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Abstract: Background: Stress is a significant public health concern that can be self-evaluated using the
job control demands model from Karasek. Emergency health care workers are particularly exposed to
stress because of the intrinsic characteristics associated with the job (i.e., life-threatening emergencies,
overcrowding, lack of bed spaces). However, these attributes have never been studied using the
Karasek model. Methods: An observational, prospective, multicentric study in French Emergency
Departments will be conducted using a cohort of emergency health care workers. Four questionnaires
before a control day and after a nightshift will be assessed every 5 years in the same emergency
departments. Also, the Karasek questionnaire, a sociodemographic questionnaire, the Maslach
Burnout Inventory scale, the Hospital Anxiety, Depression Scale, and a food intake questionnaire
will be evaluated. Salivary biomarkers (cortisol, immunoglobulin A, lysozyme) will be collected
from every emergency health care worker who consents to participating in the study. Conclusion:
This study will provide a point of care for the emergency health care workers’ stress situation every
5 years. Ethics: This protocol was registered in Clinical Trials under the identification NCT02401607
after the French Ethics Committee’s approval.

Keywords: Karasek questionnaire; job demand; job strain; shiftwork; nutrition; emergency physician;
stress; job control; biomarkers

1. Background

Chronic stress at work is a significant public health problem increasing morbidity
and mortality [1]. Many employees complain about “stress” at work. In the medical
field, burnout prevalence near or exceeding 50% has been documented in national studies
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conducted in both physicians in training and practicing physicians [2]. This is especially
true in the Emergency Departments. Emergency health care workers are a particularly
at-risk population. Indeed, their work is a complex interaction between stress due to
life-threatening emergencies; overcrowding of the Emergency Department; lack of sleep;
bad food repartition before, during, and after shifts; and accumulated fatigue [3]. Health
care workers are considered as high-risk group for death by suicide [4]. Although men
a higher risk of suicide in the general population, female physicians have higher suicide
rates than men [5]. Specialties with a heavy workload, long shifts, and unpredictable hours
(associated with sleep deprivation); stress-related situations (life and death emergencies) [6];
and easy access to a means of committing suicide [7] are particularly at risk of suicide [4,8,9].
Emergency health care workers are shift workers with scheduling irregularities regarding
hours, duration, and holidays. Shift workers have bad well-being [10] and cardiometabolic
risk factors (higher blood pressure [11], higher levels of triglycerides [12], higher risk of
obesity [13], higher risk of heart disease [14], and higher metabolic syndrome [15]). Even if
quantitative energy intake is the same between nightshift workers and day workers [16],
qualitative food choices and habits are different [16]. Shift workers consume more snacks,
alcohol, and confectioneries and eat more frequently during the night [17], which possibly
hurts circadian regulation [18]. This dysregulation is mainly impacted by the inappropriate
secretion of insulin, ghrelin, and leptin [19], leading to diabetes [20]. To our knowledge,
no study has evaluated the food intake of emergency physicians before nightshift, during
nightshift, and after nightshift.

One way of measuring stress at work is the use of a self-reported psychological
questionnaire. Among them, the job control demand model from Karasek is widely used
to evaluate psychosocial factors at work [21,22]. It defines job demands and job control as
the two broad work-related characteristics present in the environment of most occupations
that can be incredibly stressful. Job demands refer to the psychological needs imposed by
daily working activities such as mental workload, organizational constraints, and various
types of conflicts (i.e., of the role, demands). Job control refers to the lack of decision
latitude, specifically the freedom workers can have in realizing their job. Job control
is composed of two components: Skill discretion (possibilities to use one’s skills) and
decision authority (chances of making decisions that can reduce adverse effects of high
psychological demands). Workers can perceive both job demand and job control as being
low or high. The combination of high job demands and low job control results is called ‘job
strain.’ This situation is the most aversive possible combination. Workers in the ‘job strain’
configuration are particularly at risk of low well-being [23], burnout [24], and ill-health [25],
such as cardiovascular diseases [26,27].

Moreover, the Karasek job strain model is an independent predictor of acute coronary
events [28]. Conversely, a combination of low demand and high control results in ‘low
strain.’ The authors proposed an extension of the model in the 1980s to include another di-
mension: Worksite social support [29]. Support from colleagues and/or from the hierarchy
acts as a buffer against complex combinations of job control and demands.

The Karasek job strain model has been assessed in 25,000 workers in the French
SUMER study and classified as the main types of occupations [30]. However, no data
regarding emergency health care workers’ scores at the Karasek questionnaire are available,
even though burnout exposure is a well-known problem among health care workers [31,32].
This absence is regrettable as emergency health care workers often need to deal with life-
threatening emergencies in a short amount of time, regularly following long shifts [33].
Karasek’s questionnaire is supposed to assess a long-term stable perception of work,
despite the absence of a study comparing Karasek scores within different conditions in the
same participant. It is also essential to explore protective factors that might help alleviate
perceived stress and are relatively easy to integrate into medical organizations or daily
lifestyle [34].
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Regarding biological indicators of stress, several biomarkers of stress have been
proposed [33,35,36]. To our knowledge, the relationships between biomarkers of stress and
the Karasek job strain model have never been investigated.

We are also interested in finding a precise way to evaluate work stress. Studies have
shown contradictory results on biological markers of stress. The present study will use
multiple stress markers, allowing for improved and more comprehensive results pertaining
to how psychological stress interacts with biological variables.

Cortisol is the historical marker of stress. Nevertheless, several studies have not
found modifications in cortisol levels. Thus, no correlations have been demonstrated
between secretions of salivary cortisol and stress questionnaires among neonatal health
care professionals [37]. Other studies have reported some underlying effects. For example,
teaching, a profession with high levels of job stress and burnout, is associated with a
significantly higher level of salivary cortisol during workdays versus free days [38].

Among the different biomarkers, our team previously highlighted the potential of
salivary dehydroepiandrosterone (DHEA) to assess stress due to its stability (steroid) and
its long half-life of 16 h [39]. Related to cortisol, some results have suggested that salivary
DHEA levels are modified under stress [40]. Levels of salivary DHEA are also increased in
anxiety symptoms [41]. The salivary DHEA’s half-life is about 15 h, making it a relatively
stable concentration throughout the day, unlike cortisol. Therefore, salivary DHEA is an
interesting marker.

Few studies have examined the response of salivary IgA in the case of work-related
stress [42]. A recent study described the opposite relationship between stress and salivary
IgA levels among healthy volunteers after a psychological stressor [43]. This marker’s
advantages are its ease of access (saliva) and relatively long half-life (10–15 days), which
makes it relatively stable.

Salivary lysozyme has been rarely studied. It does not appear to be modified after
acute physical stress on healthy men [44], but studies have found but a negative correlation
in university students during their final license exam [45] and in 50 male workers on an
assembly line in China [46].

Most biological parameters mentioned here are related to personality questionnaires
(locus of control, self-esteem) or perceived health (depression, quality of life, psychosomatic
complaints). This will allow us to correlate participants’ perceptions of biological modification.

We performed a pilot study with 19 emergency physicians at the Clermont-Ferrand
University Hospital. The Karasek questionnaire interview results showed a low decision
latitude (59.67 ± 6.44; score below 71) and a high psychological demand (29.39 ± 4.07; score
below 20) in this population, illustrating the definition of a stressful work situation (high
workload with low autonomy). This state was fortunately balanced by a critical perceived
social support (29.94 ± 3.21; score greater than 24). The results demonstrate a perfect
illustration of inadequacy between professional demands (taking care of patients regardless
of their numbers, varying according to hours and days) and organizational constraints (lack
of beds spaces, for example, a situation where decision latitude is nonexistent, generating
stress). Our pilot study permits us to situate the emergency physicians on the SUMER
study, which lists the mean scores of psychological demands and decision latitude by
professional family. This comparison highlights emergency physicians’ extraordinary
situation, with decision latitude among the lowest and the highest psychological needs.
Thus, it becomes interesting to appraise stress in this population through seeking solutions
to reduce burnout.

Therefore, the objective of this manuscript was to present the design of a study protocol
to examine well-being in emergency health care workers (the SEEK-study). The acronym
SEEK is “Study on Emergency physicians’ responses Evaluated by Karasek questionnaire”.
The primary objective is to assess and determine Karasek scores in a large sample size of
emergency health care workers. The secondary objectives is to evaluate whether there is
a change in work perception both in the short term (on leave and after a nightshift) and
long term (with the reproducibility of this study every 5 years). Secondly, we will evaluate
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the food intake before, during, and after the nightshift and explore its relationship with
Karasek’s score and stress biomarkers. We will further explore Karasek’s associations with
some biomarkers of stress and protective factors.

2. Materials and Methods

2.1. Study Design

Our study will be an observational and prospective study. It will be a multicenter,
French study based on the observation of healthy volunteers without invasive sampling
in France. We will record different variables and data from the study population without
interventions. The study design is described in Figure 1. We will provide repeated measures
in the same departments (each measurement time comprising of 24 h, including a nightshift,
and 24 h, including a dayshift). We will create a cohort of workers that will be followed
every 5 years if they are still working in the Emergency Department. However, we can
include new health care workers if needed.

Work

Karasek’s Questionnaire

Maslach Burn-out Inventory

Hospital Anxiety and Depression Scale

Food intake questionnaire

Salivary Cortisol

Salivary DHEA

Salivary IgA

Salivary Lysozyme

Sleep Quality questionnaire

Sociodemographic Questionnaire

Beginning of day shift (control) End of day shift (control)

Rest Work

Beginning of the night shift End of the night shift

Rest
Free 

period

Figure 1. The Study on Emergency physicians’ responses Evaluated by Karasek questionnaire (SEEK) protocol.

2.2. Study Settings

According to our pilot study, we evaluate the time required by the participant at about
15 min per phase.

For the first phase, investigators will assess the Karasek’s questionnaire, food intake
questionnaire, Maslach Burnout Inventory, and Hospital Anxiety Depression Scale (HAD)
among Emergency health care workers at the beginning of the control day (around 8:30 am).
A sample of saliva in an Eppendorf will be recovered at the same time. Saliva collection
will be brought in a cooler to the Institute of Occupational Medicine of Clermont-Ferrand
by the end of the day. The samples will be stored at −80 ◦C. The experimenter will also
deliver a pre-stamped envelope for the return of 2 Eppendorf tubes (saliva collection) and
questionnaires at the end of the day.

Considering the difficulties of obtaining homogenous planning with all emergency
providers, the time passed between the first and the second phase will not be the same
between all providers. However, the 2 phases need to be separated by at least 1 week.

For the second phase, investigators will assess the same questionnaires with the saliva
collection at the beginning and the end of a 24-hour or 14-hour nightwork session (up to
1 week later). This will permit the evaluation of the relationships between modifications in
questionnaire answers and biological responses by comparing results during a control day
versus results at the end of a work session, including a nightshift.

The third phase of the SEEK protocol is a longitudinal follow-up. This study design
will be reproduced every 5 years in all Emergency Departments. If possible, i.e., if they are
already in the same Emergency Department, we will follow-up on the initial cohort. We
choose a follow-up of 5 years because it corresponds to the residency program duration in
Emergency Medicine in France. We will program 4 sessions for a total of 20 years.
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2.3. Ethics and Dissemination

A French Ethics committee (Comité de Protection de Personnes Sud-Est I, CHU Saint-
Etienne) approved this study protocol on 3 November 2014, with reference DC-2014-2151.
This protocol was registered in ClinicalTrials under the identification NCT02401607.

The results of questionnaires will be coded and managed through ReDCap© software
with pseudonymous codification.

2.4. Eligibility Criteria

To fulfill the inclusion criteria, every health care worker will need to over 18 years of
age and working in an Emergency Department in France. No requirement of experience is
necessary. Healthcare workers will be excluded for refusal of participation, intercurrent
pathology with hormones disabilities, impracticability to take the follow-up, psychopathol-
ogy with depression or anxiety, taking any drugs that modulate inflammation or hormones
levels, and pregnancy.

2.5. Recruitment Process

During each part of the study, 120 emergency health care workers will be recruited
as participants. During the recruitment phase, all emergency health care workers will
individually receive an information letter attached by email. Acceptance or refusal will
be given by mail to avoid any subordination effect between the experimenter and the
recruited. If they agree, they will have 8 days to sign the consent form to participate in the
study. For privacy purposes, the question about their medical history will not be asked by
email. Instead, a list of non-inclusion criteria will be given in the information letter. Thus,
if any exclusion criteria are present, they can refuse participation without any need for
further explanation.

2.6. Outcomes

The primary outcome is the participants’ score with respect to the Karasek question-
naire in terms of the 3 dimensions, namely psychological demands, decision latitude, and
social support at work.

Secondary outcomes are different biological measures of stress (cortisol concentrations,
DHEA-S, salivary IgA, and lysozymes); some psychological questionnaires (see below for
details), namely the Maslach Burnout Inventory, the Hospital Anxiety and Depression Scale;
and some question about stress (at home, in life, and at work), about sleep quality, and
about mental and physical fatigue. Lastly, we will assess food intake using a quantitative
and qualitative questionnaire.

3. Results

3.1. Justification of the Sample Size

The number of subjects required justification is based on the ability to recruit par-
ticipants, namely 120 subjects. Previous studies have shown an acceptance rate above
80% in the emergency health care workers’ population; power estimates will be provided
based on 100 subjects included. In addition to the expected variability, this type of study
can have a fixed margin of error on the estimated sample size (reliability of the sample).
Referring to the data of our pilot study, the Karasek questionnaire found low decision
latitude (59.67 ± 6.44, 6% higher than 71), a significant psychological burden (29.39 ± 4.07;
94% greater than 20), and high social support (29.94 ± 3.21, 100% above 24), meaning
that with at least 100 subjects considered, the error margin will be very satisfying that
is respectively ±1.25, ±0.8 and ±0.63. If we consider the different dimensions score as
categorical (<> 71 <> 20 and <> 24), accuracy will be ±5% with n = 100.

Furthermore, simulations on secondary objectives can complete this justification. To
see a change in the emergency health care workers’ work perception during a control day
versus the results at the end of a nightshift, 100 subjects will show minimum differences of
the order of 2.35, 1.48, and 1.17 for decision latitude dimensions, psychological demand,
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and social support, with a type 1 error risk of 5%, a power of 95% and a correlation
coefficient of 0.5 (matched condition).

With 100 subjects, and given the assumptions described above, 5 predictors can be
explored to identify factors that explain emergency work perception for a power greater
than 80% [47].

3.2. Data Collection and Management

Seven questionnaires will be presented to every participant. All psychological assess-
ments will be self-reported.

3.2.1. Karasek Questionnaire

Karasek’s questionnaire [21] was French-validated by Brisson et al. in 1998 [48]. The
questionnaire includes 26 items measuring the 2 burnout sources: The decision latitude,
with 9 items, and psychological job demands, with 9 items. For each item, the subject is
asked to respond using a 4-level Likert-type scale. Thus, a high score in the first dimension
means that the worker acts autonomously and is less exposed to burnout. Meanwhile, a
high score in the second dimension implies that the subject is under a heavy workload,
leading to severe psychological stress. Social support, explored by 8 items, acts as a burnout
modulator: High social support helps to better tolerate situations linked with burnout
emergence. The analysis is based on the median of each factor.

The psychological demand is calculated with the following formula: Q10 + Q11 +
Q12 + (5 − Q13) + Q14 + Q15 + Q16 + Q17 + Q18. A score below 20 reflects a low
psychological demand. The decision latitude is calculated with the following formula: 4 ×
Q4 + 4 × (5 − Q6) + 4 × Q8 + 2 × (5 − Q2) + 2 × Q5 + 2 × Q7 +2 × Q1 + 2 × Q3 + 2 ×
Q9. A score below 71 reflects low decision latitude. Finally, the social support is calculated
with the following formula: Q19 + Q20 + Q21 + Q22 + Q23 + Q24 + Q25 + Q26. A score
below 24 reflects low social support [22]. In a previous study performed by our team, the
Cronbach’s alphas for job demands, job control, and social support were 0.58, 0.99, and
0.99, respectively [49].

