).

Most patients (97.7%, 169/173) presented comorbiditiesduring
the study. Themost prevalent concomitant diseaseswere arterial
hypertension (73.4%, 127/173), dydlipidemia (63.0%, 109/173),
cardiovascular diseases (48.0%, 83/173), heart failure (34.1%,
59/173), obesity (34.1%, 59/173), diabetes mellitus (24.3%,
42/173), ischemic stroke (17.9%, 31/173), and chronic
obstructive pulmonary disease (11.6%, 20/173). Hemorrhagic
stroke, malignancy, inflammatory bowel disease, and nephritic
syndrome were also present and had a prevalence <10%.
Percentages of concomitant diseases were similar between the
two treatment groups.
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Table 1. Demographic, socio-cultural, and environmental profile of patients in the two oral anticoagulant therapy (OAT) management study groups:

conventional control and telecontrol with the Sintromac\Web system.

Variable

OAT management

Conventional Telecontrol
(n=87) (n=86)
mean (SD) or n (%)
Demography
Age, years, mean (SD) 65.0 (13.9) 62.9 (14.5)
Body massindex, kg/m?, mean (SD) 27.4(5.9) 27.5(5.0)
Male, n (%) 33(39) 54 (63)2
Caucasian, n (%) 83 (95) 82 (95)
Educational level, n (%)
No schooling 11 (13) 34
Primary 32(37) 26 (30)
High School 20 (23) 24(28)
College/ University 24 (28) 33(38)
Working status, n (%)
Active worker 19 (22) 27 (31)
Retired 45 (52) 42 (49)
Housewife 14 (16) 8(9)
Temporary disability 2(2) 2(2)
Unemployed 2(2) 4(5)
Student 1(D) 2(2)
Other 3(4) 1(2)
Family environment, n (%)
Living alone 17 (205) 4(5)°
Living with partner 49 (56) 55 (64)
Living with relatives 20 (23) 25(29)
Other 1(1) 2(2
%P=,001
bp=.04

OAT Management Data

The most common OAT-requiring pathologies presented by
patientswere atrial fibrillation (65.3%, 113/173), cardiac valve
prosthesis (38.7%, 67/173), and cardiac valvulopathy (37.6%,
65/173), while coronary artery disease, stroke, and deep vein
thrombosis were presented by in around 15-20% of patients.
Details of the OAT-requiring pathologies in the two treatment
groups are summarized in Table 2.

The average time of OAT treatment prior to enrollment in the
study was 9.2 (SD 6.4) years (8.1 years in the conventional
control group and 10.2 years in the telecontrol group). Most
patients werein the range of 5 to <10 years of treatment (31%,
27/87 in the conventional control group and 42%, 36/86 in the

http://www.i-jmr.org/2015/2/e10/

telecontrol group), followed by the range of 10 to <20 years
(20%, 17/87 in the conventional control group and 33%, 28/86
in the telecontrol group), and the range of 1 to 5 years (31%,
27/87 in the conventional control group and 15%, 13/86 in the
telecontrol group). A total of 14.4%, 25/173 of patients were
<1 year or =20 yearsin treatment.

Median frequency of INR testing was higher in the telecontrol
group (every 21 days, range 4-22) than in the conventional
control group (every 35 days; range 14-45) (P<.001). Thetarget
INR ranges were virtually the same in both OAT groups: INR
2-3in56% and 57% (49/87 and 49/86, respectively) of patients
and INR 2.5-3.5in 44% and 43% (38/87 and 37/86, respectively)
of patients. The INR target ranges did not change during the
follow-up period.
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Table 2. Ora anticoagulant therapy (OAT)-requiring pathologies of patients in the two study groups (conventional control and telecontrol with the

SintromacWeb system).
Pathol ogy OAT management
Conventional Telecontrol
(n=87) (n=86)
n (%)
Atrid fibrillation 61 (70) 52 (61)
Cardiac valve prosthesis 34 (39) 33(38)
Cardiac valvulopathy 36 (41) 29 (34)
Stroke of cardiac origin 20 (23) 16 (19)
Coronary artery disease 19 (22) 17 (20)
Deep venous thrombosis 13 (15) 13 (15)
Venous/arterial thromboembolism 10 (12) 11 (13)
Prevention of recurrent thromboembolism 10 (12) 11 (13)
Recurrent venous thrombosis 8(9) 10 (12)
Myocardiopathy 5(6) 9(11)
Pulmonary thromboembolism 3(3) 5(6)
Other causes 35 (40) 36 (42)

OAT Control Effectiveness

Themean TTR of INR—the primary endpoint of the study—was
8% higher (95% ClI: 1.82-13.86) in the telecontrol group than
in the conventional control group (62%, SD 21% vs 54%, SD
19%, respectively; P=.01). Thisdifference represents arelative
increase of 12.6%. The distribution of patients according to
ranges of TTR is shown in Table 3. In absolute terms, TTR in
the telecontrol group was 107 (SD 37) days while in the
conventional control group TTR was 94 (SD 37) days (P=.02).

According to visits, TTR in the telecontrol group was always
higher than in the conventional control group—the maximal

difference being observed at the third visit (59% vs. 48%,
respectively; P=.01).

The average minimum and maximum INR valueswere 1.8 (SD
0.4) and 4.2 (SD 1.1), respectively. Only 19.7% (34/173)
patients showed under-anticoagul ation (INR<1.5) at some visit
while over-anticoagulation (INR>5) was present in 22.0%
(38/173) patients. Values were similar in the two OAT
management groups. Figure 3 illustrates the evolution of the
percentage of time in under- and over-anticoagulation during
the 6-month follow-up. The mean percentage of timein which
INRwas<1.50r >5was 1.1% (SD 3.4%) and 1.4% (SD 3.6%),
respectively.

Table 3. Distribution of patients of thetwo oral anticoagulant therapy (OAT) treatment groups (conventional control and tel econtrol with the Sintromac\Web
system) according to ranges of percentage of time in therapeutic range (TTR) during the follow-up period.

TTR OAT management
Conventional (n=87) Telecontrol (n=86)
n (%)

<30% 9 (10) 8(9)

30% — <50% 29(33) 16 (19)

50% — <70% 31(36) 29 (34)

>70% 18 (21) 33(398)
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Figure 3. Evolution of average time in under- and over-anticoagulation (International Normalized Ratio [INR] <1.5 and INR>5, respectively) in the
3visitsof thefollow-up period. Thetwo oral anticoagulant therapy (OAT) management groups (conventional control and telecontrol with Sintromac\Web

system) are shown.
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Under-anticoagulation (INR >5)

OAT Control Safety

A total of 19 thrombotic and/or bleeding events during the
follow-up period occurred in 13% (11/87) patients of the
conventional control group, but only in 4% (3/86) patients of
the telecontrol group (P=.03). The distribution of the events
according to seriousnessisshown in Table 4. Globally, 7 events
were serious, 12 were non-serious, and most of them (5 and 10,
respectively) occurred in the conventional control group.

Over-anticoagulation (INR <1.5)

The most common thrombotic event was transient ischemic
attack (2 episodes), while there were single episodes of
pulmonary thromboembolism, deep vein thrombosis, superficial
venous thrombosis, and ischemic heart disease. Conversely,
unspecified minor bleeding (9 episodes) and unspecified major
bleeding (2 episodes) were the most common
bleeding/hemorrhagic events. There was aso one episode of
gastrointestinal bleeding and one episode of urogenital bleeding.

Table 4. Distribution of thrombotic and bleeding events in the two groups of oral anticoagulant therapy (OAT) management groups (conventional
control and telecontrol with the Sintromac\Web system), according to seriousness.

Adverse events OAT management
Conventional Telecontrol

Serious

Thrombotic 3 0

Bleeding 2 2
Total serious 5 2
Non-serious

Thrombotic 2 1

Bleeding 8 1
Tota non-serious 10 2
Total adverse events 15 4

Discussion

Principal Findings

Vitamin K antagonists are still the anticoagulant of choice for
many patients, even in the face of the pharmacol ogic advantages
shown by new oral anticoagulants targeting either thrombin or
factor Xa. The higher drug cost of new oral anticoagulants often
restricts their use to patients with risk of failure to maintain the
INR in the therapeutic range (eg, with atrial fibrillation at risk

http://www.i-jmr.org/2015/2/e10/

for stroke). In addition, vitamin K antagonists are preferred for
patients with uncertainties for dosing, such as those with renal
dysfunction and thosein marked extremes of body weight [24].
Therefore, the development of OAT self-testing and
self-management systemsto improve patient’s quality of lifeis
warranted  [6-9,14-20,25-27].  However,  widespread
implementation of computer-based, Internet-assisted systems
within health care centers has not happened. This is the first
study inwhich apreviously described, validated, fully operative
and currently in use telecontrol system in a hospital for OAT

Interact JMed Res 2015 | vol. 4 | iss. 2 |e10 | p.9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

management at home (Sintromac\Web) has been assessed in a
prospective trial. Our results indicate that OAT management
with the SintromacWeb is effective and safe in terms of clinical
practice.

The observational nature of this study can be considered a
limitation when interpreting the results. Investigators did not
modify their usua clinical practice. In addition, since patients
in the telecontrol group were recruited under defined clinical
criteriaas described in the previous study [21], some differences
between the treatment groups were not unexpected. Two patient
demographic variables were dissimilar between groups: the
proportion of male/female and the proportion of patientsliving
alone/accompanied. This is possibly linked to the fact that
patients using the telecontrol tool were required to have a
computer and a connection to the Internet at home [21]. The
aim of the study was not to determine which OAT management
system was superior, but to determine whether the telecontrol
system is effective and safe in those patients who are able to
useit based on clinical criteriain referenceto patientsusing the
conventional system, regardless of the patient profile in each
group. In addition, the analysis was stratified to alow the
comparison between groups.

Overadll, the primary characteristics of the patientsin our study
weretypical asatarget of OAT treatment and within the clinic
population values and ranges shown by other trials, such as
mean age (64 years, range 57-75 in other trials) and percentage
of males (50%; range 43-72% in other trials) [8,14-20]. The
follow-up period of 6 months is also similar to most of those
trials.

Patients in the telecontrol group achieved a relative 12.6%
greater TTR vaue than patients in the conventional control
group. Moreover, longer TTR in the telecontrol patients was
consistently observed in al the scheduled visits during the study
follow-up. Therefore, patients using the telecontrol system can
be considered to have agood control of their OAT management.
In some randomized trias, INR self-testing has been reported
to be as good as [14,16,26] or better [8,15,17-20,25,27] than
conventional testing. In particular, in a study performed with
an Internet-based system for the supervised remote management
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of patients on OAT, Ryan et a indicated a TTR improvement
of 15.4% in patients on INR self-testing [8]. However, since
our study was observational, any comparison must be viewed
with caution.

In our study, the frequency of INR measurements was higher
in patients of the telecontrol group than in patients of the
conventional control group (around 3 weeks vs 5 weeks,
respectively). Although thereis no consensus between the major
guidelines on the optimal frequency of INR testing to achieve
good INR control, it has been described that self-testing patients
have increased frequency of INR measurements[28,29], which
can be related to an improvement of the clinical outcomes of
OAT.

In contrast with another trial [8], our study showed that both
under-anticoagulation (INR <1.5) and over-anticoagulation
(INR >5.0) occurred equally frequently in both the telecontrol
and the conventional control groups. Our study, however, was
not powered to detect differences under this approach.

Safety results indicated that patients in the telecontrol group
showed significantly fewer adverse events than patients in the
conventional control group. Similar results have been described
in other trials [15,17,18], and other studies have demonstrated
that the number of complicationsincreasesin parallel with the
time that patients are outside therapeutic INR target range and
with the occurrence of serious under- and over-anticoagul ation
[13,30,31]. Nevertheless, some other trials have shown that
OAT sdf-control is as safe as conventiona control

[8,14,16,19,20].

Conclusion

In conclusion, results of this study indicate that OAT
management with the Internet-based telecontrol tool

SintromacWeb is an effective and safe management system for
those patients who are able to use it, based on clinical criteria.
SintromacWeb is a system that has been previously validated,
anditisfully operative and currently in usein ahospital, which
adds value to the applicability of the study results to OAT
patients eligible for telecontrol management.
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Abstract

Background: The use of the Internet to search for medical and health-related information is increasing and associated with
concerns around quality and safety.

Objective: We investigated the current use and perceptions on reliable websites for children’s health information by parents.

Methods: Following institutional ethics approval, we conducted a survey of parents/guardians of children presenting for day
surgery. A 20-item survey instrument developed and tested by the investigators was administered.

Results:  Ninety-eight percent of respondents reported that they used the Internet to search for information about their child's
health. Many respondents reported beginning their search at public search engines (80%); less than 20% reported starting their
search at university/hospital-based websites. Common conditions such as coldg/flu, skin conditions and fever were the most
frequently searched, and unique conditions directly affecting the child were second. Despite low usage levels of
university/hospital-based websites for health information, the mgjority of respondents (74%) regarded these as providing safe,
accurate, and reliable information. In contrast, only 24% of respondents regarded public search engines as providing safe and
reliableinformation. Fifty percent of respondents reported that they cross-checked information found on the internet with afamily
physician.

Conclusions: An unprecedented majority of parents and guardians are using the Internet for their child’s health information.
Of concern is that parents and guardians are currently not using reliable and safe sources of information. Health care providers
should begin to focus on improving access to safe, accurate, and reliable information through various modalities including
education, designing for multiplatform, and better search engine optimization.

(Interact J Med Res 2015;4(2):€12) doi:10.2196/ijmr.3790

KEYWORDS
Internet; pediatrics; health information technology

issuesisthe quality of information found there. Theinformation
can be poor, and users may not be able to assess the quality and

The use of the Internet to search for medical and hedlth-related  "€liability of websites they are using [5]. Previous studies have
information is increasing in Canada and worldwide [1-4]. Of Snown that parents are using the Internet to search for health

major concern regarding the use of the Internet for health-rel ated information for their children [4-9]. Parents' perceptions of the
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quality, reliability, and usefulness of websites vary [5-10]. We
undertook a survey to identify the habits of parents and
guardians using the Internet to search for children’s health
information and to determine their knowledge of safe and
reliable sites. Theaim of this study wasto understand the current
use and patterns of accessto reliable and accurate | nternet-based
health information by parents and guardians of children seen at
our institution.

Methods

Ethicsand Setting

Institutional approval was obtained before starting the survey,
participants were informed that consent was implied by
participation in the study.

