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Abstract
Background: Sleep quality is a strategic public health priority and a key factor in the study of circadian rhythms and
chronotypes. Nursing students are a particularly vulnerable population group.
Objective: The objective of this study was to evaluate the effects of a brief group-based cognitive behavioral therapy
for insomnia (CBT-I) intervention on sleep quality and circadian-related outcomes among first-year nursing students using
ambulatory circadian monitoring.
Methods: This study is a 2-arm pilot randomized clinical trial conducted at a private university in Madrid, Spain, from
October 2022 to March 2023. First-year nursing students aged 18 to 25 years were recruited in October 2022 using conven-
ience sampling and randomly assigned to an experimental group (n=20) that received a cognitive-behavioral intervention
using an active-constructive learning methodology to improve sleep quality and a control group (n=20) that followed their
usual daily routine. Primary outcomes were objective sleep quality assessed using the Kronowise 3.0 ambulatory circadian
monitoring system and subjective sleep quality assessed using the Pittsburgh Sleep Quality Index (PSQI). The objective
Kronowise assessment was characterized by the continuous circadian rhythm and sleep parameters generated by the device.
Participant satisfaction with the intervention was evaluated using an adapted 12-item Likert-type satisfaction questionnaire
administered after the intervention. Measurements were collected preintervention and postintervention over 7-day monitoring
periods. Adjusted analyses were performed using analysis of covariance, with treatment group as the fixed factor and baseline
values, smoking status, school schedule, and coffee consumption as covariates. Treatment effects were summarized using
regression coefficients (β), 95% CIs, and partial eta-squared (η²). The study was conducted in accordance with the CONSORT
(Consolidated Standards of Reporting Trials) statement.
Results: Forty students (n=34, 85% female; mean age 19.9, SD 1.8 y) were randomized equally into the intervention and
control groups. Adjusted analyses showed generally small treatment effects for objective circadian rhythm and sleep outcomes.
The largest treatment effect was observed for self-reported sleep latency (β=−19.78 min, 95% CI −33.83 to −5.74; partial
η²=0.194). Sleep duration (β=36.32 min, 95% CI −5.01 to 77.64; partial η²=0.086) and sleep efficiency (β=8.75%, 95% CI
−0.97 to 18.47; partial η²=0.090) also favored the intervention group, although CIs indicated considerable uncertainty around
these estimates. Participants reported high satisfaction with the intervention, with 65% (13/20) rating the program as “very
good.”
Conclusions: This pilot randomized controlled trial provides preliminary evidence that a brief group-based CBT-I interven-
tion may improve selected subjective sleep outcomes, particularly sleep latency, among first-year nursing students. Objective
circadian rhythm and sleep outcomes showed generally small treatment effects. Given the exploratory nature of this pilot study,
adequately powered randomized controlled trials with longer follow-up are needed to confirm these preliminary findings.
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Introduction
Sleep is an essential physiological process for physical
restoration and cognitive functioning. Sleep quality is closely
linked to circadian rhythm regulation and is a key determi-
nant of physical and psychological health. Adequate sleep
quality is associated with well-being and daytime function-
ing, whereas poor sleep quality has been linked to adverse
health outcomes, including anxiety, depression, hypertension,
and metabolic disorders [1-3]. Because sleep quality reflects
both behavioral and circadian processes, it is an important
indicator for understanding sleep-wake regulation and overall
circadian health [4].

It is estimated that 1 in 3 adults has a sleep disorder
[5], and university students are a particularly vulnerable
population due to academic demands, irregular schedules,
and lifestyle-related factors that may disrupt healthy sleep
patterns. Poor sleep quality in this population has been
associated with fatigue, impaired concentration, emotional
distress, and poorer academic performance [6]. Nursing
students may be especially vulnerable because of the
demanding academic workload, early clinical exposure, and
the need to adapt to unfamiliar practice environments, all of
which may increase stress and contribute to sleep disrup-
tion [7,8]. This vulnerability may be particularly relevant
during the first academic year, when students are adapting to
university life while facing increased academic and professio-
nal expectations.

Given the limitations of pharmacological approaches for
sleep problems, nonpharmacological strategies have gained
increasing attention [9]. Cognitive behavioral therapy (CBT)
is supported by strong evidence as an effective intervention
for improving sleep outcomes [10], and psychoeducational
approaches have shown promise in promoting healthy sleep
behaviors in nonclinical populations [11,12]. In university
settings, psychological interventions have often focused on
sleep-related symptoms associated with anxiety or depres-
sion rather than on sleep health promotion itself [13]. In
addition, most studies have relied primarily on self-reported
outcomes, with limited attention to objective indicators of
circadian functioning such as motor activity, thermoregula-
tion, and environmental synchronization (ES) [14]. This gap
is particularly relevant for nursing students, who frequently
experience sleep disturbances [15] and may benefit from
behavioral interventions targeting maladaptive sleep-related
habits and beliefs [16]. Although the efficacy of cognitive
behavioral therapy for insomnia (CBT-I) is well established
in clinical populations, less is known about its effects among
nonclinical university students when delivered in group-based
formats. In addition, most intervention studies in this field
rely primarily on measures such as the Pittsburgh Sleep

Quality Index (PSQI) [17]. Ambulatory circadian monitor-
ing (ACM) offers the possibility of continuously assessing
sleep-wake patterns and circadian regulation in real-world
settings, providing a more comprehensive evaluation of
behavioral intervention effects than self-report measures
alone [18-21].

Although there are studies associated with poor sleep
quality in nursing students [15], the evidence regarding the
feasibility and acceptability of brief, group-based CBT-
I interventions implemented as part of university health
promotion programs for first-year nursing students remains
limited. Besides, no previous studies have designed and
evaluated interventions to improve sleep quality in this group
using a wearable wristband device. Therefore, this pilot
study aimed to explore the preliminary impact of a group-
based CBT intervention on sleep quality among first-year
nursing students. Specifically, the objectives were (1) to
explore the preliminary effects of the intervention on sleep
quality outcomes and (2) to assess participant satisfaction
with the intervention. We hypothesized that, compared with
the control group, participants receiving the intervention
would show preliminary improvements in sleep quality from
baseline to postintervention, as assessed through ACM and
self-reported sleep quality.

