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Objective: Adapt and validate the Mood Rhythm Instrument (MRhI), a self-reported questionnaire that
assesses self-perceived rhythmicity of mood-related symptoms in adults, into a version that assesses
and evaluates perceived mood-related symptoms in adolescents (MRhI-Y).
Methods: Adaptation of the Brazilian Portuguese version of the MRhI for an adolescent population
followed three steps: review by consultants, analysis by experts, and pilot testing through a visual
analogue scale (VAS). The final questionnaire (MRhI-Y) was applied to 171 adolescents aged 12-17
years. Internal consistency was calculated using Cronbach’s alpha and McDonald’s omega. The
psychometric properties of the MRhI-Y were evaluated using exploratory factor analysis (EFA).
Results: The MRhI-Y was designed to use wording more appropriate for adolescents than that of the
MRhI. Expert agreement about item quality ranged between 82 and 100%. Adolescents’ VAS ratings
indicated good comprehension of the items. Cronbach’s alpha and McDonalds’ omega coefficients
were 0.71 and 0.74. The EFA resulted in a three-factor solution (affective, cognitive, and somatic).
Younger adolescents (ages 12 to 13) reported lower rhythmicity scores than older groups (ages 14 to
15 and 16 to 17), even controlling for chronotype.
Conclusions: The Brazilian Portuguese version of the MRhI-Y presented adequate comprehension
by adolescents and good internal consistency. The MRhI-Y is a promising tool to improve our
understanding of the underlying characteristics of mood fluctuation in adolescence.
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Introduction

In mammals, the circadian system synchronizes the
rhythm of several cellular and physiological functions with
the light-dark cycle.1,2 There is a large body of research
showing that circadian rhythms are important for diverse
behavioral and neurobiological functions, such as mood,
memory, motor activity, hormone secretion, temperature,
food intake, and sleep.3,4 Additionally, there are studies
linking circadian system alterations to mood impairment5-8

and mood disorders.9,10 Nevertheless, little is known about
the rhythmicity of other behavioral and physiological func-
tions, such as appetite, sadness, irritability, self-esteem,
and cognitive abilities.

Studies evaluating mood or behavioral circadian
rhythmicity are scarce in populations of adolescents.
One explanation for this knowledge gap is the absence of

validated assessment tools for such a purpose. Recently,
the Biological Rhythms Interview for Assessment in
Neuropsychiatry was validated in children and adoles-
cents (BRIAN-K) to evaluate biological patterns in
four domains: sleep, activity, social, and eating. How-
ever, the BRAIN-K does not measure self-reported
rhythmicity or self-perception of daily peaks of mood
symptoms in adolescents.11 The Mood Rhythm Instru-
ment (MRhI) has been recently developed to assess
self-perceived mood rhythmicity. Recent studies have
shown that a higher number of items perceived as having
daily peaks in MRhI were associated with higher scores
of depressive symptoms and lower scores on well-
being.12 Also, self-perceived rhythmicity in MRhI, particu-
larly in ‘‘pessimism’’ and ‘‘motivation to exercise,’’ was
associated with a higher risk of having a psychiatric
disorder.13
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The MRhI is a valuable tool for clinical and epidemio-
logical research, as it provides information on core aspects
of mood-related symptoms and behaviors. This study
describes the validation steps of the MRhI into a version for
adolescents (MRhI-Y), including testing of the psycho-
metric properties of the MRhI-Y in Brazilian adolescents.

