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Abstract

The objective of this study was to identify the associations between trait energy and fatigue
with state energy fatigue, as well as exploring if these relationships interacted with sex and/
or sleep quality. The study population included a convenience sample of adults and college
students (n ranges from 687 to 694). Key measures were state and trait mental and physical
energy and fatigue scales, PSQI (a measure of sleep quality), and sex. Multiple regression
models included age, polyphenol consumption, POMS scores, physical activity, mental
load, and caffeine consumption as covariates. Analyses yielded a strong (r = .65) positive
association between each trait and state variable. Overall, several statistically significant
interactions were identified. First, the relationship between state and trait physical fatigue
was particularly strong for women with high trait scores. There were also interactions with
sleep quality. In the case of physical fatigue, poor sleep quality magnified the association
between physical fatigue trait and state among those with low trait physical fatigue, while
sleep quality did not make a difference for those with high trait physical fatigue. Conversely,
in the case of physical energy and mental fatigue, good sleep quality was associated with
both higher “highs” and lower “lows” of their respective traits; both interactions were present
only among males. Our analyses suggest that sleep quality and sex could influence the
effects of trait physical and mental energy and fatigue on state. Findings were more complex
than initially assumed, suggesting that the interrelationship between trait and state may be
modified by how males and females react and adapt to their trait.

Background

Short-term, transient feelings of fatigue or energy are defined as “state” mood or “state” affect
in psychological literature [1-4]; and are related to a number of adverse health and quality of
life-related outcomes, including lost work productivity [5], school absences [6], and negative
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health consequences [7]. Many factors could affect fatigue or energy states. One largely non-
modifiable factor that could affect fatigue/energy state is a person’s “trait” affect; the consistent,
long-term individual differences in energy or fatigue that are relatively stable over time and
context, though gradual changes can occur [8-10]. For instance- feeling mentally exhausted
on an “off” day may be reflective of heightened state mental fatigue; however, being constantly
mentally drained and unfocused might reflect a trait disposition towards high mental fatigue.
These broad, stable traits may arise from hereditary influences, as well as longer-term environ-
mental factors and personality traits [8,9]. In general, trait characteristics are thought to influ-
ence both the frequency and intensity of mood states. For example, a person high in trait
depression is expected to experience more frequent and intense episodes of state depression in
response to stress-provoking situations than those who are low in trait depression [11]. None-
theless, while the relationships between trait and state moods such as depression [11], anxiety
and anger [12,13] have been established, this interplay has not been thoroughly explored in the
context of energy and fatigue [8]. In particular, how strongly energy and fatigue trait character-
istics predict state energy/fatigue is unknown.

In addition to examining the overall association between trait and state energy and fatigue,
we aimed to explore potential interactions. Specifically, is the association between trait and
state different between sexes and/or for persons with good versus poor sleep quality? Prior
research suggests that sleep might interact with trait in relation to state fatigue/energy. First,
feelings of fatigue [14] represent some of the most consistent and noticeable symptoms of
short or disrupted sleep. Yet, poor sleep does not impact everyone equally; some end up
severely fatigued while others do not notice dramatic changes [15]. Though some of this resil-
ience might be explained by genetic variation [16], another contributor may be a person’s trait
energy or fatigue. For example, perhaps those with high trait fatigue notice the effects of poor
sleep more keenly, while individuals who have low trait fatigue might prove more resilient to
the effects of poor sleep.

The association between trait and state may also differ by sex. Sex differences in the inci-
dence of state fatigue have already been observed, such that women report more feelings of
fatigue [17-19]. We could identify no studies that have examined if the interrelationship of
trait and state differs between sexes, but there is reason to expect variation within sexes. For
example, there may be a stronger association between energy trait and state among women,
given that women are typically more cognizant of their typical and current feelings [20]. The
associations also might differ in light of the fact that men and women describe their feelings
in different ways; for example, across various conditions, women report different sympto-
mology than men even when there are few objective differences [17,21,22]. We therefore
hypothesized that there would be sex differences in the relationship between trait and state
and, furthermore, there may even be differences in how sleep modifies trait and state accord-
ing to sex.

In sum, in the present analysis we examined 4 research questions: 1) Are trait energy and
fatigue associated with their state counterparts? 2) Are there sex differences in the association
between trait and state variables? 3) Does sleep modify the association between trait and state
outcomes? And, 4) Are there any interactions between sleep and trait that are sex-specific?

