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Abstract

Background: Individuals in Uganda’s urban slums have unmet mental health needs due to limited healthcare infrastructure,
poor environmental conditions, and extreme poverty. Researchers often use wearable devices to measure factors associated
with mental health including sleep, physical activity, and exposure to environmental stressors. However, the use of wear-
ables for research purposes in low-resource settings is limited. This pilot study investigated the feasibility and acceptability
of wearables and accompanying daily diaries to assess sleep and other health indicators in young women living in
Kampala’s slums.

Methods: Women (n= 60 total, two groups) aged 18–24 living in three urban slums participated in 5-day pilot protocols
comprised of wearing Garmin vívoactive 3 smartwatches and completing daily diaries concerning sleep and physical activ-
ities. Participants completed surveys about their experiences. We based analyses on survey findings and data completeness.

Results: All participants responded to daily diaries. All but one reported wearing the device nonstop and 51 had recoverable
heart rate data with median data coverage of 93.2%. Most devices (87.5%) recorded data for 5 days without running out of
battery. Some participants (8.5%) found the wearable uncomfortable during the day, and 25% found it uncomfortable at
night. Few participants (6.7%) reported feeling unsafe with the wearable, with most reports occurring prior to the availability
of bracelet-like wearable covers.

Conclusions: Study protocols implementing wearables and complimentary daily diaries are feasible in this urban population.
However, important contextual factors including participant and researcher training and safety concerns warrant additional
considerations for acceptable utilization of wearable devices for research in other low-resource settings.
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Introduction
Unmet mental health concerns present substantial public
health challenges in Uganda, where an estimated 23% of
the population experiences mental illness.1 Mental
illness is also more prevalent among individuals in slum
communities.2,3 Slum households have been defined by
the United Nations as households that possess “insecure
residential status, inadequate access to safe water, inad-
equate access to sanitation and other infrastructure, poor
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structural quality of housing, [or] overcrowding.”4 Prior
research of youth and young adults in urban slums in
Uganda has found elevated rates of intimate partner
violence, alcohol use, suicidal ideation, and food scarcity
in these communities, underscoring a range of unmet
health needs which necessitate effective and appropriate
interventions.5–8

Although understudied, poor sleep and sleep-related pro-
blems are strongly linked to mental illness and are wide-
spread in urban slums.9–12 Many characteristics of slum
communities, such as overcrowding, lack of access to
food and water,13 violence7,8 and going to sleep hungry
can increase the prevalence of poor sleep. A study con-
ducted in an urban slum of southern India found that 24%
of participants had poor sleep quality, and overcrowding
was specifically associated with poor sleep quality.14 A sep-
arate study of young adults in the United States found that
food insecurity was correlated with poorer mental health
and poorer sleep.15 However, this has rarely been studied
in slum communities in low- and middle-income countries
(LMICs). The growing evidence of sleep-related problems
in urban slums currently relies on self-reported measures
of sleep,16,17 which may be subjected to recall bias.
Describing typical sleep quality and demonstrating ways
to measure and improve sleep quality in individuals in
slum communities can pave the way for mental health inter-
ventions and health programs.

Daily diaries are one methodological approach for
examining sleep, physical activity, health and other con-
textual data. Daily diaries may consist of brief surveys
conducted on a daily basis, either through self-reported
questionnaires or active data collection approaches such
as daily phone calls to the participant. The recency of
data collected with this approach reduces recall bias
while capturing specific behaviors and events.18,19 Daily
diaries have been implemented in studies within LMICs
using a variety of technology. For example, a South
African study collected daily reports of alcohol use,
sexual activity, and HIV antiretroviral use using daily tele-
phone calls to participants.20,21 Another study in the
Dominican Republic used paper daily diaries that were
submitted via daily WhatsApp messages or a phone call
to collect the activity space of female sex workers who
had tested positive for HIV.22 However, using mobile
phones or text messaging for data collection may not be
appropriate in low-resource settings where phone owner-
ship may be limited.23 Additionally, past research sug-
gests that discrepancies still exist when measuring
self-reported sleep using daily diaries compared to direct
clinical measurements.24–26

Wearable devices are an objective alternative to asses-
sing health behaviors via self-report in research. Wearable
devices can collect large amounts of data on a range of
health metrics such as heart rate, physical activity, and
sleep and can be used to study both physical and mental

health.16 Consumer wearables and actigraphy also offer
improved accuracy of sleep reporting compared to daily
diaries.26,27 As such, wearable technology presents an
appealing, emerging option for passive and objective data
collection of sleep and sleep quality. However, much of
the current research to date using wearable technology for
passive data collection has been conducted in high-resource
contexts and a gap remains in adopting wearable technology
for health research in LMICs.28 Relatively few studies
have been conducted in LMICs and in sub-Saharan Africa
specifically. A recent review of mHealth use in Africa and
Europe underscores this gap: authors identified 67 studies
using wearable technology in Europe, but only 4 studies
in Sub-Saharan Africa.29

Logistical barriers and low familiarity with wearable
technology have slowed their adoption in LMICs. Gupta
and colleagues note that while wearable physical activity
monitors have improved in recent years, there are still
many barriers to implementing wearable physical activity
trackers globally, particularly in LMICs.30 A study in
Cambodia found that smartphone and internet access,
which are needed for long-term data collection from most
wearables, are not always available to people in LMICs,
and many residents of LMICs may be unfamiliar with and
untrusting of wearable technology.31 Costs of wearables
may also be a concern, though new devices at varying
price points are entering the market and well-known
brands can increasingly be purchased refurbished, in bulk,
and through partnerships with vendors.

