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AL: Allostatic Load / Charge Allostatique
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LDL: Low Density Lipoprotein

TG: Triglycerides

TC: Total Cholesterol

SC: Salivary Cortisol

HR: Heart Rate / Fréquence Cardiaque

SBP: Systolic Blood Pressure

DBP: Diastolic Blood Pressure

HbA1C: Glycated Hemoglobin / HéEmoglobine glyquée
PSS: Perceived Stress Scale / Echelle de Stress Percu

QVT : Qualité de vie au travail



[. Introduction et contexte de la Thése

Les services de santé au travail ont pour mission de conseiller les employeurs, les
travailleurs et leurs représentants afin d’éviter toute altération de la santé des travailleurs
du fait de leur travail. La gestion des Risques Psycho-Sociaux et du Stress au travail est
intégrée a leurs missions en 2008 suite aux accords nationaux interprofessionnels du 2
juillet (1). Un des objectifs de ces accords est de mettre en place une prévention efficace

contre les problemes générés par les facteurs de stress liés au travail.

C’est en s’inscrivant dans cette démarche, a travers I'évaluation de la Qualité de vie au
travail (QVT), que I'étude Chrysalide a vu le jour au Centre Hospitalier Universitaire de
Nantes en janvier 2017(2). Cette étude longitudinale sur 3 ans cherche a évaluer I'impact
d’'une intervention controlée sur « 'empowerment » au sein d'un Péle Hospitalo-
Universitaire (PHU). Le travail de cette these s’inscrit au sein du projet du CHRYSALIDE
en utilisant les résultats clinico-biologiques et de I'échelle de stress percu issus du TO de

I’'étude.

Au cours de notre étude, nous avons cherché a évaluer la relation entre une échelle
psychométrique du stress percu et des parametres biologiques issus du concept de la

Charge Allostatique (AL) (3).

Afin de mieux comprendre ce concept, il est nécessaire d’évoquer l'idée de I'Allostasie.
Afin de fonctionner de fagon optimale, le corps humain tend & se maintenir dans un état
d’équilibre (homéostasie). Cet état d’équilibre peut étre perturbé par des éléments
« stresseurs » qui entrainent une réponse de I'organisme ayant pour but le retour a

'hnoméostasie. Cette réponse a été nommée Allostasie par Sterling et Eyer (4). Durant



celle-ci, le corps produit des “médiateurs” de I'allostasie qui agiront sur de nombreux

systemes physiologiques (Figure 1) afin de permettre un retour a un équilibre interne.

Ces médiateurs, lorsqu’ils sont émis de maniére trop fréquente, ou en trop grande
quantité, peuvent avoir un effet délétere. Cet effet cumulatif produit par la dérégulation et
I'utilisation excessive des “médiateurs” de l'allostasie définit le concept de charge

allostatique (5,6)

L’AL est un concept émis par McEwen et Seeman en 1997. Leur recherche se base sur
la volonté de mettre au point un outil pouvant décrire le role des médiateurs biologiques

sur l'adaptation ou [linadaptation d'un individu a ses circonstances de Vvie.

T — «Déréglement de
I'homéostasie
* Production de

c l_":’.’.f | Etatd'équilibre ! (o | médiateurs
Y / 1 /' permetiant un
N ,-" Y 7 retour 3
L | I'équilibre

\

Figure 1 : Effet d’'un stresseur sur ’lhoméostasie et effet de I'allostasie

Ce concept s’inspire de I'hypothése de la cascade glucocorticoide de Sapolsky (7) (Fig

2) mais en élargissant les médiateurs et les effets possibles.



L’hypothese de Sapolsky est centrée sur I'axe hypothalamo-hypophyso-surrénalien et sur
les médiateurs responsables de Il'adaptation au stress que sont les hormones
glucocorticoides. Selon cette hypothése, I'exposition prolongée aux glucocorticoides, due
a une sécrétion répétée ou prolongée, altere particulierement les neurones
hippocampiques en charge de l'inhibition de leur sécrétion via un systéme de rétro
contrble négatif, et induit un “cercle vicieux” a lorigine de la surproduction de

glucocorticoides, générateur de pathologies.

Stress
frequent

Altération des neurones

. . hippocampiques
Secretion repétée ou
prolongée de glucocorticoides

Levée de l'inhibition de la sécrétion

de glucocorticoides /

Geéneration de pathologies :
Diabéte
Immunosuppression
Ostéoporose

Atrophie musculaire ...

Figure 2 : L’hypothese de la cascade glucocorticoide

D’un point de vue clinico-biologique, le concept d’AL a été initialement proposé par

McEwen et Seeman (1). lls ont défini 10 paramétres qu’ils ont divisé en deux groupes



e Les médiateurs primaires du stress

e Les parametres secondaires qui résultent des conséquences d’'un métabolisme

anormal sous l'effet du stress

Tab 1 : Parametres clinico-biologiques entrant dans le score de la Charge Allostatique
selon McEwen et Seeman (1).