Methods

The MRhI is a self-report questionnaire that assesses
self-perceived rhythmicity and peak of mood symptoms
over 24 hours in the past 15 days. Its 15 items cover
cognitive, affective, and somatic domains.14 When a
person answers ‘‘yes’’ to a daily peak in any MRhI item,
they are also asked to report the time of day at which the
peak occurs. The sum of categorical variables provides a
total score that ranges from 0 to 15 (0 representing no
perceived rhythmicity, and 15 denoting rhythmicity in all
variables). The MRhI does not seem to be affected by
memory bias recall,12 and its Cronbach’s alpha coeffi-
cients were 0.70, 0.73, and 0.79 for the Portuguese,14

Spanish,15 and English versions,16 respectively. The MRhI
has already been validated for adults in Brazilian Portu-
guese.12-14,17 We also applied the Puberty and Phase
Preference Scale, a self-reported questionnaire used to
measure chronotype through questions about schedule
preferences. The higher the score, the greater the
respondent’s morningness; the lower the score, the greater
their eveningness. A Brazilian Portuguese version was
used in this study.18

Adaptation from the adult version (MRhI) to an adolescent
version (MRhI-Y)

Initially, a group of experts adapted the original MRhI
scale into a new version for adolescents (MRhI-Y). This
multidisciplinary team was composed of a certified child
and adolescent psychiatrist, two clinical psychologists, an
adult psychiatrist, two biomedical scientists, two medical
students, one psychology student, and one biomedical
science student.

The working group created a new version of the MRhI
by adapting each question to be comprehensive and
appropriate for adolescents’ sociocultural aspects. Then,
certified child and adolescent psychiatrists were invited
to evaluate the MRhI-Y. All 14 items were analyzed
according to verbal comprehension (if the question was
easy to understand), verbal fluency (if the question was
written in the best possible way), clarity (if the question
was clear), straightforwardness (if the question was
direct), simplicity (if the question was formulated in the
simplest way to ask it), relevance (if the question was
relevant to adolescents), and focus (if the question had
only one focus).19,20 The specialists reported whether
they agreed or not with each criterion. Agreement higher
than 80% between two specialists was considered
adequate.19,20 The specialists were also able to make
suggestions to improve the questionnaire further. Then, to
assess item clarity, 19 adolescents were randomly invited
from among the sample of 171 adolescents to rate the
questions using a visual analogue scale (VAS) from 0

(not clear) to 10 (very clear). The expert panel discussed
the specialists’ suggestions and the clarity of items until
consensus was reached; all the necessary adjustments
resulted in the final version of the MRhI-Y.

Finally, the research group administered the final
questionnaire to a sample of 171 adolescents (12-17
years old) attending grades 6-12 at a public school in the
state of Rio Grande do Sul, Brazil. The sample was
composed of 92 males (53.8%) and 79 females (46.2%).
The mean age was 14.1961.58. The proportion of
participants studying in the morning was 57.7%, and in
the afternoon, 42.3%. There were no differences between
males or females in age or percentage of students
studying in the morning or afternoon. The exclusion cri-
teria were inability to complete or understand the ques-
tionnaire or signature of informed dissent by the students
and their parents.

Statistical analysis

Categorical variables were expressed as absolute and
relative frequencies. Continuous variables were expres-
sed as mean and standard deviation. Variables were
tested for normality using the Shapiro-Wilk test. Compar-
isons of the frequency of the dichotomous MRhI-Y items
according to sex were done by a chi-square test (w2).
MRhI-Y time peak is shown as mode, and is also graphi-
cally represented using Rayleigh graphs compared by
sex. Rayleigh graphs are clock-like distributions of circular
data; the value for each individual is plotted around a
circumference that represents a range of 24 hours. We
compared the rhythmicity between different age groups
using analysis of variance (ANOVA), and controlled for
chronotype using analysis of covariance (ANCOVA). The
instrument’s internal consistency was calculated using
Cronbach’s alpha and McDonalds’ omega, with alpha and
omega values X 0.7 deemed satisfactory indicators of
internal consistency.21-23

The psychometric properties of the MRhI-Y were
evaluated using exploratory factor analysis (EFA). Since
our data are binary, the EFA was carried out using a
tetrachoric correlation matrix, with weighted least squares
(WLS) extraction and oblimin rotation.24,25 To define the
number of factors to be retained, we used Horn’s parallel
analysis, because it is based on the comparison of
eigenvalues of the actual data to those of the simulative
data.26,27 For comparison correction for the analyses, we
used the Benjamini-Hochberg step-up false discovery
rate method. Statistical analyses were conducted in
PASW Statistics, Version 18 (SPSS Inc., Chicago, USA),
R version 3.4.1 (package ‘‘psych’’), and WINPEPI version
11.65. Statistical significance was accepted at p o 0.05.