Despite these challenges, research teams are leveraging
evolving technology and decreasing costs to implement
wearable technology for passive data collection. One
recent study sought to evaluate the feasibility and acceptabil-
ity of using wearable technology in rural Burkina Faso.32

Their study participants had an overall positive response to
the wearables, with the majority of participants reporting
that the wearables were non-irritating, easy to wear while
sleeping, and had a positive appearance. However, the
authors also reported data missingness due to technical
issues and noncompliance. Other research has described
the use of wearables as low-cost alternatives to costly
medical equipment for monitoring vital signs of patients in
Vietnam33 and Ghana,22 but more research in LMICs is
needed on utilizing wearables to measure passive behavioral
data for healthy study participants.

In LMICs, urban slums are critical contexts for addres-
sing health disparities and improving health conditions
using scalable strategies including vocational training
programs. These settings also present unique situational
environments and potential barriers to using wearable tech-
nology and daily diaries for data collection. Although
research remains relatively sparse, recent studies indicate
that wearable technology may be unfamiliar to many indi-
viduals living in such communities.31 Moreover, lack of
access to smartphones is another concern given that
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wearable devices are typically paired to smartphones for
data collection and storage, and daily diaries are often sub-
mitted digitally or over the phone. Finally, many house-
holds in urban slums lack reliable electricity and as such
may not be able to charge wearable devices during data col-
lection. These are all important factors that need to be con-
sidered when assessing how to increase adoption of new
technology for research and intervention delivery.

The goals of the presently described study were to
examine the feasibility of using wearable technology and
completing accompanying daily diaries among young
women living in the slums of Kampala. The findings
from these pilot studies were needed to inform the planning
and implementation of a multiyear prospective longitudinal
cohort study focused on the impact of vocational training on
the mental health of young women living in the urban slums
of Kampala, Uganda, who experience a disproportionate
burden of poor mental health outcomes.34,35 Another
related goal was to identify the barriers for collecting data
using wearable devices and daily diaries that may influence
data completeness and quality.

Methods
A total of 60 participants were recruited for two pilot
studies (n= 30 each). The pilot studies were designed to
assess protocols for data acquisition and management
plans, as well as the feasibility and acceptability of wear-
able devices and accompanying daily diaries, for the larger
cohort study. The first pilot study took place in February
2023, and the second took place in May 2023.
Participants were recruited by the Uganda Youth
Development Link (UYDEL), a non-profit organization
that provides vocational training and other services to
youth and young adults living in the slums of Kampala,
Uganda. UYDEL staff recruited participants by visiting
residences that were within a 2000-meter radius of one
of three of the UYDEL drop-in centers. In order to be eli-
gible for the study, women had to be between 18 and 24
years of age and reside within 2000 meters of either the
Banda, Bwaise, or Makindye UYDEL drop-in resource
center. These criteria are consistent with the majority of
women served by vocational training programs at
UYDEL. Written informed consent was obtained from
all participants. Findings from the TOPOWA Project
pilot studies have been reported previously for the
survey components that involve life satisfaction, depres-
sion, food insecurity, and lifestyle,36 as well as participant
experiences.37 Focus groups were also conducted after
study participation to further examine participants’ per-
ceptions of the wearable devices and daily diaries to ultim-
ately inform modification of the study protocols.
However, the present analysis is limited to data collected
from wearables, daily diaries and post-participation
surveys.

Wearables

Both pilots included sleep duration, sleep quality, and
activity-related measures (e.g., heart rate and steps) using
Garmin vívoactive 3 smartwatches worn continuously
over 5 days and nights. The second pilot also included
passive location tracking using the wearable device. The
devices were selected based on availability, affordability,
features, and the history of use of Garmin-branded wear-
ables in research. Prior research has shown that consumer-
grade wearables generally do not meet gold standards for
research data collection (i.e. polysomnography for sleep),
but still have utility for collecting behavioral data.38

The data collection duration was selected as a typical
duration for the battery life of the selected wearable
device; participants were not asked to charge wearable
devices during the study period because not all residents
of the Kampala slums have regular access to electricity.
To conserve battery life, location was only collected
during automatically detected activity events, defined as
walking for more than 5 consecutive minutes or running
for more than 1 min. The wearable devices were synced
to Garmin Connect using a USB cable connected to a com-
puter and Garmin Express, and data were retrieved through
this platform for analysis.39

Daily diaries

Paper daily diaries were used to capture information that
could be used to validate and supplement the data collected
by the wearable device, including places the participant
traveled to throughout the day, time the participant went
to bed at night, time they woke up in the morning and self-
rated sleep quality. Additionally, daily diaries captured self-
reported daily stress levels. Daily diaries were printed with
all text in both English and Luganda, the local language
spoken in Kampala. Participants were given a booklet con-
taining a series of paper daily diaries to be completed across
the 5-day data collection period. The study personnel asked
participants to complete all daily diary questions for each of
the 5 days. Participants returned both the completed daily
diaries and wearable devices at the end of the data collec-
tion period.

