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Abstract

Background: Sleep and physical activity are two health behaviors associated with improved smoking cessation
outcomes. Text message-based interventions have previously been used to promote physical activity and smoking
cessation; however, this type of intervention has not targeted sleep habits. This study examined the effectiveness of
a text message-based active control intervention in improving sleep and physical activity habits among a U.S.
national sample of young adult smokers participating in a smoking cessation intervention.

Methods: This study was a secondary analysis of data from the Stop My Smoking USA randomized controlled trial.
Baseline and 3-month follow-up data were collected from 116 young adult smokers (mean age 21.8 years, SD = 2.1)
who were randomized at a 2:1 ratio to receive a 6-week text messaging program focused on either smoking
cessation (n = 72), or improving sleep and physical activity (n = 44). Three main outcomes were assessed: 1) sleep
quantity (on work/school nights, and non-work/non-school nights), 2) sleep quality, and 3) physical activity at
follow-up. Multivariable linear regression analysis was used to quantify the differences in these outcomes between
the groups. To identify possible effect modification by baseline sleep and physical activity, the sample was stratified
by indicators defined for both of these variables.

Results: At follow-up, sleep quantity and quality were similar for participants in the smoking cessation and sleep/
activity groups when assessed among the total sample and those sleeping ≥6 hours/night at baseline. Among
short sleepers (<6 hours/night at baseline), sleep quantity on work/school nights improved for those receiving
sleep/activity messages compared to those receiving smoking cessation messages, after adjusting for covariates
(̂β =1.373, 95 % CI [0.262, 2.484]; p = 0.02). Physical activity at follow-up was similar for the two groups, when
examined among the total sample and when stratified by baseline activity level.

Conclusions: This study provides preliminary evidence that a text message-based intervention may be a promising
approach for improving sleep quantity among young adult smokers who are short sleepers and interested in
quitting smoking. Similar programs should be further explored as a novel approach for improving sleep habits
among individuals with insufficient sleep.
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Background
Health behavior patterns established during one’s young
adult years have the potential to become life-long habits
that can dictate one’s health status and risk for chronic
disease [1, 2]. During this transitional period, individuals
are more sensitive to environmental influences which, in
addition to having the potential to motivate the adoption
of positive health behaviors, can influence the adoption
of poor health behaviors [3, 4]. Therefore, young adult-
hood can be viewed as a critical period for intervening
on poor health behaviors, including smoking, insufficient
sleep, and inactivity, before such behaviors become
entrenched.
Sleep quantity and quality and physical activity are

some of the many health behaviors that have been found
to decline during young adulthood [5]. International
sleep data collected in 2006 revealed that 21 % of young
adults attending university were habitual short sleepers,
defined as getting less than 7 hours of sleep on most
nights [6]. Other population-based research suggests
that a large proportion of young adults experience sleep-
related problems, where it was found that only 11.5 % of
undergraduate students in the sample were classified as
having good sleep quality, assessed via self-report using
the Sleep Quality Index [7, 8]. Examining trends in phys-
ical activity during young adulthood, several studies have
reported dramatic declines in physical activity during
this period [9–11]. One longitudinal study using data
from the National Longitudinal Study of Adolescent
Health found that of those participants who reported en-
gaging in at least five weekly bouts of moderate-to-
vigorous physical activity as adolescents, only 4.4 %
maintained this level of physical activity as young adults
[9]. These findings therefore support intervening among
young adults to promote the development of healthful
sleep and physical activity habits.
Cigarette smoking has been shown to negatively im-

pact both sleep and physical activity [12–14]. It has been
well-documented that smokers have lower subjectively
measured sleep quality and experience more insomnia-
like symptoms, compared with non-smokers [15–17].
One recent study examining both subjectively and ob-
jectively measured sleep among adult smokers found
that, in addition to having lower subjectively measured
sleep quality, adults who smoked had shorter sleep
period time, longer sleep latency (i.e., took longer to fall
asleep), higher rapid eye movement sleep density
(indicating less restful sleep), and more sleep apneas and
leg movements in sleep than non-smokers, all of which
were objectively measured using polysomnography [13].
In addition, it has been established in the physical
activity literature that cigarette smoking compromises
cardiopulmonary function in the short-term, which
could lead to reduced levels of physical activity [12, 14].

Improving sleep and physical activity habits are two of
many recommended strategies to assist with smoking ces-
sation [18]. Physical activity has been associated with
improved weight control among those trying to quit
smoking, and can also alleviate stress and assist with
managing food and nicotine cravings and withdrawal
symptoms experienced during the quitting process
[18, 19]. Furthermore, physical activity can lead to im-
proved sleep [20]. This, in turn, can provide individuals
trying to quit smoking with the energy to cope with nico-
tine cravings and avoid the negative feelings that typically
emerge as a result of being tired [21].
Using a text message-based intervention platform of-

fers several other advantages compared with interven-
tions involving face-to-face contact with participants,
including great reach [22], cost-effectiveness [22], unob-
trusiveness [22], the ability to collect data in real-time
[22], and the ability to intervene anywhere, anytime [23].
Capitalizing on these advantages, text message-based be-
havior change interventions have recently been applied
to a range of health behaviors, including smoking [24–28]
and physical activity [29–35], with varying success.
Text message-based smoking cessation interventions,
in particular, have yielded promising results, with par-
ticipation in the majority of such interventions being
associated with increases in abstinence from cigarette
smoking [24, 26–28].
To date, a text message-based intervention platform

has not yet been used to improve sleep habits. In
addition, all of the in-person interventions that have
aimed to change sleep habits among young adults have
been conducted exclusively among higher education stu-
dents, so it remains unknown whether results from these
interventions can be generalized to young adults outside
of a tertiary education setting, particularly those who are
engaging in, but interested in ceasing, health risk behav-
iors. Given the remarkable amount of time that young
adults spend on mobile devices [36], implementing a
text message-based sleep intervention may be a promis-
ing approach for improving young adults’ sleep habits.
Examining results from text message-based interven-

