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Abstract
Background: Association of physiological recovery with nutrition has scarcely been studied. We investigated
whether physiological recovery during sleep relates to eating habits, i.e., eating behaviour and diet quality.
Methods: Cross-sectional baseline analysis of psychologically distressed adults with overweight (N = 252)
participating in a lifestyle intervention study in three Finnish cities. Recovery measures were based on sleep-time
heart rate variability (HRV) measured for 3 consecutive nights. Measures derived from HRV were 1) RMSSD (Root
Mean Square of the Successive Differences) indicating the parasympathetic activation of the autonomic nervous
system and 2) Stress Balance (SB) indicating the temporal ratio of recovery to stress. Eating behaviour was
measured with questionnaires (Intuitive Eating Scale, Three-Factor Eating Questionnaire, Health and Taste Attitude
Scales, ecSatter Inventory™). Diet quality was quantified using questionnaires (Index of Diet Quality, Alcohol Use
Disorders Identification Test Consumption) and 48-h dietary recall.
Results: Participants with best RMSSD reported less intuitive eating (p = 0.019) and less eating for physical rather
than emotional reasons (p = 0.010) compared to those with poorest RMSSD; participants with good SB reported less
unconditional permission to eat (p = 0.008), higher fibre intake (p = 0.028), higher diet quality (p = 0.001), and lower
alcohol consumption (p < 0.001) compared to those with poor SB, although effect sizes were small. In subgroup
analyses among participants who reported working regular daytime hours (n = 216), only the associations of SB
with diet quality and alcohol consumption remained significant.
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Conclusions: Better nocturnal recovery showed associations with better diet quality, lower alcohol consumption
and possibly lower intuitive eating. In future lifestyle interventions and clinical practice, it is important to
acknowledge sleep-time recovery as one possible factor linked with eating habits.
Trial registration: ClinicalTrials.gov Identifier NCT01738256, Registered 17 August 2012.
Keywords: Dietary behaviour, Heart rate variability, Intuitive eating, Parasympathetic activity, Stress

Introduction
Obesity, psychological distress, and perception of inadequate sleep are alarmingly common among workingage adults [1–3]. As all these factors predispose to negative health outcomes, it is important to examine factors
that support health in this high-risk population. One factor that has a major influence on our health and wellbeing is sufficient recovery [4–7]. Recovery may affect
health through various pathways, including eating habits
(i.e., diet and eating behaviour).
Recovery from stress comprises two interlinked phenomena: 1) psychological recovery experiences which include psychological detachment from the stressor (e.g.,
work), relaxation, mastery and control [8]; and 2)
physiological recovery. Physiological recovery refers to a
process during which the body unwinds from daily
strain. This process stems from the physiological systems
of the body, such as the autonomic nervous system and
the cardiovascular and metabolic systems, that are constantly functioning towards maintaining homoeostasis in
the face of changing environmental stressors [9]. The
functioning of these physiological systems can be measured noninvasively and objectively with heart rate variability (HRV) measurement [5–7, 10, 11]. HRV reflects
the balance between the parasympathetic and sympathetic activity of the autonomic nervous system [12]. In
stress response, the sympathetic nervous system is predominant, parasympathetic activation is low, heart rate
is increased, and HRV is low [13, 14]. While the sympathetic nervous system is responsible for the “fight or
flight” state of the body, the parasympathetic nervous
system is predominant at rest [14]. Thus, during recovery, parasympathetic activation dominates, heart rate is
decreased, and HRV is high [13].
The widely recognised association between subjective
stress and unhealthy eating habits – such as increased
emotional and uncontrolled eating [15, 16], decreased
intuitive eating and eating competence [15], and poor
quality of diet [17, 18] – raises the question whether
HRV, a physiological marker of recovery and stress,
shows parallel associations with eating habits. A recent
study found that poorer self-assessed ability to recover
and sleep problems were linked to more frequently
choosing unhealthy foods [19]. Low HRV has been
linked to subjective loss-of-control eating [20, 21] and

