JMIR Diabetes

Emerging Technologies, Medical Devices, Apps, Sensors, and Informatics to Help People with Diabetes
Volume 1 (2016), Issue 1 ISSN 2371-4379 Editors-in-Chief: Ricardo Correa, MD, EdD; Sheyu Li, MD

Contents

Original Papers

Data Mining of a Remote Behavioral Tracking System for Type 2 Diabetes Patients: A Prospective Cohort
Study (el)
Noah Wayne, Nick Cercone, Jiye Li, Ariel Zohar, Joel Katz, Patrick Brown, Paul RItVO. . . . . ... .. e 2

Information and Communication Technology-Powered Diabetes Self-Management Systems in China: A
Study Evaluating the Features and Requirements of Apps and Patents (e2)
Ying Li, Jin Tan, Bozhi Shi, Xiaolian Duan, Daidi Zhong, Xiaoling Li, Jianning QU. . . . . . ...ttt e e e e 16

Evaluating the Accuracy of Google Translate for Diabetes Education Material (e3)
Xuewei Chen, Sandra ACOSta, AAM BalITY. . . . ...ttt e et et et et e e e e 29

JMIR Diabetes 2016 | vol. 1 | iss. 1 | p.1

RenderX


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

JMIR DIABETES Wayneet d

Original Paper

Data Mining of a Remote Behavioral Tracking System for Type 2
Diabetes Patients: A Prospective Cohort Study

Noah Wayne®', PhD, RKin; Nick Cercone’™, PhD; Jiye Li%, PhD; Ariel Zohar"', B BSc (Hons), RKin; Joel Katz*,
PhD (CPsych); Patrick Brown™*", PhD; Paul Ritvo®’, PhD (CPsych)

IHealth Behaviour Change Lab, School of Kinesiology & Health Science, York University, Toronto, ON, Canada
2DaIaMining Lab, Lassonde School of Engineering, York University, Toronto, ON, Canada

3Pain Mechanisms Lab, Department of Psychology, York University, Toronto, ON, Canada

“Division of Biostatigti cs, DallaLana School of Public Health, University of Toronto, Toronto, ON, Canada
5Analytics and Informatics, Prevention and Cancer Control, Cancer Care Ontario, Toronto, ON, Canada
Tdeceased

*all authors contributed equally

Corresponding Author:

Paul Ritvo, PhD (CPsych)

Health Behaviour Change Lab
School of Kinesiology & Health Science
York University

136 Chemistry Building

4700 Keele Street

Toronto, ON, M3J1P3

Canada

Phone: 1 416 736 2100 ext 22396
Fax: 1416 736 5774

Email: pritvo@yorku.ca

Abstract

Background: Complications from type 2 diabetes mellitus can be prevented when patients perform health behaviors such as
vigorous exercise and glucose-regulated diet. The use of smartphones for tracking such behaviors has demonstrated success in
type 2 diabetes management while generating repositories of analyzable digital data, which, when better understood, may help
improve care. Data mining methods were used in this study to better understand self-monitoring patterns using smartphone
tracking software.

Objective: Associations were evaluated between the smartphone monitoring of health behaviors and HbA 1c reductionsin a
patient subsample with type 2 diabetes who demonstrated clinically significant benefits after participation in a randomized
controlled trial.

Methods: A priori association-rule agorithms, implemented in the C language, were applied to app-discretized use datainvolving
three primary health behavior trackers (exercise, diet, and glucose monitoring) from 29 participants who achieved clinically
significant HbA 1c reductions. Use was evaluated in relation to improved HbA 1¢ outcomes.

Results:. Analyses indicated that nearly athird (9/29, 31%) of participants used a single tracker, half (14/29, 48%) used two
primary trackers, and the remainder (6/29, 21%) of the participants used three primary trackers. Decreasesin HbA 1c were observed
across al groups (0.97-1.95%), but clinically significant reductions were more likely with use of one or two trackers rather than
use of three trackers (OR 0.18, P=.04).

Conclusions: Data mining techniques can reveal relevant coherent behavior patterns useful in guiding future intervention
structure. It appears that focusing on using one or two trackers, in a symbolic function, was more effective (in this sample) than
regular use of all three trackers.

(JMIR Diabetes 2016;1(1):e1) doi:10.2196/diabetes.4506
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Introduction

Diabetes is a cluster of metabolic conditions characterized by
dysglycemiafrom defectsin insulin secretion and/or unhealthy
behaviorsthat cause debilitating complications and death [1,2].
In 2013, an estimated 8.3% of the global population lived with
diabetes and more than US $612 billion was spent on treatment
[3]. A type 2 diabetes (T2DM) diagnosis, affecting 90-95% of
peoplewith diabetes, largely results from genetic predisposition,
excess body weight, physical inactivity, and poor diet [1].
Additional studies demonstrate that |ower socioeconomic status
(SES) populations are at greater risk for developing diabetes
[4,5] and often demonstrate poorer disease management,
resulting in more frequent (and more expensive) complications
and hospitalizations [5].

Thereisconsensus among researchersand clinical professionals
that glucose self-monitoring, exercise, and diet-related health
behaviors are important in effective T2DM management and
well-regulated serum glucose levels [6]. Monitoring health
behaviors (ie, exercise, healthy diet, glucose monitoring) may
be important in improving glucose control [6]. Mobiletracking
technologies can help patients adopt and sustain
self-management behaviors and can help health professionals
provide better monitoring and support. However, there are
challenges in determining the optimal design of self-tracking
tools and their optimal use with respect to frequency and
duration.

Data mining (DM) refers to analytic approaches useful in
detecting coherent patterns in large and complex datasets [7].
The applications of DM methodsin analyses of diabetes-related
health behaviors are continually being improved, especially in
the selection of analytic frameworks that capture key datawith
sufficient explanatory power [8].

As utilization of electronic health records increases in health
care, DM becomes more relevant [9] to chronic disease
prevention and management [8]. A recent study utilized
descriptive DM algorithms to analyze a dataset with 450
attributes to identify a “short list” of the behavioral correlates
of depressive disorder [10]. This study exemplifies use of DM
in datasets lacking the uniformity needed for more conventional
analyses[11]. DM can help integrate variables of multipletypes
(eg, diet, exercise, blood pressure, SES, income, geographic
location) in better understanding factors affecting diabetes
incidence, prevalence, and management [7].

In another diabetes study, DM agorithmswere used to construct
amodel that predicted short-term changesin blood glucose[12]
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exemplifying how DM can help identify risk factors for
hypoglycemia [13]. Several studies found that information
collected on meals, insulin therapy, and physical activity
improved the prediction of blood glucose levels [12-14].
Applying DM anayses to self-monitoring data could help
identify key indicators in the prevention of life-threatening
hypoglycemic events[15]. DM applied to primary medical data
could point to useful methods for initiating and maintaining
effective T2DM treatment, leading to better resource allocation
and treatment personalization [16,17].

Health coaching isapromising clinical rolethat stimulates and
supports health behavior change in patients with varying SES,
health problems and diagnosed chronic diseases. When
connected with 24 hour/day/7 day/week mobile phone-based
counseling, health coaching is associated with benefits for
individual s affected by uncontrolled T2DM [18-20] and chronic
obstructive pulmonary disease [17].

Objective

Our primary objective wasto eval uate associ ations between the
mobile phone monitoring of health behaviors, within a
randomized controlled trial (RCT), and clinically significant
reductions in glycated hemoglobin (HbA1c).

Methods

The RCT protocol was reviewed and approved by the York
University research ethics board (Certificate #2012-033), and
all patients provided written, informed consent to participate.

The RCT assessed T2DM patients (N=97) assisted by personal
health coaches trained in behavior-change theories, practices,
and counseling methods (see Figure 1). At baseline, al patients
had poor glucose regulation asindicated by glycated hemoglobin
(HbA 1c) =7.3%. In the mobil e phone-assisted intervention arm,
participants (n=48) were provided a smartphone (Samsung
Gaaxy Ace 2) with dataservice and pre-installed health tracking
software (NexJ Systems Inc., Connected Wellness Platform
[CWP]) enabling the detailed monitoring of two behaviors
(exercise and diet) and arisk-related outcome (blood glucose)
throughout a 24-week intervention. Health coaches helped
patients use the mobile phone software in waysthat best fit their
daily routines.

CWP use data were extracted from NexJ Systems servers upon
trial completion and compiled into .csv files stored on
password-protected portable drives. Study participant IDswere
matched with software user | Ds, as data were anonymized and
prepared for analyses.
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Figure 1. Flowchart of enrollment.
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Assessed for Eligibility (n=1207)
Phone calls (n=648)
Referrals (n=163)
Outreach (n=86)

Mail-out (n=310)

Not Randomized (n=1069)
* Not meeting inclusion criteria (n=628)

« Declined to participate (n=64)
» Unable to contact (n=377)

| Randomization (n=138) |

Excluded (n=7)

* Sub-study group not included (n=7)

| Included (n=131) |

Allocated to Intervention (n=67)

Allocated to Control (n=64)

Lost to Follow-up (n=19)

* Lost contact (no explanation) = 10
* Lost interest =7

* Unavailable for final measure = 2

Included in Analysis (n=48)

Included in Analysis (n=49)

Lost to Follow-up (n=15)

* Lost contact (no explanation) = 5

* Lost interest = 1

+ Unavailable for final measure = 5

» New diagnosis preventing participation = 4

Data Analysis

Association Rule Algorithms

To discover useful relationships between self-tracker use and
HbA1c outcomes, we employed association-rule algorithms
software to find coherent relationships in transactions
represented by sets of items, termed “frequent item sets.” For
example, when customer A buys bread and cheese, and customer
B buys bread, cheese and burgers, bread and cheese appear
frequently on both shopping lists. Therefore, bread and cheese
are associated and they qualify as a frequent item set [bread,
cheese]. Support is a term reflecting the measurement of
association frequency, as defined by the percentage of
observationsto which theitem setsbelong. In our study, support
was defined as the number of times an attribute value (such as
alc 6 month diff=1.1) or a set of attribute values (such as
glucose count=200 and food_count=150) appear in participant
data, divided by the total number of participants, expressed in
a percentage (ie, multiplied by 100).

We used association rule algorithms to identify all common
attributes in participants. The support threshold was fixed at a
minimum of 5%, such that item sets were generated that
occurred in at least 5% of the sample. We used the a priori
association rule algorithm implemented by C language for the
Unix/Linux environment.
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Attribute Selection

Among the 97 T2DM study completers, the present analysis
considers patients in the experimental group (n=48). As our
obj ective wasto eval uate associ ations between the use frequency
of different trackersin the CWPin relation to HbA 1c outcomes,
we sdected the change in HbAlc over 24 weeks
(alcémonth_diff) and 4 software uses as the attributes for the
association rule al gorithm. These attributes were use frequency
of the blood glucose tracker (glucose count), use frequency of
the food tracker (food count), use frequency of the exercise
tracker (exercise_count), and thetotal usefrequency of all three
trackers (generic_count).