tions targeting physical activity behavior, one interven-
tion was associated with significant increases in physical
activity [35], while another demonstrated no significant
effect [34]. Prestwich and colleagues found that univer-
sity students randomized to receive a 4-week interven-
tion comprised of both creating a personalized exercise
plan and receiving tailored text messages reminding
them of that plan significantly increased their physical
activity as compared to either approach alone and the
control conditions [35]. Newton and colleagues found
that adolescents with type 1 diabetes who were random-
ized to receive motivational text messages for 12 weeks
while wearing a pedometer actually decreased their
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physical activity over the study period [34]. Studies
examining the impact of physical activity interventions
among groups engaging in other types of health risk be-
haviors, such as smoking, are lacking. Furthermore, no
text message-based physical activity interventions de-
signed exclusively for young adults who are trying to
quit smoking exist in the literature.
This study addresses existing gaps in the literature by

examining the effectiveness of a text message-based
intervention on improving sleep and physical activity
habits among a U.S. national sample of young adult
smokers who were considering quitting smoking in the
next 30 days. The current secondary analysis used data
from the Stop My Smoking (SMS) USA randomized
controlled trial, which is a 6-week text message-based
smoking cessation program developed for 18–25 year
old smokers in the United States [28]. Messages for an
attention- matched control group were developed with a
focus on improving one’s sleep and increasing one’s
physical activity within the context of helping one quit
smoking. The main results of the randomized controlled
trial are reported elsewhere [28]. Reported here are the
sleep and activity outcomes for the attention-matched
control group (i.e., sleep/activity group) versus the smok-
ing cessation group. This attention-matched control de-
sign is an efficient way to test the effect of interventions
on multiple outcomes and allows the researcher to ascer-
tain that any observed intervention effects are not a result
of more attention being given to intervention group
participants [37, 38].
It was hypothesized that participants randomized to

the sleep/activity group would report higher levels of
sleep quantity, sleep quality, and physical activity at
follow-up as compared to participants randomized to
the smoking cessation group. Additionally, it was hy-
pothesized that the sleep/activity text message program
would be more effective among those participants identi-
fied as short sleepers (i.e., those getting <6 hours of sleep
per night) and/or inactive (i.e., those getting <150 minutes
of physical activity per week) at baseline, based upon
findings from an online sleep intervention study sug-
gesting that only participants classified as poor sleepers
at baseline experienced improvements in sleep quality
at post-intervention [39].

Methods
Study design and recruitment
This study is a secondary analysis of the SMS USA ran-
domized controlled trial [28]. Ethical approval for the
SMS USA study, including the informed consent protocol,
was obtained through Chesapeake Research Review Incor-
porated, and ethical approval for the current analysis of
de-identified secondary data was obtained through the
University of Guelph Institutional Review Board.

Young adults aged 18 to 25 years were recruited na-
tionally through online advertisements on websites (pri-
marily Craigslist) between May 2011 and August 2011.
In addition to meeting the specified age criteria, eligible
participants had to: be able to read and write in English,
own a cell phone, be enrolled (or intend to enroll) in an
unlimited text messaging plan, be familiar with how to
send and receive text messages, smoke 24 cigarettes or
more per week (i.e., at least 4 per day on at least 6 days
per week), be seriously thinking about quitting smoking
in the next 30 days, and agree to smoking cessation sta-
tus verification by a significant other (i.e., family member
or friend).
Of the 1916 smokers assessed for eligibility, 211 met

the study’s eligibility criteria and consented to participate,
and 164 participants successfully enrolled in the study and
completed baseline measures. Participants were either
randomized to receive text messages that were tailored to
their quit status and focused on smoking cessation (i.e., the
“smoking cessation” group; n = 101), or aimed at improving
sleep and physical activity habits within the context of how
these behaviors may help them quit smoking (i.e., the
“sleep/activity” group, n = 63). Participants who completed
3-month follow-up measurements (n = 129; 78.7 %) were
included in the longitudinal analysis. The follow-up rate
differs from previous reports due to missing data on the
sleep and physical activity indicators at follow-up. Figure 1
describes the SMS USA study design and participant flow.

Interventions
All participants (irrespective of study arm) were asked to
identify a quit date that was at least 15 days, but no
more than 30 days, from their registration date. Both
smoking cessation and sleep/activity text messages began
14 days prior to one’s established quit date. Details re-
garding the development of the smoking cessation text
message database are published elsewhere [40]. For the
sleep/activity arm, text messages were initially developed
by Ybarra and colleagues and then underwent expert re-
view. Messages matched the number and flow of the
smoking cessation group messages. There were a total of
144 text messages in the database for each study arm.
Smoking cessation group participants were exposed to

a 6-week smoking cessation program with content that
was tailored to where participants were in the quitting
process (i.e., Day 1 to 14 or the Pre-Quit phase, Day 15
to 21 or the Early Quit phase, or Day 22 to 42 or the Late
Quit phase). These participants received two weeks of
Pre-Quit messages aimed at encouraging them to clarify
reasons for quitting and to understand their smoking pat-
terns, in addition to their tempting situations, triggers and
urges. Both smoking cessation and sleep/activity group
participants were allowed to define their “window” for re-
ceiving daily text messages (e.g., the number of hours over
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which text messages would be delivered to their mobile
phone). Those participants who had the same window re-
ceived text messages around the same time each day. Fre-
quency of text message delivery ranged from as little as 1
message per day during the final week of the intervention,
to 9 messages per day on Quit Day and Post-Quit Day 2.
Participants in the sleep/activity group received text

messages at the same rate as the smoking cessation
group in order to match the level of attention that the
smoking cessation group was receiving; however, content
of the text messages was aimed at improving partici-
pants’ sleep and physical activity habits within the con-
text of how it would help the participant quit smoking
(e.g., “Sleeping and exercising go hand-in-hand when
you’re trying to quit smoking. You have more energy, you
sleep better, and it gives you the strength to quit”,
“Regular exercise has a lot of benefits: Better sleep and
relief from stress are just a couple. Remind yourself of
YOUR reasons to make these life changes”). All

participants in the sleep/activity group received the same
text messages, and both sleep- and activity-related
messages were delivered on the same day.