Methods
Design
This study is a single-center, single-blind (data analysts),
2-arm pilot randomized clinical trial comparing 2 condi-
tions: the intervention group, which receives a CBT-based
intervention targeting sleep quality, and the control group,
which receives no intervention. The randomization proce-
dure was performed using a computer-generated random
number sequence (Sealed Envelope software, version 1.21.0)
and was assigned to participants’ academic record numbers
to randomly designate participants to 1 of the 2 groups
(intervention or control group). Random permuted blocks
were also used to reduce the predictability of the random
sequence and guarantee a 1:1 allocation ratio. This sequence
was stored in a password-protected table and was hidden from
other researchers during the study.

The study is registered at ClinicalTrials.gov with reference
number NCT05273086, and the study protocol has been
published [22]. This study was performed according to the
CONSORT (Consolidated Standards of Reporting Trials)
statement (Checklist 1).
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Study Setting, Recruitment, and
Sampling
The study was conducted at a private university located in
Madrid (Spain) during the 2022 to 2023 academic year.
Participants were recruited in October 2022, and the study
lasted from October 2022 to March 2023, when the postmeas-
ure tests were carried out.

A convenience sampling method was used. Eligible
students were informed about the study through an in-class
presentation delivered by the research team, during which the
study aims, procedures, duration, eligibility criteria, volun-
tary nature of participation, and confidentiality safeguards
were explained. Students who expressed interest in participat-
ing were screened according to the inclusion and exclusion
criteria. Those who met the eligibility criteria and agreed to
participate provided written informed consent before baseline
assessment and randomization.

The eligibility criteria of this study were as follows: the
inclusion criteria were students aged between 18 and 25 years
who were enrolled in the first year of a nursing degree during
the 2022 to 2023 academic year. Participants were excluded
if they were diagnosed with a prior mental pathology, a sleep
disorder, or both, and were treated with or without medication
(hypnotics, sedatives, or melatonin); were taking medications
to aid sleep; or were combining work and study.

Participants were not restricted to individuals with
clinically diagnosed sleep disorders because the interven-
tion was conceived as a universal sleep health promotion
program for first-year nursing students. The objective was
to promote healthier sleep-related habits and behaviors in a
population exposed to academic demands and future shift-
work schedules, rather than to diagnose or treat clinical or
subclinical sleep disorders. This approach is consistent with
current strategies aimed at promoting healthy sleep at the
population level [23].
Sample Size Calculation
This study was designed as a pilot randomized controlled
trial. Pilot studies are intended to assess feasibility and
estimate key parameters for the design of a definitive
trial, such as outcome variability and effect size estimates.
Therefore, a formal a priori sample size calculation based on
statistical power was not performed.

The methodological literature [24,25] on pilot studies
suggests sample sizes ranging from 12 to 35 participants
per group for this type of design. Although the protocol
planned to recruit 60 participants, only 40 eligible students
were enrolled during the recruitment period. This sample
size also allows for the estimation of preliminary parameters
with reasonable precision, in line with approaches focused on
estimation rather than hypothesis testing. The findings of this
study may inform the sample size calculation of future fully
powered randomized controlled trials.

Intervention

Control Group
The control group continued with its normal routine. They
did not attend any sessions; they only completed the pre-post
measurements.

Intervention Group
Participants allocated to the intervention group received a
structured group-based CBT-I–informed program specifically
adapted for first-year nursing students within a univer-
sity health promotion context. The intervention protocol
was developed by the research team based on established
cognitive behavioral sleep intervention principles and was
previously described in the published study protocol [22]. The
protocol integrated evidence-based components, including
sleep psychoeducation, cognitive restructuring, behavioral
stimulus control, and sleep hygiene strategies, delivered
using active-constructive learning methodologies designed
to promote participant engagement and self-reflection.
The intervention group was subdivided into 2 groups of
10 participants to facilitate interaction and individualized
discussion. The program consisted of 2 face-to-face 90-
minute sessions delivered over 2 consecutive weeks during
November and December 2022.

The first session focused on sleep psychoeducation
and cognitive restructuring, including basic concepts of
sleep physiology and circadian regulation, identification of
biological and behavioral factors influencing sleep, and
guided self-assessment of individual sleep patterns and habits.
Participants were encouraged to reflect on their own sleep-
related behaviors between sessions. The second session
focused on behavioral skill development, including sleep
hygiene education, stimulus control strategies, and practical
behavioral adaptations tailored to participants’ self-reported
routines and baseline sleep assessments.

The intervention was delivered by a PhD candidate in
biology, specialized in sleep neurophysiology, chronobiology,
and circadian rhythms, and by a registered nurse (PhD)
with expertise in health promotion and healthy lifestyle
education. Both providers had training in sleep health
and cognitive behavioral strategies for sleep. Intervention
materials and procedures were reviewed by the research
team before implementation to ensure consistency with
the published protocol. Additional details regarding session
content, intervention materials, and implementation proce-
dures are provided in Multimedia Appendix 1.
Outcome Measures

Primary Outcomes
In accordance with the trial registration (ClinicalTrials.gov
NCT05273086), the prespecified primary outcomes were
objective sleep quality, assessed using the Kronowise 3.0
ACM system, and subjective sleep quality, assessed using the
PSQI.
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The Kronowise system provides a multidimensional
assessment of sleep quality and circadian function through
validated continuous circadian rhythm and sleep parameters,
rather than a single global categorical score. Accordingly,
the objective sleep outcome was characterized using these
continuous parameters, which together describe sleep quality
and circadian health.