In summary, the Karasek questionnaire postulates that a work situation generates
stress if it combines high psychological demands, low decision latitude, and low social
support from the work team or hierarchy. By combining autonomy and demand, 4 broad
categories are defined:

− Relaxed work: Low demand, high autonomy
− Passive work: Low demand, low autonomy
− Active work: High demand, high autonomy
− Stressed, tense work: High demand, low autonomy

3.2.2. Maslach Burnout Inventory (MBI) Scale

The MBI scale [50] evaluates 3 different components, giving a burnout evaluation for
each component: Emotional exhaustion, depersonalization, and personal accomplishment.
Dion and Tessier made a French-translated version of the MBI scale [51]. The scale is
composed of 22 items measuring 3 different burnout dimensions: Emotional exhaustion,
depersonalization, and personal accomplishment. For each item, the subject is asked to
indicate using a 7-point scale the occurrence frequency of the feeling corresponding to a
state. Thus, a high score in the first 2 subscales reveals a burnout state. In contrast, a high
subscale score on achievement means that the subject feels fulfilled professionally (the
achievement subscale is inverted). In a previous study performed by our team in a similar
population, analysis of internal consistency yielded a Cronbach’s alpha of 0.785, indicating
scale reliability [52].

3.2.3. Hospital Anxiety and Depression Scale (HAD) Scale

Zigmond & Snaith’s (1983) HAD Scale explores anxiety and depression [53]. It was
translated into French by Lépine in 2000 [54]. The scale is composed of 7 items exploring
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anxiety symptoms, and 7 others exploring depressive symptoms. Each item is given on a
4 degrees-of-severity scale. Anxiety and depression score ranges from 0 to 21. The generally
admitted pathological thresholds score is 8. In a previous study performed by our team in
a similar population, the Cronbach’s alphas for the components of depression and anxiety
were 0.82 and 0.79, respectively [49].

3.2.4. Sociodemographic Report

A unique questionnaire will be used to collect sociodemographic data such as age,
sex, weight, height, and marital status. Information about medical history, drugs, and
pregnancy (if female) will be collected. A second part of the questionnaire will assess the
physical activity (number of hours per week and intensity) and sleep of every health care
worker (number of hours and quality assess by a visual analogic scale from worst to best).
Others visual analogic scales will assess stress and mental and physical tiredness.

3.2.5. Place of Work

Information about the Emergency Department and hospital such as type of hospital
(university or not), number of patients every year, and type of patients (adult, kids, both)
will be collected.

3.2.6. Occupational Characteristics

These include seniority (within the hospital, within the Emergency Department,
and as an emergency occupation), current position (physician, internship or externship
student, nurses, caregivers, cleaners, secretary, hospital porter, other), and type of contract
(permanent or temporary). For physicians, these characteristics also include the type of
emergency diploma or initial specialty and more details on contracts (professors, senior
lecturer, hospital practitioner, assistant).

3.2.7. Food Intake

To study the qualitative and quantitative food intake of emergency health care workers,
participants will be given a questionnaire. Three timepoints will be examined—before,
during, and after nightshift—and compared to a control day. We will ask participants to
complete a 3-day dietary recall that will be explained and detailed to them by a member of
the investigation team. We will ask to participants to indicate all the details regarding the
food ingested at each meal and in-between meals as precisely as possible. A specialized
dietician will provide details in the diary as well as some guidance on how to complete it.
Subsequently, the diaries will be reviewed with the participants and the dietitian during a
45-min interview [55]. All data will be pooled and translated in kcal., and the quantity of
lipids, carbohydrates, and proteins will be evaluated using the software Nutrilog®.

3.2.8. Biological Samples

Several assays will be performed on the saliva sample. Biological analyses will be
conducted by the Institute of Occupational Medicine of the Medical School of Clermont-
Ferrand. We will measure salivary cortisol concentrations, DHEA-S, sIgA, and lysozymes.
These parameters have been reported in the literature as correlated with the level of stress
or workload. Only steroids (cortisol and DHEAS) with good stability will be measured in
both samples. Peptides (sIgA and lysozyme) will be measured only during the dayshift
(control). The samples made after the work session will be sent by post, which does not
guarantee sIgA and lysozyme preservation.

3.3. Data Analysis

Continuous variables will be presented as mean and standard-deviation or median and
interquartile range according to the statistical distribution. The normality assumption will
be assessed using Shapiro–Wilk test. Categorical variables will be expressed as numbers
and associate percentage. The primary analysis will be mainly descriptive and will define
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the perception scores of emergency physicians work according to the Karasek questionnaire
for each dimension composing the score (decision latitude, psychological demands, and
social support), as quantitative and categorical variable. A correlation matrix analysis on
quantitative variables (i.e., Karasek questionnaire and other psychological questionnaires)
will be conducted using Pearson or Spearman correlation coefficients, in addition to princi-
pal component analysis (PCA). The Karasek questionnaire score’s evolution, obtained for
each dimension, will be tested with a paired two-sample Student’s test, or nonparametric
Wilcoxon test if necessary. Linear regression models and random-effects models will com-
plete these analyses. These models will permit, with multivariable analyses and covariates’
introduction, to seek possible explanatory factors of the Karasek score (a dayshift (control)
versus the end of 24 h or shift) and its evolution. The same statistical analysis plan will be
used for continuous parameters collected after the dayshift (control) and after the 24-h shift
(e.g., all biological samples). For categorical variables, Stuart-Maxwell test will be used.
The comparisons for quantitative parameters (e.g., biological data, questionnaires’ scores)
will be based on Student’s t-test or nonparametric Mann–Whitney test. The comparisons
involving categorical parameters (gender, seniority) will be made with the Chi-squared
test or Fisher’s exact test. All statistical analyses will be performed as two-sided tests, with
a p < 0.05 considered as significant. Statistical analyses will be performed using the Stata
software (version 16, StataCorp, College Station, TX, USA).

4. Discussion

This protocol seems particularly innovative considering the lack of emergency health
care workers in the SUMER study. Indeed, those workers are mainly at risk of burnout [4].
Furthermore, and even if it was not the main objective, the recent actuality with the COVID-
19 pandemic showed an increase in the workload for emergency health care workers.
Indeed, even in the area with low incidence of first wave of COVID [56], overcrowding
is increasing in the Emergency Departments [57]. Furthermore, the 20 years of follow-up
will make it possible to assess the impact of local (an increase of the number of workers
during shifts, change in the food quality and quantity. . . ) and national policy (no more 24-h
shifts, security rest after a nightshift) on the well-being of workers. This study will bring
important data about emergency health care workers’ work perception and stress. No data
on the Karasek questionnaire score currently enable u, to compare Emergency Medicine
with other medical specialties. Indeed, the SUMER study did not include any emergency
health care workers. The SUMER study [30] conducted in France on 25,000 employees in
2002–2003 found that all confounded professions produced average psychological demand
scores of 21.5 for men and 21.8 for women, and average decision latitude scores of 71.9 for
men and 68.8 for women. The distribution of these four broad categories was Relaxed 29.2%,
Passive 25.2%, Active 25.2%, and Tense 20.4%. The SUMER study can be used to identify
the psychological demands and decision latitude mean scores by professional family.

Potential Limitations

The psychological questionnaires in this study are self-assessed. Even if those ques-
tionnaires are made to avoid bias, it is still possible that responses suffer from variation. As
an observational study, we cannot control the 24 h work schedule. Some individuals’ ses-
sions might be more demanding than others, thus bringing more important modifications
to a biological sample.

5. Conclusions

This project will contribute to an overview of emergency health care workers’ condi-
tions. The omission of their place in the SUMER study after the Karasek questionnaire will
be corrected. Second, the outcome from this study, repeated every 5 years over 20 years,
will provide an insight into whether or not improvements have occurred in the emergency
health care working conditions and, if so, how this outcome will influence or impact health
care policy. Last, the secondary outcomes will probably give our team the impetus to
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improve life quality by increasing quality and quantity of food intake or by the impact of
new Emergency Department organization between two measures.
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Keywords: Emergency healthcare workers; burnout; public health, mental health 35 

Abstract 36 

Background: Emergency healthcare workers (eHCWs) are particularly at risk of stress, but data using 37 

the gold standard questionnaire of Karasek are scarce. We assessed the level of stress of eHCWs, and 38 

aimed to compare with general population. 39 

Methods: Cross-sectional nationwide study in French Emergency Departments, using the job-content 40 

questionnaire of Karasek, compared with the 25 000 answers in French general population (controls 41 

from the SUMER study). Description of job demand, job control and social support were described 42 

as well as prevalence of jobstrain and isostrain. Putative factors were searched using mixed-method 43 

analysis 44 

Results: 166 eHCWs (37.9±10.5 years old, 42% men) from five French Emergency Department were 45 

included: 53 emergency physicians and 104 emergency paramedics, compared to 25 000 workers 46 

with other occupations. Job-demand was the highest for physicians (28.3±3.3) and paramedics 47 

(25.9±3.8), compared to controls (36.0±7.2) (p<0.001). Job-control was the lowest for physicians 48 

(61.2±5.8) and paramedics (59.1±6.8), compared to controls (70.4±11.7) (p<0.001). Mean social 49 

support did not differ between groups (23.6±3.4 for physicians, 22.6±2.9 for paramedics, and 50 

23.7±3.6 for controls). The prevalence of job-strain was massively higher for physicians (95.8%) and 51 

paramedics (84.8%), compared to controls (23.9%) (p<0.001), as well as for isostrain (45.1% for 52 

physicians, 56.8% for paramedics, and 14.3% for controls, p<0.001). We did not find any significant 53 

impact of sociodemographic on job control, job demand or social support. 54 

Conclusion: eHCWs have a dramatic rate of jobstrain, necessitating urgent promotion of policy to 55 

take care of them. 56 

1 Introduction 57 

Stress at work is a main public health concern. In the medical field, half physicians are considered 58 

highly stress (1). This is especially true in Emergency Departments (ED) where healthcare workers 59 

(HCWs) have a complex interaction between stress due to shift work, fatigue and lack of sleep (2), 60 

poor food intake (3), and cardiac strain (4) and life-threatening emergencies in a context of 61 

overcrowding (5,6). Currently, the best scale to assess stress level at work is the job-demand-control 62 

model (JDC), a self-reported psychological questionnaire, created and validated by Karasek in 1981 63 

(7,8). The JDC model recognizes the importance of daily environmental stressors on long term 64 

experience of stress (9). It defines job demand and job control as the two broad work-related 65 

characteristics present in the environment of most occupations that could be stressful. Job demand 66 

refer to the psychological needs imposed by daily working activities, i.e., mental workload, 67 

organizational and time constraints. Job control refers to the latitude of decision and is composed of 68 

two components: skill discretion and decision authority. Each worker can perceive both job demand 69 

and job control as different levels. Karasek defined the combination of high job demands, and low 70 

job control as ‘job strain’, the most aversive combination, at risk of low well-being (10), burnout 71 

(11), and ill-health (12). On the other side, a low job demand and high job control results in ‘low 72 

strain’, but this situation is rare. Since the 80s, another dimension is included in the JDC model, the 73 

‘worksite social support’. Indeed, support from colleagues and/or from the hierarchy seems to act as a 74 

buffer against complex combinations of job control and demands (13). Iso-strain is defined as job 75 

strain with a low social support at work (14). The Job Content Questionnaire (JCQ) (15) derived 76 

from Karasek’s model and has been developed and validated in several languages. The Karasek job 77 
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strain model has been assessed among 25,000 workers in the French SUMER study and classified as 78 

the main types of occupations (14,16). However, no or few data regarding emergency HCWs scores 79 

at the Karasek questionnaire are available, even though burnout exposure is a well-known problem 80 

among them (17,18). It seems that no sociodemographic (sex, age, body mass index, marital status, 81 

physical activity) is a protective factor for jobstrain. (19). However, in case of association with 82 

“family strain” – family-related stress and familial conflict – women have more depression than men 83 

(20). 84 

The main objective of this study was to assess stress levels using Karasek JCD model among 85 

emergency HCWs, and to compare with the general population. Secondary objectives were to 86 

compare physicians and other providers (defined as paramedical) and to find the impact of 87 

sociodemographic on stress levels. 88 

2 Materiel and methods 89 

2.1 Study design 90 

We performed an observational nationwide cross-sectional study. Volunteers emergency HCWs were 91 

recruited from French emergency departments. The study design is described in Figure 1. 92 

Participants were asked to complete the questionnaire between 6.30 and 9.00 am. We also used data 93 

from the SUMER study to compare results from emergency HCWs to other occupations from the 94 

general population. (14,16) 95 

2.2 Primary outcome 96 

The primary outcome is the participants’ score to the French-validated JCQ questionnaire in the three 97 

dimensions – psychological demands, decision latitude, and social support (21). Job-demand and 98 

latitude decision making was assessed by the 26 items of the JCQ (nine for both decision latitude and 99 

psychological demand and eight for social support). The subject is asked to respond using a 4-level 100 

Likert-type scale for each item, ranging from 1 (strongly disagree) to 4 (strongly agree). The decision 101 

latitude is calculated with the following formula: 4*Q4 + 4*(5-Q6) + 4* Q8 + 2*(5-Q2) + 2*Q5 + 102 

2*Q7 +2*Q1 + 2*Q3 + 2*Q9. A score below 71 reflects low decision latitude. The psychological 103 

demand is calculated with the following formula: Q10 + Q11 + Q12 + (5-Q13) + Q14 + Q15 + Q16 + 104 

Q17 + Q18. A score below 20 reflects a low psychological demand. Finally, the social support is 105 

calculated with the following formula: Q19 + Q20 + Q21 + Q22 + Q23 + Q24 + Q25 + Q26. A score 106 

below 24 reflects low social support (15). In a previous study performed by our team, the Cronbach’s 107 

alphas for job demands, job control, and social support were 0.58, 0.99, and 0.99, respectively (22). 108 

By combining autonomy and demand, four broad categories are defined: Relaxed work: 1) Low 109 

demand, high autonomy; 2) Passive work: Low demand, low autonomy; 3) Active work: High 110 

demand, high autonomy and 4) Stressed, tense work: High demand, low autonomy. Furthermore, 111 

jobstrain is defined as a demand score higher than 21 and a control score less than 70 (16). Add a 112 

social support level < 24 define isostrain. 113 

2.3 Secondary outcomes 114 

We collected sociodemographic data such as age, sex, weight, height, kids at home and marital 115 

status. Physical activity (in hours per week) and sleep quantity (in hours) and quality using visual 116 

analog scale from 0 (bad quality) to 100 (good quality) of every HCWs were asked. We also 117 

collected information about the ED and hospital such as type of hospital (university or not). Lastly, 118 

seniority (within the ED, and as an emergency occupation). We defined the class “physician” if the 119 
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responder was attending, fellow or resident. We defined the class “paramedics” if the responder was 120 

nurse, caregiver, cleaner, or administrative job. We studied the impact on job-demand, job-control, 121 

social support, jobstrain and isostrain for each following criterion – sociodemographic, seniority, 122 

tobacco, coffee or tea, job, night versus day. 123 

2.4 Statistics 124 

No sample size was computed for this purpose as this is an ancillary study of the SEEK- protocol 125 

(NCT02401607, (23)), in which 192 subjects were included. We reused those data in order to assess 126 

Karasek’s scores among eHCW. In this study 157 subjects were included. Study sample is described 127 

by frequency and percentage for categorical data and by mean ± standard deviation for continuous data 128 

when distribution was normal, or otherwise by median and interquartile range. The normality 129 

assumption was assessed graphically and using Shapiro–Wilk test. Comparison between groups 130 

(physicians vs paramedics) – considering the subject as statistical unit - were performed using Student’s 131 

t-test (or Mann and Whitney test when data not normal) for continuous data and using chi2 test (or 132 

