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Abstract: Despite the available literature on the consequences of night shiftwork on stress and food
intake, its impact on leptin and ghrelin has never been studied. We previously demonstrated that
leptin and ghrelin were biomarkers related to stress, and acute stress-induced a decrease in leptin
levels and an increase in ghrelin levels. We performed a prospective observational study to assess the
influence of night work, nutrition, and stress on the levels of ghrelin and leptin among emergency
healthcare workers (HCWs). We took salivary samples at the beginning of a day shift and/or at
the end of a night shift. We also monitored stress using the job demand-control-support model of
Karasek. We recorded 24-h food intake during the day shift and the consecutive night shift and
during night work and the day before. We included 161 emergency HCWs. Emergency HCWs had
a tendency for decreased levels of leptin following the night shift compared to before the dayshift
(p = 0.067). Furthermore, the main factors explaining the decrease in leptin levels were an increase in
job-demand (coefficient —54.1, 95 CI —99.0 to —0.92) and a decrease in job control (—24.9, —49.5 to
—0.29). Despite no significant changes in ghrelin levels between shifts, social support was the main
factor explaining the increase in ghrelin (6.12, 0.74 to 11.5). Food intake (kcal) also had a negative
impact on leptin levels, in addition to age. Ghrelin levels also decreased with body mass index, while
age had the opposite effect. In conclusion, we confirmed that ghrelin and leptin as biomarkers of
stress were directly linked to the job demand-control-support model of Karasek, when the main
cofounders were considered.
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1. Introduction

Stress at work is a major public health concern. This is especially true among healthcare
workers (HCWs) and even more concerning in the Emergency Departments (ED) due to
shifting work, fatigue and lack of sleep [1], poor food intake [2], and life-threatening
emergencies in the context of overcrowding and job demands [3,4]. Currently, the best
scale to assess stress levels at work is the job-demand-control-support model (JDCS), a
self-reported psychological questionnaire created and validated by Karasek in 1981 [5,6].
Night work, 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.” [7], has many
health consequences. These include disturbance of circadian rhythm [8], obesity, and
cardiometabolic disorders [9-11] which are putative consequences of eating disorders [12]
and stress [13]. Eating behavior can be influenced by sociodemographic criteria such
as age and gender [14] and by occupational characteristics such as experience [15] and
workload [16,17]. Night work also induces a conflict between socially determined diurnal
mealtimes, eating habits, the biological rhythm of hunger, satiety, and metabolism [18,19].
The main hormones that control the physiology of appetite are ghrelin and leptin. Ghrelin
leads the orexigenic role [20]. Increased ghrelin levels influence meal initiation and food-
seeking behavior [21]. In response to a meal, levels vary quickly and intensely due to
its short half-life [22,23]. Leptin, a peptide mainly produced in white adipose tissue, is
commonly known as a satiety hormone, with low levels observed during meal initiation
and high levels after the meal [24]. Its baseline blood levels are influenced by body
mass index (BMI), mainly due to the white adipose tissue component [25]. Although the
classical hormones to assess stress are cortisol, epinephrine, interleukin and melatonin,
both ghrelin and leptin are influenced by stress and can be considered biomarkers of
stress [26-31]. Indeed, we previously performed a meta-analysis on the impact of both
physical and psychological stress on ghrelin and leptin levels, measured using both blood
or saliva. We found that ghrelin has a short-term increase following acute stress with
a higher and prolonged response among obese individuals [27]. Regarding leptin, we
found a decrease following acute stress with a higher variation of leptin levels after stress
among normal-weight individuals and women [26]. Emergency HCWs are a perfect
example for studying the impact of night shift and stress on biomarkers of nutrition [32].
Indeed, HCWs work under stressful conditions such as overcrowding—Ilack of beds in
hospitals [3], life-threatening emergencies [33], the wait for possible disasters [34] all having
consequences on the biomarkers of stress [31,35]. Furthermore, the night shift has a bad
influence on water consumption and food intake among emergency HCWs, in both quantity
and quality [2]. To date, no studies have assessed the influence of night work and stress
on the levels of nutrition biomarkers among emergency HCWs, nor in relation to their
occupational characteristics.

Therefore, we performed this study to assess the influence of night work, stress, and
sociodemographic characteristics on ghrelin and leptin levels among 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 was part of the SEEK protocol [2,32,34]. We obtained ethical
approval from the French Ethics Committee South-East I with reference DC-2014-2151, and
the protocol was registered on ClinicalTrials.gov, number NCT02401607. The study was
performed during two shifts (day shift and night shift). During the day shift, participants
started to work between 7:30 and 8:30 a.m. and finished between 6:30 and 7:30 p.m. For
nightshift, they began between 6:30 and 7:30 p.m. and finished between 7:30 and 8:30 a.m.
the following day. All participants volunteered and signed consent forms before answering
questionnaires and providing samples. They performed the study for one dayshift and/or
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one nightshift. Salivary sampling was collected at the beginning of a dayshift and at the
end of a nightshift, i.e., between 7:00 a.m. and 8:30 a.m. for both conditions. Furthermore,
food intake was monitored twice over 24 consecutive hours: (1) during a day shift (from
8:30 a.m. to 6:30 p.m.) + the night after (no work, 6:30 p.m. to 8.30 a.m.), and (2) during a
rest day before (from 8:30 a.m. to 6:30 p.m.) and a night shift (6:30 p.m. to 8:30 a.m.) [2].
Participants also had to complete a questionnaire collecting their level of stress using the
JDCS model of Karasek [6] and sociodemographic data (Figure 1).

l 5 French Emergency Departments ‘

Number of emergency health care workers asked to perform the study
n=1286

Recruitment l Individual presentation of the study ‘

Exclusion Criteria
Refusal to participate n = 1090
Pregnancy n = 4

v
v

Enroliment l Number of participants n = 161 ‘
l Number of samples collected n = 185 ‘
Number of sample excluded n = 24
Not enough saliva n = 24
l Number of samples analyzed n = 161 ‘
Number of samples Number of samples Number of samples
from participants from participants from participants
performing only performing both day performing only
dayshift n = 68 and nightshift n = 24 nightshift n = 45
Day shift versus Night-shift
Analysis 8h30 - 8h30
Salivary sample|
Day- Day-
work rest
18h30 18h30
Food intake Food intake
Karasek Karasek
Sociodemographic . Sociodemographic
Night Night-
-rest work
NV 8h30

Figure 1. Study design. Among five French Emergency Departments, we were able to recruit
161 emergency healthcare workers for a total of 185 salivary samples. Twenty-four were excluded
because of a low quantity of saliva. Ghrelin and leptin levels were assessed from 161 samples.

