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ABSTRACT
Background: Many adults with type 1 (T1D) and type 2 diabetes
(T2D) have inadequate sleep increasing their risk of
hyperglycemia and developing complications. The objective was
to identify psychosocial determinants of healthy sleep habits
(HSH) among adults with T1D and T2D.
Methods: The two HSH were: avoiding screen use in bed and
having sleep regularity. Adults (≥18 years) with T1D and T2D
were invited to complete an anonymous online survey. The
questionnaires were based on the Reasoned Action Approach
and formative qualitative research previously conducted in 56
adults with T1D and T2D. Habit was included as an additional
variable for screen use in bed.
Results: In total, 320 adults with diabetes (T1D: 39%; T2D: 61%)
completed the questionnaires (screen use in bed: 174; sleep
timing: 146). Close to 75% of participants reported screen use in
bed and close to 90% reported sleep timing variability in the last
month. Perceived behavioral control (PBC) to avoid screen use in
bed (β = −0.4486, p < 0.0001), habit of using screens in bed (β =
0.4002; p < 0.0001), and age (β = −0.0202; p = 0.0086) were
determinants of screen use in bed, and this model explained 71%
of the variance. PBC for sleep regularity (β = −0.2909; p = 0.0004)
and being female (β = 0.5057; p = 0.0069) were determinants of
sleep timing variability, and this model explained 28% of the
variance. The most important beliefs associated with each HSH
were identified to obtain information to design targeted
interventions.
Conclusions: Few adults with diabetes have HSH. Screen use in bed
was strongly influenced by habit and the results suggest that both
HSH are not easy to adopt among adults with diabetes. Younger
adults with diabetes should be prioritized for screen use in bed,
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while females with diabetes should be prioritized for sleep timing
variability. Adults with diabetes should have access to behavior
change interventions to encourage them to adopt HSH.

Introduction

Adults with T1D and T2D are more at risk for poor sleep quality, shorter sleep duration
and insomnia compared to adults without diabetes (Vézina-Im et al., 2021). Recent evi-
dence suggests that short and poor sleep quality is associated with hyperglycemia among
adults with type 1 (T1D) (Reutrakul et al., 2016) and type 2 diabetes (T2D) (Lee et al.,
2017), increasing their risk of complications. Certain behaviors, such as avoiding
screen use in bed as well as caffeine, alcohol, and nicotine before bedtime, and having
a regular sleep schedule, are considered healthy sleep habits (HSH). Mobile device-
based electronic social media in bed is associated with short sleep duration, and nearly
70% of adults recently mentioned engaging in this unhealthy sleep habit (Bhat et al.,
2018). Caffeine consumption before bedtime can result in sleep disturbances (Drake
et al., 2013). Alcohol and nicotine consumption within 4 h of bedtime can affect sleep
efficiency, and 45.0%, 19.8%, and 9.2% of adults reported consuming caffeine, alcohol
or nicotine, respectively, before bedtime (Spadola et al., 2019). Some people have
night-to-night sleep variability in their sleep/wake patterns, such as going to bed and
waking up later on weekends. Sleep variability is associated with risk of T2D in adults
(Rosique-Esteban et al., 2018) while sleep regularity is associated with favorable health
in adults (Chaput et al., 2020).

One of the first steps in developing effective behavior change interventions is to ident-
ify factors that can influence behavior (Michie et al., 2014). Theories from social psychol-
ogy aimed at predicting behavior, such as the Reasoned Action Approach (RAA)
(Fishbein & Ajzen, 2010), can guide the development of behavior change interventions.
According to the RAA, the adoption of a health behavior is predicted by intention and
perceived behavioral control (PBC) (Fishbein & Ajzen, 2010) (see Figure 1). Intention

Figure 1. Theory used to identify the psychosocial determinants of healthy sleep habits in adults with
type 1 and type 2 diabetes. Intention, perceived behavioral control, and habit can predict behavior
adoption. Intention is usually predicted by attitudes, perceived norms, and perceived behavioral
control. Sociodemographic variables, such as age, biological sex, and type of diabetes, can indirectly
affect intention and behavior adoption. Note. PBC: perceived behavioral control, HSH: healthy sleep
habits. aHabit was only tested as a determinant of screen use in bed.
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represents one’s motivation to adopt a given behavior. PBC refers to one’s capacity and
autonomy over adopting the behavior. Intention is predicted by attitudes, perceived
norms and PBC. Each construct of intention is linked to a specific set of beliefs. Attitudes
are associated with behavioral beliefs which are the anticipated consequences (cognitive
attitude) and emotions (affective attitude) following behavior adoption. Perceived norms
are associated with normative beliefs which refer to individuals who are presumed to
approve or not behavior adoption (injunctive norm) and the perceived prevalence of
behavior adoption (descriptive norm). PBC is associated with control beliefs regarding
the factors that can facilitate (facilitating factors) or hinder (barriers) behavior adoption.
The RAA is open to the inclusion of additional variables (Fishbein & Ajzen, 2010). Habits
are automatic responses to specific cues (e.g. context, time of the day, location) and imply
adopting a behavior with a degree of automaticity or lack of awareness (Gardner & Rebar,
2019). Habits can predict the adoption of health behaviors (Gardner, 2015), including
adolescents’ screen time (Aulbach et al., 2023), and screen use in bed represented an
ingrained unhealthy habit in our previous formative qualitative research (Vézina-Im
et al., 2023). Habit of using screens in bed was thus included as an additional variable
in the present study.