Surveys

Brief interviewer-administered surveys were completed
after the 5-day data collection period. Surveys were con-
ducted in both English and Luganda. Surveys collected
information on demographics, baseline stress levels, and
socioeconomic data including food insecurity and house-
hold support. Surveys also examined life satisfaction,
depressive symptoms, and self-reported general sleep
quality.36 Additionally, surveys included questions
intended to assess the acceptability of wearables, such as
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how comfortable the wearable was both during the day and
at night and whether the participant felt safe wearing it.
Research assistants entered de-identified data from the
surveys and daily diaries directly into Research Electronic
Data Capture (REDCap).40

Data analysis

The feasibility of wearables was measured using indicators
of data completeness, data coverage and battery life. Heart
rate data coverage was calculated by identifying all gaps of
15 min or more and summing all such elapsed times, less a
15-min tolerance, then dividing by the elapsed time
between the first and last heart rate record and subtracting
from 1.32 The feasibility of obtaining wearable sleep data
was calculated as the number of nights where participants
had at least some sleep data. Battery life was operationa-
lized using recorded steps as a proxy. Location data were
extracted and summarized as the number of coordinates
per person and days with recorded location data per
person. Acceptability of wearables was operationalized
through survey questions on device comfort, perceived
safety while wearing the device, and overall participant
experiences with the device across the 5-day period.
Daily diary feasibility and acceptability were assessed
using the number of data entries for the 5-day period for
sleep, stress, and activities. Demographics and other partici-
pant characteristics were based on measures obtained from
surveys. Data processing was completed in R 4.3.3 and
Python 3.12.4, and analyses were conducted in R 4.3.3.

Results

Participant characteristics

Both pilot studies consisted of young women ages 18–24,
described in Table 1. The mean age in both pilots was
20.1 years. Approximately one-third (31.7%) of partici-
pants had children. The median household size, including
the participant herself, was four individuals. 26.7% of the
young women reported having jobs. Moreover, 20% of par-
ticipants had completed secondary or tertiary school. For
local travel, 85% walked as their usual form of transporta-
tion and the remaining 15% reported primarily using boda
bodas (motorcycle taxis). Less than 50% of participants
overall reported owning a smartphone. Almost all partici-
pants (95%) had electricity in their household.

Feasibility of wearable device data collection

Pilot 1 data were collected from 27 out of 30 wearable
devices. Pilot 2 data were collected from 29 out of 30
devices, though location and sleep data were only retained
for 28. One wearable device was returned damaged, and
data could not be recovered from the wearable device.

The remaining data loss was associated with data manage-
ment issues when participant data were overwritten due to
mistaken identifiers.

In general, batteries lasted throughout the study period
and beyond the fifth night. We used steps as a proxy for
battery life (Table S1). The only difference in the wearable
device settings between Pilot 1 and Pilot 2 was the addition
of passive location tracking during automatically-detected
activities. There is some indication that turning on the loca-
tion tracking feature reduced battery life given the reduction
in wearable devices (from 96.3% to 79.3%) that continued
to collect data into the sixth day.

Only one participant reported removing the watch prior
to the end of the study. This wearable device was returned
damaged. A different participant reported removing the
watch for an hour to charge it on the third day of their par-
ticipation. All other participants reported wearing the watch
during the day and at night from the time they received it
until they returned it on the sixth day.

Wear time was also investigated via inspection of heart
rate data. Optimal data collection resulted in heart rate
records approximately every minute. Across both pilots, 51
participants had heart rate data. Heart rate data coverage
ranged from 21.1% to 99.7%, with a mean of 80.0% and a
median of 93.2%. Most participants (n= 41, 80.4%) had
gaps of 1 hour or more in their heart rate data, and 17 partici-
pants (33.3%) had gaps of 8 h or more. Of the 51 participants
with heart rate data, 41 (80.4%) had heart rate observations on
the fifth study day, suggesting that they did not discontinue
wearing the device prior to the end of the study.

Sleep data. We collected estimated sleep durations from the
wearable devices for at least three nights for 96.4% of par-
ticipants with any available data (Table S2). 19/27 pilot 1
and 16/28 pilot 2 participants (63.6% overall) had sleep
data collected for all five nights that they wore the watch.
However, sleep phases, which required simultaneous
heart rate readings, were less frequently estimated: only
11/27 pilot 1 and 13/28 pilot 2 (43.6% overall) participants
had sleep phase data produced for all five nights.

Location data from wearable devices. Location data were
only collected from the wearable devices during the
second pilot. A total of 192,314 location coordinates were
recorded for 28 participants. The number of recorded loca-
tion coordinates per person ranged from 619 to 51,060
(median: 4394, IQR: 5749.5), with locations recorded on
an average of 2.5 days per person.

Feasibility and acceptability of daily diaries

All participants in both pilots reported on all 5 days of daily
diary data collection and all study booklets were returned.
Variables collected in the daily diaries had high completion
percentages—for example, daily stress levels were reported
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Table 1. Participant demographics and characteristics of TOPOWA pilot study participants (N= 60).