Measures
At baseline and follow-up, sleep quantity was assessed
using two self-report items adapted from the Pittsburgh
Sleep Quality Index (PSQI) [41]. Participants were asked
to think about their sleep habits over the past 30 days
and indicate how many hours they typically slept on
work/school nights, and also on non-work/non-school
nights (rounded to the nearest hour). Sleep quality was
measured using 8 self-report items adapted from the
PSQI, which all began with the stem “During the past
month, how often have you…”, and included the follow-
ing: (a) not been able to get to sleep within 30 minutes,
(b) woken up in the middle of the night or early morn-
ing, (c) had to get up from sleeping to use the bathroom,
(d) had trouble sleeping because you could not breathe

Fig. 1 SMS USA study design and participant flow. Note: -Reasons for eligibility were not mutually exclusive, therefore, a participants could be
ineligible for more than one reason. -Of the 80 participants who completed 12-week follow up measures, 4 were excluded from analysis because
they were considered to be sleep outliers (reporting either 0 or 1 hour sleep/night on both work/school night & non-work/non-school nights)
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comfortably, (e) had trouble sleeping because you were
coughing or snoring loudly, (f ) had trouble sleeping be-
cause you felt too cold or hot, (g) had bad dreams, and
(h) had trouble sleeping because you were in pain. Re-
sponse options for each item included: “not at all during
the past month”, “less than once a week”, “once or twice
a week”, “three or more times a week”, and “do not want
to answer”. For the purposes of the current study, sleep
quality scores were calculated for each participant by
summing participants’ quantified responses to the 8
sleep quality items adapted from the PSQI. Cronbach’s
alpha for the sleep quality scale used in the current
study was 0.77 at baseline and 0.73 at 3-month follow-
up, indicating acceptable internal consistency reliability
[42]. Possible scores ranged from 8 to 32, with higher
scores being indicative of poorer sleep quality, similar to
the approach used by Urponen and colleagues [7]. None
of the participants chose the response option “do not
want to answer”.
Physical activity was measured using two self-report

items adapted from the National Health Interview
Survey [43]. Participants were asked to think about their
physical activity habits over the past 30 days and indicate
in separate questions how many days per week they
engaged in vigorous leisure-time physical activity (i.e.,
activities causing heavy sweating or large increases in
breathing or heart rate) and light-to-moderate leisure-
time physical activity (i.e., activities causing only light
sweating or a slight to moderate increase in breathing or
heart rate) for at least ten minutes. Participants were
also asked to indicate the approximate length of time
they performed each type of physical activity. The num-
ber of hours of physical activity per week was calculated
for both types of physical activity at baseline and follow-
up by multiplying the self-reported frequency of physical
activity by the duration, and then adding these figures
together to compile a total physical activity score [44].

Statistical analysis
All statistical analyses were conducted using version 21 of
SPSS Statistics for Windows (PASW, IBM, New York,
USA). Separate linear regression analyses were used to
examine the impact of the sleep/activity messages on
3-month follow-up levels of: 1) sleep quantity (i.e., the
average number of hours slept on work/school nights, and
non-work/non-school nights); 2) sleep quality (e.g., sleep-
ing through the night); and 3) physical activity (i.e., the
number of days per week one engaged in leisure-time
physical activity). To determine whether the sleep/activity
content had differential effects for short sleepers versus
adequate sleepers and inactive participants versus active
participants, intervention effects were examined by base-
line sleep category, i.e., short sleepers (<6 hours/night;
n = 34) versus those who slept ≥6 hours/night (n = 82),

and baseline physical activity level, i.e., inactive partici-
pants (<150 minutes/week activity recommendation from
the 2008 Physical Activity Guidelines for Americans [45]
(n = 43)) versus active participants getting ≥150 minutes/
week (n = 73). In the first model, only baseline habits were
controlled for. In the fully adjusted models, corresponding
baseline habits were controlled for, in addition to quit sta-
tus at follow-up, daily text messaging usage (i.e., number
of text messages sent on a typical day), sex, educational
attainment (i.e., currently enrolled in post-secondary
education/post-secondary completer or high school or
less/post-secondary non-completer), race (i.e., Caucasian
or other), change in physical activity (in the sleep models),
and change in average sleep quantity (in the physical
activity models).

Results
Sample
Participants whose responses to the items assessing sleep
quantity or physical activity were greater than three
standard deviations from the mean were considered to
be outliers. There were no substantive differences in
demographics among the outliers excluded from the
analyses (n = 13) and participants retained in the final
analytical sample (n = 116; data not shown).
Table 1 presents a summary of participants’ demo-

graphic/baseline characteristics by study arm. There
were no differences between participants in the sleep/ac-
tivity group and smoking cessation group with respect
to the demographic/baseline variables examined, with
the exception of baseline sleep quantity on work/school
nights (�X ¼ 5:82 hours in the sleep/activity group versus
6.42 hours in the smoking cessation group; p = 0.03) and
non-work/non-school nights ( �X ¼ 7:50 hours in the
sleep/activity group versus 8.32 hours in the smoking ces-
sation group; p = 0.04).

Linear regression results: sleep quantity and quality
None of the follow-up sleep measures differed significantly
between the sleep/activity and smoking cessation groups
when all participants were examined together (Table 2),
both in the partly adjusted and fully adjusted models.
Among short sleepers at 3-month follow-up, sleep

quantity on work/school nights increased by a mean of
31 minutes/night among participants in the sleep/activity
arm and decreased by 2 minutes/night among participants
in the smoking cessation arm, with a non-significant un-
adjusted difference of 1.04 hours (62 minutes; 95 % CI
(−0.095, 2.172; Table 3)). After adjusting for covariates
(i.e., change in physical activity, smoking status at follow-
up, daily text messaging usage, sex, educational attain-
ment, and race), the difference increased to 1.37 hours
(82 minutes; 95 % CI (0.262, 2.484)) and was statistically
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significant. Sleep quantity on non-work/non-school nights
and sleep quality were not statistically different among
short sleepers in the sleep/activity and smoking cessa-
tion groups, however. No intervention effects were
found for any of the sleep outcomes among adequate
sleepers (n = 82; Table 4).