2.2. Outcomes

Ghrelin and leptin levels were measured from saliva samples. We used saliva prefer-
enttialy because its collection is non-invasive and results are acceptable [36]. Saliva samples
were stored at —80 °C at the Institute of Occupational Medicine of Clermont-Ferrand. Total
ghrelin was assessed by ELISA using commercial kits (CEA991Hu Clound Clone Corp®
(CLOUD-CLONE CORP. (CCC, Los Angeles, CA, USA)) with a detection range from 12.35 to
1000 pg/mL, a sensitivity level of <4.87pg/mL, an intra-assay coefficient < 10% and an inter-
assay coefficient < 12%. Leptin was assessed using ALPCO, Salem, NH, USA /22-LEPHUU-
e01/kit ultrasensitive with a range from 0.05 to 5 ng/mL, a sensitivity level at 0.01 ng/mL, an
intra-assay coefficient at 7.2 % and an inter-assay coefficient at 4.35%. Karasek’s job-content
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questionnaire (JCQ) is composed of three dimensions: psychological demands, decision lati-
tude, and social support. Participants were assessed by the 26 items of the JCQ (nine for both
decision latitude and psychological demand and eight for social support). Each participant
was asked to answer using a 4-level Likert-type scale for each item, ranging from 1 (strongly
disagree) to 4 (strongly agree). Decision latitude was calculated using the following formula:
AXxQA+4xBE-—Q6)+4xQB+2 X B —-Q)+2xQ5+2x Q7+2 x QL +2 x Q3+2 x Q9.
A score less than 71 reflects low decision latitude. Psychological demand was calculated
with the following formula: Q10 + Q11 + Q12 + (5 — Q13) + Q14 + Q15 + Q16 + Q17 + Q18.
A score below 20 reflected a low psychological demand. Social support was calculated with
the following formula: Q19 + Q20 + Q21 + Q22 + Q23 + Q24 + Q25 + Q26. A score below
24 reflected low social support [6]. Participants were also asked to complete a 24-h dietary
recall that was explained and detailed 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 during each meal and in-between meals. The diaries were reviewed with the
participants during a dedicated interview. We next used Nutrilog® (Nutrilog, version 3.2),
a diet and nutrition software for health care professionals, to translate participants” answers
on nutrient intake using a nutrition table Ciqual based on this software. We calculated
total energy intake (kcal), carbohydrates, lipids, proteins (grams and % energy intake), and
water consumption in milliliters (mL) [2]. Participants also had to complete a questionnaire
about their sociodemographics (age, gender, marital status, kids at home, tobacco) and
work situation (occupation, seniority).

2.3. Statistics

Continuous variables were expressed as mean and standard deviation (SD), or me-
dian [interquartile range] (IQR), and categorical variables were expressed as numbers
(percentage—%). The assumption of Gaussian distribution was analyzed by the Shapiro-
Wilk test. As data could be repeated for a part of participants” habits (measures for nightshift
and dayshift), the linear mixed method was performed (i) to compare values between night-
shift and dayshift (i.e., to assess the influence of night work on ghrelin and leptin levels)
and then (ii) to assess the influence on ghrelin and leptin levels on stress (using job demand,
job control, and social support), nutrition (food intake in kcal, carbohydrates, lipids and
proteins in grams), water consumption and sociodemographic data (job, age, BMI). Time
(nightshift versus dayshift) was considered as a fixed effect, whereas participants were
considered as random effects in order to model between and within-subject variability.
The normality of residuals was analyzed with the Shapiro-Wilk test and a visual plot.
Accordingly, ghrelin and leptin levels were log-transformed. The results were expressed as
coefficient regressions and 95 confidence intervals (95 CI). To increase readability, results
were expressed using the following formulas: 1000 x log(leptin) or 100 x log(ghrelin).
Statistical analyses were performed with Stata software (v17, College Station, TX, USA).
Significance was set at the p < 0.05 level. Sensitivity analysis was conducted among emer-
gency HCWs that engaged in the study on both the dayshift and nightshift. Both were
compared for their main characteristics to evaluate the sample representativeness.

3. Results
3.1. Characteristics of the Population

We enrolled 161 emergency HCWs from five hospitals and obtained a total of 185 sam-
ples of saliva. Twenty-four samples were excluded due to the insufficiency of saliva. In
total, we analyzed 161 saliva samples. Twenty-four (14.9%) performed the study twice (one
during the day shift and one during the night shift) (Figure 1). The representativeness of
the emergency HCWs was examined. We did not find any differences between the HCWs
that performed the study twice versus those who performed only one shift. Fifty-seven
HCWs were physicians, 79 were nurses, and 24 had other occupations (administrative,
maid). Participants were 37.4 £ 10.4 years old, mainly female (57.5%, sex ratio = 1.37), with
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a mean BMI of 23.2 + 4.4 kg/m?. Fifty-three (32.9%) were single, and 77 (58.3%) had no
children. Median seniority as a HCWs was 6 [IQR 13] years, 3 [9] years in the ED (Table 1).