Fisher’s exact test when appropriate) for categorical data. Analyzes considering the measures (job 133 

control, job demand and social support) as statistical unit, considering repeated measures for some 134 

subjects, were performed using linear mixed models, with the subject as random effect, firstly in an 135 

univariate approach in order to identify characteristics associated with the 3 scores, and then in a 136 

multivariable linear mixed model, adjusting for factors statistically highlighted in univariate analysis 137 

or clinically relevant. Results are shown as regression coefficients and their 95% confidence interval. 138 

For job strain and iso strain outcomes, the process was similar but using logistic mixed model, and 139 

results presented as odds ratios and their 95% confidence interval. Statistics were performed using 140 

Stata (StataCorp 2019. Stata statistical software: Release 16. College Station, TX: StataCorp LLC.). A 141 

French Ethics committee (Comité de Protection de Personnes Sud-Est I, CHU Saint- Etienne) approved 142 

this study protocol on 3 November 2014, with reference DC-2014-2151. This protocol was registered 143 

in ClinicalTrials under the identification NCT02401607. 144 

3 Results 145 

3.1 Characteristics of population  146 

We recruited 166 emergency HCWs from five French emergency departments, before the COVID-19 147 

pandemic. Nine emergency HCWs were excluded because of pregnancy (n=4) and incomplete data 148 

(n=5) (Figure 1). A total of 157 emergency HCWs (53 physicians and 104 paramedics) were 149 

analyzed and compared with the 25 000 answers in French general population (controls from the 150 

SUMER study).(14,16) Emergency HCWs had a mean age of 37.5±10.5 years old: 35.5±10.5 among 151 

physicians and 38.5±10.3 among paramedics. There were 66 (42%) men: 27 (50.9%) men among 152 

physicians and 39 (37.5%) men among paramedics. Body mass index was 23.4±3.3 kg/m2. 153 

Physicians had a median seniority of 3.5 [P25-P75: 1.5-10] years in the job and 1.25 [0.5-5] in the 154 

ED while paramedics had 10 [4-17] years in the job and 4 [1-11] years in the ED. They drank 3 [2-155 

4.5] cups of coffee or tea per day and performed 3 [1-4] hours of physical activity per week. Table 1 156 

describe all sociodemographic. Twenty-six of them performed the study twice, so we were able to 157 

analyze 183 surveys. 158 
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 159 

Table 1: Characteristic of the population. 157 eHCWs were included. Results are expressed in mean 160 

± standard deviation or number (percentage) or median [first quartile-third quartile], SD = standard 161 

deviation, kg/m2 = kilogram per square meters, VAS = visual analog scale from 0 (badest quality 162 

ever) to 100 (best quality ever). Results are significant if p<0.05 163 

Total 

n=157 

Physician 

n=53 

Paramedics 

n=104 

p-value 

Age (years), mean±SD 37.5±10.5 35.5±10.5 38.5±10.3 ������
Men, n (%) 66 (42.0) 27 (50.9) 39 (37.5) 0.11 

Physical activity (hours/week), median [IQR] 3 [2-4] 3 [2-5.5] 3 [2-4] 0.71 

Body Mass Index (kg/m
2
), mean±SD 23.4±3.5 23.3±2.9 23.5±3.8 0.94 

  Underweight, n (%) 8 (5.2) 2 (3.9) 6 (5.8)  

  Normal weight, n (%) 105 (67.7) 37 (71.2) 68 (66.0)  

  Overweight, n (%) 37 (23.9) 13 (25.0) 24 (23.3)  

  Obesity class 1, n (%) 4 (2.6) 0 4 (3.9)  

  Obesity class 2, n (%) 1 (0.7) 0 1 (1.0)  

Seniority (years)     

  Job, median [IQR] 6 [3-17] 3.5 [1.5-10] 10 [4-17] �������
  Department, median [IQR] 3 [1-10] 1.25 [0.5-5] 4 [1-11] ����	�
Type of hospital    0.19 

  General 74 (47.8) 20 (38.5) 54 (52.5)  

  University 81 (52.3) 32 (61.5) 49 (47.6)  

Tea-Coffee (cup/shift), median [IQR] 3 [2-4.5] 4 [3-5] 3 [2-4.3] 0.14 

Smoker, n (%) 52 (33.1) 15 (28.3) 37 (35.6) 0.36 

Sleep at home quantity, (hours), mean±SD 7.3±1.1 7.2±0.9 7.3±1.2 0.99 

Sleep at home quality (VAS), mean±SD 68.5±20.3 73.0±19.5 66.3±20.4 0.065 

Family situation    0.28 

  Single-divorced, n (%) 50 (32.1) 20 (37.7) 30 (29.1)  

  Married-engaged, n (%) 106 (67.9) 33 (62.3) 73 (70.9)  

Kids at home, n (%) 50 (39.7) 13 (30.2) 37 (44.6) 0.12 

�



� �

� � � (��

  Running Title 

 
6 

 164 

Figure 1. Study design. Among five French Emergency Departments we were able to recruit 192 165 

emergency healthcare workers (HCWs). Nine were excluded because of pregnancy or no data 166 

completion. One hundred and eighty-three Karasek survey were analyzed from 157 emergency 167 

HCWs. 168 

3.2 Main objective Job Content Questionnaire of Karasek  169 

Job-demand was the highest for physicians (28.3±3.3) and paramedics (25.9±3.8), compared to 170 

controls (36.0±7.2) (p<0.001). Job-control was the lowest for physicians (61.2±5.8) and paramedics 171 

(59.1±6.8), compared to controls (70.4±11.7) (p<0.001). Mean social support did not differ between 172 

groups (23.6±3.4 for physicians, 22.6±2.9 for paramedics, and 23.7±3.6 for controls) (Figure 2). The 173 

prevalence of job-strain was massively higher for physicians (95.8%) and paramedics (84.8%), 174 

compared to controls (23.9%) (p<0.001), as well as for isostrain (45.1% for physicians, 56.8% for 175 

paramedics, and 14.3% for controls, p<0.001) (Figure 3, 4 and 5). 176 

Emergency healthcare workers (HCWs) 
asked to complete the questionnaire

� = 1260

Emergency HCWs included
� = 166

Questionnaire analyzed
� = 183

Excluded
Pregnancy �
= 4
Not analyzable �
= 5

Refusal to participate �
= 1094

Individual presentation of the study, main 
objective, method, questionnaire 

5 French Emergency Departments

Recruitment

Enrollment

Analysis

Study performed twice
�
= 26

Emergency HCWs analyzed
� = 157

Physician � = 53
Paramedics � = 104
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 177 

Figure 2. Comparison of job demand, job control, and social between controls (SUMER), paramedics 178 

and emergency physicians from emergency departments. ***=p<0.001. Results are significant if 179 

p<0.05. 180 

 181 

Figure 3. All occupations from SUMER studies (>100 000 French participants) were within the four 182 

colored quadrants. Each dot represents an emergency healthcare worker from our study. Darker dots 183 

represent a lower social support. Study of the validity of a job-exposure matrix for psychosocial work 184 

factors: results from the national French SUMER survey. Int Arch Occup Environ Health 82: 87-97; 185 

15. Niedhammer I, Chastang JF, Gendrey L, David S, Degioanni S (2006) [Psychometric properties 186 

of the French version of Karasek's "Job Content Questionnaire" and its scales measuring 187 
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psychological pressures, decisional latitude and social support: the results of the SUMER]. Sante 188 

Publique 18: 413-427 189 

 190 

Figure 4. Representation of emergency physician and paramedicals compared to other jobs. Results 191 

of other jobs are from the Study of the validity of a job-exposure matrix for psychosocial work 192 

factors: results from the national French SUMER survey. Int Arch Occup Environ Health 82: 87-97; 193 

15. Niedhammer I, Chastang JF, Gendrey L, David S, Degioanni S (2006) [Psychometric properties 194 

of the French version of Karasek's "Job Content Questionnaire" and its scales measuring 195 

psychological pressures, decisional latitude and social support: the results of the SUMER]. Sante 196 

Publique 18: 413-427 197 
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�	�������
Age, years 0.97 (0.93, 1.02) 0.23
Body mass index, kg/m2 0.98 (0.86, 1.11) 0.72
Sex, male 0.73 (0.29, 1.86) 0.52
Kids at home vs no kids as REF 1.28 (0.44, 3.74) 0.65
Single vs engaged as REF 1.31 (0.49, 3.51) 0.58
Seniority in the job, years 0.96 (0.92, 0.99) �����
Seniority in the ED, years 0.96 (0.91, 1.01) 0.13
Tobacco 0.74 (0.29, 1.93) 0.54
Coffe or tea, cup/day 0.89 (0.81, 0.98) �����
Physician vs paramedics as REF 1.43 (0.54, 3.78) 0.47
��	������
Age, years 0.94 (0.87, 1.01) 0.11
Body mass index, kg/m2 0.91 (0.75, 1.11) 0.38
Sex, male 0.90 (0.23, 3.43) 0.87
Kids at home vs no kids as REF 0.21 (0.04, 1.07) 0.060
Single vs engaged as REF 0.28 (0.06, 1.34) 0.11
Seniority in the job, years 0.96 (0.90, 1.03) 0.30
Seniority in the ED, years 0.99 (0.90, 1.07) 0.75
Tobacco 0.27 (0.06, 1.26) 0.096
Coffe or tea, cup/day 1.00 (0.86, 1.15) 0.98
Physician vs paramedics as REF 0.45 (0.11, 1.83) 0.27

0 1 2 3

 �������� �	�!!�"����	
��
 	��� �������

�	�	"	���	� - continuous data
Age, year -0.02 (-0.11, 0.08) 0.97
BMI, kg/m2 0.18 (-0.10, 0.47) 0.21
Sex, male 1.47 (-0.53, 3.47) 0.15
Seniority in the ED, year 0.08 (-0.05, 0.21) 0.25
Seniority in the job, year 0.01 (-0.10, 0.10) 0.90
Tobbacco 0.42 (-1.69, 2.52) 0.70
Coffee, tea, cup per day 0.06 (-0.18, 0.30) 0.61
No kids at home vs kids as REF 0.23 (-2.02, 2.48) 0.84
Engaged vs single as REF 1.01 (-1.14, 3.16) 0.36
Physician vs paramedics as REF 1.76 (-0.29, 3.82) 0.093
�	�	��#��� - continuous data
Age, year 0.01 (-0.05, 0.06) 0.80
BMI, kg/m2 -0.14 (-0.30, 0.27) 0.10
Sex, male -0.80 (-1.97, 0.37) 0.18
Seniority in the ED, year 0.02 (-0.06, 0.10) 0.63
Seniority in the job, year -0.04 (-0.09, 0.02) 0.17
Tobbacco 0.46 (-0.76, 1.69) 0.46
Coffee, tea, cup per day -0.03 (-0.17, 0.11) 0.64
No kids at home vs kids as REF 0.87 (-0.42, 2.17) 0.19
Engaged vs single as REF 0.52 (-0.73, 1.77) 0.41
Physician vs paramedics as REF 2.36 (1.20, 3.51) $�����
%	"���	����	�� - continuous data
Age, year 0.04 (-0.01, 0.08) 0.11
BMI, kg/m2 -0.04 (-0.17, 0.10) 0.62
Sex, male 0.11 (-0.86, 1.08) 0.82
Seniority in the ED, year 0.04 (-0.03, 0.10) 0.25
Seniority in the job, year 0.02 (-0.03, 0.07) 0.43
Tobbacco 0.87 (-0.14, 1.87) 0.092
Coffee, tea, cup per day -0.02 (-0.13, 0.09) 0.75
No kids at home vs kids as REF 0.65 (-0.34, 1.64) 0.20
Engaged vs single as REF 0.32 (-0.70, 1.35) 0.53
Physician vs paramedics as REF 0.91 (-0.09, 1.91) 0.075

-1 0 1 2
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Figure 6. Impact of sociodemographic on quantitative data (job control, job demand, social support) 205 

and qualitative data (jobstrain, isostrain). Results about quantitative data are a coefficient and those 206 

about qualitative data are in Odds Ratio. 207 

 208 

3.3 Impact of sociodemographic 209 

Mixed models showed that physicians have a higher level of job control, job demand but also social 210 

support (Figure 5). They were also more in jobstrain compared to paramedic HCWs. Drinking coffee 211 

and experience decrease jobstrain (OR=0.89; 0.81 to 0.98 and 0.96, 0.92 to 0.99, respectively). 212 

Although not significant, kids seem to be a protective factor of isostrain (OR=0.21, 0.04 to 1.07). We 213 

did not find any significant impact of age, BMI, sex, tobacco, coffee or seniority on job control, job 214 

demand or social support (Figure 6) 215 

4 Discussion 216 

The main findings were a dramatic rate of jobstrain among emergency HCWs due to an association 217 

of high job demand with a low job control. Fortunately, the relatively high social support between 218 

emergency HCWs seem to counterbalance their high jobstrain. 219 

4.1 Karasek’s model 220 

A recent study proposed to use visual analog scale to be more effective than the long survey (24). 221 

According to the SUMER study that assessed Karasek’s survey among 25,000 French employees, the 222 

French version of the survey has a good validity, especially for job control (16). However, no 223 

emergency HCW was included in this study. A high psychological demand is defined by a job-224 

demand higher to 21. Emergency HCWs are therefore in a situation that could be qualify as "non-225 

standard" compared to the French population. Indeed, mean job-demand was 20.99 when we found 226 

26.3. Furthermore, they have a low job-control, i.e., less than 70. French population had a 70.32 level 227 

of job-control when our population had a 59.9 level. Finally, the score obtained for the social support 228 

item is almost identical between the SUMER study and our population (23.34 vs 23.0). Regarding 229 

job strain, we found an extreme score of 89.1% vs 23.9% in the SUMER study (16). Considering that 230 

job-strain is a risk factor for musculoskeletal pain (25), coronary heart disease (26,27), type 2 231 

diabetes mellitus (28), cancer (29), depression (30), burnout (31) and mortality (32), our results are 232 

alarming but some explanations could be done. Indeed, this feeling of a tense situation at work is 233 

probably linked to frequent the number of tense relations with the public, overcrowding, lack of bed 234 

available, stressful event, patient’s stress, manual handling or even time constraints (4–6). Another 235 

explanation is stress contagion. Indeed, stress, like all other emotions is contagious (33). This 236 

contagion can be between caregivers, but also between patients and HCWs (34). Considering that 237 

consulting in an ED is a stressful event, it could be relevant to adjust HCWs’ stress level with 238 

patient’s level. Furthermore, it seems that physicians can absorbed joy and anger from their 239 

colleagues and nurses from leaders, colleagues, and patients. Joy and anger-absorbed were related to 240 

physician’s exhaustion and cynicism (35). 241 

4.2 All emergency HCWs, but more especially physicians 242 

We compared EPs and other emergency HCWs and we showed that physicians have a higher score of 243 

job-demand, job-control but also social support. Furthermore, we found a higher rate of jobstrain and 244 

isostrain. Previous studies have showed that nurses have a high cognitive and sensory demands with 245 
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a low degree of freedom at work, a lack of autonomy, numerous duties great meaning and 246 

commitment to work, less social support and lack of feedback at work (36–38). Although the concept 247 

of shared medical decision-making exists since decades, it is poorly used in daily practice between 248 

nurses and physicians (39). Indeed, this requires decision-making on a multi-daily basis leading, in 249 

the very short term, to a vital stake in the state of health of patients, and this in a context of stress 250 

reinforced by the increasingly frequent recourse to justice in the event of a medical error (40). The 251 

physician, compared to other emergency HCWs, retains the central role of decision-maker, which can 252 

partially explain the obtaining of a higher score versus other emergency HCWs. Furthermore, nurses 253 

share the belief that the physician should decide and the patient should rely on his knowledge rather 254 

than his own (41). Lastly, some studies found a direct link between physician burnout (which 255 

jobstrain is one of the main risk factor) and adverse patient outcomes (42). This known, it increases 256 

the stress of the physician, which increase the jobstrain and the vicious circle begins. Although we 257 

found a higher rate of isostrain, we also found a higher level of social support among physicians 258 

compared to other emergency HCWs. HCWs and especially physicians have a long history of 259 

support between them, sometimes considered as confraternity or brotherhood (43,44). Social support 260 

can have an important impact on care because it partially mediates the relationship between physician 261 

burnout and behavior-based professionalism (45). Furthermore, it is a target to improve quality of life 262 

and decrease burnout (46,47). 263 

4.3 Limitations 264 

Our study has some limitations. Questionnaires were filled out by volunteers and a selection bias may 265 

have occurred, however the large sample size may limit this bias, as well as the multicentric 266 

recruitment (48). As for all questionnaires, self-reported information may over- or under-estimate 267 

sensations of job demand, job control, and social support. This study was performed before the 268 