Methodology

Research was given IRB approval by the Clarkson Institutional Review Board (#Approval# 16—
34.1). Respondents provided documented consent on the first page of the web survey. A
detailed description of this study methodology has been previously published in Boolani and
Manierre [23].
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Data

Subjects were recruited from a small, engineering university and surrounding town (approxi-
mate total population 16,000) using the following strategies: 1) announcements made in classes
with greater than 50 students through the university; 2) mass emails sent in the fall, spring and
summer semesters to students, faculty and staff; 3) flyers posted on campus and in small busi-
nesses in the surrounding towns; and 4) through word of mouth. Participants were invited to
complete the screening questionnaire administered using SurveyMonkey Inc (San Mateo, Cal-
ifornia, USA, www.surveymonkey.com). Respondents who were selected for the follow up
study were promised $175. Of the 718 respondents who finished the initial screening survey,
30 completed that larger study and received the advertised compensation.

After obtaining Institutional Review Board (IRB) approval (approval# 16-34.1), respon-
dents were administered a survey to determine their eligibility for a study on the effects of caf-
feine shot consumption on acute changes in mood and cognition. For the purposes of this
study there were no eligibility criteria aside from the completion of the survey. After dissemi-
nation, 1007 people attempted the survey, but there were 249 incomplete responses and 65 sur-
veys with missing data on study variables. A usable sample of 700 respondents was further
reduced to between 670-685 after the removal of outliers, as described in the analysis section.
Characteristics of subjects are presented in Table 1. Final variables and Stata syntax for replica-
tion can be found publicly on the Open Science Framework via this link: https://osf.io/7svna/?
view_only=8e14224607f44474b72ba9cb0ab2el1b (S1 and S2 Files).

Table 1. Summary statistics for outcomes and covariates (N = 693).

Mean/ % SD Min Max
Primary Variables
Female 38.10% 0 1
PSQI>5 51.11% 0 1
Physical energy state' 18.19 5.65 7 29
Physical fatigue state’ 11.67 5.84 3 23
Mental energy state' 17.65 5.94 7 29
Mental fatigue state' 12.12 6.29 3 25
Physical energy trait 6.57 2.01 3 10
Physical fatigue trait 3.93 1.78 1
Mental energy trait 5.94 1.92 3
Mental fatigue trait 4.23 1.85 1
Covariates
Age>=23 years 82.72% 0 1
Physical Activity 225.10 36.20 168 310
Polyphenol Consumption 96.20 62.68 0 299
Work Day Mental Load 115.95 60.53 8 240
Off Day Mental Load 19.21 14.88 0 56
Caffeine Consumption 12.57 9.85 0 41
POMS Anger 6.67 1.97 5 12
POMS Confusion 5.70 1.74 0 10
POMS Tension 7.79 2.70 5 14
POMS Depression 6.86 2.32 5 13

"Note that all four state variables are transformed and/or standardized for final analyses

https://doi.org/10.1371/journal.pone.0227511.t001
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Recruitment procedure

Instruments

Sleep. The Pittsburgh Sleep Quality Index (PSQI) was administered to assess sleep quality.
This 19-question survey assesses seven underlying dimensions of sleep: Sleep quality, latency,
duration, habitual sleep efficiency, sleep disturbance, use of sleep medication and daytime dys-
function over the past month. The scores of the seven dimensions (which each have a range of
0 to 3) are summed to create an overall sleep quality score, with higher scores indicating worse
quality sleep (highest possible score = 21). Poor sleep was defined as PSQI score>5 [24].

Mental and physical state and trait energy and fatigue scales. In all analyses we consid-
ered fatigue and energy separately, since energy and fatigue appear to be separate, albeit corre-
lated constructs [1,3,4,23]. Furthermore, evidence exists that mental and physical forms of
energy and fatigue are different but overlapping constructs, so this distinction was also made
[23,25]. For example, a person might feel physically energized, or at least not exhausted, but
still feel mentally unfocused or drained (i.e. high state physical energy plus high state mental
fatigue). To capture this distinction, the mental and physical state and trait energy and fatigue
scale was used [26]. The reliability of this scale has been supported by prior analyses [3,3,4,27].
The trait scale is a 12-item measure with 3 items per trait to measure the disposition of mental
energy, mental fatigue, physical energy, and physical fatigue. The four trait variables inquired
about the frequency of usual feelings, and responses are collected on a 5-point scale ranging
from “never” to “always.” Representative statements included: “I feel I have energy” and “I
have feelings of being worn out.” The state component had the same 12 items as the trait scale,
except that they were measured on a 0 to 10 scale and referred to present state [27]. Among
healthy adults, the Cronbach’s alpha coefficients range from 0.82-0.91 [26]. Within the
current data, the alpha coefficients ranged from 0.72 to 0.93 (trait mental energy = 0.72, trait
mental fatigue = 0.86, trait physical energy = 0.73, trait physical fatigue = 0.82, state mental
energy = 0.86, state mental fatigue = 0.93, state physical energy = 0.85, state physical
fatigue = 0.91).