Table 1. Sociodemographic. SD = standard deviation, BMI = body mass index, kg = kilograms,
kg/m? = kilogram per square meter, IQR = interquartile range, n = number, % = percentage. Results
are expressed as mean =+ standard deviation or median [interquartile range] or number (percentage).

Total Physician Paramedics Other
n =161 n=>57 n="79 n=24
Age, years, mean £ SD 374+104 357 +10.4 39.5+10.2 349 +10.3
Sex, n (%) male 68 (42.5) 29 (50.9) 28 (35.4) 11 (45.8)
BMI, kg/m?, mean + SD 232+44 229443 232+ 3.6 237+ 44
Underweight, 1 (%) 10 (6.2) 3(5.3) 6 (7.6) 1(4.2)
Normal weight, 1 (%) 107 (66.5) 39 (68.4) 53 (67.1) 15 (62.5)
Overweight, 1 (%) 36 (22.4) 14 (24.6) 17 (21.5) 5(20.8)
Obesity class 1, 11 (%) 4 (2.5) 0 1(1.3) 3(12.5)
Obesity class 2, 11 (%) 1(0.6) 0 1(1.3) 0
Obesity class 3, n (%) 3(1.9) 1(1.8) 1(1.3) 0
Seniority, years, median [IQR]
In the job 6 [13] 4 [8.5] 11 [13] 4.5[8.5]
In the department 3 9] 2 [4.5] 5[9] 1[6]
Physical activity, h/week, median [IQR] 2 [4] 2 [5] 2 [4] 2 [3]
Tea/coffee, cup/day, median [IQR] 3[3] 4[2] 6[12] 5[3.5]
Smoker, n (%) 57 (35.6) 17 (29.8) 31(39.7) 9 (37.5)
Cig/day for smokers, median [IQR] 6[9] 8 [5] 6[12] 5[3.5]
Family situation
Married-engaged, n (%) 108 (67.1) 35 (61.4) 63 (79.7) 9 (37.5)
Single-divorced, 1 (%) 53 (32.9) 22 (38.6) 16 (20.2) 15 (62.5)
Kids at home, 1 (%) 55 (41.7) 16 (33.3) 35 (53.0) 4(22.2)

3.2. Assessment of Ghrelin and Leptin Levels

We did not find any statistically significant change on the level of both ghrelin and
leptin after the end of the night shift compared to the beginning of the day shift (Figure 2).

3.3. Impact of Stress, Night Shift, Sociodemographic, and Nutrition on Leptin and Ghrelin Levels

Regarding leptin levels (expressed as 1000 x log leptin)}—we found a negative im-
pact of job demand on leptin levels (Coefficient —54.1 per 10-unit; 95 CI —99.0 to —0.92)
while job control increased leptin levels (24.9 per 10-unit; 0.29 to 49.5). Age increases
parallelly with leptin level (1.93 per year; 0.26 to 3.61). We also found a negative ten-
dency for night shift (—40.2; —83.2 to 2.82), BMI (—5.36 per kg/m?; —10.8 to 0.09) and
food intake (—2.39 per 100 kcal/24 h; —4.83 to 0.58) while water consumption tended to
increase leptin levels (2.94 per dL/24 h; —2.58 to 6.13). Regarding ghrelin (expressed as
100 x log ghrelin), we found a positive impact of social support (6.12 per unit; 0.74 to 11.5),
and age (2.34 per year; 0.46 to 4.25) and a negative impact for BMI (—8.31 per kg/m?; —14.0
to —2.60) (Figure 3).
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Leptin
ng/dL
30 NS
25
20
15
10
5
0 1
Day Night
n 92 69
Mean+SD 9.5.+10.8 8.0+10.1
Median [IQR] 6.7 [7.9] 5.5[8.8]

Day
67
13.1£19.0
6.8 [6.9]

Ghrelin

NS

pg/mL
20

Night
58
8.23+12.5
4725

Figure 2. Median [interquartile range] salivary levels of leptin and ghrelin before the beginning

of a day shift and at the end of a night shift. The results of leptin are expressed in nanograms

per deciliter.

Results of ghrelin are expressed in picogram per milliliter.

Ng = nanogram,

pg = picogram, dL = deciliter, mL = milliliter, NS = not significant, n = number of samples stud-

ied, SD = standard deviation, IQR = interquartile range.

Variables Coefficient (95Cl) p-value
Leptin

Karasek's dimension, per 10 unit

Job demand O -54.1 (-99.0 to -0.92) 0.018

Job control O 249 (0.29 to 49.5) 0.047

Social support e -28.0 (-78.1t0 22.0) 0.27
Night shift, day as REF —_—0 r -40.2 (-83.2102.82) 0.067
Job, physician as REF

Paramedics O 6.41 (-32.2 to 45.0) 0.75

Others -16.9 (-64.3to 36.1) 0.49
Sex, male as REF e — -26.4 (-62.8 to 10.1) 0.16
Age, years O 1.93 (0.26 to 3.61) 0.023
BMI, kg/m2 -5.36 (-10.8 to 0.09) 0.054
Kcal, 100 per 24h -2.39 (-4.831t0 0.58) 0.056
Carbohydrates, g per 24h o= 0.15 (-2.82to 5.85) 0.49
Proteins, g per 24h —0- -0.72 (-18.3 to0 4.06) 0.21
Lipid, g per 24h —o0— -0.22 (-12.9to 8.43) 0.68
Water, dL per 24h -0 2.94 (-2.581t06.13) 0.072

-80 0 80
Ghrelin

Karasek's dimension, per unit

Job demand O -3.45 (-8.89t0 1.99) 0.21

Job control —10— 1.36 (-1.26 to 3.98) 0.31

Social support O 6.12 (0.74 to 11.5) 0.026
Night shift, day as REF —0. -12.5 (-50.8 to 25.7) 0.52
Job, physician as REF