COVID pandemic (5,6), limiting heterogeneity between measurements time. However, repetition in 269 

the near future of the collection of data may promote a longitudinal follow-up of emergency HCWs. 270 

Although the JDC model of Karasek is the gold standard to assess psychosocial risks at work (8), its 271 

length makes it difficult to use routinely in daily clinical practice by occupational practitioners and 272 

we recently proposed a validation of visual analog scales of job-demand and job-control (24). 273 

Unfortunately, we failed to demonstrate the putative influence of some sociodemographic on 274 

jobstrain or isostrain, except for the role of seniority within the job that decreased the risk of 275 

jobstrain, in accordance with literature (49). We also found that coffee consumption is linked with a 276 

lower feeling of jobstrain, which could be explained by the anti-stress properties of caffeine (50). 277 

5 Conclusion 278 

We found a dramatic rate of jobstrain among emergency healthcare workers that could possibly be 279 

explained by several factors such as overcrowding, lack of time and shift work. It is now time to take 280 

care of our providers if we want to keep them happy at work. 281 
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The Negative Impact of Night Shifts on Diet in Emergency
Healthcare Workers
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Abstract: Despite the consequences of night-shift work, the diet of night-shift workers has not been
widely studied. To date, there are no studies related to food intake among emergency healthcare
workers (HCWs). We performed a prospective observational study to assess the influence of night
work on the diet of emergency HCWs. We monitored 24-h food intake during a day shift and the
consecutive night, and during night work and the daytime beforehand. We analyzed 184 emergency
HCWs’ food intakes. Emergency HCWs had 14.7% lower (−206 kcal) of their 24-h energy intake
during night shifts compared to their day-shift colleagues (1606.7 ± 748.2 vs. 1400.4 ± 708.3 kcal,
p = 0.049) and a 16.7% decrease in water consumption (1451.4 ± 496.8 vs. 1208.3 ± 513.9 mL/day,
p = 0.010). Compared to day shifts, night-shift had 8.7% lower carbohydrates, 17.6% proteins, and
18.7% lipids. During the night shift the proportion of emergency HCWs who did not drink for 4 h,
8 h and 12 h increased by 20.5%, 17.5%, and 9.1%, respectively. For those who did not eat for 4 h, 8 h
and 12 h increased by 46.8%, 27.7%, and 17.7%, respectively. A night shift has a huge negative impact
on both the amount and quality of nutrients consumed by emergency healthcare workers.

Keywords: nutrients; work; well-being; quality of life; prevention; public health

1. Introduction

According to the International Labor Organization, night work is defined as “all work
which is performed during a period of not less than seven consecutive hours, including the
interval from midnight to 5 a.m.” [1]. In 2020 in Europe, 22% of men and 11% of women
worked on shifts that included night work [2], including healthcare workers (HCWs) [2,3].

Nutrients 2022, 14, 829. https://doi.org/10.3390/nu14040829 https://www.mdpi.com/journal/nutrients



� �

� � � ���

Nutrients 2022, 14, 829 2 of 13

Night work has many health consequences, from disturbance of the circadian rhythm [4],
to obesity and cardiometabolic disorders [5–10]. Interestingly, eating disorders are also
associated with those pathologies, potentially enhancing the synergistic effect between
night work and eating disorders [11]. Additionally, night-shift workers tend to have
more irregular eating habits than their day colleagues [12]. Night work also induces
a conflict between socially determined diurnal mealtimes, eating habits, the biological
rhythm of hunger, satiety, and metabolism [13,14]. Some findings showed that meal
timing and meal size have an impact on cognitive performance and subjective sleepiness
among night-shift workers. Some programs proposed to avoid large meals during the
beginning of a night shift and to opt for a small snack to improve performance during
the night [15]. Lastly, eating behavior can be influenced by sociodemographic criteria
such as age and gender [16], and by occupational characteristics such as experience [16]
and workload [17,18]. Although nurses have been widely studied, no conclusion can be
made and the existing epidemiological evidence on the relationship between night-shift
work of nurses and their dietary habits is inadequate to draw any definite conclusions [19].
Emergency HCWs are a perfect example for studying the impact of night shifts [20]. Indeed,
emergency departments (ED) are open 24 h a day, 365 days a year. Furthermore, emergency
HCWs are working under stressful conditions such as overcrowding—lack of beds in
hospitals [20], life-threatening emergencies [21], the wait for possible disasters [22] with
consequences on biomarkers of stress [23,24]. Furthermore, the availability of food is much
less important during the night compared to the day in a hospital. It is rarely fresh but
often packaged reheated food with a bad presentation. However, food preparation and
presentation appears to influence student consumption of school food and adult perception
of school meal quality [25]. Given that emergency HCWs work under the time pressure of
urgent care, they must both take care of patients and themselves i.e., finding the time to eat
and drink. To the best of our knowledge, there are no studies that assessed the influence of
night work on the diet among the population of emergency HCWs, nor in relation to their
occupational characteristics.

Therefore, the main objective of our study was to assess the influence of night work
on the diet of emergency HCWs. Secondary objectives were to study the impact of socio-
demographic, and occupational characteristics on the diet of emergency HCWs.

2. Materials and Methods

2.1. Study Design

We performed a prospective nationwide observational study in five French hospitals—two
university hospitals and three non-university hospitals. The main inclusion criterion was to
work as an emergency HCW. Exclusion criteria were refusal to participate and pregnancy.
This study is part of the SEEK protocol [20,22]. We obtained the ethical approval from Ethics
Committee South-East I (DC-2014-2151) and the protocol was registered on ClinicalTrials.
gov as number NCT02401607. Each participant had their food intake monitored twice
over 24 consecutive hours: (1) during a day shift (from 8:30 a.m. to 6:30 p.m.) + the night
(no work, 6:30 p.m. to 8.30 a.m.), and (2) during a rest day (from 8:30 a.m. to 6:30 p.m.)
and a night shift (6:30 p.m. to 8:30 a.m.) (Figure 1). Participants also had to complete a
questionnaire on their sociodemographic characteristics.
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Figure 1. Study design. Among five French emergency departments we were able to recruit 192 emer-
gency health care workers. Eight were excluded because of pregnancy or no data completion. Food
intake was studied for 99 emergency health care workers during a day shift and 83 during a night shift.

2.2. Outcomes

Participants were asked to complete a 24-h dietary recall that was explained to them by
a member of the investigation team. The participants were asked to indicate as precisely as
possible all the details regarding the food ingested at each meal and in-between meals. The
diaries were reviewed afterward with the participants during a dedicated interview. We
next used Nutrilog® (version 3.2, Nutrilog, Marans, France), a diet and nutrition software
for health care professionals, to translate participants’ answers on nutrients intake using
nutrition table Ciqual® on this software [26]. We retrieved total energy intake (kcal), glucids
(grammes and % energy intake, and sugar), lipids (grammes and % energy intake, and
simple, mono- and poly-unsaturated fatty acids), protids (grammes and % energy intake),
calcium, cholesterol, fibres, and water. We further looked at time of intake and more
specifically we calculated number of emergency HCWs that did not eat or drink for more
than 4, 8, and 12 consecutive hours.

Participants had also to complete a short questionnaire to retrieve their sociodemo-
graphic (age, gender, marital status) and work characteristics (occupation, job seniority,
and setting—university hospital or not).

2.3. Statistics

The main judgment criterion was food intake as quantitative variables. From personal
experience and observation in a preliminary non-published study among 10 emergency
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HCWs, there is at least a 20 ± 20% decrease in food intake during a night shift compared
to a day shift, because of the increased working demands during a night shift due to
fewer staff. Using this difference as the main outcome, we calculated that a sample size
of 10 participants allowed a statistical power greater than 80% with an alpha level less
than 5%.

Statistical procedures were performed with Stata software (v17, College Station, TX,
USA). Quantitative variables were expressed as mean ± standard deviation (SD), and
qualitative variables were expressed as number (%). The Gaussian distribution for each food
intake variable was assessed by a Shapiro–Wilk test. Mean levels of each 24 h food intake
variable were compared between night and day shifts using Wilcoxon (signed rank) tests.
Association between food intake, sociodemographic (age, gender, marital status) and work
characteristics (occupation, job seniority, and setting—university hospital or not), were
assessed using Chi2 for categorical variables, and Spearman correlations for quantitative
variables. The influence of shift condition, sociodemographic and work characteristics
with each food intake variable were further assessed using univariate regressions—linear
regressions for quantitative variables (coefficient and 95 confidence intervals—95% CI) and
logistic regression for qualitative variables (odds ratio and 95% CI). Significance was set at
the p < 0.05 level.

3. Results

We included 192 emergency HCWs from five hospitals. Four emergency HCWs
were excluded because pregnancy and four for incomplete data. In total, we analyzed
184 emergency HCWs (Figure 1). Table 1 presents sociodemographic characteristics of
the participants.

Table 1. Sociodemographic characteristics. SD = standard deviation, n = number of participants,
cm = centimeters, kg = kilograms, kg/m2 = kilogram per square meter.

All Male Female

n = 184 n = 81 n = 103

Age, years 37.2 ± 10.2 37.8 ± 10.4 36.8 ± 10.1
Body Mass Index, kg/m2 23.2 ± 3.9 24.3 ± 3.8 22.3 ± 3.7

Family situation
Married/in couple 127 (69%) 57 (71.3%) 70 (68.0%)

Single 56 (30.4%) 23 (28.7%) 33 (32.0%)
Missing data 1 (0.6%) 1 (1.2%) -

Children
No children 86 (46.7%) 40 (49.4%) 46 (44.7%)
≥1 children 63 (42.3%) 27 (33.3%) 36 (34.8%)
Missing data 34 (18.4%) 14 (17.3%) 21 (20.4%)

Seniority, years
As a provider 10.5 ± 10 10.5 ± 9.6 10.6 ± 10.4
In the hospital 9.9 ± 9.8 9.0 ± 9.0 10.6 ± 10.3

In the emergency
department 6.4 ± 10 5.6 ± 6.5 6.9 ± 8.3

3.1. Main Objective: Impact of Night Shift on Alimentation
3.1.1. Quantitative Data

The night shift group of emergency HCWs reported a 14.7% (−206 kcal) lower 24-h
energy intake compared to the day shift group (1606.7 ± 748.2 vs. 1400.4 ± 708.3 kcal,
p = 0.049). Compared to day shifts, there were a 8.7% decrease among the night shift
group of carbohydrates (178.8 ± 81.5 vs. 163.3 ± 86.0 g/day, p = 0.120), 17.6% of pro-
teins (80.6 ± 30.3 vs. 66.4 ± 36.4 g/day, p < 0.001), 18.7% of lipids (75.1 ± 35.9 vs.
61.13 ± 32.7 g/day, p = 0.030), 18.2% of simple fatty acids (31.8 ± 16.1 vs. 26.0 ± 13.4 g/day,
p = 0.056), 19.1% of monounsaturated fatty acids (25.6 ± 14.2 vs. 20.7 ± 14.2 g/day,
p = 0.049), 20.9% of polyunsaturated fatty acids (7.7 ± 4.8 vs. 6.13 ± 4.5 g/day, p = 0.050),
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13.9% of calcium (665.6 ± 249.3 vs. 573.3 ± 297.9 mg/day, p = 0.049), 12.5% of choles-
terol (318.7 ± 238.9 vs. 278.7 ± 243.0 mg/day, p = 0.161), 11.7% of fiber (15.8 ± 7.1
vs. 13.9 ± 8.2 g/day, p = 0.171) and 16.7% of water consumption (1451.4 ± 496.8 vs.
1208.3 ± 513.9 mL/day, p = 0.010). (Table 2 and Figure 2).
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Figure 2. Food intake variations between night and day shifts. Differences in total energy intake,
carbohydrates, lipids, protein, calcium, cholesterol, fiber, and water consumptions between day and
night shifts among 184 questionnaires. Differences expressed in percentage with day shift as reference.
Results: a night shift induces a decrease of all components related to daily ingesta except on sugar.
SE standard error; p-value with * are significant (if <0.05).

Table 2. Impact of night shift on energy intake and water consumption among emergency health
care workers. Kcal = kilocalories, g = gram, mg = milligrams, mL = milliliter, p-value with * are
significant (if <0.05).

All Day-Shift Night-Shift
Comparisons

between
Shifts

n = 184 n = 101 n = 83 p-Value

Energy Intake (kcal) 1523.1 ± 737.0 1606.7 ± 748.2 1400.4 ± 708.3 0.049 *
Carbohydrates (g/day) 172.1 ± 83.5 178.8 ± 81.5 163.3 ± 86.0 0.120

Lipids (g/day) 69.1 ± 35.1 75.1 ± 35.9 61.13 ± 32.7 0.030 *
Simple fatty acid 29.3 ± 15.4 31.8 ± 16.1 26.0 ± 13.4 0.056

Monounsaturated fatty acid 23.4 ± 14.4 25.6 ± 14.2 20.7 ± 14.2 0.049 *
Polyunsaturated fatty acid 7.0 ± 4.7 7.7 ± 4.8 6.13 ± 4.5 0.050 *

Protein (g/day) 74.5 ± 33.7 80.6 ± 30.3 66.4 ± 36.4 <0.001 *
Cholesterol (mg/day) 301.3 ± 240.5 318.7 ± 238.9 278.7 ± 243.0 0.161

Fiber (g/day) 15.0 ± 7.6 15.8 ± 7.1 13.9 ± 8.2 0.171
Calcium (mg/day) 625.5 ± 274.2 665.6 ± 249.3 573.3 ± 297.9 0.049 *

Water (mL/day) 1345.8 ± 516.6 1451.4 ± 496.8 1208.3 ± 513.9 0.010 *

3.1.2. Qualitative Data

Overall during shifts, there were 38% of emergency HCWs who did not drink for 4 h,
19% for 8 h, and 5% for 12 h; and 46% who did not eat for 4 h, 27% for 8 h, and 9% for
12 h. More specifically, the night shift group of emergency HCWs reports a proportion
of participants who did not drink for 4 h, 8 h and 12 h increased by 20.5% (50.0% vs.
29.5%, p = 0.015), 17.5% (29.3% vs. 11.5%, p = 0.009), and 9.1% (10.3% vs. 1.3%, p = 0.018)
respectively. Similarly, the proportion of emergency HCWs who did not eat for 4 h, 8 h and
12 h was higher in the night shift group by 46.8% (72.4% vs. 25.6%, p < 0.001), 27.7% (43.1%
vs. 15.4%, p < 0.001), and 17.7% (19.0% vs. 1.3%, p < 0.001) (Table 2 and Figure 3) respectively.
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Figure 3. Risk of no-intakes for emergency health care workers during shifts. Percentage of partici-
pants declaring not drinking/not eating, over 4-, 8-, or 12-h during night- and day-shifts. A total of
136 questionnaires were analyzed. Odds ratio (OR) was used to access the impact of nightshifts using
day-shifts as reference. 95% CI = 95% confidence intervals; *** represent p-value which are all <0.018
(significant if <0.05).