The usefulness of the RAA to predict various health behaviors was confirmed in a
meta-analysis (McEachan et al., 2016). To our knowledge, only three studies based on
the RAA, all conducted among university students, have identified the psychosocial
determinants of sleep and intention to adopt HSH (Robbins & Niederdeppe, 2015;
Tagler et al., 2017; Branscum et al., 2020). Sleeping 8–9 h/night was predicted by PBC
while intention to sleep 8–9 h/night was predicted by attitudes, perceived norms and
PBC (Robbins & Niederdeppe, 2015). Self-reported (i.e. sleep diary) and objective (i.e.
actigraphy) sleep duration were both predicted by intention to sleep at least 8 h/night
(Tagler et al., 2017). Attitude, perceived norms and PBC predicted intention to adopt
HSH (e.g. at least 8 h/night of sleep, consistent bedtimes and wake up times) (Tagler
et al., 2017). In a last study, intention to sleep 7–9 h/night was predicted by attitudes, per-
ceived norms and PBC (Branscum et al., 2020).

The main objective of the present study is to identify psychosocial determinants of
HSH among adults with T1D and T2D based on the RAA. The HSH selected were: (1)
avoiding screen use in bed, and (2) adopting a regular sleep schedule (i.e. sleep regu-
larity). A secondary objective is to document the HSH of avoiding caffeine, alcohol,
and cigarettes before bedtime among adults with diabetes. In our previous pilot study
among adults with T1D and T2D, 57.1% of them reported that avoiding screen use in
bed and 32.1% that having sleep regularity were HSH they needed to improve, while
only 10.7% mentioned this was the case for avoiding caffeine, alcohol, and cigarettes
before bedtime (Vézina-Im et al., 2023).

Methods

Study population and data collection

The study population consists of French-speaking adults ≥ 18 years of age with T1D or
T2D. Pregnant women and adults with a rotating shift were excluded from the study
since these factors can influence sleep patterns and ability to have a regular sleep
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schedule. The project was approved by the Research Ethics Committee of the Centre de
recherche du Centre intégré de santé et de services sociaux de Chaudière-Appalaches
(number: 2023-965). Informed consent was obtained from all individual participants
included in the study. Adults with diabetes were recruited throughout the province of
Québec (Canada) from mid-August 2022 to the end of January 2023 using: (1) local dia-
betes associations’ websites, social media pages and newsletters; (2) the four hospitals
from the region of Chaudière-Appalaches (Québec, Canada); and (3) advertisement on
a Canadian website promoting healthy sleep (Dormez là-dessus from the Canadian
Sleep Society).

Adults with diabetes were invited to complete an anonymous online survey on psy-
chosocial determinants of one of two HSH of their choice (i.e. avoiding screen use in
bed or having sleep regularity). Avoiding screen use in bed was defined as avoiding
watching television or using a cell phone/smartphone and/or a laptop/tablet in bed,
except for electronic devices used to monitor blood glucose levels at night. Sleep regu-
larity was defined as going to bed and waking up with more or less 20–30 min of differ-
ence from day to day even on weekends. Avoiding caffeine, alcohol, and cigarettes before
bedtime was defined as avoiding beverages that contain caffeine (e.g. coffee, tea, energy
drinks, and certain soft drinks), alcohol (e.g. beer, wine or alcoholic beverages), and
smoking cigarettes within 4 h of going to bed. Ten CAD$ 100 gift cards at a local book-
store were drawn among participants who completed the entire survey to favor
participation.