Discretization

We proceeded to discretize the attributes to implement the
association rule algorithm. For the four tracker attributes
(glucose_count, food _count, exercise_count, and generic_count),
data were discretized into categories relevant to typical use
during a standard week, with numerical criteria selected to
reflect significant adoption levels by patients (see Table 1).
Discretization was compiled differently per tracker to align with
expected and actual adoption rates per tracked behavior (or
outcome). For exampl e, glucose management in T2DM includes
self-monitoring of serum-glucose viafinger prick, recommended
severa times daily for poorly managed patients, and less often
if there is better gluco-regulation. Use of the blood glucose
tracker was discretized based on frequencies of 1-4.9 uses per
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week, 5-7.9 uses per week, 8-13.9 uses per week, and 14-21.9
uses per week. For food tracking, asimilar discretization pattern
was used. Since use frequency fluctuated, discretization was
calculated as up to once per week, 1-3.9 uses per week, 4-6.9
uses per week, 7-13.9 uses per week (1 to <2/day), 14-20.9 uses
per week (2 to <3/day), and 21+ per week (3+/day). Since the
exercise tracker was the least frequently used, discretization

Table 1. Discretization of tracker use frequency ad

Wayne et d

rules were adjusted to once every other week, 0.5-0.9 uses per
week, 1-1.9 uses per week, 2-2.9 uses per week, 3-3.9 uses per
week, and 4<6 uses per week. Thetotal use of al trackers was
discretized to once per week, 1-3.9 times per week, 4-6.9 times
per week (0.5-1/day), 7-13.9 times per week (1-2/day), 14-17.9
times per week (2-4/day), 18-34.9 times per week (4-5/day),
and 35-50 times per week (5-7/day).

Attribute Group Range Meaning
Glucose count 1 0-0 Zero
2 5-24 Up to once per week
3 24-120 1-4.9 times/week
4 120-192 5-7.9 times/week
5 192-336 8-13.9 times/week
6 336-520 14-21.9 times/week
Exercise count 1 0-0 Zero
2 0-5 Minimal (>0-4)
3 5-12 Once every other week
4 12-24 0.5-0.9 time/week
5 24-48 1-1.9 times/week
6 48-72 2-2.9 times/week
7 72-96 3-3.9 times/week
8 96-150 4-6 times/week
Food count 1 0-0 Zero
2 1-5 >0-5 over 6 months
3 5-24 Up to 1 time/week
4 24-96 1-3.9 times/week
5 96-168 4-6.9 times/week (1/day)
6 168-336 7-13.9 times/week (1-1.9/day)
7 336-504 14-20.9 times/week (2-2.9/day)
8 504-720 21+ times/week (3+/day)
Generic count 1 0-0 Zero
2 0-24 1 time/week
3 24-96 1-3.9 times/week
4 96-168 4-6.9 timesiweek (0.5-1/day)
5 168-336 7-13.9 times/week (1-2/day)
6 336-672 14-17.9 times/ week (2-4/day)
7 672-840 18-34.9 times/ week (4-5/day)
8 840-1200 35-50 times/week (5-7/day)

8Attribute=type of tracker used.

bGroupzdi scretization group.

®Range=frequencies of use for allocation to group.
IMeani ng=frequency of usein terms of use per week/day.
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Preprocessing for HbA1c Attribute

For the alcémonth_diff attribute, conceived of as the most
important attribute in investigating the desired associations, we
preserved itsoriginal valueto an optimal degree. Therefore, we
did not discretize this attribute but created an extension of
attributes based on the alc6month_diff attribute. We obtained
aset of al possiblevaluesfor alcémonth_diff attribute (a), such
as{-14,-0.8,-05,-0.3,-0.1, 0, 0.1, 0.2, 0.5, &} . For patients
with an alcémonth_diff value of & through to a,, we created
the following new  attributess alc6 at least -1.4,
alc6 at least -0.8, alc6 at least -0.5, ..., alc6 at least n.
Accordingly, the patient with the lowest reduction value was
associated with only one attribute val ue (of thiskind) while the
patient with the highest reduction was associated with all the
attribute values established.

Postpracessing of Associations

The above pre-processing approaches produced redundancies
in the input data for the association rule algorithm. Therefore,
we applied three approaches to post-processing after the
associations were generated. First, if a frequent item set
contained only alc6_at_least a, attribute values, where g, isa
float number (from a to a,), we removed such item sets (for
example, alc6 at least 0.4 alc6 at least 0.2 and
alc6 at least -0.3 alc6 at least -0.8 alc6 at least -1.4).
The preceding two frequent item setswere thusremoved because
theextraalc6 at_least valueswere added by the pre-processing
approach were not relevant unless generated together with the
other attributes.

Second, for afrequent item set, if alc6_at_least_a, theattribute
values that appeared multiple times were removed except the
alc6_at least a,wherenisthelargest value among the“alc6”
values, (for example, glucose 120 alc6 at least 0.5
alc6 at least 0.3).

In this frequent item set, the alc6_at least attribute occurred
twice. However, when areduction value for “alc6” of at least
0.5 exists, by default, the reduction value of 0.3 must exist.
Therefore, alc6_at least 0.3 was a redundant attribute value
and was therefore removed. The above frequent item set
becomes the following after post-processing: glucose 120
alc6 at least 0.5.

Third, after considering the above two situations, redundant
item sets existed in the result. For example, glucose 120
alc6 at least 0.7 alc6 at least 0.4 and glucose 120
alc6 at least 0.7alc6 _at least 0.1. Thesetwo frequent item
sets both contained redundant “alc6_at least” attribute values.
After considering the second situation, these two frequent item

http://diabetes.,jmir.org/2016/1/el/
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sets became glucose 120 alc6_at least 0.7 and glucose 120
alc6 at least 0.7. Sincethey were identical and their support
values were identical, we removed one of them.

Pre- and postprocessing wereimplemented by Python using the
Linux environment. Attribute selection and categorization were
used to determine how system use was associated with change
in HbA1c per participant. A minimum clinically significant
change approach was used to determine what proportion of
participants demonstrated 0.5% (5.5 mmol/mol) or greater
reductions of HbA1c and used trackers at variable levels of
intensity [21]. Therefore, patient data were extracted only with
associations containing the attribute-value pair alc 0.5,
representing changesin HbA 1c¢ valuesthat were 0.5% or above,
which was true for 29 participants.

Last, a Fisher's exact test for count data was applied to
determine the statistical relationship between use of al three
trackers, use of one or two trackers, and HbA 1c reductions. For
thistest, the 10 intervention participants who used the software
but did not have a clinically significant reduction in HbA1c
were used as a comparison group. Results were considered
significant at the P=.05 level.

Results

Usage Data

In total, 48 intervention patients completed the 24-week trial.
Only 39 patients used the CWP software to track health
behaviors. Of this software software-user sample, 29 reduced
their HbA1c measure by clinically significant levels at tria
conclusion, defined as 0.5% (5.5 mmol/mol) or greater (see
Figure 2). Demographic and baseline characteristics of the
clinically significant HbA 1c reduced-usersare provided in Table
2 and compared with the full intervention sample. While
multiple health trackers were available in the CWPR, most
participants used one or a combination of two-to-three specific
trackers (ie, between (1) glucose monitoring, (2) exercise
tracking, and (3) food tracking) (see Figures 3-5). These trackers
reflect the behaviors often considered relevant in diabetes
management and therefore the trackers often recommended by
health coaches for patients use. Of the 29 clinically significant
HbA1c reduced-user group (selected as a subpopulation of
interest [SOI]) (HbA 1c reduction 20.5%), 2 singularly used the
food tracker and 7 singularly used the glucose tracker, while no
subjects singularly used the exercise tracker. Meanwhile, 11 of
these subjects used both glucose and exercise trackers, 3 used
both glucose and food trackers, while 0 subjects used both food
and exercise trackers. Last, 6 subjects used all three trackers.
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Table 2. Subject demographics.

Wayne et d

SOl
(n=29)

Full intervention sample (n=48)

Agein years, mean (range) SD
HbA1c, % (mmol/mol) SD
Baseline
6 months
Reduction (baseline to 6 months)
Sex, n (%)
Male
Female
Education, n (%)
Less than high school
High school
College diploma or vocationa training
University degree
Did not disclose
Car access, n (%)
Owns acar
Has accessto car
No accessto car
Not disclosed
Employment status, n (%)
Unemployed
Student
Part-time
Full-time
Retired
Self-employed
Work in the home (take care of children)
Not disclosed
Incomein CADS$, n (%)
0-9999
10,000-25,000
25,000-50,000
50,000-75,000
75,000-up

Did not disclose

53.4 (26-68) 10.7 53.1 (26-74) 10.9

8.88% (73.6) 1.30 8.69% (71.5) 1.32

7.52% (58.7) 0.95 7.88% (62.6) 1.17
1.36% (14.9) 0.81% (8.9)
11(33) 17(35)
18 (66) 31 (65)
5(17) 10 (21)
14 (48) 17 (35)
6 (21) 11(23)
4(14) 8(17)
0(0) 2(4)
10 (34) 19 (40)
8(28) 9(19)
11 (38) 19 (40)
0(0) 1(2)
10 (35) 16 (33)
1(3) 3(6)
0(0) 1(2)
8(29) 13(27)
3(10) 6 (13)
5(17) 6 (13)
2(7) 2(4)
0(0) 1(2)
4(14) 9(19)
8(28) 10 (21)
7 (24) 12 (25)
2(7) 3(6)
3(10) 4(8)
5(17) 10 (21)

Asseenin Table 3, the HbA 1c reductions of subjectswho used
single trackers (food-tracker only or glucose-tracker only) did
not significantly differ from each other. More subjects (11/48,
22.9%) used the glucose and exercise tracker in combination
than the glucose and food tracker in combination (3/48, 6.3%),
but there were no significant differences in HbA1c levels in
these subjects. The 6 of 48 subjects (12.5%) who used all three

http://diabetes.,jmir.org/2016/1/el/
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trackers (glucose/food/exercise) achieved a mean HbAlc
reduction of 1.55%.

The Fisher's exact test for count data indicated subjects who
used the software (n=39) weremorelikely to achieve aclinically
significant reduction in HbA1c if they used one or two trackers
than if they used all three trackers (OR 0.18, P=.04) (see Table
4).
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Table 3. Tracker usage pattern.

Mobile phone tracker Users, n Mean reduction of HbA1c, % sD
Food only 2 1.95 1.20
Glucose only 7 174 1.00
Exercise only 0 0 0
Glucose + exercise 11 0.97 0.38
Glucose + food 3 1.07 0.45
Food + exercise 0 0 0
Glucose + food + exercise 6 1.55 0.49

Table 4. Fisher's exact test for count data on three trackers versus less®,
Achieved clinical HbA1c reduction Did nat achieve clinical HbA 1c reduc-

(=0.5%) tion (<0.5%)
All 3 trackers 6 6
<3 trackers 23 4

%0OR 0.18 and P=.04.

Figure 2. Breakdown of smartphone usage group.