low diet quality [21]. High HRV has been reported to be
associated with stronger regulation of food cravings [22]
and of eating behaviour [23]. Meule et al. [24] found low
HRV at rest to be associated with restrained eating, i.e.,
restriction of food intake to control weight, whereas
Finch et al. [25] reported no differences in HRV between
those who had eaten healthy/unhealthy comfort foods
vs. no food after a social stress test. In these previous
studies, the participants’ BMI has ranged from underweight to obesity, which can be considered a marked
confounder in terms of both HRV and eating habits. To
the best of our knowledge, there is only one study where
the authors have compared both HRV and eating response between obese and non-obese participants [26].
This study reported no differences in HRV during either
positive or negative mood induction phase, but the highenergy food introduced after the mood inductions (especially positive) elicited a higher HRV among the obese
group [26].
Associations of a single dietary component (e.g., fat or
sodium intake, nut consumption) with HRV have been
reported in several studies; as reviewed by Young and
Benton [27], the current evidence points towards an association between healthy aspects of diet and higher
HRV. In line with this, a recent observational study by
Reginato et al. [28] reported a positive association between fruit consumption and HRV. Considering diet
more broadly, the Mediterranean diet has been shown to
associate with higher HRV [29]. HRV has been considered a promising marker for identifying the influence of
diet on HRV, although the possibility of a two-way interaction between diet and HRV has also been acknowledged [27].
Only one study so far has examined the association between night-time HRV and eating habits: Jaatinen et al.
[30] found a positive effect of 4-week daily ingestion of
dietary component (yoghurt with bioactive component)
on nocturnal HRV in participants with anxiety. The lack
of studies addressing the possible link between nighttime HRV and eating habits is surprising given the importance of sleep in the recovery process [5–7]. After all,
studies examining sleep and eating habits point to a
multifactorial effect of short sleep duration on consumption of energy-dense, highly palatable foods [31]. A recent study found that poorer self-assessed ability to
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recover and sleep problems were both linked to more
frequently choosing unhealthy foods [19]. Further, in
cross-sectional studies, poor sleep quality has been associated with unbeneficial eating-behaviour traits, such as
emotional eating and uncontrolled eating [32].
Besides the lack of nocturnal HRV measurements, a
further two important gaps in the current literature on
HRV and eating habits need to be noted. First, no earlier
study populations have comprised both chronically
stressed and overweight/obese participants. Second,
there is clear need for HRV measurements spanning several hours and days. The majority of the previous studies
on the association between HRV and eating habits have
been conducted in laboratory settings over short time
periods [21–24, 33]. Due to the ever-changing status
quo between the sympathetic and parasympathetic nervous system, monitoring HRV over a longer period in
free-living circumstances would provide more reliable
measures of the autonomic nervous system functioning.
To address the current research gaps, our aim was to
explore among working-age individuals with psychological distress and overweight whether any associations
exist between physiological recovery measured in reallife conditions over several nights and eating habits. Due
to the importance of sleep in the recovery process [5–7],
we focused on the association of sleep-time HRV-based
recovery measures with eating habits covering both eating behaviour and diet quality. To the best of our knowledge, this study is the first to investigate these
associations in a free-living, non-clinical working-age
population at high risk of stress-related negative health
outcomes.

Methods
Participants and study design

Our data consist of baseline measurements of the Elixir
randomised controlled trial conducted in the cities of
Kuopio, Jyväskylä, and Helsinki, Finland. The aim of the
Elixir study was to investigate the effects of acceptance
and commitment therapy (ACT) and cognitive behavioural therapy (CBT) on metabolic syndrome risk factors, psychological measures, and general well-being
[34]. Participant recruitment occurred in two phases between August 2012 and January 2013 via advertisements
in local newspapers. Participant eligibility assessment
utilised telephone interviews.
Participants were randomised into four groups: (1)
ACT-based intervention via six face-to-face group sessions led by a psychologist, (2) ACT-based mobilephone-application intervention following one introductory session, (3) CBT-based intervention carried out on
the Internet with no group sessions, and (4) a control
group attending only the measurement sessions.
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Inclusion criteria were age of 25–60 years, BMI of 27–
34.9 kg/m2, psychological distress (≥3/12 points on the
General Health Questionnaire, GHQ-12 [35]), and having a computer with Internet access. Exclusion criteria
included three-shift and night work, diagnosed severe
chronic illnesses, and having a pacemaker [34]. In the
present analyses, additional exclusion criteria were missing recovery data (RMSSD and/or Stress Balance) (n =
16) and current or previous use, or missing data on the
use, of α- or β-adrenergic blocking agents affecting HRV
(n = 30) [36]. The present study involved 252 (83% female) participants.
Measures
Recovery