Using the background section of the mental and physical state and trait energy and fatigue
scale, perceived mental workload and physical activity levels were measured [26]. The Profile
of Mood Survey-Short Form (POMS-SF) was used to measure feelings of depression, anxiety,
anger, and confusion [28]. Polyphenol and caffeine consumption were measured using surveys
that asked subjects about their consumption of different fruits, vegetables, beverages and choc-
olates [27]. Heightened polyphenol consumption, especially over a long period, has been
found to predict moods [29], including trait energy and fatigue [23]. Mental workload, physi-
cal activity, depression, anxiety, anger, confusion, polyphenol and caffeine consumption were
all controlled for in this analysis. Physical activity was included in models in light of findings
that consistent activity is associated with improved feelings of energy and reduced fatigue [30-
32]. Details on measures are described in Boolani and Manierre (2019) [23].

Analyses

Preliminary analyses. All variables were first inspected visually and numerically in Stata
14 to identify potential outliers and non-normal distributions. To limit the effect of potential
outliers, each variable was winsorized, meaning that extreme scores were replaced with a value
that corresponded to an arbitrary percentile of the distribution [33]. Typically, the cut off value
was at the 98™ or 95™ percentile line, or the 2% or 5% line, depending on the direction of the
skew. After winsorizing, mental and physical fatigue state variables, the study’s outcomes, they
were still heavily skewed to the right. Though regression models are generally robust to
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violations of normality [34], these two variables were square-root transformed to reduce bias
introduced by heteroskedastic and non-normally distributed errors. In addition, all 95% confi-
dence intervals were estimated using robust standard errors. In order to compare the effect
sizes across the four dependent variables, each was standardized.

Multivariate analyses. Multiple regression models estimated the association between trait
scores on state scores, as well as explored their interactions with sleep quality and sex. Each
model was carefully checked for outliers using Cook’s D and DFbeta statistics, resulting in the
exclusion of between 5 and 23. On average, about 15 cases were removed per model with a
standard deviation of 5.15. In addition to this, residuals were examined, and tests for hetero-
skedasticity, linearity, omitted variable bias, and collinearity were also used.

The first three research questions were answered by a series of four regression models, one
for each outcome. Each of these models included interactions between either sex or PSQI with
the relevant trait variable. The significance of these interactions was determined both by exam-
ining the t-tests of the regression coefficients and a comparison of likelihood ratio tests that
compared model fit with and without the interaction terms [35,36]. These tests always agreed,
so only the t-test results are shown in text. All models also controlled for age, polyphenol con-
sumption, physical activity scores, caffeine consumption, work and off day mental loads, and
POMS scores for anger, confusion, tension, and depression dimensions.

The final research question sought to determine whether any of the previous interactions
were sex-specific. Because we were not powered to test three-way interactions, we ran sex-
stratified analyses for each of the trait X sleep interactions. Following the suggestions of several
authors [37-40], this study presents both unadjusted and Bonferroni adjusted p-values for
hypothesis tests. Unadjusted significance tests are included in light of this study’s exploratory
nature and concerns that adjustments for multiple comparisons can lead to erroneously
heightened type II error rates [37-40]. It can be argued, however, that at least three sets of
comparisons are made- one for the overall group, one for males only, and one for females
only. To present a more conservative estimate that highlights the possibility of false positives
associated with repeated comparisons, a Bonferroni-adjusted significance threshold of p<.016
is also presented on tables, and this cut-oft can be applied throughout the manuscript to deter-
mine the significance of otherwise unadjusted results. In either case, readers should be mindful
of the effect sizes of the results alongside the results of either hypothesis test.

Results

Research question 1: Are trait energy and fatigue associated with their state
counterparts?