Paramedics -3.70 (-48.2t0 40.8) 0.87

Others 19.9 (-33.7t0 73.4) 0.47
Sex, male as REF 8.95 (-32.5t050.4) 0.67
Age, years —0— 2.36 (0.46to0 4.25) 0.015
BMI, kg/m2 O -8.31 (-14.0 to -2.60) 0.004
Kcal, 100 per 24h —to— 1.05 (-2.01to0 4.12) 0.50
Carbohydrates, g per 24h -0.05 (-0.55to 0.45) 0.85
Proteins, g per 24h +O— 1.00 (-0.27 to 2.28) 0.12
Lipid, g per 24h 9= -0.24 (-1.451t0 0.96) 0.69
Water, dL per 24h —e— 0.01 (-3.22t0 3.24) 0.99

Figure 3. Impact of stress assessed using Karasek jobdemand-control-suport, night, sociodemo-

graphic status and nutrition on leptin and ghrelin salivary levels using a linear mixed model. Job

demand refers to the psychological needs imposed by daily working activities, job control refers to

the latitude of decision and is composed of two components: skill discretion and decision authority.

Social support represents the support from colleagues and/or from the hierarchy. Results were ex-

pressed using coefficient regression (95% confidence interval). Results were considered significant for

p-value < 0.05 and 95 CI not containing 0. BMI = body mass index, kg = kilogram, m? = square meter,

g = gram, dL = deciliter.
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4. Discussion

We demonstrated that both stress, nightshift, and food intake have an impact on
nutrition biomarkers represented by ghrelin and leptin.

4.1. The Impact of Night Shift and Stress

We found a lower level of both ghrelin and leptin after the night shift compared to
before the beginning of the day shift. Considering that these hormones act inversely, this
result needs to be discussed. Ghrelin is considered the main orexigenic hormone. A high
level of ghrelin promotes food intake, while a low level is observed at the end of a meal.
Literature on the impact of night work on ghrelin levels is not strong and is controversial.
Indeed, one study did not find any difference in 24 h ghrelin levels recorded between day
and night shifts [37], while another study found a lower ghrelin level among night shift
workers compared to dayshift workers [38]. However, all studies observed that ghrelin
levels are unstable (in a range of minutes) to be considered using mean levels. Conversely,
leptin is the main satiety hormone, with low levels observed during meal initiation and
high levels after the meal. However, the impact of night work on leptin levels seems to
be negative. Indeed, it seems that average 24 h leptin levels decreased up to 40% during
the night shift compared to baseline in two studies that experimentally created night and
day shifts [37,39]. Furthermore, this impact seems to increase for participants that have
a non-synchronized schedule [40]. However, a further study noted different results, i.e.,
an increase in leptin levels among hospital nurses among night workers that worked
exclusively during the night for at least one year [41]. Regarding the impact of stress on
ghrelin, we did not find any significant impact on job demand and job control. However, it
seems that social support increases ghrelin levels (coeff 6.12; 95 C1 0.74 to 11.5). Regarding
leptin, job demand decreased leptin levels while job control increased levels. This confirms
the influence of stress on leptin levels and, more widely, the impact of stress on biomarker
responses. We previously published that both ghrelin and leptin, measured using both
blood or saliva, are influenced by stress. More precisely, ghrelin increases very quickly once
the stress (physical, psychological of both) is induced—within less than five minutes—and
returns to baseline levels within 45 min with a higher and prolonged response among
obese individuals. Leptin decreases more slowly, with a significant decrease after 60 min,
with a higher variation of leptin levels after stress among normal-weight individuals and
women [26,27].

4.2. Impact of Food Intake and Sociodemographic Status

We found a negative impact of kcal per day intake on leptin levels with no impact
on ghrelin levels. This result is not logical when initially considered. Indeed, leptin is a
satiety hormone, so we would expect that greater amounts of food would induce higher
levels of leptin. Furthermore, we also found a negative impact of BMI (coef —0.005; 95 CI
—0.011 to 0.0001). Indeed, overweight individuals have a higher circulating leptin level and
leptin resistance due to the availability of highly palatable food that increases triglyceride
production and, therefore, white adipose tissue production of leptin [42,43]. A possible
explanation for this could be the negative impact of sleep deprivation. Indeed, several
studies found lower leptin levels among healthy volunteers with acute sleep deprivation
or chronic partial sleep deprivation [44—46]. Very interestingly, we did not find any impact
of qualitative nutrients, i.e., carbohydrates, lipids, or proteins, on biomarker levels. Fur-
thermore, water consumption seems to increase leptin levels, although we did not find
an explanation for why in the literature. A possible answer is that participants declared
drinking soft drinks, not water, a high-concentrated fructose drink, is linked to obesity [47].
Lastly, we found a higher level of leptin among older participants, which is consistent with
the literature [48]. Regarding ghrelin, we did not find significant covariates. This could be
explained by fluctuations in homeostasis. We only found a negative correlation between
BMI and ghrelin level, which is consistent with the literature [49]. However, we found
a positive impact of age on ghrelin levels, which is controversial in the literature [50-52].
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No other data was significant regarding food intake, water consumption, stress, or quality
of food.

4.3. Limitations

Our study has some limitations, none of which affects our results. First, we performed
only one measurement, but both ghrelin and leptin have a circadian rhythm [53]. This
rhythm can be disturbed by night-shift. Furthermore, the two sessions have different
periods. The day-shift is four-hours shorter than the night-shift. However, every sample
was collected and studied under the same conditions. Second, total ghrelin was assayed
rather than its active, acylated form. Nevertheless, most of the physiology of ghrelin has
been defined based on the assay of total ghrelin. Thirdly, even if we tried to monitor the
time of breakfast, data were too imprecise to be used. Indeed, HCWs eat their breakfast
before work during the day shift, but it is not consistent with those working on the night
shift. Considering that ghrelin levels decrease quickly and intensely after the beginning of
food intake and increase slowly until lunch, the putative results could be more significant.
Some devices are now able to continuously monitor certain biomarkers. Advances in
technology should soon facilitate the circadian rhythm of leptin and ghrelin in emergency
HCWs, making it feasible to study the underlying mechanisms of stress regulation.