To collect continuous beat-to-beat R-R interval data in
real-life settings, each participant was instructed to wear
a Bodyguard device (Firstbeat Technologies Ltd., Jyväskylä, Finland) attached with two electrodes on the chest
for three consecutive days and nights. The participants
reported in the study diary the time they went to bed
and their sleeping time. From these data, HRV-based
nocturnal recovery measures were derived using the
Firstbeat Analysis Server software (v 5.3.0.4). The software first detects and corrects falsely detected, missed,
and premature beats, i.e., artefacts [37, 38]. HRV data
from all successfully recorded nights (percentage of artefacts ≤15%) were used in the analyses. The majority
(81%) of the successful recordings spanned 3 nights
(range 1–4 nights).
In the R-R interval data, the stress state consists of elevated individual HR, decreased HRV, and low respiration
rate compared to HR. Recovery is detected when parasympathetic (vagal) activation predominates the autonomic nervous system. In the R-R interval data, the
recovery state consists of low individual HR accompanied by great and uniform HRV [37].
The sleep-time recovery measures used were mean
values of the root mean square of successive differences
(RMSSD) and Stress Balance (SB) over the period of the
1–4 recording days. RMSSD is a commonly used and reliable time-domain measure of HRV [12, 39, 40]. Higher
RMSSD indicates increased parasympathetic activity and
better recovery [39, 40]. SB indicates the temporal ratio
of recovery to stress reactions during self-reported sleep
periods [10]. Possible numerical values of SB range from
− 1 to 1 with values from − 1 to 0 indicating weak recovery, values from 0 to 0.5 moderate recovery, and values
from 0.5 to 1 good recovery [10].
Eating habits: eating behaviour and diet quality

The 21-item Intuitive Eating Scale, IES [41] measured
intuitive eating. Cronbach’s α was 0.79 for the entire
scale and 0.69; 0.86; 0.76 for the subscales Unconditional
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permission to eat, Eating for physical rather than emotional reasons, and Reliance on internal hunger/satiety
cues, respectively.
The Three-Factor Eating Questionnaire, TFEQ-R18
[42], measured Cognitive restraint, Uncontrolled eating,
and Emotional eating. Cronbach’s αs were 0.68; 0.87;
and 0.88 for the scales, respectively.
Of the Finnish Health and Taste Attitude Scales,
HTAS [43], we used the subscales Pleasure and Using
food as a reward (Cronbach’s αs 0.72 and 0.78,
respectively).
Eating competence was measured using preliminary
Finnish translation of ecSatter Inventory 2.0 (ecSI 2.0™)
[44]. Cronbach’s α was 0.76 for the entire scale and 0.60;
0.65; 0.59; 0.76 for the subscales Eating attitudes, Food
acceptance, Internal regulation, and Contextual skills,
respectively.
The Index of Diet Quality (IDQ) questionnaire [45]
measured adherence to Nordic and Finnish nutrition
recommendations. Alcohol consumption during the previous 6 months was measured using Alcohol Use Disorders Identification Test Consumption, AUDIT-C [46]
(Cronbach’s α 0.69).
As described previously, 48-h dietary recall was conducted on the telephone between Tuesday and Friday
[15]. Nutrient intake was calculated using AivoDiet software (v 2.0.2.2, Aivo Ltd., Turku, Finland) utilising the
Fineli® Finnish Food Composition Database (National Institute for Health and Welfare, Nutrition Unit, Helsinki,
Finland). To assess diet quality, we used energy intake
(kcal), energy nutrient intake (protein, fat, saturated fat,
monounsaturated fat, polyunsaturated fat, carbohydrate,
and sucrose as percentage of energy intake, E%), and
fibre intake (g/MJ).
Background variables

Background information, e.g., gender, education level,
marital status, and work situation, was collected with a
questionnaire. BMI (kg/m2) was based on measured
height and weight [34]. The 14-item Perceived Stress
Scale (PSS) measured the degree of perceived stress in
life [47] (Cronbach’s α 0.88). Perceived work ability was
measured with the 11-item Work Ability Index (WAI)
questionnaire [48] (Cronbach’s α 0.75). Total sleep time
(mean) was calculated based on the self-reported sleep
times marked in the sleep diary.
Statistical analysis