Médiateurs primaires

Effets secondaires

Cortisol
Noradrenaline
Epinephrine
DHEA

HDL

HbA1C

Ratio cholestérol/HDL
Ratio taille/hanches
SBP

DBP

DHEA : Dehydroepiandrosterone

Les études utilisant le concept de I'AL a partir de la définition qu’en font Seeman et

McEwen, s’inspirent de cette classification en y faisant varier les parameétres utilisés. Une

revue de littérature portant sur 'AL (Annexe 1) entre les années 2007 et 2018 nous a

permis de retrouver 16 études (6, 8-22) utilisant jusqu’a 45 parametres différents pour

définir ’AL. Moins de la moitié de ces paramétres sont utilisés par plusieurs études. Ainsi

le concept d’AL reste flou et aucun consensus ne se dégage de la littérature scientifique

ni concernant les parametres a utiliser, ni concernant le mode de calcul d’'un score

potentiel. Un travail de sélection des parametres clinico-biologiques a ainsi été

nécessaire pour notre étude.

Nous avons choisi les paramétres de maniére pragmatique. Le choix a été effectué de la

facon suivante :

1. Co0t moindre
2. Facilité technigue de réalisation

3. Pertinence clinique
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Des mesures cliniques, seuls la tension artérielle systoliqgue (Systolic Blood Pressure,
SBP), tension artérielle diastolique (Diastolic Blood Pressure,DBP), Pouls (Heart Rate,
HR) et Ratio taille/hanches ont été repris. En ce qui concerne les paramétres biologiques,
nous avons choisi de doser CRP et fibrinogene en tant que marqueurs de I'inflammation,
HbA1C et bilan lipidigue (HDL, TG, cholestérol total, LDL calculé) pour I'évaluation de
'impact métabolique. Afin d’affiner nos résultats nous avons également chois d’intégrer
le calcul du Non HDL cholestérol, marqueur récemment identifié de risque
cardiovasculaire a long terme (23). Enfin, le cortisol salivaire et urinaire ont été ajoutés
devant la relation connue entre le cortisol et le stress professionnel (24,25). Concernant
le cortisol urinaire, un recueil nocturne sur douze heures, apres une journée de travail, a
été préférée a un recueil sur vingt-quatre heures, pourtant préconisé en raison des
variations nycthémérales. Ce choix a été fait afin d’éviter le prélévement d’urines pendant
la journée de travail qui aurait eu un effet dissuasif quant a la participation des agents a
I'étude. Afin de minimiser les erreurs liées a ce prélevement partiel et de pouvoir

comparer malgré tout les patients, les concentrations de cortisol urinaires ont été

normalisées en effectuant le rapport cortisolurie/créatinurie.

L’AL, selon la définition de McEwen et Seeman (1), permet de quantifier 'impact sur notre
corps des efforts prolongés et répétés de rupture et de rétablissement de 'lhoméostasie

lorsque notre organisme est soumis a des “stresseurs” externes.

Nous pouvons nous demander s’il existe une relation entre les paramétres quantitatifs
clinico-biologiques et les paramétres qualitatifs des questionnaires psychométriques de

Qualité de vie au travail.

Le concept de Qualité de vie au travail (QVT) a été défini en France suite aux accords
nationaux interprofessionnels de 2013 (26). La QVT peut se concevoir comme un

sentiment de bien-étre au travail percu collectivement et individuellement qui englobe
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'ambiance, la culture de I'entreprise, I'intérét du travail, les conditions de travail, le
sentiment d’'implication, le degré d’autonomie et de responsabilisation, I'égalité, un droit
a l'erreur accordé a chacun, une reconnaissance et une valorisation du travail effectué.
L’Agence nationale pour I'amélioration des conditions de travail (Anact) propose, en
2016, un guide expliqguant comment mettre en place une démarche d’amélioration des

conditions de travail (27). Il propose de travailler & partir de trois types d’indicateurs :

% Indicateurs de santé (taux de maladies professionnelles, inaptitudes,
accidents...);

o,

% Indicateurs de perception (satisfaction, sentiment d’équité, attentes, stress...) ;

.,

% Indicateurs de fonctionnement (absentéisme, taux de non qualité...).

Nous avons choisi de travailler sur un indicateur de perception de la qualité de vie au
travail : celui du stress pergu. Afin d’évaluer le stress, nous avons décidé d'utiliser le

guestionnaire de stress percu (ou Perceived Stress Scale, PSS) en 4 items (28).

Le PSS se positionne comme permettant de remettre le vécu de la personne au centre
du questionnaire en axant ses questions autour de la perception de cet événement
stressant. En effet, lors de sa création, Cohen et Mermerlstein proposent une nouvelle
échelle du stress qui n’est plus uniquement orientée sur la présence ou I'absence de faits
stressants. Leur approche se base sur le concept de Lazarus (29) pour qui toute
personne interagit activement avec son environnement et détermine quels évenements
sont potentiellement difficiles ou menacants en fonction de ses mécanismes de
« coping » (29). Lazarus et Folkamn définissent le coping comme “P’ensemble des efforts
cognitifs et comportementaux destinés a maitriser, réduire ou tolérer les exigences
internes ou externes qui menacent ou dépassent les ressources d’un individu”. En
partant de cette définition, I'effet stresseur ne se réalise que s’il est considéré comme

menagcant, difficile & gérer et que la stratégie d’ajustement de I'individu sont insuffisantes.

12



La source pathologique du stress n’est donc plus dU a I'évenement objectif vécu mais

bien a la réponse qui lui est faite par l'individu.

