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Abstract

Background: Population cohort studies are useful to study infectious diseases episodes not attended by health care services,
but conventional paper diaries and questionnaires to capture cases are prone to noncompliance and recall bias. Use of smart
technology in this setting may improve case finding.

Objective: The objective of our study was to validate an interactive mobile app for monitoring occurrence of acute infectious
diseases episodesin individuals, independent of health care seeking, using acute otitis media (AOM) symptom episodesin infants
as a case study. We were interested in determining participant compliance and app performance in detecting and ascertaining
(parent-reported) AOM symptom episodes with this novel tool compared with traditional methods used for monitoring study
participants.

Methods: We tested the InfectieApp research app to detect AOM symptom episodes. In 2013, we followed 155 children aged
0 to 3 years for 4 months. Parents recorded the presence of AOM symptoms in a paper diary for 4 consecutive months and
completed additional disease questionnaires when AOM symptoms were present. In 2015 in a similar cohort of 69 children,
parents used an AOM diary and questionnaire app instead.

Results: During conventional and app-based recording, 93.13% (17,244/18,516) and 94.56% (7438/7866) of symptom diaries
were returned, respectively, and at least one symptom was recorded for 32.50% (n=5606) and 43.99% (n=3272) of diary days
(P<.01). Theincidence of AOM symptom episodes was 605 and 835 per 1000 child-years, respectively. Disease questionnaires
were completed for 59% (17/29) of episodes when participants were using conventional recording, compared with 100% (18/18)
for app-based recording.

Conclusions: The use of the study’s smart diary app improved AOM case finding and disease questionnaire compl eteness. For

common infectious diseases that often remain undetected by health care services, use of thistechnology can substantially improve
the accurateness of disease burden estimates.

(JMIR Mhealth Uhealth 2017;5(11):€181) doi:10.2196/mhealth.7505

KEYWORDS
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Introduction

A key issue in many prospective infectious disease
epidemiological studies, both interventional and observational,
is completeness of detecting disease events of interest among
study participants. Thisisparticularly truefor eventsthat cannot
be comprehensively and reliably detected through health
care-based research, such as self-limiting respiratory or
gastrointestinal infections. For instance, in the Netherlands, it
is estimated that health care encounters are not involved for up
to 50% of acute otitis media (AOM) episodesin young children.
AOM s therefore notoriously underdetected when health care
contacts alone arerelied on [1-3]. Thereis evidence that AOM
poses a substantial burden, both on the child and the family,
and resultsin economic losses due to workdays|ost irrespective
of hedth care use, thus requiring assessment of
participant-reported disease events when population disease
burdenis estimated [1,4,5]. Moreover, health-seeking behavior
isinfluenced by factors other than severity and could therefore
introduce bias. Inthefield of infectious diseases epidemiol ogy,
this forms a major challenge in conducting research. For these
reasons, there is a great interest in methods that can improve
detection of infectious diseases eventsin epidemiological studies
beyond the current health care-related scope.

Research on mobile apps for monitoring or promoting patient
health is expanding rapidly, forming an entire new area within
epidemiology. M ost research focuses on eval uations of mHealth
apps as an intervention in which apps are used to improve health
[6,7]. However, well-designed mobile apps can also serve as
valuable instruments to document health and disease among
study participants. Up to now, apps have been little used as an
alternative data-recording tool, while this technology offers
several advantages over traditional methods of participant
follow-up, such as paper, Internet, or telephone surveys.
Interactive and dynamic features can be applied to improve
participant compliance, detection, and disease burden estimation
[7,8].

We performed a proof-of-concept validation study of an
interactive mobile app for monitoring occurrence of acute
infectious diseases episodesin individual s, independent of health
care seeking, using AOM symptom episodesininfantsasacase
study. Our aim was to determine participant compliance and
app performancein detecting and ascertaining (parent-reported)
AOM symptom episodes with this novel tool compared with
traditional methods used for monitoring study participants.

Methods

We compared use of traditional survey methods (paper diary
sheets) with use of a smartphone diary app for the purpose of
prospectively detecting AOM symptom episodes and measuring
their disease burden in infants. We made comparisons by
applying the different methods consecutively over 2 periods (in
2013 and 2015) of anested AOM study within alarger ongoing
birth cohort study.

http://mhealth.jmir.org/2017/11/e181/
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WHISTLER Study

Both thefirst (2013) and second (2015) AOM study period were
(partly) nested within the Wheezing and Ilinesses Study
Leidsche Rijn (WHISTLER) birth cohort that recruited healthy,
term neonates between 2001 and 2012 to study perinatal and
infant risk factors for wheezing illness. The study design and
rationale of WHISTLER are described in detail elsewhere [9].
WHISTLER enrolled newborns before 2 months of age and
living in the Leidsche Rijn district of Utrecht, the Netherlands.
WHISTLER had traditionally been using paper diary sheetsto
monitor parent-reported respiratory symptoms during the first
year of life. For this purpose, a diary sheet containing alist of
respiratory symptoms printed for each day of the month was
distributed monthly by mail. Symptomsincluded cough, wheeze,
fever (>38°C), nasal cold, otorrhea, otalgia, and sore throat
(Figure 1). Parents were asked to mark whenever a symptom
was present on a particular day. Additionally, the diary sheet
contained a monthly questionnaire about environmental risk
factors of respiratory infections printed on the back. After the
end of each month, parents mailed the filled-in paper sheet in
return envelopes, and the sheets were scanned for digital
processing [9].

Design of the 2013 Acute Otitis Media Study Period

In January 2013, we invited by mail 300 participating
WHISTLER parents (randomly selected out of 594 parents)
with children aged 0 to 3 years for additional participation in
our nested AOM study. According to the WHISTLER traditional
method, parents reported respiratory symptoms and answered
the monthly questionnaire using the paper diary sheets. For
children older than 1 year, we requested parents to restart
recording during 4 consecutive months (February to May 2013),
as symptoms were recorded only in the first year of life
according to the WHISTLER protocol. In addition to the daily
recording, parents were asked to contact the study team within
24 hours by email, text message, or telephone call when they
recorded a combination of symptoms suggestive of an AOM
symptom episode. For this, parentsreceived detailed instructions
upon enrollment explaining which (combination of) symptoms
was suggestive of an AOM symptom episode and should prompt
notification. Researchers verified these symptoms over the
telephone. Subsequently, we asked parents to complete paper
versionsof avalidated AOM severity score (AOM-SOS) during
7 consecutive days and an additional disease questionnaire on
day 7 [10]. Questionnaires and scoring lists were returned by
mail. We used these to ascertain the AOM symptom episode
by assessing AOM severity, health care use, and impact on
family life.

Design of the 2015 Acute Otitis Media Study Period

We invited 404 parents of 0- to 3-year-old children by mail to
participate in the (nested) AOM study. As WHISTLER
completed recruitment in January 2013, no infants under 1 year
of agewere participating in WHISTLER in January 2015. Thus,
we invited 91 WHISTLER age-€ligible (ie, <3 years)
participantsand an additional 313 non-WHISTLER participants
aged between 3 months and 2 years who aso lived in the
Leidsche Rijn district. Instead of using the paper diary sheet,
all participating parents were now instructed to use a mobile
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device diary app, the InfectieApp, which we developed for this
study, during 4 consecutive months (February to May 2015).

During each study period, we used identical criteria for
occurrence of an AOM symptom episode: a combination of
fever and either otalgia or otorrhea on the same day. This
combination of symptoms had to be actively reported by the
parents in the 2013 pilot study, while this combination was

Prins-van Ginkel et al

automatically recognized and reported using the InfectieAppin
the 2015 pilot study.

Each period of the AOM study received separate approval by
the medical ethics committee of the University Medical Centre
Utrecht. Written informed consent was given by all participating
parents.

Figure 1. Paper diary sheet used in the 2013 study period. WHISTLER: Wheezing and IlInesses Study L eidsche Rijn.
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InfectieApp

The InfectieApp software app was custom made in 2014 by
University Medical Centre Utrecht in collaboration with
VitalHealth Solutions, acompany specializing in eHealth, based
in Uddel, the Netherlands, and was compatible with iOS,
Android, and Windows Mobile operating systems. The
InfectieApp was developed for use by study participants to
self-report 3 types of data: (1) symptom diary data (Figure 2,
panel A), (2) monthly questionnaire responses on risk factors,
and (3) disease questionnaire responses and scoring listsin the
event of an AOM symptom episode. The symptoms listed in
the app diary, disease questionnaire, and scoring list were
identical to those in the questionnaires used in the 2013 study
period. Participants could access additional study-related
information in the app organized in various submenus, including
generd patient information related to the study, frequently asked
questions, and contact details of the research team. All app
content was organized in menus, accessible through the home
screen (Figure 2, panel B).

The onset and ending of an AOM symptom episode was detected
based on diary entries, using built-in algorithms: fever together
with either earache or otorrhea occurring on the same day
marked the onset of an episode. An episode ended when fever
was not recorded for 7 consecutive days. Detection of a
new-onset AOM episode triggered additional app content:

Prins-van Ginkel et al

participants received an app message explaining that AOM
symptoms were detected and that additional questionnaires
would follow inthe coming days. For ascertainment of the AOM
symptom episodes, the AOM-SOS scoring list and disease
guestionnaire appeared in the app questionnaire menu. The
message also contained a link to a Dutch independent,
professional, patient website on AOM where parents could read
general AOM medical information [11-13].

To encourage participant compliance with diary recording, daily
reminders at 8 PM appeared as push notifications on the
smartphone. A diary that had not been filled in remained
accessible to the participant up to 7 days after the diary date.
We could also decide to contact the household by telephone.

The InfectieApp was password protected at first log-in;
thereafter, the participant could use a 4-digit code to enter the
app. When the app was used offline, datawere stored encrypted
in the InfectieApp. The recorded data were sent to the server
via a secure connection (hypertext transfer protocol secure,
HTTPS), meaning that the data were sent encrypted to the
server. When the app was online, the recorded data were sent
immediately to the server, providing us with the opportunity to
monitor the participantsin real time both for the occurrence of
AOM symptom episodes and for compliance with the
guestionnaires.

Figure 2. Screenshots of the diary app (InfectieApp) used in the 2015 study period. (A) symptom diary; (B) home screen.
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A security access layer determined which actions a user could
perform, meaning that, depending on the rights assigned to the
user, the user could or could not perform certain actions. This
server was hosted by VitalHealth Solutions. The research team
could access the study data stored on the server using a Web
interface. Each researcher had accessto the decrypted datausing
their personal username and passwords.

Data Analysis

For the primary outcome, we compared the proportion of AOM
symptom episodes ascertained by complete disease
guestionnaires between both study periods. Next, we compared
the number of diaries completed and the number of monthly
questionnairesfilled in. For the 2015 study period, we compared
the difference in number of diaries and monthly questionnaires
completed between the WHISTLER and non-WHISTLER
participants.

In the 2015 study period, we could assess the number of diaries
completed more reliably, because a confirmation of absence of
symptoms was required (symptom checkbox “None of the
below”; Figure 2, panel A), while no such checkbox existed on
the paper diary sheet. We therefore decided to assess and
compare diary completeness using 2 different outcomes. First,
we compared the proportion of diaries returned by mail (first
period) with the proportion entered using the app (second
period). For this, we assumed that, for a returned paper diary
sheet, each day of the month was completed, athough a day
without a reported symptom could represent a missing day.
Second, we compared the proportion of days with at least one
reported symptom in both study periods, thereby automatically
excluding potentially missing days on diary sheets in the first
study period.

Prins-van Ginkel et al

We estimated the incidence rate of AOM symptom episodes as
the number of AOM symptom episodes per 1000 child-years
and compared the 2 study periods by using OpenEpi (Open
Source Epidemiologic Statisticsfor Public Health, version 3.01
[14]). For the 2013 study period, we based the incidence on the
number of paper diaries returned.

The supplementary analysis included an assessment of
characteristics of the ascertained AOM symptom episodes in
both periods. We compared AOM-SOSs, as well as other
characteristics, including health care use, medication, and
parental work absenteeism derived from the disease
guestionnaire.

Comparisons were made using chi-square and
independent-sample t tests, where appropriate. Calculations
were conducted using IBM SPSS version 22.0 (IBM
Corporation). A P value of <.05 was considered statistically
significant.

Results

Study Population

Of the 300 invited WHISTLER participants, 155 (51.7%)
participated during the first study period (2013) and returned
a least one paper diary sheet. For the second study period
(2015), 69 (17.1%) of 404 invited parents participated and
completed at least one monthly app questionnaire. Of these, 36
(52%) were former WHISTLER participants (Figure 3) and of
whom 11 (16%) had also participated in the 2013 study period.
The baseline participant characteristics were comparable during
both study periods (Table 1).

Figure 3. Flowcharts of the study population. WHISTLER: Wheezing and IlInesses Study L eidsche Rijn.
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Table 1. Baseline characteristics of the 2013 and 2015 study populations.

Prins-van Ginkel et al

Characteristics Study P value
2013 paper diary (n=155) 2015 diary app (n=69)

Infant characteristics
Age (years), mean (SD) 1.50(0.72) 1.76 (0.78) .02
Male sex, n (%) 69 (45) 32 (46) .88
Participant with at least 1 sibling, n (%) 93 (60) 29 (54) 43
Daycare visit during study months?, n (%) 138(89) 55 (80) 09
Former WHISTLER® study participant, n (%) 155 (100) 36 (52) <.001
21 AOM® symptom episode, n (%) 24 (16) 13(19) .56

Parent characteristics
Age (years), mean (SD) 36.2 (3.95) 35.7(3.75) .38
High level of education®, n (%) 131(89) 60 (92) A7

@Mlinimum of 1 month of daycare during study period.

BWHISTLER: Wheezing and Ilinesses Study L eidsche Rijn.

CAOM: acute otitis media.

dDefined as 1 or both parents having a high vocational or university degree.

Questionnaire Completeness

In 29 diary sheets of 24 different children, the criteria for an
AOM symptom episode (fever in combination with otalgia or
otorrhea) were met in the 2013 study period, and 18 (62%) of
these episodes were actively reported to the study team by the
parents. For 17 (59%) episodes, an AOM-SOS scale was
completed for 7 days by the parents, and 15 (52%) disease
guestionnaires were completed. In the 2015 study period, the
app automatically detected 18 AOM symptom episodes in 13
different children. For all (100%) of these episodes, the parents
completed the questionnaire about health care use and family
impact, and 7 days of the AOM-SOS scale. Ascertainment of
AOM symptom episodes (P=.003) and completeness of AOM
reporting (P=.003), including AOM-SOS and disease
guestionnaire (P=.001), were significantly higher in the 2015
study period (Table 2).

The 2013 study period contained atotal of 18,516 observation
days. Data were received for 17,244 days (93.13%). In 2015,
datawere recorded by the app for 7438 of the 7866 observation
days (94.56%, P<.001 for difference in number of recorded
observation days between the 2 study periods; Table 2). Of the

http://mhealth.jmir.org/2017/11/e181/

17,244 reported days in 2013, symptoms were recorded for
5605 (32.50%) as compared with 3272 symptom days out of
7438 days (43.99%) in the 2015 study period (P<.001).

During the 2013 study period, of the 617 monthly questionnaires
that could have been completed, 575 (93.2%) were returned to
the study team. In the 2015 study period, 299 of 329 (90.9%)
monthly questionnaires were completed (P=.20).

During the 2015 study period, for the former WHISTLER
participants, data were retrieved for 4090 of the 4271
observation days (95.8%), while for the non-WHISTLER
participants, data were retrieved for 3348 of the 3595
observation days (93.1%) (P<.001). The percentage of
completed monthly questionnaireswas not significantly different
between the former WHISTLER participants and the newly
recruited parents of newbornsin the 2015 study period (P=.13).

The incidence of AOM symptom episodes was 605 per 1000
child-yearsin 2013 and 835 per 1000 child-yearsin 2015 (Table
2). Table 3 shows characteristics and AOM-SOSs of AOM
symptom episodes in both study periods. There were no
significant differences in characteristics and AOM-SOSs of
ascertained AOM symptom episodes between study periods.
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Table 2. Acute otitis media (AOM) incidence and participant compliance with study procedures.