3.2. Regression Analysis
3.2.1. Quantitative Variables

Energy intake is significantly lower among females compared to males (coefficient = 340.1,
95% CI 107.5 to 572.7, p = 0.004) and among non-university hospitals compared to university
hospitals (378.5, 143.9 to 613.1, p = 0.002). Consumption of lipids was decreased by night
work (−3.34, −6.59 to −0.09, p = 0.04), and increased by age (0.19, 0.04 to 0.35, p = 0.02), and
in workers who were single (3.80, 0.36 to 7.24, p = 0.03). Simple fatty acid consumption was
decreased by night work (−5.22, −10.34 to 0.1, p = 0.051), and increased with age (0.27, 0.02
to 0.52, p = 0.023). Cholesterol consumption increased with age (4.78, 1.21 to 8.34, p = 0.009),
male (75.8, 1.71 to 149.8, p = 0.04), and seniority (5.03, 0.27 to 9.80, p = 0.038). Night work
did not statistically influence other nutrition variables (Figure 4 and Appendix A).
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Figure 4. Univariate analysis that found a strong tendency on the impact of night shifts on energy
intake, water consumption. Coefficient up to 0 induce a positive impact of the variable (right side
of the reference line). Negative coefficient induce a negative impact of the variable (left side of the
reference line); 95% CI: 95% confidence interval.

3.2.2. Qualitative Variables

Night shifts triggered a rise in the risk of not drinking for more than 4 h, 8 h and
12 h by 2.4 (OR = 2.39, 95% CI 1.11 to 5.16, p = 0.015), 3.2 (3.18, 1.20 to 8.82, p = 0.009) and
8.9 (8.88, 1.04 to 413.8, p = 0.018) respectively compared to day shifts. Furthermore, night
shifts increased the risk of not eating for more than 4 h, 8 h and 12 h by 7.6 (7.61, 3.31
to 17.7, p < 0.001), 4.2 (4.17, 1.74 to 10.22, p < 0.001) and 18 (18.0, 2.43 to 785.3, p < 0.001),
respectively, (Figures 3 and 4, and Appendix A). Except for night shift, the regression
analysis did not find any impact on sociodemographic, location of work or seniority.

4. Discussion

We demonstrated that nightshift has a negative impact on both the amount and quality
of nutrients intake among emergency HCWs. Furthermore, 27% of emergency HCWs do
not have time to eat during more than 8 consecutive hours of the night shifts, and they do
not even have time to drink for nearly one fifth of them. Main other influencing variables
were seniority and location of centers.

4.1. The Negative Impact of Night Shift on Food Intake

Emergency HCWs working during a night shift have a slighter 24-h energy intake
compared to those working during a day shift, but also compared to daily recommended
diet [27]. Literature is not consistent about these results. Although we did not find any study
about the impact of night shifts among emergency physicians, there is some among nurses
with controversial results. Some found a lower energy intake among night workers versus
day workers [28,29] while others did not find any significant differences [30–32]; however,
another study found higher food intake among night workers versus day workers [33].
Although we do not study the energy intake the day after the shift, it seems that this low
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food intake is compensated for on the day of recovery after work [29]. We can explain this
low food intake in our study. First, emergency HCWs are subjected to daily stress due
to overcrowding of EDs [34], lack of beds available in the hospital, and life-threatening
emergencies [35,36]. However, the impact of stress on eating is controversial. Indeed, while
acute stress is able to induce dietary restriction, chronic stress will induce food intake signal
thus providing a better response to future stressful events [37]. Many pathophysiological
pathways have been studied, especially the impact of ghrelin and leptin as biomarkers of
acute stress [38–40]. It would be interesting to study those biomarkers among emergency
HCWs. Secondly, sleep restriction and disturbed nychthemeral rhythm promote increased
energy intake [19,41].

4.2. The Amount and Quality of Nutrient Intake and Shifts

The quality and choice of food during the night shift differs from the day shift [19].
This could induce restrictive behavior. Our results are in accordance with this. Indeed,
emergency HCWs eat fewer carbohydrates and lipids during night shifts than their daytime
colleagues [28,42]. Those results are also in agreement with the literature. Furthermore,
it seems that the main carbohydrate intake during night shifts include the excessive con-
sumption of sweets and sugary drinks [43–45]. Concerning lipids, night workers, and
especially permanent night-shift workers, are at risk of dyslipidemia [9]. However, in our
study, emergency HCWs eat less lipid and fat during night shifts than during day shifts.
This is in line with literature [28,29,43]. Another possible explanation is the lack of time
to eat during both day and night shifts. It seems that this lack of time leads to an increase
in consumption of cold foods and fast foods [31,44,45], which predisposes individuals to
obesity and cardiovascular disorders [46,47]. We also showed a low protein consumption
during night shifts—type of position held, overwork and the quality of sleep are risk factors
for low protein consumption [27,47]. Our results showed a low consumption of water
consumed by emergency HCWs. Some of them do not even consume fluids during the
entire night shift, i.e., during more than 12 h [28,48]. It seems that coffee/tea and sugary
drinks are the preferred drinks mostly consumed during night work [28,33,49].

4.3. Other Influencing Variables

We showed a link between age, emergency HCWs’ position held and the consumption
of lipids, fat, and cholesterol. The more experience they have, the more lipids, fat, and
cholesterol they consume. This is in line with a study that shows that eating behavior is
influenced by seniority, and age [50]. It seems that experienced workers, with staggered
schedules, eat more during the night, but mainly snacks rich in sugar, fat, and energy [50,51].
We also found that males have a higher energy, cholesterol, and protein intake, but also
are less able to spend more than 4 h without eating. This finding is not in agreement with
the literature. Indeed, night work induces an increase in the consumption of sugary and
fatty foods, possibly in response to stress among emotional eaters, who are most often
women [52,53]. University hospitals are larger than non-university hospitals, so we could
imagine that emergency HCWs have less time to eat because ED is more overcrowded.
However, we found that working in a large health center would have a positive influence
on the diet of emergency HCWs. According to the literature, night workers in large
hospital centers tend to consume more “junk food”, which is easily accessible and more
convenient to eat [28]. Our study is the first to examine the influence of night work on
the diet of emergency physicians. Indeed, the subject often explored nurses or even more
often industries in Asia with a population having a very high energy expenditure and a
very low socio-economic level. Most of these studies have a low level of evidence (non-
representative samples, unsystematic literature reviews) and are difficult to transpose in our
population due to very different eating habits and high standards of living [19]. Another
potential variable could be the sleep that we did not study the impact of. Indeed, previous
literature suggests that night-shift workers obtain less sleep compared to day-shift workers.
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Thus, if night-shift workers have a longer duration awake, they will be hungrier, and so
more intake [54].

4.4. Limitations

Our study has some limitations. Firstly, the analyses of the dietary data were not
necessarily done in the same subjects for day and night as we had more day shifts and
fewer night shifts. Secondly, we worked on questionnaires that utilized self-reported
information that may have contained some imprecision in the description of the food
portions consumed as well as over- or under-declarations on the part of the participants
completing the questionnaires. Although our data were collected via a self-assessment
questionnaire with self-reported responses, the general methodological quality of our
study was good and the risk of bias across participants was reduced through the use of
a validated scale presented to every emergency HCW before the beginning of the data
collection session. Another limitation is that we did not study the impact of cognition.
Indeed, the impact on memory in case of a decrease of attentiveness or responsiveness
could impact negatively the ability to fill in the questionnaire. By and large, while quality
assurance protocols were put in place for the data collection process, it was difficult to
micro-manage the different centers. Lastly, strict inclusion criteria were applied in order to
extract data from a targeted population of emergency HCWs and thus answer our research
questions. Continuous monitoring of food intake may be relevant and mandatory in future
research. On the other hand, few studies consider the diet of emergency HCWs, and when
this is the case, it concerns nurses [55]. Our study is therefore the first to look at the nutrition
of emergency physicians during night shifts. Unfortunately, we did not study the food
intake the day following the night shift. We previously showed that a night shift has a
prolonged effect on some outcomes such as biomarkers of stress [23,24]. Further studies
assessing the food intake during rest after a night shift could be relevant. Finally, very few
studies have looked at the impact of night work on emergency physicians [24]. It would,
therefore, be interesting to conduct more prospective and interventional studies to try to
explore all the underlying mechanisms and subsequently put in place health-promotion
and/or preventive strategies.

5. Conclusions

We showed that emergency healthcare workers working during nightshift have a
lower amount and quality of nutrient intake. They seem to eat less and less healthily.
Furthermore, sometimes some emergency HCWs go for long hours without eating. One
fifth of them do not even drink for more than 8 consecutive hours of night shifts. Further
studies assessing the food intake during rest after night shifts could be relevant. Preventive
policies should target those workers.
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Figure A1. Univariate analysis that found a strong tendency on the impact of night shift on energy
intake, water consumption, carbohydrate, lipid, protids, simple fatty acid, monounsaturated fatty
acid, polyunsaturated fatty acid and cholesterol. Coefficient up to 0 induces a positive impact of
the variable (right side of the reference line). Negative coefficient induces a negative impact of the
variable (left side of the reference line); 95% CI: 95% confidence interval. Other significant results are
described in the results part.
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Abstract: Introduction: Ghrelin is an orexigenic hormone which favors food-seeking behavior and
has been postulated to be a biomarker of stress. We conducted a systematic review and meta-analysis
on the evolution of ghrelin levels following acute stress. Methods: The PubMed, Cochrane Library,
Embase, and ScienceDirect databases were searched for studies reporting ghrelin levels before and
after acute stress in humans. Results: We included ten studies for a total of 348 patients. Acute stress
(intervention) was always in a laboratory. Acute stress was psychological (Trier Social Stress Test),
physical, or mixed (cold pressure test). The overall meta-analysis demonstrated an increase in ghrelin
after the stress intervention (ES = 0.21, 95CI 0.09 to 0.34) compared with baseline levels. Stratification
by time demonstrated an acute increase in ghrelin levels in the five minutes immediately following
the initiation of stress (0.29, 0.10 to 0.48) but without any difference after. Obese individuals had
a more significant (ES = 0.51, 95CI 0.18 to 0.84) and prolonged increase in ghrelin levels for up to
45 min compared with non-obese individuals who had a significant increase only five minutes after
stress. Moreover, the ghrelin levels increased in response to stress with BMI (coefficient 0.028, 0.01 to
0.49; p = 0.013) and decreased with the time after the stress intervention (coefficient -0.007, −0.014 to
−0.001; p = 0.025). Conclusion: Ghrelin is a biomarker of stress, with a short-term increase following
acute stress. Obese individuals have both a higher and prolonged response, emphasizing the link
between obesity and stress.

Keywords: appetite; anxiety; metabolism; public health; mental health

1. Introduction

Psychosocial stress has been known as a major public health problem for more than
30 years [1]. Identifying acute stressful events with objective measures is growing in interest
in physiology and preventive medicine [2]. Biomarkers of stress may help to assess specific
working conditions and develop preventive strategies for stress management that can be
evaluated. Despite the most common biomarkers of stress derived from the hypothalamic–
pituitary–adrenal axis being associated with the physiological stress response [3], other
biomarkers have been proposed. Ghrelin is a 28-amino-acid peptide discovered in 1996,
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most commonly known as one of the main appetite regulation hormones, with an orexigenic
role [4]. Increased ghrelin levels influence meal initiation and food-seeking behavior [5].
However, besides its multiple functions and despite conflicting results, ghrelin has been
suggested to be a biomarker of stress [4], due to increased levels following acute stress.
Under normal physiological conditions, ghrelin exhibits high and immediate variations
in response to a meal [6], with a short circulating half-life of less than half an hour [7,8].
Ghrelin has an acute, immediate, and non-prolonged response to a stimulus, suggesting
that the increase in ghrelin levels in response to acute stress may have a short duration.
However, the results are equivocal concerning the ghrelin response to acute stress. To our
knowledge, no meta-analysis to date has examined the effects of acute stress on ghrelin
levels. Moreover, stress and obesity are intrinsically linked [9]. Stress has been suggested
to lead to obesity via inappropriate eating behaviors [10]. Therefore, we hypothesized that
obese individuals will exhibit a larger response in ghrelin levels following acute stress.
Understanding the possible impact of ghrelin in the biological relationship between obesity
and stress may help to determine an efficient preventive strategy.

Thus, we aimed to conduct a systematic review and meta-analysis to demonstrate that
ghrelin could be a biomarker of acute stress, with a short-term increase following acute
stress, and that the ghrelin response may be greater in obese individuals compared with
normal-weight individuals.

2. Materials and Methods

2.1. Literature Search

We searched PubMed, Cochrane Library, Embase, and ScienceDirect with the follow-
ing keywords, “ghrelin” and “stress”, on 15 September 2020, for all articles describing
our primary outcome variable—i.e., the measurement of ghrelin levels before and after
acute stress—with or without a control group. We chose to use broad keywords to retrieve
all possible articles. The search was not limited to specific years, languages, or regions.
Additionally, reference lists of all publications that met the inclusion criteria were manually
searched to identify any further studies that were not found with the electronic search, as
well as reference lists from reviews. We excluded studies on animals and patients with
psychiatric disorders. Two authors (J.-B.B.-M. and M.T.) conducted all literature searches,
collated the abstracts, and separately reviewed the abstracts, and based on the selection
criteria, decided the suitability of the articles for inclusion. A third author (F.D.) was asked
to review the articles where consensus on suitability was debated. All the authors then
examined the eligible articles. The search strategy is presented in Figure 1.

Figure 1. Search strategy.
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2.2. Quality of Assessment

We used the Newcastle Ottawa Scale (NOS) [11] to evaluate the quality of the included
articles. The NOS was developed to assess the quality of studies based on three types of
biases: bias of selection, bias of comparability, and bias of exposure. Those three items were
evaluated through eight items or sub-items, with one point given when the study fulfilled
the criteria. The maximal score was eight, which was then converted into a percentage.

2.3. Statistical Considerations

The statistical analysis was conducted using Stata software (version 16, StataCorp,
College Station, TX, USA). The ghrelin levels were summarized for each study sample and
reported as the mean and the standard-deviation (SD) before and after the acute stress.
Random effects meta-analyses (DerSimonian and Laird approach) were conducted when
data could be pooled. p values less than 0.05 were considered statistically significant. We
described our results by calculating the effect size (ES, standardized mean differences
as SMD) of ghrelin levels from before and after acute stress. A positive ES denotes an
increase in ghrelin levels. A scale for ES has been suggested with 0.8 reflecting a large
effect, 0.5 a moderate effect, and 0.2 a small effect. In particular, we conducted three
main meta-analyses stratified by time after the withdrawal of the stress: a global meta-
analysis with all participants, a meta-analysis with only normal-weight individuals, and
a meta-analysis with only obese individuals. All the articles included reported several
measurement times of ghrelin levels following acute stress. All the meta-analyses were
stratified by time after stress. The number of stratifications was determined by the number
of studies within each stratification. For example, the main meta-analysis was stratified on
four time measures: <5 min, 5–15 min, 15–45 min, and >45 min. Heterogeneity in the study
results was evaluated by examining forest plots, and confidence intervals (CI), and by using
formal tests for homogeneity based on the I2 statistic, which is the most common metric
for measuring the magnitude of between-study heterogeneity and is easily interpretable.
I2 values range between 0% and 100% and are typically considered low at <25%, modest
at 25–50%, and high at >50%. For rigor, funnel plots of these meta-analyses were used to
search for potential publication biases. In order to verify the strength of the results, further
meta-analyses were then conducted, excluding studies that were not evenly distributed
around the base of the funnel. We also tried to compute a meta-analysis stratified on the
type of sampling (blood, saliva, etc.) or the type of stress.

Meta-regression analyses were conducted to explore the influence of the study or
the participants’ characteristics on the standardized mean differences. The following
characteristics were considered when available: age, sex of the participants (male versus
female), body mass index (BMI) and other sociodemographic variables, characteristics of
the acute stress (duration, type of stress), and the time of sampling. Results were expressed
as regression coefficients and 95%CI.