Screen use in bed as well as sleep timing variability in the last month (not in the last
month, less than once a week, 1 or 2 times a week, 3–4 times a week, 5–6 times a week,
and every day) were self-reported. The content of both versions of the questionnaire was
based on the RAA. The indirect measures (i.e. behavioral beliefs, normative beliefs and
control beliefs [barriers and facilitating factors]) were formulated using the modal salient
beliefs that were previously identified using a 75% cumulative frequency of mention cri-
terion (Fishbein & Ajzen, 2010) in a formative qualitative research conducted among 56
adults with T1D and T2D (Vézina-Im et al., 2023) (see Electronic Supplementary
Material 1 for the content of both questionnaires). Items were formulated in terms of
avoiding screen use in bed and having sleep regularity (i.e. desirable behaviors) as
answering a questionnaire on beliefs can lead to behavior change, a phenomenon
known as the question-behavior effect (Wilding et al., 2016). Items were measured
using 5-point, 6-point or 7-point Likert scales (i.e. strongly disagree to strongly agree).
Habit of using screens in bed was measured using the short form of the Self-Report
Habit Index (Verplanken & Orbell, 2003), the most commonly used habit measure
(Gardner et al., 2011). This short version contains four items (instead of 12) measuring
automaticity (i.e. the degree to which a behavior is done automatically) (Gardner et al.,
2012) as habit is probably more a question of automaticity than frequency of the behavior
being performed (Gardner, 2012). Questionnaire completion was approximately 15–
20 min.

Statistical analyses

Descriptive statistics, including means, standard deviations, and percentages, were com-
puted to describe participants and their HSH. Only one participant identified as non-
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gendered or non-binary. All the other participants reported similar answers to biological
sex and gender (being male and identifying as a man; being female and identifying as a
woman). Therefore, biological sex instead of gender was used in all the analyses. Signifi-
cant differences between the sample of participants who completed the questionnaire on
screen use in bed and the one who answered the questionnaire on sleep timing were
identified using independent t-test, chi-squared, and Fisher’s exact test analyses. The psy-
chometric qualities of the questionnaire were verified by computing Cronbach alpha
coefficients (α) (Cronbach, 1951) when there was at least three items, and the internal
consistency of constructs was classified as adequate using the criteria of Nunnally
(1978) (α > 0.70). Spearman correlation coefficients (rs) were computed for variables
that had only two items.

A calculation was performed to verify if the sample size was sufficient to perform
multivariate linear regression analyses for each HSH. According to the recommen-
dation for the ratio of number of cases to independent variables for multiple regression
analyses (Tabachnick & Fidell, 2013), a minimum of 50 + 8 (number of predictors) was
needed for testing a regression model and a minimum of 104 + number of predictors
was needed for testing individual predictors. The present study had five predictors for
screen use in bed (intention, PBC, habit, age, and type of diabetes) and 4 predictors for
sleep timing (intention, PBC, age, and biological sex). Using the previous formulas, this
gives: 50 + 8 (5) = 90 and 104 + 5 = 109 for screen use in bed, and 50 + 8 (4) = 82 and
104 + 4 = 108 for sleep timing. Our final samples of 174 for screen use in bed and
146 for sleep timing were thus sufficient to perform multivariate linear regression
analyses.

Hierarchical multivariate linear regression analyses were performed and the models’
percentage of variance explained (R2) was computed for each HSH. The variables
entered in the equation for each HSH were based on the RAA recommendations
(Fishbein & Ajzen, 2010). In a first model for screen use in bed, the variables of the
RAA (intention and PBC to avoid screen use in bed) were entered. In a second model,
the variable added to the RAA (habit of using screens in bed) was entered. In a third
model, sociodemographic variables that were significantly associated with screen use
in bed in univariate analyses were entered. In a first model for sleep timing, the variables
of the RAA (intention and PBC to have sleep regularity) were entered. In a second model,
sociodemographic variables that were significantly associated with having sleep timing
variability in univariate analyses were entered. Finally, the significant psychosocial deter-
minants of each HSH were replaced by their underlying beliefs or items to identify the
most important beliefs associated with each HSH and obtain information to design tar-
geted interventions (von Haeften et al., 2001). The alpha level was set at p < 0.05, and all
analyses were performed in SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results

Characteristics of participants and psychometric qualities of questionnaires

A total of 320 participants (174 for screen use in bed and 146 for sleep timing) completed
the section on psychosocial determinants of HSH and among those 317 (99.1%) also
completed the section on demographic information (172 for screen use in bed and 145
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for sleep timing). Participants who answered the questionnaire on screen use in bed were
significantly younger, a higher proportion were between 18 and 40 years, more were
females and identified as women, and more reported having T1D compared to partici-
pants who answered the questionnaire on sleep timing. A very high percentage of
adults with T2D reported taking medication to control their diabetes (e.g. metformin, gli-
clazide). Complete characteristics of participants are presented in Table 1.