Linear regression results: physical activity
When examining differences among the total sample, re-
sults indicated that there was no significant difference in

physical activity between the sleep/activity group and
smoking cessation group at follow-up (Table 5). This
was observed in both the partly adjusted and fully ad-
justed models. When the sample was stratified by level
of baseline physical activity, no evidence of effect modifi-
cation was found (results not shown).

Discussion
Among young adult smokers 18 to 25 years of age who
were thinking seriously about quitting and were recruited

Table 1 Demographic/baseline characteristics of participants in the SMS USA study (overall and by intervention assignment)

Overall (n = 116) Smoking cessation group (n = 72) Sleep/activity group (n = 44) P-value

Demographic/baseline characteristics

N (%)

Sex

Male 61 (52.6) 40 (55.6) 21 (47.7) 0.45

Female 55 (47.4) 32 (44.4) 23 (52.3)

Race

White or Caucasian 78 (67.2) 47 (65.3) 31 (70.5) 0.68

Other 38 (32.8) 25 (34.7) 13 (29.5)

Educational attainment

High school or less/post-sec non-completer 24 (20.7) 13 (18.1) 11 (25.0) 0.48

Currently enrolled in post-sec/post-sec completer 92 (79.3) 59 (81.9) 33 (75.0)

Median (25 %, 75 % quartile)

Daily text messaging usage 50 (20, 100) 50 (20, 100) 43.5 (18.5, 100) 0.46

Mean (SD)

Sleep quantity on work/school nights (hours) 6.19 (1.45) 6.42 (1.44) 5.82 (1.40) 0.03*

Sleep quantity on non-work/non-school nights (hours) 8.01 (2.11) 8.32 (2.05) 7.50 (2.14) 0.04*

Sleep quality score 17.20 (5.21) 17.00 (5.50) 17.52 (4.74) 0.60

Physical activity (hours/week) 5.70 (6.58) 6.38 (7.41) 4.59 (4.82) 0.16

*Significant at p < 0.05

Table 2 Relative difference in sleep indicators between groups at 3-month follow-up

Sleep measure Baseline mean (SD) 12-week follow-up
mean (SD)

Unadjusted difference
β (95 % CI)a

P-value Adjusted difference
β (95 % CI)b

P-value

Sleep quantity on work/school nights (hours/night)

Sleep/activity group 5.82 (1.40) 6.34 (1.41) 0.306 (−0.155, 0.766) 0.19 0.335 (−0.134, 0.805) 0.16

Smoking cessation group 6.42 (1.44) 6.39 (1.48)

Sleep quantity on non-work/non-school nights (hours/night)

Sleep/activity group 7.50 (2.14) 7.93 (2.05) 0.060 (−0.649, 0.769) 0.87 −0.023 (−0.724, 0.678) 0.95

Smoking cessation group 8.32 (2.05) 8.18 (1.95)

Sleep quality scorec

Sleep/activity group 17.52 (4.74) 15.82 (4.61) 0.074 (−1.529, 1.676) 0.93 0.078 (−1.548, 1.705) 0.92

Smoking cessation group 17.00 (5.50) 15.53 (4.80)

SD Standard deviation, CI Confidence interval
n = 116
aAdjusted for baseline sleep
bAdjusted for baseline sleep, change in physical activity, smoking status at follow-up, daily text messaging usage, sex, educational attainment, and race
cSleep quality was assessed using 8 self-report items adapted from the PSQI; scores were the sum of participants' quantified responses for each item, with higher
scores being indicative of poorer sleep quality (possible scores ranged from 8 to 32)

Filion et al. BMC Public Health  (2015) 15:671 Page 6 of 11



online across the United States, text messages that pro-
moted improved sleep and increased physical activity to
help one quit smoking were not associated with increases
in either outcome over time. Among short sleepers (i.e.,
individuals getting <6 hours of sleep on work/school
nights at baseline), young adult smokers in the sleep/activ-
ity intervention arm increased their sleep quantity on
work/school nights at follow-up, as compared to those re-
ceiving the smoking cessation intervention. Baseline phys-
ical activity level was not found to influence the effect of
the sleep/activity intervention on physical activity.
In the current study, among short sleepers who re-

ceived the sleep/activity intervention, the mean increase
in sleep quantity on work/school nights was 82 minutes.
This magnitude of effect is higher than what has been

reported in previous studies that have successfully im-
proved sleep quantity among young adults. Prestwich
and colleagues found that receiving a combination of
sleep health education and keeping sleep logs resulted in
a mean improvement of approximately 54 minutes of
sleep per night among participants in their sample of
college students [46]. In addition, Ball and Bax found
that receiving a self-care intervention focused on im-
proving sleep hygiene habits was associated with a sig-
nificantly lower reduction in sleep quantity among first
year medical school students (mean reduction was
10 minutes per night, compared to a 46-minute reduction
observed among participants receiving a self-awareness
intervention in which they received feedback on their
Epworth Sleepiness Scale scores) [47]. It is possible that

Table 3 Relative difference in sleep indicators between groups at 3-month follow-up for short sleepers (<6 hours/night)

Sleep measure Baseline mean (SD) 12-week follow-up
mean (SD)

Unadjusted difference
β (95 % CI)a

P-value Adjusted difference
β (95 % CI)b

P-value

Sleep quantity on work/school nights (hours/night)

Sleep/activity group 4.27 (0.70) 5.87 (2.00) 1.039 (−0.095, 2.172) 0.07 1.373 (0.262, 2.484)* 0.02**

Smoking cessation group 4.53 (0.84) 5.05 (1.43)

Sleep quantity on non-work/non-school nights (hours/night)