Pilot 1
(N= 30)

Pilot 2
(N= 30)

Overall
(N= 60)

Age

Mean (SD) 20.1 (2.01) 20.1 (1.67) 20.1 (1.83)

Median [Min, Max] 20 [18, 24] 20 [18, 24] 20 [18, 24]

Number of people living in household

Mean (SD) 5.20 (4.26) 4.33 (2.63) 4.77 (3.54)

Median [Min, Max] 4 [2, 25] 4 [2, 15] 4 [2, 25]

Children

No 21 (70.0%) 20 (66.7%) 41 (68.3%)

Yes 9 (30.0%) 10 (33.3%) 19 (31.7%)

Employment

No 24 (80.0%) 20 (66.7%) 44 (73.3%)

Yes 6 (20.0%) 10 (33.3%) 16 (26.7%)

Highest level of education

Completed some primary 3 (10.0%) 6 (20.0%) 9 (15.0%)

Completed primary school 3 (10.0%) 6 (20.0%) 9 (15.0%)

Completed some secondary 14 (46.7%) 16 (53.3%) 30 (50.0%)

Completed secondary school 9 (30.0%) 2 (6.7%) 11 (18.3%)

Completed tertiary school 1 (3.3%) 0 (0%) 1 (1.7%)

Usual mode of transportation

Boda boda 3 (10.0%) 6 (20.0%) 9 (15.0%)

Walking 27 (90.0%) 24 (80.0%) 51 (85.0%)

Owns a smartphone

No 13 (43.3%) 21 (70.0%) 34 (56.7%)

Yes 17 (56.7%) 9 (30.0%) 26 (43.3%)

Household has electricity

No 1 (3.3%) 2 (6.7%) 3 (5.0%)

Yes 29 (96.7%) 28 (93.3%) 57 (95.0%)
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in 292 out of 300 daily entries across 60 participants.
Self-rated sleep quality questions (measured using the
Pittsburgh Sleep Quality Index)41 each had greater than
89% completion by participants across the 5 days. Most
participants (25/28 with wearable device location data and
51/60 overall) self-reported travel to destinations outside
their homes on all 5 days, and all participants self-reported
travel on at least 3 days. All participants reported sleeping
during all five nights of the study period. Despite the high
completion rates, some daily diaries contained inconsistent
sleep times—for example, a participant reporting a 12-h dif-
ference in both sleep and wake times on consecutive days—
that may be indicative of reporting errors.

Acceptability and participant experience of
wearables

Participants generally found the wearable devices comfort-
able to wear, with only five participants (8.5% when
accounting for non-response) rating the watch as “uncom-
fortable” or “very uncomfortable” to wear during the day
(Table 2). This number increased to 15 (25%) when
asked about comfort at night. Ten of the participants
noting nighttime discomfort were in pilot 1, and only five
were in pilot 2. Larger proportions of these participants
had children and had smartphones compared to those who
did not report nighttime discomfort, though no hypothesis
tests were conducted for this exploratory analysis, and
none reported having a job (Table S3). Qualitative feedback
from several participants noted illumination from the watch
as distracting to themselves or others around them. In
response to this feedback from pilot 1, wrist covers
designed to look like bracelets made of kitenge fabric
were offered to participants to reduce nighttime illumin-
ation and improve device concealment for safety concerns
during the second pilot. We also adjusted participant and
research assistant training to clarify the types of data col-
lected by the wearable devices, including detailed handouts
and reference sheets for research assistants that include
responses to participants’ frequently asked questions.

Only four participants (6.8% of respondents) had ever
seen a similar wearable device such as a smartwatch or
fitness tracker (Table S4). During pilot 1, 86.7% reported
being asked about the watch by others at some point
during their study participation (Table S5).

Three participants in pilot 1 and 1 participant in pilot 2
(6.7% overall) responded that they felt “unsafe” while
wearing the watch (Table 2). Higher proportions of those
who reported feeling “safe” or “very safe” (n= 45) had
jobs, owned smartphones, and had completed less than sec-
ondary school, though no hypothesis tests were completed
for this exploratory analysis. All participants aged 22 and
older (n= 13) reported feeling “safe” or “very safe”
(Table S6). No participants reported feeling “very
unsafe.” Fabric wrist covers introduced in pilot 2 as an

option for covering the watch were utilized by some parti-
cipants, though more than half (56.7%) rated the covers as
“uncomfortable” or “very uncomfortable” and all partici-
pants reported removing the wrist cover at least some of
the time (Table S7). Additionally, 15% of participants
reported avoiding certain locations while wearing the
watch (Table S4).

Discussion
These pilot studies were intended to explore the feasibility
and acceptability of wrist-worn wearable devices and

Table 2. Comfort and safety when wearing the wearable device in
TOPOWA pilot studies (N= 60).

Pilot 1
(N= 30)

Pilot 2
(N= 30)

Overall
(N= 60)

How comfortable is the watch to
wear during the day?

Very comfortable 11 (36.7%) 11 (36.7%) 22 (36.7%)

Comfortable 11 (36.7%) 15 (50.0%) 26 (43.3%)

Neutral 5 (16.7%) 1 (3.3%) 6 (10.0%)

Uncomfortable 3 (10.0%) 1 (3.3%) 4 (6.7%)

Very uncomfortable 0 (0%) 1 (3.3%) 1 (1.7%)

Missing 0 (0%) 1 (3.3%) 1 (1.7%)

How comfortable is the watch to
wear at night?