Questionnaire results Study period P value
2013 2015
AOM incidence
AOM symptom episodes, n 29 18 .003
AOM incidence/1000 child-years 605 835 .29
AOM-SOS? questionnaires completed, n (%) 17(39) 18 (100) 003
Disease questionnaire completed, n (%) 15 (52) 18 (100) .001
Participant compliance with recordingb
Total days for which datareceived, n/N (%) 17,244/18,516 (93) 7438/7866 (95) <.001
Total dayswith =1 symptom reported in diary, n (%) 5605 (33) 3272 (44) <.001
Monthly questionnaires completed, n/N (%) 575/617 (93) 299/329 (91) .20
8AOM-SOS: acute otitis media severity score.
5The degree of compliance was compared between all participants of the 2013 and 2015 study periods (n=155 vs n=69).
Table 3. Characteristics of parent-reported acute otitis media symptom episodes.
Characteristics Study period
2013 2015
Episodes with otalgia, n/N (%) 26/29 (90) 17/18 (94)
Episodes with otorrhea, n/N (%) 11/29 (38) 6/18 (33)
Number of days with fever, median (range) 3.0(1-11) 2.0(1-5)
Episodes for which parents stayed home, n/N (%) 6/15 (40) 9/18 (50)
Episodes when parents worried regularly to alot, n/N (%) 7/15 (47) 9/18 (50)
Episodes for which antibiotics were prescribed, n/N (%) 5/15 (33) 6/18 (33)
Genera practitioner visits, /N (%) 9/15 (60) 8/18 (44)
Highest AOM-SOS? mean (SD) 8.6(3.0) 9.9(34)

8AOM-SOS: acute otitis media severity score. Highest possible AOM-SOS is 14 for each day. This score consists of 7 discrete items: tugging of ears,
crying, irritability, difficulty in sleeping, diminished activity, diminished appetite, and fever. Parents were asked to rate these symptoms daily during 7
days following symptom onset in comparison with the child’'s usua state, as “none,” “a little,” or “alot,” with corresponding scores of 0, 1, and 2.
Higher scores indicated more severe symptoms. For this study the AOM-SOS scale was trandlated into Dutch [10].

Discussion

This study evaluated the use of a symptom diary app to detect
the occurrence of parent-reported AOM in comparison with
conventional (paper) survey methods accompanied by written
instructions. The results of this study showed that improved
case finding and completeness of disease burden information
can be achieved by using an interactive app. Moreover,
participants stayed well engaged with app procedures, resulting
in 95% compl eteness of diary data.

Epidemiological research on common infectious diseases often
struggles with underdetection of disease events[1-3]. Thisposes
athreat to validity of incidence estimates and quantification of
disease burden. For measurement of population incidence and
disease burden of numerous infectious diseases, the use of
interactive diary apps such as the prototype evaluated in this
study could substantially improve accurateness of the estimates.
Similarly, diary apps could be valuable in vaccine studies that
typically require comprehensive detection and ascertainment

http://mhealth.jmir.org/2017/11/e181/
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of both disease events and potential vaccine side effects [15].
For such purposes, our prototype research app could be easily
expanded to include tasks such as specimen collection. The
study of Quee et al expanded the app with specimen collection
and yielded similar high compliance ratesfor the questionnaires
to those in this study, with 97% diary completeness and 93%
to 98% completeness for the 3 different disease questionnaires
used in Quee's study (FA Quee, email communication,
November 2016) [16].

The field of mobile apps health research (mHealth) is rapidly
expanding [7]. Studies reporting on mHealth apps, applied as
interventions to improve patient self-management or enhance
patient monitoring and disease management, are numerous
[17-29]. However, very little has been published on the value
of apps as methodological tools in health-related human
participant research. To our knowledge, our study isthefirst to
evaluate the use of an interactive symptom diary app as a
research tool for detection of infectious disease events that are
difficult to capture by health care-based research. We could
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identify only 1 previous methodological study that compared
the use of a diary app versus a paper diary for the reporting of
pain-related symptoms. The use of the pain diary app increased
completeness of records by approximately 34% [8]. While we
evaluated thevalue of thisdiary app in epidemiological research,
its application in clinical care to closely monitor a patient’s
health and aid disease management could be a valuable
expansion of the app.

Theincreasing number of smartphone users, the fact that most
smartphone owners have their smartphone on or near them most
of the day, and the computer features of smartphones makethem
attractive tools for health care and research [6,30,31]. The use
of apps compared with conventional survey methods, such as
paper- or Web-based questionnaires, improves usability for the
end user because of the opportunity to include dynamic content
and decreased administrative handling [8,31-33]. Moreover,
mobile technology offers instant data transfer, alowing for
real-time monitoring of and interaction with study participants
[15,31]. Several studies have confirmed that study participants
prefer the use of apps over paper versions or Web-based
guestionnaires [8,31,33-38]. While we did not systematically
assess parental preferencesin our study, the 2015 parents who
wereformer WHISTLER participants, and had thus used paper
diary sheets in the past, mentioned a clear preference for the
symptom diary app. Combined, these advantages create a
potential for increased response and study compliance, improved
case detection, and reduced costs when apps are used.

One possible threat when using apps for epidemiological
research is the possibility of introducing selection bias because
of the requirement of smartphone ownership. Inthe Netherlands
the use of smartphones is widespread and steadily increasing,
especiadly in the age group of young parents, where it now
reaches amost 90% [39]. Therefore, introducing apps as
research tool does not create selection bias in this particular
setting [39,40]. However, when designing a study, this should
always be evaluated upfront, especially in countries with lower
smartphone penetration or for elderly populations. Concerns

Prins-van Ginkel et al

have also been raised about the quality of the response when
using apps instead of conventional paper questionnaires.
However, a recent systematic review by Marcano Belisario et
al confirmed that there were no quality differences between data
collected viatablet or smartphone apps and paper questionnaires
[31]. Another possible limitation of our study is the difference
in participants included in the study periods. In 2013, only
WHISTLER participants were included, while 2015 included
both WHISTLER participantsand newly recruited participants.
Both the 2013 and the 2015 WHISTL ER parti cipants consented
to the AOM study as an add-on to the main WHISTLER study
and were probably a relatively committed subset. This may
explain the somewhat different percentages of completed
questionnaires for WHISTLER and non-WHISTLER
participants in the 2015 period, where the latter had a lower
response rate. Inclusion of newly recruited parents in the 2015
study period might therefore have resulted in an underestimation
of the compliance difference and thus the added value of
app-based monitoring. Also, 11 parents participated in both
study periods. Thefact that these parents consented to participate
in both study periods, in addition to the WHISTLER study,
probably reflectstheir commitment to scientific research, which
was aso reflected in the high response rates for both study
periods. By analyzing the 2 cohorts as being independent, we
may have underestimated the effect of diary app use on the
completion rate, since the 11 participants had little room for
improvement due to app use.

In conclusion, our results indicate that intensive follow-up of
study participants by means of an interactive app has the
potential to improve the data quality of infectious diseases
occurrence in populations, especially for health events that are
difficult to capture by health care-based research. Our findings
could have important implications for design and execution of
research, both observational and interventional, involving
population disease burden quantification, especially when
conducted in popul ations with ahigh percentage of smartphone
users, because digitization will continue and, over time, paper
guestionnaires may become less accepted.
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Abstract

Background: Marijuanais the most widely used illicit substance during pregnancy. Technology-delivered brief interventions
and text messaging have shown promise in general and pregnant samples but have not yet been applied to marijuana use in
pregnancy.

Objective: The objective of the study was to evaluate, among pregnant women and prenatal care providers, the acceptability
of an electronic brief intervention and text messaging plan for marijuana use in pregnancy.

Methods: Participants included patients (n=10) and medical staff (n=12) from an urban prenatal clinic. Patient-participants
were recruited directly during aprenatal carevisit. Those who were eligible reviewed the interventions individually and provided
quantitative and qualitative feedback regarding software acceptability and hel pfulness during aone-on-oneinterview with research
staff. Provider-participants took part in focus groups in which theintervention materialswere reviewed and discussed. Qualitative
and focus group feedback was transcribed, coded manually, and classified by category and theme.

Results. Patient-participants provided high ratings for satisfaction, with mean ratings for respectfulness, interest, ease of use,
and helpfulness ranging between 4.4 and 4.7 on a 5-point Likert scale. Of the 10 participants, 5 reported that they preferred
working with the program versus their doctor, and 9 of 10 said the intervention made them more likely to reduce their marijuana
use. Provider-participants received the program favorably, stating the information presented was both relevant and important for
their patient population.

Conclusions: Thefindings support the acceptability of electronic brief intervention and text messaging for marijuanause during
pregnancy. This, combined with their ease of use and low barrier to initiation, suggests that further evaluation in a randomized
trial is appropriate.

(JMIR Mhealth Uhealth 2017;5(11):€172) doi:10.2196/mhealth.7927
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Introduction

A growing literature suggests that marijuana use during
pregnancy is associated with low birth weight, stillbirth, and
neurologic or developmental impairment [1-4]. Subtle sequelae
aremost apparent | ater in development, with impaired cognition,
decreased academic achievement, and increased risk of abusing
drugs later in life being the most prevalent [5]. Despite these
possible adverse outcomes, marijuana use during pregnancy
often goes unaddressed. Physicians and other providers must
act with caution when considering drug use, especialy
marijuana, in a pregnant population. This has become
increasingly important because past month marijuanauseinthe
general population (22.2 million Americans, aged 12 or older)
has increased from 6.2% in 2002 to 8.3% in 2015, with 19.8%
(6.8 million) of those aged between 18 and 25 reporting past
month use [6]. Among pregnant women, 6.4% of those in the
age group of 18 to 25 yearsreport past month use, and 1.3% of
those aged between 26 and 44 years report past month use [7].
An increasing number of patients are turning to this substance
for its antiemetic properties; nausea is an approved indication
in all states where medical use of this drug has been legalized
[8]. This puts an increasing number of pregnancies at risk.

Women with substance use disorders are less likely to enter
treatment than men [9]. Furthermore, most persons in need of
treatment neither receive it nor feel that they need it [10],
suggesting a need for approaches that are brief enough to be
acceptable even to those who are unwilling to engage in formal
treatment. Asaconsequence, screening, brief intervention, and
referral for treatment (SBIRT) has become arecommended core
element of prenatal care [11].

However, integration of SBIRT into the clinical setting carries
with it several practical challenges. Evidence from attempts to
implement SBIRT for alcohol and tobacco have demonstrated
large variations in efficacy, significant SBIRT-related training
costs, and a notable increase in overall visit length [12,13].
Furthermore, additional physician and staff training in SBIRT
focusing on smoking cessation has been shown to have modest
or transient effects on trainee behavior, and few prenatal care
providers fully implement recommended brief intervention
strategies [14-17]. In one national survey, only 27.49% of
women (1323 out of 4812) reported even being asked about
alcohol use by their primary care provider [18]. These
challenges—time, burden, and training-related—are only
magnified when seeking to add additional screening and brief
intervention foci such as marijuana on top of existing calls to
address alcohol and tobacco. Furthermore, disclosure of
substance abuse can be both socially stigmatizing and subject
to potential legal consequences (at least in most states; it remains
to be seen whether use in pregnancy will be viewed differently
in stateswhereit islegalized, aswomen are most often pursued
via child welfare statutes rather than on drug-related charges).
Regardless, this stigmatization and social risk suppresses
disclosure, which in turn further l[imits the proportion of at-risk
women who receive even a brief intervention.

Electronic administration of SBIRT (eSBIRT) may help to
address these challenges. Computer and el ectronic approaches
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could potentially reduce financial Dbarriers, increase
reproducibility, and facilitate consistent delivery across patient
populations[19]. These approaches also offer the ability to tailor
parts of the program based on patient responses, conferring a
feeling of personal relevance to participants that enhances
message impact [20]. I n addition, computer-delivered screening
isassociated with greater disclosure of drug use, asisprovision
of anonymity [21], which is possible via technol ogy-delivered
brief interventions.

Delivering SBIRT viatechnology also allows incorporation of
text messaging, which can readily use data collected during
screening and brief intervention to send subsequent tailored
communications. Text messages have anumber of advantages,
including the near ubiquity of mobile phone ownership: 100%
of adultsin the age group of 18 to 29 years own a cell phone,
and, as of 2016, 100% of people aged between 18 and 29 years
who own a cell phone use it for texting at least occasionally
[22]. Text messaging interventions carry relatively low
operational coststhat do not increase asthe reach of the program
increases [23]. Furthermore, a recent systematic review found
that text messages were particularly effective as a supplement
to Internet-based interventions [24]. This result may reflect
some of the relative advantages of text messaging such as (1)
the ability of text-based messaging to maintain multiple
communications with a participant without reliance on a
subsequent meeting; (2) the ability of text messages to reach
the participants in their natural environment; and (3) the fact
that text messages—unlike other forms of communication, such
as mailings—are nearly always opened (99% are opened, 90%
within thefirst 3 min of receipt [25]). For example, with regard
to smoking in pregnancy, Naughton et al (2011) found that
participants receiving tailored SM S (short message service) text
messages were more likely to set aquit date and reported higher
levels of self-efficacy, harm beliefs, and determination to quit
than their control counterparts [26]. Additionally, Quit4baby
(Voxiva Inc), atext message program designed to help women
reduce tobacco use during pregnancy, was rated as helpful in
getting them to make aquit attempt and providing ideas on ways
to quit [27].

Text messaging and eSBIRT may therefore have utility in
addressing marijuana use in pregnancy. However, neither of
these approaches has previoudly been tested in this context. This
study isapreliminary, qualitative, and quantitative examination
of the acceptability of eSBIRT and a tailored texting protocol
among 2 key samples: (1) pregnant women reporting regular
marijuana use during the month before becoming pregnant and
(2) prenatal clinic staff. Qualitative and quantitative feedback
described in this study informed changes before the start of a
larger clinical trial.

Methods

Participants

Patient-Participants

Patient-participants were 10 women recruited from a prenatal
clinic in Detroit, Michigan. Inclusion criteria were self-report
of marijuana use at least twice weekly in the month before
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pregnancy, aged between 18 and 40 years, less than 20 weeks
pregnant, and owning a cellphone (As participants would be
responsible for any charges resulting from receiving text
messages on their personal phone, all participants were
specifically asked their willingness to receive text messages
during a feedback interview.). Exclusion criteria included
inability to understand English, inability to provide consent,
consideration of an el ective abortion or adoption for the current
pregnancy, or past participation in any other study by the
authors.

Provider-Participants

Of the medical staff from the same prenatal clinic, 12 members
volunteered to participate in focus groups regarding the
intervention materials. We offered participation to all physicians
in the department; 5 physicians were available to attend one
focus group, and 7 medica staff (al of the nurses, medical
assistants, and reception staff from the clinic where recruitment
took place) participated in the second focus group.

Procedure

Recruitment for pregnant participants began on March 10, 2015,
and ended on July 10, 2015. In total, 61 participants were
screened over 41 days of recruitment to obtain the 13 (21%)
eligible participants. Of the 13 eligible patients, 10 (77%)
participated in the feedback session. Participantswere recruited
until saturation was reached (high quantitative ratings of the
intervention’s ease of use, usefulness, and attitude toward using
the intervention, and no new information obtained from
interviews) [28]. Focus group datawere collected during March
2015.

Patient-participants were given a flyer by clinical staff
describing the study. Medical staff explained that it was a
voluntary research project involving 5 to 10 min to determine
eligibility for alarger study and that they would receive asmall
gift for their baby if they choose to participate. Those showing
interest were introduced to the research assistant, who
prescreened for age, gestation, ability to understand spoken
English, and ability to receive text messages. Women passing
this prescreen process reviewed an informed consent information
sheet on a study provided on atablet personal computer (PC)
with headphones (with disposable sanitary covers). Those who
consented completed eligibility screening.

Interested and eligible patient-participants reviewed a second
research information sheet approved by theinstitutional review
board (IRB) describing the anonymous, single-session study.
Only patient-participants who were eligible were told that the
study was focused on reducing marijuanause during pregnancy.
Those who provided consent to participate spent approximately
1 hour reviewing the intervention materials on the tablet PC
and completing a semistructured feedback interview
(approximately 30 min). All patient-participant activities were
conducted viaindividual sessionswith research staff in aprivate
office within the clinic.

All patient-participants responded to qualitative acceptability
items using the sametablet PC used for consent and intervention

delivery. The research assistant conducted the semistructured
interview after patient-participants completed the intervention
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and acceptability items. The brief interview was designed to
eicit the participant's overall impression of the software,
evaluations of its helpfulness, likes and dislikes, and suggested
changes. Unclear or short responses were probed to elicit more
information. Once questions about the intervention and videos
(included as part of the intervention) were answered, participants
were provided with a list of text messages to review. It was
explained that these messages would be sent on a schedule
selected by the patient (ie, once, twice, or 3 times aweek) over
the course of their pregnancy. Patient-participants were told
that those participating in the later clinical trial would receive
text messagesthat weretail ored based on the responses provided
during the initial screening and software intervention. For
example, when asked whether they had ever been prescribed
medication for depression, anxiety, or any other emotional
difficulties, patient-participants would receive one of two
messages. If they answered in the affirmative, the following
message would be sent:

Smoking may seemto hel p when you are feeling down,
but after, it may make you feel worse. Pay attention
to your body and emotions. Talk to your doc for help
facing your struggles.