Sleep/activity group 5.87 (2.23) 6.93 (2.02) 0.175 (−1.464, 1.815) 0.83 −0.332 (−2.135, 1.470) 0.71

Smoking cessation group 7.74 (2.54) 7.16 (2.32)

Sleep quality scorec

Sleep/activity group 19.33 (4.72) 17.33 (5.25) −1.468 (−4.570, 1.633) 0.34 −1.620 (−4.821, 1.581) 0.31

Smoking cessation group 18.89 (5.13) 18.58 (4.81)

SD Standard deviation, CI Confidence interval
n = 34
aAdjusted for baseline sleep
bAdjusted for baseline sleep, change in physical activity, smoking status at follow-up, daily text messaging usage, sex, educational attainment, and race
cSleep quality was assessed using 8 self-report items adapted from the PSQI; scores were the sum of participants' quantified responses for each item, with higher
scores being indicative of poorer sleep quality (possible scores ranged from 8 to 32)
*95 % CI does not contain 0
**Significant at p < 0.05

Table 4 Relative difference in sleep indicators between groups at 3-month follow-up for participants sleeping ≥6 hours/night

Sleep measure Baseline mean (SD) 12-week follow-up
mean (SD)

Unadjusted difference
β (95 % CI)a

P-value Adjusted difference
β (95 % CI)b

P-value

Sleep quantity on work/school nights (hours/night)

Sleep/activity group 6.62 (0.90) 6.59 (0.95) −0.006 (−0.467, 0.456) 0.98 0.001 (−0.481, 0.483) 1.00

Smoking cessation group 7.09 (0.90) 6.87 (1.18)

Sleep quantity on non-work/non-school nights (hours/night)

Sleep/activity group 8.34 (1.54) 8.45 (1.90) −0.027 (−0.780, 0.726) 0.94 0.027 (−0.719, 0.774) 0.94

Smoking cessation group 8.53 (1.83) 8.55 (1.68)

Sleep quality scorec

Sleep/activity group 16.59 (4.55) 15.03 (4.12) 0.517 (−1.305, 2.339) 0.57 0.468 (−1.395, 2.332) 0.62

Smoking cessation group 16.32 (5.52) 14.43 (4.34)

SD Standard deviation, CI Confidence interval
n = 82
aAdjusted for baseline sleep
bAdjusted for baseline sleep, change in physical activity, smoking status at follow-up, daily text messaging usage, sex, educational attainment, and race
cSleep quality was assessed using 8 self-report items adapted from the PSQI; scores were the sum of participants' quantified responses for each item, with higher
scores being indicative of poorer sleep quality (possible scores ranged from 8 to 32)
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the frequency of the current intervention (i.e., multiple
daily text messages versus a single educational session)
may have contributed to the higher magnitude of change
in sleep quantity observed in this study.
Results from studies designed to improve sleep in the

general population have yielded mixed results, with the
slight majority of studies finding statistically significant
effects [39, 46–49], and other studies finding no effects
[50], or small, non-significant effects [51–53]. There are
several reasons that may explain why this study did not
improve sleep habits in the sample as a whole. Perhaps
most importantly, this group did not express any interest
in changing sleep or physical activity behavior. They
were recruited based upon their interest in quitting
smoking. It seems likely then that these participants
were at least less if not completely unmotivated to
change these two behaviors as compared to participants
in other sleep and physical activity interventions. Sec-
ond, the content delivered via text message in the
present study was very brief in comparison to sleep in-
terventions that have been delivered face-to-face or via
printed materials, which limited the amount of informa-
tion that could be delivered at once (i.e., text messages
primarily consisted of simple tips). Furthermore, the
content of the text messages sent to participants in the
sleep/activity group was divided between two health be-
haviors. It is possible that if one behavior had been the
focus, a stronger effect may have been observed. More-
over, the sole reliance on text messages may have damp-
ened the potential impact. For example, other text
messaging interventions, including the cessation arm in
the current study, have integrated other elements, including
websites or email [26, 28, 29, 33], in-person visits or indi-
vidual/group training on health behaviors [30, 32, 54, 55],
printed materials [30, 31], and phone calls [31]. It is pos-
sible that multi-modal interventions are better able to affect
behavior change, although a recent meta-analysis suggests
that additional intervention components are not associated
with increased likelihood of behavior change [56]. Add-
itionally, although this study incorporated both educational
messages (i.e., in the form of tips and strategies for improv-
ing sleep habits) and motivational/supportive messages, text
message content was not tailored to participants’ baseline

habits. It is therefore plausible that some participants, espe-
cially those with good sleep habits at baseline, may have
found that the content was not relevant or did not apply to
them if they were already performing the suggested be-
haviors. This is consistent with our finding that the
sleep/activity intervention was more effective for partic-
ipants who were classified as short sleepers at baseline.
Finally, there was no way of knowing in the current
study whether participants read the texts that were sent
to their mobile phones. Process data reported in Ybarra
and colleagues’ study, however, indicated that 20 % of
sleep/activity participants reported somewhat agreeing
or strongly agreeing when asked if they stopped reading
the text messages by the end of the program [28]. This
finding suggests that it is possible that significant be-
havior change did not occur because a sizeable propor-
tion of the sample did not receive the full dose of the
sleep/activity intervention.
Results showed that the sleep/activity intervention was

not effective at improving physical activity among partic-
ipants in the sleep/activity group. These results are simi-
lar to findings from a text message-based intervention to
improve physical activity among adolescents with type 1
diabetes, where no improvements were observed for
mean daily step count at post-intervention [34]. Similar
to the current study, Newton and colleagues’ interven-
tion was solely text message-based and relied on self-
reported physical activity data, which could have led to
an overestimation of physical activity. Conversely, results
from another study using text messaging to improve
physical activity among university students found a
meaningful increase in physical activity among inter-
vention group participants receiving a series of tai-
lored text message reminders about their personal
physical activity plans [35]. In contrast to the current
study, both the content and frequency of the text mes-
sages in Prestwich and colleagues’ study was chosen by
the participant prior to beginning the intervention and
could be changed at any time throughout the 4-week
program, thereby tailoring the intervention to the specific
needs of each participant. In a recent meta-analysis on the
efficacy of text message-based interventions for health
promotion, use of message tailoring and personalization