Le PSS existe sous trois formats : 14, 10 et 4 items. Cette échelle a d’abord été
développée en 14 points par Cohen et Mermelstein en 1983 (28), soit 7 questions
positives et 7 questions négatives notées selon une échelle de Likert en 5 points. Elle a
ensuite été déclinée en une échelle en 10 questions 5 ans plus tard. Une échelle en 4
questions, bien que disposant d’'une moins bonne validité (30), a 'avantage de proposer
un questionnaire plus court et peut donc facilement s’intégrer dans des études ou les
questionnaires psychométriques sont nombreux. Ce choix s’est donc imposé a nous, les
professionnels de santé devaient répondre a de multiples questionnaires au cours de

I'étude.

La méthodologie et les résultats de ce travail sont présentés sous forme d’un article qui

sera soumis au « Occupational Medecine Journal ».
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Il. Relation entre I'échelle psychométrique de
stress percu et des données clinico-biologiques
Issues de la charge allostatique

Relation between a psychometric perceived stress scale and
clinical and biological data from the Allostatic Load
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Introduction

Stress is a condition frequently felt all along a human’s life, and repeated exposure to
stress may have many health consequences (1). Many studies have tried to understand
the underlaying mechanism of stress and the events that would lead to disease (2) and
to find the best clinical and biological parameters that would characterize stress and its
consequences. The Allostatic Load is a concept proposed by McEwen and Seeman in
1997 (3) whose aim is to present a model that would take into consideration the role of

biological mediators on the body’s adaption strategies or lack of.

Stressful events lead to the loss of homeostasis and induce secretion of various
mediators allowing to go back to a steady state. This phenomenon is known as Allostasis
(4). However recurrent stressors, or chronic ones, can generate excessive number of
primary mediators which will finally generate secondary mediators and induce harmful
secondary effects. This cumulative effect dysregulation and excessive secretion of

allostasis mediators, in reaction to repeated stressors is called Allostatic Load (AL) (5-6).

Even if there is no consensus on clinical and biological parameters included in the AL
studies (7-21), the AL concept remains interesting and parameters chosen from the AL

are appropriate.

Perceived Stress Scale (PSS) (22) is currently used to assess the impact of stressors.
This psychometric scale, created in 1983 by Cohen and Mermelstein, has been
thoroughly validated used in research. This scale is based on the transactional stress
theory and coping introduced by Lazarus in 1966 (23). Lazarus defined stress as ‘a
relationship between the person and the environment that is appraised as personally
significant and as taxing or exceeding resources for coping”. The PSS asses the
frequency at which events, during the previous month or week, have been overwhelming,

uncontrollable and taxing.

15



Due to the length of the other psychometric questionnaires present in the base study (24),
various PSS exists, including 14, 10 and 4 items. The French PSS 4 has been validated

(25) few years after the validation of the PSS for its use in the professional setting (26).

The aim of this study is to determine if the perceived stress scale is associated with

clinical and biological parameters currently used in the AL.

Methods

Data collection

This cross-sectional study was conducted in two sub center units of Nantes university
hospital (France). The data were collected during a mandatory occupational health
consultation, following the French law. The research protocol was presented to the
professionals before the consultation. This clinical trial was registered and received the

identifier NCT04010773.

Professionals who refused to participate were asked to wait for their mandatory non

standardized consultation.

Professionals agreeing to participate are asked to wait, around 40 min in the waiting room
and during this time to complete a questionnaire on a tablet. The questionnaire enabled
the collection of psychometric indicators (Table 1). The participant was then called by the
doctor for a checkup lasting around 35 min. The doctor followed a standardized layout
and codes the clinical indicators retrieved from the interview and the clinical examination
on a computer. At the end of the consultation the doctor could direct the person to an

occupational nurse for any complementary biological tests required.

The data were gathered by two clinical research nurses, two occupational physicists and
two psychologists. The blood sample was drawn by the clinical research nurses, after the

occupational health consultation. The size, weights and waist/hip ratio were measured by
16



the occupational physicists during the consultation. The systolic, diastolic blood pressure
and heart rate were taken after a period of 5 minutes rest. The urinary cortisol was
collected over night on 12 hours following the end of a working day, with an initial
collection between 6pm and 7 am. To minimize bias due to the nychthemeral secretion
of cortisol, urinary cortisol was normalized using creatinuria. Salivary cortisol was
collected 20 minutes after waking up, without any previous smoking, coffee or brushing
their teeth. People taking part in the cortisol sampling were also asked to fill in a
guestionnaire asking them to evaluate their physical activity, professional and personal,
the previous day and the days before. They were asked to note their wake-up time as

well as the time the salivary collection was made.

Population studied

Professional were included in the study according to the following criterion:

e any professional working in healthcare departments, whatever their profession
(chief medical officer, doctor, front-line manager, nurse, nursing assistant,
technical staff, secretariat etc)

e written agreement by the professional to take part in the quantitative research

e agreement by the professional to participate at the biological sampling phase

The exclusion criterion were pregnancy, due to the wide change occurring in cortisol at

this time of life (27) and night shift workers (28).

Out of the 989 professionals who were supposed to come for their regular check-up
(Figure 1), 5 did not present themselves to the appointment and 3 did not fill out the
questionnaires. 124 workers were night working and 23 were pregnant and hence were
excluded from the study. One worker was both night working and pregnant thus showing
in both categories. 439 refused any biological sample and 88 accepted the blood

sampling but not the urinary and salivary cortisol. In total, 308 professionals accepted
17



both the blood sample and the urinary and salivary cortisol samples and thus were

included in the study.