Following apilot among parentsin January and February 2013,
the survey took place between May and July 2013 in the parent
waiting room of the Hospital for Sick Children, a pediatric
tertiary care facility in Toronto, Canada. Surveys were
conducted after the children had gone into the operating room.

Survey Design

A review of the literature discussing websites used by parents
informed the devel opment of the survey instrument. A 20-item
survey instrument was constructed using the online tool,
Qualtrics Offline (Qualtrics, LLC), based on previously
published methodology for the design of surveys [11]. After
pretesting was performed by the authors and a pilot was tested
on parents, the final survey tool was loaded onto a tablet
computer for administering to parents and guardians.

The final survey tool (Multimedia Appendix 1) elicited
information on current patterns of Internet use by parents

Table 1. Primary language of respondents.

Pehoraet al

searching for information on their child’'s hedth, types of
devices used to access information, perceived reliability of
websites and cross-corroboration of information, and future
uses of the Internet for child’s health information.

Sample Size Survey Distribution and Collection

With 16,000 surgical procedures performed in our institution
annually, assuming a95% confidenceinterval and an 8% margin
of error, 149 participants were required. Our target population
and sampling frame consisted of parents and guardians of
children presenting to the preoperative waiting room for same
day surgery and procedures. Excluded were parents who did
not speak/understand English, those who declined to participate
in the survey, and those who were employees at the hospital.

Three researchers conducted the survey and entered responses
onto a tablet computer in rea time; responses were then
transferred to an Excel spreadsheet (Microsoft Corporation) for
analysis.

Data Analysis

Data analysis was performed using Prism version 5.0b for Mac
OS X (GraphPad Software); descriptive statistics were used to
summarize the data.

Results

Demographics

Of the 146 parents agreeing to participate in the study, 125
(85.6%) spoke English as their first language (Table 1). Most
parents (108, 74.0%) reported that their child had been
previously admitted to the hospital or attended an
emergency/walk-in clinic.

Primary Language n (%)
English 125 (85.6)
Spanish 5(3.4)
Fars 3(2.1)
Arabic 2(1.4)
Gujarati 2(1.9)
Albanian 1(0.7)
Bulgarian 1(0.7)
Chinese 1(0.7)
Hindi 1(07)
Hungarian 1(0.7)
Persian 1(0.7)
Somali 1(0.7)
Twi 1(0.7)

Current Use of the Internet

Almost all parents (143, 97.9%) reported using the Internet to
search for health information regarding their child. Parents

http://www.i-jmr.org/2015/2/e12/

reported being most familiar with public search engines as a
source of health information (117, 80.1%) and least familiar
with child-specific websites run by healthcare professionals
(39, 26.7%) (Figure 1). Forty-three percent of respondents
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reported that they searched for health information regarding proportions (90, 61.6%; 77, 52.7%; 67, 45.9%; and 63, 43.2%,
their child frequently, between a few times a month to every  respectively). Only 34.9% of respondents (51) reported that
day (Figure 2). Parentsreported using laptop computers, desktop  they knew our facility had a website dedicated to information
computers, mobile phones, and tablets in almost equal on children’'s health.

Figure 1. Respondents familiarity with various websites for access to information on children’s health.
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Figure 2. Frequency of Internet use for health related information.
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Characterizing Use of the I nternet

Public search engines were used as a starting point by 117
respondents (80.1%) (Figure 3). The mgjority of parents (126,
86.3%) reported searching for information on common
conditions such as coldg/flu, skin conditions, and fever; only

http://www.i-jmr.org/2015/2/e12/
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23  (15.8%) reported seeking information  about
surgical/diagnostic procedures that were related to the child's
presentation on the day of the study. A complete list of child
health issues respondents reported searching about and reasons
associated with the search isincluded in Table 2.
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Table 2. Information sought and factors influencing Internet searching.

Search Topics n (%)

General information
Specific conditions 126 (86.3)
Surgical/diagnostic procedures 23(15.8)
Child development 15(10.3)
Diet/feeding 7(4.8)
M edicationg/treatments 4(2.7)
Child behavior 3(2.1)

Specific conditions
Cough, cold, flu 22 (15.1)
Skin conditions (rash, eczema, acne) 22(15.1)
Fever 19 (13.0)
Cancer 16 (10.9)
Allergies 13(8.9)
Congenital heart disease 9(6.2)
Asthma 9(6.2
Eye conditions (strabismus, cataracts) 9(6.2)
Abscesses, cysts 9(6.2
Gastrointestinal (vomiting, diarrhea) 9(6.2)
Hypospadias 7(4.8)
Chromosomal abnormalities 7(4.8)
Diabetes 6(4.1)
Cleft lip/palate 6(4.1)
Bonelesions 6(4.1)

Reasons for searching
Health concern/question 99 (67.8)
Upcoming surgery/procedure 7(4.8)
New diagnosis 4(2.7)
New medication/treatment 4(2.7)
Need for additional information not 4(2.7)
provided by health care practitioner
Urgent need for information 4(2.7)
Availability of doctor 4(2.7)
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Figure 3. Sitesfirst accessed for health-related information.
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Per ceptionson Rdiability of Websitesand I nfor mation

Parentsreported that they regarded hospital/university websites
as safe, accurate, and useful sources of health-related
information (105, 71.9%; 104, 71.2%; and 111, 76.0%,
respectively). Very few parents regarded public search engines
and popular parenting websites as safe sources (35, 23.9% and
18, 12.3%, respectively) or accurate sources (16, 11.0% and 12,
8.2%, respectively)(Figure 4). Fifty-one percent of parents (74)
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reported that they crosschecked health-related information found
on the Internet with afamily physician, with apediatrician (67,
45.9%), family (64, 43.8%), friend/family in healthcare (54,
37.0%) and friends (45, 30.8%). Regarding future use of the
Internet (in the next 12 months) for child health information,
112 (76.7%) of parentsreported that they werelikely to use our
facility’s website following this study and 82 (56.1%) reported
that they will continue to access and cross-check information
found through public search engines (Table 3).
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Table 3. Websites parents were likely to usein the future for their child health information and crosscheck information they found.

Primary sources, n (%)

Not likely Neutral Likely No answer

Hospital/university-based 44 (30.1) 15 (10.3) 83 (56.8) 4(2.7)

websites

Medical journal/ 64 (43.8) 22 (15.1) 56 (34.8) 4(27)

reference websites

Government websites 36 (24.7) 19 (13.0) 84 (57.5) 7(4.8)

Public search engines 16 (11.0) 19 (13.0) 107 (73.3) 4(27.3)

Other health websites 61 (41.8) 10(6.8) 65 (44.5) 10(6.8)

Popular parenting websites 82 (56.2) 14 (9.6) 39 (26.7) 11 (7.5)

Likely to cross-check information from the following websites, n (%)

Hospital/university-based 33(22.6) 14(9.6) 93 (63.7) 6(4.1)

websites

Medical journal/ 38(26.0) 21(14.4) 81 (55.5) 6(4.1)

reference websites

Government websites 36 (24.7) 19 (13.0) 85 (48.2) 6(4.1)

Public search engines 16 (11.0) 19 (13.0) 107 (73.3) 6(4.1)

Other health websites 40 (27.7) 15 (10.3) 81 (55.5) 10 (6.8)

Popular parenting websites 39 (26.7) 14 (9.6) 81 (55.8) 12(8.2)
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Figure 4. Parent’s perception of safe, accurate and useful websites.
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Discussion

Principal Findings

Theresults of our study demonstrate that almost all respondents
use the Internet to search for child health information. Of the
97.9% (143) of parents and guardians who use the Internet to
search for information, almost half were frequent users who

http://www.i-jmr.org/2015/2/e12/
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searched anywherefrom afew timesamonth to every day. This
represents a significant increase in the use of the Internet
compared to previous studies [4,6-9]. The use of the Internet
by parents of patients in pediatric tertiary care centers in
Australia, Canada, and the United Statesrose from 40%to 71%
between 2003 and 2006 [4,6-9]. The continued rise reflected in
our findings may be explained in part by the proliferation of
high speed Internet in homes and on mobile devices. In addition,
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parents are increasingly taking an activerolein their children’s
health care and using the Internet to seek information around
their child’s health [6]. The high level of use reported in our
study may demonstrate the need for health careinstitutions and
governments to continue to invest in the provision of online
health careinformation about children for parentsand guardians.

While the respondents participating in our study were at a
tertiary carefacility, the majority sought information on common
childhood ailments (cold/flu, skin conditions, and fever) with
a surprisingly smaller proportion (23, 15.7%) searching for
information about an upcoming surgery or procedure. The
development of web content pertaining to common conditions
may remain a key focus for health care providers, web content
developers and public health officers.

Themajority of respondentsreported that they use public search
engines to search for health-related information for their child.
Degspite the choice of public search engines to search for
health-related information, respondents rated public search
engines low in terms of providing access to safe and accurate
information. The use of the public search engines to search for
health-related information raises concerns as several authors
have reported the quality of health information found on the
Internet to be poor [5,12-15]. Public search engine results
provide links to various information sources that may result in
misinformation, information overload, mistrust in the health
care system by the parents and guardians, and potential
detrimental effectson achild’s health. Respondentsin our study
identified government, university, and hospital-based websites
as sources of safe, accurate, and reliable information; however,
they also reported being less likely to access these websites for
health-related information. A possible reason is that parents
may not know of the existence of government, university, and
hospital-based websites that would provide such valuabl e, safe,
accurate, and reliable information. Previous studies have
reported that parents and guardians would appreciate some
guidance about searching for information on the Internet [4].
Health care providers can meet that need by providing lists of
reliable websites through print, email newdletters, television,
and radio drives [15]. Search engine optimization of websites
canincreasetheir visibility in search results, important because
anecdotal evidence suggests that users do not navigate past the
first page of results.

Our study demonstratesthat almost half of respondents reported
that they cross-checked information found online with afamily
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physician. Reasons for this may include a desire to check the
reliability and accuracy of information or get clarification. This
cross-check could potentially belinked to atelehealth presence,
chat line, or mobile appsto help parents who have questions or
concerns about what they have read about on the Internet.

Future Use of the Internet by Parents

Respondentsin our study reported they were likely to continue
to use desktop computers, laptops, tablet devices, and smart
phones in amost equal proportions to search for information
on their children’s health. Health information providers should
consider designing websites that can be viewed and navigated
easily on multiple platforms.

Limitations

We used a convenience sample of parents of children presenting
for surgery at atertiary care hospital, so it is possible that the
results may not reflect the general population. It would be
important, when developing websites for individual facilities,
that a needs assessment be done to ensure that the information
contained on the website meets the needs of the intended
audience.

We excluded parents who did not read and understand English.
The patterns of Internet use may be influenced by culture and
language, something our study did not investigate.

Finally, we relied on parents to self-report sources they access,
which may be associated with recall bias. Our study had alarge
sample size and adequate response rate providing meaningful
data for analyses and drawing significant findings and
conclusions.

Conclusions

Our study demonstrates that almost all parents are using the
Internet to seek health careinformation related to their children.
Information sought islargely related to general childhood health
issues and development. Parents do not routinely use websites
that are known to provide safe, accurate, and reliable
information. Health care providers should focus on improving
access to safe, accurate, and reliable information for parents
and guardians. The devel opment by policy makers of resources
to educate parents and guardians on how to use the Internet to
search for health information may aid in improving this area of
medicine.

Multimedia Appendix 1
Parent survey.

[PDE File (Adobe PDF File), 89KB - ijmr_v4i2el12_appl.pdf |
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Abstract

Background: Numerous studies have examined the impact of global budget payment systems of health insurance on patient
access to medical care. In order to monitor the population’s accessibility to health services, a series of survey are often used to
understand public perceptions of the health care provider. Taiwan implemented the single-payer National Health Insurance in
1995 and has been conducting a series of surveysto monitor public perception of the NHI after adopting a global budget payment
system in 2002. Although telephone surveys are commonly used in obtaining public opinions on various public health issues,
limitations such as higher cost and influence of interviewers do raise some concerns. Web-based surveys, one of the aternative
methods, may be free from these problems.

Objective: Our aim was to examine the difference of sociodemographic characteristics, satisfaction of NHI and NHI-contracted
health care providers, attitude toward NHI-related issues, behavior in seeking medical advice and self-reported health status
between those who completed Web-based surveys and those reached by telephone.

Methods: This study compared the demographic factors of participants who took either a Web-based survey (1313 participants)
or random digit dialing telephone survey (2411 participants) that contained identical questions.

Results: Compared to telephone survey respondents, Web-based respondents tended to be younger (P<.001), unmarried (P<.001),
non-smokers (P<.001), with ahigher education (P<.001), and ahigher monthly household income (P<.001) and worse self-reported
health status (P=.008); however, they werelesslikely to report suffering from achronic disease (P<.001). Despite these differences
in background characteristics, no significant differences were observed in their answers related to the seeking of medical care or
NHI-related issues. Telephone survey respondents reported greater satisfaction with NHI services. Web-based surveys were also
shown to provide alower average cost per sample (US$0.71) compared to telephone surveys (US$3.98).

Conclusions: Web-based surveys provide a low-cost aternative method for the polling of public attitudes toward NHI-related
issues. Despite general similarities between the two polling methods with regard to responses, respondents to tel ephone surveys
reported a stronger agreement with regard to satisfaction with NHI services and a more positive self-reported health status.

(Interact J Med Res 2015;4(2):€9) doi:10.2196/ijmr.4090

KEYWORDS
Web-based survey; telephone survey; public perception; National Health Insurance; self-reported health status
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Introduction

Background

Health care systems often use the reform of payment system to
create incentives for health care providers to provide only
necessary service within a limited budget which could have
influence on population’s accessibility to health care. Numerous
studies have examined the impact of global budget system on
access to health care. Iglehart et al found that after introducing
aglobal budget, changed allocation of local physicians affected
accessibility to medical care [1]. Chu et a aso indicated that
active suppression of medical expenditures curtailed access to
medical care dueto bed closures[2]. Many countries use surveys
as amonitoring measure aimed at ensuring equity in accessto
medical care. The Agency for Healthcare Research and Quality
(AHRQ) in the United States developed the Consumer
Assessment of Healthcare Provider and Systems (CHAPS) with
the aim of measuring, reporting on, and improving the quality
of health care from the perspective of consumers and patients
[3]. Similarly, the Department of Health in the United Kingdom
(UK) has been conducting surveysregarding public perceptions
of the National Health Service (NHS) and the GP Patient Survey
[4,5].