Table 5 Relative difference in physical activity between groups at 3-month follow-up

Baseline mean (SD) 12-week follow-up
mean (SD)

Unadjusted difference
β (95 % CI)a

P-value Adjusted difference
β (95 % CI)b

P-value

Physical activity (hours/week)

Sleep/activity group 4.59 (4.82) 6.32 (7.88) −2.405 (−6.107, 1.296) 0.20 −1.929 (−5.683, 1.825) 0.31

Smoking cessation group 6.38 (7.41) 9.26 (10.85)

SD Standard deviation, CI Confidence interval
n = 116
aAdjusted for baseline physical activity
bAdjusted for baseline physical activity, change in average sleep quantity, smoking status at follow-up, daily text messaging usage, sex, educational attainment,
and race
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were found to be significantly associated with greater
intervention efficacy [56].
Comparing the present findings for physical activity to

what has been found in the literature, there are several
potential explanations for why this study was not able to
replicate the significant results found in Prestwich and
colleagues’ intervention study. In addition to the possi-
bilities noted above, it is plausible that physical activity
may be harder to affect among individuals with pre-
existing conditions or who are performing certain health
behaviors. Unlike the healthy participants in Prestwich
and colleagues’ study, in both our study which included
smokers, and Newton and colleagues’ study which in-
cluded individuals with diabetes, physical activity was
not affected. It can be quite difficult for individuals who
smoke to engage in more vigorous types of physical ac-
tivity due to the shortness of breath associated with
long-term cigarette smoking. It may be that sequencing
smoking cessation first and physical activity subse-
quently is a more effective health promotion strategy.
Some key limitations should be kept in mind when

interpreting results from the current study. First, data
were from a text message-based smoking cessation inter-
vention. As such, assessment of sleep and physical activ-
ity was not optimal, which could have introduced bias
towards the null hypothesis. More comprehensive and
observer-reported measures (e.g., actigraphy) would have
been preferred. That said, self-report is a key indicator
for the majority of behavior change studies, and often is
found to produce a similar magnitude of effect when
compared with biological indicators [57, 58]. Second, the
focus on smokers and the recruitment method (i.e., on-
line advertisements such as Craigslist) used in the
current study may have limited the generalizability of
study findings to the broader population of American
young adults [28]. Third, with a modest sample size of
116 participants, power would not be large. It is possible
that with a larger sample size, the two study arms may
have differed with respect to the observed effect sizes.
Lastly, participants were asked to think about their be-
havior over the past month. Therefore, in addition to the
potential for social desirability bias to affect participants’
responses, the accuracy of participants’ responses may
also have been affected by recall error when having to
estimate how they slept or exercised, on average, over
the past 30 days.

Conclusions
This study provides preliminary evidence that a text
message-based intervention may be a promising ap-
proach for improving sleep quantity among young adult
smokers who are thinking about quitting smoking, espe-
cially short sleepers. Findings suggest that this mode of
intervention delivery should be further explored as a

novel approach to improving sleep habits among young
adults. Future research should focus on targeting short
sleepers and address the root causes of their short sleep
using a tailored approach to maximize the relevance of
information being delivered. Additional research incorp-
orating more objective measures of sleep (i.e., actigra-
phy) and physical activity (i.e., accelerometry), and with
participants who are interested in improving their sleep
and physical activity, is needed before any definitive con-
clusions can be made regarding whether a text message-
based intervention is an effective way to improve sleep
and physical activity habits among young adults.

Abbreviations
PSQI: Pittsburgh sleep quality index; SMS USA: Stop My Smoking USA.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AJF, GD, JPC, MY, and JH developed the concept for the current study.
AJF performed data analyses and drafted the manuscript. GD, JPC, MY, and
JH provided guidance and critical feedback on all drafts of the manuscript.
All authors read and approved the final manuscript.

Acknowledgements
The SMS USA study was supported by funding from Award Number
R21CA135669 from the National Cancer Institute at the National Institutes of
Health. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health.
We would like to acknowledge the study team from Center for Innovative
Public Health (Internet Solutions for Kids), Michigan State University, and the
University of Texas Health Science Center at Houston (UTHealth), who
contributed to the planning and implementation of SMS USA. We thank the
study participants for their time and willingness to participate in this study.

Author details
1Department of Family Relations and Applied Nutrition, University of Guelph,
50 Stone Road East, Guelph, Ontario N1G 2 W1, Canada. 2Department of
Mathematics and Statistics, University of Guelph, 50 Stone Road East, Guelph,
Ontario N1G 2 W1, Canada. 3Healthy Active Living and Obesity Research
Group, Children’s Hospital of Eastern Ontario Research Institute, 401 Smyth
Road, Ottawa, Ontario K1H 8 L1, Canada. 4Center for Innovative Public Health
Research, 555 North El Camino Real #A347, San Clemente, California
92672-6745, USA.

Received: 24 March 2015 Accepted: 9 July 2015

References
1. Nelson Laska M, Pasch KE, Lust K, Story M, Ehlinger E. Latent class analysis of

lifestyle characteristics and health risk behaviors among college youth. Prev
Sci. 2009;10:376–86.

2. Chassin L, Presson CC, Rose JS, Sherman SJ. The natural history of cigarette
smoking from adolescence to adulthood: demographic predictors of
continuity and change. Health Psychol. 1996;15:478–84.

3. Mulye TP, Park MJ, Nelson CD, Adams SH, Irwin Jr CE, Brindis CD. Trends in
adolescent and young adult health in the United States. J Adolesc Health.
2009;45:8–24.

4. National Research Council, Panel on High-Risk Youth, Commission on
Behavioral and Social Sciences and Education. Losing Generations:
Adolescents in High-risk Settings. Washington: National Academies Press;
1993.

5. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA. Emerging
adulthood and college-aged youth: an overlooked age for weight-related
behavior change. Obesity. 2008;16:2205–11.