Biological data

After collection, urinary and salivary samples were centrifugated at 2000g for 10 minutes
at 4°C, aliquoted and kept frozen at -20 °C until analysis. Urinary and salivary cortisol
were measured using LC-MSMS assay (3200 Qtrap Sciex spectrometers, Madrid, Spain)
after liquid-liquid extraction with dichloromethane (reference Brossaud J et al 2017).
Blood samples were collected and centrifuged at 2000g for 10 minutes at 4°C within 1
hour after venipuncture. Total cholesterol, triglyceridemia, HDL cholesterol
measurements were performed using Cobas C8000 (Roche Diagnostics, Mannheim,
Germany) according to the manufacturer’s instructions. HBA1c determination was
performed using Tosoh G8 HPLC Analyzer (Tosoh BioSciences, Tessenderlo, Belgium).
Fibrinogen measurement was performed on ACL Top (Werfen laboratories, Barcelona,

Spain).

Statistical analysis

The relation between each individual parameter and the PSS score was evaluated. The
variables were first centered and missing data were imputed through Classification And
Regression Trees. The data were then centered on their mean. When needed, continuous
variables were discretized, into intervals using commonly used cutoff points in the
literature or according to their distribution as to make roughly equivalent groups, to make

their interpretation easier.

It was then decided to study the selected parameters in a multivariate analysis. The
components were organized into four blocks. The first block defined the sociological
components which could be a source of confusion in our results: Months worked at the

hospital, Profession, Weekly working hours. The second block is made of purely clinical

18



data: SBP, DBP, HR, Waist/Hip Ratio, BMI. The third block includes the biological results
from the blood sample: HbA1C, Fibrinogen, HDL, TG, Non-HDL, LDL.. Non-HDL,
calculated as Total cholesterol - HDL, was added to complete the lipid profile as it was

shown to be an important in cardiovascular diseases in recent publications (30).

Finally, the fourth block was made of cortisol samples, one urinary and one salivary. We
chose to separate the cortisol parameters due to their frequent significant association with

stress (31).

The blocks were introduced one after the other to test the quality of information it
contained. This was evaluated by the observed R? variation and tested by a Fisher test.

A significance threshold of 5% was adopted.

Results

The studied population (Table 1) had a mean age of 41.3 years (sd 10.3) and had been
working for 14 years and 3 months or 171 months (sd 117 months) in the hospital. The
population was made of 255 women (83%) and 53 men (17%). The mean PSS score of

the studied population was 10.1 (sd 3.2), the scoring ranging from 4 to 20.

We decided to evaluate each individual parameter through linear regression. While doing
S0, one point appeared to be of particular significance. A plot graphical verification (Figure
2) of the link between salivary cortisol and perceived stress confirmed that one point

showed both a high PSS score (20/20) and a high SC level (13.5 ng/mL).

After finding the impact of this point, we decided to run, in parallel, two sets of linear
regression (Table 3). One where this point was included in the population and a second
one where it is excluded from the population. The Total Cholesterol was not included in

the model as, by construction, it shows co-linearity with both LDL and HDL.
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From this table, we can find that only seniority and SC seem to be associated with a
significant variation of the PSS score. The agents having less than 10 years of seniority
show a higher PSS score. This decreases steadily as the years in position increases up
to a plateau after 20 years. Indeed, a worker with at least 20 years seniority shows

approximately a 2-point decrease on its PSS score.

The salivary cortisol shows a significant association with the PSS score but it seems very
weak and should be treated carefully. We found that it was only significant tanks to the
point, mentioned above, showing both high PSS score and SC. As soon as this point is
removed, the association doesn't appear to be significant anymore: P is going from 0.02
to 0.27. It is interesting to point out the low impact an increase of SC seems to have on
the PSS score: each increase of 1 ng/mL of SC is linked to a PSS score increase of 0.3,

and only half less (0.15) in the population without the point

In a second time, a bloc approach of the multivariate analysis was realized (Table 4).
Each block was added, one at a time and the information added is evaluated. As seen
in the table 4, only the addition of Block 4, consisting of urinary and salivary cortisol adds

some significant information (p = 0.02618).
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Discussion
The main objective of this study was to study the link between the bio-clinical parameters

from the AL, and the PSS.

This was first studied through the use of a multivariate analysis. It showed that from the
four studied blocks, the only added block bringing some significant information relating to
the PSS was the fourth one, which comprised salivary and urinary cortisol. It is interesting
to note that none of the other blocks, containing sociological, biological and clinical data

did bring any new information in the block approach.

The secondary objective of this study was to study the relation between the PSS4 and
each variable through linear regression. This method allowed us to find two parameters

that are correlated with the PSS 4: seniority and salivary cortisol (SC).

Elevated scores of PSS at a lower seniority which then decrease and plateau till 20 years
of seniority could be explained by an evolution bias. Many workers get employed and are
feeling as being under a high stress situation from acquiring a new profession in itself,
which will get reflected in the seniority < 10 years group. In this group, a part of the
workers will be able to cope with the stress coming from the novelty of the work and from
the institution itself. But another group will not be able to cope with this stress. It could be
hypothesized that those workers with high PSS score in the <10-year group, that are not
able to cope with it, would leave the institution and find a new job. Hence only those who
could handle the institutional and job’s stress would stay as a hospital worker past 10

years and explain the decrease.