If patients denied ever seeking outside services, they would
receive the following message:

Every day you don’'t smoke, be extra good to yourself.

You deserve it. Tell yourself, “What | am doing is

amazing.
The research assistant pointed out this single example of how
text messages could be tailored before allowing the participant
to review the list. After the participants reviewed the text
message list, they completed the software acceptability items
and were subsequently interviewed.

The research assistant received training in conducting
semistructured interviews from one of the coauthors (JRB) and
was supervised for several practice interviews to determine
competency. All responses were transcribed verbatim during
the interview for later analysis. A total of 39 questions were
asked of all participants. After completion of the interview, all
participants were provided with areferral guide, encompassing
multiple areas of risk (eg, substance abuse, emotional health,
and education and job training), for relevant servicesinthe area.
Procedures were in place for active referra to clinic staff and
local treatment centers, but none of the participants expressed
interest in this level of service at the time of the interview.
Participantsreceived aUS $30 Target gift card for participation
in the study.

The provider-participant focus groups were conducted on two
different dates: one with physicians and one with other medical
staff. Procedures were the same for both focus groups. An
informed consent information sheet was reviewed before each
focus group began. Medical staff were then shown the
intervention on a large projector screen. Initial reactions were
obtained halfway through the intervention and again after the
end of the intervention. After al interview questions were
answered, staff were handed a copy of the potential text
messages and asked for reactions related to that information.
Before concluding the focus group, al staff were asked about
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the best ways to implement the study without disrupting the
flow of ongoing care. Each focus group was audio-recorded
and then transcribed. All procedures were reviewed and
approved by the university IRB before any recruitment.

M easures

Software Acceptability (Patient-Participants)

Acceptability of the computer-delivered intervention was
assessed using participant responses to 12 self-report questions
(6 additional questions focused on the videos shown as part of
the brief intervention and 10 on text messages). These 28 items,
relating to ease of use, respectful ness, hel pfulness, and likability,
were rated using a 5-point Likert scale (with 1=not at al and
5=very much) after completion of theintervention. The question,
“How much did some parts of the computer bother you?,” was
reverse-coded, with 1=very much and 5=not at al. These
acceptability questions were similar to those developed and
used successfully in previous usability testing [29] and are based
on the Technology Acceptance Modd [30]. Additionally, 1
yes-no question asked participants about change likelihood as
aresult of theintervention:

Are you more likely to be successful with this goal
[ of quitting marijuana] because of your participation
here?

Feedback | nterview (Patient-Participants)

The 39-item open-ended interview used in this study was based
on expert opinion (the majority of the coauthors were included
in this group) and consensus on what information would be
hel pful in making modificationsto theintervention. See Textbox
1

Focus Group I nterview (Provider-Participants)

Focus group questions focused on how the providers felt their
patients would react to the intervention materials, how helpful
they felt the intervention materials were, and how the study
procedures could be best integrated into the ongoing clinic
procedures. The questionswere similar in language and content
to those asked of the patient-participants.

Interventions

The brief intervention developed for this study uses patient
responses to provide an individualized, interactive experience.
A three-dimensional animated narrator guides the participant
through the intervention. The narrator is able to speak, move,
provide empathic reflections, and display appropriate emotional
responses. The program includes aural as well as visual
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presentation of all content, and all answers are recorded by
simply tapping responses from a list or by touching a visual
analogue scale. The narrator reads aloud any written material
on the screen, including response options (participantsjust have
to click on the word or phrase to hear it read aloud).

The intervention content was adapted from brief intervention
[31-33] and motivational interviewing techniques [34]. It was
adapted and modified to specifically address marijuanause from
a previous brief intervention designed to reduce alcohol use
during pregnancy [35]. The intervention begins with a brief
introduction, followed by an embedded video of a physician
discussing potentia benefits of reducing or quitting marijuana
use during pregnancy and of a mother describing her own
decisionto quit using marijuanawhile pregnant (all were actors).
Next, participants are asked to report how they feel about their
use of marijuana while pregnant. Those who reported already
stopping all marijuana use receive normed feedback designed
to reinforce the decision to stop using, were asked to provide
the reasons and advantages for their decision to quit, and were
helped to develop a personalized plan for preventing relapse.
This branch of the intervention was designed to be potentially
efficacious with both women who have quit and women who
have not quit but choose to indicate abstinence to avoid negative
reactions. Participants who endorsed active use received content
that was consistent with traditional brief intervention approaches
and that included normed feedback (normed for age, pregnancy
status, and gender), decisional balance exercises, and an optional
change plan with amenu of change options. See Figure 1 for a
visual diagram of the intervention flow.

The video embedded in the intervention featured a physician
providing gain-framed information about the benefits of
reducing marijuana use during pregnancy and a mother
providing a testimonial regarding her decision to avoid
marijuanawhile pregnant. Multiple versions of each video were
available and weretailored to participants based on self-reported
self-efficacy, race, and motivation.

The text messages were designed to be tailored on a number of
factors, including self-efficacy, gestational stage, social support,
and processes of change based on the theory of planned behavior
[36] and self-determination theory [37]. Approximately
two-thirds of messages are related to the participant’s specific
goal regarding marijuana: the remaining one-third of the content
was designed to provide either community resources relevant
to the pregnancy or inspirational quotes. All intervention
materials were developed with ongoing expert feedback and
final review before being presented to participants.
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Textbox 1. Interview questions.

© © N o g A~ w N -
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Intervention

10.

Video

Short message service

11
12.
13.

What did you think about the program?

What parts did you like the most?

What parts did you like the least?

What, if anything, do you think should be changed?

What do you think about the introductions?

How was [the narrator’s] voice?

Did any of the questions of parts of the program bother you?

What was useful to you in the program?

How has using it changed your thoughts on your marijuanause, if at all?

Did you make a personal plan for how to change your marijuana use?

What did you think about the videos?

What bothered you about the videos?

What did you like about the videos?

What could we do to improve the videos?

Did the videos give you the impression that we didn’t understand marijuana or that we were acting like it's more dangerous than it really is?
Did the video feel preachy or judgmental ?

What did you learn from the videos?

Was the woman someone you could relate to? Why or why not?

Did the videos change your opinion in any way?

What did you think about the text messages?

Did any of the content on the messages bother you?

What words/language made you uncomfortable?

What was useful about the messages?

How much did it feel like the messages were intended for you? What could have made them feel more personalized?
How did you feel about the advice you were given?

How did you feel about the amount of information? Too much or too little?

What would you have liked to see added to text messages? Was there anything that didn’t need to be there?

How have your feelings about your marijuana changed since you read the messages? What did it make you think about or want to do differently,
if anything?

Would you be comfortable receiving these messages on your phone?
If you got these messages and someone saw them on your phone, how would you feel about that?
Do you have a phone with texting abilities? If yes, how often do you use texts?

If you were to receive text messages such as these, how often would you like to receive them?
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Figure 1. Intervention flow.

Gray et a

Introduction and video
End with branching question
about their interest in
quitting marijuana

l

Want to quit now
1. Normed feedback about
marijuana use
Feedback about money
saved by stopping

2.

difficult

Already quit
1. Normed feedback about
marijuana use
. Feedback about money
saved by stopping
. Tips on what to do if
stopping becomes

Not ready or interested in
quitting

. Pros and cons of use

. Normed feedback about
marijuana use

. Feedback about money
saved by stopping

. Check to see if opinion
changed about quitting

[N

!

Choose between:
. Handling temptation
. Tips for handling on their
own
. Talking with someone

!

If opinion changes,
choose between:
. Handling temptation
. Tips for handling on their
own

N

4. Improving confidence 3. Talking with someone
4. Improving confidence
A J
Presentation of text message
— . . I ——
intervention
Qualitative and quantitative
feedback
Data Analysis Results

Means, standard deviations (SDs), and counts for demographic
data and software acceptability ratings were analyzed via SPSS
version 22 (IBM Corp). Qualitative data were subjected to
manual, thematic coding of participants' oral responses of
transcribed interviews (patient-participants) and focus groups
(provider-participants). Responses were grouped by similar
patterns or themesthat occurred throughout the interviews[38].
Next, coders decided what construct |abel best described each
of the groupings. The coding and classification of the responses
were performed and validated independently by 2 members of
the investigative team (JG and JRB). Both coders met to
compare the independently generated groupings and themes.
All disagreementswere discussed until aconsensuswas reached
for atotal of 10 themes.

http://mhealth.jmir.org/2017/11/e172/

Quantitative Feedback

Using a5-point rating scale, average ratings for the intervention
were al at or above 4.4, with the highest rating being for
excitement about making achangein marijuanause (mean 4.9,
SD 0.38; see Table 1). All 10 patient-participants reported
feeling more likely to change their marijuana use because of
their interaction with the computerized intervention. All ratings
for thevideo wereat or above 4.0 except for theitem “Themom
inthevideolookslikeme” (mean 3.7, SD 1.49). Averageratings
of the following text message items were below 4.0: likability
(mean 3.7, SD 1.0), how interesting (mean 3.7, SD 1.23),
helpfulness (mean 3.6, SD 1.06), got you thinking about your
use(mean 3.3, SD 1.41), and interest in receiving text messages
(mean 3.2, SD 1.09).
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Table 1. Quantitative ratings of software, video, and short message service (SMS) acceptability (scored on a5-point Likert scale, with 1=not at all and
5=very much; positive rating=score of 4 or 5, n=10 for intervention and video ratings, n=9 for text message ratings).

Question Giving a positive rating, n (%)

Intervention Video Text messages
Likability 7 (70) 5 (50) 5 (56)
Ease of use 10 (100) 8(89)
How interesting 8(80) 5 (56)
Respectful 9(90) 9 (100)
Bothered by parts of program® 8(80) 7(79)
Helpfulness 9(90) 4 (44)
Feel better about yourself 8(80) 7(78)
Got you thinking about your use 9(90) 5 (56)
Program seemed to understand you 9 (90) - -
Interest in working with program again/receiving messages 7 (70) 3(33
Excited about changing marijuana use during pregnancy 10 (100) - -
Think other moms would be helped 9(90) 7 (78)
Learned new information - 7 (70) -
Learned useful information - 7 (70) -
More motivated to avoid marijuana - 9(90) -
Already knew information presented - 6 (60) -
Mom in video was like me - 5 (50) -

#Thisitem was reverse-scored.

Qualitative Feedback

Analysis of open-ended responses yielded 7 major themes
among the 3 sections of the software arising from the
patient-participant interviews, aswell as 3 magjor themesarising
from the medical staff focus feedback group; see Textbox 2.

Intervention

Liked Working With the Program

Of the patient-participants, 8 reported feeling some personal
relevance of the information whereas the remaining 2 were
ambiguous. When asked whether they would rather talk to the
program or a person about their marijuana use, 5
patient-participants indicated that they preferred interacting
with the program, whereas 4 said they would have preferred
talking to their doctor; one participant reported that either option
was fine. For example one patient-participant said:

It's hard to be truthful with people you don’t know.
It wouldn't feel so awkward as talking with real

http://mhealth.jmir.org/2017/11/e172/

people you don’t know, it's hard. It's easier to tell
the whole truth with the computer.

Supported or Changed Thoughts About Marijuana

After completing the computerized intervention portion of the
study, 6 patient-participants reported making a plan to quit; 3
reported already ceasing use, and one felt she could stop on her
own; 7 patient-participants reported being more likely to stop
marijuana use after interacting with the program. When asked
about the most useful part of the program, 4 women highlighted
the tips on how to cut down or quit and 2 mentioned the
information about how much money they could save by quitting.
All but 2 patient-participantsindicated that interacting with the
program changed something about how they saw their use of
marijuana during pregnancy. For example, another
patient-participant said:

It was great because [the narrator] gave true facts
about marijuana use. [The narrator] gave better
information. It's better than listening to people on
the street.
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Textbox 2. Themes and examples.

Intervention

Short message service feedback

Medical staff focus group

Liked working with the program
o Real great, very educational too.
. Itwaswell balanced, covered both the good things and bad things and helped me not feel bad about my use.

o [The program] makes it less awkward. | am okay talking with people | know. [The program] would be more helpful, because the whole
truth will come out.

Supported or changed thoughts about marijuana
« It boosted my confidence up, like you can do it girl.
«  Standing firm against temptation: | like when [the narrator] said take it out of the house and stay away from people that do it.

« | actualy learned that marijuana may not affect your pregnancy at the moment with an infant, like it could be later oniin life.

Women in the videos were helpful
» Relatability of actors/actresses used was important to most, if not all, of the participants.
«  Themother'stestimony, | love that part. She told how she got through it by thinking about the baby.

. Moretestimonials may hit peoplein adifferent way, it can relate to more people.

More information about harmful effects
«  Drsaid marijuana use can cause learning disability, | didn’'t know that.
«  TheMD’svideo made me want to be as healthy as possible to have a healthy baby.

«  Morein depth for ladies on the second or third pregnancies. Even though I’'m on my fifth pregnancy, I’ m pretty sure there is something |
need to learn still.

Text messages were helpful.

« Really good topics, would passit on to friends.

o Greatides, alot of people use cell phones and text.

« | likethem becauseit's anew idea and away to motivate because they can be experiencing a moment of temptation.

o Helpful...to dea with bad moods and things to do so you won't relapse.

L earned about community resources
o |likethedia 2-1-1 for help.
«  Text messages can help people quit and provide resources that we didn’t know about.

Information presented was overwhelming

«  Excessive, alot of information.

o Too much—make them briefer.

« Alittletoo much, people will get bored reading all that.

Concern about patient takeaway

o Dose does matter. If someone does cut back, that's a victory too. | think thisis good message if low motivation. A stronger message would
be needed for high motivation women.

o Soundskind of soft in terms of message about marijuana—hedges too much.

« Last line comesacross asif you use less, than that’s okay too. | think | would like an “abstinence” message, but not sure. We'll take what
we can get, but thinks it leave the door open where it’s okay to use alittle.
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o Integration into patient visit

«  Thetime after they are “roomed” iswasted. It would give them the opportunity to do something.

« All thetimemomssit [at the office] for glucose testing—woul d be agood opportunity to catch them or give asecond dose of theintervention.

«  Quality of the presentation

o |likedit. It would connect well. A lot of my patients are surrounded by marijuana. | like how the woman [in the video] talks about how she
made up her own mind—drug use is kind of rebellious and this allows her to keep this.

o [Specific text message] should be at the beginning. That's when everything is nasty. They feel they need weed to eat. A lot of patients feel

like that. They have to be told to try other foods.

« A coupleof the [screens] are too busy. Follow the rule of 6—no more than 6 words per line and 6 lines of text.

« [Thedoctor in the video] really looks like an OB/GY N instead of an actress; authentic.

Video
Women in the Videos Were Helpful

Relatability of the testimonials was brought up by severa
patient-participants. Although many were critical of one of the
actresses (saying that she wasn't believable and “seemed
directed asif reading off ascript”), most reported liking another
actress who was African American and who spokein acasual,
unscripted manner. Overall, patient-participants found the
testimonials to be helpful, and some found it to be the most
helpful element. For example, one patient-participant said:

The mother’stestimony, | lovethat part. Shetold how
she got through it by thinking about the baby. | tell
my friends to think about the baby too. The video
boosted my confidence.

More I nformation About Harmful Effects

In addition to asking for moretestimonials, patient-participants
also asked to see more information about the effects of
marijuana on the mother and fetus. Several women stated they
would like to hear more of thisinformation from the physician
inthevideo in addition to the patient testimonials. For example,
one patient-participant said:

The doctor’s video made me want to be as healthy as
possible for my baby.

Information about the real effects of marijuana and about the
controversy in this area was also well received. When asked
what she liked about the videos, a different patient-participant
said:
The picture of the pregnant woman smoking and
people on either side saying good and bad things. It
didn’'t make me feel bad and it's good to show that.

Text/SM S

Text Messages Were Helpful

Overall, patient-participants found the text messages easy to
understand, helpful, and encouraging. One patient-participant
said that the messages provided information she would not be
able to get from her friends. When asked what they thought
about the text messages, one patient-participant said:

http://mhealth.jmir.org/2017/11/e172/

A lot of them were helpful actually. The eating,
changing the diet, getting a car seat immediately, the
exercising and taking showers when you feel like you
want to smoke.