All constructs of the questionnaires had adequate internal consistency (α = 0.74–0.88)
according to the criteria of Nunnally (1978) (α > 0.70) or were significantly correlated if
they only had two items (rs = 0.40-0.72; p < 0.0001). The short form of the Self-Report
Habit Index (Verplanken & Orbell, 2003) (α = 0.85) in the screen use sample also had
adequate internal consistency according to the criteria of Nunnally (1978). The mean
scores for intention, attitudes (cognitive and affective), perceived norms (injunctive
and descriptive norms), and PBC for both HSH were all lower than 4.5 on 7-point
scales while the score for descriptive norms was lower than 2.7 on a 5-point scale
(0%–100%). This indicates that for both HSH several adults with diabetes had low

Table 1. Characteristics of Participants (n = 317).

Variables

Mean ± SD or % p-value*
Screen use in
bed (n =
172)

Sleep timing
(n = 145)

Age (years; range: 20–86 years), % 46.1 ± 13.2 54.8 ± 12.9 <0.0001
18–40 years 36.0 9.7 <0.0001
41–64 years 54.7 70.3
≥ 65 years 9.3 20.0
Biological sex, % 0.0288
Male 20.9 31.7
Female 79.1 68.3
Gender, % 0.0277
Man 20.3 31.7
Woman 79.1 68.3
Non-gendered or non-binary 0.6 0
Level of education, % 0.1503
Less than high school, high school, or professional diploma 29.7 33.8
Pre-university or technical diploma 19.8 26.2
Undergraduate degree, masters’ degree, doctoral degree, or postdoctoral
fellowship

50.6 40.0

Ethnicity, % 0.7312
Caucasian or White 97.1 97.9
Other (African or Black, Hispanic or Latin, Native, other origin) 2.9 2.1
Gross annual household income (CAD$), % 0.3778
Less than 60,000 37.2 42.1
60,000 and over 62.8 57.9
Type of diabetes, % 0.0017
Type 1 47.7 30.3
Type 2 52.3 69.7
Time since diabetes diagnosis, % 0.4920
Less than 6 months 5.2 6.9
Between 6 months and 1 year 2.9 6.9
Between 1 and 5 years 21.5 21.4
Between 5 and 10 years 21.5 20.7
More than 10 years 48.8 44.1
Adults with T2D taking medication to control their diabetesa, % 95.6 97.0 0.7086

Note. SD: standard deviation; T2D: type 2 diabetes.
*Numbers in bold are statistically significant (p < 0.05).
aPercentage only among adults with type 2 diabetes (n = 191), since 100% of adults with type 1 diabetes (n = 126)
reported taking medication to control their diabetes.
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intention to adopt them; perceived many negative consequences (cognitive attitude) and
emotions (affective attitude) if they were to adopt them; perceived low approval if they
were to adopt them (injunctive norm) and that few people adopt them (descriptive
norm); and had low confidence in their ability to adopt them. Complete psychometric
qualities of both questionnaires and mean scores for each construct are presented in Elec-
tronic Supplementary Material 1.

Healthy sleep habits and determinants of healthy sleep habits

In terms of screen use in bed, close to 75% of participants reported screen use in bed in the
last month and among those who reported screen use in bed, the vast majority mentioned
doing this every day. Significantly more participants who answered the questionnaire on
screen use in bed reported adopting this unhealthy sleep habit in the last month com-
pared to those who answered the questionnaire on sleep timing. In terms of sleep
timing, close to 90% of participants reported sleep timing variability in the last month.
Most participants mentioned this happened once or twice a week, regardless of which
questionnaire they answered. In terms of caffeine and alcohol consumption, and
smoking cigarettes before bedtime, most participants reported not consuming caffeine,
alcohol, and smoking cigarettes within 4 h of bedtime, regardless of which questionnaire
they answered. Smoking cigarettes before bedtime was by far the least prevalent
unhealthy sleep habit, followed by caffeine consumption, and alcohol consumption
before bedtime. Detailed adoption of HSH is presented in Table 2.

Screen Use in Bed. In a first model of linear regression (see Model 1 in the first part of
Table 3), intention and PBC to avoid screen use in bed were tested as determinants of
screen use in bed. Only PBC to avoid screen use in bed was significantly and negatively
associated with screen use in bed (p < 0.0001), and this model explained 60% of the var-
iance. In a second model (see Model 2 in the first part of Table 3), habit of using screens
in bed was added to the equation. PBC to avoid screen use in bed (p < 0.0001) and habit
of using screens in bed (p < 0.0001) were significantly associated with screen use in bed,
and this model explained 69% of the variance. In a third model (see Model 3 in the first
part of Table 3), age and type of diabetes were added to the equation as they were signifi-
cantly associated with screen use in bed in univariate analyses. PBC to avoid screen use in
bed (p < 0.0001), habit of using screens in bed (p < 0.0001), and age (p = 0.0086) were sig-
nificantly associated with screen use in bed, and this model explained 71% of the var-
iance. Age was negatively associated with screen use in bed, indicating that younger
adults reported more screen use in bed.