The regression models that inform the first three research questions are summarized here.
First, it was found that each trait variable was consistently associated with its respective state
counterpart. In simple bivariate analyses, Pearson’s correlation coefficients were between

r =.56 and r = .65 (trait-state physical energy, r = .56; trait-state physical fatigue, r = .58; trait-
state mental energy, r = .65; trait-state mental fatigue, r = .64). These effects were found to be
robust even after controlling for confounders. Because the outcome variable is standardized,
regression coefficients are interpreted as the number of standard deviations the outcome is
expected to change following a one-unit change in the covariate, which is left in its original
scale. Standardized f coefficients reflect how many standard deviations we expect the outcome
to change alongside a one standard deviation change in the covariate. The weakest association
was for physical fatigue trait on state physical fatigue (b = .272; = .49; t = 10.20; unadjusted
p<.001). A similar result was found for physical energy trait where a standard deviation
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change was associated with a .508 standard deviation increase in state physical energy
(b =.251; t = 14.74; unadjusted p<.001).

Research question 2: Are there sex differences in the association between
trait and state variables?

Significant interactions for this question and research question 3 are presented graphically
(Fig 1), as well as Table 2. Only the interaction between trait physical fatigue and sex was statis-
tically significant (b = .095; § = .218; t = 3.04; unadjusted p = .002). It was found that, though
high trait scores were uniformly associated with higher state scores, a female with high trait
fatigue was expected to be more fatigued in the present than a similar male. However, at lower
trait scores the sex difference vanishes.

Research question 3: Does sleep modify the association between trait and
state outcomes?

Sleep quality was found to modify both trait physical energy and trait physical fatigue. For
physical fatigue, there were stronger associations between trait fatigue and state fatigue among
good sleepers than poor sleepers (b = -.684; § = -.175; t = -2.11; unadjusted p = .035). Similarly,
there were stronger associations between trait and state physical energy among good sleepers
than poor sleepers. association between good sleep quality and higher state physical energy
was only present among those with high trait energy (b =-.093; p = -.319; t = -3.08 unadjusted
p =.002).

Research question 4: Is there evidence of sex-specific interactions between
sleep and the association between trait and state?

Two interactions appeared to only exist in men; as depicted graphically (Fig 2) and in Table 3.
First, the aforementioned interaction between sleep and trait physical energy appeared to be
driven by men specifically (b = -.110; B = -.397; t = -2.90; unadjusted p = .004). In this case,
there was only a lower-magnitude association between trait and state physical energy among
men with poor sleep quality compared to good sleep quality. The second sex-specific interac-
tion was for mental fatigue (b =-.095; § = -.272; t = -2.47; unadjusted p = .014), which was not
seen in the overall models. The interaction was similar to the previous interaction, in that the
association between mental fatigue trait and state was of lower magnitude in the poor sleepers.

Discussion

Opverall, the aim of this study was to examine the association between trait and state mental
and physical energy and fatigue, as well as complicating the relationship by considering the
presence of interaction. Our findings suggest that trait mental and physical energy and fatigue
are strongly associated with state mental and physical energy and fatigue. In addition, we
found evidence of interactions for both sex and sleep, as well as instances where sleep only
interacted with trait within males. Though some of these findings are somewhat tentative in
light of not passing the conservative Bonferroni-adjusted significance thresholds, these results
suggest the possibility that, while the relationship between trait and state is straightforward at
first glance, there is also substantial nuance in the relationship to be appreciated.

Aim 1: Trait predicts state

The finding that trait mental and physical energy and fatigue predicted the complementary
state characteristics was in line with expectations set by prior research on state anxiety
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Physical Fatigue Trait on State by Sex
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Fig 1. Interactions between trait variables and PSQI or sex in overall models.

https://doi.org/10.1371/journal.pone.0227511.9001
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Table 2. Summary of interactions from overall models'.