In this study, sleep and circadian rhythms were monitored
using the Kronowise 3.0 device (Kronohealth, S.L.) for 7
consecutive days (including weekends) in participants’ homes
during the preintervention period and for another 7 consec-
utive days during the postintervention period, in both the
intervention and control groups, with a difference of 19 days
between the 2 monitoring periods. The technical character-
istics of the device have been described in several studies
[14,26,27], and the analysis of its monitoring parameters
was obtained from a population of 244 healthy volunteers
aged 14 to 86 years using the Kronowizard platform and
the Circadianware program, following the methodology of
Madrid-Navarro et al [27] from the University of Murcia.

The primary signals recorded by the Kronowise sys-
tem were surface temperature, acceleration, position, and
exposure to light (TAPL). Peripheral skin temperature of the
wrist is a recognized, validated circadian rhythm marker [28],
suggesting that an increase in peripheral skin temperature is
associated with drowsiness [29], whereas a decrease in core
temperature is due to redistribution of heat from the interior
to the periphery [30]. The triaxial motor acceleration shows
the intensity of physical activity and the time in movement,
calculated as the sum of the absolute values of 300 acceler-
ation vectors. Changes in posture reflect postural changes
according to inclination axes (horizontality vs verticality) to
identify immobility and the amplitude of movements during
periods of activity vs rest. Light exposure is measured in
3 spectral bands (visible, blue [460‐480 nm], and infrared
[>700 nm]). All these variables were recorded at a sampling
rate of 10 Hz (for acceleration and time in motion), 1 Hz
(for skin temperature and light exposure), and 0.033 Hz for
wrist position, generating 23 million raw data points over 7
days, condensed to 230,000, which were stored in 30-second
stretches for later analysis. From these primary variables, the
integrated variable TAPL is obtained as a modification of
thermometry, activity, and body position, which expresses
the level of general physical and mental activation and has
been proved to be accurate for the estimation of individual
sleep variables [20]. In TAPL, temperature is inverse to
acceleration, position, and light exposure and, in global terms,
acquires values between 0 and 1. Absolute values of 0 or
close to 0 indicate low general activation (with high values
of skin surface temperature), whereas high values close to
or equal to 1 reflect high levels of activation correspond-
ing to a maximum state of wakefulness, exposure to light,
and movement (with low values of temperature). Given the
objective of the investigation, TAPL V5 was used to obtain
the mean value of this variable during the 5 consecutive hours
of minimum values, that is, during sleep. TAPL V5 values
range from 0.01 (5th percentile) to 0.07 (95th percentile),
with a positive effect if it reaches lower values.

Circadian Parameters
The analysis of circadian parameters is related to sleep
quality, and alterations may indicate chronodisruption [7].
All of these parameters range from 0 to 1, and their inter-
pretation is based on previously published standardization
procedures and normative values, including the 5th and
95th percentile reference values [20,21,26,27]. The interdaily
stability (IS) regularity index, which is an indicator of the
interdaily variability of the circadian rhythm, was calculated.
The IS requires repeated measurements over several days
because low values or values close to 0 indicate greater
sleep fragmentation, whereas high values or values close to
1 indicate perfect stability. Relative amplitude normalized
(RAN) is the normalized relative amplitude of the rhythm,
calculated as the difference between M10 (average of the 10
consecutive hours with the maximum values of variables that
rise during wakefulness) and L5 (average of the 5 consecu-
tive hours with the minimum values of variables that fall
during sleep), meaning that the higher the amplitude, the
more robust the rhythm. The ES is the parameter related to
the person’s chronotype and indicates the degree of synchro-
nization between the period of sleep or rest and the center
of natural darkness, taking the official summertime of the
country where the participant lives as a reference. In Spain,
this central time of darkness during daylight saving time is
2 AM. Low values or values close to 0 indicate that the
central hour of sleep is far from the central hour of darkness,
whereas high values or values close to 1 indicate that the
center of sleep is close to or coincides with the central hour
of darkness. The main circadian rhythm robustness parameter
is the circadian health score (CHS), described in 2019 [26],
which integrates IS, RAN, and ES. CHS is the primary sleep
quality indicator of the ACM technique and the main marker
of circadian strength, which behaves inversely to chronodis-
ruption when it has a value close to 1, implying a high-ampli-
tude, nonfragmented, and stable rhythm.

Sleep Quality Parameters
Although sleep-wake parameters were detected with the
above indices, specific sleep indicators were analyzed. These
indicators were temperature 2 hours before sleep, tempera-
ture during sleep, exposure to total light and blue light 2
hours before sleep, sleep latency and actual sleep time, sleep
activity time, number of awakenings, and sleep efficiency.
Sleep latency refers to the time in minutes to sleep onset,
actual sleep time is the time spent objectively asleep, and
sleep activity time is expressed as the average time in seconds
during which movement is detected. The number of awaken-
ings is the average number of movements detected for ≥30
seconds per hour of the recorded sleep interval, and sleep
efficiency refers to the percentage of time asleep as opposed
to the time in bed.

Chronotype
Chronotype refers to categories defined by the differences in
activity and alertness between morning and evening. These
categories are determined in relation to the 2019 Munich
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test, which classifies them into extreme matutine, matutine,
indefinite, vespertine, and extreme vespertine [31].

Subjective Sleep Quality
The PSQI [17] contains 19 items and 7 clinically important
components related to sleep quality: subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep distur-
bances, use of sleeping medication, and daytime dysfunction.
Responses are reported based on a 5-point Likert-type scale
ranging from 0 to 4. Overall, sleep scores of 5 or less are
considered good quality, whereas scores of 5 or more are
considered low quality. The PSQI version used is validated
in the Spanish university framework by de la Vega et al [32]
with a Cronbach α of 0.72. The questionnaire was delivered
to all participants twice (before and immediately following
the intervention).