Sleep Timing. In a first model (see Model 1 in the second part of Table 3), intention
and PBC to have sleep regularity were tested as determinants of sleep timing variability.
Only PBC to have sleep regularity was significantly and negatively associated with sleep
timing variability (p = 0.0004), and this model explained 23% of the variance. In a second
model (see Model 2 in the second part of Table 3), age and biological sex were added to
the equation as they were significantly associated with sleep timing variability in univari-
ate analyses. PBC to have sleep regularity (p = 0.0004) and biological sex (p = 0.0069)
were significantly associated with sleep timing variability, and this model explained
28% of the variance. Being female was positively associated with having sleep timing
variability, indicating that females reported more sleep timing variability.
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Most important beliefs associated with each healthy sleep habit

Screen Use in Bed. Given that PBC to avoid screen use in bed and habit of using screens in
bed were significant psychosocial determinants of screen use in bed, their underlying
beliefs and items, respectively, were tested to identify themost important beliefs associated
with screen use in bed. The underlying beliefs for PBC are control beliefs which include
barriers and facilitating factors. Univariate analyses indicated one barrier and one facilitat-
ing factor for PBC to avoid screen use in bed, and three items for habit of using screens in
bed, which were all tested for their association with screen use in bed in a first model (see
Model 1 in the first part of Table 4). Only one facilitating factor (p = 0.0080) and two items
of habit (p < 0.0001 and p = 0.0240) were significantly associated with screen use in bed,
and this model explained 59% of the variance. In a second model (see Model 2 in the
first part of Table 4), only the significant facilitating factor and the two habit items were
entered in the equation, and thismodel explained 58%of the variance. The significant facil-
itating factor was: ‘It would be easier to avoid screen use in bed in the next month if I

Table 2. Adoption of healthy sleep habits (n = 317).

Variables % p-value*
Screen use in bed (n = 172) Sleep timing (n = 145)

Screen use in beda, % 0.0411
Not in the last month 20.1 35.2
Less than once a week 7.5 10.3
1–2 times a week 7.5 6.2
3–4 times a week 10.3 8.3
5–6 times a week 10.9 9.0
Every day 43.7 31.0
Sleep timing variabilityb, % 0.1156
Not in the last month 11.6 12.3
Less than once a week 21.5 30.8
1–2 times a week 35.5 37.0
3–4 times a week 16.3 11.6
5–6 times a week 6.4 5.5
Every day 8.7 2.7
Caffeine consumption within 4 h of bedtime, % 0.0971
Not in the last month 54.1 53.8
Less than once a week 20.9 16.6
1–2 times a week 6.4 11.0
3–4 times a week 5.2 2.1
5–6 times a week 5.8 2.8
Every day 7.6 13.8
Alcohol consumption within 4 h of bedtime, % 0.3104
Not in the last month 43.6 49.7
Less than once a week 23.8 27.6
1–2 times a week 23.8 15.9
3–4 times a week 2.9 4.1
5–6 times a week 4.1 1.4
Every day 1.7 1.4
Smoking cigarettes within 4 h of bedtime, % 0.8660
Not in the last month 91.9 91.0
Less than once a week 0.6 1.4
1–2 times a week 0 0.7
3–4 times a week 0.6 0.7
5–6 times a week 0 0
Every day 7.0 6.2

Note. *Numbers in bold are statistically significant (p < 0.05).
an = 174 for the screen use in the bed sample.
bn = 146 for the sleep timing sample.
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Table 3. Psychosocial determinants of each healthy sleep habit.

Variables β coefficients (SE) & p-value*

Model 1 Model 2 Model 3

Screen use in bed
Intention to avoid screen use in
bed

-0.1389 (0.0814)
p = 0.0897

-0.1266 (0.0717)
p = 0.0792

-0.1151 (0.0699)
(p = 0.1015)

PBC to avoid screen use in bed -0.7254 (0.0788) p <
0.0001

-0.4841 (0.0773) p <
0.0001

-0.4486 (0.0763) p <
0.0001

Habit of using screens in bed 0.4293 (0.0605) p <
0.0001

0.4002 (0.0595) p <
0.0001

Age -0.0202 (0.0076) p =
0.0086

Type of diabetes -0.1428 (0.1815) p =
0.4325

Adjusted R2 (p-value) 0.5978 (p < 0.0001) 0.6879 (p < 0.0001) 0.7111 (p < 0.0001)
Sleep timing variability
Intention to have sleep
regularity