Intervention Group
(n=48)

Did not use
smartphone
software

(n=9)

Used smartphone
software

(n=39)

HbAlcReduction HbA1lcReduction HbAlcReduction HbAlcReduction
< 0.5% (n=10) >=0.5(n=29) < 0.5% (n=5) >=0.5 (n=4)
HbAlc Diff=+0.36% HbAlcDiff=-1.36% HbAlcDiff=-0.3 HbAlcDiff=-1
Age: 55.4 years Age: 53.4 years Age: 56.0years Age: 42.0 years

Glucose Only Food Only Glucose + Exercise Glucose + Food Glucose + Food +
(n=11) Exercise (n=6)
HbAlcDiff=-1.53%

Age: 60.0 years Age: 50.7 years
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Figure 3. Food tracker.

3 O4 m 1849

Cancel Add Food Save

Tap to Retake Photo

»* Remove

What is your portion size?
Medium

1ol

Where was your food prepared?
Homemade

.
-

How healthy is your food?
High Healthiness

O

Add Note Set Time

< O

Figure 4. Blood glucose tracker.
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Figure5. Exercisetracker.
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Data Mining

The glucose tracker was the most frequently used CWPfunction.
Altogether, 22.9% (11/48) of subjects tracked their blood
glucose with the software 1-4.9 times per week and had a
clinically significant reduction in HbA1c (>0.5%) (see Table
5) while an additional 22.9% with >0.5% reduction in HbA 1c
demonstrated more frequent glucose tracker use (6/48, 12.5%)
and used it 5-7.9 times per week while 10.4% (5/48) used it
8-13.9 times per week.

Thefood tracking function followed asimilar pattern, although
with dlightly less frequent use. We found 9/48 (18.8%) of

http://diabetes.,jmir.org/2016/1/el/
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participants who achieved at least a 0.5% reduction in HbA 1c
used the food tracker a minimal amount (one time or less per
week), while 7/48 (14.6%) used the system 1-3.9 times per
week, and 4/48 (8.3%) used the system 4-6.9 times per week
(see Table 6).

The least used tracker (and the only tracker that was never
singularly used) was the exercise tracker, which was used by
7/48 (14.6%) of the intervention participants between 0.5-0.9
times per week (Tables 7 and 8). When it was paired with
glucose tracking, however, every patient who used the exercise
tracker had clinically significant reductions in HbA1c (see
Figure 6).

JMIR Diabetes 2016 | vol. 1 |iss. 1 |el | p.10
(page number not for citation purposes)


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

JMIR DIABETES Wayne et a
Table5. Glucose tracker use.
HbA1c diff. Glucose Glucose Glucose
1-4.9 times/week 5-7.9 times/week 8-13.9 times/week
Users, % n Users, % n Users, % n
0.1 29.2 14 125 6 125 6
0.2 271 13 125 6 125 6
0.3 25 12 125 6 125 6
0.4 229 11 125 6 125 6
0.5 22.9 11 125 6 10.4 5
0.6 20.8 10 104 5 104 5
0.7 18.8 9 10.4 5 1048 5
0.8 16.7 8 104 5 104 5
0.9 16.7 8 10.4 5 104 5
11 14.6 7 104 5 8.3 4
12 10.4 5 8.3 4
13 10.4 5 8.3 4
15 8.3 4 8.3 4
Table 6. Food tracker use.
HbA 1c diff. Food up to 1x/wk Food 1-3.9x/wk Food 4-6.9x/wk
Users, % n Users, % n Users, % n
0.1 20.8 10 16.7 8 8.3 4
0.2 18.8 9 16.7 8 8.3 4
0.3 18.8 9 14.6 7 8.3 4
04 18.8 9 14.6 7 8.3 4
05 18.8 9 14.6 7 8.3 4
0.6 16.7 8 125 6 8.3 4
0.7 16.7 8 104 5 8.3 4
0.8 16.7 8 10.4 5 8.3 4
0.9 14.6 7 8.3 4 8.3 4
0.11 14.6 7
0.12 8.3 4
0.13 8.3 4
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Table 7. Exercise tracker use—Part 1.

HbA 1c diff. Exercise up to 1x/wk Exercise <5x in 6 months Exercise 1x every other wk
Users, % n Users, % n Users, % n
0.1 16.7 8 16.7 8 14.6 7
0.2 16.7 8 14.6 7 14.6 7
0.3 14.6 7 14.6 7 14.6 7
0.4 14.6 7 125 6 125 6
0.5 14.6 7 125 6 125 6
0.6 125 6 125 6 8.3 4
0.7 125 6 125 6 8.3 4
0.8 125 6 125 6 8.3 4
0.9 125 6 104 5 8.3 4
011 125 6 10.4 5 8.3 4
0.13 8.3 4 104 5
0.15 8.3 4

Table 8. Exercise tracker use—Part 2.

HbA1c diff. Exercise 0.5-0.9x/wk Exercise 1-1.9x/wk Exercise 2-2.9x/wk

Users, % n Users, % n Users, % n
0.1 14.6 7 8.3 4 83 4
0.2 14.6 7 8.3 4 8.3 4
0.3 14.6 7 8.3 4
0.4 14.6 7 8.3 4
0.5 14.6 7
0.6 14.6 7
0.7 125 6
0.8 125 6
0.9 10.4 5
011 8.3 4
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Figure 6. Tracker usage group by clinical HbA1c reduction (AfA¢A¢a, -A°A, A¥0.5%).
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Discussion

Principal Findings

In the emergent field of mobile phone—assisted health coaching,
a recurring question is whether the expense of integrating
mHealth technology justifies the benefits. This highlights the
need to further investigate for whom (which subpopulations)
these technologies are useful and which technologies are most
useful for them. In addressing these questions, this study pilots
amethod of investigating RCT participants, focusing on those
who derived clinically significant benefit from participation
and made significant use of the mobile phone software. The
study specifies how much use they engaged in, and the
associated benefits, using the clinically significant reductionin
HbA 1c criteria of 0.5% (5.5 mmol/mol) or greater.

By employing attribute categorizations, tracker-use frequencies
were determined per subject in an SOI of significant userswho
also derived clinically significant glucose reductions. This
dataset enabled comparison of subjectswho used singletrackers
versus multiple trackers (two or three trackers). Descriptive
results indicated that in subjects achieving a 0.5% HbAlc
reduction or better, singular use of the glucose and food
monitoring was undertaken, while, in contrast, in the same
group, no singular use of the exercise tracker was undertaken.
In dual-tracker use, glucose and exercisetrackerswere employed
by more subjects than glucose and food tracking. Interestingly,
food and exercise (as dual) trackerswere not used by any of the
subjects who met criteriafor 0.5% HbA1c reduction or greater.
Last, al three trackers were used by 12.5% (6/48) of subjects
and were associated with a substantive HbA 1¢c mean reduction
(1.55% or 16.9 mmol/mal).

The Fisher'sexact test for count dataindicated that for subjects
who used the software (n=39) and used all three trackers, there
was a significantly lower likelihood of achieving a clinically

significant reduction in HbA 1c than for those who used al esser
number (ie, one or two trackers) (OR 0.18, P=.04). Thisfinding
indicates that it might be advisable for patients with type 2
diabetesto focus on one or two trackers, especially if onetracker
assesses blood glucose levels. From a behavioral perspective,
these data could influence health coaching recommendations
for health behavior tracking.

Limitations

Datamining isoften used to processlarge amounts of data. One
limitation of the pilot application of data mining in this study
was the relatively small user sample size. Nonetheless, the
association rule algorithm technique offers a foundation with
which to study larger datasets of mHealth tracking technologies
asthey become available. Interms of diabetesintervention, this
was an RCT of typical size (48 intervention participants) and,
altogether 10,695 uses of the mobile phone app were analyzed
(about 62 uses per month per participant who used the software).
Although future DM studies may address larger datasets, this
pilot demonstrated application in an RCT dataset within which
>10,000 app uses were analyzed (averaging ~1 use per day).

Conclusion

In summary, this study points to a future when the mobile
monitoring of health behaviorswill increase and provide digital
signals representing engagement in discrete behaviors and
daily-weekly-monthly outcomes. Whereas previous associ ations
between counseling and outcomes were difficult to obtain and
often based on retrospective self-report, mobile phone
monitoring offers ongoing records that precisely reflect status
improvements, their stability, and fluctuations (eg, relapsing
patterns). Altogether, with the increasing collection of wearable
data, we may derive aquantifiable perspective on health changes
that instructs the patient and health coach in improving chronic
disease management.
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Abstract

Background: For patients with diabetes, the self-monitoring of blood glucose (SMBG) is a recommended way of controlling
the blood glucose level. By leveraging the modern information and communication technology (ICT) and the corresponding
infrastructure, engineers nowadays are able to merge the SMBG activities into daily life and to dramatically reduce patient’'s
burden. Such type of ICT-powered SMBG had already been marketed in the United States and the European Union for a decade,
but was introduced into the Chinese market only in recent years. Although there is no doubt about the general need for such type
of SMBG in the Chinese market, how it could be adapted to the local technical and operational environment is still an open
question.

Objective: Our overall goal isto understand the local requirements and the current status of deploying ICT-powered SMBG to
the Chinese market. In particular, we aim to analyze existing domestic SMBG mobile apps and relevant domestic patents to
identify their various aspects, including the common functionalities, innovative feature, defects, conformance to standards,
prospects, etc. In the long run, we hope the outcome of this study could help the decision making on how to properly adapt
| CT-powered SMBG to the Chinese market.

Methods: We identified 289 apps. After exclusion of irrelevant apps, 78 apps remained. These were downloaded and analyzed.
A total of 8070 patents related to glucose were identified from patent database. |rrelevant materials and duplicates were excluded,
following which 39 patents were parsed to extract the important features. These apps and patents were further compared with the
corresponding requirements derived from relevant clinical guidelines and data standards.

Results:  The most common features of studied apps were blood health data recording, notification, and decision supporting.
The most common features of studied patents included mobile terminal, server, and decision supporting. The main difference
between patents and apps is that the patents had 2 specific features, namely, interface to the hospital information system and
recording personal information, which were not mentioned in the app. The other major finding is that, in general, in terms of the
components of the features, although the features identified in both apps and patents conform to the requirements of the relevant
clinical guidelines and data standards, upon looking into the details, gaps exist between the features of the identified apps and
patents and the relevant clinical guidelines and data standards. In addition, the social mediafeature that the apps and patents have
is not included in the standard requirements list.

Conclusions: The development of Chinese SMBG mobile apps and relevant patentsis still in the primitive stage. Although the
functionalities of most apps and patents can meet the basic requirements of SMBG, gaps have been identified when comparing
the functionalities provided by apps and patents with the requirements necessitated by the standards. One of the most important
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gapsisthat only a small portion of the studied apps provides the automatic data transmission and exchange feature, which may
hamper the overall performance. The clinical guidelines can thus be further developed to leverage new features provided by
|CT-powered SMBG apps (eg, the socia media feature, which may help to improve the social intervention of patients with

diabetes).

(JMIR Diabetes 2016;1(1):e2) doi:10.2196/diabetes 4475
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apps, diabetes; information and communication technology; self-monitoring of blood glucose; patents

Introduction

Self-Monitoring of Blood Glucose

According to World Health Organi zation data statistics, in 2014,
the global prevalence of diabetes was estimated to be 9% among
adults [1]. In most developed countries, diabetes is the fourth
highest fatal disease, whereas in developing countries, the
number of people living with diabetesis on the rise [2]. Being
a developing country, China has the largest population of
diabetics in the world [3,4]. With the increasing prevalence of
diabetes, various diabetes-related complications have become
the main reason for disability or death in these patients [5].