3. Results

The initial search retrieved 6631 putative articles (60 in the Cochrane Library, 651 in
PubMed, 82 in Embase, and 6723 in ScienceDirect). The removal of duplicates and the use
of the selection criteria reduced the number of articles reporting the evaluation of ghrelin
level in blood or saliva to ten articles for the systematic review [12–21] and nine for the
meta-analysis—with one study not reporting the number of participants [15] (Figure 1).
All all articles were written in English.

3.1. Quality of Articles and Study Designs

Using the NOS criteria, all of the ten included studies had a score of >6 and considered
high-quality (Figure 2). All the studies were cohort studies without blind assessment and
mentioned ethical approval.



� �

� � � 00�

Nutrients 2021, 13, 784 4 of 15

��
��
�
��

��
��

��
��

��
��
��

�
��

�
��

�
��

��

�
��

 �
��

�
��

��
!
��

��
��

�
��
��

��
��

��
�

"
�#

��
��
�
�
��

��
��

�
� 
�
#�

$
��

��
��
��

�
��

��
��

�
� 
�
#�

"
��

�
%
��

�
�
� 
�
#�

��
�
 �
��

��
&

�
��

��
&

�
�
 �
��

��
��

��
�
 

"
��

�
%
��

�
�
� 
�
#�

��
�
 �
��

%
��
&

�
�
 �
��

��
��

��
�
 

'
��

� 
��

��
�&

��
��
�
��
��

�
�
��

 �

"
�&

��
��

��
 �
��

�
�&

��
��
&

��
�
�
�
�(
��

��
��

)
��

�
�
� 
�
#�

*

+
�
�
� 
��

�
�
�
��

� 
��

�

, ��&�-..��/�-0

1�#��2�� �-.�3�/-.0

1#��4�-.�
�/-�0

5�#�� �������-.���/�30

6����#�-.�7�/�
0

8����#��-.�9�/��0

:����#�����-.�-�/�70

�������;�-.�.�/��0

�������-..��/�<0

=�&&� &����-..
�/�90

��
����
�	���
�����


/�������

����


��!��	�������
����


0
<

<
<
<
<
< <

<
<
<
<
<

<
<
<

<
<
<
<

<
<

<

<
<
<
<
<

'

<
'

< < < < << < < < << < < < <

*����!�
����


< <
0 0 '

'0
<'

<<<< <<<< <<<<

<
<<

=
<
0

0
<

<
<
<
<
< <

<
<
<
<
<

<
<
<

<
<
<
<

<
<

<

<
<
<
<
<

'

<
'

< < < < << < < < << < < < <
< <
0 0 '

'0
0 <'

<<<< = <<<<

<
<<

0
<
0

'<
<

<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'<

<
<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'< < < < < '< < < < << < < < << < < < <<<<< <<<<<

<
<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'< < < < < '< < < < << < < < << < < < <<<<< <<<<<

<
<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'< < < < < '< < < < << < < < << < < < <<<<< <<<<

<
<

<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'< < < < < '< < < < << < < < << < < < <<<<< <<<<<

<
<
< <

<
<

<
<

<
<

'< < < < << < < < << < < < <
< <

<<<< <<<<
'< < < < < '< < < < << < < < << < < < <<<<< <<<<

<
<
<
<<<<<

Figure 2. Methodological quality of included articles using the Newcastle–Ottawa Quality Assess-
ment Scale. Yes: +; no: -; cannot say: ?; not applicable: NA.

3.2. Inclusion and Exclusion Criteria

All of the participants were adults. One study included participants who were
physically active or involved in competitive sports [12], two recruited only overweight
women [20,21], two recruited obese and normal-weight women [14,18], and five recruited
healthy individuals [13,15–17,19], men [13,16] and women [15–17] (Table 1). Participants
were recruited via advertisements sent to University campuses [12,13,15], from an online
poll [17], from the local newspaper [14,20,21], and from a clinic [18]; two studies did not
specify recruitment procedures [16,19]. Most studies [13–21] shared the same exclusion
criteria based on clinical eating disorders (in the past or present), acute medical illnesses, a
regular medications that could influence hormone levels, and current or prior substance-
related or other psychiatric disorders. Two studies with overweight individuals excluded
those with recent dieting or an unstable body weight—i.e., a variation of 5% over the past
three months [20,21]. One study did not describe the exclusion criteria [12].
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3.3. Population

Sample sizes ranged from 9 [19] to 85 [14] (Table 1). We included a total of 305 patients.
Ages ranged from 19.3 ± 2.0 years [17] to 50.2 ± 12.1 years [18]. One study did not specify
the mean age, but only that age was between 18 and 30 [14]. Sex was reported in all studies:
seven studies recruited only women [13–17,20,21], one recruited both men and women [18],
and two only men [12,19]. In total, 22% of the included participants were men. Body Mass
Index (BMI) ranged from 21.2 ± 2.0 [18] to 35.5 ± 4.6 kg/m2 [20]. No studies reported
smoking, alcohol consumption, or leisure physical activity.

3.4. Outcome and Aim of the Studies

The main objective of all of the included studies was to assess the effect of acute stress
instigated in a laboratory on ghrelin levels (and other hormones).

3.5. Type of Stress

Seven studies used the Trier Social Stress Test [13–19]. This procedure combines social
stress (public speech] with mental stress (arithmetic under time pressure) and is a validated
tool to provoke psychobiological stress responses. Two studies used the Cold Pressor
Test [20,21], i.e., the immersion of the non-dominant hand up to the wrist in a rectangular-
shaped container of 0 ◦C ice-water for 2 min. One study used a physical stressor (maximum
oxygen uptake treadmill running test) [12] (Table 1).

3.6. Method of Sampling for Markers Analysis

Nine studies measured ghrelin levels in blood [12–15,17–21] and one in saliva [16]
(Table 1). All the studies included in the meta-analysis gave details on the method of
sampling and analysis. The blood samples were collected in EDTA treated tubes and
immediately centrifuged to yield plasma for hormone determinations. The plasma was
frozen between −20 ◦C [12] and −80 ◦C [19] until laboratory analysis. Concentrations were
determined by radio-immuno-assay (RIA) [12,17–21] or enzyme-linked-immunosorbent-
assay (ELISA) [13,14]. All studies also reported an inter-assay and intra-assay coefficient,
ranging from 3.2% [20,21] to 12% [18], and from 1.91% [13] to 8% [17], respectively.

3.7. Meta-Analyses of Ghrelin Variation Depending on Time after Acute Stress

The overall meta-analysis of nine studies (41 groups) demonstrated an increase in
ghrelin levels after the stress intervention (ES = 0.21, 95CI 0.09 to 0.34) compared with
the baseline levels. Stratification by time demonstrated an increase in ghrelin levels in
the 5 min following the stress intervention (0.29, 0.10 to 0.48) but there was no statistical
difference between 5 and 15 min (0.22, −0.04 to 0.48), between 15 and 45 min (0.40, −0.08
to 0.88), and after 45 min (0.04, −0.18 to 0.26) (Figure 3).
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Figure 3. Meta-analysis of ghrelin levels following acute stress compared to baseline levels, stratified by time after the
initiation of the acute stress intervention.

3.8. Meta-Analyses in Normal-Weight Population Were Based on Eight Studies (28 Groups)

Stratification by time demonstrated an increase in ghrelin levels in the 5 min following
the stress intervention (0.23, 0.01 to 0.45) but without a difference between 5 and 45 min
(0.10, −0.09 to 0.28) and after 45 min (0.02, −0.20 to 0.24), nor in overall results (0.11, −0.01
to 0.23) (Figure 4).
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Figure 4. Meta-analysis of ghrelin levels after acute stress compared to baseline levels in the normal-weight population,
stratified by time after the initiation of the acute stress intervention.

3.9. Meta-Analyses in Overweight Individuals Based on Four Studies (15 Groups)

Stratification by time demonstrated an increase in ghrelin levels in the 5 min following
the stress intervention (0.52, 0.03 to 1.02), between 5 and 45 min (0.71, 0.15 to 1.27), and in
the overall results (0.51, 0.18 to 0.84). The only non-significant difference was after 45 min
(0.19, −0.44 to 0.82) (Figure 5).
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Figure 5. Meta-analysis of ghrelin levels after acute stress compared to baseline levels in the overweight population,
stratified by time after the initiation of the acute stress intervention.

3.10. Meta-Regressions and Sensitivity Analysis

Levels of ghrelin after stress increased with BMI (ES = 0.026, 95CI 0.004 to 0.48).
Ghrelin levels decreased with time after the stress intervention (−0.007, −0.014 to −0.001).
Sociodemographic variables (age, sex) did not influence the level of ghrelin, nor did the
duration of stress or time of sampling (Figure 6). A sensitivity analysis demonstrated
similar results after the exclusion of studies that were not evenly distributed around the
funnel plot (Figure 7). Insufficient data precluded further analyses by type of stress (mental,
physical, or both) or by type of sampling (blood, saliva, etc.).

Figure 6. Meta-regressions—i.e., factors influencing changes in ghrelin levels following acute stress.
Each variable’s effect on the outcome is represented in the forest-plot by a dot on a horizontal line.
The circles represent the coefficient for each variable, and the length of each line around the dots
represents their 95% confidence interval (95CI). The black solid vertical line represents the null
estimate (with a value of 0). Horizontal lines that cross the null vertical line represent non-significant
variables on the outcome. Bold p-value are significant.
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Figure 7. Metafunnel and meta-analysis of ghrelin levels after acute stress compared to baseline
levels after exclusion from the metafunnel, stratified by time after the initiation of the acute stress
intervention.
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4. Discussion

The main findings were that ghrelin is a biomarker of stress, with a short-term increase
following an acute stress intervention. Moreover, overweight and obese individuals had
an extended response compared to normal-weight individuals, demonstrating the link
between obesity and stress.

4.1. Ghrelin as a Biomarker of Stress

The active form of ghrelin (acyl-ghrelin) is a 28-amino-acid peptide discovered in
1996 [22], with multiple functions [23] but is mainly an appetite-regulating hormone pro-
duced by the stomach [24] whish acts on the central nervous system [25]. Very interestingly,
we demonstrated that acyl-ghrelin is also a biomarker of stress that increases following
exposure to a stress environment. Acyl-ghrelin is known for two main effects: (1) balancing
energy by promoting food intake [26,27] and secreting of insulin [28] and ACTH, and (2)
release of growth hormone (GH) [23,29]. The increase in ghrelin in response to stress can be
an adaptive mechanism that may help people with stress [30]. Moreover, high ghrelin levels
seem to influence the learning process and memory [31,32]. From a biomolecular point of
view, ghrelin is the result of two cleavages from the 117-amino-acids pre-pro-ghrelin [33]
followed by an octanoylation by the Ghrelin O-Acyltransferase (GOAT) to produce the
active form of ghrelin (acyl-ghrelin). Despite demonstrating an increase in active ghrelin
levels following acute stress, the mechanisms of the increase are not yet known, i.e., an
increase of the production of the pre-pro-ghrelin, an increase of the cleavages, and/or an
increase of the GOAT octanylation. Lastly, contrary to common thoughts, ghrelin and
GOAT are not only expressed in the stomach [25,34]. They are also expressed in different
tissues such as the pancreas, small-intestine, anterior pituitary gland, placenta, lympho-
cyte, kidney, gonads, lung, brain, and hypothalamus [24,25]. Hypothalamus expression is
mediated by the circadian clock and environmental factors such as stress.

4.2. Acute Response to Acute Stress Intervention

We demonstrated that ghrelin levels had a short-term increase in response to acute
stress, with high levels immediately after the stressful event and then a gradual decrease.
This could be explained in part by its short half-life of between 10 and 31 min [7,8].
Therefore, ghrelin can be considered a biomarker of acute stress, such as catecholamines,
heart rate variability, or cytokines [35,36]. Moreover, ghrelin is also implicated in the
regulation of stress through its action on the hypothalamic-pituitary-adrenal axis [30].
Physiologically, the main role of ghrelin is for meal initiation and food-seeking behavior [6].
Daily variations of plasma ghrelin levels show transient increase in pre-prandial periods
followed by a decrease in post-prandial periods [37,38]. The decrease has been proposed to
be triggered by absorption of nutrients within the intestine [39]. However, the decrease in
plasma ghrelin levels following acute stress cannot be linked with meal stimulus, so other
mechanisms of regulation should apply. Ghrelin also has a short-term role in the regulation
of mental health; it is implicated in short-term adaptations against depression, and in the
control of anxiety after acute stress [30].

4.3. Ghrelin Levels and Characteristics of Stress

In our meta-analysis, ghrelin levels globally increased with whichever the type of
stress was involved (physical, mental, or both). Even if there was no statistical difference
between the types of stress, the literature is scarce regarding the exploration of ghrelin levels
during physical stress [12] and both physical and mental stress [20,21]. Most of the studies
included in our meta-analysis used the (Trier Social Stress Test) TSST, one of the most
common tools to induce acute mental stress. Even though a dose-response relationship
has been demonstrated between the duration or the type of stress and some biomarkers of
stress, we failed to demonstrate a dose-response relationship between the duration of stress
and ghrelin levels. Moreover, none of the nine included studies reported such relations.
A limited number of studies with physical stress precluded further analyses. However,
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studies of other biomarkers suggest a larger increase when both physical and mental stress
is induced [20]. In our meta-analyses, as well as in literature, sociodemographic variables
(age, sex) did not influence ghrelin levels. However, larger increases in cytokines have been
reported in older individuals under stressful conditions [40]. Lastly, even if insufficient
data precluded further analyses, blood sampling is commonly reported as being a better
way to assess stress compared with saliva or urine sampling [41].

4.4. A prolonged Response in Overweight and Obese Individuals

Even though a positive effect size was identified for the overall population, there is
a difference between normal-weight and overweight people. Indeed, the normal-weight
population’s effect size was small and only significant during the first five minutes. This
could impact our conclusions on the overall meta-analysis and possibly reduce the gen-
eralization of our results. In contrast, we showed a higher and longer increase in ghrelin
levels in the overweight patients than in the normal-weight patients, in accordance with the
literature [42]. Moreover, we demonstrated that levels of ghrelin after stress increased with
BMI. Stress and obesity are two public health issues [43,44] that are intrinsically linked [9].
It has been proposed that stress can lead to obesity via inappropriate eating behaviors [10]
through a non-adaptive response to ghrelin levels [9]. In addition, obesity is a major stress
factor [45]. Stressed people are those who have the greatest difficulties losing weight [46].
The relationship between obesity and stress is biological via the main stress hormones
regulating appetite (leptin, ghrelin) [47,48]. This relationship between obesity and stress fa-
cilitated an international recommendation that suggests implementing stress management
programs in obesity for a sustainable weight loss [49]. The direction of the relationship
between the heightened and prolonged ghrelin response to stress in overweight and obese
individuals requires further consideration. It is not yet possible to determine if a higher
ghrelin response to stress contributes to the development of obesity, or if obese individuals
have developed a heightened ghrelin response as a result of weight gain. The results from
our studies therefore have implications to use ghrelin as a screening tool to identify people
at risk of obesity. Although associations between ghrelin levels, obesity and stress exist,
causal pathways have not been established [50,51]. The biological pathways of ghrelin
response to acute stress are yet to be fully understood [52], and therefore the biological
explanations of a greater ghrelin response following acute stress in obese individuals are
also lacking.

4.5. Limitations

Our study has some limitations. Noon of the included studies had a randomized
controlled design. Moreover, blinding interventions were deemed infeasible. Though
there were similarities between the inclusion criteria, they were not identical. Limiting
our meta-analysis to studies sharing precisely the same inclusion and exclusion criteria
was not possible due to the limited data. All of the studies were monocentric, limiting the
generalizability of our results. However, our selection of articles was rigorous, and few
studies were outliers considering meta-funnels. The low I2 to the attested homogeneity
between the studies. Moreover, the homogeneity of the data precluded further sensitivity
analysis of the different methods for measuring ghrelin levels (ELISA and RIA), stressors
(TSST, sport, and CPT), and sampling (blood and saliva). The high I2 (69.1%) for meta-
analysis in obese individuals might limit the generalization. However, we demonstrated a
positive effect of BMI in our meta-regression.