-0.0806 (0.0888) p =
0.3655

-0.0563 (0.0862) p =
0.5147

PBC to have sleep regularity -0.2984 (0.0824) p =
0.0004

-0.2909 (0.0807) p =
0.0004

Age -0.0079 (0.0069) p =
0.2507

Biological sex (being female) 0.5057 (0.1843) p =
0.0069

Adjusted R2 (p-value) 0.2331 (p < 0.0001) 0.2828 (p < 0.0001)

Note. β: standardized beta coefficient; SE: standard error; PBC: perceived behavioral control.
*Numbers in bold are statistically significant (p < 0.05).

Table 4. Most important beliefs associated with each healthy sleep habit.

Beliefs Itemsa β coefficients (SE) & p-value*

Screen use in bed Model 1 Model 2

Barrier ‘I feel capable of avoiding screen use in the bed in the next
month even if I lack motivation or willpower.’

0.1017 (0.0539)
p = 0.0610

Facilitating
factor

‘It would be easier to avoid screen use in bed in the next month
if I removed alerts on my cell phone/smartphone and/or
tablet in the evening.’

-0.1485 (0.0553)
p = 0.0080

-0.1537
(0.0561)

p = 0.0068
Habit ‘I use screens in bed automatically.’ 0.4505 (0.0525)

p < 0.0001
0.4870
(0.0512)

p < 0.0001
Habit ‘I use screens in bed without having to consciously remember.’ 0.1410 (0.0619)

p = 0.0240
0.1820
(0.0598)

p = 0.0027
Habit ‘I use screens in bed before I realize I’m doing it.’ 0.0817 (0.0571)

p = 0.1546
Adjusted R2

(p-value)
0.5940

(p < 0.0001)
0.5810
(p < 0.0001)

Sleep timing variability
Barrier ‘I feel capable of having a regular sleep schedule in the next

month even if I have many things to do in the evening (e.g.
work, studies, taking care of children).’

-0.1690 (0.0542)
p = 0.0022

-0.1645
(0.0545)

p = 0.0030
Facilitating
factor

‘It would be easier to have a regular sleep schedule in the next
month if I had the support of my partner.’

0.1061 (0.0636)
p = 0.0973

Adjusted R2

(p-value)
0.0646 (p = 0.0031) 0.0530

(p = 0.0030)

Note. β: standardized beta coefficient; SE: standard error.
*Numbers in bold are statistically significant (p < 0.05).
aFree translation from French.
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removed alerts on my cell phone/smartphone and/or tablet in the evening’ (p = 0.0068).
The two significant habit items were: ‘I use screens in bed automatically’ (p < 0.0001)
and ‘I use screens in bed without having to consciously remember’ (p = 0.0027).

Sleep Timing. Given that PBC to have sleep regularity was the only significant psycho-
social determinant of sleep timing variability, its underlying control beliefs (barriers and
facilitating factors) were tested to identify the most important beliefs associated with
sleep timing variability. Univariate analyses indicated one barrier and one facilitating
factor for PBC to have sleep regularity, which were tested for their association with
sleep timing variability in a first model (see Model 1 in the second part of Table 4).
Only one barrier (p = 0.0022) was significantly associated with sleep timing variability,
and this model explained 6% of the variance. In a second model (see Model 2 in the
second part of Table 4), only the significant barrier was entered in the equation, and
this model explained 5% of the variance. The significant barrier was: ‘I feel capable of
having a regular sleep schedule in the next month even if I have many things to do in
the evening (e.g. work, studies, taking care of children)’ (p = 0.0030).

Discussion

The results of the present study suggest that few adults with diabetes adopt HSH. Close to
75% of adults with diabetes mentioned having used screens in bed in the last month,
which is similar to another study in which nearly 70% of adults reported mobile
device-based electronic social media in bed (Bhat et al., 2018). Close to 90% of adults
with diabetes indicated that their sleep timing varied by more than 20–30 min in the
past month. Sleep variability is associated with risk of T2D in adults (Rosique-Esteban
et al., 2018), suggesting it might have an impact on glucose levels in adults with diabetes.
As anticipated based on the results of our previous formative qualitative research
(Vézina-Im et al., 2023), fewer adults with diabetes reported caffeine and alcohol con-
sumption, and smoking cigarettes before bedtime. Similar numbers of adults with dia-
betes reported consuming caffeine (46.1%) and smoking cigarettes (8.6%) before
bedtime compared with a study in which 45.0% and 9.2% of adults reported caffeine
and nicotine consumption, respectively, before bedtime (Spadola et al., 2019).
However, more adults with diabetes mentioned consuming alcohol before bedtime
(53.4%) compared to adults in that previous study (19.8%) (Spadola et al., 2019). A
future study may want to investigate if alcohol is used as a sleep aid in adults with dia-
betes as it is sometime the case in university students (Goodhines et al., 2019).