Data are presented as means and standard deviations
(SDs) unless otherwise stated. Statistical analyses were
performed using IBM SPSS statistics version 25 or newer
(SPSS Inc., Chicago, IL). Two-tailed p value < 0.05 characterised statistical significance. We used Pearson’s correlation coefficient in correlation analyses. In ANOVA
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and ANCOVA analyses described below, we used standardised residual histograms to assess normality and,
when necessary, performed logarithmic or square root
transformations to achieve normally distributed residuals. Effect sizes were estimated with partial η2.
Considering that the association between parasympathetic activity and health appears to be nonlinear [49]
and to compare participants having differing recovery
levels, we categorised the participants into three categories for both recovery measures. SB groups were formed
based on the predetermined cut-off values [10] dividing
the participants into groups of weak (− 1–0, n = 59,
23.4%), moderate (0–0.5, n = 87, 34.5%), and good recovery (0.5–1, n = 106, 42.1%). For RMSSD, no cut-off
values exist, so the participants were split into tertiles
(n = 84 each) at values 25.00 and 37.30. The participants
with the highest RMSSD had the best recovery, while
the participants in the other two tertiles had average and
the weakest recovery based on the RMSSD values in this
population.
To explore the main effects of recovery independently
from the multicentre and -phase study design, we ran
3x3x2 three-way ANOVAs with the recovery group as
the variable of interest, adjusting for study centre and
starting time of the study (autumn/spring). After these
main analyses, we then ran 3x3x2x2 ANCOVAs with the
recovery group as the variable of interest, adjusting for
study centre, starting time of the study, gender, and BMI
(kg/m2). Eating habit-related variables were treated as
dependent variables in both sets of analysis. As followup tests, we used Šidák-corrected post hoc comparisons.
Only group comparisons with significant main effects of
recovery group are reported in this article. The main effects of group for all outcome variables are reported in
Additional file.
To investigate the possible effect of worktime on the
results, we ran the analyses also among the subgroup of
participants who reported working regular daytime
hours (n = 216).

Results
Participants

Descriptive participant characteristics are shown in
Table 1. The participants were middle-aged on average,
and most had either moderate or good work ability. The
participants’ RMSSD and Stress Balance (SB) had a moderate positive correlation (r = 0.316, p < 0.001). Total
sleep time (n = 238) had a weak, non-significant correlation with RMSSD (r = 0.073, p = 0.260) and a weak yet
significant correlation with SB (r = 0.145, p = 0.025). The
majority of the participants had at least college education (78%) and were married or cohabitating (73%). The
currently employed participants (96%) as well as those
outside of workforce (4%) reported having either
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Table 1 Descriptive characteristics of the participants (N = 252)
Mean (SD)

Range (possible range)

Age (years)

48 (8)

27–61

BMI (kg/m2)

31.3 (3.1)

25.3–40.1

RMSSD

34.2 (16.6)

6.8–128.0

Stress Balance

0.32 (0.48)

−1.0–1.0 (−1.0–1.0)

Perceived stress (PSS score)

26.4 (7.6)

7.0–52.0 (0.0–56.0)

Work ability (WAI score)

35.7 (5.6)

10.5–46.0 (7.0–49.0)

N

%

Poor (7–27)

17

6.7

Moderate (28–36)

102

40.5

Good (37–43)

124

49.2

Excellent (44–49)

9

3.6

BMI Body Mass Index, RMSSD Root Mean Square of the Successive Differences, PSS Perceived Stress Scale [47], WAI Work Ability Index [48]

daytime work (86%), two-shift work (6%), or other irregular daytime work (9%). The majority perceived their
work as mentally somewhat, rather, or very strenuous
(94.4% altogether), while the most common assessments
of physical work strain were ‘rather easy’ and ‘not at all
strenuous’ (71.8% altogether). The majority (89%) reported attempting to lose weight.
Among the RMSSD and SB categories, no significant
differences emerged in the continuous variables age,
BMI, perceived stress, and work ability except for significant difference in age and mean WAI score between the
RMSSD tertiles. The mean age of the RMSSD tertile
with best recovery (44.3 years, SD 8.1 years) was lower
compared to the tertiles with average (49.6 years, SD 7.0
years, p < 0.001) and weakest recovery (50.5 years, SD
6.4 years, p < 0.001), F(2,249) = 18.129, p < 0.001 (Šidák
post hoc). The mean WAI score in the RMSSD tertile
with best recovery (37.0, SD 5.0) was higher compared
to the tertile with weakest recovery (34.5, SD 5.8), F(2,
249) = 4.288, p = 0.015.
Eating habits in the recovery groups
Eating behaviour