6. Steptoe A, Peacey V, Wardle J. Sleep duration and health in young adults.
Arch Intern Med. 2006;166:1689–92.

Filion et al. BMC Public Health  (2015) 15:671 Page 9 of 11



7. Urponen H, Partinen M, Vuori I, Hasan J. Sleep quality and health:
description of the Sleep Quality Index. In: Peter JH, editor. Sleep and health
risk. Berlin, Germany: Springer; 1991. p. 555–8.

8. Buboltz WC, Jenkins SM, Soper B, Woller K, Johnson P, Faes T. Sleep habits
and patterns of college students: an expanded study. Journal of College
Counseling. 2009;12:113–24.

9. Gordon-Larsen P, Nelson MC, Popkin BM. Longitudinal physical activity and
sedentary behavior trends: adolescence to adulthood. Am J Prev Med.
2004;27:277–83.

10. Kwan MY, Cairney J, Faulkner GE, Pullenayegum EE. Physical activity and
other health-risk behaviors during the transition into early adulthood: a
longitudinal cohort study. Am J Prev Med. 2012;42:14–20.

11. Zick CD, Smith KR, Brown BB, Fan JX, Kowaleski-Jones L. Physical activity
during the transition from adolescence to adulthood. J Phys Act Health.
2007;4:125–37.

12. de Borba AT, Jost RT, Gass R, Nedel FB, Cardoso DM, Pohl HH, et al. The
influence of active and passive smoking on the cardiorespiratory fitness of
adults. Multidiscip Respir Med. 2014;9(1):34. doi:10.1186/2049-6958-9-34.

13. Jaehne A, Unbehaun T, Feige B, Lutz UC, Batra A, Riemann D. How smoking
affects sleep: a polysomnographical analysis. Sleep Med. 2012;13:1286–92.

14. Louie D. The effects of cigarette smoking on cardiopulmonary function and
exercise tolerance in teenagers. Can Respir J. 2001;8:289–91.

15. Hu L, Sekine M, Gaina A, Kagamimori S. Association between sleep quality
and smoking in Japanese civil servants. Sleep Biol Rhythms. 2007;5:196–203.

16. Riedel BW, Durrence HH, Lichstein KL, Taylor DJ. The relation between
smoking and sleep: the influence of smoking level, health and
psychological variables. Behav Sleep Med. 2004;2:63–78.

17. Wetter DW, Young TB. The relation between cigarette smoking and sleep
disturbance. Prev Med. 1994;23:328–34.

18. Health Canada. On the road to quitting – guide to becoming a non-smoker.
2012. http://www.hc-sc.gc.ca/hc-ps/pubs/tobac-tabac/orqa-svra/
index-eng.php#a2. Accessed 5 June 2015.

19. Taylor AH, Ussher MH, Faulkner G. The acute effects of exercise on cigarette
cravings, withdrawal symptoms, affect and smoking behaviour: a systematic
review. Addiction. 2007;102:534–43.

20. National Sleep Foundation. National Sleep Foundation poll finds exercise
key to good sleep [Press release]. 2013. http://sleepfoundation.org/
sleep-news/national-sleep-foundation-poll-finds-exercise-key-good-sleep/
page/0%2C3/. Accessed 5 June 2015.

21. Alberta Health Services. Relapse prevention: planning for success. (n.d.).
http://www.albertahealthservices.ca/2485.asp. Accessed 5 June 2015.

22. Irvine L, Falconer DW, Jones C, Ricketts IW, Williams B, Crombie IK. Can text
messages reach the parts other process measures cannot reach: an
evaluation of a behavior change intervention delivered by mobile phone?
PLoS ONE. 2012;7, e52621.

23. Patrick K, Griswold WG, Raab F, Intille SS. Health and the mobile phone. Am
J Prev Med. 2008;35:177–81.

24. Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al.
Smoking cessation support delivered via mobile phone text messaging
(txt2stop): a single-blind randomised trial. Lancet. 2011;378:49–55.

25. Haug S, Meyer C, Schorr G, Bauer S, John U. Continuous individual support
of smoking cessation using text messaging: a pilot experimental study.
Nicotine Tob Res. 2009;11:915–23.

26. Obermayer JL, Riley WT, Asif O, Jean-Mary J. College smoking-cessation
using cell phone text messaging. J Am Coll Health. 2004;53:71–8.

27. Rodgers A, Corbett T, Bramley D, Riddell T, Wills M, Lin RB, et al. Do you
smoke after txt? Results of a randomised trial of smoking cessation using
mobile phone text messaging. Tob Control. 2005;14:255–61.

28. Ybarra ML, Holtrop JS, Prescott TL, Rahbar MH, Strong D. Pilot RCT results of
Stop My Smoking USA: a text messaging-based smoking cessation program
for young adults. Nicotine Tob Res. 2013;15(8):1388–99. doi:10.1093/ntr/
nts339.

29. Haapala I, Barengo NC, Biggs S, Surakka L, Manninen P. Weight loss by
mobile phone: a 1-year effectiveness study. Public Health Nutr.
2009;12:2382–91.

30. Joo NS, Kim BT. Mobile phone short message service messaging for
behaviour modification in a community-based weight control programme
in Korea. J Telemed Telecare. 2007;13:416–20.

31. Patrick K, Raab F, Adams MA, Dillon L, Zabinski M, Rock CL, et al. A text
message-based intervention for weight loss: randomized controlled trial. J
Med Internet Res. 2009;11:e1.

32. Shapiro JR, Bauer S, Hamer RM, Kordy H, Ward D, Bulik CM. Use of text
messaging for monitoring sugar-sweetened beverages, physical activity, and
screen time in children: a pilot study. J Nutr Educ Behav. 2008;40:385–91.

33. Hurling R, Catt M, De Boni M, Fairley BW, Hurst T, Murray P, et al. Using
internet and mobile phone technology to deliver an automated physical
activity program: randomized controlled trial. J Med Internet Res. 2007;9:e7.