The most common suggestion was to include more resources,
either specific resources from the community they felt were
missing or more tips on how to quit. When asked about
frequency, 3 patient-participants said they would liketo receive
texts once a week, 3 said twice a week, and 4 said 3 or more
times aweek.

Learned About Community Resources

Many patient-participants learned about community resources
they were not aware of and found the additional tips on ways
to avoid temptation or keep from using helpful. When asked
what she thought about the messages, one patient-participant
stated:

They were helpful. There were not only tips but there
were resources and phone numbers.

Another response suggested adding even more information
about resources.

Add more about the resources. 2-1-1 and WIC are
good, maybe [add] FIA (Family Independence
Agency/Department of Human Services) info.

Information Presented Was Overwhelming

In total, 4 participants indicated that there was too much
information presented in the text messages. However, this
concern appeared to be related to the way it was presented (1
message for each week of pregnancy, all in one document) and
not the amount within each individual text message.

Provider-Participant Focus Groups

Concern About Patient Takeaway

Both doctors and staff reported liking the intervention overall.
Many commented on the strength of the message. Some felt
there needed to be more emphasis on the dangers of marijuana
use and the need to completely quit. Overall, both focus groups
understood and appreciated the positive message behind “the
less you use the better” for both the woman and the baby.
Provider-participants felt the doctor was very relatable and felt
like areal doctor rather than an actress.
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I ntegration I nto Patient Visit

Doctorsand staff agreed that overall the message wasimportant
for their patients to hear and that the information provided and
actresses chosen would be relevant for their patients.
Provider-participants reported that there may be severa
junctures at which to incorporate the program into the flow of
the patient visit. For example, they indicated that the point after
the patient is brought to the exam room, but before the patient
isseen by the physician, isgenerally wasted. They aso felt that
the 26-28 week glucose screen al pregnant patients must
complete would be another opportunity to present the
intervention (or a follow-up intervention) because the patient
isrequired to wait for 1 hour before the blood is drawn.

Quality of the Presentation

Although provider-participants generally liked the actresses,
there was one actressin particular that staff felt was not natural
or relatable (the same actress criticized by the
patient-participants). Half of the medical staff did not like the
voice for the animated character. Other specific suggestions
included decreasing the amount of information presented on
the screen at one time and cutting back on the length of the
introductions and transitions during the intervention. Medical
staff suggested changing the order of the text messages to fit
better with the stage of pregnancy.

Discussion

Principal Findings

This study sought to evaluate, among pregnant women and
prenatal care providers, the acceptability of an electronic brief
intervention and text messaging program to reduce marijuana
use in pregnancy. Following the technology acceptance model
[30], we evaluated participants' acceptance of theinterventions,
video and text messaging, and their perceived usability and ease
of use. Overall, patient-participants rated the brief intervention
positively, more specifically as helpful, respectful, interesting,
and easy to use. The videosthat were embedded within the brief
intervention were al so seen as unbiased and as presenting hel pful
information about cessation and the effects of marijuanaon the
baby. The information was well received, although one actress
for the testimonials was consistently given negative feedback.
Similarly, the text messaging content was seen as helpful in
providing information about community resourcesand additional
tips on how to reduce or cease using marijuana during
pregnancy.

Provider-participant feedback was similarly positive regarding
the brief intervention content. They saw theinformation as both
relevant and important for their patients to hear. However,
guestionswereraised regarding the strength of the message and
whether it should focus on compl ete cessation or harm reduction.
They offered several suggestions regarding integration into
existing structure of patient care, including utilizing the time
between intake procedure and examination and follow-up or
initiation of intervention during the mandatory glucose screening
vigits.

These findings suggest that the women in this study were open
to examining their marijuanause during pregnancy and to doing
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so via technology. Participants were happy with the unbiased
presentation of the effects of marijuana on the baby, found the
materials useful and easy to use, and clearly spent time
evaluating whether or not they should stop use during

pregnancy.
How Feedback | nformed the Planned Clinical Trial

On the basis of the feedback from both patient-participants and
provider-participants, several changes were made to the
intervention materials in preparation for the planned clinical
trial. The order of theinformation presented in the text messages
was improved based on the stage of pregnancy (ie, suggestions
for dealing with nausea were moved to the beginning when
women are more likely to be struggling with morning sickness).
Additionally, the amount of text on screen and introduction
language used during the intervention was reduced to only the
key pieces of information. Not all feedback provided by
provider-participants and patient-participants could be
incorporated into changes to the intervention. Changes to the
voice of the narrator were not possible. However, to facilitate
more consistently positive fedingstoward the narrator, research
staff carefully reviewed the narrator actions changing narrator
movements and using less smiling.

On the basis of the feedback from provider-participants, future
clinical tria participants will be recruited, screened, and will
participate (using atablet provided by study staff) during natural
periods of downtime during their prenatal visit (eg, while the
patient is waiting to see the provider, in the exam room, or
immediately after thevisit is complete). Furthermore, based on
the feedback from patient-participants regarding the frequency
of receiving text messages, those enrolled in the clinical trial
will be offered the choice of receiving text messages on their
personal phone once, twice, or thrice per week for the remainder
of their pregnancy. Despite some patient-participants reporting
little use of texting, al reported the ability to receive text
messages. Finally, recruitment rates obtained during feedback
suggested that alternate recruitment options (such as partnering
with midwifesand ultrasound technicians) should be considered.

Limitations

This study is limited by its relatively small sample size of all
African American women from a clinic in the urban Detroit
area. However, our aim was not to conduct afully powered test
of an a priori hypothesis, but rather to provide information
regarding participant acceptability and usability, which typically
involves smaller sample sizes. Additionally, it may have been
preferable to present text messages for feedback as a
presentation where each text message could be looked at
separately. Having a single document with a sample of each
week’'s messages was overwhelming for some participants.
Future studies should also consider ways to tailor the text
messages for the participants providing feedback. This study
was only able to show examples and describe how messages
would be tailored and may have missed valuable feedback
because of the presentation format.

Conclusions

Technology-based approaches have the potential to access a
relatively high proportion of any given at-risk population. If
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this potential is realized, it could result in a substantial public  available. The acceptability (and even preferencein some cases)
health impact even when effects are modest. Furthermore, of these technology-based approaches for marijuana use in
promotion of help-seeking is aso an integral part of the pregnancy suggeststhat further research, particularly evaluation
proposed high-reach interventions, making them an ideal of efficacy, is needed.

complement to more intensive support programs, where
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Abstract

Background: Datacollectionin Sub-Saharan Africahastraditionally been paper-based. However, the popul arization of Android
mobile devices and data capture software has brought paperless data management within reach. We used Open Data Kit (ODK)
technology on Android mobile devices during a household survey in the Niger Deltaregion of Nigeria.

Objective: Theam of this study was to describe the pros and cons of deploying ODK for data management.

Methods: A descriptive cross-sectional household survey was carried out by 6 data collectors between April and May 2016.
Datawere obtained from 1706 personsin 601 households across 6 communitiesin 3 statesin the Niger Delta. The use of Android
mobile devices and ODK technology involved form building, testing, collection, aggregation, and download for data analysis.
The median duration for data collection per household and per individual was 25.7 and 9.3 min, respectively.

Results: Data entries per device ranged from 33 (33/1706, 1.93%) to 482 (482/1706, 28.25%) individuals between 9 (9/601,
1.5%) and 122 (122/601, 20.3%) households. The most entries (470) were made by data collector 5. Only 2 respondents had data
entry errors (2/1706, 0.12%). However, 73 (73/601, 12.1%) households had inaccurate date and time entries for when data
collection started and ended. The cost of deploying ODK was estimated at US $206.7 in comparison with the estimated cost of
US $466.7 for paper-based data management.

Conclusions: Wefound the use of mobile data capture technology to be efficient and cost-effective. As|nternet servicesimprove
in Africa, we advocate their use as effective tools for health information management.

(JMIR Mhealth Uhealth 2017;5(11):€171) doi:10.2196/mhealth.7827

KEYWORDS
mobile phones; technology; Africa

: health interventions and contributesto sustainable devel opment.
Introduction For adata collection effort to meet the needs of policy makers,
Rationale projects, programs, and other stakeholders, it must be

) ) ) comprehensive, accurate, cost-effective, and timely.
Datacollection may be of aroutine nature such asfrom registers

or ad hoc such as from evaluations or research activities. Data collection for research purposes in many locations in
Effective datamanagement is essential for evidence-based public ~ Sub-Saharan Africa has been traditionally paper-based [1].
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Questions are typed on data processing machines and multiple
copies printed and photocopied based on the sample size. These
are self-administered or interviewer-administered, and
information filled in these data sheets/questionnaires are
manually entered into data processing software and analyzed.
This strategy is fraught with several shortcomings spanning all
stages of data management. During data collection, issues of
nonresponse to sections of the tool, data entry errors, and false
dataentries are possibilities. Data collation may also be subject
to errors during transfer to databases. These necessitate that a
great deal of person-hours are spent in data cleaning, which is
the painstaking process of correcting or removing incorrect,
duplicate, or corrupt data entries in an attempt to improve the
validity of research findings. Data collation and cleaning is
especialy challenging when dealing with large sample sizes
[2].

Mobile-based data capture software attempt to resolve these
problems and improve the validity and reliability of health
information. Data capture software are linked to databases,
servers, or repositoriesfor easy uploads and retrieval to the data
analysis software, thus eliminating the need for data entry.
Furthermore, many of them al so have inbuilt dataquality checks
that improve data compl eteness and accuracy. Although various
versions of the software have been in existence for decades and
are actively used by researchers in developed countries, its
usefulness has only recently been explored in resource-limited
settings [1,3-10].

The growing popularity of Android mobile devices in
Sub-Saharan Africa, the explosion in the telecommunications
market, and the devel opment of user-friendly maobile apps have
brought mHealth within reach of populations in Sub-Saharan
Africa. Nigeria, with a population of over 187 million people,
has been a haven for the expansion of telecommunication and
mobile phone companies. These companies have flooded the
market with affordable brands of Android mobile phones with
the cheapest going for aslow as US $30.00. Furthermore, these
devices can be used multiple times over many years, making it
acogt-effectivetool for data collection as part of research efforts.

In spite of this, use of mobile technology for research is not
very popular among researchersin the country. Thisis because
its use is perceived to be cost-intensive, heavily reliant on
information technology expertise, and cumbered by unstable
electricity and Internet connectivity. As such, it is often
restricted to use by international nongovernmental agencies.
These perceived bottlenecks can, however, be quickly overcome
so that researchers are able to enjoy their obvious benefits.

Objective

As part of research efforts during the Department for
International Development (DfID)—funded Climate Impact
Research, Capacity and Leadership Enhancement (CIRCLE)
research fellowship, we undertook to use Open DataKit (ODK)
technology. ODK was first developed by researchers at the
University of Washington's Department of Computer Science
and Engineering in 2008. It has enjoyed a wide application of
uses in epidemiology. We implemented its use for data

http://mhealth.jmir.org/2017/11/e171/
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management in acommunity-based household survey to assess
and compare morbidity and mortality patterns between persons
residing in communities exposed to gas-flaring and those
residing in communities without any oil exploration activities.
We sought to characterize the pros and cons of using the ODK
software and Android technology for data management in a
large study, in terms of personnel, accuracy, time, and cost.

Methods

Study Design and Study Area

A descriptive cross-sectional household community survey was
carried out over a three-week period between April and May
2016 among asample of 1706 persons spanning 600 households
in 6 communitiesin 3 statesin the Niger Deltaregion of Nigeria.
The Niger Deltaregion of Nigeria, as defined by the Nigerian
Government, occupies about 70,000 km? and makes up 7.5%
of Nigeria's landmass. It comprises the 9 oil-producing states
in the country, namely, Bayelsa, Rivers, Delta, Akwa Ibom,
Cross River, Edo, Abia, Imo, and Ondo. These states are home
to about 31 million people spanning over 40 ethnic groups and
185 Local Government Areas (LGAS), who speak about 250
different dialects. The study sites were in Mbodo-Aluu and
Omuhiombiain Ikwerre LGA of Rivers State, Ibada-Elumeand
Oton in Sapele LGA of Deta State, Sampou in
Kolokuma/Opokuma LGA, and Nedugo in Yenagoa LGA in
Bayelsa State.

Study Instrument and Data Collection

The use of ODK uploaded on Android mobile devicesinvolved
thefollowing steps (Figure 1): form building, validation/testing,
training, data collection, collation (aggregate and briefcase),
and data analysis. The original household questionnaire was a
15-page, 145-item interviewer-administered tool in 7
subsections. Building of thisform on ODK included a consent
pagefor collecting signatures, indicating that informed consent
has been given; global positioning system (GPS) capturing of
household coordinates;, sociodemographic information;
biologica measurements, and information on household
environmental characteristics, morbidity, and mortality.

Six field data collectors participated in a 1-day training on the
use of the e-questionnaires that had been uploaded onto the
ODK collect application downloaded onto Android mobile
phones. All the data collectors were experienced in the use of
Android mobile phones. However, only 1 data collector was
experienced with using the ODK collect application on Android
phones. The training covered familiarization with ODK collect
application, the e-questionnaire, how to take GPS coordinates,
administration of informed consent, and taking biological
measurements. The researchers facilitated various aspects of
the 1-day training.

Eight Android maobile phoneswere granted by the World Health
Organization (WHO) state office for data collection. The extra
2 phones served as backup in the event of malfunction or
challengeswith global system for mobile communication (GSM)
mobile and data networks.
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Figure 1. Stagesin deployment of Open DataKit for data collection.
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Each data collector was assigned atarget of 10 households per
day per community. Field data collectorswere trained to upload
completed forms onto a secure server, with back-end access
provided to only the research team lead. Data underwent
“cleaning” to identify errors. Inaccurate date and time records
were identified during data cleaning through a review of the
start/end date and time records from the device. The dataentries
underwent a preliminary analysis on the server platform before
downloading in Microsoft Excel format and exporting to SPSS
version 21 (IBM Corp) for analysis.

Ethical approval for the research was obtained from theresearch
ethics committee of the University of Port Harcourt (ethics
approval number: UPH/CEREMAD/REC/04). In addition, each
community gave permission for data collection through the
community leaders.
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Results

Characteristics of ODK Data Collection

A total of 8 ODK-enabled Android mobile phones were used
by 6 data collectors to collect data from 1706 household
members in 601 households. Data entries per device ranged
from 33 (1.93%, 33/1706) to 482 (28.25%, 482/1706) among
individuals and between 9 (1.5%, 9/601) and 122 (20.3%,
122/601) households. The most entries (470) were made by data
collector 5 using only 1 device (Tables 1 and 2). In addition,
there were only 2 respondents (0.12%, 2/1706) with missing
data out of the 1706 persons recruited into the study.

ODK phones obtained GPS coordinates for all 601 households
in the study communities. Using this, we were able to plot the
geomap illustrating the location of each household across the
study communities (Figure 2).

Table 1. Number of data entries for households and household occupants per device (N=1706).

Device ID Households (N=601), Individuals (N=1706),
n (%) n (%)
3523XXXXXXXXXXXX 107 (17.8) 303 (17.76)
353BXXXXXXXXXXXX 120 (20.0) 168 (9.85)
3538XXXXXXXXXXXX 122 (20.3) 482 (28.3)
353BXXXXXXXXXXXX 109 (18.1) 303 (17.76)
3538XXXXXXXXXXXX 10 (1.7) 34 (1.99)
3560XXXXXXXXXXXX 26 (4.3 76 (4.45)
BB28XXXXXXXXXXXX 9(1.5) 33(1.93)
BB3GXXXXXXXXXXXX 98 (16.3) 307 (18.00)

http://mhealth.jmir.org/2017/11/e171/

XSL-FO

RenderX

IJMIR Mhealth Uhealth 2017 | vol. 5 | iss. 11 | €171 | p.29
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 2. Devices used by data collectors, number of households, and data entries made.

Maduka et al

Interviewer and devices used

Number of entries (N=1705)

Number of households (N=601)

Interviewer 1 N=310 N=110
3523XXXXXXXXXXX 303 107
3560XXXXXXXXXXX 5 2
BB3BXXXXXXXXXXX 1

Interviewer 2 N=46 N=13
3538XXXXXXXXXXX 1
353BXXXXXXXXXXX 9 2
3560XXXXXXXXXXX 2 1
BB2BXXXXXXXXXXX 33 9

Interviewer 3 N=166 N=119
353BXXXXXXXXXXX 166 119

Interviewer 4 N=340 N=120
353BXXXXXXXXXXX 3 1
3538XXXXXXXXXXX 303 109
3538XXXXXXXXXXX 34 10

Interviewer 5 N=470 N=119
353BXXXXXXXXXXX 470 119

Interviewer 6 N=374 N=120
3560XXXXXXXXXXX 69 23
BB3BXXXXXXXXXXX 305 97

Figure 2. Geomap of al the households across the 6 communitiesin 3 states of the Niger Deltaregion of Nigeria.
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Table 3. Accuracy of date and time for Android mobile phones used for data collection (N=number of households where data were collected).