Independent Variables
Independent variables were selected to characterize factors
known to influence sleep quality and circadian regulation in
young adults and university populations, including sociode-
mographic characteristics, lifestyle habits, physical activity,
and contextual factors that may act as potential confound-
ers or moderators of sleep-related outcomes. Satisfaction
was additionally assessed to explore the acceptability of the
intervention in this pilot study. Questionnaires on sociodemo-
graphic data and lifestyle factors were prepared ad hoc by the
researchers.

First, sociodemographic data and anthropometric variables
included date of birth, age, sex, and sleep habits during
the study, including whether the participant slept alone or
with someone. Participants reported their weight (kg) and
height (cm) for BMI calculation. Second, lifestyle factors
included tobacco consumption (cigarettes per day), alcohol
consumption (daily, weekly, and sporadic), drug consumption
(yes/no and type), consumption of stimulating drinks (eg,
coffee, sugary drinks, and energy drinks), and consumption of
nonstimulating sweetened beverages. Third, physical activity
was assessed using the simplified version of the International
Physical Activity Questionnaire (IPAQ) [33]. The question-
naire consists of 7 questions assessing frequency, duration,
and intensity of moderate and intense physical activity during
the previous 7 days, as well as walking and sitting time
during a working day. The questionnaire is classified into
low, moderate, and high physical activity based on metabolic
equivalent task minutes per week. The higher the score, the
more physically active the profile. The questionnaire has
been validated, with a mean reliability of 0.80 [33]. Fourth,
satisfaction with the program was assessed using a question-
naire adapted from the proposal by Azpeleta et al [34],
consisting of 12 questions with responses based on a 5-point
Likert scale. Higher scores indicated greater satisfaction.
Data Collection
Data collection was conducted at 2 time points: base-
line (preintervention) and immediately after completion
of the intervention (postintervention). At baseline, eligi-
ble participants completed self-administered questionnaires

assessing sociodemographic characteristics, lifestyle factors,
physical activity, and sleep quality through the PSQI.
Following questionnaire completion, participants were fitted
with the Kronowise 3.0 wearable device and received
standardized instructions for its use during the 7-day
ambulatory monitoring period.

Participants wore the device continuously for 7 consecu-
tive days, including weekdays and weekends, during their
usual daily routines in their home environment. At the end of
each monitoring period, devices were returned to the research
team for data download and processing using the Kronowi-
zard platform.

After baseline data collection, participants were random-
ized to either the intervention or control group. Following
completion of the intervention period, both groups underwent
a second 7-day monitoring period under the same condi-
tions and completed the postintervention PSQI. Participants
allocated to the intervention group additionally completed the
satisfaction questionnaire immediately after the intervention.
All assessments and device management procedures were
coordinated by an independent investigator trained in study
procedures and not involved in outcome analysis.

Ethical Considerations
This study was approved by the Research Ethics Commit-
tee of the Camilo José Cela University (code: 06‐22-UCJC-
Sleep) on April 1, 2022. All participants were informed of
the duration and characteristics of the study, as well as its
voluntary nature. No financial or nonfinancial compensation
was provided to participants for study participation.

Participants were free to leave the study at any time,
without further consequences. The utmost professional-
ism and absolute confidentiality were always ensured, in
accordance with the European Regulation (EU) 2016/679
on the protection of natural persons and the processing and
free movement of data, the Framework Law 3/2018 on the
protection of personal data and guarantee of digital rights,
and the Law 14/2007 on biomedical research. Only the
main project researcher had access to the encrypted database,
data processing, and free movement, in accordance with the
Framework Law 3/2018 on the protection of personal data
and guarantee of digital rights and Law 14/2007 on biomedi-
cal research. Only the main project researcher has access to
the encrypted database.

Data Analysis
A descriptive analysis was made of all the variables inclu-
ded in the study. Categorical variables were analyzed
using absolute and relative frequencies, whereas continuous
variables were described using mean (SD) if the variable
followed a normal distribution or median (IQR) if the variable
followed a nonnormal distribution. Normality was checked
using graphic methods (histogram) and statistical methods
(Kolmogorov-Smirnov test or Shapiro-Wilk test).

A bivariate analysis was performed to compare the
control group and the intervention group, using the Student
t test (1-tailed) or the Mann-Whitney U test for continuous
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variables according to the distribution of the variable and the
chi-square test or Fisher exact test for categorical variables
when necessary. For pre-post comparison, the Student t test
was used for paired samples, the Wilcoxon test was used
for continuous variables, and the McNemar test was used
for categorical variables. Effect size for parametric compar-
isons was estimated using Cohen d [35]. For nonparamet-
ric analyses, effect size was calculated as r based on the
standardized Z statistic (r = Z / √N) proposed by Rosenthal
and Rubin [36], where N represents the total sample size.
Effect sizes were interpreted according to Cohen conventional
thresholds for d (0‐0.3 for small, >0.3‐0.8 for moderate, and
>0.8 for large effect) and r (0‐0.3 for small, >0.3‐0.5 for
moderate, and >0.5 for large effect).

To account for baseline imbalances between groups,
adjusted analyses were additionally performed using analysis
of covariance. For each continuous sleep and circadian
outcome, the postintervention value was entered as the
dependent variable, treatment group (intervention vs control)
as the fixed factor, and the corresponding baseline value of
the outcome as a covariate. Smoking status, school sched-
ule, and coffee consumption were additionally included as
covariates because these variables differed between groups
at baseline. Adjusted treatment effects (regression coeffi-
cients [β]), 95% CI, P values, and partial eta-squared (η²)
were estimated. Because baseline differences were identified
between the intervention and control groups, the adjusted
analysis of covariance models were considered the primary
analytical approach for estimating treatment effects, whereas
the unadjusted bivariate analyses were retained as comple-
mentary analyses.