Ethics statement

The study was approved by the Hospital de Clı́nicas de
Porto Alegre ethics committee (18-0068 GPPG/HCPA)
and was conducted in accordance with the declaration of
Helsinki. All potential participants received an informed
dissent to be signed by their parents if they disagreed with
the adolescent’s participation in the study. Participants
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who did not return the informed dissent signed by their
parents were included.

Results

Step 1: adaptation process

The original MRhI items were rephrased based on the
experts’ recommendations, considering a lexicon and
grammatical complexity more appropriate to adolescents.
A few synonyms for uncommon words were also added.
The expert panel reiterated the main important instruc-
tions, ‘‘Regarding the previous 15 days...,’’ ‘‘If you answer
yes, indicate below the approximate hour,’’ and ‘‘Mark
only one line’’ in all questions to make them clearer and
easier to follow. Furthermore, researchers added a few
examples on how to fill in the items to make the process
more understandable. To enhance reliability and partici-
pation, researchers decided to exclude the question
related to libido, to avoid misunderstandings and refusal
to fill out the questionnaire. This choice was based on
certain taboos raised around the subject and the variety of
connotations regarding sexual content in youth. The score
sum for all factors (verbal comprehension, verbal fluency,
clarity, straightforwardness, simplicity, credibility, and

focus) given by the child and adolescent psychiatrists
ranged between 0.82 to 1.00, which indicates high agre-
ement.19 Adolescents’ VAS scores for each question
ranged from 8.65 to 9.19, which indicates good compre-
hension of the items. The final version of the MRhI-Y is
available as online-only supplementary material.

Step 2: reliability and validity

In this sample, McDonalds’ omega reliability index was 0.74
and Cronbach’s alpha coefficient was 0.71, suggesting
adequate internal consistency. The actual data and the
simulative data underwent Horn’s parallel analysis, which
yielded a three-factor model solution. Factor analysis of the
categorical MRhI-Y items and their factor loadings are
presented in Table 1. All factor loads obtained were bet-
ween 0.47 and 0.79. The three-factor model solution repre-
sented good content validity regarding their group meaning
in each factor. Values above 0.40 have been taken as
acceptable representations of the factor.28 The item talk to
friends presented a loading factor that was identical in two
factors and a maximum load value of 0.30; therefore, we
chose to exclude this item from the MRhI-Y. The first factor
(cognitive) comprised physical exercise, energy, alertness,
problem-solving, self-esteem, concentration, and memory.

Table 1 Exploratory factor analysis (EFA) of the Mood Rhythm Instrument, Youth version (MRhI-Y), based on a three-factor
model

EFA with all variables EFA after excluding ‘‘Talk to friends’’

Questions
Factor 1
(cognitive)

Factor 2
(affective)

Factor 3
(somatic)

Factor 1
(cognitive)

Factor 2
(affective)

Factor 3
(somatic)