Screen use in bed among adults with diabetes was significantly associated with PBC to
avoid screen use in bed. This suggests that the adoption of this HSH is not easy as adults
with diabetes are faced with many barriers to overcome, which was also reflected in the
low mean score for PBC to avoid screen use in bed. In our previous pilot study, adults
with diabetes reported more barriers than facilitating factors (5 vs 2) compared to
adults without diabetes (2 vs 3) for avoiding screen use in bed (Vézina-Im et al.,
2023). Habit of using screens in bed was another significant psychosocial determinant
of screen use in bed. This was also echoed in the most important beliefs associated
with screen use in bed; adults with diabetes reported using screens in bed automatically
and without having to consciously remember. Similarly, in our previous pilot study,
adults with diabetes reported that screen use in bed was a ‘habit too ingrained’
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(Vézina-Im et al., 2023). In the present study, most adults with diabetes who reported
screen use in bed mentioned doing this every day. While habit is likely more a question
of automaticity than frequency of the behavior being performed (Gardner, 2012), the fact
that many adults with diabetes mentioned using screens in bed every day might have con-
tributed to making this a habit by strengthening the association between their bed and
screen use. Interestingly, in one of our previous studies based on the RAA, habit was
not a significant psychosocial determinant of recreational screen use in adolescents
(Roussel-Ouellet et al., 2022), suggesting that location (in bed) might be a more impor-
tant trigger than context (leisure time). More research is needed to identify which cues
are the most important to develop healthy habits (e.g. HSH) or break undesirable
habits (e.g. excessive recreational screen use) (Gardner et al., 2023). Similarly to a pre-
vious study among adults (Bhat et al., 2018), age was negatively associated with screen
use in bed among adults with diabetes.

PBC to have a regular sleep schedule was the only significant psychosocial determi-
nant of sleep timing variability in adults with diabetes. The low mean score for PBC to
have a regular sleep schedule suggests that adopting this HSH is perceived as difficult.
In our previous pilot study, adults with diabetes mentioned more barriers than facilitat-
ing factors (5 vs 2) compared to adults without diabetes (4 vs 8) for adopting a regular
sleep schedule (Vézina-Im et al., 2023). Biological sex was also significantly associated
with sleep timing variability. More females with diabetes reported having sleep timing
variability compared to males with diabetes. This result is in line with previous studies
reporting that females are usually more at risk for short (Grandner et al., 2015) and
poor sleep quality (Mehta et al., 2015; Nugent & Black, 2016) compared to males
because their sleep can be influenced by biological factors, such as menstrual cycle, preg-
nancy, and menopause (Mehta et al., 2015), and family responsibilities (Maume et al.,
2010). Feeling capable of overcoming the barrier of having many things to do in the
evening – including taking care of children – was the most important belief associated
with having sleep timing variability. This suggests that family responsibilities may be a
reason why females with diabetes reported having sleep timing variability. The final
model on sleep timing variability explained considerably less variance than the model
for screen use in bed, perhaps suggesting that extrinsic factors (e.g. work schedule) are
important for ability to have sleep regularity.

Intention was not a significant psychosocial determinant of behavior for both HSH.
According to the RAA, the adoption of a health behavior should be predicted by inten-
tion and PBC when the context is volitional (i.e. individuals have control over behavior
adoption) (Fishbein & Ajzen, 2010). Previous studies based on the RAA conducted
among university students have found mixed results. In one study, sleeping 8–9 h/
night was predicted by PBC (Robbins & Niederdeppe, 2015) while in another study,
sleep duration was predicted by intention to sleep at least 8 h/night (Tagler et al.,
2017). In the present study, the psychosocial determinants of HSH were identified,
since people have control over whether they adopt HSH, but not over when they will
fall asleep, how long and how well they will sleep. Our results however suggest that
adults with diabetes perceived they have little control over the adoption of both
HSH. It seems that adopting HSH was perceived as too challenging, which sapped
intention to adopt them. Adults with diabetes reported that lack of motivation or will-
power to avoid screen use in bed was a barrier to adopting this HSH. Another potential

HEALTH PSYCHOLOGY AND BEHAVIORAL MEDICINE 11



explanation is that intention might not be a psychosocial determinant of screen use in
bed because it was strongly influenced by habit in the present study. Habits are auto-
matic responses to specific cues (Gardner & Rebar, 2019) and technically, an individual
cannot intend to perform an action done automatically (i.e. without awareness),
although there is evidence that intention might predict habitual health behaviors in
certain cases (Gardner et al., 2015). Changing a behavior that is strongly habitual is
most likely difficult and maybe more than developing new healthy habits (Gardner
et al., 2023).