The other significant relation with the PSS 4 is the SC. This comes to reinforce and explain
our finding in the multivariate analysis. We did not find any relation between the PSS 4
and urinary cortisol. Though, it has to be noted that the result of the urinary cortisol could

be linked to the chosen sampling method: a 12h sampling was chosen over a more
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traditional 24h. Workers were asked to start the sample after a day of work, starting
around 7pm and ending at 7 am. The aim was to avoid a constant sampling through a
day’s work. It was thought that having to carry the sampling bottle through the day would
be a deterrent for workers and so was avoided as to increase the worker’s compliance

with the study.

These results make us conclude that the information gained in block 4 was thanks to the
salivary cortisol results. It ought to be said that a major point of uncertainty has to be
raised concerning the SC results. Indeed, as the plot graphic as shown us, this
component becomes significant in our study only thanks to a single worker showing both
a maxed-out PSS score and a high SC. The suppression of this point drastically changes
the results, the SC’s p going from 0.02 to 0.27. The coefficient linked to the SC also widely
changes, varying from 0.29 to 0.15, meaning an increase of respectively 3.45 and 6.67
ng/mL of SC is necessary to increase the PSS score by 1. It should be pointed out that
the interquartile range of SC ranges from 1.8 to 3.6 ng/mL. This shows a low level of

evidence.

A deeper inquiry into workers showing high levels of SC (>6.5 ng/mL) was made as it
exceeds the standard high limit value of SC. This limit was exceeded by 12 workers. As
to avoid any biases in the link between PSS and SC, we verified that they did not perform
a major physical activity in the previous day or if they were taking a hydrocortisone
medication. We found that three of them did partake in physical activity the previous day
but that showed a similar level of physical activity daily and thus should not have an effect
on SC levels. Only one of them was taking a 1% dermocorticoid cream, a sensibility study
was made and did not show any significant change in the results. We equally checked
their HbAL1C level as to exclude the possibility of Cushing’s disease. It turned out that the
worker showing an important elevation of CS (13.5ng/mL) had a subnormal HbA1C of

6.2%, the normal ranging up to 6%. After a deeper inquiry, we did not find any diagnosis
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of Cushing’s disease for this worker. These results make us conclude that the elevated
salivary cortisol found could be explained by a high level of professional stress which
corresponded to a high PSS score, especially in the worker showing both an elevated SC

(13.5ng/mL) and a high PSS Score (20/20).

We found a clear lack of result between most of the sociological, biological, clinical data
and the PSS 4, the only link reported being a weak one with the SC and with the seniority.

Thus, the question of the used psychometric questionnaire should arise.

Studies involving the AL and an evaluation of perceived stress are scarce and hold
moderate results at best (32). The studies using the PSS as a tool to measure perceived
stress in AL are even scarcer. A big study involving the US, Taiwan and Russia used
these study parameters but showed mixed results (32). Other studies using the PSS
guestionnaire trying to study its relation to the metabolic syndrome and the salivary

cortisol haven’t shown significant relation (33).

Our results could be explained by the fact that cortisol reacts to both chronic and acute
stress. The PSS was designed to ask about perceived stress in a short period of time: a
month or a week. According to Cohen (22), it best provides predictions on health related
within a month or two after the test. But the bio clinical parameters, at the exception of
cortisol, could need a longer time to be able to change. One could assume that the PSS
results showed increased results for some people who experienced stress in the past
week or month but do not show a chronic stress over a long period of time. An experiment
where workers are asked to fill a PSS questionnaire monthly for a couple of years could
help define those workers suffering from chronic stress. Bio clinical samples could be
taken yearly during this experiment as to see the evolution of the parameters and describe

the impact on bio clinical data of chronic stress.
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As explained earlier we decided to use the PSS 4 for practical reasons as it was integrated
in a broader list of questioning. It should be noted that the PSS 4, due to its limited amount
of questions, provides a less adequate approximation of perceived stress levels than the
entire scale (22). Other studies might be more inclined in using other variants of the PSS
in 10 or 14 items, which show slightly better internal validation, and could help assessing

more accurately the perceived stress.

In conclusion, this study focused on the relation between bio clinical data coming from
the AL concept and the PSS. We evaluated this relation through two statistical analysis.
The multivariate block approach showed that the cortisol block, containing both salivary
and urinary cortisol added some information when analyzed in relation to PSS. A
univariate analysis was made which confirmed the significant positive correlation between
salivary cortisol and PSS, even though this relation appeared fairly weak as its mainly

dependent on one result.
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Table 1: Perceived Stress Scale

1 In the last month, how often have you
felt that you were unable to control the
important things in your life?

2. In the last month, how often have you felt
confident about your ability to handle your
personal problems?

3. In the last month, how often have you felt
that things were going your way?

4. In the last month, how often have you felt
difficulties were piling up so high that you
could not overcome them?

Scoring for the Perceived Stress Scale 4:

Questions 1and 4
0 = Mewver

1 = Almost Newver
2 = Sometimes

3 = Fairly Often

4 = \Very Often

Questions 2 and 3
4 = Mewver

3 = Almost Never
2 = Sometimes

1 = Fairly Often

0 =Very Often

Lowest score: 0
Highest scare: 16

Higher scores are correlated 1o more stress.