5. Conclusions

In conclusion, we did not find any difference between night and day regarding ghrelin
and leptin levels. However, we found that ghrelin and leptin can be considered as biomark-
ers of stress directly linked to the job demand-control-support model of Karasek, in a study
that considered the main cofounders. Understanding mechanisms of stress in a compre-
hensive study may help to build efficient health promotion and/or preventive strategies.

Author Contributions: Conceptualization, F.D. and ].S.; methodology, ED. and B.P.; validation, All
authors; formal analysis, ].-B.B.-M., 5.d.S.-V. and ED.; investigation, ED. and ].S.; writing—original
draft preparation, J.-B.B.-M.; writing—review and editing, ].O., O.J.A., V.S, D.B., D.T,, U.C.U,,].S.B,,
R.B. and M.T.; supervision, ED. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the French Ethics Committee South-East I with reference DC-2014-2151,
and the protocol was registered on ClinicalTrials.gov number NCT02401607.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are available by request to the corresponding author.
Acknowledgments: To all the Emergency HealthCare Workers that participated in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Dutheil, F; Danini, B.; Bagheri, R.; Fantini, M.L.; Pereira, B.; Moustafa, F.; Trousselard, M.; Navel, V. Effects of a Short Daytime
Nap on the Cognitive Performance: A Systematic Review and Meta-Analysis. Int. |. Environ. Res. Public Health 2021, 18, 10212.
[CrossRef]

Bouillon-Minois, J.-B.; Thivel, D.; Croizier, C.; Ajebo, E.; Cambier, S.; Boudet, G.; Adeyemi, O.].; Ugbolue, U.C.; Bagheri, R.;
Vallet, G.T.; et al. The Negative Impact of Night Shifts on Diet in Emergency Healthcare Workers. Nutrients 2022, 14, 829.
[CrossRef] [PubMed]

Bouillon-Minois, J.-B.; Raconnat, J.; Clinchamps, M.; Schmidyt, J.; Dutheil, F. Emergency Department and Overcrowding During
COVID-19 Outbreak; a Letter to Editor. Arch. Acad. Emerg. Med. 2021, 9, e28. [CrossRef] [PubMed]

Bouillon-Minois, ].-B.; Schmidt, J.; Dutheil, F. SARS-CoV-2 Pandemic and Emergency Medicine: The Worst Is yet to Come. Am. J.
Emerg. Med. 2020, 42, 246-247. [CrossRef]

Karasek, R.A. Job Demands, Job Decision Latitude, and Mental Strain: Implications for Job Redesign. Adm. Sci. Q 1979, 24,
285-308. [CrossRef]


http://doi.org/10.3390/ijerph181910212
http://doi.org/10.3390/nu14040829
http://www.ncbi.nlm.nih.gov/pubmed/35215482
http://doi.org/10.22037/aaem.v9i1.1167
http://www.ncbi.nlm.nih.gov/pubmed/34027423
http://doi.org/10.1016/j.ajem.2020.06.014
http://doi.org/10.2307/2392498

Nutrients 2022, 14, 5009 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Karasek, R.A. Job Decision Latitude, Job Design, and Coronary Heart Disease; Machine pacing and occupational stress; Taylor and
Francis Ltd.: London, UK, 1981.

Convention C171—Night Work Convention, 1990 (No. 171). Available online: https://www.ilo.org/dyn/normlex/en/{?p=
NORMLEXPUB:12100:0::NO::P12100_INSTRUMENT _ID:312316 (accessed on 4 November 2021).

Boivin, D.B.; Boudreau, P. Impacts of Shift Work on Sleep and Circadian Rhythms. Pathol. Biol. 2014, 62, 292-301. [CrossRef]
Ganesan, S.; Magee, M.; Stone, J.E.; Mulhall, M.D.; Collins, A.; Howard, M.E.; Lockley, S.W.; Rajaratnam, S.M.W.; Sletten, T.L. The
Impact of Shift Work on Sleep, Alertness and Performance in Healthcare Workers. Sci. Rep. 2019, 9, 4635. [CrossRef]
Kosmadopoulos, A.; Kervezee, L.; Boudreau, P.; Gonzales-Aste, F.; Vujovic, N.; Scheer, F.A.].L.; Boivin, D.B. Effects of Shift Work
on the Eating Behavior of Police Officers on Patrol. Nutrients 2020, 12, 999. [CrossRef]

Lim, Y.C.; Hoe, V.C.W,; Darus, A.; Bhoo-Pathy, N. Association between Night-Shift Work, Sleep Quality and Metabolic Syndrome.
Occup. Environ. Med. 2018, 75, 716-723. [CrossRef] [PubMed]

Keski-Rahkonen, A.; Mustelin, L. Epidemiology of Eating Disorders in Europe: Prevalence, Incidence, Comorbidity, Course,
Consequences, and Risk Factors. Curr. Opin. Psychiatry 2016, 29, 340-345. [CrossRef]

Dutheil, F; Chaplais, E.; Vilmant, A.; Courteix, D.; Duche, P.; Abergel, A.; Pfabigan, D.M.; Han, S.; Mobdillon, L.; Vallet, G.T.;
et al. Stress Management in Obesity during a Thermal Spa Residential Programme (ObesiStress): Protocol for a Randomised
Controlled Trial Study. BM] Open 2019, 9, e027058. [CrossRef] [PubMed]

Abdella, H.M.; El Farssi, H.O.; Broom, D.R.; Hadden, D.A_; Dalton, C.F. Eating Behaviours and Food Cravings; Influence of Age,
Sex, BMI and FTO Genotype. Nutrients 2019, 11, E377. [CrossRef]