Very comfortable 8 (26.7%) 7 (23.3%) 15 (25.0%)

Comfortable 10 (33.3%) 16 (53.3%) 26 (43.3%)

Neutral 2 (6.7%) 2 (6.7%) 4 (6.7%)

Uncomfortable 10 (33.3%) 5 (16.7%) 15 (25.0%)

Very uncomfortable 0 (0%) 0 (0%) 0 (0%)

How safe did you feel while wearing
the watch?

Very safe 7 (23.3%) 9 (30.0%) 16 (26.7%)

Safe 12 (40.0%) 18 (60.0%) 30 (50.0%)

Neutral 8 (26.7%) 2 (6.7%) 10 (16.7%)

Unsafe 3 (10.0%) 1 (3.3%) 4 (6.7%)

Very unsafe 0 (0%) 0 (0%) 0 (0%)
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accompanying daily diaries for capturing sleep, activity,
and travel behaviors among young women living in the
slums of Kampala, Uganda.

Through surveys, we were able to ascertain the accept-
ability of wearable devices by examining participants’ per-
ceptions while wearing the devices for 5 days. We found
that less than half of the participants owned smartphones,
meaning that it is not practical at this time for studies in
this area to attempt to leverage participant-owned smart-
phones for data collection, storage, or transmission with
wearable sensors or daily diaries. Access to mobile phones
and phone ownership in this population has not increased
over the last decade.23 Contrary to expectations, most parti-
cipants reported having electricity in their homes, meaning
that studies of longer durations that require devices to be
charged during data collection may be possible, depending
on the device’s internal data storage capacity and individual
household electricity capabilities.

The overall high self-reported ratings suggest that wrist-
worn wearable devices are acceptably comfortable for con-
tinuous wear over 5 days by this population for research
data collection, though there may be demographic differ-
ences in who finds the devices uncomfortable—particularly
at night. Participants reported that watches were more
uncomfortable at night than during the day. The Garmin
vívoactive 3 devices used in this study have a display diam-
eter of 30.4 mm and may be cumbersome to wear for those
with small wrist circumference, and those unaccustomed to
wearing a watch.

While the majority of participants did not express safety
concerns in survey questions, a few participants did report
feeling unsafe and 15% stated that they avoided locations
because they were wearing the watch. Further, the potential
for safety-related concerns may be underrepresented due to
participants who are more comfortable with the wearables
self-selecting into the study or the presence of response
biases. We took steps to reduce concerns after the first
pilot, introducing optional fabric covers and including add-
itional training for participants and research assistants.
Nighttime discomfort and safety concerns were both
lower during pilot 2. However, more participants reported
avoiding locations during the second pilot, suggesting that
participants may have engaged in behavior change to pre-
emptively avoid situations that could feel unsafe when
wearing the watch as a result of increased emphasis on
safety in training materials. Given the novelty of these
devices and potential for theft and scrutiny by community
members, future studies should prioritize understanding
and addressing contextual safety concerns to ensure safety
acceptability. Exploratory analyses suggest that perceived
safety may vary across demographics. Our full study will
iterate on the changes made to the training materials to
further address safety considerations, including emphasis
on the option to remove the device at any time without
loss of compensation for participation.

We also found that wearable technology was feasible for
research purposes in this population. Data loss for the entire
study duration was minimal. Heart rate data coverage was
highly variable, with a median coverage across individuals’
observed participation periods of 93.2%. Coverage gaps
may include both wear issues such as loose fit of the
device and possible temporary removal of the device.
However, there were no patterns in coverage across time
of day that could suggest nighttime removal, most partici-
pants with heart rate data had observations on the final
study day, and only one participant reported that she
stopped wearing her assigned wearable device prior to the
end of the study. Our heart rate data coverage is notably
higher than prior studies using wearables in LMICs that
used the same measure and obtained mean data coverage
of 3%32 and 7%.42 There are many possible reasons for
this difference, ranging from participant compliance to the
choice of device. Missing data overall were consistent
with prior work in both LMICs and high-income set-
tings.32,43,44 Data loss due to data management errors also
occurred during the pilot studies. While the Garmin
Cloud portal served as a convenient repository for data
sharing and quick quality control visualization, mistakes
in setup can lead to data loss such as sleep being overwrit-
ten. We found that separate manual backups of data are crit-
ical to avoid this source of data loss, a step to be
implemented in the full study.

Daily diaries were feasible to implement, with all book-
lets returned at the end of the study period. All participants
responded to daily diary questions for the five study days
with high completion rates on individual questions – sug-
gesting that the daily diaries were acceptable. However,
some discrepancies existed with participants reporting
unusually long sleep durations (e.g. more than a 12-h
window between the time of falling asleep and time of
waking) or unusual variations in the timing of sleep (e.g.
changes of 12 h in sleep and wake times on consecutive
days). These may be reflective of documentation errors
when participants recorded times, or potentially limited
time literacy. The second pilot study incorporated several
additional questions on the timing of sleep (e.g. “Was it
dark outside when you went to sleep?”). This ultimately
helped evaluate discrepancies in sleep timing and unusual
reported values. Therefore, while daily diaries appear
to be an acceptable method of data collection for this
population, specific questions may require additional work-
shopping and consultation with community partners to
ensure that accurate data are collected.