Mever Almost Mewver Sometimes Fairly Often Very Often

o 1 2 3 4
O O O O O
O O O O O
O U O 0 O
O U O 0 O
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Table 2: Baseline characteristics of the population (N=308)

Parameters Mean (sd) Min-Max
Age (years) 41.3 (10.3) 19-69
Time spent at the Hospital 171.8 (117.0) 1-540
(months)

Time spent at their current job 77.0 (78.1) 0.5-540
(months)

Weekly worked hours 37.3(10.2) 8-80

BMI 24.4 (4.3) 15.4-51.4
Waist/hip ratio 0.83 (0.09) 0.51-1.23
SBP (mmHg) 116.8 (13.2) 85-185
DBP (mmHg) 74.4 (10.7) 40-120
Heart Rate (bpm) 66.6 (8.7) 42-120
Total Cholesterol (g/L) 1.90 (0.39) 0.9-3.22
Triglycerides (g/L) 1.04 (0.70) 0.29-5.69
HDL (g/L) 0.62 (0.16) 0.28-1.05
LDL (g/L) 1.07 (0.32) 0.20-2.31
HbAlc (mmol/mol) 34.4 (3.4) 24-49
Fibrinogen (g/L) 2.99 (0.52) 1.6-4.9
Salivary Cortisol (ug/L) 2.86 (1.58) 0.25-13.5
Urinary Cortisol / creatinuria 1.26 (0.91) 0-6.5
(ug/mmaol)

PSS score 10.1 (3.2) 4-20
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Table 4: Results of the block approach’s multivariate analysis

Model R?2 Delta R? P

Block 1 0.05215 NA NA
Block 1+2 0.08191 0.02976 0.40025
Block 1+2+3 0.09514 0.01323 0.64966
Block 1+2+3+4 0.11838 0.02324 0.02618
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Table 3: Result of the linear regression with LDL Cholesterol

Template with CHU0203 (n=308)

pg/mmol)

Variable Beta (SE) 95% ClI p Variable Beta (SE) 95% ClI p
. 10.18 (7.69, ) i i
Intercept (1.27) 12.67) <0.001 Day (ref)
PHU Day & night -0.59 (0.74) (()286(3);3 0.42
PHU1 (ref) - - - Seniority (in years)
PHUA4 0.06 (0.39) g_%z)l’ 0.87 10[ (ref) - ; ;
Sex 10-20[ -1.31 (0.57) (()213)3 i 0.02
(-3.66, -
Women (ref) - - - 20-30[ -2.35 (0.67) 1.04) <0.001
-0.08 (-1.39, ) (-3.70,
Men (0.67) 1.23) 0.91 [30 1.79 (0.98) 0.13) 0.07
Age (in years) Other -1.86 (1.11) (()2%3 0.09
[50 (ref) - - - Profession
40-50 0.14 (0.66) |15 log3 N - . .
[ .14 (0.66) 1.44) . urse (ref)
) -0.09 (-1.64, Hospital Service (-1.52,
30-40[ (0.79) 1.46) 0.91 Agent 1.06 (1.32) 3.64) 0.42
i -1.31 (-3.13, (-1.53,
20-30[ (0.93) 0.51) 0.16 Secretary 0.07 (0.81) 1.66) 0.94
BMI Caregiver 0.60 (0.52) (1'%11)2' 0.25
[18.5-25] : - : Manager -1.54 (1.00) 8_34;‘)9' 0.12
18.5[ 0.82 (0.46) (1'%??)9 © |o.08 Doctor -0.37 (0.76) (11118)6 0.62
[25 1.01 (1.24) g.14.2)1, 0.41 Other -1.86 (1.11) g_"'?;f)?" 0.09
Contract type SBP
Permanent
- - - 120-140] (ref) - - -
worker (ref)
Temporary -0.76 (-2.22, ) (-1.71,
worker (0.75) 0.70) 031 [140 0.05(0.84) 1.60) 0.95
Trainees 0.32 (0.89) (2%;1)3 0.72 120[ 0.27 (0.43) (10115)6 0.52
Work Term DBP
Full time (ref) - - - 70-90[ (ref) - - -
Part time 0.37 (0.97) (2123)4 0.7 [90 0.47 (0.66) (10778)3 0.48
Work period 70[ -0.19 (0.50) 817§)6 0.7
Weekly working Heart Rate
hours
35[ (ref) - - - 50-80[ (ref) - - -
[35 1.02 (1.00) (2%3)5 ' 0.31 [80 -0.05 (0.67) (112%7 ’ 0.94
. . . -0.95 (-6.12, (-3.74,
Wf':ust / h.|p ratio (2.64) 4.22) 0.72 50[ -0.74 (1.53) 2.25) 0.63
(Tgr}ﬁ')yce”des 0.23 (0.31) 8%43)8' 045  |Fibrinogen (g/iL) | -0.69 (0.41) gll.g)g, 0.1
HDL Cholesterol -0.89 (-3.82, Salivary Cortisol (0.04,
QL) (1.49) 2.03) 085 1 (ng/imL) 029(0.13) 15y 0.02
Urinary
LDL Cholesterol (-1.112, Cortisol (/12h ) (-0.59,
(g/L) 0.22(0.68) 1.55) 0.75 creatininuria ; 0.18 (0.21) 0.24) 04
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Figure 1: Flowchart