Device identity

Accurate timing (N=528),

Frequency (N=601)

Errorsin date/time (N=73),

n (%) n (%)
3523xxxxxXxxxxxx (N=107) 106 (99.1) 1(0.9)
3538xxxxxxxxxxx (N=120) 110 (91.7) 10(8.3)
3538XxxXXXXXXxxX (N=122) 102 (83.6) 20 (16.4)
3538xxxxxxxxxxx (N=109) 83 (76.1) 26 (23.9)
3538XXXXXXXXXXX (N=10) 6 (60) 4 (40)
3560XXXXXXXXXXX (N=26) 24 (92) 2(8)
8628XXXXXXXXXXX (N=9) 9 (100) 0(0)
BB36XXXXXXXXXXX (N=98) 88 (90) 10 (10)

Date and Time Char acteristics

Of the data collected using 8 devices over 601 households, 528
households (87.9%) had accurate date and time recordings for
when data collection started and ended, whereas 73 (12.1%)
had errorsin date or time of data collection (Table 3). Of these,
20(27.5%) errorswerefrom an error in date settings on 1 mobile
device, 2 (2.7%) errors were from an absencein start time, and
theremaining 51 (69.8%) errorsresulted frominability to obtain
GPS coordinates (due to network down time) on one day,
necessitating repeat visits the next day. Those forms could not
be completed until al the required fields had been filled.

Only householdswith accurate date and time records were used
(n=528) in calculating mean and median duration of data
collection. The average duration of data collection for all
households analyzed was 55.8 (standard deviation, SD=73.3)
min with a median duration of 25.7 min. The shortest average
duration of data collection was at Omerelu (25 min), whereas
the longest average duration for data collection was at Oton
(89.5 min). An average of 29.2 (SD 9.3) min was used for
individual interviews with a median duration of 9.3 min (Table
4).

Table 4. Summary stetistics for time spent collecting data using Open Data Kit across households and individuals in each community and for each

Android mobile device.

Characteristics Households Individuals
Duration, Median Range Duration, Median Range
mean (SD) mean (SD)
Communities
| bada-Elume (n=99) 41.1(56.8) 211 6.9-395.7 23.8(35.5) 8.0 3.0-161.9
Mbodo (n=73) 74.9 (94.2) 37.8 11.1-416.7 34.7 (56.8) 14.0 4.3-400.6
Nedugo (n=94) 48.9 (55.9) 255 8.5-263.4 26.1(41.9) 8.0 3.2-202.5
Omerelu (n=85) 25.0(9.9) 22.7 8.7-57.7 10.2 (5.7) 8.0 3.0-25.7
Oton (n=78) 9.5 (105.6) 30.7 8.1-374.3 50.7 (74.4) 13.3 3.1-374.3
Sampou (n=99) 62.9 (70.9) 28.8 8.9-322.7 33.1(45.6) 9.2 2.4-193.5
Android devices
3523XXXXXXXXXXX (n=106) 53.2(31.2) 19.9 6.9-416.7 21.2(9.2) 9.2 3.2-208.4
3538XXXXXXXXXXX (N=110) 100.2(90.8) 735 8.3-400.6 79.1 (74.8) 57.7 8.3-400.6
3538XXXXXXXXXXX (n=102) 41.7 (40.6) 28.8 14.0-271.6 13.4(19.7) 7.2 3.2-135.8
3538XXXXXXXXXXX (N=83) 37.9(39.6) 233 10.7-217.1 16.8 (24.6) 8.4 3.9-158.8
3538XXXXXXXXXXX (n=6) 29.3(9.8) 318 14.6-38.7 79(1.9) 8.3 4.9-9.7
3560XXXXXXXXXXX (N=24) 17.2 (8.6) 14.2 8.9-47.0 6.4 (3.2 5.6 2.4-16.40
8628XXXXXXXXXXX (N=9) 194.4(104.0) 181.6 46.6-322.7 55.7 (30.0) 60.5 11.6-91.0
BB3BXXXXXXXXXXX (N=88) 34.8 (58.4) 18.8 8.1-368.0 11.7 (18.4) 6.6 3.0-122.7
All data collection (n=528) 55.8(73.3) 257 6.9-416.7 29.2(9.3) 9.3 2.4-400.6
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Table 5. Implementation cost (comparing cost elements between paper-based and Open Data Kit phone).

Stages of data management Android-based mobile devices Paper-based  Comments
(Us9) (US9)

Questionnaire design and pretesting 0 0.0 Thiswas done by the investigators

Purchase/hire of Android mobile phones 0(300)° 0.0 Mobile phoneswere granted for data
collection by the WHO? state pro-
gram office

Building of formson obkP platform 66.7 0.0

Training of data collectors 333 333

Mass production of questionnaires of 15 pages (2000 copies) 0.0 100.0 US $0.03 per pagefor 15 pages and
2000 copies

Dataentry and cleaning 66.7 3333 Data cleaning alone needed for
oDKP

Data download and cleaning 0.0 0.0

Airtime and Internet data plans 40.0 0.0 US $5.0 per device

Total estimated costs 206.7 (506.7)C 466.7

AVHO: World Health Organization.
PODK: Open DataKit.

CCost of deployment, should the project have needed to purchase the same quality of Android phones obtained for use from the WHO state office.

Comparing Cost of ODK and Paper-Based Data
Collection

A cost analysis conducted showed the costs of deploying ODK
on Android mobile phonesfor datamanagement to be US $206.7
compared with the cost of paper-based data management of US
$466.7 using aready existing mobile phones. However, when
the cost analysis factored in phone purchases, the cost of
deploying ODK increased to US $506.7. The major contributors
to the cost of using ODK on Android mobile phones, aside from
purchase of the phone, included building of the forms, back-end
data management, and Internet access. The major cost
considerations for paper-based data management are data entry
and cleaning and mass production of the data sheets (Table 5).

Discussion

Principal Findings

Our study identified some pros and cons for the use of ODK
software on Android mobile devices for data collection in a
resource-limited setting. The pros included a comparatively
shorter time on the field, improved rigor and accuracy of data
collection, effective collection of GPS data and consent
signatures, real-time monitoring of data entries, and reduced
time lag between data collection and analysis in comparison
with paper-based data collection. The cons we identified were
related to the quality of the Android phones, errorsin date and
time recorded for interviews on some Androids, challengeswith
fluctuations in the GSM mobile and data networks leading to
some delays in completing and uploading forms, and the
increaseinimplementation costsif wewereto purchase Android
phones rather than leverage on existing ones. Our ability to
leverage on existing/available Android devices facilitated
implementation costs that were lower than what would have
been incurred on paper-based data management. We also took

http://mhealth.jmir.org/2017/11/e171/

advantage of scarce expertise in programming for building the
forms and providing technical assistance in the use of the ODK
collect and Onaplatforms. Another downside of using ODK on
Android mobile phones from our experience was that some
interviews seemed to take as much as 7 hoursto complete. This
resulted from the fact that a few data collectors encountered
challenges with Internet connectivity necessary for capturing
GPS coordinates.

Android-based mobile phones offer additional capabilities,
including built-in GPS functionality and other applications that
can beintegrated into electronic data collection such as digital
photography and automated timestamp information. Mobile
information technology also enables other data sources,
including census and mapping data, and other tools for data
visudization, including Google Maps, to be more readily
integrated into the process of data collection, reporting, and
analysis [3,11,12]. The multiple uses of mobile devices for
message and calls, social media interactions, and data capture
and management among others makes it a very useful tool for
virtually al public health interventions. However, the quality
of the Android maobile device comes into play as a factor
affecting accuracy of data collection especialy with regard to
accuracy of GPS coordinates and data and time settings.

Limitations

The challenge related to the cost of the Android mobile device
can be surmounted by uploading the ODK software on the
Android devices owned by the research team and data collectors,
thus eliminating the need to purchase Android phones.
Researchers will, however, need to be deliberate about using
medium-to-high grade Android phones so asto eliminate errors
such as those we experienced with date and time on some of
the phones used. Cellular and data service providers often do
not have coverage in certain communities, and this can provide
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alimitation to data collection with Android phones. Fluctuations
in Internet service may also lead to delays in completing data
entry and uploading completed forms. This limitation played
out in our study such that some Android devices recorded as
much as 7 hours of interview for some households because of
poor data connection to finalize and upload data forms. We
attempted to manage this limitation by providing multiple
subscriber identity module (SIM) cards for each data collector
depending on the cellular networks available in the community.
However, in some situations, we resorted to repeat visitsto the
households to collect GPS coordinates, whereas in others, we
collected the data offline and uploaded it | ater once data network
was restored [5].

There were differences between the number of interviews
conducted between devices and data collectors. This can be
accounted for by the use of 8 mobile phonesby 6 data collectors
inthe course of data collection. The extraphones camein handy
when a phone malfunctioned or when there were network
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outages affecting one service provider and necessitating aswitch
to another service provider.

ODK software is one of the several mobile-based data
management software and e-platformsfor data collection. Other
software such as epi-survey and form hub are also viable options
for data management in resource-limited settings. With
improvements in quality of Android phones, mobile and data
service provision, and technical skill, we foresee health
development practitioners and researchers in resource-limited
settings relying more on paperless data management.

Conclusions

Paperless data management has obvious benefits over
paper-based data management and is found to be quite useful
even in resource-limited settings with prospects for use in
large-scale regional and national surveys, active and passive
surveillance, and other epidemiology activities. As cellular
networks improve, we are likely to experience an increasing
shift from paper-based to paperless health management
information systems.
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Abstract

Background: Mobile technology ownership in the general US population and medical professionalsis increasing, leading to
increased usein clinical settings. However, data on use of mobile technology by psychiatry residents remain unclear.
Objective: Inthisstudy, our aim was to provide data on how psychiatric residents use mobile phonesin their clinical education
aswell as barriers relating to technology use.

Methods: An anonymous, multisite survey was given to psychiatry residentsin 2 regions in the United States, including New
Orleans and Boston, to understand their technology use.

Results: All participants owned mobile phones, and 79% (54/68) used them to access patient information. The majority do not
use mobile phonesto implement pharmacotherapy (62%, 42/68) or psychotherapy plans (90%, 61/68). Thetop 3 barriersto using
mobile technology in clinical care were privacy concerns (56%, 38/68), lack of clinical guidance (40%, 27/68), and lack of
evidence (29%, 20/68).

Conclusions: We conclude that developing a technology curriculum and engaging in research could address these barriers to
using mobile phonesin clinical practice.

(JMIR Mhealth Uhealth 2017;5(11):€160) doi:10.2196/mhealth.7146

KEYWORDS
technology; graduate medical education; mobile phone; psychiatry

studentsreceive instructions on searching and ng primary
medical literature, but few receive formal instruction on

Mobile technology ownership is common in the United States  Non-traditional tools such as general use search engines,
with 77% of the population owning a mobile phone [1]. In  Wikipedia, or social media([2]. The authors suggest that teaching
learning and in practice, medical studentsand traineesalsohave  @out  nontraditional  sources may enhance the current
adopted using mobile devices. However, little is known about ~ Curriculum. This was underscored by another survey of 62
how psychiatry residents use mobile technology, particularly ~ PSychiatry residentswhich showed that 68% primarily use online
mobile phones, in their training. The current data on how resourcesfor education rather than printed materials[3]. Given
medical trainees use mobile devices asapart of their education  that majority of the population use mobile appsto accessdigital
are limited. A study from Canada has found that medica Media it seemslikely that medical students and residents also
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accessclinical resourcesviatheir phonesand apps[4]. However,
it is unclear how residents and fellows in psychiatry use their
mobile devices as aclinical resource. In 2014, Boruff et al [5]
conducted astudy to understand how Canadian medical students,
residents, and faculty utilized their mobile phones to answer
clinical questions and medical information. They found that
mobile phones and tabletswere broadly used in clinical settings
and medical studentsweremorelikely to use thesetechnologies.
This is not a surprising finding due to the convenience and
efficiency of mobile devices when retrieving information from
the Internet. In a 2016 study, Gagnon et a [6] performed a
systematic review of available literature to understand factors
that influenced health care professionals in adapting mobile
devicesin their practice. They found that perceived usefulness
and ease of use were some of the major factors in adapting
mobile technol ogies among clinicians.

Although residents and fellows (trainees) are taught about
protecting patient information in electronic medical records
(EMRs), mobile technologies present new challenges that are
distinct from those related to EMRs. Mobile devices like
smartphones can be used interchangeably for professional and
personal use including looking up patient information, sharing
aphoto on social media, and searching clinical decision support
information. The use of these devices presents anew challenge
to cliniciansin integrating mobile phonesin clinical use. These
challenges include boundary issues as well as maintaining
patient data safety. Although younger generations of psychiatry
residents and fellows may often be considered tech savvy, their
mobile phone usein clinical settings remains unclear.

To date, the most comprehensive data on mobile phone usein
clinical practice are from a broad survey of physicians and
nursesin the United Kingdom and psychiatry-specific data have
not been reported [7]. Thus, in this study, we aim to provide an
understanding on how psychiatric residents and fellows are
using mobile phonesin their clinical education and what barriers
they perceiveto this use.

Methods

To understand how psychiatry residents and fellows use mobile
technology in clinical practice, we performed amultisite survey
in 2 psychiatry residency programs in different regions of the
United States, which included L ouisiana State University Health
Sciences Center New Orleans, Louisiana, and Longwood
psychiatry residency in Boston, Massachusetts. These surveys
were approved by the institutional review board of each site,
and the surveys were conducted anonymously and voluntarily.
No compensation was provided to participate in the survey.

Paper surveyswere provided to psychiatry trainees during grand
roundsfor a4-week period. Surveysin New Orleans, Louisiana,
were collected in May-June 2015, and then collected in Boston,
Massachusetts, in November 2015. An electronic version of the
survey on RedCap was available in New Orleans, Louisiana.
Therewere atotal of 26 questions on this survey, devel oped by
the authors, which inquired about their mobile technology use
in administrative tasks, communication, and treatment planning.
Participants were also provided with text boxesto elaborate on
apps they used in administrative tasks, communication, and
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treatment planning. We also surveyed residents on the possible
barriersin implementing mobiletechnology in clinical practice
through multiple choice aswell asan option to writein barriers
that were not included in the avail able choices. Barriers provided
were based on a previous study that identified barriersin using
electronic resources among medical studentson their psychiatry
clerkship [3]. The survey questions have been listed in Table
1. The completed surveys were subsequently entered and
analyzed using Microsoft Excel on an encrypted and
password-protected computer.

Results

In New Orleans, 25 out of 41 trainees participated in thissurvey,
and in Boston, 43 out of 52 trainees participated, which gave a
total of 68 participants.

All the 68 participants owned a mobile phone or tablet.
Moreover, 22 (32%) trainees practiced mostly in an outpatient
setting and 41 (60%) practiced mostly in an inpatient setting.
In addition, 5 (7%) trainees reported that they practice in a
setting other than inpatient and outpatient psychiatry. A total
of 54 (79%) of our participants reported that they use amobile
deviceto access protected patient information. Furthermore, 13
(19%) participants reported that they did not use amabiledevice
to access protected patient information, and 1 (1%) trainee did
not respond to this question. Of the participants, 29 (43%)
trainees reported using mental health-related apps to access
protected patient information on their mobile device. Moreover,
40 (59%) trainees reported using an Internet site to access
protected patient information.

A total of 16 (24%) trainees reported using a mobile device to
communicate with patients, and 38 (56%) trainees reported that
they did not use a mobile device to communicate with patients.
Moreover, 14 (21%) participants did not respond when asked
whether they used a mobile device to communicate with
patients, and 38 (56%) trainees reported using a desktop
computer to communicate with patients. Furthermore, 28 (41%)
residents and fellows reported that they did not use a desktop
computer to communi cate with patients, and2 (3%) participants
did not respond to this question. In addition, 26 (38%) trainees
used amobile device when implementing medication regimens,
and 42 (62%) trainees did not use a mobile device when
implementing medication regimens. A total of 16 (24%)
participants reported using apps to implement medication
regimens, and 15 (22%) trainees reported using an Internet site
to implement medication regimens. Only 6 (9%) trainees
reported using a mobile device to implement psychotherapy
plans, and 61 (90%) trainees did not use a mobile device when
implementing psychotherapy plans. Moreover, 1 (1%) trainee
did not respond to this question. A total of 3 (4%) trainees used
apps, and 2 (3%) trainees used Internet sites to implement
psychotherapy plans.