Mental fatigue State (N = 688) Mental Energy State (N = 687) Physical Fatigue State (N = 694) Physical Energy State (N = 693)

No Interactions

PSQI >5 0.07 -0.15"t 017"t -0.23*"* ¢

Female 0.10 -0.12 0.13* -0.14*

Trait 0.30"**+ 0.32%"*+ 0.27***+ 025"
With Interactions

PSQI >5 0.26 -0.26 0.43** 1 0.38

Female 0.02 -0.22 -0.25 -0.46*

Trait 0.32***+ 0.31%**+ 0.27***+ 0.28***f

Female X Trait 0.02 0.02 0.10"" % 0.05

PSQI>5 X Trait -0.05 0.02 -0.07* -0.09** 1

“** unadjusted p<0.001,
** unadjusted p<0.01,
* unadjusted p<0.05,

T<p<.05 after Bon

ferroni adjustment

!Controlling for age, polyphenol consumption, physical activity scores, caffeine consumption, work and off day mental loads, and POMS scores for anger, confusion,

tension, and depression dimensions

https://doi.org/10.1371/journal.pone.0227511.t002

Male Only Physical Energy
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Predicted State Score (Standardized)

Male Only Mental Fatigue

o

3 4 5 6 il 8 10 1 3 4 5 il
Physical Energy Trait Score Mental Fatigue Trait Score
PSQI<6 ————- PSQl>5
Fig 2. Interactions between sleep and trait in male only model.
https://doi.org/10.1371/journal.pone.0227511.g002
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Table 3. Effects of trait and sleep on state, stratified by sex'.

n PSQI Above 5 Trait above median PSQI X Trait
Males Only
State Physical Energy 424 -0.20"f 0.23**"+
State Mental Energy 419 -0.04 0.33***%
State Physical Fatigue 424 0.17* 0.25***+
State Mental Fatigue 420 -0.00 0.32%*+
Females Only
State Physical Energy 244 -0.20 0.31%**+
State Mental Energy 249 -0.34** 1 0.34** ¢
State Physical Fatigue 249 0.11 0.355**+
State Mental Fatigue 244 0.17 0.32%**+
Males Only
State Physical Energy 424 0.55* 0.29%**+ -0.11°*F
State Mental Energy 419 0.00 0.33***+ -0.01
State Physical Fatigue 424 0.38* 0.28*** -0.06
State Mental Fatigue 420 0.37* 0.37***+ -0.10*
Females Only
State Physical Energy 244 0.18 0.34"** % -0.06
State Mental Energy 249 -0.52 0.32%*+ 0.03
State Physical Fatigue 249 0.44* 0.40"**+ 0.09
State Mental Fatigue 244 -0.10 0.29***+ 0.07
** p<0.001,
** p<0.01,
* p<0.05,

T<p<.05 after Bonferroni adjustment
!Controlling for age, polyphenol consumption, physical activity scores, caffeine consumption, work and off day mental loads, and POMS scores for anger, confusion,

tension, and depression dimensions

https://doi.org/10.1371/journal.pone.0227511.t003

[12,13,41], anger [13], and depression [11,42]. In each of these cases, and our own, people with
low trait characteristics are the most vulnerable groups at any given time to having undesirable
state characteristics. As well as identifying an at-risk group, the strong effect of trait on state
also suggests that fatigue and energy are not merely ephemeral states- instead, they are rooted
in more durable aspects of personality, behavior, and environment. There is also a possibility
of reverse causation in the current study, where repeated exposure to state might modify trait.
To our knowledge, this is the first study of its kind and further research will need to be con-
ducted to disentangle the array of mediators and moderators that link trait and state energy
and fatigue together.

Aim 2: Sex interacts with trait to predict state

This study initially replicated a result from prior studies [17,18], finding that females in our
study had overall higher state and sometimes trait fatigue compared to males (results not
shown). Also consistent was that the relationship between trait and state physical fatigue was
stronger for women than men. There are several ways to interpret these results, most of which
reinforce a narrative that females tend to be disadvantaged with respect to fatigue and energy
in numerous ways. Bird and Reiker [43, p.64] propose a multi-layered model of “constrained
choice” that describes the interaction of ecological, familial, behavioral, and physiological
mechanisms that drive gendered health-related decisions, risk exposures, and biological
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vulnerabilities. Models such as this provide important context to considering these differences
in fatigue scores as manifestations of gendered social arrangements instead of straightforward
sex differences. Alongside biological variation, these results may also reflect differences in gen-
dered interpretation of bodily cues/symptomology and their subsequent reporting, reflecting a
complex web of socialization and gender performance influences. For instance, enacting mas-
culine traits such as stoicism or toughness might lead to a downplaying of fatigue by men, as
has been found in prior studies [44]. Similarly, women are found to more readily communicate
symptoms [17-20], which may be reflected here. Environmental differences may also be at
play as well, with factors such as gendered division of labor and exposure to institutionalized
sexism changing the underlying drivers of both trait and state fatigue. It is not possible to iden-
tify the specific web of causation at play in the current study, but subsequent analyses that bet-
ter account for these factors may yield valuable insights.