Number of participants
who agreed to participate
in the PSS gquestionnaire

N =989

N =981

Meet the
exclusion
criteria

Accepted
the biological
sample

Accepted
Cortisol
sample

Studied
Population
N=308

Excluded-p|

Did not come : 5
Did not answer the
questionnaire : 3

Pregnant : 23
Night worker : 124

Excluded—p-

Refused Biological
sampling
N =439

Refused Urinary and/or
salivary cortisol
sampling
N = 88




Figure 2: Plot graphic of the salivary distribution depending on PSS Score

Salivary cortisol distribution depending on PSS score

PSS Score

Salivary cortisol
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I1l. Conclusion

En conclusion, cette étude se concentre sur le lien entre les parametres clinico-
biologiques issus de la charge allostatique et I'échelle de stress pergu en 4 questions.
L’analyse statistique a été réalisée en deux étapes. Une premiere approche en bloc de
'analyse multivariée a été réalisée et a démontré un apport d’'information lors de
I'introduction du bloc 4 comprenant le cortisol salivaire et urinaire (p=0.02618). Une
seconde analyse statistique, par régression linaire, de chaque composant clinico
biologique a également été réalisée. Ses résultats viennent confirmer la présence d’'une
corrélation positive significative entre PSS et cortisol salivaire (p=0.02). Il faut cependant
étre précautionneux face a ce résultat, puisque le gain de significativit¢ ne dépend
uniqguement que d’'une unique personne de la population (p=0.27 sur le reste de la
population). |l est également montré le faible impact d’'une augmentation du cortisol
salivaire sur I'échelle de stress percu : une augmentation de 3.3 ng/mL de cortisol

salivaire correspond a une augmentation d’'un point sur I'échelle de stress pergu.

Ces résultats peuvent s’expliquer par la réponse rapide du cortisol face a un stress que
le PSS pourrait détecter. Le PSS ne se base que sur la derniere semaine ou dernier mois
afin d’établir son score, sa valeur prédictive ne se prolongeant que dans une période d’un
mois apres le questionnaire. Une étude longitudinale complémentaire pourrait envisager
de proposer un questionnaire bimensuel sur une période prolongée afin de faciliter la
différenciation entre une exposition aigué, subaigué ou chronique au stress. Un bilan
clinico-biologique pourrait étre proposé au début et a lissue de cette période afin

d’évaluer I'évolution des paramétres et leur relation aux parametres biologiques.
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V. Annexes

Revue de la littérature concernant les composants de la Charge

allostatique
Allostatic  [Chronic Work A Self-rated  JAssessing the|ls burnout
Load work stress [Stress, streamline Health and |cumulative  [related to
Assessmen and Caregiving d approachlAllostatic  |effects of allostatic
t for Early |exhaustion jand for Load in stress: The  Joad?
Detection of|is Allostatic jassessing Women association
Stress in  jassociated |[Load: the Working in  |petween job
the with higher |Prospectiv |Allostatic [Two stress and
Workplace fallostastic |e results |Load Index|Occupationajllostatic load
in Egypt oad in from in | Sectors in a large
female Whitehall Il jndustrial sample of
school cohort employees Chinese
teachers study employees
Auteurs Ali OS et al. Bellingrath |Dich, N et Mauss D Hasson D et{Jing Sun et |Langelaan
(8) Setal. (9) Jal (10) etal. (11) fl. (12) al. (13) S et al. (14)
Date 2016 2009 2015 2015 2009 2007 2007
Systolic Blood [VRAI VRAI VRAI VRAI VRAI VRAI VRAI
Pressure
Diastolic Blood [VRAI VRAI VRAI VRAI VRAI VRAI VRAI
Pressure
\Waist to hip VRAI VRAI FAUX VRAI VRAI VRAI FAUX
ratio
Waist FAUX FAUX FAUX VRAI FAUX FAUX FAUX
circumference
BMI VRAI VRAI FAUX VRAI FAUX VRAI VRAI
Body-fat FAUX FAUX VRAI FAUX FAUX FAUX FAUX
CRP VRAI VRAI VRAI IVRAI FAUX VRAI VRAI
Fibrinogen FAUX VRAI FAUX FAUX FAUX VRAI FAUX
Triglycerides [VRAI VRAI VRAI VRAI VRAI IVRAI FAUX
LDL FAUX FAUX VRAI VRAI VRAI FAUX FAUX
HDL VRAI VRAI VRAI VRAI VRAI IVRAI VRAI
Total VRAI FAUX FAUX VRAI VRAI FAUX VRAI
Cholesterol
Cholesterol / |VRAI VRAI FAUX FAUX FAUX VRAI FAUX
HDL ratio
HBA1C FAUX VRAI FAUX VRAI VRAI IVRAI VRAI
Fasting FAUX VRAI VRAI VRAI VRAI FAUX FAUX
glucose
DHEA-S VRAI VRAI FAUX FAUX VRAI FAUX FAUX
Urinary FAUX VRAI FAUX FAUX FAUX FAUX FAUX
Norepinephrine
Urinary FAUX VRAI FAUX FAUX FAUX FAUX FAUX
Epinephrine
Urinary FAUX VRAI FAUX FAUX FAUX VRAI FAUX
Cortisol
Urinary FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Dopamine
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Urniary FAUX FAUX FAUX VRAI FAUX FAUX FAUX
Albumine