Furthermore, 30 (44.1%) trainees used a mobile device to
manage their clinic schedule; 38 (56%) trainees did not use a
mobile deviceto managetheir clinic schedule; 30 (44%) trainees
intended to use amobile deviceto managetheir clinic schedule;
and 38 (56%) trainees did not intend to use a mobile device to
manage their clinic schedule.
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Table 1. Survey questions.

Survey questions Answer choices
How many years old are you? ____yearsold
Which one of the following genders do you most closely identify? Male

Female

Transgender

Prefer not to specify
Which one label do you most closely identify? Attending physician

Resident physician
Medica student
Other (please specify):

In which one practice setting do you spend most of your clinical hours? Outpatient
I npatient
Other

Do you own a smartphone or tablet? Yes
No

Do you intend to purchase a smartphone or tablet in the next 6 months? Yes
No

Do you use amobile device (such as smartphone or tablet) to access protected patient information, such astheir  Yes

chart or their e-mail messages to you?

No
Which methods do you useto access protected patient information on your mobile device? (Check all that apply) Apps

Internet Sites
Other
Do you intend to use a mobile device to access protected patient information, such astheir chart or their email Yes
messages to you? No
Do you use a mobile device to communicate with patients? Yes
No
Do you use a desktop computer to communicate with patients? Yes
No
Do you use a mobile device when implementing medication regimens? Yes
No
Which methods do you use to implement medication regimens for your patient? (Check all that apply) Apps
Internet Sites
Other
Do you use a mobile device when implementing psychotherapy plans? Yes
No

Which methods do you use to implement psychotherapy regimens for your patient? (Check all that apply) Apps
Internet Sites
Other

Do you use a mobile device to manage your clinic schedule? Yes
No

Do you intend to use amobile device to manage your clinic schedule? Yes

No
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Survey questions

Answer choices

Do you use a mobile device to communicate with other staff?

Which modality do you communicate with your mobile device? (Check all that apply)

In the last 3 months, have you recommended patients to use supplemental apps to their current medication

management?

Why or why not?

In the last 3 months, have you recommended patients to use supplemental apps to their current psychotherapy

plan?

Why or why not?

In the last 3 months, have you recommended online resources to patients?

Why or why not?

What do you feel are the greatest barriers for using mobile devices in the care of patients? (Select up to three)

Yes

No

Email

Instant Messaging
Text Messaging
Cal

Other

Yes

No

Text box

Yes

No

Text box

Yes

No

Text box

Privacy

Safety

Liability

Cost

Too much data
Lack of evidence
Lack of reimbursement

Lack of clinical guidance

A total of 61 (90%) trainees used a mobile device to
communicate with clinic staff and only 6 (9%) trainees did not.
Moreover, 1 (1%) trainee did not answer this question. When
asked about the modality used to communi cate with clinic staff,
56 (84%) trainees reported using email, 10 (15%) trainees
reported using an instant messaging app, 44 (66%) trainees
reported using text, and 43 (64%) traineesreported calling clinic
staff with their mobile devices.

Inthelast 3 months of completing the survey, 18 (27%) trainees
reported recommending supplemental apps to patientsin their
current medication management, 48 (71%) trainees reported
they do not, and 2 (3%) trainees did not respond to this question.
Moreover, 19 (28%) trainees recommended supplemental apps
to patientsin their current psychotherapy plan, 48 (71%) trainees
did not recommend any supplemental apps, and 1 (1%) trainee
did not respond to this question. In the last 3 months of
completing the survey, 38 (56%) trainees recommended online

http://mhealth.jmir.org/2017/11/e160/

resources to patients, 27 (40%) trainees did not recommend
online resources, and 3 (4%) trainees did not respond to this
guestion.

When surveyed on perceived greatest barriers for using mobile
devices in the care of patients, 38 (56%) trainees selected
privacy, 27 (40%) trainees selected lack of clinical guidance,
20 (29%) trainees selected lack of evidence, 15 (22%) trainees
selected liability, 12 (18%) trainees selected too much data, 11
(16%6) trainees selected lack of reimbursement, 5 (7%) trainees
selected cost, and 5 (7%) trainees selected safety.

Although the authors included questions on gender and age,
there were a limited number of responses between both
programs, and these questions were omitted in this study.
Participants were provided with textboxesfor various questions
aslisted in Table 1, but there were limited number of responses
and they were omitted in this study. The above-described data
are aso provided in Tables 2 and 3.
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Table 2. Survey responses.

Gipson et d

Combined survey questions n (%)

In which one practice setting do you spend most of your clinical hours?
Outpatient 22 (32.35)
Inpatient 41 (60.3)
Other 5(7.4)

Do you own a smartphoneor tablet?
Yes 68 (100)
No 0(0)

Do you use a mobile device (such as a smartphone or tablet) to access protected patient information, such astheir

chart or their email messages to you?
Yes 54 (79.41)
No 13(19.1)
Did not answer 1(15)

Which modality do you communicate with your mobile device?
Email 56 (83.5)
Instant messaging app 10 (14.9)
Text 44 (65.7)
call 43(64.2)

Inthelast 3months, haveyou recommended patientsto use supplemental appstotheir current medication management?
Yes 18 (26.5)
No 48 (70.6)
Did not answer 2(2.9)

In the last 3 months, have you recommended patientsto use supplemental appsto their current psychotherapy plan?
Yes 19 (27.9)
No 48 (70.6)
Did not answer 1(1.5)

In thelast 3 months, have you recommended online resourcesto patients?
Yes 38 (55.9)
No 27 (39.7)
Did not answer 3449

Table 3. Perceived barriers by trainees.
Question Privacy Sefety Liahility Cost Lack of evi- Too much Lackof reim- Lack of clini-
dence data bursement cal guidance
What doyou fed arethe  38(55.9)  5(7.4) 15 (22) 5(7.4) 20 (29.4) 12(176)  11(162)  27(39.7)

greatest barriers for using
mobile devices in the care
of patients? (Select up to
three), n (%)

Discussion

Thismultisite study providesthefirst results on both psychiatry
trainee ownership and their use of mobile phones for clinical
education and patient care. We found that al psychiatry
residents who participated in this survey owned mobile phones,
which exceedsthe mobile phone usagein the genera population.

http://mhealth.jmir.org/2017/11/e160/
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Further, the selected programs cover multiple hospitals within
their city and are exposed to various types of EMRs. Although
psychiatry residents own mobile phones, their reported use in
our survey suggeststhat it islimited. The most common reported
clinical useis communicating with clinical staff, especially for
scheduling, and the second most common useisto access patient
information. Although these uses may seem simple in that
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mobile phones are being used for communication, each also
raises educational opportunitiesfor educatorsto consider. There
have been recent efforts to ensure residents are educated about
best practiceswith social mediaand websites such as Facebook,
and in 2014, Dejong and Gorrindo [8] have discussed about
texting and the professionalism principleswhen communicating
with patients using this method. Among internal medicine
residents, the use of short message service (SMS) texting as a
means of communication has also raised the ethical question of
whether the ease of use is a potentia breach of patient privacy
[9]. Overall, there remains a limited amount of literature on
how we teach psychiatry residents best practices for using
mobile devicesin clinical careroles. If residents are using them
primarily for scheduling purposes, it is not difficult to imagine
that soon they will also be using mobile phonesfor direct clinical
careroles as well — and indeed our survey suggests that some

already are.

Several limitations of this study should be noted. All datawere
self-reported, and we did not verify through direct observation
how residents are using mobile phonesand appsin clinical care.
Although our study is the first to examine this topic, our
guestions were not exhaustive and did not include details on
app use when using with patients and communi cating with other
staff members. We attempted to collect demographic data
including gender and age, but dueto low compliance, thelimited
data gathered could not be analyzed. We aso did not obtain
details on how residents evaluate and consider whether to use
or not use an app. We designed a quantitative design with yes/no
guestionsto understand the basi cs of mobile device usageamong
trainees. Future iterations of our study with Likert scales and
more qualitative metrics would be important to complete the
understanding of mobile device use among trainees. Due to

Table 4. Suggested curriculum — Technology in Psychiatry Seminar (TIPS).

Gipson et d

concerns of lack of participation, we also designed our survey
with yes/no questions to help increase compliance. It is
important to note that our study was limited to 2 sites, and it is
difficult to assess how generalizable our results are outside of
these 2 study sites.

Given this was a convenience sample and we have no
information from the residents who did not choose to participate,
it is, however, possible that the residents more interested in
technology were more likely to participate. On the basis of our
survey, future studies can consider larger trainee population of
various specialties, while providing moreflexibility in the survey
including clarifying practice setting and providing more write
inoptions. Thiscan help provide further dataand understanding
on which areas of practice should betargeted through education
aswell as enhancing work flow using technology.

Despite a robust app development industry, clinical evidence
for the effectiveness of apps in psychiatry remains nascent.
Further, evaluating the safety and quality of appsis challenging.
Thus, thefact that some residents are venturing into thislargely
unknown space of apps is notable. Generally, our survey
suggests that trainees are at times hesitant in using mobile
devices. However, apartial integration in their clinical practice
isevident in that over 89% of trainees use their mobile devices
to communicatewith clinical staff. In addition, over 55% report
using desktop computers to communicate with their patients,
and the authors expect trainees to transition to using mobile
devices in their patient communication due to increased
availability and convenience of mabile devices. This reflects
the need for educators and supervisors to consider at least
inquiring if residents are using these tools and to prepare our
trainees to potentially utilize these tools in practice.

Topic Description

“Anatomy” and “Physiology”

To understand basic inner works of technologies available to medical professionals and patients —

includes understanding of basic technol ogy terminology, how technol ogies are devel oped, and types
of technology that are currently used in psychiatry

Telepsychiatry 1

Review literature in telepsychiatry

Understand pros and cons of telepsychiatry

Telepsychiatry 2

Review of casesin telepsychiatry including tips to be used in practice

Review basic video conferencing etiquette

Mobile technology
anxiety, sleep, etc

Review of current literature on mobile technology usein various psychopathol ogy —mood disorder,

Discuss current applications of mobile technology

Professionalism, ethics, and privacy

To discuss important boundaries between the digital doctor—patient relationship, including tex-

ting/emailing etiquette, professional social mediause, and maintaining aprofessional presence online
Discuss maintenance of patient privacy when using technology

Research

Technology and psychopathology
gaming industry etc

Understand basic research study design in technology and review of current literature

Psychopathol ogy relating to technology: Internet gaming disorder, I nternet addiction disorder, Online

Using technology to treat psychopathology — mindfulness, CBT, and CBTi

Counseling patients on safe technology use

How to counsel patients on safe technology use — sleep hygiene, self-evaluation of apps, making

sureit isalicensed clinician on telepsychiatry platform, etc

http://mhealth.jmir.org/2017/11/e160/
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Along these lines, our survey results suggest severd
opportunities for psychiatric educators to offer guidance and
support for trainees regarding the use of mobile technology.
Residentsraised several important concerns about appsincluding
privacy, lack of clinical guidance, lack of evidence, and liability,
among others. However, each of these topics represents a
complex areaas mobiletechnology for health careisadvancing
more rapidly than legidation, digital security, clinical trials,
and clinical teaching can equal. Another challengeisthat many
educators may be lessfamiliar or excited by mobile phone apps
and other new technologies and thus lack the necessary
experiences to educate residents. Given that “lack of clinical
guidance” was sel ected as the number 2 barrier to using mobile
technology in patient care, this suggests there is a need for a
curriculum focused on digital and mobiletechnologies. Creating
a curriculum in technology during graduate medical training
could provide a platform for introducing trainees to basic
concepts about current technol ogiesincl uding maobile technology
and technology use in patient care [10]. In a technology
curriculum, the core concept is not only to include basic
concepts but al so to provide principlesfor eval uating technology
from aclinical perspective. Therefore, the authors propose the
development of atechnology curriculum that educates trainees
in various digital psychiatry tools including EMR,
telepsychiatry, mobile device use, and wearables. This potential
technology curriculumislisted in Table 4. Further research and
experience would be needed to find the most effective
curriculum. Fundamentally, having a technology curriculum
can alow traineesto better understand technologiesrelating to
patient care without over incorporation in daily practice.
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Abstract

Background: Obstructive sleep apnea (OSA) is a common sleep disorder characterized by frequent cessation of breathing
lasting 10 seconds or longer. The diagnosis of OSA is performed through an expensive procedure, which requires an overnight
stay at the hospital. This hasled to severa proposals based on the analysis of patients’ facial images and speech recordings as an
attempt to develop simpler and cheaper methods to diagnose OSA.

Objective: The objective of this study was to analyze possible relationships between OSA and speech and facial featureson a
femal e population and whether these possi ble connections may be affected by the specific clinical characteristicsin OSA population
and, more specifically, to explore how the connection between OSA and speech and facial features can be affected by gender.

Methods: All the subjects are Spanish subjects suspected to suffer from OSA and referred to a sleep disorders unit. Voice
recordings and photographs were collected in a supervised but not highly controlled way, trying to test a scenario close to a
realistic clinical practice scenario where OSA isassessed using an app running on amobile device. Furthermore, clinical variables
such asweight, height, age, and cervical perimeter, which are usually reported as predictors of OSA, were also gathered. Acoustic
analysisiscentered in sustained vowels. Facia analysis consists of aset of local craniofacial features related to OSA, which were
extracted from images after detecting facial landmarks by using the active appearance models. To study the probable OSA
connection with speech and craniofacial features, correlations among apnea-hypopneaindex (AHI), clinical variables, and acoustic
and facial measurements were analyzed.

Results: Theresultsobtained for female population indicate mainly weak correlations (r values between .20 and .39). Correlations
between AHI, clinical variables, and speech features show the prevalence of formant frequencies over bandwidths, with F2/i/
being the most appropriate formant frequency for OSA prediction in women. Results obtained for male population indicate mainly
very weak correlations (r values between .01 and .19). In this case, bandwidths prevail over formant frequencies. Correlations
between AHI, clinical variables, and craniofacia measurements are very weak.

Conclusions: In accordance with previous studies, some clinical variables are found to be good predictors of OSA. Besides,
strong correlations are found between AHI and some clinical variables with speech and facial features. Regarding speech feature,
the results show the prevalence of formant frequency F2/i/ over the rest of features for the female population as OSA predictive
feature. Although the correlation reported isweak, this study aims to find some traces that could explain the possible connection
between OSA and speech in women. In the case of craniofacial measurements, results evidence that some features that can be
used for predicting OSA in male patients are not suitable for testing femal e population.

(JMIR Mhealth Uhealth 2017;5(11):€169) doi:10.2196/mhealth.8238
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Introduction

Sleep disorders are receiving increased attention as a cause of
daytime sleepiness, impaired work, and traffic accidents and
are associated with hypertension, heart failure, arrhythmia, and
diabetes. The most common form of sleep-disordered breathing
is the obstructive sleep apnea (OSA) syndrome, and it is
characterized by an obstruction of the upper airway (UA) during
sleep at the level of the pharynx, yielding partial (hypopnea) or
total (apnea) breathing cessation episodes longer than 10 sat a
time[1].

The gold standard for the diagnosis of OSA is afull overnight
polysomnography (PSG) test [2] performed in an attended
laboratory setting. PSG monitors electrophysiologic variables
to score sleep stages and detect arousals and cardiorespiratory
variables to detect complete (apnea) or near-complete
(hypopnea) cessation of airflow. The OSA severity isdetermined
based on the number of apnea and hypopnea episodes per hour
of deep or apnea-hypopneaindex (AHI; mild defined asan AHI
of 5-15, moderate as 15-30, and severe as >30).

However, PSG is expensive and time-consuming, and,
furthermore, the recordings are performed in an unfamiliar
environment for the patient. Therefore, faster, noninvasive, and
less costly alternatives have been proposed for early OSA
detection and severity assessment, such as unattended
domiciliary sleep studies.

Although overweight and an excess of regional adipose tissue
are considered major risk factors for OSA, there are also other
interacting elementsin OSA pathogenesis, such as craniofacial
abnormalities and an altered UA structure, being approached
by several studies since the early approaches by means of the
analysis of magnetic resonanceimaging [ 3] until the photometry
over digital photographs of head [4,5]. Among OSA
phenotype-related characteristics are dental occlusion, longer
distance between the hyoid bone and the mandibular plane as
described by Lowe and coworkers [6], and relaxed pharyngeal
soft tissues and |large tongue base as described by Schwab and
coworkers [3], which generally cause a longer and more
collapsible UA. Consequently, abnormal or particular speech
in OSA patients may al so be expected from the altered structure
or function of their UA.