In accordance with the trial registration, the prespecified
primary outcomes were objective sleep quality, assessed
using the Kronowise system, and subjective sleep quality,
assessed using the PSQI. The continuous circadian rhythm
and sleep parameters generated by the Kronowise system
were analyzed to provide a detailed characterization of the
objective sleep outcome. Given the pilot nature of this
trial, analyses of these individual parameters were consid-
ered exploratory and hypothesis-generating. Therefore, no
formal adjustment for multiple comparisons was applied,
and findings from these analyses should be interpreted as
exploratory rather than confirmatory.

Results
Figure 1 shows the CONSORT flow diagram of the study.
A total of 70 students were assessed for eligibility. Twenty

students were excluded because they did not meet the study
criteria, most frequently due to melatonin use, combining
work and study, or being outside the eligible age range.
Of the 50 eligible students, 10 declined participation or did
not complete the informed consent process. Reasons for
nonparticipation were not systematically recorded. Conse-
quently, 40 participants were enrolled and randomized. Of
these, 20 were allocated to the intervention group (n=16, 80%
female) and 20 to the control group (n=18, 90% female).
The overall mean age was 19.9 (SD 1.8) years. The mean
age was lower in the intervention group compared with the
control group (mean 19.6, SD 1.8 vs mean 20.2, SD 1.8,
respectively). Cohabitation of students during the study was
mostly in a family setting (n=12, 60%) compared with 8
(40%) students residing outside the family environment, with
no statistically significant difference.

The total sample was distributed in academic dedication
schedules of 50% (20/40) morning shifts (8:30 AM to 1:30
PM) and 50% (20/40) in afternoon shifts (3:30 PM to 8:30
PM), with a statistically significant relationship (P=.01). The
most prevalent BMI category in both groups was normal
weight (31/40, 77.5%), with a mean of 23.1 (SD 3.8) kg/m2

(Table 1).
Among 40 students, 37.5% (n=15) were active smokers,

with a higher proportion of smokers in the intervention group
than in the control group, a mostly daily consumption pattern
(n=10, 66.7%), and a statistically significant median daily
consumption (P=.04). A total of 67.5% (n=27) consumed
alcohol on a regular basis, with no significant differences
between the 2 research groups (Table 2). Almost 8 out
of 10 participants reported daily coffee consumption, with
higher consumption in the control group (18/20, 90%) than in
the intervention group (12/20, 60%), which was statistically
significant (P=.03), with a median consumption of close to 2
coffees per day in both groups. Almost 3 out of 10 stu-
dents reported consuming energy drinks daily, with slightly
higher consumption in the control group than in the interven-
tion group (5/20, 25% vs 4/20, 20%). Overall, 45% of the
participants were sedentary, with a median of 7 hours sitting
per day. The sedentary condition was the highest proportion
in both groups in terms of the type of physical activity they
engaged in daily.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram.

Table 1. Sociodemographic data and anthropometric variables.
Sociodemographic characteristics Global (n=40) Intervention group (n=20) Control group (n=20) P value
Age, mean (SD) 19.9 (1.8) 19.6 (1.8) 20.2 (1.8) .29
Sex, n (%) .66
  Female 34 (85) 16 (80) 18 (90)
  Male 6 (15) 4 (20) 2 (10)
Class schedule, n (%) .01
  Morning 20 (50) 14 (70) 6 (30)
  Afternoon 20 (50) 6 (30) 14 (70)
Cohabitation during the study, n (%) .23
  Alone 12 (30) 5 (25) 7 (35)
  In a relationship 1 (2.5) 0 (0) 1 (5)
  With family 24 (60) 12 (60) 12 (60)
  Shared accommodation 3 (7.5) 3 (15) 0 (0)
BMI (kg/m2), mean (SD) 23.1 (3.8) 23.5 (4.3) 22.7 (3.2) .52
BMI (kg/m2), n (%) .67
  Low 1 (2.5) 0 (0) 1 (5)
  Normal 31 (77.5) 16 (80) 15 (75)
  Overweight 5 (12.5) 2 (10) 3 (15)
  Obese 3 (7.5) 2 (10) 1 (5)

Table 2. Baseline sociodemographic characteristics and lifestyle factors of first-year nursing students participating in a pilot randomized controlled
trial evaluating a group-based cognitive behavioral therapy for insomnia (CBT-I) intervention (Spain, 2022‐2023)a.
Lifestyle Global (n=40) Intervention group (n=20) Control group (n=20) P value
With a diagnosed illness, n (%) 6 (15) 2 (10) 4 (20) .66
On pharmacological medication, n (%) 4 (10) 1 (5) 3 (15) .61
Smokers, n (%) 15 (37.5) 8 (40) 7 (35) .74
Consumption (n=15), n (%) .63
  Daily 10 (66.7) 5 (62.5) 5 (71.4)
  Weekly 4 (26.7) 2 (25) 2 (28.6)
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Lifestyle Global (n=40) Intervention group (n=20) Control group (n=20) P value
  Monthly 1 (6.7) 1 (12.5) 0 (0)
Tobacco (n=15), n (%) .96
  Factory made 7 (46.7) 4 (50) 3 (42.9)
  Rolled cigarettes 6 (40) 3 (37.5) 3 (42.9)
  Electronic devices 2 (13.3) 1 (12.5) 1 (14.3)
Cigarettes per day, median (IQR); range 2 (0-10); 0-10 0 (0-3.5); 0-5 10 (0-10); 0-10 .04
Alcohol consumption, n (%) 27 (67.5) 13 (65) 14 (70) .74
Alcohol typeb (n=27), n (%)
  Beer 21 (77.8) 11 (84.6) 10 (71.4) .68
  Wine 15 (55.6) 8 (61.5) 7 (50) .55
  Spirits 13 (48.1) 7 (53.8) 6 (42.9) .57
  Liqueurs 4 (14.8) 3 (23.1) 1 (7.1) .33
Alcohol volume (cm3/mL) per week, median (IQR);
range