34. Newton KH, Wiltshire EJ, Elley CR. Pedometers and text messaging to
increase physical activity: randomized controlled trial of adolescents with
type 1 diabetes. Diabetes Care. 2009;32:813–5.

35. Prestwich A, Perugini M, Hurling R. Can the effects of implementation
intentions on exercise be enhanced using text messages? Psychol Health.
2009;24:677–87.

36. Pew Research Center. Mobile technology fact sheet: highlights of the Pew
Internet Project’s research related to mobile technology. 2014. http://
www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/. Accessed
17 Dec 2014.

37. Kazdin AE. Research design in clinical psychology. New York: Harper & Row;
1980.

38. Freedland KE, Mohr DC, Davidson KW, Schwartz JE. Usual and unusual care:
existing practice control groups in randomized controlled trials of
behavioral interventions. Psychosom Med. 2011;73:323–35.

39. Trockel M, Manber R, Chang V, Thurston A, Barr Tailor C. An e-mail delivered
CBT for sleep-health program for college students: effects on sleep quality
and depression symptoms. J Clin Sleep Med. 2011;7:276–81.

40. Ybarra ML, Prescott TL, Holtrop JS. Steps in tailoring a text messaging-based
smoking cessation program for young adults. J Health Commun.
2014;19:1393–407.

41. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28:193–213.

42. George D, Mallery P. SPSS for Windows step by step: a simple guide and
reference. Boston: Allyn & Bacon; 2003.

43. Centers for Disease Control and Prevention. 2010 NHIS Questionnaire. 2010.
ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/
2010/english/qadult.pdf. Accessed 30 Jan 2015.

44. Arriaza Jones D, Ainsworth BE, Croft JB, Macera CA, Lloyd EE, Yusuf HR.
Moderate leisure-time physical activity: who is meeting the public health
recommendations? A national cross-sectional study. Arch Fam Med.
1998;7:285–9.

45. U.S. Department of Health and Human Services. 2008 physical activity
guidelines for Americans. 2008. http://www.health.gov/paguidelines/pdf/
paguide.pdf. Accessed 2 Sept 2014.

46. Prestwich DJ, Rankin LL, Housman J. Tracking sleep times to reduce
tiredness and improve sleep in college students. Calif J Health Promot.
2007;5:148–56.

47. Ball S, Bax A. Self-care in medical education: effectiveness of health-habits
interventions for first-year medical students. Acad Med. 2002;77:911–7.

48. Brown FC, Buboltz WC, Soper B. Development and evaluation of the Sleep
Treatment and Education Program for Students (STEPS). J Am Coll Health.
2006;54:231–7.

49. Clark EA. Sleep quality effects of a brief intervention in college students. In:
ProQuest Dissertations and Theses (UMI No. 3407206). 2010. Accessed 2
Sept 2014.

50. Lamberti MPK. Improving sleep in college students: an educational
intervention. In: ProQuest Dissertations and Theses (UMI No. 3520443). 2012.
Accessed 2 Sept 2014.

51. Arora VM, Georgitis E, Woodruff JN, Humphrey HJ, Meltzer D. Improving
sleep hygiene of medical interns: can the Sleep, Alertness, and Fatigue
Education in Residency program help? Arch Intern Med. 2007;167:1738–44.

52. Farias G. The effects of an online sleep hygiene intervention on students’
sleep quality. In: ProQuest Dissertations and Theses (UMI No. 3531596).
2012. Accessed 2 Sept 2014.

53. Tsai LL, Li SP. Sleep education in college: a preliminary study. Percept Mot
Skills. 2004;99:837–48.

54. Armstrong AW, Watson AJ, Makredes M, Frangos JE, Kimball AB, Kvedar JC.
Text-message reminders to improve sunscreen use: a randomized,
controlled trial using electronic monitoring. Arch Dermatol.
2009;145:1230–6.

55. Khokar A. Short text messages (SMS) as a reminder system for making
working women from Delhi breast aware. Asian Pac J Cancer Prev.
2009;10:319–21.

Filion et al. BMC Public Health  (2015) 15:671 Page 10 of 11

http://dx.doi.org/10.1186/2049-6958-9-34
http://www.hc-sc.gc.ca/hc-ps/pubs/tobac-tabac/orqa-svra/index-eng.php#a2
http://www.hc-sc.gc.ca/hc-ps/pubs/tobac-tabac/orqa-svra/index-eng.php#a2
http://sleepfoundation.org/sleep-news/national-sleep-foundation-poll-finds-exercise-key-good-sleep/page/0%2C3/
http://sleepfoundation.org/sleep-news/national-sleep-foundation-poll-finds-exercise-key-good-sleep/page/0%2C3/
http://sleepfoundation.org/sleep-news/national-sleep-foundation-poll-finds-exercise-key-good-sleep/page/0%2C3/
http://www.albertahealthservices.ca/2485.asp
http://dx.doi.org/10.1093/ntr/nts339
http://dx.doi.org/10.1093/ntr/nts339
http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/
http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/
ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2010/english/qadult.pdf
ftp://ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2010/english/qadult.pdf
http://www.health.gov/paguidelines/pdf/paguide.pdf
http://www.health.gov/paguidelines/pdf/paguide.pdf


56. Head KJ, Noar SM, Iannarino NT, Grant Harrington N. Efficacy of text
messaging-based interventions for health promotion: a meta-analysis. Soc
Sci Med. 2013;97:41–8.

57. SRNT Subcommittee on Biochemical Verification. Biochemical verification of
tobacco use and cessation. Nicotine Tob Res. 2002;4:149–59.

58. Williams GC, McGregor H, Borrelli B, Jordan PJ, Strecher VJ. Measuring
tobacco dependence treatment outcomes: a perspective from the behavior
change consortium. Ann Behav Med. 2005;29:11–9.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Filion et al. BMC Public Health  (2015) 15:671 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design and recruitment
	Interventions
	Measures
	Statistical analysis

	Results
	Sample
	Linear regression results: sleep quantity and quality
	Linear regression results: physical activity

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