Therefore, several approaches to speech-based OSA detection
have been devel oped since the acoustic perceptive analysis[7,8]
until the most recent proposals for using automatic
speech-processing techniques in OSA detection [9]. However,
most of the previous mentioned publications have only focused
on male subjects. To the best of our knowledge, there are no
similar studies that concentrated on female OSA patients, and
very few publications are available that discuss this issue
[10,11].

http://mhealth.jmir.org/2017/11/e169/

Consequently, the main purpose of this paper was to study the
potential connection between AHI and speech and facia
features, focusing on afemale population. Furthermore, we have
also considered that it might be interesting to compare our
results on male versus female patients. In that way, we can
observe how the connection between OSA and speech and facial
features can be affected by gender.

For an easy interpretation of our results, similar to [12], acoustic
analysis is performed by evaluating formant frequencies and
bandwidths on sustained phonations of vowel sounds. Facial
featuresare extracted by identifying aset of relevant landmarks
on subjects’ images, following aso a rather simple procedure
similar to the one we presented in [9]. Statistical analysisusing
correlation coefficientsis employed to evaluate the connection
between speech and facial features with AHI. To gain a better
understanding of this connection, we have used statistical
contrasts (Mann-Whitney U tests) among OSA severity groups.

Methods

Subjects and Recor ding Procedure

Patients were provided by the Hospital Quirén Salud de Mélaga
(Spain). The subjects referred for PSG previously reported
symptoms of OSA during a preliminary interview with a
pneumonol ogist, such as excessive daytime sleepiness, snoring,
choking during sleep, or somnolent driving. By means of this
interview, the subjects’ clinical history was obtained, and an
exhaustive physical examination focusing on seep-related
symptoms, associated conditions, comorbidities, and
anthropometrics measures was conducted and data collected.
Subjects weight and height were recorded when wearing light
clothes. Body massindex (BMI) was calculated as the ratio of
body weight (in kg) and the height (in m?). Cervical perimeter
(in cm) was adso measured at the level of cricothyroid
membrane. Most of the subjects are from Andalusia (southern
Spain). Themgjority of subjectswere white, with the exception
of 1 Chinese. Exclusion criteria included subjects with no
Andalusian dial ect, subjectswith aknown history of syndromal
craniofacial abnormalities, subjects who have had craniofacial
surgery, ethnicity, and subjects with excessive facia hair that
significantly obscured facial landmarks, aswell as subjectswith
photograph capture errors (eg, inclination, bad position).

The diagnosis for each patient was confirmed by specialized
medical stuff through standard overnight PSG test, obtaining
the AHI on the basis of the number of apnea and hypopnea
episodes. According to subjects’ AHI, we defined three groups
of OSA severity: low AHI (<10) indicates a healthy subject,
AHI between 10 and 30 indicates mild OSA patient, whereas
AHI above 30 is associated with severe OSA. These thresholds
were defined to get balanced number of samples for our
statistical contrast analysis. Figure 1 illustrates the data
collection process.
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Figure 1. Flowchart of recording data for apnea database. AHI: apnea-hypopneaindex; OSA: obstructive sleep apnea.
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Before the PSG test, al patients were taken to a separate room
with adequate acoustic condition and the recording equipment
for collecting speech and photographic data, after obtaining
patients' consent. Speech and photographic data are explained
asfollows:

« Acoustic data: Sustained phonations of each Spanish vowel
lal, Iel, lil, lol, and /ul were recorded from every subject at
an upright or seated position and with acomfortable speech
level in aquiet room. Recording equipment was a standard
laptop computer equipped with an SP500 Plantronics
headset microphone. Speech was recorded at a sampling
frequency of 50 kHz and encoded in 16 bits. Afterwards,
it was downsampled to 16 kHz before processing.

- Photographic data: Frontal and profile digital photographs
of the head were obtained before the speech recordings,
also at the samenormal hospital room without any particular
illumination condition. In contrast to the studiesby Lee and
coworkers [4,5], no specia actions were taken beyond a
simple control for patients' front and profile photographs
and some instructions to guarantee that the neck area is
visible in the profile image. No calibration action for
allowing the conversion from pixel measurementsto metric
dimensions (eg, measuring the distance from the camera)
was taken, and manual identification by palpation of facial
landmarks was also avoided. A standard Logitech
QuickCam Pro 5000 webcam was used to collect images
with asize of 640 x 480 pixelsand a color depth of 24 bits.

It is important to point out that the recording protocol was
approved by the Institutional Review Committee of the Hospital
Quirdn Salud de Malaga and performed strictly following the
ethical consideration of the medical center. The participants
were notified about the research and their signed agreement was
obtained.

After applying exclusion criteria, atotal of 383 subjects (129
women and 254 men) were included in our study. The female
population comprised 64 subjectsin OSA group (AHI>10) and
65 in control group (AHI=10). The male population comprised

http://mhealth.jmir.org/2017/11/e169/
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168 subjects in OSA group (AHI>10) and 86 in control group
(AHI=10). Descriptive statistics of subjects under study are
summarized in Table 1.

Acoustic Features

We focused on formant central frequencies and bandwidths
because evidence on the influence of sleep apnea on them has
been previously reported by Rob and coworkers[13]. Formants
represent resonances of the vocal tract and depend on the UA
properties, including its compliance, shape, and dimensions.
Hence, these may embed information from specific
physiological characteristicsin OSA patients, although results
shall vary from one sound to another [14]. As mentioned
previously, in this contribution, we focused on sustained
phonations, which is the common approach for pathologic
voices, and apnea may essentially be regarded as one.

Despite these elementary considerations, measuring formant
frequencies can be extremely difficult asit is highly influenced
by multiple factors, including the method of analysis that is
chosen and the analysis settings. Moreover, higher resonances
are much more difficult to determine than lower ones because
of natural energy losses. Our evaluation on acoustic
measurements has shown that, for formants F4 and above, no
reliable information could be extracted, and therefore, we
restricted our analysis to the first 3 formants. To extract a
consistent set of measures on formants’ central frequenciesand
bandwidths, wefollowed a specific protocol. First, we computed
the values for the first 3 formant central frequencies and
bandwidths using 2 different freely available software: the Praat
Version 6.0.30 (Praat software, Amsterdam) [15] and the Snack
Toolkit Version 2.2.8 (Snack Sound Toolkit, Sweden) [16].
Formant frequencies and bandwidths were estimated every 5
ms using 25-ms long analysis windows. Their values were
finally obtained by averaging along the most stable regions of
the sustained phonations of each vowel, selecting a steady-state
segment of 800 ms where the standard deviation of formant
contours was the lowest, excluding initial and ending silences
in each utterance.
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Table 1. Descriptive statistics on Spanish female and male subjects.

Tyan et a

Clinical variables Female (n=129) Male (n=254)

Mean (SD) Range Mean (SD) Range
Apnea-hypopneaindex 14.6 (17.0) 0-108.4 22.3(19.0) 0-87
Weight, in kg 78.0 (18.0) 45-165 92.4 (16.6) 61-162
Height, in cm 161.1 (6.4) 148-178 175.8 (6.9) 160-194
Body massindex, in kg/m? 30.1(6.9) 18.6-63.7 299 (4.9) 20.1-52.3
Age, inyears 50.9 (11.6) 25-88 48.2(11.9) 21-78
Cervical perimeter, incm 36.7 (2.9) 30-45 425 (3.2) 34-53

To guarantee a reliable estimation, we measured the absolute
differences between estimated values obtained from Praat and
Snack for each formant F1-F3. We then manually reviewed
those cases for which differences exceeded 70 Hz for F1 and
F2 and 150 Hz for F3. These thresholds match the level of
accuracy in the reference study by Robb and coworkers [13]
and seem consistent with values seen in studies that compare
results from Praat with those from Snack [17]. In most cases
for which deviations exceeded the prespecified thresholds, one
of the two values that had been computed (the one from either
Snack or Praat) was found to be incorrect (most often when a
formant was skipped). I n these cases, the erroneously estimated
value was subsequently removed, and the value provided by
the other software was retained. In some other cases, both Snack
and Praat failed in providing precise results. In those cases,
values for formant central frequencies and bandwidths had to
be manually selected using spectrograms and linear predictive
coding (LPC) analysis. The decision on the number of polesfor
an optimal fitting of the L PC envel ope was based on the general
knowledge about the formant structure of each vowel. Values
for formants' central frequencies were obtained as maxima
values of the LPC spectral slope, whereas their associated
bandwidths were computed by measuring the frequency region
around formants' central frequency within which the spectral
envel ope amplitude differs =3 dB from the maxima values.

Figure 2. Landmarks on frontal and profile views.
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Facial Features

Facial features were similar than those studied by Lee and
coworkers [4,5], including local measurements (ie, areas,
distances, angles) extracted from landmarkings on photographs.
Major differences in our approach when compared with that of
Lee and coworkers [4,5] are the use of supervised automatic
image processing and the definition of more robust craniofacial
measurements adapted to our less controlled photography
capture process.

Manual annotation of all images can betedious, and, even when
done by skilled personnel, it is prone to errors because of
subjectivity. Consequently, we decided to use a widely used
automatic landmarking method, first introduced by Cootes and
coworkers[18], based on active appearance model (AAM). On
the basis of a priori knowledge of landmark positions, AAM
combines a statistical model, which represents the variation of
shape and texture of the object, with a gradient-descent fitting
algorithm. As depicted in Figure 2, in AAMs for frontal and
profile photographs, we used agrid of 52 landmarks taken from
ageneral face identification system and a set of 24 landmarks
including specific marks for the neck area, respectively.

During the training stage, frontal and profile AAMs were built
from a set of manualy annotated photographs using the
aam_tools Version 3.0 (aam_tools software, Manchester) [19].
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During the fitting stage, starting from a reasonable landmark
initialization, the AAM algorithm iteratively corrects the
appearance parameters by minimizing the squared error to
represent the texture of the target face. Although the AAM
performswell for representing shape and appearance variations
of an object, the model is location-sensitive to the face's
position. In this study, this effect is increased because
photographs were not taken following a highly controlled
procedure (illumination conditions, control of distance from the
camera, and control of frontal and profile positions). Hence a
human-supervised stage was found necessary in order to
supervise and, if necessary, correct somelarge deviationsin the
automatically generated landmarks.

Once landmarks were generated, we proceeded to extract a set
of local features, similar to those studied by Lee and coworkers
[4,5] but adapted to our less controlled photographic process.
These measurements are described in the following sections:

«  Cervicomental contour ratio. One of the anatomical risk
factors for OSA is the fat deposition on the anterior neck
[20]. Thisrisk factor is captured by ameasurement proposed
by Lee and coworkers[4,5], that isthe cervicomental angle,
which is formed by the horizontal plane of the submental
region and the vertical plane of the neck. Thefat deposition
on the anterior neck will cause an increase of this angle.
However, considering our limited photography capture
process, it is extremely difficult to detect points such as
cervical point, thyroid, cricoid, neck plane, or sternal notch
involved in the cervicomental region. Consequently, we
defined an alternative measurement, more robust to both
our image capture and automatic landmarking processes.
This measurement was defined using a contour in the
cervicomental region traced by 6 landmarks placed
equidistantly (ie, landmarks 11, 12, and 20-23 in Figure 3),
which were annotated with high reliability following our
semiautomatic AAM method. Therefore, the relative

Figure 3. Measurements used for the cervicomental contour ratio.
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measurement of fat deposition on the anterior neck was
calculated astheratio of cervicomental-related areawithin
the rectangular region (ie, yellow solid line defined by
landmarks 11, 12, and 20-23, and the bottom right vertex
landmark V of the rectangle as depicted in Figure 2) and
the area of the rectangular region (ie, black dashed line
defined by bottom left landmark 23 and upper right
landmark 11 as depicted in Figure 3). This results in an
uncalibrated measurement with a value that decreases as
the fat deposition on the anterior neck increases.
Face-width ratio. Lee and coworkers studied the relationship
between surface facial dimensions and UA structure in
subjects with OSA by means of analysis of magnetic
resonance images [21]. Significant positive correlations
were detected between surface facial dimensions and UA
structures, in particular midface width and interocular width.
On the basis of these results, we used these 2 facial
dimensionsto define aface-width uncalibrated measurement
as the midface width to interocular width ratio. The
corresponding landmarks and measurements are depicted
in Figure 4.

Tragion-ramus-stomion angle. Lowe and coworkers [6]
reported that patients with OSA had retracted mandibles,
which isrelated to theinclination of the occlusal plane and
the angle between the relative position of the maxilla to
mandible. On the basis of [6], we proposed an uncalibrated
measure (ie, an angle) intended to capture, to some extent,
the characteristic mandible position or mandibular retraction
in OSA individuals. To define this angle, we selected a set
of landmarks that not only are related to the posterior
displacement of the mandible but also could be accurately
detected by our automatic landmarking process on the
photographs without need of prior marking. The proposed
measurement, as depicted in Figure 5, isthe angle between
the line ramus-stomion (landmarks 16 and 6) and the
ramus-tragion (landmarks 16 and 18).
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Figure 4. Measurements used for the face-width ratio.

Figure5. Tragion-ramus-stomion angle.

Statistical Analysis

To describe our results, we used the strength of the Spearman
correlation coefficient as described by Fowler and coworkers
[22], that is, values between .01 and .19 are regarded as very
weak, .2 and .39 asweak, .40 and .69 as modest, .70 and .89 as
strong correlation, and in the range of .90 to .99 asvery strong.
Values are reported hereafter as mean (SD) and range.

Mann-Whitney U test (Wilcoxon rank-sum test) was used to
assess significant differences between control and OSA groups
because data were not normally distributed.

We conducted our statistical analysis using the Statistic and
Machine Learning Toolbox of Matlab.

Results

Due to the possible effect of clinical variables on correlation
between AHI and speech and craniofacial characteristics, we
first analyzed the correl ation between clinical variables, speech
features, craniofacial features, and AHI. Moreover, in order to
observe how the connection between OSA and speech can be
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affected by gender, we also compared correl ations between both
genders.

Clinical Variables Analysis

Table 2 presents the Spearman correlation coefficient between
clinical variables and AHI for both genders.

As can be seen in Table 2, the strongest correlation for female
population found was between age and AHI. Correlations
between cervical perimeter, BMI, and AHI are also significant
but weak, as well as height, in which case the detected weak
correlation is negative. In contrast, in male population, the
second strongest correlation found was between weight and
AHI, although wesak at Fowler scale.

In a comparison by gender, the strongest correlation with AHI
is different for each gender: age in the case of women (r=.52,
P=.001) and cervical perimeter in the case of men (r=.42,
P=.001). That is, generaly, for both genders, AHI presents
significant correlationswith age and parameters strongly related
to obesity, such asweight, BMI, and cervical perimeter, which
are known asrisk factors for OSA.
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Table 2. Spearman correlations between clinical variables and apnea-hypopnea index (AHI) on the female (n=129) and male (n=254) population (for

clarity, nonsignificant correlation values are omitted) .

Gender Weight Height Age Cervical perimeter BMI?
Female -.24P 52P 27° 22P
Male 320 15° 420 37

3BMI: body mass index.
bCorrelation is significant at the .01 level (two-tailed).
CCorrelation is significant at the .05 level (two-tailed).

Table 3. Descriptive statistics of the formant frequencies and bandwidth of vowels on the female population (n=129).

Vowel Formant Mean (SD) Range Bandwidth Mean (SD) Range

lal F1 859.6 (89.4) 624.4-1070.4 BW1 226.7 (78.7) 57.5-486.5
F2 1454.0 (105.0) 1174.7-1687.7 BW2 196.6 (82.0) 76-532.6
F3 2837.2(221.3) 2186.9-3368.6 BW3 223.2 (97.4) 83.3-576.1

el F1 489.7 (45.8) 377.8-624.3 BW1 98.8 (46.3) 22-266.7
F2 2268.4 (141.7) 1880.9-2599.9 BW2 143.1 (55.4) 34.0-310.4
F3 2917.7(159.3) 2597.2-3328.2 BW3 229.8 (81.1) 73.7-473.9

lil F1 368.1(42.2) 243.1-481.5 BW1 68.6 (36.7) 12.2-219.6
F2 2620.0 (150.9) 2178-2993.2 BW2 131.1 (55.3) 40.3-348.5
F3 3170.7 (207.3) 2665.6-3645.9 BW3 236.7 (74.7) 86.8-441.4

o/ F1 537.6 (50.8) 410.4-664.4 BW1 127.7 (61.6) 24.9-360.5
F2 982.2 (90.5) 758.2-1243.4 BW2 141.2 (67.5) 15.4-395.1
F3 2881.8 (215.8) 2401.8-3444.9 BW3 155.1 (67.1) 32.9-339.7

ul F1 379.3 (49.6) 254.6-509.6 BW1 70.7 (35.6) 8.2-199.2
F2 823.1 (101.6) 596-1157.9 BW2 152.6 (122.0) 9.0-569.9
F3 2824.7 (243.1) 2285.7-3790.5 BW3 213.8 (121.5) 53.4-636.2

Acoustic Features Analysis

Table 3 presents the mean, standard deviation, and the range of
formant frequencies and bandwidth for vowels /a/, /e/, /i/, /ol,
and /u/ for the femal e population.