Alertness 0.49 -0.13 0.24 0.51 -0.12 0.24

Sleepiness 0.10 0.04 0.65 0.12 0.05 0.59

Solving problems 0.44 0.14 0.14 0.44 0.13 0.12

Self-esteem 0.49 0.23 -0.28 0.47 0.22 -0.28

Concentration 0.69 0.09 0.03 0.69 0.17 0.03

Appetite 0.05 0.08 0.60 0.07 0.08 0.63

Irritability 0.17 0.67 -0.03 0.17 0.66 -0.03

Anxiety -0.15 0.54 0.31 -0.14 0.54 0.32

Sadness 0.08 0.80 0.00 0.09 0.81 0.00

Physical exercise 0.52 -0.22 0.08 0.52 -0.22 0.07

Memory 0.51 0.02 0.11 0.52 0.03 0.13

Pessimism -0.13 0.76 0.02 -0.13 0.76 0.02

Talk to friendsw 0.30 0.30 0.21 w w w

Energy 0.76 -0.02 -0.02 0.76 -0.01 -0.02

Eigenvalues 2.51 2.29 1.22 2.41 2.18 1.10

Variance explained (%) 42 38 20 42 38 19

Gray-shaded cells indicate the factor to which each item belongs.
wExcluded item.
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The second factor (affective) comprised irritability, anxiety,
sadness, and pessimism. The third factor (somatic) included
sleepiness and appetite. The factor that explains most of the
variance belongs to the cognitive factor, followed by the
affective factor and, lastly, the somatic factor.

Figure 1 displays the comparison between sexes and age
groups for the frequency of rhythmicity for each MRhI-Y
item. Alertness (p = 0.013) and physical exercise (po 0.001)
were significantly more rhythmic in males. The female res-
pondents self-reported a higher presence of perceived rhyth-
micity in problem-solving (p = 0.042), appetite (p = 0.002),
anxiety (p = 0.002), and sadness (p = 0.005). However,
the finding related to the problem-solving item did not sur-
vive to multiple comparison correction. Sadness, memory,
and pessimism were the only variables for which
rhythmicity was o 50% in the total sample. Females
and males had similar peak modes in the morning for self-
esteem, concentration, memory, and appetite. Besides,
males had a peak time in the morning for irritability and
alertness, while females reported a peak for anxiety and
energy. In the afternoon, both sexes had similar modes
for motivation to exercise, pessimism, sleepiness, solving
problems, and talk to friends. In the evening, males
showed modes for sadness, anxiety, energy, and talk to
friends; females showed modes for sadness, irritability,
alertness, problem solving, and memory (Table 2). Most
of the variables showed more than one mode (Figure 1).

Figure 2 shows the Rayleigh graphs for each MRhI-Y
item. Using the Watson-Williams test, we found that
males had significant later perceived peaks for alertness
and sadness, as well as earlier peaks for self-esteem and
concentration, compared to females. After multiple-com-
parison correction, the perceived peak for the concentra-
tion item did not differ between males and females, while
all other previous findings remained statistically significant
(Table 3).

The age was categorized into three groups (12-13,
14-15, and 16-17 years old). We calculated a rhythmicity
score with the sum of items in the MRhI-Y that presented
perceived rhythmicity during the day. Our sample
presented a mean total rhythmicity of 8.7862.96 (mean6
standard deviation [SD]). Using ANOVA, we found that
adolescents aged 12-13 years presented a total score of
perceived rhythmicity of 7.5363.03, which was signifi-
cantly lower than in those aged 14-15 (9.2162.57; p =
0.004) and 16-17 (9.6563.02; p = 0.001). There was no
significant difference in mean perceived rhythmicity
between the groups aged 14-15 and 16-17 years. This
finding suggests that younger adolescents showed lower
perceived rhythmicity scores on MRhI-Y than the older
ones. Even controlling for chronotype using ANCOVA,
age was still significantly related to the perceived
rhythmicity (F2,157 = 6.823, p = 0.001), while chronotype
was not (F1,157 = 0.451, p = 0.503).

Figure 1 Frequency of perceived rhythmicity of each item and the mode of the daily peak for males and females. Some
variables depict more than one mode. w Significantly more rhythmic in males. = Significantly more rhythmic in females.
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Discussion

This study describes the process of adaptation and
validation of the MRhI into a version for adolescents
aged 12-17 years, the MRhI-Y. The main modifications to
the original scale involved synonyms and examples that
facilitated the adolescents’ understanding of the items.

Factor analysis of the MRhI-Y showed a three-factor
structure (cognitive, affective, and somatic).