Taiwan implemented aNational Health Insurance (NHI) system
in 1995 and implemented a global budget payment system in
2002 to contain skyrocketing medical expenditures. The NHI
system is a single-payer system which covers more than 99%
of residents and contracts with more than 90% of the hospitals
and clinics. Like other countries, Taiwan's National Health
Insurance Administration (NHIA) has been conducting a series
of surveys on public perception toward the NHI since 2002.
The aim of this series of surveys is to understand public
perception regarding NHI and health care services and to track
how perceptions have changed over time. Questions in this
series of surveys comprise core and optional items. Coreitems
are included in every iteration of the annua survey, while
optiona items are designed specifically for current topics of
interest. Every year, telephone survey data are collected using
a computer-assisted telephone interviewing (CATI) system, in
which samplesare selected using arandom digit dialing (RDD)
system.

A number of problems have been identified in these telephone
surveys|[6]. Evidence has shown that the gender and race of the
interviewer can influence the results [7,8]. The attitude and
demeanor of theinterviewers may a so biasthe responses[9,10].
Despitethe high responserates, telephone surveys are becoming
increasingly expensive, which may be dueto the time required
to complete surveys using these methods [11]. One alternative
to telephone surveysisto use the World Wide Web. Web-based
surveys are more likely to be free from interviewer bias due to
the nature of being self-administered. They also create a data
input file directly. Information obtained from Web-based
surveys displays higher test-retest reliability than do telephone
surveys[12]. Previous studies have suggested that respondents
to Web-based surveys are more likely to describe their personal
habits such as drinking [13,14], as well as their concerns
regarding traffic safety [15]. This approach also raises concern
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about the comparability of information obtained using
Web-based surveys with that obtained by telephone surveys.
Telephone surveys generally obtain a representative national
sample; however, Web-based surveys are restricted to
respondents who have Internet access.

Study Aims

To the best of our knowledge, no previous study has examined
the differences between Web-based surveys and telephone
surveysregarding perceptions of NHI or NHI-contracted health
care providers and self-reported health status. Our aim was to
examine the difference of sociodemographic characteristics,
satisfaction of NHI and NHI-contracted health care providers,
attitude toward NHI-related issues, behavior in seeking medical
advice and self-reported health status between those who
completed Web-based surveys and those reached by telephone.

Methods

Development of Questionnaires

To obtain the data necessary to answer the study questions, we
formulated a cross-sectional data collection framework using
thetelephone and internet as communication media. Both survey
methods were conducted in August-September 2013. All people
aged 20 or older in any region of Taiwan were eligible to take
the survey. Screening was conducted by asking respondents
whether they were 20 years of age.

The conceptual framework of questionnairesincorporated seven
dimensions: satisfaction, health status, use of health service,
personal health practice, need for health care, enabling resources,
and predisposing characteristics. The draft version of the
guestionnaire was first reviewed by five experts to enhance
content validity. Based on their suggestions, we modified the
wording and items on the questionnaires. Then, a pre-test with
small sample size was executed to examine the internal
reliability of questionnaires. The Cronbach alpha coefficients
of these seven dimensions were between .5 and .8. The final
guestionnairesincluded 43 items aimed at measuring satisfaction
with the NHI and NHI-contracted health care providers, attitudes
toward NHI-related issues, use of health service, health status
(SF-8 health survey), health behaviors (eg, smoking, drinking,
and chewing betel nuts), sociodemographic characteristics, and
medical history.

The contents of the Web- and tel ephone-based questionnaires
wereidentical in terms of the questions asked, the wording, and
the order of presentation. The study protocol was approved by
the ethics committee at National Taiwan University Hospital
(IRB number: 1000401).

Telephone Interview Survey

Individualsaged 20 years and older weredligiblefor interviews.
Stratified random sampling procedure was used to draw
respondentsfor telephoneinterviews. We contracted acompany
with experience in conducting tel ephone interviews; they used
the RDD method with CATI to carry out the interview. All
interviews were conducted from a central location, and the
interviewing process was monitored by supervisors to control
quality. All interviewers were well-trained individual s working
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on a regular basis for the survey company. The household
telephone number list was obtained from Chunghwa Telecom,
amajor provider in Taiwan. To improve the coverage rate and
increase the chances of contacting of households that were not
registered in the phone book, we randomly replaced the last two
digits of the drawn telephone numberswith two different digits
to form a new telephone number. If there were missing items,
the telephone interviewers would connect participants again to
complete the questionnaires. At the end of the survey, the total
number of usable responses was 2411 with a sampling error of
2.0%.

Web-Based Survey

The sampling lists used in the Web-based and tel ephone surveys
were obtained from different suppliers to avoid overlap. The
panel list used in the Web-based survey included 320,000
individuals who were also matched to the defined target
population. The respondents were randomly drawn from panel
members aged 20 and older and invited via email. In addition,
interested participants could click on a hyperlink to access
information related to the study. The participants were required
tofinish all theitemson the questionnaires, and then they could
join the lottery. Finally, we obtained 1313 usable responses
with sample error of 2.7% in the Web-based survey.

http://www.i-jmr.org/2015/2/e9/
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Statistical Analysis

Datawere analyzed using SAS version 9.3 for Windows (SAS
Ingtitute). Descriptive statistics were used to describe the
difference between respondents in the telephone-based and
Web-based groups. An independent sample t test and Pearson
chi-square test were used to test whether the differences were
statistically significant. A P value of less than .05 was
considered datistically significant. Multivariate logistic
regression and mixed linear regression modelswere used to test
the differences in each dimension of the questionnaire by
reporting their oddsratios, coefficients, and standard deviations.

Results

The demographic and clinical characteristics of all 3724
respondents are presented in Table 1. The respondents who
filled out the Web-based questionnaire were generally younger
(P=.0001), unmarried (P<.001), nonsmokers (P<.001) with a
higher education level (P<.001) and higher monthly household
income (P<.001), werelesslikely to suffer from chronic disease
(P<.001), and were more likely to be living in the Taipel area
(P<.001) when compared to respondents of the telephone survey.
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Table 1. Characteristics of respondents who participated in the Web-based and telephone surveys (n=3724).

Telephone Web-based
(n=2411) (n=1313)
frequency (%) frequency (%)
Gender
Male? 987 (40.9) 503 (42.5)
Female 1424 (59.1) 720 (54.8)
Age, years
20-29P 231 (9.6) 410 (31.2)
30-39 422 (17.5) 503 (38.3)
40-49 675 (28.0) 283 (21.6)
50-59 591 (24.5) 100 (7.6)
=60 488 (20.2) 17 (1.3)
Unknown 4(0.2) 0
Education
Junior high school and bel owP 660 (27.4) 12(0.9)
Senior high school 787 (32.6) 160 (12.2)
University 837 (34.7) 840 (64.0)
Graduated school 124 (5.1) 299 (22.8)
Unknown 3(0.1) 2(0.2
Monthly household income
No income® 51 (2.1) 17 (1.3)
NT$1-29,999 336(13.9) 126 (9.6)
NT$30,000-$59,999 749 (31.1) 432 (32.9)
NT$60,000-$90,000 434 (18.0) 297 (22.6)
NT$90,000 and above 549 (22.8) 280 (21.3)
Unknown 292 (12.1) 161 (12.3)
Marital status
Unmarried® 429 (17.8) 631 (48.1)
Married or cohabiting 1688 (70.0) 598 (45.5)
Other 287 (11.9) 73 (5.6)
Unknown 7(0.3) 11 (0.8)
Religion
No religion 685 (28.4) 418 (31.8)
Buddhism 1533 (63.6) 762 (58.0)
Christ Catholic 146 (6.1) 79 (6.0)
Other 33(1.4) 19 (1.5)
Unknown 14 (0.6) 35(2.7)
Comorbidity
Hypertensi on® 314 (13.0) 64 (4.9
Diabetes” 112 (4.7) 26 (2.0)
Lipoid metabolism 60 (2.5) 31(2.4)
Heart disease” 64 (2.7) 11 (0.8)
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Telephone Web-based
(n=2411) (n=1313)
frequency (%) frequency (%)
Profession
Government or military empl oyeeb 155 (6.4) 208 (15.8)
Company or organization employee 890 (36.9) 546 (41.6)
Person in charge 159 (6.6) 32(2.4)
Licensed professiona 5(0.2) 57 (4.3)
Professional union staff 139 (5.8) 18 (1.4)
Farmer or fisherman 92 (3.8) 2(0.2)
Student 59 (2.5) 110 (8.4)
Homemaker 471 (19.5) 85 (6.5)
Unemployed 142 (5.9) 56 (4.3)
Retired 285 (11.8) 31(2.4)
Other 0 150 (11.4)
Unknown 14 (0.6) 18 (1.4)
Drinking
Never 845 (35.0) 447 (34.0)
Yes 1566 (65.0) 848 (64.6)
Unknown 0 18 (1.4)
Smoking
Never® 1652 (68.5) 1018 (77.5)
Smoked, but not more than five packages 159 (6.6) 109 (8.3)
Smoked more than five packages 600 (24.9) 175 (13.3)
Unknown 0 11 (0.8)
Betel nut
Never® 1981 (82.2) 1150 (87.6)
Tried only 1-2 times 123 (5.1) 112 (8.5)
Eaten previoudly, but not in the last 6 months 202 (8.4) 41 (3.1)
Eaten many times within the last 6 months 105 (4.4) 10(0.8)
Exercisein past 2 weeks
No 775 (32.1) 429 (32.7)
Yes 1636 (67.9) 844 (64.3)
Unknown - 40 (3.0
Residential area
Taipei region” 793 (32.9) 524 (39.9)
Northern region 352 (14.6) 201 (15.3)
Central region 456 (18.9) 231 (17.6)
Southern region 357 (14.8) 137 (10.4)
Eastern region 60 (2.5) 29(2.2)
KaoPing region 393 (16.3) 191 (14.5)
3P<.05.
bp< 001.
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Table 2 presents the satisfaction felt by participants toward NHI
and NHI-contracted health care providers, as well as behavior
patternsin use of health service. Telephone survey respondents
were more likely than Web-based respondentsto report afeeling
of satisfaction with the NHI (58.4% vs 44.7%; adjusted odds

Yang & Tan

ratio [AOR] 1.97, 95% CI 1.62-2.40) and NHI-contracted health
care providers(63.4% vs 48.4%; AOR 2.39, 95% Cl 1.96-2.92).
No significant differences were observed between telephone
and Web-based survey respondentswith regard to their behavior
in use of health service.

Table 2. Comparison of Web-based and tel ephone survey respondents with regard to satisfaction with NHI and patterns in use of health service.

Telephone Web-based AOR
% % (95% CI)P
Satisfaction
Satisfied with NHI? 58.4 44.7 1.97 (1.62-2.40)
Satisfied with NHI-contracted
health care provider? 63.4 48.4 2.39 (1.96-2.92)
Use of health service
Feel uncomfortable but did not seek 26.0 14.8 0.82(0.67-1.00)
medical care in the past 6 months (yes)
The most common place to seek medical 94.4 92.8 0.77 (0.53-1.14)
careisyour city of residence (yes)
Most recent case of seeking medical care 95.4 95.4 0.99 (0.61-1.62)
using NHI card was as an outpatient visit
(ves)
When you need to seek medical care, 14.7 14.9 0.82 (0.67-1.00)

you go to aclinic (yes)

A\easured on a 5-point scale from 1 (very dissatisfied/disagree) to 5 (very satisfied/agree).
BAOR indicates the relative likelihood that Web-based survey respondents indicated a concern for a given issue, obtained using multivariate logistic
regression analysis after controlling for background characteristics (Table 1) and self-reported health status.

Table 3 illustrates the attitudes of respondents toward
NHI-related issues. Results of logistic regression analysis
indicate that, after accounting for sociodemographic factors,
comorbidity history and self-reported health status, Web-based

respondentswere more likely than tel ephone survey respondents
to be aware of the details of the NHI policy on the programs
specifically designed to assist the disadvantaged (41.1% vs
25.3%; AOR 1.86, 95% CI 1.52-2.27).

Table 3. Comparison of respondents to Web-based and telephone surveys regarding the degree to which they were concerned with NHI-related issues.

Telephone Web-based AOR

% % (95% Cl)°
Counseling patients with highest number of ambulatory visits to see doctors
in a specified institution® 86.3 91.1 1.21 (0.86-1.70)
| am aware of the details of NHI policy aimed at assisting the disadvantaged 25.3 411 1.86 (1.52-2.27)
| was inconvenienced when use of health service in the past 6 months 15.6 175 0.75 (0.53-1.06)
Increasing the copayment for emergency visits? 56.8 54.6 0.92 (0.76-1.12)
Referral to another hospital under the consent of patient® 77.9 76.7 0.73(0.58-0.93)

8\l easured on a 5-point scale from 1 (very dissatisfied/disagree) to 5 (very satisfied/agree).
BAOR refers to the relative likelihood that Web-based survey respondents indicated a concern regarding particular issues, obtained using multivariate
logistic regression analysis after controlling for the characteristics of respondents listed in Table 1 and self-reported health status.

Table 4 presentsthe self-reported health statuses of respondents
of thetwo surveys. Web-based respondents generally had poorer
health status with regard to physical functioning (adjusted
difference: —1.73; P<.001), role-physical (adjusted difference:
-2.25; P<.001), body pain (adjusted difference: —1.94; P<.001),
social functioning (adjusted difference: -3.89; P<.001),
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role-emotional (adjusted difference: —4.06; P<.001) and mental
health (adjusted difference: -2.94; P<.001). However,
Web-based respondents reported a higher degree of vitality
(adjusted difference: 0.94; P=.015) than did the telephone survey
respondents.
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Table 4. Self-reported health status of respondents to Web-based and telephone surveys.

Telephone, Web-based, Unadjusted difference, Adjusted difference®
mean (SD) mean (SD) coefficient (P) coefficient (P)
Physical health
Physical functioning 51.38 (6.42) 50.29 (5.12) -1.09¢ -1.73¢
Role-physical 51.22 (6.25) 49.58 (4.86) -1.64¢ -2.25¢
Body pain 56.38 (5.88) 54.95 (4.21) -1.43¢ -1.94¢
General health 4591 (8.09) 46.62 (7.41) 0719 -0.18
Mental Health
Vitality 45,67 (8.52) 47.01 (8.21) 1.34°¢ 0.94°
Social functioning 52.48 (6.27) 48.16 (6.43) -4.32¢ -3.89¢
Role-emotional 49.22 (6.35) 44.84 (6.12) -4.38¢ -4.06¢
Mental health 52.44 (7.44) 49.00 (6.87) -3.44° -2.94¢

8adjusted differences refer to the adjusted mean of Web-based surveys minus the adjusted mean of telephone surveys, which was obtained using mixed
regression analysis after controlling for background characteristics of respondents (Table 1).

bp< 05,
‘p<.01.
dp<.001.