Results of clinical studies have shown that controlling glucose
level based on a predefined rule can reduce the incidence and
development of chronic complications of diabetes, but whether
glucose level canremain stablein an allowed rangein daily life
depends on diabetes self-management [6,7]. The self-monitoring
of blood glucose (SMBG), as a recommended diabetes
self-management tool, plays an important role in the
self-management of diabetes. It can provide real-time glucose
information and timely intervention that can help patients
maintain normal blood sugar levels. The demonstrated clinical
value of SMBG for patients with diabetes has been widely
recognized by stakeholders. Accordingly, the International
Diabetes Federation [8], the American Diabetes Association
[9], and the National Institutefor Clinical Excellence [10] have
stressed that SMBG is an integral part of a comprehensive
diabetes management, and they recommend that all patients
should practice SMBG. However, the data from SMBG can
significantly affect physician’s decision making because, in
their opinion, the influence of the SMBG data for treatment
decisionsis equal or greater than the glycosylated hemoglobin
(HbA1c) levels [11-15]. The guidelines [16] proposed by the
Ministry of Health (MoH) also promoted various subtypes of
SMBG scheme applicable to patients with diabetes.

Information and Communication Technology

In 2014, there were about 1.5 billion mobile device users
worldwide. A year ago, this number was only 1.1 billion. A
previous report [17] indicated that PR. China had the largest
amount of mobile phone usersin 2013 and the number is still
increasing. The information and communication technology
(ICT) [18], characterized by multimedialization, popul arization,
diversity, personalization, and globalization [19], isan attractive
platform for health promotion and disease management
interventions. The same applies to diabetes self-management
aswell.

http://diabetes.,jmir.org/2016/1/e2/

The Chinese government acts positively in deploying ICT in
the health care domain, as it has already issued severa
regulatory policies in recent years, such as the “Twelfth Five
(2011-2015)" National ~Strategic Emerging  Industry
Development Plan [20], the Biomedical industry development
plan [21], and the Opinions on Promoting the Devel opment of
Health Services Industry [22]. The top policymakers in the
country are pushing stakeholders to develop portable health
data-collection devices, with ability to connect to the Internet
(eg, via Wi-Fi or mobile Internet), and to increase the
deployment of automatic and intelligent health information
service.

SMBG System Powered by ICT

When practicing SMBG, patients normally monitor and manage
their glucose level by themselvesat home. Such an activity may
benefit from an ICT-powered SMBG system, which alows
patients to transmit their data to a service provider via an
end-to-end data channel. In most cases, such a system is
composed of one or more measuring instruments (eg, aglucose
meter), a gateway device (eg, a mobile device), and a remote
server. Patients can collect their glucose measurements and
other related health data with glucose meter and other
instruments. The common devices used here are blood glucose
monitor (BGM) and continuous glucose monitor (CGM). The
remote server contains personal health record (PHR) and other
related services. The established connectivity between measuring
instruments and personal health gateway, and the connectivity
between gateways and remote server, together populate an
end-to-end data channel. Through this channel, the collected
data can be transmitted from patients to service providers via
uplink, and the instructions from service providers can be sent
to patients via downlink. This allows patients and service
providers to access the health data any time. Service providers
can provide further appropriate interventions to patients based
on certain data-driven strategy. Moreover, the external partners
contain the hospital information system (HIS), the social
network site, etc. Figure 1 shows ageneral architecture of such
| CT-powered end-to-end system. It is a simplified version of
the architecture described in Continua Design Guidelines [23],
which has been widely adopted by vendors in the European
Union and the United States. With the rapid development of
ICT, there are many mobile apps about disease management in
developed countries [24-26], especialy about diabetes
self-management [27].

The SMBG powered by the aforementioned system can
effectively assist patients with lifestyle changes and reduce
patients' reliance on doctors. In addition, it allows the service
providers to acquire the information about patientsin atimely
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manner, to promote patients’ self-management and to generate
revenuefor primary care stations. Thistechnology can not only
set patients free, but can also reduce the financial burden of
hospitalization and medical resource consumption. Furthermore,
previous studies have shown that such system may lead to
positive clinical effectiveness. Hua [28] and Yan [29] carried
out experiments using the | CT-powered SMBG system, and the
experimental group outperformed the control group in terms of

Lietd

the clinical efficiency of diabetes treatment, the stability of
controlled blood glucose level, and the efficacy of drug usage.
Last, but not least, with the help of the aforementioned system,
service providers now have great potential to conduct
personalized data mining and analysis based on the acquired
health care information, and thus are able to provide various
customized treatment solutions [30].

Figure 1. The user flow of the SMBG practice based on an end-to-end system.
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Contents and Objectives

The ICT-powered SMBG had already been marketed in the
United States and the European Union for a decade, but was
introduced into the Chinese market only in recent years.
Although there is no doubt about the general need for such a
type of SMBG in the Chinese market, how it could be adapted
to the local technical and operational environment is till an
open question.

Our overall goal isto understand thelocal requirementsand the
current status of deploying | CT-powered SMBG to the Chinese
market. In particular, we aim to analyze existing domestic
SMBG mobile apps and relevant domestic patents to identify
their various aspects, including the common functionalities,
innovative feature, defects, conformance of standards, prospects,
etc. In the long run, we hope that the outcome of this study
could help with the decision making on how to properly adapt
| CT-powered SMBG to the Chinese market.

Although the end-to-end ICT-powered SMBG system is the
target of this study, we employed mobile apps as one of our
data resources. From the architecture presented in Figure 1, it
can be seen that the mobile app is akey component. Itsfeatures
may well reflect the features of the entire system. Moreovey, it
is much easier to acquire metadata of mobile apps, than those
of the end-to-end system. This can be achieved by searching
the app stores or Internet.

http://diabetes.,jmir.org/2016/1/e2/

Methods

This section describes how the apps, the patents, and the
standards wereidentified, and what sel ection strategy had been
applied in this study. It also shows how the studied apps and
patents were evaluated and analyzed.

Apps and Patents Selection Strategy

In this study, the search resources are online stores for mobile
apps and Chinese national patents database [31]. We searched
for diabetes-related apps from globaly available app stores
including Google Play Store, iTunes, BlackBerry World,
Windows Phone, and Nokia's store. The domestic app stores
in PR China such as Huawei Store [32] and Xiaomi Store [33]
were also searched. We identified 289 apps and 8070 patents
from app store and patents database, respectively, using the
following keywords: “glucose,” “diabetes,” and “chronic disease
management.” Among the search result of apps, in particular,
the Google Android market occupiesthelargest portion (n=195),
followed by the Apple iOS (n=94); no results were retrieved
from the Blackberry and Windows Phone store.

In the next step, we eliminated general health and lifestyle apps
and game apps, because they were not relevant to the SMBG
practice (eg, the cal orie cal cul ator, glucose calculator). We also
excluded apps that are not designed for the Chinese market and
are not in Chinese. Thisisto ensure that all identified apps are
available in the Chinese market and that they present the
information in Chinese. Finally, we excluded apps that are not
related to recording glucose levels for patients with diabetes.
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Thus, after the first round of selection, atotal of 83 apps and
198 patents remained. The second round of selection aimed at
identifying apps on the management of diabetes without much

Figure 2. Theflowchart of selection strategy.
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missing details. A total of 78 apps (Android: n=46 and iOS:
n=32) and 39 patentswere selected. Figure 2 showstheinclusion
and exclusion criteriaapplied in this study.

Initial Evaluation
(Search based on keywords
“glucose”, “diabetes” and
“chronic disease management”)

Online stores: n=289
(Android n=195
10S n=94)
Patents Websites: N=8070

First Exclusion Criteria

1.Games for diabetes patients
2.Applications not in Chinese

3.Applications not available in Chinese market

4.Applications not about SMBG
5.Applications not on how to record glucose for

Further Evaluation

Online stores : n=83
(Android: n=46
10S: n=37)
Patents Websites: N=198

diabetes patients

Excluded applications: n=206
patents: N=7872

Second Exclusion Criteria

Missing details

Excluded: applications: n=5

patents: N=159

Final Evaluation

Online stores : n=78
(Android: n=46
10S: n=32)
Patents Websites: N=39

Standar ds Selection Strategy

The application of various standards plays an important rolein
regulating the product design, product usage, and clinical
practices. Therefore, conformanceto the requirementsimposed
by the respective standard is essential to ensure that the
| CT-powered SMBG system implemented is both functionally
and clinically suitable. Besides, adherence to necessary standards
isalso anecessary condition for such implementation to become
scalable and widely deployable.

To meet these rationales, 2 types of standards are considered in
this study: the clinical guidelines and the data standards. The
former ensures that the |CT-powered SMBG implementations
are capable of meeting the service provider's operational and
clinical needs, and the latter ensures that multiple technical
elements (devices and services) work together in an
interoperable way. In the context of any end-to-end system
having an architecture similar to Figure 1, the so-called data
standards actually refer to a family of technical standards,
including data exchange protocol, wired or wireless transport,
datadictionary, nomenclature code, domain information model,
device profile, service configuration, testing procedure, etc.
However, providing their technical detail isout of the scope of
this article.

To identify relevant data standards, we searched a database of
national standard [34], and 3 databases of ministry-level
standards, including the MoH [35], Ministry of Industry and
Information Technology [36], and China Food and Drug
Administration (CFDA) [37] databases. The only reference we
found is the basic dataset of disease management, which was

http://diabetes.,jmir.org/2016/1/e2/

published by the MoH in 2012 [38]. However, this standard is
purely a data dictionary specifically designed for capturing
intrahospital information exchange (eg, HIS) data. The content
of the standard aone is not able to support al the operations
and dataflows generated by an | CT-powered end-to-end system.

Therefore, as a backup, we employed the following 2
international data standards, whose scopes are similar to what
we are looking for, as the baseline for this study: IEEE
11073-10417-2015 (BGM) [39] and |IEEE 11073-10425-2014
(CGM) [40], both of which were published by the Institute of
Electrical and Electronics Engineers (IEEE) in 2015 and 2014,
respectively, and are now being adopted by the International
Organization for Standardization.

For the clinical guideline, we identified 2 relevant guidelines
[41-42] published by the Chinese Diabetes Society in 2011 and
2012, respectively.

Evaluation and Analysis M ethod

After obtaining the apps and patents, we summarized the
features of the apps and patents, and also extracted relevant
requirements from standards. The features of these apps and
patents are listed in Multimedia Appendices 1 and . The
requirements exacted from standards are listed in the “Data
Standards’ section, and the following comparisons are
presented: (1) comparison between the features of apps and the
features of patents; (2) comparison between the features of apps
and the requirements of standards; (3) comparison between the
features of patents and the requirements of standards. The
flowchart of the analysis method we employed is shown in
Figure 3.
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Figure 3. Theflowchart of analysis method.
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Results
Data Standards

The data standards we used in this study were |EEE
11073-10417-2015 (BGM) and |EEE 11073-10425-2014
(CGM). Within these 2 data standards, the key measurements,
dataformat, nomenclature codes, data exchange method, device
parameters, and device profiles are defined to ensure the
interoperability between BGM/CGM devices, gateway devices,
and backend servers. Figures 4 and 5 show the domain
information model of the 2 standards. Such models may help
usto deducethe data-rel ated requirementsfor SMBG apps, and
such requirements come from industry consensus built from the
standard development process.