Gifkins, J.; Johnston, A.; Loudoun, R. The Impact of Shift Work on Eating Patterns and Self-Care Strategies Utilised by Experienced
and Inexperienced Nurses. Chronobiol. Int. 2018, 35, 811-820. [CrossRef]

Padilla, H.M.; Wilson, M.; Vandenberg, R.J.; Davis, M.; Clark, M.A. Health Behavior among Working Adults: Workload and
Exhaustion Are Associated with Nutrition and Physical Activity Behaviors That Lead to Weight Gain. J. Health Psychol. 2021, 26,
892-904. [CrossRef]

Nishitani, N.; Sakakibara, H.; Akiyama, I. Eating Behavior Related to Obesity and Job Stress in Male Japanese Workers. Nutrition
2009, 25, 45-50. [CrossRef]

Palla, L.; Almoosawi, S. Diurnal Patterns of Energy Intake Derived via Principal Component Analysis and Their Relationship
with Adiposity Measures in Adolescents: Results from the National Diet and Nutrition Survey RP (2008-2012). Nutrients
2019, 11, 422. [CrossRef]

Bonham, M.P; Kaias, E.; Zimberg, I.; Leung, G.K.W.; Davis, R.; Sletten, T.L.; Windsor-Aubrey, H.; Huggins, C.E. Effect of Night
Time Eating on Postprandial Triglyceride Metabolism in Healthy Adults: A Systematic Literature Review. J. Biol. Rhythms 2019,
34, 119-130. [CrossRef]

Bali, A.; Jaggi, A.S. An Integrative Review on Role and Mechanisms of Ghrelin in Stress, Anxiety and Depression. Curr. Drug
Targets 2016, 17, 495-507. [CrossRef] [PubMed]

Hansson, C.; Shirazi, R.H.; Naslund, J.; Vogel, H.; Neuber, C.; Holm, G.; Anckarséter, H.; Dickson, S.L.; Eriksson, E.; Skibicka, K.P.
Ghrelin Influences Novelty Seeking Behavior in Rodents and Men. PLoS ONE 2012, 7, e50409. [CrossRef] [PubMed]
Cummings, D.E. Ghrelin and the Short- and Long-Term Regulation of Appetite and Body Weight. Physiol. Behav. 2006, 89, 71-84.
[CrossRef] [PubMed]

Nagaya, N.; Kojima, M.; Uematsu, M.; Yamagishi, M.; Hosoda, H.; Oya, H.; Hayashi, Y.; Kangawa, K. Hemodynamic and
Hormonal Effects of Human Ghrelin in Healthy Volunteers. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2001, 280, R1483-R1487.
[CrossRef] [PubMed]

Miinzberg, H.; Morrison, C.D. Structure, Production and Signaling of Leptin. Metabolism 2015, 64, 13-23. [CrossRef]
Gijén-Conde, T.; Graciani, A.; Guallar-Castillon, P.; Aguilera, M.T.; Rodriguez-Artalejo, F.; Banegas, ].R. Leptin Reference Values
and Cutoffs for Identifying Cardiometabolic Abnormalities in the Spanish Population. Rev. Esp. Cardiol. 2015, 68, 672-679.
[CrossRef]

Bouillon-Minois, J.-B.; Trousselard, M.; Thivel, D.; Benson, A.C.; Schmidt, J.; Moustafa, F,; Bouvier, D.; Dutheil, F. Leptin as a
Biomarker of Stress: A Systematic Review and Meta-Analysis. Nutrients 2021, 13, 3350. [CrossRef] [PubMed]

Bouillon-Minois, J.-B.; Trousselard, M.; Thivel, D.; Gordon, B.A.; Schmidt, J.; Moustafa, E; Oris, C.; Dutheil, F. Ghrelin as a
Biomarker of Stress: A Systematic Review and Meta-Analysis. Nutrients 2021, 13, 784. [CrossRef] [PubMed]

Zefferino, R.; Di Gioia, S.; Conese, M. Molecular Links between Endocrine, Nervous and Immune System during Chronic Stress.
Brain Behav. 2021, 11, €01960. [CrossRef]

Pulopulos, M.M.; Baeken, C.; De Raedt, R. Cortisol Response to Stress: The Role of Expectancy and Anticipatory Stress Regulation.
Horm. Behav. 2020, 117, 104587. [CrossRef] [PubMed]

Wong, D.L.; Tai, T.C.; Wong-Faull, D.C.; Claycomb, R.; Meloni, E.G.; Myers, K.M.; Carlezon, W.A.; Kvetnansky, R. Epinephrine: A
Short- and Long-Term Regulator of Stress and Development of Illness: A Potential New Role for Epinephrine in Stress. Cell Mol.
Neurobiol. 2012, 32, 737-748. [CrossRef]

Dutheil, F; Trousselard, M.; Perrier, C.; Lac, G.; Chamoux, A.; Duclos, M.; Naughton, G.; Mnatzaganian, G.; Schmidyt, J. Urinary
Interleukin-8 Is a Biomarker of Stress in Emergency Physicians, Especially with Advancing Age—The JOBSTRESS* Randomized
Trial. PLoS ONE 2013, 8, €71658. [CrossRef] [PubMed]