Discussion

Principal Findings

This study sought to determine whether a Web-based survey
could be used as an dternative to RDD telephone surveys. Our
results indicate substantial demographic and socioeconomic
differences between the individuals who participated in the two
surveys. Our findings are consistent with previous studies, in
which Web-based survey respondents are generally younger,
healthier, and more highly educated than respondents to
telephone surveys[16,17]. Thiswas not unexpected, dueto the
fact that elderly persons till lag behind other age groups with
regard to internet usage [18]. The bias did not disappear after
weighting according to sociodemographic factors. This raises
concerns about the accuracy of Web-based surveys and how
representative the information gained is of a population.

Comparison to Prior Work

Thisisthefirst study to compare Web-based and RDD tel ephone
surveys with regard to different dimensions. Previous studies
have demonstrated that the answers provided by respondents
to Web-based surveys often differ from those provided by
respondentsto telephone surveys[15,19]; however, other studies
showed no significant differences. Zuidgeest et al investigated
differences between postal surveys and mixed-model surveys
(Internet questionnaires with paper follow-up). Their findings
failed toindicate any differencesin global ratings of health care
between respondents to the two surveys [20]. Braunsberger et
al compared telephone and Web-based surveys with regard to
test-retest reliability in which participants filled out two-wave
guestionnaires. Their resultsindicate that the reliability of data
from Web panels exceeds that obtained from telephone survey
panels [21]. Our results show that despite fundamental

http://www.i-jmr.org/2015/2/e9/

differences between those who took the two surveys, behaviors
with regard to use of heath service and attitudes toward
NHI-related issues were similar, except for the awareness of
assisting the disadvantaged policy in NHI. Thisimpliesthat the
two data collection modes are able to obtain unbiased data
related to these issues. However, if onewould like to assessthe
public perceptions of health care system and population health
status, the results from different survey modes could not be
compared directly.

Previous studies showed that many of the satisfaction pollsdone
in other countries focused more on assessing consumer and
patient satisfaction with the use of health services but rarely
assessed the public perception on the health care system. In
terms of survey modes, most of the satisfaction surveyscollected
data via telephone, mail, face-to-face, or mixed methods.
Recently, Web-based surveys with advantages of lower cost
and more time saving have been broadly used in many fields.
In the UK, for example, the GP patient survey used three
different methods to collect data: paper, telephone, and Web.
Their results indicated that the proportion of patients using
Web-based survey was increasing.

Compared to previously mentioned pollsdonein other countries,
this study demonstrated the feasibility of combining satisfaction
toward use of health service with awareness and attitudestoward
selected policies. Furthermore, we used both telephone and
Web-based surveys to collect responses to the same
guestionnaire and examined whether the responses were
comparable. The results indicate that, after adjusting for
respondents’ socioeconomic characteristics, use of health
service, personal health practice, and heath status, the
satisfaction toward various issues was significantly different
between respondents from telephone surveys and Web-based
surveys. Moreover, results of this study also showed that
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respondents to the telephone survey were more satisfied with
NHI and NHI-contracted health care providers than those who
took the Web-based survey. Previous studies have indicated
that Web-based respondents tend to give more neutral or
negative attitudina evaluations [22]. Evidence also indicates
that the techniques, gender, and race of theinterviewer can bias
the results [7,8]. Thus, it may be reasonable to expect that
individuals engaged in a direct conversation with a telephone
interviewer may show more positive attitude toward the issues
discussed in the survey. Our findings aso indicate that
Web-based survey respondents are more aware of NHI policies.
Thisisnot unexpected considering the higher level of education
held by theseindividuals and their greater accessto information
viathe Internet.

In terms of self-reported health status, Rivara et a investigated
the model effect of health-related quality of life among parents
and children aged hirth to 17 years using Web-based versus
telephone surveys[23]. They found that the differences caused
by model effect were small but statistically significant in some
of the measures. Our findings are consistent with these studies,
indicating that the self-reported health status of respondentsto
telephone surveys was significant better than those responding
to Web-based surveys, after controlling for demographic and
socioeconomic characteristics, health behaviors, and comorbidity
history. When matched by demographic and socioeconomic
characteristics and health behaviors, the differences between
the two groups remained significant.

Previous studies have indicated that the cost of and time required
to complete Web-based surveys (measured per respondent) are
far lower than that of other methods [20,21,24]. In this study,
the data obtained from the two survey methods was collected
by the same commercial research firm. The overal cost of the
telephone survey included the cost of acquiring and compiling
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the survey data followed by preparation of a database for
analysis as well as overhead and profit. The overall cost of the
Web-based survey included the cost of contacting panel
members, directing them to the survey site, creating a platform
on which to conduct the survey as well as an alocation for
overhead and profit. The average cost for each usabletelephone
survey sample was US$3.98, whereas the average cost of
obtaining each usable Web-based survey sample was US$0.71,
17.8% of the cost of the telephone survey samples.

Nonetheless, several issues should be considered when
interpreting these results. Any survey of perception and behavior
is subject to various forms of self-selection and self-reported
bias. As discussed earlier, the RDD telephone and Web-based
surveys used in this study were not immuneto these limitations.
We attempted to minimize the effects of these issues by ensuring
informed consent and standardized data collection procedures.
Degspite the fact that we employed an RDD contact method for
the telephone survey, the contacted individuals were still able
to choose whether to participate in the interview. Similarly, the
Web-based survey, which required respondents to fill out the
survey onling, is prone to the issue of self-selection. Further
research should address thisissue by using arandom assignment
process to determine if the same population who agrees to be
interviewed would choose a different format for the interview
process.

Conclusions

Web-based surveys offer cost savingsand efficiency in obtaining
data, especially on awareness and attitudes toward NHI-related
issues. But when assessing the public’s satisfaction with the
health care system and population health status, survey results
could not be compared directly because different methods of
survey could yield different outcomes.
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Abstract

Background: Whole-dideimaging (WSI) has become more prominent and continuesto gain in importance in student teaching.
Applications with different scope have been developed. Many of these applications have either technical or design shortcomings.

Objective: To design a survey to determine student expectations of WS applications for teaching histological and pathological
diagnosis. To develop a new WSI application based on the findings of the survey.

Methods: A total of 216 students were questioned about their experiences and expectations of WSI applications, as well as
favorable and undesired features. The survey included 14 multiple choice and two essay questions. Based on the survey, we
developed a new WSI application called Pate utilizing open source technologies.

Results:  The survey sample included 216 students—62.0% (134) women and 36.1% (78) men. Out of 216 students, 4 (1.9%)
did not disclose their gender. The best-known preexisting WSI applications included Mainzer Histo Maps (199/216, 92.1%),
Histoweb Tiibingen (16/216, 7.4%), and Histonet Ulm (8/216, 3.7%). Desired features for the students were latitude in the slides
(190/216, 88.0%), histological (191/216, 88.4%) and pathological (186/216, 86.1%) annotations, points of interest (181/216,
83.8%), background information (146/216, 67.6%), and auxiliary informational texts (113/216, 52.3%). By contrast, adiscussion
forum was far less important (9/216, 4.2%) for the students.

Conclusions: The survey revealed that the students appreciate arich feature set, including WSI functionality, points of interest,
auxiliary informational texts, and annotations. The development of Pate was significantly influenced by thefindings of the survey.
Although Pate currently has some issues with the Zoomify file format, it could be shown that Web technol ogies are capable of
providing a high-performance WSI experience, aswell as arich feature set.

(Interact J Med Res 2015;4(2):e11) doi:10.2196/ijmr.3495
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Introduction

Background

Whole-dlideimaging (WSlI), also known asvirtua microscopy,
has become more and more important in e-learning during the
past decade. It is being used for general educational purposes,
graduate education, pathology training, tutoring, and virtual
workshops [1]. In many settings, WSI has already replaced the
conventional microscope[1]. Recognizing the potential benefits
of such applications for medical education, we conducted a
survey to determine students’ expectations of WSI applications
for teaching purposes. Based on these findings, a WS
application for pathological specimens—the Pate application
[2]—has been devel oped. The primary goal of developing Pate
was to provide a tool that enables students to improve their
skillsinidentifying histomorphologica and pathological features
on virtualized histological slides. Furthermore, Pate offers the
possibility to explain the pathogenesis and pathophysiology of
diseases on the basis of the morphological correlation.

Preexisting Applications

There already exist several WSI applications for histological
and histopathological training, mainly the following: (1)
Histologiekurs [3] from Zurich University, Switzerland, (2)
Mainzer Histo Maps [4] from the Johannes Gutenberg
University Mainz, Germany, (3) NYU Virtual Microscope
(NYUVM) [5] from New York University, USA, (4) ScanScope
Images [6] from Zurich University, Switzerland, (5) Virtuelle
Pathologie Magdeburg [7] from the Otto von Guericke
University, Magdeburg, Germany, (6) vMic [8] from Basel
University, Switzerland, and (7) V Slides (Pathorama) [9] from
Basel University, Switzerland.

Asabasic characteristic of WS, all these applications support
latitude in the slide with avarying degree of usability. Some of
the applications, such as ScanScope Images, Histologiekurs,
and Mainzer Histo Maps, support annotations. Furthermore,
Histologiekurs provides background information about the
donor, informational texts about the specimen aswell as support
for points of interest. However, none of the listed applications,
except NYUVM, support small-screen devices or a touch
interface. Several of these WSI applications use Adobe Flash
to implement the client. This requires the user to install a
browser plug-in before using the application. Moreover, many
recent devices, such as any Apple mobile gear, do not support
those plug-ins. WSl applications using proprietary plug-ins
include vMic, Mainzer Histo Maps, ScanScope Images, and
VSlides. In contrast, there are also WS applications that use
Hypertext Markup Language 5 (HTML5) technologies. These
includetheapplicationsNY U Virtual Microscope and Virtuelle
Pathologie Magdeburg. By using HTML5 technologies, these
applications avoid the disadvantages of browser plug-ins.

Most applications—Flash, Silverlight, and HTML5 based
alike—missimportant features, such as points of interest (POI),
advanced annotations, informational texts, or amap scale. They
provide basi c image presentation capabilities, but fail to support
important features provided by the WSI technology.

http://www.i-jmr.org/2015/2/e11/
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Demand Assessment

Dueto the variety of options offered by new WSI technologies
[10-12], it was a major prerequisite for a new WSI tool to
investigate which features would benefit students, without
compromising the usability of Pate. Therefore, the users
opinionswerecrucia inidentifying and eliminating undesirable
features. To achieve this goal, a survey was conducted targeted
to functional needs and usability from students’ perspectives
as potential users of a new WSl tool. Therefore, their
expectations of Pate, their experiences with aready existing
WS tools, positive and negative features, as well as feature
suggestions were analyzed by a questionnaire.

Slide Acquisition

Asstated by Glatz-Krieger et a [8], the quality of virtual slides
isdefined by four crucial parameters, namely, the quality of the
histological section, the completeness of the histol ogical section,
the quality of the scanned image, and the usability of thevirtual
dides. From these parameters, the quality and compl eteness of

the section should be guaranteed during the physical dlide
acquisition. These parameters are essential for high-quality dide
imaging.

Image Quality

The image quality is highly influenced by optical focusing
during slide scanning. For this, two main methods are currently
available. The first method utilizes stacking of multiple planes
with different focus settings—z-stacking [ 13]—which emul ates
aphysical microscope more closely [14]. Thismethod also leads
to more memory consumption. However, the slide acquisition
processisless complicated, since only the middle optical plane
needs to be positioned near the mean focal plane of the glass
dide.

The second method uses a single virtual foca plane that
resembles the best focus throughout the whole glass dlide.
Because this procedure resultsin smaller memory consumption,
it was chosen for digitizing the histopathological didesfor Pate.
In order to ensure optimal results, we manually inspected the
suggested automatically generated focal points of the software
and corrected them where necessary.

Usability

Features for optimal usability are smoothly scrolling images,
short access times, orientation, and several options for
magnification. Furthermore, a good user interface design is of
major importance. To achieve this, we put special emphasis on

mobile devices next to the classical desktop. Therefore, we
wanted to support small screens aswell as atouch interface.

Resources

The Pate suite offers afamily of differently scaled versions for
each of the high-resolution images [15]. Thus, a user can
conveniently choose the scale of interest while having fast
response times due to the small bandwidth used during data
transfer. This multiresol ution representation can be obtained by
a cascade of downsampling operations on adyadic grid similar
to the discrete Haar-wavel et decomposition of rasterized images
[16]. At first sight, providing a family of images for different
resolutions appears inefficient in terms of memory usage. As
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we will show, the storage size of the multiresolution
representation of images used with tiles is bounded by merely
133% of the original image size.

Every downsampling operation halves the length of the given
imagesfor each of thetwo dimensions. Thus, the overall number
of pixelsis quartered every iteration. Consider the sequence,
(s);, of relative sizes according to the original image size, S

(8): = (L,1/4,1/16,/64,..)=(cC.q".cP.cF....), where G=1/4.

Asaresult, theoverall size, M, can bewrittenin termsof afinite
geometric series, as displayed in Figure 1.

Figurel. Theoverall sizeM can be written in terms of afinite geometric
series, where N is the number of downsampling operations.

N-1 [ s
M=5) qt<s) gk =r—
1-¢q
k=0 k=0

Theexpression for M is overestimated by the (infinite) geometric
seriesfor N— oo which converges for all q satisfying O<| q |<1
[17]. For the choice, g=1/4, the overall memory consumption
relativeto the original image sizeisobtained asM/S<4/3. Thus,
all resolutions can be stored with less than one-third of
additional memory.

Methods

Student Survey for the Expectations of a Virtual
Microscope

The student survey was designed in cooperation with the Center
for Quality Assurance and Development of the Johannes

http://www.i-jmr.org/2015/2/e11/
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Gutenberg-University Mainz, Germany. It featured 16 items
with question types including multiple choice, free field, and
single choice. A total of 216 students in the third year—fifth
and sixth semesters—of medical education participated in the
survey. Of these, 62.0% (134/216) werefemale, 36.1% (78/216)
were male, and 1.9% (4/216) did not disclose their gender. At
the time of the survey, all students were participating in either
the course General Pathology or Special Pathology. Prior to
this, in their second year of medical education, al students had
already completed a histological course. The voluntary survey
was conducted during thefirst lecture of the course and included
all the students of the year.