The RMSSD tertile with best sleep-time recovery ate less
intuitively (IES total score) than the tertile with weakest
recovery (partial η2 = 0.032; p = 0.026, pairwise Šidák
post hoc comparison) (Fig. 1A). The RMSSD tertile with
weakest recovery scored higher on Eating for physical
rather than emotional reasons (a subcomponent of IES)
than the tertile with best recovery (partial η2 = 0.037;
pairwise p = 0.016) (Fig. 1B). The group main effects
remained significant after including gender and BMI
(Additional file, Table 1). In this secondary analysis, the
RMSSD tertile with weakest recovery scored significantly
higher on Eating for physical rather than emotional reasons than the tertile with average recovery (partial η2 =
0.045; pairwise p = 0.030). In the subgroup analyses involving only those working regular daytime hours, the

main effect of RMSSD tertile on IES total score was no
longer significant. The main effect of RMSSD tertile on
Eating for physical rather than emotional reasons
remained borderline significant in the secondary analysis
(p = 0.052), but not in the main analysis.
Participants with good sleep-time recovery as measured by SB (i.e., most recovery reactions in relation to
stress reactions) exhibited stronger avoidance towards
eating freely whatever desired (Unconditional permission
to eat, a subcomponent of IES) than participants with
weak recovery (partial η2 = 0.038; pairwise p = 0.004)
(Fig. 1C), a result that remained in the secondary analysis (Additional file, Table 2). In addition, only after
adding gender and BMI to the model was the group
main effect in intuitive eating (IES total score) significant
(partial η2 = 0.026; main effect p = 0.039). The post hoc
tests showed a non-significant tendency (pairwise p =
0.068) for participants with good recovery to report less
intuitive eating (IES total score) compared with participants with weak SB recovery. In the subgroup analyses,
the main effect of SB group on Unconditional permission
to eat score remained in the secondary analysis (partial
η2 = 0.037, pairwise p = 0.021), but not in the main analysis; also, SB group had no significant main effect on intuitive eating (IES).
Diet quality

Among the RMSSD tertiles (Additional file, Table 3), a
significant between-group difference was observed in
AUDIT-C scores only after including gender and BMI.
The tertile with weakest recovery scored higher than the
tertile with average recovery (partial η2 = 0.029; pairwise
p = 0.028). In the subgroup analysis, the main effect of
RMSSD tertile on AUDIT-C score remained borderline
significant (partial η2 = 0.028, main effect p = 0.053), but
only in secondary analysis.
Participants with weak recovery as measured by SB
had lower diet quality (IDQ scores) than those with good
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Fig. 1 Differences among RMSSD tertiles (A, B) and Stress Balance groups (C) in eating-behaviour variables. Bars represent unadjusted means and
SDs; p values are based on three-way ANOVAs with Šidák post hoc comparisons. Independent variables: RMSSD tertile / Stress Balance group,
study centre, starting time of the study. [IES=Intuitive Eating Scale; RMSSD = Root Mean Square of the Successive Differences; SB=Stress Balance]

(partial η2 = 0.055; pairwise p < 0.001) and moderate
recovery (pairwise p = 0.038) (Fig. 2A). Further,
groups with moderate and good recovery had lower
alcohol consumption (AUDIT-C scores) compared
with participants with weak recovery (partial η2 =
0.099; pairwise p < 0.001, both comparisons) (Fig.
2B). The participants with good recovery had higher
fibre intake (g/MJ, LN transformed variable) than
participants with weak recovery (partial η2 = 0.029;
pairwise p = 0.014) (Fig. 2C, Additional file, Table 4).
The results for AUDIT-C scores and fibre intake
remained in the secondary analyses (Additional file,
Tables 3 and 4), while IDQ score only differed between participants with weak and good recovery. In
the subgroup analyses, the results for AUDIT-C
scores remained, IDQ score difference remained between participants with weak and good recovery, and
the main effect of fibre intake disappeared in both
primary and secondary analyses.