https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_INSTRUMENT_ID:312316
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_INSTRUMENT_ID:312316
http://doi.org/10.1016/j.patbio.2014.08.001
http://doi.org/10.1038/s41598-019-40914-x
http://doi.org/10.3390/nu12040999
http://doi.org/10.1136/oemed-2018-105104
http://www.ncbi.nlm.nih.gov/pubmed/30032104
http://doi.org/10.1097/YCO.0000000000000278
http://doi.org/10.1136/bmjopen-2018-027058
http://www.ncbi.nlm.nih.gov/pubmed/31874865
http://doi.org/10.3390/nu11020377
http://doi.org/10.1080/07420528.2018.1466790
http://doi.org/10.1177/1359105319851205
http://doi.org/10.1016/j.nut.2008.07.008
http://doi.org/10.3390/nu11020422
http://doi.org/10.1177/0748730418824214
http://doi.org/10.2174/1389450116666150518095650
http://www.ncbi.nlm.nih.gov/pubmed/25981609
http://doi.org/10.1371/journal.pone.0050409
http://www.ncbi.nlm.nih.gov/pubmed/23227170
http://doi.org/10.1016/j.physbeh.2006.05.022
http://www.ncbi.nlm.nih.gov/pubmed/16859720
http://doi.org/10.1152/ajpregu.2001.280.5.R1483
http://www.ncbi.nlm.nih.gov/pubmed/11294772
http://doi.org/10.1016/j.metabol.2014.09.010
http://doi.org/10.1016/j.recesp.2014.08.015
http://doi.org/10.3390/nu13103350
http://www.ncbi.nlm.nih.gov/pubmed/34684349
http://doi.org/10.3390/nu13030784
http://www.ncbi.nlm.nih.gov/pubmed/33673594
http://doi.org/10.1002/brb3.1960
http://doi.org/10.1016/j.yhbeh.2019.104587
http://www.ncbi.nlm.nih.gov/pubmed/31639385
http://doi.org/10.1007/s10571-011-9768-0
http://doi.org/10.1371/journal.pone.0071658
http://www.ncbi.nlm.nih.gov/pubmed/23977105

Nutrients 2022, 14, 5009 10 of 10

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Bouillon-Minois, J.-B.; Trousselard, M.; Pereira, B.; Schmidyt, J.; Clinchamps, M.; Thivel, D.; Ugbolue, U.C.; Moustafa, F.; Occelli, C.;
Vallet, G.; et al. Protocol of the Study on Emergency Health Care Workers” Responses Evaluated by Karasek Questionnaire: The
SEEK-Study Protocol. Int. ]. Environ. Res. Public Health 2021, 18, 4068. [CrossRef] [PubMed]

Durand, A.-C.; Bompard, C.; Sportiello, J.; Michelet, P.; Gentile, S. Stress and Burnout among Professionals Working in the
Emergency Department in a French University Hospital: Prevalence and Associated Factors. Work 2019, 63, 57-67. [CrossRef]
[PubMed]

Bouillon-Minois, J.-B.; Roux, V.; Pereira, B.; Flannery, M.; Pelissier, C.; Occelli, C.; Schmidt, J.; Navel, V.; Dutheil, F. Stress among
Emergency Health Care Workers on Nuclear or Radiation Disaster: A Preliminary State Survey. Int. |. Environ. Res. Public Health
2021, 18, 8384. [CrossRef]

Dutheil, F.; Boudet, G.; Perrier, C.; Lac, G.; Ouchchane, L.; Chamoux, A.; Duclos, M.; Schmidt, ]J. JOBSTRESS Study: Comparison
of Heart Rate Variability in Emergency Physicians Working a 24-Hour Shift or a 14-Hour Night Shift—A Randomized Trial.
Int. ]. Cardiol. 2012, 158, 322-325. [CrossRef]

Aydin, S.; Halifeoglu, I.; Ozercan, L.H.; Erman, F,; Kilic, N.; Aydin, S.; Ilhan, N.; Ilhan, N.; Ozkan, Y.; Akpolat, N; et al. A
Comparison of Leptin and Ghrelin Levels in Plasma and Saliva of Young Healthy Subjects. Peptides 2005, 26, 647-652. [CrossRef]
[PubMed]

McHill, A.W.; Melanson, E.L.; Higgins, J.; Connick, E.; Moehlman, T.M.; Stothard, E.R.; Wright, K.P. Impact of Circadian
Misalignment on Energy Metabolism during Simulated Nightshift Work. Proc. Natl. Acad. Sci. USA 2014, 111, 17302-17307.
[CrossRef] [PubMed]

Crispim, C.A.; Waterhouse, J.; Damaso, A.R.; Zimberg, I.Z.; Padilha, H.G.; Oyama, L.M.; Tufik, S.; de Mello, M.T. Hormonal
Appetite Control Is Altered by Shift Work: A Preliminary Study. Metabolism 2011, 60, 1726-1735. [CrossRef]

Scheer, EAJ.L.; Hilton, M.F,; Mantzoros, C.S.; Shea, S.A. Adverse Metabolic and Cardiovascular Consequences of Circadian
Misalignment. Proc. Natl. Acad. Sci. USA 2009, 106, 4453-4458. [CrossRef]

Nguyen, J.; Wright, K.P. Influence of Weeks of Circadian Misalignment on Leptin Levels. Nat. Sci. Sleep 2010, 2, 9-18. [CrossRef]
[PubMed]

Molzof, H.E.; Peterson, C.M.; Thomas, S.J.; Gloston, G.F;; Johnson, R.L.; Gamble, K.L. Nightshift Work and Nighttime Eating Are
Associated with Higher Insulin and Leptin Levels in Hospital Nurses. Front. Endocrinol. 2022, 13, 876752. [CrossRef] [PubMed]
Izquierdo, A.G.; Crujeiras, A.B.; Casanueva, EF,; Carreira, M.C. Leptin, Obesity, and Leptin Resistance: Where Are We 25 Years
Later? Nutrients 2019, 11, 2704. [CrossRef] [PubMed]

Myers, M.G.; Leibel, R.L.; Seeley, R.J.; Schwartz, M.W. Obesity and Leptin Resistance: Distinguishing Cause from Effect. Trends
Endocrinol. Metab. 2010, 21, 643-651. [CrossRef] [PubMed]

Taheri, S.; Lin, L.; Austin, D.; Young, T.; Mignot, E. Short Sleep Duration Is Associated with Reduced Leptin, Elevated Ghrelin,
and Increased Body Mass Index. PLoS Med. 2004, 1, e62. [CrossRef]