The survey aimed to investigate students expectations of a
virtual microscope with aview to the functional needs, such as
useful features (eg, points of interest, annotations) and usability
questions (eg, user-friendly handling). Furthermore, their
experiences with aready existing WSl applications were
registered. Besides establishing baseline data, including gender,
age, and time-based Internet usage, items were included that
covered preexisting WSI experiences by asking for prior WSI
usage. In addition, students were required to specify which
applications were already known. Furthermore, we asked for
expectations by enumerating items, which could be chosen if
considered important. Finally, afree-field item for the students
own suggestions completed the survey. The entire set of items
isgiven in Table 1—see Multimedia Appendix 1 for a detailed
description of the variables.
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Table 1. Descriptive analysis of the dataset of the questionnaire.

Variable? Number of observations, n Mean sb Kurtosis SE

Gender 212 0.6321 0.4834 -1.7122 0.0332
Age 213 1.1455 0.3535 1.9941 0.0242
InternetAccess 207 1.2995 0.7420 4.4008 0.0516
InternetUsage 207 2.5556 0.7731 -0.4041 0.0537
InternetCompetency 205 2.3415 1.0197 1.6230 0.0712
WS|Usage 201 2.3881 1.0529 15121 0.0743
AdvantagesForTests 204 1.0490 0.2937 36.2616 0.0206
Workplace 200 1.4100 0.7842 0.1971 0.0555
D_PC 216 0.3194 0.4673 -1.4150 0.0318
D_Laptop 216 0.8426 0.3650 1.4978 0.0248
D_Phone 216 0.0000 0.0000 N/AP 0.0000
D_Tablet 216 0.0231 0.1507 37.8429 0.0103
OfflineVersion 198 1.2020 0.4025 0.1709 0.0286
UsabilityWsl 203 2.5813 1.0230 0.1626 0.0718
ImageQualityWs! 205 2.3756 1.1204 0.5234 0.0783
F_Backgroundinfo 216 0.6759 0.4691 -1.4493 0.0319
F_Forum 216 0.0417 0.2003 18.8398 0.0136
F_Lattitude 216 0.8796 0.3261 3.3850 0.0222
F_HAnnotations 216 0.8843 0.3207 3.7083 0.0218
F_PAnnotations 216 0.8611 0.3466 2.3118 0.0236
F_POI 216 0.8380 0.3693 1.3245 0.0251
F_TeachingTexts 216 0.5231 0.5006 -2.0007 0.0341
K_MHM 216 0.9213 0.2699 7.6916 0.0184
K_Histoweb 216 0.0741 0.2625 8.4730 0.0179
K_HistonetUIm 216 0.0370 0.1893 21.8072 0.0129
K_Histology 216 0.0000 0.0000 N/A 0.0000
K_HistonetMarburg 216 0.0139 0.1173 66.3673 0.0080
K_HistoWebAtlas 216 0.0185 0.1351 48.5383 0.0092
K_vMic 216 0.0139 0.1173 66.3673 0.0080
K_Pathorama 216 0.0046 0.0680 209.0277 0.0046
K_virtPatho 216 0.0046 0.0680 209.0277 0.0046
K_NeoCortex 216 0.0000 0.0000 N/A 0.0000
K_AVKurs 216 0.0000 0.0000 N/A 0.0000
K_Histologiekurs 216 0.0046 0.0680 209.0277 0.0046
K_other 216 0.0694 0.2548 9.3594 0.0173

8See Multimedia Appendix 1 for a detailed description of the variables.
BNot applicable (N/A).

Development of the Client Media), and Modernizr 2.5.3 were used to abstract JavaScript
code from the browser implementation. OpenLayers 2.12 was

The client application was implemented using JavaScript, employed to display image slide data.

HTMLD5, and Cascading Style Sheets (CSS). As JavaScript

implementations differ by browser engine[18], theframeworks

JQuery 1.7.1 (jQuery Foundation), MochiKit 1.4.2 (Mochi
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Development of the Backend

To speed up application development, the backend was
developed using the Web Server Gateway Interface abstraction
layer. Python 2.7 (Python Software Foundation) was used as
the programming language in combination with the TurboGears
2.2 framework. The database is hosted by a MySQL Server
5.1.66 (Oracle Corporation, Redwood Shores, CA).

Slide Acquisition

We decided to use a single, virtual plane of focus throughout
the physical glassslide. Thismethod proved to be more difficult
in maintaining a good focus throughout the slide than initially
assumed. The autofocus functionality only provided a rough

starting point resulting in the need to adjust the focal pointsin
nearly every glass slide to achieve optimal results.

The dideswere converted into image fileswith the dide scanner
NanoZoomer 2.0-HT (C9600-13) (Hamamatsu Photonics
Deutschland GmbH, Herrsching am Ammersee, Germany)
producing high-quality scans. Unfortunately, the scanner
software did not produce an open image format that we could
use. Thisresulted in the necessity of converting the image files
into aformat we could utilize. However, in the meantime a set
of toolswere published to handle the Hamamatsu image format
(NDPI) [19,20]. We decided to implement the Zoomify file
format.

Image File Storage

Due to the small file size of approximately 20 KB per tile, the
dide image data themsel ves were put into the database since it
would be more expensive to open a file handler for each tile
than to query the database [19]. However, thisyielded abackup
problem. A common way to solve this problem isto dump the
database at regular intervalsand keep the dumpsin asafe place.
Because of the file size of the image data, the size of these
dumps became huge. With the chosen image quality of the dlides
and dlide dimensions, the file sizes in Pate amounted to

Brochhausen et al

approximately 1.5 GB to 2 GB per dlide. It would have been
i nefficient to keep multiple backups of that size which contained
mostly redundant data. As the dumps are of atext file nature,
arevision control system—GIT 1.8.3.2—wasinstalled to enable
dumping of the database regularly, to store the dumps in an
efficient manner by accounting only for the differences between
revisions, and to permit recovery of backups from any point in
time.

Web Design

We commissioned Griine Kommunikationsdesign, Bodenheim,
Germany, for thetask of Web design. The goalsincluded design
of astreamlined user experience, high usability on both mobile
devicesand desktops, aswell asan appealing graphical interface.

Results

Overview

The Web application, Pate, was developed according to the
expectations of medica students. The andysis of the
questionnaire reveaed that 97.1% (198/204) of the students
considered WS as an important learning tool in the training of
histopathological skills. Furthermore, the students assessed WS
as desirable for exam preparation.

Requested Features

A total of 83.8% (181/216) of the students accorded a high
priority to points of interest as a prime feature of Pate.
Annotations—histological (191/216, 88.4%) and pathological
(186/216, 86.1%)—as well as auxiliary informational texts
(113/216, 52.3%) were also evaluated positively. In contrast,
the deployment of a discussion forum seemed to have little
importance for the students, since only 9 out of 216 students
(4.2%) recommended this feature. Figure 2 shows graphical
results of the importance of WSl application features by
students. Furthermore, in the free-field part of the survey, aquiz
mode was suggested by the students.

Figure 2. Featuresfor WSI applicationsin relation to the importance to the students.

histological annotations -

latitude in slide -

pathological annotations -

points of interest -

WS feature

background information -

auxiliary informational texts -

discussion forum -

9 (~4.2%)

- IIIIII

191 (=88.4%)

190 (=88%)

186 (~86.1%)

181 (=83.8%)

146 (~67.6%)

113 (~52.3%)

1 | |
100 150 200

# students deeming the feature important (n=216)

Previously Known Whole-Slide | maging Applications

One goa of the survey was to evaluate students' preexisting
experienceswith other virtual microscopes, including non-Ws|
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known applications. As expected, sinceall students had already
completed ahistological course, which propagated this specific

Interact JMed Res 2015 | vol. 4 | iss. 2 |el1 | p.37
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

system, most students (199/216, 92.1%) aready knew the
Mainzer Histo Maps application [4], an onlineimage collection
of histological dlides of different human organs. The
second-most known, the Histoweb Tlbingen [20], was less
popular (16/216, 7.4%), followed by Histonet UIm [21] (8/216,
3.7%). All other explicitly listed systems were known by less

Brochhausen et al

than 2% of the students. Of the students, 6.9% (15/216) were
familiar with an application which was not listed. NY U Virtua
Microscope was not part of the questionnaire since this
application was not yet published at the time of our students
survey. Figure 3 shows the graphical results of students
familiarity with WSI applications.

Figure 3. Previously known WS applicationsin relation to students' degree of familiarity to these applications.

Mainzer Histo Maps -

Histoweb - Tubingen -

B

| BEE
I 4 (~1.9%)
‘ :

I 3 (~1.4%)

other -
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NUS HISTONET - Marburg -

application

Virtuelle Pathologie Magdeburg -

Pathorama - Basel -

Histologiekurs - Zurich - I 1 (=0.5%)
NeoCortex WebMic - Zurich = | 0 (=0%)
Histology - lllinois = | 0 (=0%)
Audiovisueller Kurs in Histopathologie -
1 1
0 50

1 1 1
100 150 200

# students knowing the application (n=216)

Statistical Correlation and Descriptive Analysisof the
Dataset

In order to reveal any correlations in the dataset of the
guestionnaire, we created a heat map for the Spearman rank
correlation coefficient, p, or r asin Figure 4, containing every
variable of the questionnaire paired with each other. The
resulting figure shows all correlation coefficients and P values,
where applicable. However, there are some variables where a

http://www.i-jmr.org/2015/2/e11/

RenderX

correlation is not applicable, as there is no deviation in the
dataset. This applies to the variables of two known WSI
applications, aswell asthe usage of amobile phone asadevice
to access Pate. Furthermore, most of the correlations are
statistically insignificant (P>.05). However, some clusters of
moderate correlation (p<.6) remain. For example, there appears
to be an association between wanted WS features, as well as
an association between some known WS applications.
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Figure 4. Spearman rank correlation coefficient heat map of the questionnaire items. Each rectangle contains the correlation coefficient in the upper
half and the corresponding P value in the lower half, if applicable. A red cross marks individual P values where P<.05. The color of each rectangle
indicates the value of the correlation coefficient. The legend below the heat map provides a concise description for each variable.
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Variable Description Variable Description
InternetAccess kind of available Internet access K_MHM Mainzer Histo Maps
InternetUsage time spent on the internet K_Histoweb Histoweb -
InternetCompetency  self-assessment of internet competency K_HistonetUlm Histonet 2
WSIUsage how often WSI is used K_Histology Histology =
AdvantagesForTests  is WSI considered helpful in test preparation K_HistonetMarburg ~ NUS HISTONET %
Workplace where WSI is being used K_HistoWebAtlas HistoWebAtlas )
OfflineVersion demand for an offline version K_vMic vMic B
Usability WSI assessment of usability of WST applications K_Pathorama Pathorama o,
ImageQualityWSI assessment of image quality of WSI applications K_virtPatho Virtuelle Pathologie ;"’:
Gender gender of interviewee K_NeoCortex NeoCortex WebMic g
Age age of the interviewee K_AVKurs Audiovisueller Kurs in Histopathologie ?
F_BackgroundInfo background information o K_Histologiekurs Histologiekurs
F_Forum discussion forum =5 K_other other, not listed, application
[¢]
F_Latitude latitude in slide o3 D_PC PC o
[¢]
F_HAnnotations histological annotations a. D_Laptop Laptop 7]
F_PAnnotations pathological annotations § D_Phone Smartphone Q'
F_POI points of interest é’ D_Tablet Tablet PC
F_TeachingTexts auxiliary informational texts 13

The New Whole-Slide Imaging Tool, Pate

Theresultsof thissurvey provided the basisfor the devel opment
of anovel, user-friendly application built using modern Web
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technologies, such as HTML5, CSS, and JavaScript. These
technologies provide a unified user experience across all major
platforms, such as PCs, tablets, and mobile phones. For optimal
use, amodern Web browser is recommended.
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Pate contains 118 high-quality histopathological specimens
from the major human pathological conditions, enriched by
several specimensregarding cell-tissueinteractions. The slides
showing full-thickness cartilage defect and punch-biopsy skin
wound demonstrate the potential benefits of WSI applications
also in biomaterial research. These dides are enriched using
nondestructive annotations, as well as points of interest. Each
dlidein Pate can be shared by distributing the URL . Thisallows

Brochhausen et al

easy sharing of large images as soon asthe dlides are digitized.
Utilizing modern Internet technologies, suchasHTML5, CSS,
and JavaScript, enablesthe user to view theimage materia with
a modern Web browser—no proprietary plug-in is required.
Pate supports devices with differing screen sizes, such as PCs
and mobile phones, by utilizing responsive Web design methods
(see Figure 5).

Figure 5. Side-by-side view of desktop layout (A) versus mobile layout (B) depicting appendicitis (ie, inflammation of the appendix). The control

panel foldsif the screen resolution istoo small (B) to provide an unhindered view on the slide. Pathological annotations are shown.

n@mnng,
GOEE

Appendizitis
Farbung: HE

Per for mance of Pate

It is hard to determine the actua performance of the
image-serving capabilities of Pate. It depends on variousfactors,
such as the performance of the Internet service provider (I1SP)
of the server, the bandwidth of the ISP offered to the user, and
specific routing conditions, among others [22]. Therefore, we
chose atest setup whichisbetter controlled by utilizing another
computer inthe samelocal areanetwork asthe server for testing.
This alows us to reduce the influence of poor network
performance. We created alist of 50 randomly sampled URLS,
addressing 256x256 pixel imagetiles, served by the Pateimage
server. All caching had been disabled. We set up Siege 2.70
(Joe Dog Software) [23], al oad-testing and benchmarking tool,
in order to simulate high concurrency transactions. One
transaction is a complete HTTP request of one randomly
sampled URL, the download of the image data, and the closing
of the connection. The degree of concurrency determines how
many transactions are performed in paralel. When one
transaction isfinished, the next oneis started immediately. For

http://www.i-jmr.org/2015/2/e11/

each concurrency level, one worker is instantiated by Siege.
Every worker performs 1000 sequentially executed transactions.
For example, a concurrency level of 4 results in 4x1000
transactions, resulting in 4000 transactions. This test was
performed for concurrency levels ranging from 1 to 20. The
server ispowered by adual-coreIntel Xeon E5504 @ 2.00 GHz
CPU, 4.6 GB of RAM, and multiple hard drivesin aRedundant
Array of Independent Disks (RAID) 5 system with a data
retrieval capacity of up to 109 MB/s. The results are shown in
Table 2 and illustrated in Figure 6.