5. Conclusions

Ghrelin is a biomarker of stress, with a short-term increase following acute stress.
Obese individuals have both a higher and prolonged response, emphasizing the link
between obesity and stress. Appetite regulation testing warrants further investigation for
use as part of weight management strategies, especially in overweight/obese individuals.
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Abstract: Background: Leptin is a satiety hormone mainly produced by white adipose tissue. De-
creasing levels have been described following acute stress. Objective: To conduct a systematic review
and meta-analysis to determine if leptin can be a biomarker of stress, with levels decreasing following
acute stress. Methods: PubMed, Cochrane Library, Embase, and ScienceDirect were searched to
obtain all articles studying leptin levels after acute stress on 15 February 2021. We included articles
reporting leptin levels before and after acute stress (physical or psychological) and conducted ran-
dom effects meta-analysis (DerSimonian and Laird approach). We conducted Meta-regressions and
sensitivity analyses after exclusion of groups outside the metafunnel. Results: We included seven
articles—four cohort and three case-control studies—(28 groups) from 27,983 putative articles. Leptin
levels decreased after the stress intervention (effect size = −0.34, 95%CI −0.66 to −0.02) compared
with baseline levels, with a greater decrease after 60 min compared to mean decrease (−0.45, −0.89
to −0.01) and in normal weight compared to overweight individuals (−0.79, −1.38 to −0.21). There
was no difference in the overweight population. Sensitivity analyses demonstrated similar results.
Levels of leptin after stress decreased with sex ratio—i.e., number of men/women—(−0.924, 95%CI
−1.58 to −0.27) and increased with the baseline levels of leptin (0.039, 0.01 to 0.07). Conclusions:
Leptin is a biomarker of stress, with a decrease following acute stress. Normal-weight individuals
and women also have a higher variation of leptin levels after stress, suggesting that leptin may have
implications in obesity development in response to stress in a sex-dependent manner.

Keywords: anxiety; appetite; mental health; metabolism; public health

1. Introduction

Psychosocial stress is a significant public health concern [1–3] with substantial conse-
quences, such as burnout [4], anxiety [5], depression [6], and suicide [7]. Stressed people
also have more cardiovascular diseases [8], eating disorders [9], and are more overweighted
or obese [10]. Identifying stressful events is an important research topic in medicine be-
cause it can lead to policies for prevention. Although the literature has proposed many

Nutrients 2021, 13, 3350. https://doi.org/10.3390/nu13103350 https://www.mdpi.com/journal/nutrients



� �

� � � ����

Nutrients 2021, 13, 3350 2 of 17

biomarkers of stress [11–13], none is ubiquity, and the majority of those depend on the
hypothalamic–pituitary–adrenal axis [14]. Leptin is a 167-aminoacid peptide mainly ex-
pressed in white adipose tissue (WAT) [15]. Its discovery changed the view of WAT from a
superficial tissue responsible for energy deposit to an active endocrine organ [16]. Leptin
is commonly known as a satiety hormone produced by WAT with low levels during the
meal initiation and high levels after the meal [15]. Leptin blood levels are not the same in
all individuals. Indeed, normal-weight people and men seem to have lower levels of lep-
tin [17,18]. Besides the satiety effect, leptin plays an active role in energy homeostasis [19],
metabolism [20], exercise [21], and neuroendocrine function [20]. This neuroendocrine
function is centralized by receptor of leptin in the hypothalamic. Low leptin levels con-
tribute to of hyperphagia, hypogonadotropic hypogonadism, and suppression of thyroid
and growth hormone (GH) levels [20]. Leptin seems to also have an important impact on
glucose homeostasis. Indeed, it seems to affect peripheral insulin sensitivity via central
nervous system mechanisms independent of its effects on food intake and weight [20].

Furthermore, it has been proposed to be a biomarker of acute stress, decreasing its
levels after acute stress. In physiological conditions, leptin has a short-term half-life—
30 min—with 18% daily circadian variations [22,23]. To our knowledge, no meta-analysis
to date has examined the effects of acute stress on leptin levels. Secondly, a strong link is
present between stress and obesity because of destructive eating behaviors [24].

Thus, we aimed to conduct a systematic review and meta-analysis to determine if
leptin levels could be a relevant biomarker of acute stress, with a decrease following the
acute stress, and compare the response in leptin levels between overweight and normal-
weight individuals.

2. Materials and Methods

2.1. Literature Search

PubMed, Cochrane Library, Embase, and ScienceDirect databases were searched
on 15 February 2021, with the following keywords “leptin” OR “ob protein” OR “ob
gene product” OR “obesity factor” OR “obese gene product” OR “obese protein” AND
“anxiety” OR “anxious” OR “stress” OR “mood” OR “emotion” (detailed search strategy,
Appendix A). The use of broad keywords aimed to be as exhaustive as possible. Articles
needed to describe our primary outcome variable, i.e., the measurement of leptin levels
before and after acute stress with or without a control group. We did not limit our search to
specific years, languages, or regions, but studies on animals and patients with psychiatric
disorders were excluded. Reference lists from reviews and articles retrieved from our
search were explored to identify any further studies. Two authors (JBB and MT) conducted
searches, collated and separately reviewed the abstracts, and decided the suitability of
the articles for inclusion. A third author (FD) reviewed the articles where consensus on
appropriateness was debated. All authors then examined the eligible articles. The search
strategy is presented in Figure 1.

2.2. Data Collection

The data collected included first author’s name, publication year, study design, coun-
try, aims and outcomes of included articles, sample size, age, sex, characteristics of stress
(type, duration), characteristics of measurement (time of measurement, type of fluid, tech-
nic of measurement), leptin levels, and putative adjustment/explaining factors (such as
body mass index (BMI), insulinoresistance, smoking, or leisure physical activity).

2.3. Quality of Assessment

The Newcastle Ottawa Scale (NOS) for cohort studies and the NOS for case-control
studies were used to assess the quality of the included articles based on three types of bias
(selection, comparability, and exposure) [25]. The maximal score was eight—one point
per question.
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Included studies 
� = 7

Main keywords used for search strategy:
(leptin OR leptin level) AND (stress OR acute stress) 

PubMed
� = 2634

Cochrane
� = 225

Science Direct 
� = 24,986

Embase
� = 108

Potential eligible articles
� = 27,953

- Duplicates removed, � = 2602 
- Studies not reporting leptin variation as 

a function of an acute stress or not in 
humans, � = 25,344 
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Figure 1. Search strategy.

2.4. Statistical Consideration

We used Stata software (version 16, StataCorp, College Station, TX, USA) to conduct
the statistical analysis. Random effects meta-analyses (DerSimonian and Laird approach)
were conducted on leptin levels before and after acute stress [26]. Results were expressed as
effect size (ES), with a negative ES denoting a decrease in leptin levels. An ES at 0.8 reflects
a large effect, 0.5 a moderate effect, and 0.2 a small effect. Specifically, we conducted
meta-analysis stratified on time after the stress and a meta-analysis stratified by weight—
overweight (BMI > 25) versus normal-weight people considering number of articles in each
group. We stratified all meta-analysis by time after stress. We determined the stratification
time to every 30 min according to the leptin half-life (25 ± 5 min). Sensitivity analyses
were conducted after excluding studies that were not evenly distributed around the base
of the funnel-plot and to search for potential publication bias. Heterogeneity between
studies was also evaluated using I2 statistic. I2 is easily interpretable with values ranging
between 0% and 100%: I2 < 25% reflects a low heterogeneity, 25 < I2 < 50% reflects a
modest heterogeneity, and I2 > 50% reflects a high heterogeneity. We also conducted a
meta-analysis by type of stress when feasible.

We also conducted meta-regression analyses to explore the influence of putative
explaining factors, such as age, sex of participants, BMI and other sociodemographic
variables, characteristics of the acute stress (duration, type of stress), and time of sampling.
We expressed results as regression coefficients and 95% CI. p-value less than 0.05 were
considered statistically significant.

3. Results

The initial search retrieved 27,983 putative articles (108 in the Cochrane Library, 2634
in PubMed, 108 in Embase, and 24,986 in ScienceDirect). Removal of duplicates and use of
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the selection criteria—i.e., human study, at least one measure before acute stress and one
after the end of the stressful event, approval of an Institutional Review Board or an Ethic
Committee—reduced the number of articles reporting the evaluation of leptin level in the
blood to seven articles [27–33] for the systematic review and meta-analysis (Figure 1). All
articles were written in English.

3.1. Quality of Articles and Study Designs

Using the NOS criteria, all the seven included studies had a score of >6 and were
considered high quality (Figure 2). Three studies were case-control studies [29,32,33]
without blind assessment, and four were cohort studies [27,28,30,31]. All studies mentioned
an ethical approval.

Figure 2. Methodological quality of included articles using Newcastle—Ottawa Quality Assessment Scale Yes, +; No, −;
Cannot say, ?; Not applicable, N/A; 0, percentage of non-response.

3.2. Inclusion and Exclusion Criteria of Included Articles

All participants were adults and were considered “healthy” by investigators, i.e., with-
out any current infectious diseases or a history of autoimmune, endocrine (with a particular
mention of diabetes), inflammatory, or neurological disorders. Furthermore, women were
not pregnant and could not be lactating. Participants were excluded if they took medication
that could interfere with leptin, such as corticosteroids, antibiotics, or anti-inflammatories.
The studies were performed in three countries: the United Kingdom [27], the United States
of America [28–31,33], and Romania [32]. Two studies recruited only healthy women (one
included all ages [27] and the second only postmenopausal [30]). Two studies recruited
healthy normal and overweight men [28,29]. One study recruited healthy smokers who
were asked to be abstainers for four weeks [33]. If they succeeded, they were classified
as abstainers but were classified as relapsers if they failed. Two studies recruited healthy
volunteers comparing normal-weight and overweight individuals in one study [32] and
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insulin-resistant and insulin-sensitive ones in the other [31]. The separation between
insulin-resistant or insulin-sensitive individuals was made after a quantitative insulin-
sensitivity check index [34] (QUICKI) with a cut-off point of <0.33 to have insulin resistance
and >0.33 to have normal insulin sensitivity (Table 1).

Table 1. Characteristics of included studies.

Study Country
Study

Design

Population Stress Leptin Assessment

Characteristics
Men Women Type Duration Time after Stress Fluid Technique

n n (Minutes) (Minutes)

Brydon
2008 UK Cohort Healthy women 0 67 Mental 10 2 measures:

0 and 45 Blood ELISA

Caslin
2015 USA Cohort

Healthy normal
and

overweight men
20 0 Mental 20 2 measures: 30

and 120 Blood ELISA

Huang
2014 USA Case

control

Healthy normal
and

overweight men
20 0 Mental 20 2 measures: 0 and

60 Blood ELISA

Jones
2016 USA Cohort

Healthy
insulin-resistant

and
insulin-sensitive

volunteers

0 60 Mental
(TSST) 13 3 measures:

0, 15, and 90 Blood RIA

Pop 2010 Romania Case
control

Healthy normal
and overweight

volunteers
42 37 Physical

(VO2 max) 12.5 1 measure: 30 Blood ELISA

Potrezke
2014 USA Case

control

Healthy smokers
(relapsers and

abstainers)
22 14 Mental 24 4 measures:

0, 30, 46, and 76 Blood ELISA

Tomiyama
2012 USA Cohort

Healthy
postmenopausal

women
0 40 Mental

(TSST) 10 3 measures
0, 50, and 90 Blood ELISA

3.3. Population

We included a total of 322 participants, and the sample size ranged from 20 [28,29] to
79 [32]. Mean age ranged between 21.2 ± 0.8 [28] to 62.0 ± 6.0 years [30]. Sex was reported
in all studies. Three studies recruited only women [27,30,31], two only men [27,28], and
two both sexes [32,33]. We included a total of 104 men (32.3%) and 218 women (67.7%). All
studies reported body mass index (BMI), ranging from 22 kg/m2 [28] to 38 kg/m2 [29].
Three studies used BMI to create groups, i.e., normal weight and overweight [27,29,32].
One study used the capacity to abstain from smoking for four weeks to create groups,
i.e., abstainers and relapsers [33]. Only two studies reported height and weight [28,29] and
only three the percentage of body fat [26–28]. Only one study reported smoking [27], waist
circumference [27], leisure physical activity [33], HbA1c [27], and insulin resistance [31]
and glycemia, LDL, HDL, and triglyceride levels [32].

3.4. Main Outcome of Studies

The main outcome of all studies included in our meta-analysis was the effect of
acute stress on the variation of leptin blood levels (and possibly other hormones, such
as cortisol [27–31,33], IL-6 [27–29,31], IL-1Ra [27,28], insulin [31], LDL-HDL [32], and
adiponectin [31,32]).

3.5. Type of Stress

All studies described the procedure of the stressful event. Six studies used mental
stress and one physical stress. Three studies [27,30,31] used the Tried Social Stress Test—a
validated tool to provoke psychobiological stress responses composed of a combination
which consists of a 3-min preparation period, a 5-min free speech, and a 5-min mental
arithmetic task in front of 2–3 audience members. Two studies used a computer-based
mental task previously validated as stressful [35]. Patients were presented with a colour-
word on the screen, which was written in a different colour font. Simultaneously, the
computer said a third colour, while the subjects were required to identify the font colour
in which the word was presented. A new colour-word was given every second for 2 min.
Following the Stroop colour-word task, subjects were presented with a three-digit number



� �

� � � ����

Nutrients 2021, 13, 3350 6 of 17

from which they were required to randomly subtract either 3, 7, 8, or 13. Auditory feedback
was given by the program when participants entered an incorrect answer. The mental
arithmetic task continued for 2 min. This 4-min cycle of two stressors occurred five times for
a total of 20 min. Prior to the start of the task, subjects were instructed to work as accurately
and quickly as possible and informed that their scores would be recorded. In addition, an
investigator stayed in the room. [28,29]. One study used only public speaking. The public
speaking challenge entailed participants composing and delivering three 4-min speeches
focusing on three scenarios. The three scenarios were presented in a counterbalanced order.
In one scenario, participants were presented with a controversial social issue and were
asked to introduce their positions and defend them. In another scenario, participants were
given an article about an issue of general interest and were asked to construct a presentation
based on this article. In a third scenario, participants were asked to imagine a hypothetical
situation where they were being accused of shoplifting [33]. The last one used physical
stress on a cycle ergometer during the time needed to obtain VO2 max. All participants
were submitted to symptom-limited, maximal stress testing on a cycloergometer, according
to classical protocols. Mean effort was 103 ± 27 Ws, and mean duration 12.5 ± 3 min [32].

3.6. Time of Procedure

Three studies were performed during the beginning of the morning—between 7:30 a.m.
and 8:30 a.m. [28–30]—and three during the beginning of the afternoon—between noon
and 2:30 p.m. [27,31,33]. One did not mention when the study was performed [36].

3.7. Method and Time of Sampling

All studies measured leptin levels in blood. All studies included except one [32] gave
details on the method of sampling and analysis. Blood samples were collected in EDTA-
treated tubes and immediately centrifuged to yield plasma for hormone determinations.
Concentrations were determined by radio-immuno-assay (RIA) [30,31] or enzyme-linked-
immunosorbent-assay (ELISA) [27–29,32,33]. Three studies also reported inter-assay and
intra-assay coefficient, ranging from 5% [28] to 12% [27] and from 6.6% [30] to 10% [27,28],
respectively. All studies measured leptin levels within the two hours following the end of
the acute stress.