Because of the association between the blockage of the UA and
OSA, abnormal or particular speech may be expected in subjects
with OSA due to the altered structure of their UA. Likewise,
the association between clinical variables (ie, height and weight)
and speech [12] is known; thus, indirect association might be
expected between speech and OSA. Accordingly, correlations
between formant frequencies, bandwidths, and clinical variables
are presented in Table 4.

Focusing on formant frequencies, Table 4 showsthat the highest,
though weak, correlations are found with AHI, age, and cervical
perimeter. Surprisingly, none of these formants are correlated
with weight, BMI, or height. Moreover, results show that there
are 3 formants (FV/al, F2/e/, and F2/i/), which present weak
negative correlation with AHI (r=-.26, P=.001; r=-.24, P=.01,

http://mhealth.jmir.org/2017/11/e169/

r=-.26, P=.001; respectively). It should be noted that F2/i/ is
the only formant correlated with AHI but not correlated with
other clinical variables. Likewise, most of the significant
correlations with formants were for age, with up to 8 formants.
It is known that human voice changes with age [23], which
leads us to think that age may cause indirect influence on a
relationship between formant frequencies and AHI.

When considering the results for bandwidths in Table 4, only
very weak correlations appear: weight negatively correlated
with BW1/a/, height with BW3/o/, and age with BW2/a/ and
BW2/e/, but no significant correlation was obtained between
bandwidths and AHI.

To analyze the gender influence, correlation resultsin Table 4
were compared with those of a male population, published in
our previous study [12] (Table 5). Those results include most
of male subjects of the population used in this paper. Given that
thedifferenceisvery small, we have preferred to use the already
published tables with 241 subjects instead of publishing a
dlightly different one with 254 male subjects.
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Table4. Statistically significant Spearman correl ation between formant frequencies, bandwidths, and clinical variables on the female (n=129) population

(for clarity, nonsignificant correlation values are omitted).

Feature Apnea-hypopneaindex Weight Height Age Body mass index Cervical perimeter
Vowel /a/
Formant, F1 — 262 - 258 -.242
F2 -.20°
F3 - 257 -21°
Bandwidth, BW1 —19P -19°
BW2 -17°
Vowel /ef
F2 Py -19°
F3 -228
BW2 -.212
Vowel /i/
F2 -.26%
Vowel /of
F2 -20° -.20°
F3 -21b -17°
BW3 _o7
Vowel /u/
2 -.18°

Correlation is significant at the .01 level (two-tailed).
PCorrelation is significant at the .05 level (two-tailed).

According to Table 5, contrary to the results for the female
population, only bandwidths present correlation with
AHI—BWZ2/al (r=.13, P=.05) and BW3/¢/ (r=-.17, P=.01)—but
formants do not. The overall results of speech features show
that negative correlation coefficients are common between
formants, bandwidths, and age. Furthermore, generally those
values are smaller (weak at Fowler scale) in both genders.

This finding on the female population showed that 2 of the 3
formant frequencies correlated with AHI also have significant
correlation with age (F1/a/ and F2/¢e/), which leads us to think
that age may causeindirect influence on arelationship between
formant frequencies and AHI. Similarly, in male population,
BW3/el is also correlated with weight and BMI, which may
indicate an indirect correlation with AHI.

To analyze in detail the influence of each clinical variable on
correlation between speech featuresand OSA, ageneral review
isprovided for both genders.

http://mhealth.jmir.org/2017/11/e169/

First, we can see that both for male and female populations,
most of the significant correlations between acoustic features
and clinical variables are linked to age. Thisisin agreement to
several studies on age-related acoustic characteristics, in which
different speech features have been reported to correlate with
age and have been linked to changesin anatomy and physiology
of the speech production system [23]. Some specific studies
have reported age-related changes to formants, particularly in
the production of vowels. According to these studies, anegative
correlation among formants and age, as is also found in our
study, can be expected. This lowering of vowel formants with
age can presumably be aby-product of the lowering of the vocal
folds over the life span in an adult subject, which resultsin a
longer voca tract [24,25], and with a trend to vowel
centralization in older subjects [17,26]. In some cases, these
changes have been found to occur only on some particular
vowels[25,26]. It should be noted that all the mentioned studies
about thisissue were performed for both genders.
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Tableb. Statistically significant Spearman correlation between formant frequencies and clinical variables on the male (n=241) population (for clarity,

nonsignificant correlation values are omitted).

Feature Apnea-hypopneaindex Weight

Height Age Body mass index Cervical perimeter

Vowel /a/
Formant, F1
F2
Bandwidth, BW1
BW2 13
Vowel /e/
F1

F2 -.15%
F3

BW1

BW2

BW3

-17° -142

Vowel /i/
F1
F2
F3
BW1
BW3 -.15°

Vowel /of
F1
F2
F3
BW1
BW2 -.16

Vowel /u/
F1

F2

F3 -.142

-.142
-132 -132

-210

-.12

-122 -17°

-.20° -.16%
-21°

-17° -17°
-.16%

-132

-.158 162
-.21°
-.20°
-132

-.148

-13?
-27°
-17°
-132

152 -.142

-.148
—24P

-.20°

8Correlation is significant at the .05 level (two-tailed).
bCorrelation is significant at the .01 level (two-tailed).

Considering weight and height, no significant correlationswere
found for femal e subj ects. These resultsdo not agree with those
reported by Gonzalez [27], whereweak and modest correlations
with weight and height were found: F2/e/ and height (r=-.51),
and F2/e/ and weight (r=-.50). According to Gonzalez [27], it
seems that the most informative parameters for female height
and weight were the second and the third formants from the /a/,
/el, and /i/ vowels. In the case of male population, there are no
similarities with that study either. However, unlike women,

http://mhealth.jmir.org/2017/11/e169/
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there are several speech variables with significant correlations
with height and weight (see Table 5). In the research by
Gonzalez, stronger correlationswere reported for mal e subjects,
mainly between F2/e/ and height (r=-.57) and F4/o/ and weight
(r=-.48), whereasin the OSA male populationin[12] the higher
correlation coefficient values were obtained between F3/e/,
F2/i/, and height (r=-.21, P=.001, both), and between BWLl/a/
and age (r=-.21, P=.001). Likewise, in case of BMI, no
significant correlation with formantswas found. One may expect
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formants' bandwidths to be larger for OSA patients as an
increase in both velar and pharyngeal compliance could result
in increased sound damping within the vocal tract [13].
However, only one significant negative correl ation was detected
between BMI and BW1/a/ (r=-.19, P=.03) for femal e patients.
A similar situation was found for male patients (BW3/e/ with
r=-.13, P=.05 and BW2/o/ with r=-.14, P=.03). Despite these
clear differences in our studies, both point toward a similar
direction: formants seem to be weak predictors of body sizein
both women and men. Just as in our previous discussion
regarding age, it ispossibleto hypothesize that these significant
though weak correlations with height or weight may interfere
with specific acoustic characteristics related to OSA.

Finally, cervical perimeter is another feature that is commonly
used in discriminating between healthy subjects and OSA
patients. More specific than BMI, neck circumference can
describe how excessive weight may increase tissue bulk in the
neck, which will also increase the dynamic loading of the
airway, thus contributing to the pathogenesis of OSA [28]. In
the female OSA population under study and similar to what we
have found for the other body size measurements, only few
significant and weak correlations appeared between cervical
perimeter and speech: with Fl/a/ and F3/a/ (r=-.24, P=.01 and
r=-21, P=.02, respectively), and F2/o/ (r=-.20, P=.02).
Analogous results were found for male subjects (see Table 5).
Several previous studies have similarly failed to find modest
relationships between voice acoustics and body size effects
measured through BMI [28], body mass composition [29] or
weight, and neck circumference [30].

Tyan et a

Craniofacial Features Analysis

In this section, descriptive statistics on the female (129) and
male (254) subjectsunder study are shown aswell ascorrelation
analysis between craniofacial features and OSA through the
AHI. The craniofacial analysis comprises the 3 craniofacial
measurements extracted from the landmarks, previously
annotated, on patient photographs. Similar to acoustic features,
differences by gender were also analyzed. Table 6 presents the
mean, SD, and the range of craniofacial measurements. In Table
7, correlations between craniofacial measurementsand clinical
variables are presented for both genders.

In case of female population, as described in Table 7, al 3
craniofacial measurements present significant but weak
correlation with AHI. Cervicomental contour ratio is also
modestly correlated with BMI, weight, and cervical perimeter.
As regards the face-width ratio, there is a weak negative
correlation with height and positive correlation with BMI.

In case of male population, al 3 craniofacial measurementsalso
present correlation with AHI. Furthermore, the strongest
correlations are modest, negative, and correspond to BMI,
cervical perimeter, and weight, both in men and women.

Furthermore, both genders report significant correlations
between all 3 craniofacia measurements and AHI: positivein
the case of face-width ratio (r=.18, P=.04 for women; r=.23,
P=.001 for men), negative for cervicomental contour ratio
(r=-.23, P=.01 for women; r=-.37, P=.001 for men), and TRG
angle (r=-.19, P=.03 for women; r=-.12, P=.05 for men).

Table 6. Descriptive analysis of the craniofacial measurements on Spanish female and male subjects.

Craniofacial measurements Female n=129 Male n=254

Mean (SD) Range Mean (SD) Range
Cervicomental contour ratio 0.6 (0.1) 0.4-0.9 0.6 (0.09) 0.3-0.8
Face-width ratio 1.4(0.2) 0.3-1.6 1.5 (0.06) 1.2-17
Tragion-ramus-stomion (TRG) angle, in degrees 113.2(5.7) 97.7-123.7 115.5(6.22) 98.4-130.4

Table 7. Statistically significant Spearman correlation between craniofacial measurements and clinical variables on the female (n=129) and male
(n=254) population (for clarity, nonsignificant correlation values are omitted) .

Craniofacial measurements Apnea-hypopnea  Weight Height Age Cervicd Body mass
index perimeter index

Female
Cervicomental contour ratio -.23 -.65° -.58% -0.66°
Face-width ratio 0.18° -21° 0.222
Tragion-ramus-stomion (TRG) angle, in degrees —19° —242

Male
Cervicomental contour ratio -372 - 492 -17° -572 -0.592
Face-width ratio 0.232 0.212 0.17° 0.25%
TRG angle, in degrees —12b

8Correlation is significant at the .01 level (two-tailed).
PCorrelation is significant at the .05 level (two-tailed).
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In general, male population presents stronger values. Indeed,
cervicomental contour ratio has the strongest correlation with
AHI in both groups. However, asit was pointed out before, this
craniofacial measurement al so has modest correlation with BMI,
weight, and cervical perimeter. Hence, an underlying connection
between AHI and cervicomental contour ratio through these
clinical variables may exist.

Similar to what was considered for the acoustic feature analysis,
we now analyze the influence of each clinical variable on the
correlation between craniofacial features and OSA for both
genders.

In the case of age, despite the changesin thefacial skeleton that
occur with aging, only one significant negative correlation
between age and craniofacial measurementswas found for both
men and women: a very weak correlation with cervicomental
contour ratio (r=-.17, P=.01) in the case of male patients and
a weak one with TRG angle (r=-.24, P=.001) in the case of
female patients.

As for height, there is only one significant weak correlation
with face-width ratio (r=-.21, P=.02) in female subjects, and
no significant correlation was found in mal e subjects. Regarding
this item, there are some controversial conclusions within the
scientific community; some of the researches reported strong
relationship between craniofacial parameters and stature [31],
whereas some of them have not [32,33].
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Considering now BMI, weight, and cervical perimeter, infemale
subjects (Table 7) the more relevant correlations correspond to
BMI (r=-.66, P=.001), weight (r=-.65, P=.001), and cervica
perimeter (r=—.58, P=.001) with cervicomental contour ratio.
In male subjects, higher significant correlations are also related
to cervicomental contour ratio with the same clinical parameters
(BMI: r=-.59, P=.001; weight: r=-.49, P=.001; and cervical
perimeter: r=—59, P=.001). These results point to cervicomental
contour ratio related to the neck and under-the-chin fat
depositions as the most likely of facial measurements to be a
possible risk factor for OSA.

Statistical Contrasts Among OSA Severity Groups

In the previous sections, we have studied the correl ation between
the full AHI range and the set of speech/craniofacial features.
In this section, we analyze whether or not these features can be
discriminative between two femal e popul ations: acontrol group,
defined for AHI<10 and an OSA group for AHI=10. Similar
analyses for male populations were presented by Robb and
coworkersin[13] and by ourselvesin [12].

Statistical contrasts using Mann-Whitney U test among control
and OSA groupsare presented in Table 8. Looking at theresults
in Table 8, it can be seen that most of the discriminative speech
features reported by Robb are not detected. Only a significant
difference in F2/i/ is present, whereas a few novel differences
arisefor F2/e/, F3 /i/, and BW2/e/.

Table 8. Contrast among control and obstructive sleep apnea (OSA) severity groups on the female population (N=129).

Feature Control (apnea-hypopneaindex, AHI <10), Obstructive sleep apnea (AHI=10), n=64 P value
n=65
Mean (SD) Mean (SD)
Clinical variables
AHI 40(3.1) 25.4 (18.5) 0012
Weight 76.4 (18.8) 79.7 (17.2) 31
Height 162.3 (6.4) 150.9 (6.2) 042
Age 454 (10.4) 56.5 (10.0) 0012
Body mass index 29.0(7.2) 31.2 (6.6) 042
Cervica perimeter 36.0 (2.8) 37.5(2.9) 012
Speech features
Forment, F2/e/ 23035 (129.2) 22327 (145.8) 012
F2/i/ 2664.0 (150.7) 2575.3 (138.5) 0012
Fali/ 3210.4 (203.5) 3130 (204.9) 03
Bandwidth, BW2/e/ 152.3 (52.5) 133.9 (57.0) 02
Craniofacial features
Cervicomental contour ratio 0.6 (0.2) 0.6(0.1) .07
Face-width ratio 1.4 (0.05) 1.4 (0.06) .07
Tragion-ramus-stomion (TRG) angle 114.2 (5.0) 112.0(6.2) .06

#There are significant differences between OSA groups at the .05 level.
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We have reported results for a similar contrast among control
and OSA groups for men in [12] (Table 9). This allows us to
compare results for female and male populations (Tables 8 and
9, respectively) and see that only F3/i/ appears in both
populations. It is also interesting to notice that for males, the
remainder significant differences appear only in bandwidths
BWZ1/o/, BW3/o/, BW2/a/, and BW3/e/.

If we analyze now the statistical differences among control and
OSA groups for the clinical variables (also shown in Tables 8
and 9), we can see that only weight in females and height in
males present no statistical differences. Consequently, it must
be concluded the presence of indirect influences of speech and
AHI mediated through the rest of clinical variables.

A similar statistical contrast between control and OSA groups
was made for craniofacial features. Results showed no
significant differences between groupsfor the female population
(see Table 8). Results for our male population are presented in
Table 10. These results show significant statistical differences
in cervicomental contour ratio and face-width ratio. Thispoints

Tyan et a

out that the studied facial measurements are more suitable for
estimating the AHI in male subjects.

Matched Groups

As discussed before, our results indicate that there can be an
indirect relationship between AHI and both speech and
craniofacial features mediated through the clinical variables
(age, weight, height, BMI, and cervical perimeter). To evaluate
thisindirect effect, statistical contrasts are again presented for
control and OSA groups but now selected to exhibit no statistical
differences among the clinical variables. Thus, the objective
was to test whether or not statistical differences previously
observed in Tables 8 and 9 (with unmatched valuesin clinical
variables) remain in amatched condition (ie, when there are no
statistical differences in clinical variables among control and
OSA groups).

Results on matched groups for femal e popul ation are presented
in Table 11, which correspond to control and OSA groups
including subjects in the age range of 41 to 55 years and
BMI=25 so that no s