For a concurrency level of 1, the data show a median response
time of 18.8 ms (SD 4.3), while performing 52.6 transactions
per second. This transates to a maximum image-serving
capability of 3.4 megapixels (MP) per second for a single
worker. Theoverall performancerisesup to aconcurrency level
of 4, resulting in a total of 235.9 transactions per second and
15.4 MP per second while achieving 3.8 MP per connection.
Higher concurrency levelsdo not further boost the performance,
but result in overall higher response time and lower individual
performance per worker.
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Figure 6. Plot of the values of Table 4 depicting the median response time in msec, including the standard deviation, as well as the transactions per
second, pixels per second, and total and individual pixels per worker per second.
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Table 2. Summary of the test setup of Pate.

i
10
Concurrency

100k pixels / connection / s
= 100k pixels total / s
= median transaction time (ms)

transactions / s

20

Concurrency Total transactions  Responsetime Transactions/ sec-  Pixels/ second, Individual transactions/ second/  Individual pixels/
performed, n (ms), ond, mean mean worker, mean second/ worker,
mean (SD) mean

1 1000 18.8 (4.3) 52.6 3,449,263 52.6 3,449,263
2 2000 12.0(8.4) 166.7 10,922,667 83.3 5,461,333
3 3000 18.2 (13.0) 166.7 10,922,667 55.6 3,640,889
4 4000 16.4 (13.2) 2353 15,420,235 58.8 3,855,059
5 5000 20.7 (16.9) 238.1 15,603,810 47.6 3,120,762
6 6000 245(19.1) 240.0 15,728,640 40.0 2,621,440
7 7000 29.6 (21.1) 2333 15,291,733 333 2,184,533
8 8000 33.7(32.9) 228.6 14,979,657 28.6 1,872,457
9 9000 38.0(25.7) 236.8 15,521,684 26.3 1,724,632
10 10,000 40.7 (28.5) 243.9 15,984,390 244 1,598,439
11 11,000 46.6 (34.9) 229.2 15,018,667 20.8 1,365,333
12 12,000 50.0 (37.8) 2353 15,420,235 19.6 1,285,020
13 13,000 54.8 (43.9) 2321 15,213,714 179 1,170,286
14 14,000 58.9 (49.6) 233.3 15,291,733 16.7 1,092,267
15 15,000 63.1(52.5) 234.4 15,360,000 156 1,024,000
16 16,000 65.2 (55.2) 242.4 15,887,515 152 992,970
17 17,000 69.1 (58.6) 2394 15,691,718 141 923,042
18 18,000 77.8 (63.9) 2279 14,932,253 12.7 829,570
19 19,000 78.7 (67.4) 2375 15,564,800 125 819,200
20 20,000 84.7 (69.0) 232.6 15,240,930 11.6 762,047
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Discussion

Principal Findings

The goal of this project was to create a new WS application
for histopathological education according to students' demands
and expectations. Therefore, a feature set was extracted from
exising WSl applications, including histological and
pathologica annotations, points of interest, background
information, latitude in dide, teaching texts, and a discussion
forum. Then, aquestionnaire was designed to evaluate the actual
needs of medical students, aswell astheir expectationsand their
experience with WS applications. The results of the survey
built up the base for a feature set for Pate. From a technical
point of view, afurther goal of the development was to utilize
established Web technologies, such asHTML5 and JavaScript,
in order to support as many platforms and devices as possible
without the requirement to install any kind of software in
advance. In addition, we put an emphasis on supporting mobile
platformswith small screensand touch interfaces. Thisresulted
in aunique set of requirementsfor the devel opment of Pate that
was not covered by any other application. During the
devel opment, student feedback ensured that the desired features
were integrated as was intended by the results of the survey.

With the survey, weidentified ahigh demand regarding a broad
feature set for the application, including annotations, POI's, and
auxiliary informational texts. We were surprised to learn that,
by contrast, the students placed little emphasis on theinstal lation
of a discussion forum to permit direct contact with the staff.
From the viewpoint of the organizer this facilitates the care of
Pate, since amoderation of such aforum istime and personnel
consuming. Nevertheless, from the viewpoint of the teacher it
would be of interest to establish what problemsthe students are
having in learning histopathological skills. Such aforum could
open interesting perspectives to give live information and to
react to the needs of the medical students. However, an open
forum carries the risk of containing uncontrolled information,
aswell asincorrect data, which are not useful for an e-learning
application. Therefore, the development of a discussion forum
was abandoned. A statistical analysis of the survey dataset
reveal ed no further insight besides a correlation of desired WS
features, as well as an association between some known WS
applications.

During deployment of Pate, a scripting language was used,
which allowed swift response to the students demands and
offered the implementation of arapid application devel opment
process. By using a professional Web design, a user-friendly
and intuitive Web frontend was created. In this context, we
focused on supporting mobile devices, as well as conventional
desktop computers.

Current limitations of Pate arise mainly as a result of the
Zoomify file format used to store digital slides. This format
utilizes tiles to limit the data which must be transferred to the
client. This leads to approximately 200,000 files for a regular
dlide. The costs of retrieving afile handle for each file can be
reduced by storing the image files in a database. However,
storing the image data in the database complicates the backup.
Commonly, time-stamped database dumps are used. Thiswould
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lead to avolume of datawhich would be hard to handle. In Pate,
this issue was solved by using a version control system.
However, creating a backup would be much less difficult
without the image filesin the database.

One of the design goal s of Pate was to support mobile devices.
These devices commonly have a slow Internet connection.
Because image quality was the first priority when creating the
Zoomify tiles, these have amean size of approximately 20 KB.
This can lead to prolonged loading times when using a slow
Internet connection.

Finally, the new Web application, Pate, ismodeled closely along
the expectations of the students by providing a complete set of
features, such as points of interest, annotations, and
informational texts, which are actually not available asaholistic
feature set by other WSI applications.

Per spectives

Follow-Up Survey

AsPate's devel opment has now sufficiently progressed, we will
be conducting a follow-up survey, in order to determine if the
students' needs have changed and if the implemented feature
set has been implemented in a satisfactory way. Furthermore,
wewill establish a constant feedback 1oop to be able to respond
to new challenges promptly.

QuizMode

The survey reveal ed that many students appreciated aquiz mode.
Since Pate was not designed to offer tests of any kind, this
feature would have to be implemented from scratch. Pate
includes dlide image data, meta-information, and regions of
interest within each dlide. Thus, views of POI regions could be
generated, which the students would then be asked to diagnose.

I mage Server

The image-serving capabilities of Pate are competitive. The
median image retrieval time was measured as 18.8 ms (SD 4.3)
while achieving 3.4 MP per second. The peak performancewas
reached with 15.4 MP per second. This puts Pate in the same
performance category as other state-of-the-art image servers
[24]. Most of the limitations of Pate were inherited by the
Zoomify file format storing prerendered image tiles in a
database. A more convenient way to handle large image data
would be to archive a single file which can be stored outside
the database, while allowing the user to quickly retrieve any
section at any magnification. The Tagged Image File Format
(TIFF) features storage of pyramidal image data.

Therefore, one future goal is to adapt or to develop an image
server that is able to read pyramidal TIFF data server-side and
deliver requested image tiles via the Zoomify file format to the
client. This method avoids the necessity to redevel op the client
and bringsthe benefit of afile format that supports storing slide
image data in one large file. Furthermore, image data could be
compressed, according to the current bandwidth, to the client,
thus providing a smoother experience for users with small
bandwidth, especially users on mobile networks.
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Conclusions

According to our survey, students of the University Medical
Center Mainz favored a rich feature set, including WSI
functionality, POls, auxiliary informational texts, and
annotations. None of the preexisting WSl applications
sufficiently fitted in this profile. The feature set could be
implemented by relying on rapid application development
techniques and open source technologies.

Based on thissurvey, anew WS application has been deployed
enabling anyone with a device that features a modern Web

Brochhausen et al

every platform, a suitable user interface is provided to allow
the maximum potential of thistool. Thiscould only be achieved
by employing Web technologies that are supported by all
modern browsers: JavaScript, HTML5, and CSS. No proprietary
plug-ins like Adobe Flash are being used.

Although Pate currently has some issues with the Zoomify file
format, it could be shown what Web technologies are capable
of providing high-performance WSI experience.

In afuture survey, we will analyze whether Pate fits within the
expectations of medical students, and we will cross-compare

browser to explore digital sides. This includes mobile phones
like Android and iPhone, tablets, desktops, and laptops. On

these results with other tools known by the students.
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Multimedia Appendix 1

This ZIP file includes al information regarding the students survey. This covers the dataset (data.csv) as well as an extensive
documentation (survey_statistics.Rmd) and a compiled version (survey_statistics.html).

[ZIPFile (Zip Archive), IMB - ijmr_v4i2e11 appl.zip]
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Abstract

Background: Funding agencies and researchers increasingly recognize the importance of patient stakeholder engagement in
research. Despite calls for greater patient engagement, few studies have engaged a broad-based online community of patient
stakeholders in the early stages of the research development process.

Objective: The objective of our study was to inform aresearch priority-setting agenda by using a Web-based survey to gather
perceptions of important and difficult aspects of diabetes care from patient members of asocial networking site-based community.

Methods: Invitationsto participatein a\Web-based survey were sent by email to members of the PatientsLikeMe online diabetes
community. The survey asked both quantitative and qualitative questions addressing individuals' level of difficulty with diabetes
care, provider communication, medication management, diet and exercise, and relationships with others. Qualitative responses
were analyzed using content analysis.

Results: Of 6219 PatientsL ikeM e members with diabetes who were sent survey invitations, 1044 (16.79%) opened the invitation
and 320 (5.15% of 6219; 30.65% of 1044) completed the survey within 23 days. Of the 320 respondents, 33 (10.3%) reported
having Type 1 diabetes; 107 (33.4%), Type 2 diabetes and taking insulin; and 180 (56.3%), Type 2 diabetes and taking oral agents
or controlling their diabetes with lifestyle modifications. Compared to 2005-2010 National Health and Nutrition Examination
Survey data for individuals with diabetes, our respondents were younger (mean age 55.8 years, SD 9.9 vs 59.4 years, SE 0.5);
less likely to be male (111/320, 34.6% vs 48.4%); and less likely to be aracial or ethnic minority (40/312, 12.8% vs 37.5%). Of
29 potential challengesin diabetes care, 19 were categorized as difficult by 20% or more of respondents. Both quantitative and
qualitative results indicated that top patient challenges were lifestyle concerns (diet, physical activity, weight, and stress) and
interpersonal concerns (trying not to be a burden to others, getting support from family/friends). In our quantitative analysis,
similar concerns were expressed across patient subgroups.

http://www.i-jmr.org/2015/2/e13/ Interact JMed Res 2015 | vol. 4 | iss. 2 |€13 | p.45
(page number not for citation purposes)


mailto:emily.x.schroeder@kp.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Schroeder et al

Conclusions: Lifestyle and interpersonal factors were particularly challenging for our online sample of adults with Type 1 or
Type 2 diabetes. Our study demonstrates the innovative use of social networking sites and online communities to gather rapid,
meaningful, and relevant patient perspectives that can be used to inform the devel opment of research agendas.

(Interact J Med Res 2015;4(2):€13) doi:10.2196/ijmr.3856
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social networking; diabetes mellitus; quality of health care; patient centered outcome research

Introduction

Funding agencies and researchers have increasingly recognized
the importance of incorporating patient stakeholders into all
phases of the research process [1,2]. Patient stakeholder
engagement can take place at various pointsin the “life cycle’
of research, including question formulation, study design,
interpretation of results, and dissemination of findings [1,3].
The best way to engage patient stakeholders in the research
process has not been well defined, and likely depends on the
topic under study, the patient population concerned, and the
stage of the research process [1,3]. Patient stakeholder
engagement can take various forms. For example, patients may
act as participants in individual interviews, focus groups, or
in-person stakeholder meetings, or as research team
collaborators; or may become involved through social
networking sites (SNSs) [1,3,4]. In diabetes research, for
example, only afew previous studies have described patients
research prioritiesand preferences[5-7]. These studies gathered
dataviafocusgroupsin asingle community [6], aquestionnaire
printed in a German weekly news magazine 5], and amulti-step
processincluding online and paper forms of asurvey distributed
by avariety of Type 1 diabetes advocacy organizations[7]. Due
to time restrictions and resources, most methods of patient
stakeholder engagement are limited to using small, highly
selective samples[8].

SNSs, which have been growing in popularity, can engagelarge
numbers of thoughtful patient stakeholders about a range of
health and research topics, and can do so more quickly and at
lower cost than traditional survey methods|[8,9]. PatientsLikeMe
is one such health- and disease-related SNS that has more than
190,000 membersinternationally. It offers patientstoolsto track
their illness, share health data with peers, and participate in
research studies [10]. PatientsLikeMe has established a level
of trust among its users, which is an important component of
stakeholder  engagement [8,11]. Researchers using
PatientsLikeMe have published more than 30 peer-reviewed
publications [12] focusing on conditions such as amyotrophic
lateral sclerosis[13-15], Parkinson’sdisease[10,13,16], multiple
sclerosis [17], epilepsy [18], mood disorders [13], and organ
transplantation [19].

The SUPREME-DM (SUrveillance, PREvention, and
ManagEment of Diabetes Mellitus) network is a consortium of
11 member organizations of the HMO Research Network
[20,21]. Research institutes embedded in these health systems
have developed the largest and most clinically-detailed cohort
of privately-insured patients with diabetes in the United States
(the DataLink) [22]. The SUPREME-2 (SUPREME-DM:
Sustaining a L earning Research Network) study was funded by

http://www.i-jmr.org/2015/2/e13/

the Agency for Healthcare Research and Quality in 2013, with
the goal of enhancing the capacity of the SUPREME-DM
DataLink to address the research priorities of patient
stakeholders [23]. Over a 12-month period, we used a
systems-based participatory research approach to engage
stakeholders. Thisincluded aone-day stakehol der meeting held
in Washington, DC in 2014, followed by a webinar virtual
meeting [23,24]. Stakeholders included patients, researchers,
and leaders of health care delivery systems, federa agencies,
membership/advocacy groups, and disadvantaged populations.
However, we wanted to ensure that the voices of diabetes
patients figured prominently in our stakeholder engagement
process. Given time and resource congtraints, the
PatientsLikeMe online diabetes community provided an
opportunity to engage with ageographically-diverse, thoughtful,
and interested group of individuals with diabetes. This
population rapidly provided qualitative and quantitative patient
perspectives that informed and supplemented the research
preferences and priorities that were identified during the
in-person and virtual stakeholder engagement processes.