The most important beliefs associated with each HSH identified in the present study
can be used to design targeted interventions (von Haeften et al., 2001). Adults with dia-
betes mentioned that removing alerts on their cell phone/smartphone and/or tablet in
the evening might make it easier to avoid screen use in bed. It is most likely that those
alerts trigger screen use in bed and that removing those cues might help break the cycle
of automaticity, but more research is needed on which behavior change techniques are
the most effective at disrupting unhealthy habits (Gardner et al., 2023). Replacing
screen use in bed by other activities conducive to sleep, such as reading, yoga, and med-
itation, was recently found to promote HSH in adults (Mohideen et al., 2023). Adults
with diabetes also mentioned reading a good book before going to sleep as an alterna-
tive to screen use in bed in our previous formative qualitative research (Vézina-Im
et al., 2023). Adults with diabetes who reported feeling capable of overcoming the
barrier of having many things to do in the evening were more likely to have sleep regu-
larity. In a previous study based on the RAA, university students mentioned ‘managing
my time effectively’ as a facilitating factor for sleeping 8–9 h/night (Robbins & Nieder-
deppe, 2015). This suggests that time management might be useful to encourage adults
with diabetes to have sleep regularity. Time management has successfully been used to
encourage adults to adopt other health behaviors, such as physical activity and healthy
eating (Michie et al., 2011). The results of the present study also indicate that younger
adults with diabetes should be prioritized for screen use in bed as they reported more
using screens in bed, while females with diabetes should be prioritized for sleep timing
variability as they reported more having a sleep schedule that varies than their male
counterparts.

Strengths and limitations

The present study has a few strengths and limitations. Strengths include: (1) recruiting
participants with T1D and T2D as adults with both types of diabetes are at risk for poor
sleep quality, shorter sleep duration and insomnia compared to adults without diabetes
(Vézina-Im et al., 2021); (2) being based on the RAA, a theory whose usefulness to
predict various health behaviors was confirmed in a meta-analysis (McEachan et al.,
2016); (3) conducting formative qualitative research in adults with diabetes (Vézina-
Im et al., 2023) to develop the content of the questionnaire and verifying the internal
consistency of the items according to the criteria of Nunnally (1978); (4) including
habit of using screens in bed as an additional variable based on previous results
(Aulbach et al., 2023; Vézina-Im et al., 2023); and (5) identifying the most important
beliefs associated with each HSH to obtain information to design targeted interventions
(von Haeften et al., 2001). Adding habit of using screens in bed led to close to 10%
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increase in the percentage of variance explained in screen use in bed and the identifi-
cation of two items of habit that were the most strongly associated with this HSH. The
most important limitation of the present study is that it is cross-sectional. A longitudi-
nal design is preferable to identify determinants of behavior. A cross-sectional study
was conducted to facilitate recruitment of participants – especially as adults with dia-
betes are a specific population who might be harder to recruit than university students
– and allow participants’ answers to be completely anonymous. Behavior was self-
reported, so the presence of a social bias is possible, even though answers were anon-
ymous. Future studies might want to use a combination of self-reported and objective
measures of screen use in bed and sleep timing because they can have low concordance
(Mahalingham et al., 2023) and to overcome limitations associated with both types of
measures (Sadeh, 2011). Finally, letting adults with diabetes select the HSH on which
they wanted to answer questions may have introduced a selection bias. This was to
ensure that participants answered a questionnaire on a HSH that is deemed relevant
to them, and it allowed us to have data on which HSH adults with diabetes think
they should prioritize.

Conclusion

To our knowledge, this is the first study based on the RAA to identify the psychosocial
determinants of HSH in adults with diabetes and include habit of using screens in bed as
an additional variable. Few adults with diabetes have HSH and the results suggest that
they are difficult to adopt. Screen use in bed was strongly influenced by habit. Adults
with diabetes, especially younger ones, can remove alerts on their cell phone/smartphone
and/or tablet in the evening to break the cycle of automaticity of using screens in bed.
Adults with diabetes, especially females, will likely benefit from receiving guidance on
effective time management, such as sharing family responsibilities with other family
members, to allow them to have a regular sleep schedule. Finally, adults with diabetes
should have access to behavior change interventions to encourage them to adopt HSH
and prevent complications associated with hyperglycemia resulting from inadequate
sleep.
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