By investigating self-perceived rhythmicity of mood-
related symptoms in an adolescent sample, we observed
some interesting similarities and differences in compar-
ison to previous studies in adults.13,14 For instance, as
previously observed in adults, sleepiness was the most

Figure 2 Rayleigh graphs.Black and grey spots are the representation of the perceived peaks for males and females,
respectively.

Table 2 Frequency of reported rhythmicity of the MRhI-Y items

MRhI-Y item

Rhythmic (yes)

w2 p-value

Benjamini-Hochberg
step-up FDR

method-adjusted p-value
Total 171
(100.0)

Male 92
(53.8)

Female 79
(46.2)

1. ... alertness... 116 (68.6) 70 (76.9) 46 (59) 5.48 0.013 0.036
2. ... sleepiness... 137 (82.5) 71 (79.8) 76 (85.7) 0.64 0.413 -
3. ... disposition to solve everyday problems... 117 (70.1) 56 (62.9) 61 (78.2) 3.93 0.042 0.098
4. ... self-esteem... 97 (58.8) 52 (57.8) 45 (60.0) 0.17 0.874 -
5. ... concentration... 105 (63.3) 55 (61.8) 50 (64.9) 0.66 0.748 -
6. ... appetite... 133 (79.2) 63 (70.0) 70 (89.7) 8.71 0.002 0.009
7. ... irritation... 96 (57.5) 49 (54.4) 47 (61.0) 0.49 0.434 -
8. ... anxiety... 94 (56.6) 40 (44.9) 54 (70.1) 9.66 0.002 0.009
9. ... sadness... 78 (46.7) 33 (36.7) 45 (58.4) 7.04 0.005 0.017
10. ... more prone to do physical exercise... 112 (66.3) 72 (79.1) 40 (51.3) 13.34 < 0.001 0.001
11. .... higher capacity to memorize... 70 (41.9) 36 (40) 34 (44.2) 0.15 0.638 -
12. ... pessimism... 82 (48.5) 42 (46.2) 40 (51.3) 0.26 0.539 -
13. ... talk to friends... 123 (71.9) 65 (71.4) 58 (75.3) 0.15 0.604 -
14. ... more energy... 122 (72.2) 67 (73.6) 55 (70.5) 0.08 0.731 -

Data presented as n (%), unless otherwise specified. Bold type denotes statistical significance.
FDR = false discovery rate; MRhI-Y = Mood Rhythm Instrument, Youth version.
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rhythmic variable in adolescents, and appetite also had
one of the highest perceived rhythmicities compared to
other mood-related variables. On the other hand, while
the peak of the cognitive items clustered in the morning in
adults, they were spread throughout the day and night in
adolescents. These findings are consistent with previous
studies reporting a rhythmic nature of cognitive functions
in all age groups,29 with their peaks occurring at different
times of the day. Generally, peaks of cognitive functions
in morning-type persons are more frequently reported in
the morning, whereas evening-types tend to report them
more in the evening,30 a physiological characteristic that
changes as a function of age. Frequently, adolescents are
evening-oriented, while adults are more prone to report
morningness.31 In addition, our sample of adolescents
perceived a peak for affective items more frequently than
adults.13 Factor analysis demonstrated that the variable
talk to friends presented a low loading factor. The MRhI-Y
is designed to assess mood rhythmicity, and we believe
the ‘‘talk to friends’’ item may be assessing not mood
rhythmicity, but social rhythmicity – a different construct
that needs to be explored further, since we do not have
a valid instrument to assess it. Talk to friends was
perceived as rhythmic in adolescents with a much higher
frequency (70%) than in adults (o 32%). It is conceivable
that being connected with one’s friends may be more
important for adolescents than for adults.32 Therefore, the
rhythmicity around relationships may be more essential
for adolescents in order to maintain their social network,
although even being important, it seems to not be related
to the mood rhythmicity construct.