While studies using wearable devices and daily diaries
with this population appear largely feasible and acceptable,
we noted multiple areas in which the wearable devices or
daily diaries alone may be inaccurate or lack sufficient
context. As an example, compared to reported travel activ-
ities in daily diaries, the wearable devices recorded substan-
tially less travel. Possible reasons for this missing travel
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include battery life, travel that did not trigger automatic
activity detection due to limited duration, and travel by
means other than walking (e.g., boda boda motorcycle
taxis which are commonly used in Kampala and often the
cheapest option for transportation). Therefore, both pas-
sively collected location data and self-reported travel
behavior are needed to capture a balance of detailed travel
for environmental exposures and overall behavior if this
tracking is of use to the research.

The wearable devices were able to estimate sleep dur-
ation for most nights, but sleep phases were less frequently
identified. In addition to data loss when batteries were
expended, lack of sleep phase identification may have
been due to reduced accuracy of optical heart rate sensors
applied to individuals with darker skin tones45 or documen-
ted issues with sleep phase accuracy from such wearable
devices,44 highlighting the importance of selecting
devices based on existing research concerning their validity
and reliability and their planned use case and context.
Further, we believe that some participants may have worn
the wearable devices too loosely, which could result in
data quality issues or data loss. Providing clear guidance
on proper wear of the device is important for minimizing
such issues, and our full study will emphasize correct
wear for both research team members and participants.

Daily diaries also contained occasional data quality con-
cerns, such as participants reporting dramatic day-to-day
shifts in sleep and wake times on consecutive days that
were not consistent with wearable data. Prior research has
noted that people tend to be inaccurate when estimating
their sleep times.24–27 To reduce possible biases in the
daily diary items, future studies could add automated remin-
ders on the wearables to ensure that participants complete
the questions on time, ensure that training for participants
addresses any confusion related to questions in the daily
diaries, and encourage participants to use the wearables as
watches to note the times when they went to bed and
woke. This collection of tradeoffs justifies using wearables
to collect sleep data with daily diaries as backups to fill in
missing data, rather than relying exclusively on self-reported
data, despite self-reporting having less missing data.

Conclusion
We found that using wrist-worn wearable devices and
accompanying daily diaries to capture sleep, activity, and
travel behaviors among young women living in the slums
of Kampala, Uganda is feasible. Safety considerations
should be reviewed to ensure the acceptability of wearable
devices in new contexts. Wearables and daily diaries
provide complementary information that can be used to
better understand sleep and activity patterns. Changes in
these patterns may serve as indicators of successful imple-
mentation for mental and other health prevention and inter-
vention programs suitable for this population.

Acknowledgements: The authors would like to thank research
assistants and personnel supporting the TOPOWA project, and
the Uganda Youth Development Link (UYDEL) centers and staff.

Contributorship: KN, KM, and RC researched literature and
conceived the study. MS led and JP contributed to the protocol
development and gaining of ethical approval. MS led study
oversight. AN assisted with recruitment and on-site feedback.
KN and KM cleaned the data and KN conducted the formal
analysis. KN wrote the first draft of the manuscript. All authors
reviewed and edited the manuscript and approved the final
version of the manuscript.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: The research ethics committees of Makerere
University School of Social Sciences (MAKSSREC
MUSSS-2022-172, 27 October 2022) and Uganda National
Council of Science and Technology (SS1560ES, 23 December
2022) approved this study.

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: This work was supported by the National Institute of
Mental Health, of the National Institutes of Health—award
number R01MH128930 to Swahn. The content is solely the
responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

Guarantor: MS.

ORCID iD: Karen Nielsen https://orcid.org/0000-0003-3771-
5272

Supplemental material: Supplemental material for this article is
available online.

References
1. Opio JN, Munn Z and Aromataris E. Prevalence of mental dis-

orders in Uganda: a systematic review and meta-analysis.
Psychiatr Q 2022; 93: 199–226.

2. Kaggwa MM, Harms S and Mamun MA. Mental health care
in Uganda. Lancet Psychiatry 2022; 9: 766–767.

3. Patterson AQ, Culbreth RE, Kasirye R, et al. Self-rated phys-
ical health, health-risk behaviors, and disparities: a cross-
sectional study of youth in the slums of Kampala, Uganda.
Glob Public Health 2021; 17: 2962–2976.

4. Global Urban Observatory. Guide to monitoring target 11:
improving the lives of 100 million slum dwellers. Nairobi.
https://unhabitat.org/sites/default/files/download-manager-
files/Guide%20to%20Monitoring%20MDG%20Target%2011.
pdf (2023).