Figure 4. The domain information model in |IEEE Std.11073-10417-2015.

The aforementioned basic dataset of disease management only
contains basic glucose level and HbA 1¢c measurement, whereas
the 2 |IEEE standards contain far more measurements and
contextual information, which may better satisfy the needs of
SMBG. Such supplementary information can be summarized
and categorized as follows:

1. Direct measurements: glucose, blood pressure;

2. Indirect measurement or manual input: diet, medications,
exercise, symptoms, tester, sample locations; and

3. Instrument information: interval, author code, dert,
calibrations, device status, and solution.

1 1 . 1
Glucose : Numeric Glucose Meter : MDS Observations : PM-store
1
Context Exercise : Numeric 01 01 Context Health : Enumeration
Context Carbohydrates : 0.1 0.1 | Device/Sensor Annunciation :
Numeric Enumeration
. 101 0.1
Context Medication : Numeric Context Meal : Enumeration
HbA1c - Numeric 0.1 0.1 | Context Sample Location :
' Enumeration
Control Solution : Numeric | 9-1 0.1 Context Tester : Enumeration
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Figure5. The domain information model in |IEEE Std.11073-10425-2014.
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Clinical Guidelines

The clinical guidelines used in this study were the Chinese
Glucose Monitoring Clinical Guideline and the Chinese
Continuous Glucose Monitoring Clinical Guideline. These 2
clinical guidelines define the data that service providers need
to know from the patientsin SMBG, and provide a standard of
glucose monitoring for patients and doctors, including measure
counts, exact measuring time, data format, and calculated
statistical information of CGM, which is the most useful data
for accurate diagnosis. Such standardized presentation of SMBG
data can largely help clinicians to understand the conditions of
patients with diabetes.

The requirements suggested by such clinical guidelines, either
directly or indirectly, can be summarized and categorized as
follows:

1. Accuracy-related information: accuracy of BGM device,
contextual factors of BGM, and accuracy of CGM;

2. Glucose-related statistics: frequency and time point of
glucose monitoring, mean value, standard deviation, volatility,
and absolute difference;

3. Other necessary context information: diet, exercise, weight,
blood pressure, medications, and symptoms.

4. Data evaluation and analysis method;

5. Decision-supporting information;

http://diabetes.,jmir.org/2016/1/e2/

CGM: MDS
1 1 0.*
Glucose : Numeric PHD DM status: Enumeration
0.1 0.1 .
Sensor calibration: Numeric = CGM status: Enumeration
Sensor run-time: Numeric 0.1
ing i - lo.1 0.*
Glucose SNaLTrr‘?ggi interval: Metric Results : PM-store
0.1
Glucose trend : Numeric
Patient low/high thresholds: 0.1
Compound Numeric
Device hypo/hyper thresholds: |0..1
Compound Numeric
Glucose rate of charge 0.1
thresholds: Compound Numeric

6. Diabetes-related educational material;
7. PHR.

Functionality of the End-to-End SMBG System
Suggested by Referenced Standards

By jointly considering the data standards and the clinical
guidelines, we have identified the following requirements on
functionalities:

1. Sdf-test: Thisincludesblood glucose, blood pressure, weight,
diet status, record of exercise, record of medications, record of
symptoms;

2. Diabetes-related education material;

3. Personalized context-based notification and alert;
4. Decision-supporting information;

5. Data synchronization to PHR; and

6. Data evaluation and analysis method.

The aforementioned functionalities are further elaborated in
Table 1. Although these functionalities are mutually exclusive,
they have the potential to work as an integrated solution to
support SMBG practices. For example, the user can loginto the
personal portal to view the records of glucose level, blood
pressure, weight, diet, exercise, medication, and symptoms to
evaluate how these factors are inter-related or how they may
affect his’her blood glucose condition.
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Table 1. Descriptions of the functionalities implied by standards.
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No Function Input Description Source®?
1.1 Blood glucose Blood glucose valuestimestamp  User enters values and can view graphs, with low, high, D/C
and normal ranges well demarcated.
1.2 Blood pressure Blood pressure timestamp User enters values and can view graphs, with low, high, D/C
and normal ranges well demarcated.
1.3 Weight Weight timestamp User enters values and can view graphs. D/C
1.4 Diet status Food eaten, carbohydratetimes-  User enters values and manually selects the type and D/C
tamp amount of food.
15 Record of exercise Exercisetype, intensity, duration User enters values and manually selectsthetypeandin- D/C
tensity of exercise.
1.6 Record of medications Medications type, amount, User enters values and manually selects the type and D/IC
timestamp amount of drugs.
1.7 Record of symptoms Symptoms timestamp User enters values and manually enters daily physical C
condition.
2 Diabetes-related education materi-  Tips, feedback, diabetes health  Most apps linked to another app for educational material C
a information or used Web links. Some had decision support and per-
sonalized tips and feedback.
3 Personalized context-based notifi-  Injection reminders, medication  User enters reminders manually, and also receives re- D
cation and alert reminders, measuring reminder  minders for postprandial testing. Some had automatic
tailored alerts.
4 Decision-supporting information  Emails between doctorsand pa= Data can be shared between doctors and patients, and C
tients doctors can give remote guidance.
5 Data synchronization to personal  PHR Synchronization with personal health systems, datacan C
health record (PHR) be shared and stored in the cloud platform for easy access.
6 Data evaluation and analysis The signs data The data can be presented in a graph to show the effects C

method

of datato blood glucose for doctors to determine.

&C: Functionalities from the clinical guidelines.
®D: Functionalities from the data standards.

Mabile Apps

A tota of 78 identified apps have been downloaded, and their
functionalitieswere studied. Most of these apps provide similar
functionalities, such asblood health datarecording, notification,
and offer decision-making support. Most functionalities listed
in Table 1 can aso be found in the studied apps.

Among them, the blood glucose recording isthe most common
functionality, which is obvious. A self-management portal
allowing patients to store and review various diabetes-related
personal health information (such as blood pressure, weight,
exercise, diet, medications, and symptoms) appearsto be another
popular feature in many apps. Furthermore, the personalized
notification isincluded in some apps.

http://diabetes.,jmir.org/2016/1/e2/

Some of the studied apps provide diabetes-related analytical
result and decision-making support for users. Various
functionalities such as providing guidelines regarding the
treatment and management of diabetes, multimodal educational
materials (eg, videos, forums), and PHR synchronization are
also included in some apps to examine patients’ lifestyle.

A lesspresented, but interesting, functionality isthe social media
support, such as the option to email, text message, or any type
of communication between stakeholders (eg, patients, service
providers, patent’s relatives, friends). Few apps also provide
data connectivity, which allowsfor end-to-end data transmission.
Table 2 showsthe presence of functionalitiesin the studied apps
(N=78).
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Table 2. Percentage of studied apps having different features (N=78).
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Features n %
Blood glucose 78 100
Blood pressure 58 74
Weight 45 58
Notification and alert 42 54
Decision supporting 35 45
Record of exercise 34 44
Diet status 33 42
Socia media 30 38
Record of medications 28 36
Diabetes-related education material 19 24
Data evaluation and analysis method 14 18
Data synchronization to personal health record 12 15
Record of symptoms 7 9
Bluetooth 10 13
Patents The studied patents have many functionalities in common. In

A total of 39 identified patents have been downloaded and their
functionalities were studied. The described solutions in most
of the studied patents are designed as an end-to-end SMBG
system. Some of them even go beyond the PHR server and
interact with HIS. The personal information (eg, patient’s
medical records, health insurance information) is also recorded
in some of the studied patents.

Table 3. Percentage of the studied patents having different features (N=39).

addition, many functionalities present in the studied apps are
alsoincluded in the studied patents, such as decision-supporting
information, notification and alert, analysis, record of personal
health information, and social media. Table 3 shows the most
dominating features and the percentage of the studied patents
(N=39) that have these tools.

Features

%

Mobile terminal

Server

Bluetooth

Decision supporting

Notification and alert

Data evaluation and analysis method

Social media

Record of personal information

Record of personal health information
Interface to the hospital information system

Diabetes-related educational material

33 85
27 69
9 23
10 26
7 18
6 15
5 13
5 13
4 10
7 18
6 15

Discussion

Comparison of Functionalities Between Apps and
Standards

All the functionalities related to data summary are shown in
Tables 1 and 2, whichindicate good conformance of the studied
apps to the af orementioned referenced standards. However, for

http://diabetes.,jmir.org/2016/1/e2/
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some other types of functionalities, the situation is different.
The details are discussed in the following sections.

Connectivity

The connectivity is a key component in an end-to-end SMBG
system. According to the results presented in Table 2, it can be
seen that only 13% (10/78) of the studied apps have
connectivity; however, all of these use Bluetooth [43]. The
deployment of traditional manual input may have negative
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impacts, such as poor usability, wrong data entry, and barriers
of integration. Most apps have no connectivity to the measuring
instruments; a possible reason for this may be the obsolete
mind-set of domestic app developers and instrument
manufacturers. When building their own products, their design
logicis purely app centric or device centric, rather than having
a holistic vision established over an interconnected
infrastructure. By contrast, as leading tech companies, Google
recently released Google Fit [44] and Apple released Health
Kit [45]; both of them leverage connectivity technologies to
simplify or automate the heath data-collection process. It is
quite obvious that market players are keen on adopting such
functionality in this domain. We believe a similar trend will
appear in the future in the Chinese market, but the questions
arejust “when” and “how.”

End-to-End Data Synchronization Function

As shown in Table 2, only 15% (12/78) of the apps have the
end-to-end data synchronization function that allows the data
generated by devices to be transmitted and stored in the PHR
database, possibly via certain gateway device. Among these
15% apps (12/78), only 1 provides synchronization with a
third-party platform (the Microsoft Health Vault [46]); al others
connect to their own proprietary health portal.

Despite the benefits of PHR synchronization reported in some
studies [47,48], the adoption rate of such functionality is less
than what weinitially expected, partialy because of end-to-end
usability issues. Our interpretation of the possible reason isthat
gateway device vendors are quite dominant in the current
Chinese ICT market (including the ecosystem of |CT-powered
SMBG), and the app vendors mainly focus on the data
synchronization with the gateway device, rather than on the
cloud platform. Such strategy helps them to quickly build a
relationship with gateway device vendors, and start to sharethe
revenuein the near future; however, this may not be an optimal
strategy inthelong run, becausethe service providersarelikely
to be situated behind the cloud. Without the service providers,
the ICT-powered SMBG implementations will become much
less attractive to the users. To improve the aforementioned
usability issue, joint effort from all the stakeholders (operators,
integrators, medical device manufacturers, app developers,
health care providers, etc) must be in place to establish a data
synchronization channel.