Theoverall purpose of our online survey wasto obtain research
preferencesand prioritiesfrom an interested group of individuals
with diabetes that could be used to help guide subsequent
SUPREME-DM stakeholder engagement and research priorities.
Our specific research aimswere (1) to identify issuesin diabetes
management that PatientsLikeMe patient stakeholders find
difficult or important in the following domains. accessing
diabetes care, communication with providers, medication
management, lifestyle behaviors, and personal relationships;
(2) to gather an array of patient perspectivesthat would inform,
amplify, and supplement the findings from the in-person
stakeholder meeting; and (3) to assessthe pragmatic usefulness
of online surveys for conducting diabetes research among an
SNS population.

Methods

The SUPREME-DM Networ k

The SUPREME-DM network was funded by the Agency for
Healthcare Research and Quality (RO1HS019859) in 2010
[20,21]. SUPREME-DM is a consortium of 11 US integrated
health systems. Research institutes embedded within these hedlth
systems have developed a distributed virtual data warehouse
that contains the following types of anonymous de-identified
information gathered from their electronic health record and
administrative data systems. demographic characteristics,
outpatient pharmacy dispensing details, laboratory tests and
associated results, and diagnosis and procedure codes from
outpatient and inpatient health care encounters [25]. The
resulting diabetes Datalink has been used in research on
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diabetes surveillance and comparative effectiveness, and
includes information collected from 2005 onward for
approximately 16 million adults and 2.5 million childrenin 10
states [21]. A subsequent study, the SUPREME-2 study, was
funded by the Agency for Healthcare Research and Quality
(1R01HS022963-01) in 2013, with the goal of enhancing the
capacity of the SUPREME-DM Datal ink to addressthe research
priorities of patient and organizational stakeholders[23].

Survey Design and I mplementation

Torapidly obtaininput from patient stakehol ders, we conducted
an online survey with the PatientsLikeM e diabetes community
(see Multimedia Appendix 1). Because individuas in the
PatientsLikeMe network have volunteered to share personal
information for surveys such as ours, and because we did not
collect any identifying information, this survey was not
considered human subjects research by the Kaiser Permanente
Colorado Ingtitutional Review Board. No incentives were
provided to participants.

The survey was developed by SUPREME-DM investigatorsin
collaboration with PatientsLikeMe staff. The survey was pilot
tested by 50 PatientsLikeMe members, and modified based on
their responses. The final survey is provided in Multimedia
Appendix 1. The survey included several questions modified
from the National Health and Nutrition Examination Surveys
(NHANES) and the Behavioral Risk Factor Surveillance Surveys
(BRFSS). The modified questions were related to age, race,
ethnicity, gender, type of diabetes, duration of diabetes, general
health status, primary activity, types of medication, diabetes
complications, weight, and height [26,27]. The remainder of
the survey used 29 items to assess patient experience with and
challengesin diabetes care, provider communication, medication
management, and other topics (eg, lifestyle behaviors and
personal relationships). Each topic domain was preceded by the
prompt, “We want to hear which questions about [domain
heading] are most important to you right now. Please tell us
which of these concerns about diabetesimpactsyou personally,
and how difficult each one makes your life”” The five response
options were: not difficult, alittle difficult, somewhat difficult,
very difficult, and does not apply. There were also three global,
open-ended questions,: (1) “Are there any other challenges or
concerns about your diabetes care that you want usto know?”’,
(2) “Thinking about when you werefirst told you had diabetes,
what was or would have been most helpful for you to know
about your diabetes at that time?’, and (3) “ Thinking about 3-5
years into the future from now, what do you feel will be
important to learn or know about your diabetes? Why?’

Using the PatientsLikeMe Private Message tool, we sent
invitations to the individual email accounts of eligible
PatientLikeMe members from the diabetes community. The
invitation encouraged those participants to log in to their
PatientsLikeMe account and complete the Web-based survey.
Inclusion criteriawere: self-reported Type 1 or Type 2 diabetes,
aged 18 years or older, resident of the United States, and email
contact from PatientsLikeMe Private Messages enabled. We
aso required participants to be active participants in
PatientsLikeMe. We defined ‘ active’ as any activity during the
past 360 days for those with Type 1 diabetes, and 3 or more
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log-ins during the past 90 days for those with Type 2 diabetes.
We sent the invitation to individuals with unknown ages or
locations of residence, but if they indicated on their survey that
they were younger than 18 years or lived outside the United
States, then their responses were discarded. The survey was
open for 23 days (2014 Jan 15 through 2014 Feb 6), and
reminder emailswere sent at 3 daysand 14 days after theinitial
invitation. Participants could complete the survey over several
sessionsiif they desired.

Analysis

If participants did not reach the end of the survey, then their
responses were not analyzed. We calculated the mean and
standard deviation for continuous variables and percentage for
categorical variables. Body massindex (BMI) was categorized

as normal (BMI < 25.0 kg/m?), overweight (BMI = 25.0-29.9
kg/m?), Class | obese (BMI = 30.0-34.9 kg/m?), and Class II

obese or higher (BMI > 35.0 kg/m?). To report measures of
patient experience, we combined the percentages of individuals
responding “somewhat difficult” or “very difficult”, and
removed from the denominator individualswho indicated “ does
not apply.” We compared results by diabetes type and insulin
status (Type 1 diabetes, Type 2 diabetes taking insulin, and
Type 2 diabetes not taking insulin); gender; age; general health
status; depression; and primary activity. For significancetesting,
we used two-sided Fisher Exact tests for categorical variables
and Kruskal-Wallace tests for continuous variables. However,
as this was an exploratory analysis of a convenience sample,
we did not primarily rely upon statistical significance testing,
but instead looked for magnitude of the response, meaningful
differencesin percentages, and/or relative rankings.

To examinethe three qualitative, open-ended measures, we used
acontent analysis approach to provide an overview of the major
themes emerging from each question [28-30]. In an effort to
keep the open-ended comments grounded in the experiences of
respondents, analysiswas conducted by an objectiveinvestigator
(JLS) with expertise in qualitative analyses who was not aware
of the closed-ended survey results. An initial reading of
open-ended responses to understand the general participant
response and context to each specific question was followed by
a second reading to summarize content. For example, if a
participant wrote“| wished adoctor had told meto take diabetes
more seriously earlier on...,” then thiswas summarized as“ take
more seriously” Upon a third reading of the open-ended
responses, summary phrases were condensed into themes, but
with enough detail to preservetheir intended meaning. Wethen
tabulated the frequencies with which these themes were
expressed. When possible, themes were aggregated into
summary themes. Responses could reflect a single or multiple
themes. The themes were then shared with the study team for
comment and consensus. In this paper, we provide the list of
these themes and the frequency of text responsesfor each theme
mentioned.
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Results

Respondent Characteristics

Of the 6219 PatientsLikeMe members with diabetes who were
invited to participate, 1044 (16.79%) opened the invitation. Of
those who opened the invitation, 188 opted out, 273 did not
start the survey, 194 started but did not complete the survey,
and 389 completed the survey. Of the 389 who completed the
survey, 69 were excluded because they resided outside of the
United States, leaving a fina sample size of 320 (5.15% of
6219; 30.65% of 1044). Compared to the 5899 who were not
included inthe analysis, the 320 compl ete responders were ol der
(mean age 55.8 years, SD 9.9 vs 53.7 years, SD 11.3, P<.001);
more likely to have Type 1 diabetes (33/320, 10.3% vs
419/5899, 7.10%, P=.04); and possibly morelikely to befemale
(209/320, 65.3% vs 3563/5899, 60.40%, P=.09).

http://www.i-jmr.org/2015/2/e13/
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Of the 320 respondents, 33 (10.3%) had Type 1 diabetes, 107
(33.4%) had Type 2 diabetes and were taking insulin, and 180
(56.3%) had Type 2 diabetes and were on oral agents (but not
insulin) or controlled their diabetes with lifestyle interventions
alone. Individual swith Type 1 diabetes were younger than those
with Type 2 diabetes, had a lower BMI, longer duration of
diabetes, were more likely to be employed, and reported better
overall general health than individuals with Type 2 diabetes
(Table 1). Rates of self-reported diabetes complications and
comorbidities were high, and except for kidney disease and
retinopathy, tended to be higher among individuals with Type
2 diabetes than among individual s with Type 1 diabetes (Table
1). Compared to the NHANES 2005-2010 diabetes popul ation,
our sample had a higher percentage of females, more
non-Hispanic whites, and a smaller proportion of individuals
aged 65 years or older [31] (Table 1).
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Table 1. Characteristics of PatientsLikeMe survey respondents (n=320).
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Full cohort Typeldia Type2dia Type 2 dia- Pvalue® NHANES?
betes betestaking  betes not tak- 2005-2010 [31]
insulin ing insulin
n (%) ormean n (%) or n (%) or mean n (%) or mean
(SD) mean (SD)  (SD) (SD)
Female, n (%) 200/320 (65.3) 22/33(66.7) 65/107 (60.8) 122/180(67.8) .49 51.6
Race/ethnicity, n (%)
Non-Hispanic white 272/312(87.2) 28/32(87.5) 88/102(82.4) 160/178(89.9) .14 62.5
Non-Hispanic black 17/312 (5.5) 0/32 (0.0) 9/102 (8.8) 8/178 (4.5) 16.7
Other 23/312(7.4)  4/32(125) 9/102(8.8)  10/178(5.6) 20.8
Age, n (%) or years, mean (SD)
Years, mean (SD) 55.8 (9.9) 47.7(129) 57.1(9.0) 56.5 (9.1) <.001 59.4
<55 years, n (%) 130/320 (40.6) 21/33(63.6) 37/107(34.6) 72/180(40.0) .03 60.5
55-64 years, n (%) 136/320 (42.5) 11/33(33.3) 50/107 (46.7) 75/180 (41.7)
> 65 years, n (%) 54/320(16.9)  1/33(3.0) 20/107 (18.7)  33/180(18.3) 395
Body massindex, n (%) or kg/m 2 , mean (SD)
kg/m?, mean (SD) 33.9(8.3) 269(50) 36.2(8.4) 33.9(8.1) <.001 328
< 25.0 kg/m?, n (%) 45/318 (14.2)  16/33(485) 8/105(7.6)  21/180(117) <.001 12.9
25.0-29.9kg/m?, n (%) 66/318(20.8)  6/33(18.2) 19/105(18.1) 41/180 (22.8) 259
30.0-34.9kg/m? n (%) 80/318(25.2) 8/33(24.2) 20/105(19.1) 52/180 (28.9)
>35.0 kg/m?, n (%) 127/318(39.9) 3/33(9.1)  58/105(55.2) 66/180 (36.7) 61.2
Duration of diabetes, n (%) or years, mean (SD)
Years, mean (SD) 12.1(11.4) 28.0(152) 12.9(9.2) 8.7 (9.0) <.001
0-5 years, n (%) 108/320(33.8) 3/33(9.1)  22/107(20.6) 83/180(46.1) <.001
5-10 years, n (%) 78/320 (24.4)  4/33(12.1)  31/107 (29.0) 43/180 (23.9)
> 10 years, n (%) 134/320 (41.9) 26/33(78.8) 54/107 (50.5) 54/180 (30.0)
Education, n (%)
Some high school 1/319 (0.3) 0/33(0.0) 0/106 (0.0)  1/180(06) .26
High school graduate ~ 56/319(17.6)  3/33(9.1)  19/106(17.9) 34/180(18.9)
Some college 136/319 (42.6) 10/33(30.3) 43/106 (40.6) 83/180 (46.1)
College graduate 81/319(254)  12/33(36.4) 28/106(26.4) 41/180 (22.8)
Post graduate 45/319 (14.1)  8/33(24.2) 16/106 (15.1) 21/180 (11.7)
Primary activity, n (%)
Employed 109/320 (34.1)  19/33(57.6) 25/107 (23.4) 65/180(36.1) .001
Homemaker 16/320 (5.0)  3/33(9.1)  4/107(37)  9/180(5.0)
Student 5/320 (1.6) 133(30) 3/107(2.8)  1/180(0.6)
out of work 17/320(5.3)  3/33(9.1)  8/107(75)  6/180(3.3)
Unable to work 91/320 (284)  5/33(15.2) 37/107 (34.6) 49/180 (27.2)
Retired 82/320(25.6) 2/33(6.1)  30/107(28.0) 50/180 (27.8)
General health, n (%)
Excellent 7/318 (2.2) 2/33(6.1)  1106(0.9)  4/179(22)  .007
Very good 48/318(15.1)  12/33(36.4) 10/106(9.4)  26/179 (14.5)
Good 109/318 (34.3) 6/33(18.2) 35/106(33.0) 68/179 (38.0)
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Full cohort Typeldia= Type2dia Type 2 dia- Pvalue® NHANESP
betes betestaking  betes not tak- 2005-2010 [31]
insulin inginsulin
n (%) ormean n (%) or n (%) or mean n (%) or mean
(SD) mean (SD)  (SD) (SD)
Fair 94/318(29.6)  9/33(27.3) 33/106(3L1) 52/179(29.1)
Poor 60/318 (18.9)  4/33(12.1) 27/106(255) 29/179 (16.2)
Complications, n (%)
High blood pressure 227/318 (71.4)  15/33 (45.5) 88/106 (83.0) 124/179(69.3) <.001
High cholesterol 243/312 (77.9) 17/32(53.1) 86/104(82.7) 140/176(79.6) .003
Depression 189/315 (60.0) 18/33 (54.6) 64/106 (60.4) 107/176(60.8) .79
Heart attack 27/315(86)  0/33(0.0)  18/105(17.1) 9/177(5.1)  <.001
Heart disease 50/315(15.9)  6/33(18.2) 27/105(25.7) 17/177(9.6) .001
Stroke 22/312(7.1)  233(61)  10/103(9.7) 10/176(5.7) .46
Kidney disease 28/310 (9.0) 4/33(12.1) 15/101(14.9) 9176(5.1) .02
Retinopathy 66/305(21.6)  12/31(38.7) 33/104(3L7) 21/170(12.4) <.001
Neuropathy 148/304 (48.7)  13/33(39.4) 67/103(65.1) 68/168(40.5) <.001
Extremity ulcers 49/313(15.7)  5/33(15.2) 22/103 (21.4) 22/177 (12.4) .14

8A 3-way comparison of Type 1 diabetes, Type 2 diabetes taking insulin, and Type 2 diabetes not taking insulin.

PNational Health and Nutrition Examination Surveys.