Aim 3 and 4: Sleep quality interacts with trait to predict state, and in a sex-
specific manner

We also found that sleep quality modifies the association between trait and state physical
energy and fatigue. Specifically, for physical fatigue, there was a much stronger association
between physical trait and state fatigue among those with good sleep quality versus those with
poor sleep quality. Stated another way, in the presence of poor sleep, physical trait fatigue was
less predictive of current physical fatigue state. However, the fact that high trait fatigue pre-
dicted higher state fatigue in the presence of good sleep further implies that addressing poor
sleep quality may not be sufficient to reduce state fatigue among individuals high in trait
fatigue.

The interactions between sleep and physical energy, which turned out to be present only
among men, were of a different nature than the interaction between physical fatigue and sleep
quality. To illustrate, men who were good sleepers overall had a stronger association between
physical energy trait and state than the poor sleepers, including both lower physical energy
among those with low trait energy and higher physical energy among those with high trait
energy. A similar interaction was observed for mental fatigue. What this might suggest is that
those with better sleep quality overall may be more perceptive in describing their feelings of
energy, experiencing higher “highs” and lower “lows.” This is supported by studies that have
reported poor sleep quality to be associated with poor emotional regulation [45,46]. Another
possibility is that some of the “good sleepers” may in fact represent people with excessive sleep
duration, which may contribute to feelings of lethargy or fatigue, as well as being a marker for
depressive symptomology. This could explain why men with high trait fatigue and good sleep
actually have higher predicted scores of mental fatigue than those with high trait fatigue and
poor sleep. A third rationalization is that men who are typically fatigued and used to sleeping
poorly may have adapted certain gendered behaviors, such as drinking more caffeine or energy
drinks, meaning that they are less mentally fatigued in spite of poor sleep. On the other hand,
a person who is typically fatigued but sleeps well might not have adopted these behaviors.
Although we adjusted for caffeine intake in the analyses, caffeine intake was self-reported and
may be subject to reporting errors.

Limitations

This study has several limitations. Since all data collected were based on retrospective self-
report at a single time point, the associations found may be less accurate or informative as
compared to the use of multiple assessments and as with all observational data, cannot be
viewed as causal. It also depends on a non-random convenience sample with a high dropout
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rate that is largely restricted to younger adults from a rural northeastern state. Population gen-
eralizations should not be made based on these data. Additionally, we measured current state
mental and physical energy and fatigue while the sleep quality measures were for a 30-day
span. Current mood states may be influenced by immediate events [27,32]. We also opted to
use an aggregate measure of sleep quality instead of examining each component of the PSQIL.
Future research could ascertain which components of sleep quality drive these associations. As
already noted, not all results presented met the standard for statistical significance using Bon-
ferroni adjusted cut-offs, raising a degree of ambiguity whether significant results are ignorable
or not. Arguably, this only justifies further examining the relationships suggested by this analy-
sis, given that the main reason these results do not meet Bonferroni-corrected significance
hinges on the decision to sex-stratify analyses. Lastly, certain relevant measures, such as socio-
economic status, genomic data, alcohol consumption, smoking, and conformity to gender
norms were not measured but may have served as confounders or mediators in the current
analysis.

Conclusion

This study reveals a strong linkage between trait energy and fatigue and their respective states.
In addition, sex and sleep complicate this relationship in a nuanced manner. Furthermore,
there is evidence that at times the moderating effect of sleep is itself sex-specific. Though in
general this study affirms the importance of good sleep in optimizing feelings of energy and
fatigue, it also identifies new areas for further exploration and identification of causal mecha-
nisms. Future research could elaborate on the current study by using more complex measures
of state energy and fatigue that use repeated measurements and varying temporal horizons
(e.g. past week, past 30 days). In addition, use of a measure of sleep quality that is sensitive to
the possibility of excessive sleep may help to disentangle some of the findings of the current
studies. A future study could also use measures such as the conformity to masculine norms
inventory [45, 46] to better differentiate between the effects of sex versus gender differences on
each outcome. There is also room for research that explores methods for intervention on trait
energy and fatigue in both clinical and public health contexts.

Supporting information

S1 File. This Stata file contains all necessary variables for the analysis replication file to be
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