Mullington, J.M.; Chan, J.L.; Van Dongen, H.P.A.; Szuba, M.P.; Samaras, J.; Price, N.J.; Meier-Ewert, HK.; Dinges, D.F,;
Mantzoros, C.S. Sleep Loss Reduces Diurnal Rhythm Amplitude of Leptin in Healthy Men. ]. Neuroendocrinol. 2003, 15,
851-854. [CrossRef]

Spiegel, K.; Tasali, E.; Penev, P.; Van Cauter, E. Brief Communication: Sleep Curtailment in Healthy Young Men Is Associated with
Decreased Leptin Levels, Elevated Ghrelin Levels, and Increased Hunger and Appetite. Ann. Intern. Med. 2004, 141, 846-850.
[CrossRef] [PubMed]

Bray, G.A. Soft Drink Consumption and Obesity: It Is All about Fructose. Curr. Opin. Lipidol. 2010, 21, 51-57. [CrossRef]
Biercewicz, M.; Slusarz, R.; Kedziora-Kornatowska, K.; Filipska, K.; Bielawski, K.; Ruszkowska-Ciastek, B. Assessment of
Leptin-to-Adiponectin Ratio in Prediction of Insulin Resistance and Nutrition Status in a Geriatric Female Population. J. Physiol.
Pharmacol. 2020, 71, 35-46. [CrossRef]

Langenberg, C.; Bergstrom, J.; Laughlin, G.A.; Barrett-Connor, E. Ghrelin and the Metabolic Syndrome in Older Adults. J. Clin.
Endocrinol. Metab 2005, 90, 6448-6453. [CrossRef] [PubMed]

Rigamonti, A.E.; Pincelli, A.IL,; Corra, B.; Viarengo, R.; Bonomo, S.M.; Galimberti, D.; Scacchi, M.; Scarpini, E.; Cavagnini, F,;
Miiller, E.E. Plasma Ghrelin Concentrations in Elderly Subjects: Comparison with Anorexic and Obese Patients. |. Endocrinol.
2002, 175, R1-R5. [CrossRef] [PubMed]

Marchesini, G.; Bianchi, G.; Lucidi, P.; Villanova, N.; Zoli, M.; De Feo, P. Plasma Ghrelin Concentrations, Food Intake, and
Anorexia in Liver Failure. J. Clin. Endocrinol. Metab. 2004, 89, 2136-2141. [CrossRef] [PubMed]

Bauer, ].M.; Wirth, R.; Troegner, J.; Erdmann, J.; Eber], T.; Heppner, H.]J.; Schusdziarra, V.; Sieber, C.C. Ghrelin, Anthropometry
and Nutritional Assessment in Geriatric Hospital Patients. Z Gerontol. Geriatr. 2007, 40, 31-36. [CrossRef] [PubMed]

Al-Rawi, N.; Madkour, M.; Jahrami, H.; Salahat, D.; Alhasan, F.; BaHammam, A.; Faris, M.A.-1. Effect of Diurnal Intermittent
Fasting during Ramadan on Ghrelin, Leptin, Melatonin, and Cortisol Levels among Overweight and Obese Subjects: A Prospective
Observational Study. PLoS ONE 2020, 15, e0237922. [CrossRef] [PubMed]


http://doi.org/10.3390/ijerph18084068
http://www.ncbi.nlm.nih.gov/pubmed/33921527
http://doi.org/10.3233/WOR-192908
http://www.ncbi.nlm.nih.gov/pubmed/31127745
http://doi.org/10.3390/ijerph18168384
http://doi.org/10.1016/j.ijcard.2012.04.141
http://doi.org/10.1016/j.peptides.2004.11.008
http://www.ncbi.nlm.nih.gov/pubmed/15752580
http://doi.org/10.1073/pnas.1412021111
http://www.ncbi.nlm.nih.gov/pubmed/25404342
http://doi.org/10.1016/j.metabol.2011.04.014
http://doi.org/10.1073/pnas.0808180106
http://doi.org/10.2147/nss.s7624
http://www.ncbi.nlm.nih.gov/pubmed/23616693
http://doi.org/10.3389/fendo.2022.876752
http://www.ncbi.nlm.nih.gov/pubmed/35615722
http://doi.org/10.3390/nu11112704
http://www.ncbi.nlm.nih.gov/pubmed/31717265
http://doi.org/10.1016/j.tem.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20846876
http://doi.org/10.1371/journal.pmed.0010062
http://doi.org/10.1046/j.1365-2826.2003.01069.x
http://doi.org/10.7326/0003-4819-141-11-200412070-00008
http://www.ncbi.nlm.nih.gov/pubmed/15583226
http://doi.org/10.1097/MOL.0b013e3283346ca2
http://doi.org/10.26402/jpp.2020.1.02
http://doi.org/10.1210/jc.2005-1358
http://www.ncbi.nlm.nih.gov/pubmed/16204363
http://doi.org/10.1677/joe.0.175r001
http://www.ncbi.nlm.nih.gov/pubmed/12379512
http://doi.org/10.1210/jc.2003-031771
http://www.ncbi.nlm.nih.gov/pubmed/15126531
http://doi.org/10.1007/s00391-007-0429-3
http://www.ncbi.nlm.nih.gov/pubmed/17318729
http://doi.org/10.1371/journal.pone.0237922
http://www.ncbi.nlm.nih.gov/pubmed/32845924

	Introduction 
	Materials and Methods 
	Study Design 
	Outcomes 
	Statistics 

	Results 
	Characteristics of the Population 
	Assessment of Ghrelin and Leptin Levels 
	Impact of Stress, Night Shift, Sociodemographic, and Nutrition on Leptin and Ghrelin Levels 

	Discussion 
	The Impact of Night Shift and Stress 
	Impact of Food Intake and Sociodemographic Status 
	Limitations 

	Conclusions 
	References