8 DIGITAL HEALTH

https://orcid.org/0000-0003-3771-5272
https://orcid.org/0000-0003-3771-5272
https://orcid.org/0000-0003-3771-5272
https://unhabitat.org/sites/default/files/download-manager-files/Guide%20to%20Monitoring%20MDG%20Target%2011.pdf
https://unhabitat.org/sites/default/files/download-manager-files/Guide%20to%20Monitoring%20MDG%20Target%2011.pdf
https://unhabitat.org/sites/default/files/download-manager-files/Guide%20to%20Monitoring%20MDG%20Target%2011.pdf
https://unhabitat.org/sites/default/files/download-manager-files/Guide%20to%20Monitoring%20MDG%20Target%2011.pdf


5. Culbreth R, Swahn MH, Salazar LF, et al. Risk factors asso-
ciated with HIV, sexually transmitted infections (STI), and
HIV/STI Co-infection among youth living in the slums of
Kampala, Uganda. AIDS Behav 2019; 24: 1023–1031.

6. Culbreth R, Swahn MH, Salazar LF, et al. Intimate partner
violence and associated risk factors among youth in the
slums of Kampala. J Interpers Violence 2019; 36:
NP11736–55.

7. Swahn MH, Gressard L, Palmier JB, et al. Serious violence
victimization and perpetration among youth living in the
slums of Kampala, Uganda. West J Emerg Med 2012; 13:
253–259.

8. Swahn MH, Culbreth RE, Staton CA, et al. Alcohol-related
physical abuse of children in the slums of Kampala,
Uganda. Int J Environ Res Public Health 2017; 14: 1124.

9. Simonelli G, Leanza Y, Boilard A, et al. Sleep and quality of
life in urban poverty: the effect of a slum housing upgrading
program. Sleep 2013; 36: 1669–1676.

10. Cardinali DP, Simonelli G, Rodríguez Espínola SS, et al.
Sleep, slums and shelter: impact of a slum-housing upgrading
program. Vatican City. https://www.pas.va/content/dam/
accademia/pdf/sv125/sv125-cardinali.pdf (2014).

11. Prather AA, Bogdan R and Hariri AR. Impact of sleep quality
on amygdala reactivity, negative affect, and perceived stress.
Psychosom Med 2013; 75: 350–358.

12. Scott AJ, Webb TL, Martyn-St James M, et al. Improving
sleep quality leads to better mental health: a meta-analysis
of randomised controlled trials. Sleep Med Rev 2021; 60:
101556.

13. Ssemugabo C, Wafula ST, Ndejjo R, et al. Characteristics of
sanitation and hygiene facilities in a slum community in
Kampala, Uganda. Int Health 2021; 13: 13–21.

14. Rao M, Bhushan S and Ts R. Poor quality of sleep and it’s
associated factors among urban slum-dwellers of Bengaluru-
a cross-sectional study. F1000Res 2024; 12: 1426.

15. Nagata JM, Palar K, Gooding HC, et al. Food insecurity is
associated with poorer mental health and sleep outcomes in
young adults. J Adolesc Health 2019; 65: 805–811.

16. Wang C, Liu J, Li Z, et al. Predictor of sleep difficulty among
community dwelling older populations in 2 African settings.
Medicine (Baltimore) 2019; 98: e17971.

17. Christoph MJ, Grigsby-Toussaint DS, Baingana R, et al.
Physical activity, sleep, and BMI percentile in rural and
urban Ugandan youth. Ann Glob Health 2017; 83: 311–319.

18. Reis HT, Gable SL and Maniaci MR. Methods for studying
everyday experience in its natural context. In: Reis HT and
Judd CM (eds) Handbook of research methods in social
and personality psychology. New York, NY, USA:
Cambridge University Press, 2014, pp.373–403.

19. Ohly S, Sonnentag S, Niessen C, et al. Diary studies in organ-
izational research: an introduction and some practical recom-
mendations. J Pers Psychol 2010; 9: 79–93.

20. Kiene SM, Simbayi LC, Abrams A, et al. Alcohol expectan-
cies and inhibition conflict as moderators of the
alcohol-unprotected sex relationship: event-level findings
from a daily diary study among individuals living with HIV
in Cape Town, South Africa. AIDS Behav 2016; 20: 60–73.

21. Sileo KM, Simbayi LC, Abrams A, et al. The role of alcohol
use in antiretroviral adherence among individuals living with

HIV in South Africa: event-level findings from a daily diary
study. Drug Alcohol Depend 2016; 167: 103–111.

22. Felker-Kantor E, Polanco C, Perez M, et al. Participatory
geographic mapping and activity space diaries: innovative
data collection methods for understanding environmental
risk exposures among female sex workers in a low-to
middle-income country. Int J Health Geogr 2021; 20: 25.

23. Swahn MH, Braunstein S and Kasirye R. Demographic and
psychosocial characteristics of mobile phone ownership and
usage among youth living in the slums of Kampala,
Uganda. West J Emerg Med 2014; 15: 600–603.

24. Vanable PA, Aikens JE, Tadimeti L, et al. Sleep latency and
duration estimates among sleep disorder patients: variability
as a function of sleep disorder diagnosis, sleep history, and
psychological characteristics. Sleep: J Sleep Res Sleep Med
2000; 23: 1–9.

25. Trimmel K, Eder HG, Böck M, et al. The (mis)perception of
sleep: factors influencing the discrepancy between self-
reported and objective sleep parameters. J Clin Sleep Med
2021; 17: 917–924.

26. Vallières A and Morin CM. Actigraphy in the assessment of
insomnia. Sleep 2003; 26: 902–906.

27. Van Den Berg JF, Van Rooij FJA, Vos H, et al. Disagreement
between subjective and actigraphic measures of sleep duration
in a population-based study of elderly persons. J Sleep Res
2008; 17: 295–302.