Quantitative Findings

Table 2 shows the topics that were found “ somewhat difficult”
or “very difficult” by 20% or more of respondents. The full
survey, with all 29 topics, isfound in Multimedia Appendix 1.
Respondents most often identified difficulties in the Diet and
Exercise domain, with between 50.5% and 66.1% citing all four
topicsinthisdomain asdifficult. All topicsin the Relationships
With Others domain were also found difficult by 25.3%-38.0%
of respondents. Individuals also indicated high levels of
difficulty with “paying for my diabetes visits, treatment, or
supplies;” “ seeing specialty providers such as endocrinologists,
diabetes educators, dieticians, etc;” “testing my blood sugars;”
“managing side effects of interactions between my medications;”
“using alternative medicine;” and anumber of thetopicswithin
the Communication domain.

In subgroup analysis, individualswith Type 1 diabetes generally
reported lower levels of difficulty than did individuals with
Type 2 diabetes (see Multimedia Appendix 2). Exceptions
(where the percentage of individuals with Type 1 diabetes
reporting difficulty with atopic was at |east 5% higher than that
of individuals with Type 2 diabetes) included some topics in
the Getting Diabetes Care and Communication domains, aswell
as “managing side effects of interactions between my

http://www.i-jmr.org/2015/2/e13/

medications,” and “trying not to be a burden to others”
Individualswith Type 2 diabeteswho weretaking insulin nearly
uniformly reported higher levels of difficulty for al domains
than those with Type 2 diabetes who were treated only with
oral agents or lifestyle modification. Diet and Exercise topics
wereidentified asmost difficult for both groups, and both groups
mainly ranked thesetopicssimilarly (see Multimedia Appendix
2).

Subgroup analyses by gender, age (< 55 years vs >55 years),
and duration of diabetes showed minimal differences (data not
shown). Women were more likely than men to report difficulty
with “feeling that my doctor respects, understands, and listens
to me” (52/206, 25.2% vs 17/108, 15.7%), “testing my blood
sugars’ (64/201, 31.8% vs 21/107, 19.6%), “getting enough
physical activity” (151/208, 72.6% vs 60/111, 54.1%),
“managing my weight” (152/208, 73.1% vs 52/111, 46.8%),
and “managing stress’ (129/207, 62.3% vs 49/110, 44.6%).
Frequencies of difficulty in most domains were greater among
individuals reporting fair or poor health compared to those
reporting excellent, very good, or good health; individualswith
depression compared to those without depression; and
individuals whose primary activity was “unable to work” or
“other” compared to those whose primary activity was“retired”
or “employed” (data not shown).
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Table 2. Survey domains for which at least 20% of participants responded “very difficult” or “difficult” (n=320).

Schroeder et al

Domain Topic n (%)
Getting diabetes care
Paying for my diabetes visits, treatment, or supplies 106/307 (34.5)
Seeing speciaty providers such as endocrinologists, diabetes educators, dieticians, etc 83/291 (28.5)
Communication
Using e-mail, texting, or the Web to reach my health care provider 68/231 (29.4)
Making sure that all my diabetes care providers are working together for me 77/298 (25.8)
Making choices about diabetes medicine and other treatments that | think are best for me 76/301 (25.2)
Feeling that my doctor or other health care providers respect, understand, and listentome ~ 69/314 (22.0)
Working with my doctor to set personal goals for my treatment 66/309 (21.4)
Medications
Testing my blood sugars 85/308 (27.6)
Managing side effects of interactions between my medications 76/275 (27.6)
Using dternative medicine (natural herbs, acupuncture, meditation, etc) 43/163 (26.4)
Diet and exercise
Getting enough physical activity 211/319 (66.1)
Managing my weight 204/319 (64.0)
Managing stress 178/317 (56.2)
Eating a healthy diet 161/319 (50.5)
Relationships with others
Trying not to be a burden to others 112/295 (38.0)
Getting enough support from my family and friends 117/317 (37.0)
Diabetes interfering with my work 51/194 (26.3)
Diabetes interfering with my socia activities with family, friends, neighbors, or groups 71/281 (25.3)

Qualitative Findings

The open-ended survey questions elicited numerous responses
(259-299 responses to each of the three questions). Summary
themes for 2 of the 3 questions are shown in Tables 3 and 4,
and illustrative quotes for all three questions are shown in
Multimedia Appendices 3-5. Summary themes included:
educational needs (more instruction about healthy lifestyle
behaviors, diabetes as a disease, diabetes care management, and
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RenderX

taking medications); the need for shared decision-making and
compassionate support; care access concerns (such as referral
issues and costs); participants desires to know more about
disease progression, new treatments and technol ogies, long-term
care and lifestyle management options, and possibilities for
reversing or curing diabetes; and the challenges of managing
comorbid conditions (such as depression, rheumatoid arthritis,
fibromyalgia, and heart disease).
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Table 3. Summary themes for responses to the question, “ Thinking about when you were first told you had diabetes, what was or would have been
most helpful for you to know about your diabetes at that time?' (n=299).2

Summary theme Theme n

Lifestyle education 90
Education in diet, carbohydrate consumption, and food preparation 49
Clear, realistic assessment of lifestyle goals to work on (diet, exercise, smoking, etc) 16
Education and support in weight loss (ie, gyms, classes, bariatric surgery) 15
Education on importance of active lifestyle and ongoing exercise routine 7
Encouragement to avoid stress and stay calm and relaxed 3

Shared decision making, 87

compassion, reassurance, and

support

Realistic discussion with provider about the seriousness of diabetes, that it requires diligent and daily self- 28
care and treatment, and that it can be managed

At time of diagnosis, support in dealing with denial or overwhelming fear of diabetes 16

Hope and reassurance that a person with diabetes progression can be slowed, possibly reversed, andthata 16
person can live anormal and good life

Open, two-way discussion with provider on all aspects of diabetes and treatment options 13

Credible, helpful resources: information on diabetes (books, web, literature) and also socia support groups 10

Compassion from provider with no blaming or shaming of person trying to manage their diabetes 4
Education on the disease of 86
diabetes

Education in diabetes progression, long-term consequences, side effects, and symptoms of worsening 39

Education on what diabetesis, its causes, and contributing factors 20

Clear explanation of blood sugars, Alc levels, and insulin resistance 8

Education on diabetesinteractions and impacts on comorbid conditions (depression, hypothyroidism, kidney 9

disease, hypoglycemia)

Awareness and education about transitioning from prediabetes to diabetes 6

Awareness and education about pregnancy and diabetes, including gestational diabetes 4
Diabetes care management 36
education

Education on the importance and reason for routinely self-monitoring blood glucose levels 13

Stronger emphasi s/education that diabetes can be managed and treated well with diet, lifestyle, and medications 23
Care access, referrals, and 24
costs

Timely access/referralsto specialists (ie, endocrinologists), dieticians, and diabetes educators/classesat time 17

of diagnosis and as part of ongoing care

Timely access to medications and durable equipment (i.e. insulin pump) 4

Redlistic appraisal of immediate and long-term diabetes financial impact (ie, provider costs, medications, 3

blood glucose monitors, test strips)
Education about diabetes 23
medications

Clear explanations about medication side-effects (eg, digestive, impotence, weight gain) and aternative 10
medication options

Understanding of how medications are processed by the body, including the time at which they are taken 8

Education of non-pharmaceutical alternatives or providers 5

3Because an individual’sresponse could reflect multiple themes, the total number of n values for the themesisgreater than the total number of respondents
(n=299). The n value for asummary theme is the sum of the n values for the individual themes within that category.
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Table 4. Summary themes for responses to the question, “ Thinking about 3-5 years into the future from now, what do you feel will be important to

learn or know about your diabetes? Why?' (n=283).2

Summary theme Theme

Under stand disease progression

120

Progression and impact on overall health and aging 60

Progression and impact on specific organ systems (ie, eyes, kidneys, heart, depression, neuropathy, etc) 60

Long-term control, treatment, 106
and caremanagement strategies
How to effectively maintain and manage blood sugars over the years 54
How to avoid or best manage medication use, especially insulin use 19
How to manage neuropathy, its associated pain, and prevent amputations 15
How to have an ongoing individualized, personalized, and integrated care management plan 10
How to continue to care for diabetes and know as much as possible about it over the years 8
Awareness of new treatments 72
and technologies
Current science, research, and technology for new ways to treat and manage diabetes 36

Information on: new medications, new glucose management technol ogies, improved diet/lifestyleoptions 36

L ong-term lifestyle management
strategies

43

Knowing more about healthy eating, nutrition, and access to proper foods over the years 32

Having an exercise routine tailored to a person’s lifestyle and physical limitations as years progress 11

Managing future costs

40

How to manage and afford ongoing costs of medications, test supplies, foods, exercise fees, etc 20

How to manage and afford any increase in costs of medications, test supplies, foods, exercise fees, etc 20

Reverse or curediabetes 37
Strongly desire a cure be found 28
Desire to know how to reverse diabetes, including use of bariatric surgery 9
Managing overall health and 23
well-being
How to live longer, healthier, happier, and better with diabetes 16
How to accept living with diabetes and the need for lifestyle changes 7

@ecause an individual’s response could reflect multiple themes, the total number of n valuesfor the themesis greater than the total number of respondents
(n=283). The n value for a summary theme is the sum of the n values for the individual themes within that category.

Discussion

Principal Findings

Our findings illustrate that administering a survey using SNSs
and online communities is feasible, and can rapidly generate
rich sets of quantitative and qualitative data that may be used
to inform research priorities. In this study, we reached over
1000 potential participants with diabetes and completed our
data collection in just 23 days.

Over the past two decades, many studies have explored the
underlying barriersto and facilitators of diabetes care delivery,
self-management, and education from the patient’s perspective
[32-38]. Our findings generaly agree with previous studies,
and provide some assurance that SNSs and their associated
online communities do generate important insights about
patients needs that may inform future research. At the same

http://www.i-jmr.org/2015/2/e13/

time, these communities offer a setting that facilitates the
efficient and rapid collection of patient input and perspectives.
The open-ended responses analyzed in this study provided a
particularly large and rich set of qualitative data that compare
favorably to the types of information generally obtained through
in-person focus groups or individua interviews.

We felt it was important to collect information about patients
concernsfor the future, asthisis the perspective that motivates
many research agendas. We acknowledge that individuals
generaly have difficulty predicting preferencesfor future states,
and thus, that participants may have had problems accurately
addressing this question [39]. However, since our population
included people along the diabetes continuum (from recently
diagnosed diabetes to long standing diabetes with multiple
complications), we believe that we were able to adequately
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capture individuals' perspectives throughout the diabetes life
cycle

Our survey was motivated by the desire to inform the
development of an ongoing research agenda for the
SUPREME-DM network. Only a few previous studies have
described patients’ research priorities and preferences related
to diabetes, and these were limited in scope and/or participation
[5-7]. One study used a questionnaire printed in a German
weekly news magazinein order to prioritize nine broad research
topics (“development, pathophysiology and prevention of
diabetes,” “transplantation and cell therapy,” etc) [5]. Another
study described a series of six focus groups in a single
community that involved atotal of 39 adults with diabetes [6].
A third study used amulti-step processthat included online and
paper forms of a survey distributed by diabetes advocacy
organizations, but its focus was limited to research priorities
for Type 1 diabetes|[7]. In choosing the best method to establish
patients research priorities and preferences, which is a crucial
task in patient engagement, researchers need to weigh avariety
of competing interests that include timeframe, budget, size and
representativeness of the patient sample, and desired depth of
responses (qualitative vs quantitative) [4,40]. The benefits of
our SNS-based approach included short timeframe, large patient
sample, and depth of responses.

Well-recognized limitations of online surveys based on SNSs
include selection bias due to the potential unrepresentativeness
of the members of these communities, and low response rates
[17]. In addition, items such as age, weight, type of diabetes,
and comorbidities are self-reported, which is a problem shared
with other online surveys and population-based surveys such
as BRFSS and components of NHANES.

Compared to the 2005-2010 NHANES sample of individuals
with self-reported diabetes, our sample differed in anumber of
important demographic characteristics[31]. Thisraisesconcerns
that the difficulties expressed by our sample may not be
representative of those most prevalent within the broader
diabetes community. Given that, in our sample, the levels of
self-reported comorbidities (including depression) were high
and self-reported overall health status was |ow, we suspect that
the sample included an overrepresentation of individuals with
more severe diabetes [41]. Previous research in other
PatientsLikeM e communities has found that the PatientsLikeMe
population tends to have a higher proportion of females[19],
non-Hispanic whites[19], more educated individuals[17], and
younger adults [16,17], relative to an external comparator
population with the same disease condition. We confirmed these
findings by comparing our data to 2005-2010 NHANES data
for individuals with diabetes.

Schroeder et al

We received compl ete responses from only 5.15% (320/6219)
of individualswho wereinvited to participate. Part of thisstems
from the difficulty of identifying active users of the SNS. Only
16.79% (1044/6219) of individuals who were sent invitations
to participate in the survey actually opened them. Of those who
opened the invitation, we received complete responses from
37.26% (389/1044), of whom we subsequently excluded 6.61%
(69/1044) who did not meet the eligibility criterion of US
residence, for a fina response rate of 30.65% (320/1044).
Expected response rates for these types of online survey have
not been well described, but were between 9% and 36% for
previous PatientsLikeMe surveys [42-44]. Individuals
responding to our survey represent those who are most active
on an online SNS, and therefore are different from the general
population with diabetes in many important ways, including
level of engagement in their health care, access to technology,
available time to participate in these communities, and level of
education. Thus, our findings cannot be extrapolated to the
broader population of individuals with diabetes.

Despite these limitations, the approach to patient engagement
we describe here had a number of strengths [17]. First, it was
easy to identify individuals who were interested and engaged
in participating. Second, we were able to collect information
from a relatively large number of patient stakeholders in very
little time (23 days of survey availability, and atotal of 93 days
from initial planning to survey close, including 14 days of
planned downtime due to holidays). Third, we were able to
collect awedlth of qualitative data, only asmall sample of which
has been included in this manuscript. Fourth, this was a very
cost-effective approach. Fifth, participants expressed gratitude
for being given the opportunities to participate in research that
was important to them and to share their stories and feedback
viathe open-ended measures. One potential verification strategy
would be to circulate the results back to the original survey
sample and ask for agreement or disagreement with these, or
for further interpretation of the data. We did subsequently
present these results to patient stakeholders at an in-person
meeting, and found that those patients’ diabetes care experiences
resonated well with those articulated by PatientslLikeMe
respondents.

Conclusions

Lifestyle and interpersonal factors were of particular concern
to our online sample of adults with diabetes and, overall,
difficulties associated with care for the condition were similar
for adultswith Type 1 or Type 2 diabetes. Our experience shows
that SNSs and online communities can be accessed to quickly
gain meaningful and relevant patient perspectives that can help
inform the development of a research agenda.
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