Standardized Data Structure

Among all the portal swe have studied, the core diabetes-rel ated
data structures are proprietary. None of them is consistent with
the data structure suggested by the aforementioned referenced
data standards. In this situation, such portals could not be
integrated into arbitrary HISsin amassive scale, and thus, these
data cannot be exchanged. Asaresult, most of the portals have
only minimal dataset, which is insufficient to support the
decision making of clinicians. Luckily, the MoH has noticed
this gap, and has begun to tackle it. We expect to see the first
wave of standards released within 3-4 years.

Social Media

Findings from this study suggest that only 38% (30/78; Table
2) of apps contain social media functionality. Most apps that

http://diabetes.,jmir.org/2016/1/e2/
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include social mediasupport only provide data-sharing interface
to the well-known Chinese social networking services such as
WeChat [49] and Weibo [50]. It is hard to see any other
interaction between the studied SMBG apps and the linked
socia networking services. We have also noticed that it is not
easy to share graphs and data via the studied SMBG apps with
friends or relativesin social networks.

However, we still consider the availability of this functionality
asapositive sign, because the psychol ogical motivation coming
from othersisagood stimulator for patient’s self-management.
For example, Chen [51] reported the importance of socia
aspects and experience sharing among people with diabetes. It
isinteresting to find that the social mediafunctionality available
in these studied apps is not listed in Table 1, that is, it is not
included in the current clinical guidelines. We are eager to see
how and when such innovative functionality coming from the
ICT world could someday result in a change in the traditional
clinical world.

Analysis of Patents

According to our study, glucose measuring module, mobile
terminal, and remote server contained in most patents constitute
the general technical architecture of the end-to-end and
closed-loop SMBG systems.

Because inventors often focus sharply on the innovative
contents, most patentsin our study did not necessarily contain
all the SMBG functions defined by referenced standards. The
clams of most patents just introduce some common
functionalities of the SMBG system. The social media
functionality is also found in the contents of studied patents,
whichisnot included in Table 1.

Comparison Between the Studied Patents and Apps

Although many of the functionalities identified in this study
were found to be common in app and patents, functionalities
such as “interface to the HIS’ and “recording personal
information” have been found to be missing in many apps.
Figure 6 shows the distribution of functionalitiesin the studied
apps and patents.

This finding suggests that when writing the patents, the big
picture of end-to-end SMBG system is considered; however,
when it comes to implementation, only practically feasible
requirements are considered due to many practical difficulties
(eg, the connectivity interface between the hospital and apps).
At present, regulators in both MoH and CFDA have not yet
realized the potential operational and security risks caused by
|CT-powered SMBG systems, and thus, no regulatory policy
includes any holistic requirement taking the end-to-end scenario
into consideration. However, by judging the recent policy
developmentsin the European Union and the United States, we
believe the situation will be changed soon in China.

Compared with the patents (N=33), less portion of apps (n=10)
containsthe datatransmission function. Thisisbecausewriting
a patent does not require any actual implementation of
functionality. By contrast, app developers have to prioritize
their tasks according to reality. They tend to implement any
functionality that isfeasible to beimplemented at that moment.
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In particular, for implementing the data transmission function,
the devel opers may confront difficultiesin engaging its supplier,

Figure 6. Common features identified in applications and in patents.

Applications

* Blood glucose

- BP

* Weight

* Record of exercise
+ Diet status

* Record of Medications

» Record of symptoms
* Social media

* Notification and alert

* Decision-supporting
* Education material
* Analysis
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interfacing with peer device, and the corresponding devel opment
cycle might be lengthy and costly.

Patents

* Interface to the HIS
* Record of personal information

» Data synchronization to PHR

* Bluetooth
* server

Limitations

Many of the apps found in the online stores were not available
for installation. As a result, some of the functionalities were
recorded only from the verbal description or from published
articles. Often there are discrepancies between the text
description and the actual features, and somefunctionalitiesare
not apparent until the app isinstalled and tested.

Another limitation may be that only patents in Chinese were
included in this study. In fact, many scholars and manufactures
in China file their patents internationally. These international
patents have not been searched in our study.

This study only focused on the functionality of appsand patents
in Chinese. Theclinical efficiency and cost efficiency, however,
arenot evaluated. We will address these limitationsin our future
study.

Conclusions

In this article, we reviewed the ICT-powered SMBG systems
in PR China We reviewed 289 apps and 8070 patents.
Eventually, 78 apps and 39 patents were analyzed and compared
in multiple aspects, including innovative functionalities, defects,
prospects, conformance to data standards, conformance to
clinical guidelines, etc.

http://diabetes.,jmir.org/2016/1/e2/

The main finding isthat the apps still have some missing links,
including the connectivity, the end-to-end data synchronization
function, and the standardized data structure. The other major
finding of this study is that the glucose measuring module,
mobile terminal, and remote server contained in most patents
constitute the general technical architecture of the end-to-end
and closed-loop SMBG systems. The other difference between
the patents and apps is that a couple of features—"interface to
the HIS" and “record of personal information”—mentioned in
the patents do not appear in the apps. It is also interesting to
find that the social mediafeature that the apps and patents have
is not included in the standard requirements list. In the future,
the clinical guidelines can befurther devel oped to leverage new
features provided by |CT-powered SMBG apps.

The findings provide insights into the design and devel opment
of the ICT-powered diabetes self-management system to assist
patients suffering from diabetes. Hence, to be able to come up
with a good design of a diabetes support tool, all the
aforementioned features have to be incorporated into a single
app for good monitoring, better follow-up by health care
professionals, and better lifestyle management for patientswith
diabetes.
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Abstract

Background: Approximately 21% of the US popul ation speaks alanguage other than English at home; many of theseindividuals
cannot effectively communicate in English. Hispanic and Chinese Americans, in particular, are the two largest minority groups
having low health literacy in the United States. Fortunately, machine-generated translations represent anovel tool that non-English
speakers can use to receive and relay health education information when human interpreters are not available.

Objective: The purpose of this study was to evaluate the accuracy of the Google Translate website when translating health
information from English to Spanish and English to Chinese.

Methods: The pamphlet, “You are the heart of your family...take care of it,” is a health education sheet for diabetes patients
that outlines six tips for behavior change. Two professional translators translated the original English sentencesinto Spanish and
Chinese. We recruited 6 certified trandlators (3 Spanish and 3 Chinese) to conduct blinded eval uations of the following versions:
(1) sentences trandated by Google Translate, and (2) sentences translated by a professional human translator. Evaluators rated
the sentences on four scales: fluency, adequacy, meaning, and severity. We performed descriptive analysisto examine differences
between these two versions.

Results. Cronbach's alpha values exhibited high degrees of agreement on the rating outcome of both evaluator groups: .919 for
the Spanish evaluators and .972 for the Chinese evaluators. The readability of the sentencesin this study ranged from 2.8 t0 9.0
(mean 5.4, SD 2.7). The correlation coefficients between the grade level and translation accuracy for all sentences translated by
Google were negative (€g, I'vieaning=--660), which indicates that Google provided accurate trandation for simple sentences.
However, the likelihood of incorrect translation increased when the original English sentences required higher grade levels to
comprehend. The Chinese human trandator provided more accurate trandl ation compared to Google. The Spanish human trand ator,
on the other hand, did not provide a significantly better translation compared to Google.

Conclusion: Google produced a more accurate translation from English to Spanish than English to Chinese. Some sentences
translated by Google from English to Chinese exhibit the potential to result in delayed patient care. We recommend continuous
training and credential practice standardsfor professional medical translatorsto enhance patient safety aswell asproviding health
education information in multiple languages.

(JMIR Diabetes 2016;1(1):€3) doi:10.2196/diabetes.5848
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Introduction

Health promotion and education material from health
organizations, aswell as mass media, are primarily written and
delivered in English. While public health professionals are
working to produce more health content and material in other
languages, current availability remainslimited [1,2]. For patients
and caregiverswith limited English proficiency (LEP), thislack
of health information in their native language can be especially
burdensome and represents an important public health issue.

LEP individuals, defined as any person age 5 and older who
speaks English “lessthan very well” [3], represent avulnerable
population that experiences significant health disparitiesin the
United States [4]. Compared to the native English-speaking
population, LEP individuals are less likely to receive and
understand health information or correctly interpret health
education messages [5].

As a result of their lack of comprehension and/or
misinterpretation, LEP individuals (1) spend extra time and
money seeking and using heath care services, (2) have
unsatisfactory experienceswith health care providers, (3) make
inappropriate health decisions, (4) have limited access and use
of preventive health care services, (5) are more challenging to
recruit into health education programs, (6) take incorrect dosages
of medication, and (7) have worse health status [6-11]. These
issues become increasingly important to address as the LEP
population in the United States continues to steadily grow.
According to the US Census Bureau, approximately 21% of the
US population (60.6 million) speaks a language other than
English at home[12]. Moreover, among foreign-born US adults,
nearly three out of four speak limited English or do not speak
English at all [13].

Machine-generated translations represent a novel tool that
non-English speakers can use to receive and relay health
education information when human interpreters are not
available. With the proliferation of online technology, 87% of
US adults had access to the Internet in 2014, compared to 43%
in 2000 [14]. Moreover, the Internet is becoming increasingly
prevalent among minority populations [15]. Perry and
Mittelmark [16] contend that digital trandation tools “offer
substantial time and cost saving...can thus be used not only to
immediately collect information when the content is not
trandated, but also toimmediately deliver information generated
in one language to speakers of other languages’ (p. 199).
However, miscommunication through translation is possible
given that words often have different meanings depending on
the context in which they are used [16].

Khanna et a [17] compared English-to-Spanish trandlation
accuracy between Google and human trandators for patient
education texts, reporting that Google Translate made more
errors than human translators and people preferred the human
tranglation for complex sentences. Similarly, Sharif and Tse
[18] reported an overall 50% error rate for medicine labels
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translated from English to Spanish by computer programs.
Google Tranglate has also exhibited a high rate of trandlation
errors when translating content on state and national public
health websitesfrom English to Chinese [19]. However, to date,
we are unaware of any studies evaluating the outputs of a
machine trandation tool when trandating from English to
multiple languages drawn from health education material on
diabetes. Therefore, it is critical to identify and evaluate
availabletrandation toolsfor hel ping L EP speakers of different
languages understand English health education material.

The purpose of this pilot study was to evaluate the feasibility
and accuracy of the Google Trandate website as atool to help
LEP persons understand chronic condition management and
prevention strategies. Specifically, Google Trandate was used
for trand ating a diabetes patient education pamphlet, distributed
by the National Diabetes Education program, from English to
Spanish and English to Chinese (Mandarin). We chose to focus
on Spanish and Chinese for several reasons. First, Spanish and
Chinese speakers are more likely to have limited English
proficiency. In the United States, approximately 47% of the
foreign-born population from Mexico speaks English “ not well”
or “not at al,” and 32% of the foreign-born population from
China speaks English “not well” or “not at all” [13]. Second,
among the L EP population, Chinese (68%) respondents exhibit
low health literacy, followed by Latinos (45%) [20]. Third, the
prevalence of diabetes is rapidly increasing among Hispanic
and Chinese Americans[21]. Thefollowing research questions
guided thisinvestigation:

1. What is the accuracy of Google trandations of written
sentences from English to Spanish, when compared to
professional human translators?