3.8. Meta-Analysis of Leptin Variation

The overall meta-analysis of seven studies (28 groups) demonstrated a decrease in
leptin levels after the stress intervention (effect size = −0.34, 95% CI −0.66 to −0.02, I2

86.7%) compared with the baseline levels. Stratification by time showed a non-statistically
significant decrease in leptin levels in the 30 min (−0.38, −1.24 to 0.48) and between
30 and 60 min following the stress intervention (−0.16, −0.42 to 0.10) as well as a signif-
icant decrease after 60 min (−0.45, −0.89 to −0.01) (Figure 3). Stratification by weight
classification showed a significant decrease in leptin levels in the normal-weight population,
i.e., BMI < 25 kg/m2 (−0.79, −1.38 to −0.21). There was no difference in the overweight
population, i.e., BMI > 25 kg/m2 (−0.04, −0.41 to 0.32) (Figure 4). Stratification by type
of stress was not salient for physical activity, as it was only reported in one study. There
was a tendency (p = 0.054) for a decrease in leptin levels following an acute mental stress
(−0.35, −0.70 to 0.01). This could be explained by the low number of studies (n = 6 after
exclusion), which increase the 95% confidence interval from −0.66; −0.02 to −0.70; 0.01).
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Figure 3. Meta-analysis of leptin levels following acute stress compared to baseline. SMD, standardized mean difference.

3.9. Metafunnel and Meta-Analysis after Exclusion of Studies Outside of the Metafunnel

We produced a metafunnel of the seven studies (28 groups) that showed eight groups
outside. Meta-analysis after the exclusion of those groups showed similar results, i.e., an
overall decrease in leptin levels (ES = −0.18, 95CI −0.32 to −0.04; p = 0.010). After
exclusion from metafunnel, stratification by time showed a significant decrease between
30 and 60 min (−0.25, −0.50 to −0.00; p = 0.049) but a non-significant decrease in the first
30 min (−0.18, −0.50 to 0.15; p = 0.29) and after 60 min (−0.19, −0.32 to 0.09; p = 0.18)
(Figure 5), and there were a tendency for a decrease in leptin levels following an acute
stress in 12 groups of normal-weight individuals (−0.27, −0.54 to 0.01; p = 0.056) and in
seven overweight individuals groups (−0.16, −0.34 to 0.02; p = 0.078) (Appendix B).
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Figure 4. Meta-analysis of leptin levels following acute stress compared to baseline levels, stratified by weight of individuals.
SMD, standardized mean difference.

3.10. Metaregressions

Levels of leptin after stress decreased with sex ratio—ratio of males to females
(ES = −0.924, 95CI −1.58 to −0.27, p = 0.008)—and increased with the baseline levels
of leptin (0.039, 0.01 to 0.07, p = 0.026). Other clinical characteristics did not significantly
influence leptin’s level (age, BMI, percentage of men) and neither did the duration of
stress nor the time after the beginning or end of the stress (Figure 6). We also performed
a meta-regression on the impact of percentage of women on leptin level: leptin levels
increase with percentage of women (ES = 0.01, 95CI 0.004 to 0.016, p = 0.008).
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� �
Figure 5. Meta-analysis of leptin levels after acute stress compared to baseline levels after exclusion
of studies outside of the metafunnel. SMD, standardized mean difference.
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Figure 6. Meta-regression.

4. Discussion

Our main findings were that leptin is a biomarker of stress, with a decrease following
an acute stress intervention. Moreover, normal-weight individuals and women seem
to have a higher response than overweight individuals and men, demonstrating the link
between obesity and stress. If other biomarkers of stress are routinely used, leptin should be
more studied because of its impact on appetite, obesity genesis, and reproductive function.

4.1. Leptin as a Biomarker of Stress

Leptin is a 167-amino-acid peptide discovered in 1994 [37], with the majority produced
by the white adipose tissue and the minority produced in other tissues, such as ovary,
mammal glands, pituitary gland, skeletal muscle, lymphoid tissue, and stomach, with a
prominent effect on the central nervous system [22]. Its receptors are primarily expressed
in the hypothalamus and in other brain locations that regulate energy homeostasis and
neuroendocrine function [38]. Very interestingly, we demonstrated that leptin is also a
biomarker of stress, decreasing after exposure to a stressful environment. Leptin, also
named satiety hormone, has two main effects. The first is to stop the food intake with a
negative feedback loop [39]. Leptin receptors are mainly located in the arcuate, a part of the
hypothalamus that produces pro-opiomelanocortin (POMC) [40]. POMC is a precursor of
three main pathways: the melanocyte-stimulating-hormone axis, whose role is to regulate
appetite [41] and sexual behaviour [42]; the adrenocorticotropic hormone (ACTH) axis
regulating the glucocorticoids secretion mainly implicated in the stress reaction [43]; and
the beta-endorphin axis producing endogenous opioids peptides [43]. The decrease of
leptin levels after acute stress can be an adaptative mechanism that may help people
respond to stress. Indeed, stressful events make it difficult to stay focused on a possibly
intense task that could need a great deal of energy. The decrease in leptin levels could
induce the signal to increase the food intake in the case that the situation will occur again.
Secondly, leptin has a positive effect on energy expenditure [44], with a paracrine pathway
in WAT that could be part of the fat-reducing activity of leptin and thermogenesis via the
leptin receptor skeletal activation muscle [45]. The sensitivity analysis performed by the
exclusion of studies outside of the funnel plot confirm this result. Indeed, funnel plots
were first described in 1984 to assess the quality of articles [46]. It is primarily used as a
visual aid for detecting bias or systematic heterogeneity [46]. Studies outside of the funnel
plot seem to have non-comparable population with the majority of those included in the
meta-analysis [46].

4.2. Acute Response to an Acute Stress Intervention

We demonstrated that leptin levels decreased in response to acute stress, mainly due
to its impact on HPA axis. Therefore, leptin can be considered a biomarker of stress, such
as catecholamines [47], heart rate variability [48], cytokines [49], ghrelin [50], or DHEA [51].
Moreover, leptin’s main action is on the hypothalamic-pituitary-axis by increasing POMC,



� �

� � � ����

Nutrients 2021, 13, 3350 11 of 17

the precursor of glucocorticoids. The strong relationship between leptin and corticoids has
been proven with the delayed (6 h) but long-lasting increase in serum leptin (over 16 h)
after a single bolus of dexamethasone given before a single large meal [52]. Furthermore,
leptin has circadian variations, with the lowest concentration during the day and a higher
concentration during the night. More specifically, it has been shown that zenith at midnight
and nadir between 9 a.m. and 12 p.m. helps maintain sleep by inhibiting food intake
behaviour [53]. Circadian rhythm can be modified by age and BMI [54]. Interestingly,
leptin levels need time to decrease, with the lowest levels more than 1 h after the acute
stress. It could be explained by its half-life of around 30 min, whereas other biomarkers
with a shorter half-life decrease sooner [50]. As no studies assessed leptin levels more than
two hours after the acute stress, the duration of the effects of the acute stress on leptin
are still unknown. The relationship between obesity and stress is so strong that proposals
for international recommendations suggest the implementation of stress management
programs in obesity for sustainable weight loss [55,56]. Our study’s benefit is the proof that
acute stress decreases leptin levels and thus promotes food intake and may be a pathway
towards obesity.

4.3. Impact of the Body Mass Index on Leptin

We demonstrated a higher effect on leptin levels in the normal-weight population
compared to the overweight people. A possible explanation is the leptin resistance in
overweight individuals [57]. This hypothesis is strengthened by our meta-regressions.
Indeed, we found a significant impact of a high baseline level of leptin, which is found
in overweight and obese individuals [58]. Even if genetic predispositions to diet-induced
obesity exist, it is the 24/7 availability of a highly palatable diet that drives overeating [59].
High food intake increases triglyceride production and therefore the WAT production
and the leptin levels (leptin being produced by WAT). The vicious circle continues with
the apparition of cellular leptin resistance [57]. To achieve this, circulating leptin will
rise to create a new equilibrium after expanding the fat mass. The increase of leptin
levels in overweight people is associated with diminished leptin transport across the
brain–blood barrier. An inhibitory negative feedback appears leading to diminished
leptin receptor signal. The increase of free fatty acids and chronic overnutrition seem to
induce lipotoxicity and endoplasmic reticulum stress. This inflammatory response might
contribute to a blunted physiological response to leptin in obesity [60] even if overweight
individuals have a higher circulating leptin level [61] throughout the circadian rhythm [62].
However, the daily variations in overweight individuals are smaller than those in normal-
weight individuals. The amplitude as well as the average 24-h leptin concentration were
increased by 280% and 420%, respectively, in obese compared to normal-weight women [17].
Furthermore, many genetic models have proven that the leptin gene’s absence induces
obesity in animals [60] and in humans [63]. For more than five decades, the energy balance
equation had a significant impact on the obesity pandemic. Physical activity decreased
drastically, whereas food quantity and availability of high caloric food increased [57].
Initiation of food intake is mediated via ghrelin, insulin, and cannabinoid (36). The main
action of leptin arrives after the meal initiation and is responsible of satiety [22].

Unfortunately, the number of studies limited comparisons to two groups (BMI > 25 vs.
BMI < 25 kg/m2)—insufficient data precluded to further divide the BMI > 25 group into
overweight and obese individuals. Moreover, most consequences of fat accumulation begin
with a BMI > 25, such as an increased risk of type II diabetes, all cancers except oesophageal
(female), pancreatic and prostate cancer, all cardiovascular diseases (except congestive
heart failure), asthma, gallbladder disease, osteoarthritis, and chronic back pain [64].
If we did not find any impact of BMI on meta-regression, stratification by weight, i.e.,
overweight versus normal-weight individuals, showed a significant decrease in normal-
weight individuals compared to overweight individuals. The influence of BMI on the
relationship between stress and leptin may not be linear. Exploring this relationship would
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require more data to find some possible threshold. Our study also lacked underweight
participants to demonstrate possible U curve.

4.4. Impact of Sex on Leptin Levels

Very interestingly, we demonstrated a higher variation of leptin levels in women
compared to men after acute stress. Men and women do not have the same WAT repar-
tition. Women had a significantly lower visceral adipose tissue volume than men but a
more significant subcutaneous adipose tissue [65]. Studies showed that subcutaneous fat
tissue produced more leptin than visceral fat tissue [57]. Secondly, the study of circadian
misalignment in shift workers showed that females had lower 24-h leptin levels, while
males had higher 24-h leptin levels when misaligned [66]. Those results could promote the
implication of leptin in the development of obesity in female shift workers. Furthermore,
leptin has also an impact on reproduction, mainly because of the energy state of the body.
Sufficient levels of leptin are a pre-requisite for the reproductive capacity in all aspects
(regulation of gonadotrophs secretion, ovary function, preimplantation embryo, implanta-
tion, placentation, pregnancy, and foetal development). Furthermore, at the ovary level,
leptin antagonizes the effect of growth factors on gonadotropin-stimulated steroidogenesis
to augment the reproductive function of females [67]. Leptin also seems to be involved
on pathogenesis of endometriosis. Indeed, even if there is no difference in serum and
plasma, a higher leptin concentration level in peritoneal fluid has been showed in women
with endometriosis compared to control. This should induce a local impact of leptin on
endometriosis [68]. The link between sex steroids hormones and leptin is strong. Indeed,
they are involved in the regulation of leptin transcription, protein secretion in adipocytes,
and sexual dimorphism. Amenorrhea can result from a too-low leptin level due to a severe
loss of weight. It is a possible adaptive response to low subcutaneous fat to support preg-
nancy and lactation [69]. Additionally, oestradiol treatment resulted in increased leptin
levels, suggesting a role for this steroid in sexual dimorphism. It suggests the higher
ratio of oestrogen/androgen is in part responsible for higher leptin levels observed in
females compared to males [70]. Lastly, higher circulating leptin concentrations and/or
elevated expression of leptin receptors in tumours may be poor prognostic factors [71].
Because of its impact on inflammation, oxidative stress, cell proliferation, inhibition of
apoptosis, angiogenesis and immune modulation, leptin seems to impact the development
of cancer [71] and specially of breast cancer in obese premenopausal women [72].

4.5. Limitations

Our study has some limitations. Meta-analyses inherit the limitations of the individual
studies of which they are composed and therefore are subjected to the bias of included
studies. Another limitation is related to the publication bias. Indeed, studies with positive
effects are more likely published than those with negative effects. However, the use of
broader keywords in the search strategy limits the number of missing studies. Only seven
monocentric studies were available for meta-analysis, and the total number of subjects
included was not as extensive as one would prefer. No included studies had a randomized
controlled design. Moreover, blinding of the stress interventions were deemed not feasible.
Though there were similarities between the inclusion criteria, they were not identical.
Limiting our meta-analysis to studies sharing precisely the same inclusion and exclusion
criteria was impossible due to limited data. All studies were monocentric, limiting the
generalizability of our results. However, our selection of articles was rigorous, and few
studies were outliers when considering metafunnels. The high I2 attested heterogeneity
between studies. Nevertheless, after the exclusion of studies outside the metafunnel, our
results stayed statistically significant. Even if leptin levels follow a circadian rhythm,
and time of procedure differs between studies, our meta-analysis is still valid, as each
participant is his own control (comparison of leptin levels after the stress to before the
stress) within a limited period of time (90 maximum after the stress). Due to the lack of
information, we failed to perform meta regressions on the impact of smoking, physical
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activity, insulin resistance, or levels of cholesterol (LDL, HDL, triglycerides). Unfortunately,
the low number of studies (one) precluded analysis on physical stress. After exclusion
of studies outside of the metafunnel, we failed to find a significant decrease of leptin
levels stratified by weight, mainly because of the weak number of groups (19 versus 28
before exclusion of metafunnel) and only seven in the group “overweight” versus eleven.
However, tendency is strong in overweight group, with a p = 0.056.

5. Conclusions

Leptin is a biomarker of stress, with a decrease following an acute stress intervention.
Normal-weight individuals have a higher response, emphasizing the link between stress,
obesity, and leptin resistance. Women also have a higher variation of leptin levels after an
acute stress. Our findings suggests that leptin may have implications in obesity develop-
ment in response to stress in a sex-dependent manner. The link between appetite regulation
and stress warrants further investigation, and better understanding may be used as a
component of weight management strategies. The responses to acute stressful events may
provide a novel therapeutic strategy to modify risk factors of obesity development in the
hope of improving stress vulnerability, especially in the female population. Furthermore, it
could be relevant to study longer or repeated stress to be more related to real-life events.
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Appendix A

Details for the search strategy used within each database.
PUBMED
(“leptin”[MH] OR “ob protein”[TW] OR “ob gene product”[TW] OR “obesity factor”[TW]
OR “obese gene product”[TW] OR “obese protein”[TW] OR “leptin”[TW])
AND
(“Stress, Psychological”[Mesh] OR “Anxiety”[Mesh:NoExp] OR anxie*[TIAB] OR anx-
ious*[TIAB] OR stress*[TIAB] OR mood[TIAB] OR emotion[TIAB])
Filter Language = none Filter Dates = none
Web of science (WOS)
(leptin OR “ob protein” OR “ob gene product” OR “obesity factor” OR “obese gene product”
OR “obese protein”)
AND
(anxie* OR anxious* OR stress* OR mood OR emotion)
Filter Language = none Filter Dates = none
Cochrane Library
(leptin OR “ob protein” OR “ob gene product” OR “obesity factor” OR “obese gene product”
OR “obese protein”)
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AND
(anxie* OR anxious* OR stress* OR mood OR emotion)
Filter Language = none
Filter Dates = none
Embase
(leptin OR “ob protein” OR “ob gene product” OR “obesity factor” OR “obese gene product”
OR “obese protein”)
AND
(anxie* OR anxious* OR stress* OR mood OR emotion)
Filter Language = none; Filter Dates = none

Appendix B

Figure A1. Meta-analysis of leptin levels after an acute stress compared to baseline levels after exclusion of studies outside
of the metafunnel.
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