Discussion
The present study is the first to explore whether physiological recovery measured during several consecutive
nights is related to eating habits in stressed adults with
overweight or obesity. We investigated how physiological, heart rate variability (HRV)-based sleep-time recovery is associated with eating habits, covering both
eating behaviour and diet quality, in a real-life setting.
Our results suggest that in a working-age population
with psychological distress and overweight, higher sleeptime parasympathetic activity–indicating better physiological recovery–associates with more health-promoting
diet quality, lower alcohol consumption and possibly less
intuitive eating.
Better sleep-time recovery, measured by the ratio between stress and recovery during sleep (Stress Balance),
was significantly associated with higher fibre intake and
higher overall diet quality, supporting previous–although
scarce–literature. Higher HRV measured in a laboratory
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Fig. 2 Differences among Stress Balance groups in diet-quality variables. Bars represent unadjusted means and SDs; p values are based on threeway ANOVAs with Šidák post hoc comparisons. Independent variables: Stress Balance group, study centre, starting time of the study. IDQ = Index
of Diet Quality; AUDIT-C = Alcohol Use Disorders Identification Test Consumption; SB=Stress Balance. ap value based on the LN transformed fibre
intake (g/MJ)

setting has been associated with health-promoting features of diet, such as higher intake of green leafy vegetables [33] and fruit [28], adherence to the Mediterranean
diet [29], and higher diet quality [21]. In our study,
weaker recovery, measured by both RMSSD and Stress
Balance, was also associated with higher reported longterm alcohol consumption. This supports earlier findings
showing that alcohol intake is a marked predictor of
weaker HRV-based sleep-time recovery [50, 51]. These
findings, complemented by our results, suggest that
healthy dietary habits might enhance physiological recovery. On the other hand, longitudinal research is also
needed to explore whether good recovery supports
healthy eating.
As for eating behaviour, participants with better recovery (measured with both RMSSD and SB) scored slightly
lower on intuitive eating compared with participants