Age-dependent changes in the circadian phase have
been reported for physiological rhythms.33 In this study,
some behaviors were also described as potentially
age-dependent characteristics: frequency and the multi-
modal distribution of the perceived peak. The total
perceived rhythmicity in adolescents aged 12-13 years
was significantly lower than in the other age ranges. Also,
unlike adults, who had one peak mode for each variable,
adolescents demonstrated more than one peak mode for
most items.14 One possible explanation for the increase in

self-perceived rhythmicity and decrease in older adoles-
cents’ multimodal distribution could be the brain matura-
tion process. Adolescence is a phase where cerebral
maturation, body changes, and physiological and beha-
vioral adaptations occur.34 Pubertal development is
known to correlate with shifts in the circadian phase.35

Older adolescents are more prone to engage in activi-
ties later in the day.31 However, in the MRhI-Y items
for males, the only perceived peak late in the day was
alertness. Talk to friends, sadness, appetite, concentra-
tion, and self-esteem showed similar perceived peaks
between males and females; in all other items, peaks
occurred later in the day for females. Since the pubertal
stages36 may affect the behavior and mood pattern of
adolescents, future studies should evaluate the partici-
pants’ pubertal phase.

As our study was performed among adolescents in a
low-income region, its external validity is limited to this
population. It is important to assess sensitivity and
specificity in other countries, cultures, and socioeconomic
backgrounds. Understanding the physiological self-per-
ception of mood rhythmicity can help future researchers
look for markers that could indicate a higher predisposi-
tion to mood disorders, or early signs of a mood episode.
Finally, studies in clinical samples are crucial to uncover-
ing potential differences between adolescents with and
without mood disorders. In the context of mood disorders
in adolescence, several studies have already proved the
relevance of research into biological rhythms.8,37-39

Adolescents with depression showed a higher preference
toward the eveningness chronotype, lower activity aver-
age, and an earlier peak for the most active hour during
the day compared to controls.37 Another study found an
association with eveningness chronotype in adolescents
with decreased separation anxiety, elevated symptoms of
depression, and low levels of positive affect.38 In this
context, the MRhI-Y may become an important additional
tool for the objective assessment of normal and patholo-
gical perceptions of mood variations, hence contributing
to the diagnosis and treatment of mood disorders in this
age range.

Table 3 Comparison of perceived peak times between males and females

MRhI-Y item
Male

peak (h)
Female
peak (h) p-value

Benjamini-Hochberg step-up
FDR method-adjusted p-value

1. ... alertness... 3:36 p.m. 10:00 a.m. 0.004 0.018
2. ... sleepiness... 1:48 p.m. 3:36 p.m. 0.070 -
3. ... disposition to solve everyday problems... 5:54 p.m. 5:24 p.m. 0.659 -
4. ... self-esteem... 11:12 a.m. 4:00 p.m. < 0.001 0.001
5. ... concentration... 11:36 a.m. 2:12 p.m. 0.026 0.286
6. ... appetite... 3:30 p.m. 3:42 p.m. 0.839 -
7. ... irritation... 4:00 p.m. 4:00 p.m. 0.983 -
8. ... anxiety... 4:42 p.m. 6:54 p.m. 0.235 -
9. ... sadness... 10:18 p.m. 6:30 p.m. < 0.001 0.001
10. ... more prone to do physical exercise... 4:24 p.m. 2:18 p.m. 0.065 -
11. .... higher capacity to memorize... 2:30 p.m. 3:48 p.m. 0.631 -
12. ... pessimism... 6:30 p.m. 4:48 p.m. 0.103 -
13. ... talk to friends... 7:54 p.m. 7:36 p.m. 0.787 -
14. ... more energy... 3:54 p.m. 4:54 p.m. 0.526 -

The median time was found by converting hours to radians for Watson-William analysis. The mean time for the participants is described as the
time of day (a.m./p.m.). Bold type denotes statistical significance.
FDR = false discovery rate; MRhI-Y = Mood Rhythm Instrument, Youth version.
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