2. What is the accuracy of Google tranglations of written
sentences from English to Chinese, when compared to
professional human translators?

3. Can Google Trandate be a safe and accurate alternative to
human interpreters for providing translation services on health
education materialsto LEP patients?

Methods

Materialsto be Trandated

We chose afreely accessible diabetes patient education pamphl et
as a heuristic example for evaluating the accuracy of machine
tranglation devices. The pamphlet, “You are the heart of your
family...take care of it,” is published by the National Institutes
of Health and the Centers for Disease Control and Prevention
and distributed by the National Diabetes Education Program.
Thispamphlet includes six written sentences as behavior change
suggestions for managing diabetes and three recommended
questionsfor patientsto ask their clinicians. Thispaper examines
the accuracy of Google Transglate when trand ating the six written
diabetes prevention and management strategies to determine
the differences between machine and human trandlators, which

JMIR Diabetes 2016 | vol. 1] iss. 1 |e3 | p.30
(page number not for citation purposes)


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

JMIR DIABETES

could be used to direct further research. This study was approved
by the Texas A&M University Institutional Review Board.

Figure 1. Study procedure.
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Procedures

Following are the overall procedures (see Figure 1) used
throughout this investigation.

‘ 6 written English sentences from the NIH/CDC Diabetes Education Pamphlet ‘

y

| Google Translation Version ‘

l/\
N

Translated by English-
Chinese Google Translate

l

Chinese
Version 1

Step 1. Google Tranglate

We used Google Translate, afree language translation website
that instantly translates text and Web pages, to transate the six
sentences from English into both Spanish and Chinese.

Step 2. Human Trandlate

Two professional medical translators translated the original
English pamphlet into Spanish and Chinese, respectively. Both
were American Trandators Association (ATA) certified
tranglators (one certified in English to Spanish and the other in
English to Chinese). The ATA website lists all the certified
tranglators' contact information. We approached both tranglators
as regular customers seeking tranglation services. We did not
inform them that their trandlation product would be eval uated.
We sent the original English materials to them by email; they
returned the tranglated sentences in Microsoft Word to us by
email. All human translation services were paid for based on
quotes provided by the individual tranglators.

Step 3. Evaluation

After having the materials translated, we separately recruited 6
ATA-certified trand atorsto eval uate the two trand ation versions
(one by Google Trandate and the other one by professional
human trandators). Thetwo trandatorswho provided the human
tranglation versions did not serve as evaluators, nor were they
aware we would have evaluators evaluate their translations.
Evaluators were also approached via email. We randomly sent
invitation emails to 12 English-Spanish transators and 12
English-Chinese trandators. We emailed the survey packageto
the first 6 trandators (3 Spanish and 3 Chinese respectively)
who accepted our study invitation. They became the evaluators
for this study. Each evaluator received US $15 after submitting
the evaluation survey package via email.

http://diabetes.jmir.org/2016/1/e3/

Step 3

Step 2

‘ Human Translation Version |

N

l

Translated by a professional
English-Chinese translator

l

Chinese
Version 2

/

Evaluated by 3 professional
English-Chinese translators

Survey Package

To minimize bias, we did not inform the evaluators which
version was created by a human or a machine; instead, we
marked the products as version 1 (sentences translated by
Google) and version 2 (sentences translated by a human). The
survey package contained three separate Microsoft Word
documents: (1) an evaluation rubric, (2) trandation version 1,
and (3) trandation version 2. Both versions consisted of six
written sentenceswith the original English sentenceslisted first,
followed by the translated sentences (Spanish or Chinese). We
asked the evaluators to score each of the translated sentences
based on the included evaluation rubric.

Evaluation Rubric

Our evauation rubric, which was adapted from Khana et al
[17], asked evaluators to rate the transl ation sentences based on
Fluency, Adequacy, Meaning, and Severity on a 5-point scale
(Lindicating low accuracy and 5 indicating high accuracy). The
Fluency and Adequacy evaluations are standard domains for
assessing machine trandation accuracy [22]. The Fluency
domain evaluated readability, grammar, and understandability.
The Adegquacy domain evaluated how much of the origina
information had been preserved. The Meaning domain assessed
whether the trandation product had the same meaning as the
original sentence. If a trandation product added extra
information, it could still receive ahigh Adequacy scoreaslong
asitincluded al the original information. The Meaning score,
however, could identify misleading added information [23].
The evaluators also rated the Severity domain, which provided
insight into the degree of negative impact on the patient’s health
outcome. The detailed evaluation rubric (see Table 1) defined
the different categories for each domain.
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Table 1. Evaluation rubric.
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Fluency Adequacy

1 No fluency; no appreciable gram-

mar, not understandable the original

2 Marginal fluency; several grammat-

ical errors the original

3 Good fluency; several grammatical

errors, understandable the origina

4 Excellent fluency; few grammatical

0% of information conveyed from

25% of information conveyed from

50% of information conveyed from

75% of information conveyed from

Meaning Severity

Totally different meaning fromthe Dangerous to patient
original

Misleading information Impairs care in some way
added/omitted compared to the

origina

Partially the same meaning as the
origina

Delays necessary care

Almost the same meaning as the
origina

Unclear effect on patient care

Same meaning as the original No effect on patient care

errors the origina
5 Perfect fluency; likereading a 100% of information conveyed from
newspaper the origina
Data Analysis

We used Cronbach's alpha to assess the degree of agreement
among the evaluators. We calculated two sets of means to
represent the scores in each of the four domains (ie, Fluency,
Adequacy, Meaning, and Severity) from the Chinese and
Spanish evaluator groups. We performed descriptive analysis
to capture the trend of change from sentence to sentence.
Pearson correlation coefficients were al so reported to examine
the rel ationship between trand ation accuracy and the readability
of the original English sentences. Thereadability statisticswere
generated using Microsoft Word's Flesch-Kincaid Grade Level,
which assesses the degree of difficulty for readersto understand
a certain sentence or paragraph [24].

To examinethe correlational patternsin the data, we considered
using multivariate analysis of variance (MANOVA) for
investigating whether there was a statistically significant
difference between Google and the professional translatorswith
regard to the translation accuracy. MANOVA allows for the
comparison of two groups on these four translation accuracy
domains simultaneously [25]. However, P values are closely
dependent on sample size [26]. Thus, such significance testing
is not appropriate in this study due to our small sample size

Table 2. Flesch-Kincaid grade level.

(N=6) and the violation of MANOVA assumptions (eg,
normality and homogeneity of variance). Therefore, instead of
conducting MANOVA, we presented two sets of graphs to
visually compare the trandation accuracy between Google and
human.

Results

Inter-rater Reliability

Cronbach's alphawas used to assessthe rating reliability across
each evaluator. Cronbach's a phavalues exhibited high degrees
of agreement on the rating outcome of both evaluator groups:
919 for the Spanish evaluators and .972 for the Chinese
evaluators.

GradeLevel and Correlations With Accuracy Scores

Table 2 shows the Flesch-Kincaid Grade Level for all six
original English sentences. The Flesch-Kincaid readability test
rates text on a US school grade level [24]. The readability of
the sentences in this study ranged from 2.8 to 9.0 (mean 5.4,
SD 2.7). Shorter sentences with simpler vocabulary received
lower scores (eg, grade level=2.9 for $4), and longer sentences
containing more medical termsreceived higher scores (eg, grade
level=9.0 for S6).

Origina sentences

Flesch-Kincaid

grade level
S1. Eat more fruits, vegetables, beans, and whole grains. 37
S2. Eat tasty foods that have less salt, saturated fat, and trans fat. 4.8
S3. Get at least 30 minutes of physical activity on most days or every day. Physical activity helps you keep a healthy weight. 8.5
4. Stop smoking. 2.8
S5. Take medicines the way your doctor tells you. 37
S6. Ask your doctor about taking medicine to protect your heart, such as aspirin or a statin. 9.0
Mean (SD) 5.4(2.7)

The higher grade level indicates that the text is more difficult
for readersto understand. As shown in Table 3, the correlation
coefficients between the grade level and translation accuracy
for al sentences trandated by Google (both Spanish and
Chinese) were negative. None of the correlation coefficients
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was statistically significant at alpha <.05 level due to the small
sample size in our study (N=6). However, these negative
associations were relatively strong, especially among the
Chinese Google group (&g, I'vieaning="-660). For the sentences
tranglated by the professional human trandators, therewas only
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one negative correlation between grade level and trandation
accuracy SCores (Igyency=--447). The correlation coefficients

between the grade level and trandation accuracy scores show
that Google provides more accurate trandation for easier

Table 3. Correlations between grade level and translation accuracy.
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sentences but produces more trandl ation errorsfor more complex
sentences. However, the accuracy scores of translated sentences
provided by human translators had no strong negative
associations with the readability level of the sentences.

Domains Flesch-Kincaid grade level
Spanish Chinese
Google Human Google Human
Fluency -.374 -.447 -.373 .679
Adequacy -.162 120 -371 481
Meaning -.259 .207 -.660 481
Severity -.097 341 -.469 a

&Correlation coefficient cannot be computed because all sentencestranslated by the Chinese human translator had a constant severity score (Severity=5).

Spanish Tranglation: Google Versus Human

As shown in Table 4, in the Fluency domain, all sentences
trandated by Google had at |east good fluency (Fluency=3). Al
sentences transdlated by the Spanish human translator had
excellent or perfect fluency.

In the Adequacy domain, most sentences from both versions
conveyed more than 75% of the original information. One
sentence trandated by the Spanish human translator (S5)
conveyed 50% of the original information (Adequacy=3).

Table 4. Spanish Google versus human.

In the Meaning domain, similarly, al sentences from both
versions had amost the same meaning as the origina
information. However, S5 trandated by the Spanish human
trandators had partially the same meaning as the original
sentence (Meaning=3).

In the Severity domain, all evaluators agreed that S5 trandated
by Google had an unclear effect on patient care (Severity=4).
That same sentence tranglated by the Spanish human translator
delayed necessary patient care (Severity=3).

Origina sen-  Google Human
tences Fluency Adequacy Meaning Severity Fluency Adequacy Meaning Severity
S1. Eat more fruits, vegetables, beans, and whole grains.

4.67 5 5 5 4.33 5 4.67 5
S2. Eat tasty foods that have less salt, saturated fat, and trans fat.

3 4.67 4.33 5 4.67 4.67 4.67 4.67
S3. Get at least 30 minutes of physical activity on most days or every day. Physica activity helps you keep a healthy weight.

3 4.33 4 4.67 4.67 5 4.67 5
4. Stop smoking.

5 5 5 5 5 5 5 5
S5. Take medicines the way your doctor tells you.

4.33 4.33 4.33 4 4.67 3 3 3
S6. Ask your doctor about taking medicine to protect your heart, such as aspirin or a statin.

4.67 5 5 4.67 4.33 4.33 4.67 5

Chinese Trandation: Google Versus Human

As shown in Table 5, in the Fluency domain, S2, S3, and S5
translated by Google had marginal or no fluency (Fluency<2).
Every evaluator agreed that S5 was not understandable. All
sentences translated by the Chinese human translator had
excellent or perfect fluency.