with weaker recovery. Lower scores on intuitive eating
indicate less flexible attitudes towards eating and less
eating according to body’s hunger and satiety cues [41].
The two measures of recovery, however, showed different results on the intuitive eating subscales. Better recovery measured by Stress Balance was associated with
lower unconditional permission to eat, a result accompanied by a more health-promoting diet. This result is in
line with studies reporting associations of higher HRV
with lower unconditional permission to eat [23] and
stronger dietary self-control [22, 52]. Higher parasympathetic activity during sleep measured by RMSSD associated with less eating cued by physical vs. emotional
reasons but with no parallel between-group differences
in diet quality. It is worth noting that in the subgroup
analyses involving only those who reported working
regular daytime hours, merely the associations of Stress
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Balance with diet quality and alcohol consumption held.
While this further strengthens the notion that dietary
choices are associated with the balance between stress
and recovery reactions, the associations between recovery measures and eating behaviour traits remain elusive,
requiring further scientific investigation.
Taken together, our results imply that in a workingage population with overweight and psychological strain,
eating according to bodily cues may not necessarily associate with healthier eating behaviours. Interestingly, this
result seems to contradict the theory of intuitive eating
as a form of adaptive eating related to positive health
outcomes and possibly higher diet quality [41, 53].
Alongside this theory, however, debate persists over the
possible benefits of having regulative attitudes towards
food and eating [54, 55]. Indeed, the relationship between diet quality and intuitive eating – in particular,
the subscale measuring unconditional permission to eat
– appears controversial. Camilleri et al. [56] reported an
inverse association of unconditional permission to eat
with fruit, vegetable and whole-grain product intake and
a direct, weaker association with the consumption of
sweet and fatty foods [56]. Similarly, in a random sample
of Swiss people, unconditional permission to eat correlated moderately with poorer diet quality scores [57].
When assessing such results, considering the context is
essential. Camilleri et al. [56] discussed the roles of dieting–also present in the current population–and poor
health awareness as well as the obesogenic environment
as probable contributors to such results [56]. Another
factor that may hinder pursuing health-promoting eating
habits is stress [17]. The level of perceived stress was
high in the current study population, which may have
acted as a notable driver for unfavourable eating behaviour [15]. Based on the evidence of stress-related unfavourable changes in food preferences, it seems that the
concept of intuitive eating might show differing results
depending on, e.g., the participants’ state of subjective
stress. Thus, it is important to focus research on the
possible mechanisms explaining this association in a
stressed population with overweight.
The population of this study can be characterised by a
Three-Factor Eating Questionnaire (TFEQ) score profile
that implies struggling with eating behaviour [58]. All recovery groups were rather homogenous in their scores
on the TFEQ subscales of emotional eating, uncontrolled
eating, and cognitive restraint, whereas differences were
seen in the intuitive eating scale. This may reflect the
difference concerning the wording of the questionnaires:
the intuitive eating scale items read along the lines of ‘I
find myself eating when I’m feeling emotional…’ [41],
emphasising the awareness of emotion-cued eating,
whereas wording in the TFEQ is more action-directed,
e.g., ‘When I feel blue, I often overeat’ [59]. Thus, better
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sleep-time recovery may associate with a greater awareness of the emotional drivers of eating. On the other
hand, the more beneficial ratio of recovery to stress reactions seems to associate not only with a tendency to
avoid eating freely whatever desired, but also with having
a health-promoting diet, including low alcohol consumption. Hence, health-promoting diet may be more
strongly associated with the balance between stress and
recovery reactions (Stress Balance) than the mere vagally
mediated recovery reflected by RMSSD.
Interestingly, total sleep time had only a weak correlation with both RMSSD and Stress Balance. This may
reflect the fact that total sleep time had been calculated
based on self-reported times of going to bed and waking
up. Therefore, possible periods of wakefulness during
this time were not accounted for.
The present study is quite unique in its focus on
physiological recovery as opposed to stress, and HRV
that was measured in real-life settings for several consecutive nights. Night-time activity varies less among
and between individuals compared with day-time activity, which produces less noise to the data and less bias
due to uncontrolled activities.
However, also several limitations apply. First, the
standard methods for defining and measuring recovery
are not yet established [60], which sets challenges to
comparing the results of different studies; neither is it
established how HRV measures ought to be utilised in
nutrition science. Young and Benton [27] suggested considering HRV as a biomarker for the possible influence
of food on health, but the authors also considered the
possibility of a two-way interaction between eating
habits and HRV. Our study, due to its cross-sectional
design, allows no causality conclusions, and we have
found only two randomised intervention studies that
have reported causal relation between eating habits and
HRV [30, 61]. Thus, further research is needed both on
the effects of recovery on eating habits as well as on how
nutrition might support physiological recovery.
Also, the validity and reliability of the questionnaires
should be considered. The 48-h dietary recall captured
days between Sunday and Thursday. Therefore, stressrelated eating occurring outside the measurement days
may have been involved. Neither can the possibilities of
recall bias or underreporting be ruled out. Second, as
noted by Tylka [41], the Intuitive eating subscales measuring eating for physical rather than emotional reasons
as well as unconditional permission to eat are worded to
measure the absence of emotional and conditional eating, respectively, resulting in possible validity issues [41].
As some of the subscales (IES Unconditional permission
to eat; TFEQ-R18 Cognitive restraint; ecSI 2.0™ Eating
attitudes, Food acceptance, and Internal regulation)
showed less than desirable reliability with Cronbach’s
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α < 0.7, both quantitative and qualitative research into
the reliability of eating behaviour scales in different populations is advisable.
The study population consisted of working-age adults
with psychological distress and overweight, which limits
the generalisability of our results. Nevertheless, the
present study concerns a high-risk group for developing
negative health outcomes that may impede work ability,
which warrants the importance of further research in
this population. Also, as in many previous studies, the
majority of the participants (83%) were female. To the
best of our knowledge, only one study so far has addressed the effects of gender: findings by George et al.
[62] suggest that vegetarianism and being female have a
positive interaction effect on HRV, which further underlines the need to investigate the role of gender in the
context of eating habits and recovery.
Lastly, the Elixir study had not been designed for the
present investigation, allowing for limited controlling for
confounding factors. Taking all limitations into account,
the small magnitudes of the effect sizes of recovery were
to be expected. HRV is affected by several factors, such
as age, stress, and physical activity level [63], so aiming
to control for confounding factors in future intervention
studies is important to get as valid results as possible.
To conclude, our results suggest that among workingage people with perceived stress and overweight, better
sleep-time recovery is associated with more healthpromoting diet and possibly less intuitive eating. In future lifestyle interventions and in clinical practice, it is
important to address sleep-time recovery as one factor
related to eating habits. For further progress in both occupational health and nutrition sciences, we call for randomised controlled interventions that aim at maximising
sleep-time recovery and investigate its effects on eating
habits. Also dietary interventions investigating subsequent effects on sleep-time recovery are needed.
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