300 (175-600); 50‐2000 350 (212.5-800); 125‐2000 275 (125-531.25); 50‐1025 .31

Coffee consumption, n (%) 30 (75) 12 (60) 18 (90) .03
Coffee consumption per day, median (IQR); range 0.5 (1-2); 1-4 1.5 (1-2.75); 1-4 1.5 (1-2); 1-3 .78
Daily energy drink consumption, n (%) 9 (22.5) 4 (20) 5 (25) >.99
Energy drink types (n=9), n (%) .46
  Monster 6 (66.7) 2 (50) 4 (80)
  Caffeine 2 (22.2) 1 (25) 1 (20)
  Red Bull 1 (11.1) 1 (25) 0 (0)
Daily consumption of non–energy-sweetened beverages,
n (%)

12 (30) 5 (25) 7 (35) .49

Beverages drink types (n=12), n (%) >.99
  Cola soft drinks 8 (66.7) 3 (60) 5 (71.4)
  Other soft drinks 4 (33.3) 2 (40) 2 (28.6)
Hours seated per day, median (IQR); range 7 (5-9); 1-15 7.5 (5-8); 1-15 7 (4-10); (1-15) .66
Physical activity type, n (%) .57
  Low or sedentary 18 (45) 8 (40) 10 (50)
  High 11 (27.5) 7 (35) 4 (20)
  Moderate 11 (27.5) 5 (25) 6 (30)

aThe total sample included 40 participants (20 per group). For behavior-specific variables, such as alcohol and tobacco consumption, data refer only
to participants reporting the corresponding behavior; therefore, frequencies may not add up to the total sample. Continuous variables with nonnormal
distributions are presented as median (Q1–Q3); range.
bFor alcohol type, participants could report more than one category; therefore, frequencies and percentages do not necessarily add up to the total
sample or 100%.

Adjusted treatment effects for circadian rhythm, objective
sleep, and subjective sleep outcomes are presented in Table 3.
For objective circadian rhythm parameters, adjusted treatment
effects were uniformly small (partial η²=0.004‐0.047), and
the corresponding 95% CIs were compatible with little or no
intervention effect. Similarly, objective sleep and environ-
mental outcomes showed generally small effect sizes (partial
η²=0.004‐0.065), with CIs indicating considerable uncertainty
around the estimated treatment effects. In contrast, subjective
sleep outcomes showed larger adjusted effects. The interven-
tion was associated with a shorter self-reported sleep latency
(β=−19.78 min, 95% CI −33.83 to −5.74), corresponding
to a large effect size (partial η²=0.194). Sleep duration
(β=36.32 min, 95% CI −5.01 to 77.64; partial η²=0.086),
sleep efficiency (β=8.75%, 95% CI −0.97 to 18.47; partial

η²=0.090), and the global PSQI score (β=−1.20, 95% CI
−3.18 to 0.78; partial η²=0.061) also favored the intervention
group, although the CIs were compatible with a range of
plausible effects. Unadjusted bivariate analyses are provided
in Multimedia Appendix 1.

Objective sleep monitoring indicated that the predomi-
nant baseline chronotype in both groups was intermediate
(ie, neither clearly morning nor evening type). Following
the intervention, a shift toward a more evening-oriented
chronotype was observed in both groups (Table 4).

Satisfaction with the intervention received and with the
participation of the expert (Table 5) was mostly “very good”
in all the items evaluated. Satisfaction with the intervention
was very good for 63% of the survey and good for 35%.
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Table 3. Adjusted treatment effects of the group-based cognitive behavioral therapy for insomnia (CBT-I) intervention on circadian rhythm, objective
sleep, and subjective sleep outcomesa.
Outcome Adjusted treatment effect (IGb vs CGc), β (95% CI) P value Partial η²
Circadian rhythm
  TAPLd V5 −0.004 (−0.030 to 0.021) .73 0.004
  Interdaily stability (IS) −0.051 (−0.130 to 0.029) .25 0.047
  Relative amplitude (RAN) −0.010 (−0.054 to 0.034) .66 0.006
  Environmental synchronization 0.042 (−0.032 to 0.116) .26 0.037
  Circadian health score (CHS) 0.009 (−0.036 to 0.053) .69 0.005
Objective sleep outcomes
  Temperature 2 h before bedtime −0.329 (−0.915 to 0.254) .26 0.037
  Temperature during sleep 0.217 (−0.234 to 0.668) .34 0.027
  White light exposure 2 h before bedtime −0.680 (−3.184 to 1.824) .59 0.009
  Blue light exposure 2 h before bedtime −0.035 (−0.162 to 0.093) .59 0.009
  Sleep latency 5.63 (−1.80 to 13.06) .69 0.065
  Total sleep time −7.56 (−47.17 to 32.04) .70 0.004
  Sleep activity time −0.208 (−0.125 to 0.540) .21 0.045
  Number of awakenings −0.157 (−0.521 to 0.207) .39 0.022
  Wake after sleep onset 5.14 (−7.81 to 18.10) .43 0.019
  Sleep efficiency −1.93 (−4.64 to 0.79) .16 0.058
Results of PSQIe
  Sleep latency (min) −19.78 (−33.83 to −5.74) .007 0.194
  Time in bed −0.45 (−39.56 to 38.65) .98 0.001
  Sleep time 36.32 (−5.01 to 77.64) .08 0.086
  Sleep efficiency 8.75 (−0.97 to 18.47) .08 0.090
  Global PSQI score −1.20 (−3.18 to 0.78) .22 0.061

aAdjusted treatment effects were estimated using analysis of covariance models with the postintervention value as the dependent variable, treatment
group as the fixed factor, and the corresponding baseline value, smoking status, school schedule, and coffee consumption as covariates. Partial η² was
interpreted as <0.01 (trivial), 0.01 to <0.06 (small), 0.06 to <0.14 (moderate), and ≥0.14 (large).
bIG: intervention group.
cCG: control group.
dTAPL: temperature, acceleration, position, and exposure to light.
ePSQI: Pittsburgh Sleep Quality Index.