In the Adequacy domain, S5 translated by Google conveyed
less than 50% of the original information (Adequacy<3). All
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sentences translated by the Chinese human translator conveyed
almost 100% of the original information.

In the Meaning domain, S3 and S5 translated by Google had
lessthan partially the same meaning asthe original information
(Meaning<3). All sentences trandated by the Chinese human
trandator had the same or almost the same meaning as the
original ones.
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In the Severity domain, S5 and S6 trandlated by Google delayed
necessary carefor patients (Severity<3). All sentencestrandated

Table 5. Chinese Google versus human.
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by the Chinese human translator had no effect on patient care
(Severity = 5).

Origina sen-  Google Human
tences Fluency Adequacy Meaning Severity Fluency Adequacy Meaning Severity
S1. Eat more fruits, vegetables, beans, and whole grains.

4.67 5 4.67 5 5 5 5 5
S2. Eat tasty foods that have less salt, saturated fat, and trans fat.

2 4.33 3.67 4.67 4.67 5 5 5
S3. Get at least 30 minutes of physical activity on most days or every day. Physical activity helps you keep a healthy weight.

1.67 3.67 2.67 4 5 5 5 5
$4. Stop smoking.

5 5 5 5 4.67 4.67 4.67 5
S5. Take medicines the way your doctor tells you.

1 2.67 2.67 2.33 4.67 5 5 5
S6. Ask your doctor about taking medicine to protect your heart, such as aspirin or a statin.

3 3.67 3 2.33 5 5 5 5

Visually Comparing Google and Human Versions

Asshownin Figures 2 and 3, to better compare and capture the
trends among sentences with regard to the accuracy scores on
four domains, we ranked the sentences according to their grade
levels—presenting the easiest sentence (S$4) first and the most
difficult sentence (S6) last. As shown in Figure 2, when
sentences were translated from English to Spanish, S2 and S3
(moredifficult sentences) had a considerabl e difference between
Google and human in the Fluency domain, where the human
tranglator did much better than Google. For the relatively easy
sentences ($4 and S1), there was not much difference between
Google and human in any of the four domains. Interestingly,
there was not much difference for the most difficult sentence
(S6) either. We al so noticed some obvious gapsfor S5 (medium
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difficult sentence) in the Adequacy, Meaning, and Severity
domains, where Google received a higher trandation accuracy
(English to Spanish) than the human trandlator did. As shown
in Figure 3, when sentences were trandated from English to
Chinese, S5, S2, S3, and S6 (more difficult sentences) had a
considerable difference between Google and humanin al four
domains, where the human did much better than Google (except
S2 in the Severity domain). Similar to what we found in the
Spanish set, there was not much difference between Google and
humanin all domainsfor the easier sentences (S4 and S1). When
comparing between Figures 2 and 3, results showed that the
general distance between Google and human for Chinese is
larger than Spanish, indicating that Google provided higher
accuracy tranglation service in Spanish than in Chinese.

JMIR Diabetes 2016 | vol. 1 | iss. 1 |e3 | p.34
(page number not for citation purposes)


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

JMIR DIABETES

Figure 2. Spanish Google versus human.
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Figure 3. Chinese Google versus human.
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Discussion

Principal Findings

This pilot study evaluated the accuracy of Google Translate
when trandating diabetes patient education materials from
English to Spanish and English to Chinese. We found that
Google provided accurate trand ation for simple sentences, but
the likelihood of incorrect trandlation increased when the
original English sentences required higher grade levels to
comprehend. For example, the most simple sentence in our
study (“ Stop smoking”) trand ated by Google received full scores
on every domain for both languages, while Google received
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RenderX

lower scores on more difficult sentences (eg, S5 and S6) for
both languages. The Chinese human translator provided much
more accurate transl ation than Google did. The Spanish human
trangdlator, on the other hand, did not provide a significantly
better trandation compared to Google. Additionaly, we
identified some sentences trandated by Google from English
to Chinese that might lead to delayed patient care. Similarly,
one sentence trandlated by the professional human translator
from English to Spanish could also have a negative impact on
patients. The results demonstrate that Google is capable of
producing a more accurate translation from English to Spanish
than English to Chinese.
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Google provided more accurate tranglations for sentences with
lower readability levels but made more trandlation errors on
sentences with higher readability levels, especially when
trand ating sentences from English to Chinese. Although wedid
not find any statistically significant correlation between
readability and trandation accuracy due to our small sample
size, our findings seem to be consistent with previous
investigations that document a significant negative correlation
between sentence length and trandation accuracy (r=-.4393,
P<.05), indicating that the machine was less likely to provide
correct trandation for longer sentences [27].

Google yielded high error rates when trandating English
sentences to Chinese. We identified several problematic
sentences. S2 and S3 trandated by Google from English to
Chinese had marginal fluency with several grammatical errors,
but the evaluators were able to make enough sense of them to
get ameaning close to the original sentences. Thus, these two
sentences did not have much negative impact on patient care.
However, S5 (“ Take medicines the way your doctor tellsyou”)
translated by Google from English to Chinese had no fluency
and was not understandable. After tranglation, this sentencein
Chinese did not make sense to the evaluators. Therefore, this
sentence might cause delayed patient care. Likewise, S6 (“Ask
your doctor about taking medicine to protect your heart, such
as aspirin or a statin”) translated by Google from English to
Chinese added mideading information into the original sentence
by trandating it as “Ask your doctor about taking Chinese
medicine to protect your heart, such as aspirin or a statin.”

Compared to Chinese, Google provided noticeably higher
accuracy when tranglating sentences from English to Spanish.
All the Spanish sentences conveyed more than 75% of the
original information and had almost the same meaning as the
original sentences. Moreover, none of them had asevereimpact
on patient care (Severity=4.67). Consistent with our findings,
Zeng-Treitler et a [27] also found that Spanish machine
tranglation had higher accuracy than other languages: Spanish
had 33.8% correctness compared to the correctness of Chinese,
Russian, and Korean, which ranged from 7.98% to 11.74%.

Textbox 1. Transg ation standard with 10 key components.
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Zeng-Treitler et al [27] contend that “ one possible explanation
for this may well lie in the fact that English and Spanish are
more similar (eg, word order, inflections) than English and
Chinese, Korean or Russian” (p. 76).

The Chinese human tranglator provided much more accurate
trand ation than Google; however, the Spanish human translator
did not provide a significantly better trandation than Google.
In contrast to our findings, Khanna et a [17] reported that
Google made more errors than human translators when
trand ating patient education materialsfrom English to Spanish.
Zeng-Treitler et al [27] concluded that Babelfish was not agood
machine translation tool because of its high percentage of
inaccuracy.

We identified one problematic sentence (S5 “ Take medicines
the way your doctor tells you”); the trandlation by the Spanish
human trand ator might cause delayed patient care. This sentence
was al so problematic when trandlated by Google from English
to Chinese. It conveyed half of the original information and
partially the same meaning asthe original sentence. The Spanish
human trandator twisted the meaning of the original English
sentence by creating a Spanish sentence saying “Tome las
medicinas recetadas por su médico,” meaning “Take the
medicine prescribed by your doctor.” Such incorrect translation
provided by the Spanish human trand ator might lead to delayed
necessary patient care.

We also wish to highlight that in some cases professional human
trand ators might al so make severe errorsthat negatively impact
patients health compared to machine tranglation tools. Flores
et al [28] contend that the most common types of mistake by
human interpreters, which could potentially cause medical
accidents, include omission, false fluency, substitution,
editorialization, and addition. For this reason, we recommend
continuous training and credential practice standards for
professional medical tranglators to enhance patient safety. For
example, Michadl et al [29] developed atranslation standard to
guide the language-translating process for health education
information (see Textbox 1) with 10 key components (p. 550).

Undertake a cultural and linguistic assessment of the trandlation.

. Include thetitle of the text in English on the translation.

© O N o g b W N P

. Distribute the trandation in bilingual format—English and LOTE.

10. Date, monitor, evaluate, and update the English text and the translation as part of an ongoing review program.

. Develop the English text and/or test the translation with members of the target LOTE (alanguage other than English)-speaking community.
. Undertake a cultural and linguistic assessment of the English text in preparation for its translation.
. Undertake a subject matter expert assessment of the English text as appropriate.

. Organize for the English text to be trandlated by a professional translator.

. Organize for the translation to be proofread by a professional translator.

. Include the name of the target language in English, on both the English text and the translation.

In addition to ensuring human trandation accuracy,
improvements to machine translation tools are also necessary
prior to use by patients and health care providers. Health
educators should make efforts to achieve higher trandation
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accuracy for machine tools and ultimately make sure health
education information is not misinterpreted and necessary care
not delayed. Mismatches between the vocabulary bank in
machine tranglation systems and the terminologies used in the
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original language texts are common sources of machine
tranglation errors [30]. Developing a universal code system for
machine translation can improve language transl ation accuracy
[31]. Therefore, we call for collaborations between computer
science engineers and public health/health education
professionals to work on this language trandation technique,
which could assist LEP populations better understand health
information.

Furthermore, health education information should be writtenin
multiple languages other than English and Spanish. In one study,
Becker [1] examined 125 websites that provided health
information in the United States and reported that only 10% of
the state sites provided Spanish versions. Moreover, these
Spanish webpages contained many English texts such as Web
link buttons labeled in English. Most health ingtitutions do not
provide information in multiple languages besides English on
their websites, but Internet users prefer searching for health
information using local languages instead of English.
Immigrants in particular prefer seeking and reading health
information in their native languages rather than the languages
of the adopted country [32].

Limitations

Our study has three limitations that should be noted. First, we
recruited ATA-certified trandlators as evaluators who, because
of their professiona training, had more credibility for
scientifically evaluating trandlation  accuracy  than
non-professional  hilinguals such as graduate students.
Tranglators a so have different trandl ation styles and knowledge
of second language audiences. The selection of certified
translators might cause measurement bias because these
professional trand ators are different from general LEP patients.
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For instance, compared to LEP patients, certified trand atorsare
bilingual, well-educated, and have higher literacy levels. Thus,
sentences that are understandable to them might not be
understandable to LEP patients. Future research might recruit
LEP participants to evaluate these trandation products, and
researchers might conduct cognitive interviews while
participants read these sentences. Second, our study mainly
focused on describing the tranglated products from a technical
perspective instead of ng message consumers’ experience
from a user perspective. Testing LEP diabetes patients
knowledge and behavior change after using Google Translate
to process health education messages is another direction for
future study. Finally, our study sample size was small. We
evaluated six origina English sentences and recruited 6
evaluators, which had less power for generalizability.
Researchers should include alarge sampl e of original sentences
and evaluators for future study.

Conclusions

Notwithstanding these limitations, this investigation provides
important contributions to the ever-growing literature base
examining the effectiveness of machine tranglation tools. In
particular, our findings highlight that as sentences become more
complex in health information and require higher levels of
reading ability, the likelihood of machine trandation tools
making errors increases. As shown in the paper, these errors
have the potential to negatively impact patient health behaviors.
Given that medical or health advice is not always delivered in
short, easy-to-understand sentences, such asthose at a2.8 grade
reading level (eg, “ Stop smoking”), it isimperative that future
investigations continue to examine the real-world application
of machine trandation tools and their associated impact on
patient and population health.
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