28. Huhn S, Axt M, Gunga HC, et al. The impact of wearable
technologies in health research: scoping review. JMIR
mHealth uHealth 2022; 10: e34384.

29. Aboye GT, Vande Walle M, Simegn GL, et al. mHealth in
Sub-Saharan Africa and Europe: context of current health,
healthcare status, and demographic structure. Digit Health
2023; 9: 20552076231178420.

30. Gupta N, Crowley P, Holtermann A, et al. Are we ready for
wearable-based global physical activity surveillance? Br J
Sports Med 2024; 58: 356–358.

31. Liverani M, Ir P, Perel P, et al. Assessing the potential of
wearable health monitors for health system strengthening in
low- and middle-income countries: a prospective study of
technology adoption in Cambodia. Health Policy Plan
2022; 37: 943–951.

32. Huhn S, Matzke I, Koch M, et al. Using wearable devices to
generate real-world, individual-level data in rural, low-
resource contexts in Burkina Faso, Africa: a case study.
Front Public Health 2022; 10: 972177.

33. Ghiasi S, Zhu T, Lu P, et al. Sepsis mortality prediction using
wearable monitoring in low-middle income countries. Sensors
(Basel) 2022; 22: 3866.

34. Bukenya B, Kasirye R, Lunkuse J, et al. Depression, anxiety,
and suicide risk among Ugandan youth in vocational training.
Psychiatr Q 2022; 93: 513–526.

35. Rotheram-Borus MJ, Lightfoot M, Kasirye R, et al.
Vocational training with HIV prevention for Ugandan
youth. AIDS Behav 2012; 16: 1133–1137.

36. Culbreth RE, Nielsen KE, Mobley K, et al. Life satisfaction
factors, stress, and depressive symptoms among young
women living in urban Kampala: findings from the
TOPOWA project pilot studies. Int J Environ Res Public
Health 2024; 21: 184.

Nielsen et al. 9

https://www.pas.va/content/dam/accademia/pdf/sv125/sv125-cardinali.pdf
https://www.pas.va/content/dam/accademia/pdf/sv125/sv125-cardinali.pdf
https://www.pas.va/content/dam/accademia/pdf/sv125/sv125-cardinali.pdf


37. Swahn MH, Gittner KB, Lyons MJ, et al. Advancing mHealth
research in low-resource settings: young women’s insights
and implementation challenges with wearable smartwatch
devices in Uganda. Sensors 2024; 24: 5591.

38. de Zambotti M, Goldstein C, Cook J, et al. State of the science
and recommendations for using wearable technology in sleep
and circadian research. Sleep 2024; 47: zsad325.

39. Garmin. Garmin express software. https://support.garmin.
com/en-US/?faq=IB1TjAKZso2F6mKr3hYqy9 (2024).

40. Harris PA, Taylor R, Thielke R, et al. Research electronic data
capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research inform-
atics support. J Biomed Inform 2009; 42: 377–381.

41. Buysse DJ, Reynolds CF, Monk TH, et al. The pittsburgh
sleep quality index: a new instrument for psychiatric practice
and research. Psychiatry Res 1989; 28: 193–213.

42. Matzke I, Huhn S, Koch M, et al. Assessment of heat expos-
ure and health outcomes in rural populations of western
Kenya by using wearable devices: observational case study.
JMIR mHealth uHealth 2024; 12: e54669.

43. Difrancesco S, Fraccaro P, Veer SVD, et al. Out-of-home
activity recognition from GPS data in schizophrenic patients.
https://research.manchester.ac.uk/en/publications/out-of-
home-activity-recognition-from-gps-data-in-schizophrenic-p
(2016).

44. Cho S, Ensari I, Weng C, et al. Factors affecting the quality of
person-generated wearable device data and associated chal-
lenges: rapid systematic review. JMIR mHealth uHealth
2021; 9: e20738.

45. Colvonen PJ, DeYoung PN, Bosompra NOA, et al. Limiting
racial disparities and bias for wearable devices in health
science research. Sleep 2020; 43: zsaa159.

10 DIGITAL HEALTH

https://support.garmin.com/en-US/?faq=IB1TjAKZso2F6mKr3hYqy9
https://support.garmin.com/en-US/?faq=IB1TjAKZso2F6mKr3hYqy9
https://support.garmin.com/en-US/?faq=IB1TjAKZso2F6mKr3hYqy9
https://research.manchester.ac.uk/en/publications/out-of-home-activity-recognition-from-gps-data-in-schizophrenic-p
https://research.manchester.ac.uk/en/publications/out-of-home-activity-recognition-from-gps-data-in-schizophrenic-p
https://research.manchester.ac.uk/en/publications/out-of-home-activity-recognition-from-gps-data-in-schizophrenic-p

	 Introduction
	 Methods
	 Wearables
	 Daily diaries
	 Surveys
	 Data analysis

	 Results
	 Participant characteristics
	 Feasibility of wearable device data collection
	 Sleep data
	 Location data from wearable devices

	 Feasibility and acceptability of daily diaries
	 Acceptability and participant experience of wearables

	 Discussion
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