Table 4. Changes in chronotype distribution before and after a group-based cognitive behavioral therapy for insomnia (CBT-I) intervention among
first-year nursing students participating in a pilot randomized controlled triala.
Chronotype Preintervention Postintervention

IGb (n=20), n (%) CGc (n=20), n (%) IG (n=20), n (%) CG (n=20), n (%)
Extreme matutine —d — — —
Matutine 1 (5) 0 (0) 1 (5) 2 (10)
Undefined 12 (60) 12 (60) 8 (40) 8 (40)
Vespertine 4 (20) 5 (25) 8 (40) 4 (20)
Extreme vespertine 3 (15) 3 (15) 3 (15) 3 (15)

aPre-post P values are IG=.30 and CG=.47.
bIG: intervention group.
cCG: control group.
dNot applicable.

Table 5. Results of satisfaction with the interventiona.

Variables
Very good
(n=20), n (%)

Good
(n=20), n
(%)

Regular
(n=20), n (%)

Bad (n=20),
n (%)

Very bad
(n=20), n (%)

General assessmentb
  Dissemination before commencing intervention 9 (45) 11 (55) 0 (0) 0 (0) 0 (0)
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Variables
Very good
(n=20), n (%)

Good
(n=20), n
(%)

Regular
(n=20), n (%)

Bad (n=20),
n (%)

Very bad
(n=20), n (%)

  Briefing before commencing intervention 7 (35) 13 (65) 0 (0) 0 (0) 0 (0)
  Explanation of study goals 16 (80) 4 (20) 0 (0) 0 (0) 0 (0)
  Communication between participants and expert 15 (75) 5 (25) 0 (0) 0 (0) 0 (0)
  Audiovisual media and materials used 14 (70) 6 (30) 0 (0) 0 (0) 0 (0)
Assessment of intervention expertb
  Clarity of presentation 18 (90) 2 (10) 0 (0) 0 (0) 0 (0)
  Expert’s knowledge on intervention content 15 (75) 5 (25) 0 (0) 0 (0) 0 (0)
  Participant’s motivation level 10 (50) 10 (50) 0 (0) 0 (0) 0 (0)
  Adequate number of study activities 11 (55) 8 (40) 1 (5) 0 (0) 0 (0)
  Counseling and support during the intervention 12 (60) 8 (40) 0 (0) 0 (0) 0 (0)
  Technological resources and applications used 9 (45) 11 (55) 0 (0) 0 (0) 0 (0)
  Overall satisfaction with the intervention 13 (65) 7 (35) 0 (0) 0 (0) 0 (0)

aEffect size r: 0-0.3 for low, >0.3-0.5 for moderate, and >0.5 for big.
bParticipants responded to multiple satisfaction items; therefore, the frequencies within each response category do not add up to the total sample
(n=20). For each individual item, responses add up to 20 participants.

Discussion
Principal Findings
The present pilot randomized controlled trial explored the
preliminary effects of a brief group-based CBT-I–informed
intervention delivered as a sleep health promotion pro-
gram for first-year nursing students. Overall, the interven-
tion showed more favorable effects on subjective sleep
outcomes, particularly self-reported sleep latency, whereas
objective circadian rhythm and sleep parameters assessed
through ACM showed small and imprecise treatment effects.
Participants also reported high satisfaction with the interven-
tion, supporting the feasibility and acceptability of imple-
menting this type of program within a university setting.

The pattern of findings observed in this study may be
explained by the characteristics of both the intervention and
the study population. Unlike most CBT-I trials, which recruit
participants with clinically significant insomnia symptoms,
this intervention was delivered as a universal health promo-
tion strategy to first-year nursing students regardless of their
baseline sleep status [10,12,13]. Consequently, participants
may have had relatively limited objective circadian impair-
ment at baseline, reducing the opportunity to detect measura-
ble physiological improvements over the short intervention
period. At the same time, increasing participants’ awareness
of sleep-related behaviors and promoting healthier sleep
habits may have influenced their perception of sleep before
producing detectable changes in objective circadian regula-
tion [37].

The characteristics of the intervention itself should also be
considered when interpreting these findings. Standard CBT-I
programs are typically delivered over multiple sessions and
incorporate individualized behavioral components, including
stimulus control, sleep restriction, cognitive therapy, and the
systematic review of sleep diaries, which are considered core

mechanisms of treatment effectiveness [38,39]. By contrast,
our intervention consisted of 2 face-to-face group sessions
designed as a pragmatic university-based health promotion
program rather than as an intensive therapeutic intervention.
This lower treatment intensity may have been sufficient to
increase participants’ awareness of healthy sleep practices
and influence their perception of sleep while being insuffi-
cient to induce sustained behavioral changes that could be
reflected in objectively measured circadian outcomes during
the relatively short follow-up period [40,41]. Furthermore,
participant engagement with the behavioral recommendations
outside the classroom was not formally assessed. Conse-
quently, it remains unclear to what extent the absence of
objective effects reflects the limited intensity of the interven-
tion, suboptimal adherence to the recommended behavioral
changes, or a combination of these factors, all of which are
recognized determinants of CBT-I effectiveness [39,42].

The discrepancy between subjective and objective
outcomes deserves particular attention. Participants in the
intervention group reported improvements in sleep latency,
with trends toward better perceived sleep duration and sleep
efficiency, whereas objective monitoring did not demon-
strate corresponding improvements. Similar discrepancies
between subjective and objective sleep measures have been
described previously in young adults and may reflect the
fact that these instruments capture different aspects of
sleep [37]. The discrepancy between subjective and objec-
tive outcomes should also be interpreted in light of the
study design. Because participants were aware of their
group allocation and the control group received no active
intervention, subjective outcomes were more susceptible to
expectancy effects, increased awareness of sleep behaviors,
facilitator attention, and group interaction. Consequently, the
observed improvements in subjective sleep outcomes may
partly reflect nonspecific effects associated with participation
in the intervention, in addition to the specific therapeutic
components of CBT-I [43]. In contrast, objectively measured
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circadian outcomes are less directly influenced by partici-
pants’ expectations and therefore provide a complementary
perspective on intervention effects.

Our findings are broadly consistent with previous studies
evaluating CBT-I and behavioral sleep interventions in
university students. Randomized trials and systematic reviews
have generally reported greater improvements in subjective
sleep outcomes than in objective sleep measures, particularly
when interventions are implemented in nonclinical student
populations [13,40,44]. However, direct comparisons should
be interpreted cautiously because studies differ substan-
tially in intervention intensity, treatment duration, partici-
pant characteristics, and outcome assessment. Moreover,
most previous studies have relied primarily on self-reported
questionnaires or conventional actigraphy [13]. By incorpo-
rating multidimensional ACM alongside validated subjective
measures, the present study provides a more comprehen-
sive evaluation of behavioral intervention effects under
real-world conditions and highlights the value of assessing
both perceived and physiological dimensions of sleep [45].

Although the objective circadian outcomes did not
demonstrate consistent intervention effects, these findings
should not be interpreted as evidence that behavioral
sleep interventions are ineffective in university populations.
Rather, they suggest that a brief group-based health promo-
tion program may be insufficient to modify physiological
circadian regulation over a short period in generally healthy
young adults. Future trials should evaluate whether greater
intervention intensity, individualized behavioral support,
reinforcement sessions, longer follow-up, and systematic
assessment of participant adherence improve both subjective
and objective sleep outcomes [44]. Such research may also
help clarify the temporal relationship between changes in
perceived sleep and objectively measured circadian outcomes.

One of the main strengths of this study is the com-
bined assessment of subjective sleep quality and multidi-
mensional objective circadian monitoring using a validated
ambulatory wearable device under free-living conditions.
This approach enabled continuous assessment of sleep and
circadian function beyond self-reported outcomes—an aspect
that has been infrequently incorporated into behavioral sleep
intervention studies in university populations. In addition,
the randomized controlled design and the high levels of
participant satisfaction support the feasibility and acceptabil-
ity of implementing sleep health promotion programs among
first-year nursing students.

Overall, this pilot trial suggests that a brief, group-based,
CBT-I–informed intervention is feasible, well-accepted, and
may improve selected subjective aspects of sleep among
first-year nursing students. However, measurable changes in
objective circadian outcomes were not observed under the
conditions evaluated. These findings support the need for
adequately powered randomized controlled trials incorporat-
ing active control groups, longer follow-up periods, adher-
ence assessment, and more intensive or individualized
behavioral interventions to better establish the effectiveness
of sleep health promotion programs in university populations.

Limitations
One of the main limitations of this study was the lack of
blinding for participants and facilitators, which is common
in behavioral interventions and may introduce bias. Addi-
tionally, the absence of an active control group may affect
internal validity and potentially lead to an overestimation
of the intervention effects. Although the use of a usual-
care control enhances ecological validity in a university
context, it does not account for nonspecific effects inherent
to group-based interventions, such as therapist attention, peer
interaction, and participant expectations. Furthermore, the
face-to-face group format itself may have contributed to the
observed outcomes through contextual or placebo effects,
which cannot be ruled out.

The inclusion of an active control condition (eg, group-
based education sessions without CBT-I components) would
have allowed for more rigorous control over these nonspecific
effects. Therefore, the findings should be interpreted with
caution. In addition, the group-based format of the interven-
tion did not allow for individualized tailoring based on the
specific sleep characteristics identified during preintervention
assessment. Although key aspects of sleep behavior were
addressed, more personalized approaches may yield stronger
effects.

Furthermore, although mediation analysis was prespeci-
fied in the study protocol, it was not performed due to
the limited sample size and the absence of multiple follow-
up assessments required to establish temporal relationships
between potential mediators and outcomes. As a result,
the mechanisms through which the intervention may have
influenced sleep- and circadian-related outcomes could not be
explored. Future, adequately powered trials that incorporate
repeated measurements over time should investigate potential
mediating pathways underlying intervention effects.

In addition, the study may be subject to selection bias.
Participants were recruited from a single cohort of first-year
nursing students at one university, and participation was
voluntary. Consequently, students with greater interest in
sleep-related issues or health-promoting behaviors may have
been more likely to participate. This may limit the representa-
tiveness of the sample and reduce the generalizability of the
findings to other student populations, academic disciplines, or
educational settings.

Although participants were randomly allocated, some
baseline differences were observed between groups in
variables such as smoking status, school schedules, and
caffeine consumption. While additional adjusted analyses
were performed and yielded results consistent with the
primary findings, residual confounding cannot be completely
excluded given the small sample size characteristic of this
pilot study.

Future research should aim to incorporate active control
conditions, larger sample sizes, and more individualized
interventions. Further studies are also needed to determine the
clinical relevance of changes observed in circadian parame-
ters and to validate multidisciplinary approaches based on
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individual sleep and circadian profiles. Finally, this pilot
trial was not intended to address implementation at the
institutional level. Future implementation studies are needed
to evaluate scalability, resource requirements, and cost-effec-
tiveness before broader adoption can be considered.
Conclusions
This pilot randomized controlled trial provides preliminary
evidence that a brief group-based CBT-I intervention may
improve selected subjective sleep outcomes among first-year
nursing students. The largest treatment effect was observed

for self-reported sleep latency, whereas objective circadian
rhythm and sleep outcomes generally showed small treatment
effects with wide CIs, reflecting considerable uncertainty
around the estimated effects. Participants reported high levels
of satisfaction with the intervention, supporting the feasibility
and acceptability of this approach within a university setting.
Given the exploratory nature and limited sample size of this
pilot study, adequately powered randomized controlled trials
with longer follow-up are needed to confirm these findings
and to better define the magnitude and durability of the
intervention effects.
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