Plasma FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Norpeinephrine

Plasma FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Epinephrine

Plasma FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Albumine

Creatinine FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Clearance

Urinary Uric FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Acid

Heart Rate FAUX FAUX FAUX FAUX VRAI FAUX FAUX
Insulin FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Pancreatic FAUX FAUX FAUX FAUX FAUX FAUX FAUX
amylase

Creatinine FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Plasma FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Cortisol

LDL / HDL ratio [FAUX FAUX FAUX FAUX VRAI FAUX FAUX
Prolactin FAUX FAUX FAUX FAUX VRAI FAUX FAUX
Apolipoprotein [FAUX FAUX FAUX FAUX FAUX FAUX FAUX
e Al

Apolipoprotein [FAUX FAUX FAUX FAUX FAUX FAUX FAUX
e B

Adnephrin FAUX FAUX FAUX FAUX FAUX \VRAI FAUX
Insulin Glucose|FAUX FAUX FAUX FAUX FAUX VRAI FAUX
Ratio

Glucose FAUX FAUX FAUX FAUX FAUX FAUX VRAI
Salivary FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Cortisol

D-dimer FAUX VRAI FAUX FAUX FAUX FAUX FAUX
TNF-a FAUX VRAI FAUX FAUX FAUX FAUX FAUX
IL-6 FAUX FAUX VRAI FAUX FAUX FAUX FAUX
IGF 1 FAUX FAUX FAUX FAUX FAUX FAUX FAUX
Total Thyroxin [VRAI FAUX FAUX FAUX FAUX FAUX FAUX
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Stressors [The associations [Do chronic Protective  [Effects of [Multilevel
Among  |between stressors lead jand Alzheimer [Socioeconomical
Latino socioeconomic o damaging [caregiving [Differientials In
Day status, allostatic [physiological ffects of on Allostatic Load
Laborers [oad and dysregulation mediators of jallostatic jamong Chinese
A Pilot measures of ? Testing the [stress. load Adults
Study health in older theory of Elaborating
Examiningfaiwanese allostatic load jand testing
Allostatic |persons: Taiwan the concepts
Load social of allostasis
environment and and allostatic
biomarkers of load
aging study
Auteurs de Castro Hu et al. (16) GleiD etal. |McEwen, B. [Roepke, [Xu,H. (19)
AB et al 17) S. etal. (6) [SKetal.
15) (18)
Date 2010 2007 2007 1999 2011 2018
Systolic Blood |[VRAI VRAI VRAI VRAI VRAI VRAI
Pressure
Diastolic Blood [VRAI VRAI VRAI VRAI VRAI VRAI
Pressure
Waist to hip ratio [VRAI VRAI VRAI VRAI FAUX VRAI
Waist FAUX FAUX FAUX FAUX FAUX FAUX
circumference
BMI VRAI FAUX VRAI FAUX VRAI VRAI
Body-fat FAUX FAUX FAUX FAUX FAUX FAUX
CRP VRAI FAUX FAUX FAUX FAUX VRAI
Fibrinogen FAUX FAUX FAUX FAUX FAUX FAUX
Triglycerides FAUX FAUX VRAI FAUX FAUX VRAI
LDL FAUX FAUX FAUX FAUX FAUX VRAI
HDL FAUX VRAI FAUX VRAI VRAI VRAI
Total Cholesterol FAUX FAUX VRAI VRAI FAUX VRAI
Cholesterol / FAUX VRAI VRAI FAUX VRAI FAUX
HDL ratio
HBA1C FAUX VRAI VRAI VRAI FAUX VRAI
Fasting glucose [FAUX FAUX VRAI FAUX FAUX VRAI
DHEA-S FAUX VRAI VRAI VRAI FAUX FAUX
Urinary FAUX VRAI VRAI VRAI FAUX FAUX
Norepinephrine
Urinary FAUX VRAI VRAI VRAI FAUX FAUX
Epinephrine
Urinary Cortisol [FAUX VRAI VRAI VRAI FAUX FAUX
Urinary FAUX FAUX VRAI FAUX FAUX FAUX
Dopamine
Urniary FAUX FAUX FAUX FAUX FAUX FAUX
Albumine
Plasma FAUX FAUX FAUX FAUX VRAI FAUX
Norpeinephrine
Plasma FAUX FAUX FAUX FAUX VRAI FAUX
Epinephrine
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Plasma FAUX FAUX FAUX FAUX FAUX VRAI
Albumine

Creatinine FAUX FAUX FAUX FAUX FAUX VRAI
Clearance

Urinary Uric Acid [FAUX FAUX FAUX FAUX FAUX VRAI
Heart Rate FAUX FAUX FAUX FAUX FAUX FAUX
Insulin FAUX FAUX FAUX FAUX FAUX FAUX
Pancreatic FAUX FAUX FAUX FAUX FAUX FAUX
amylase

Creatinine FAUX FAUX FAUX FAUX FAUX FAUX
Plasma Cortisol [FAUX FAUX FAUX FAUX FAUX FAUX
LDL /HDL ratio [FAUX FAUX FAUX FAUX FAUX FAUX
Prolactin FAUX FAUX FAUX FAUX FAUX FAUX
Apolipoproteine [FAUX FAUX FAUX FAUX FAUX FAUX
Al

Apolipoproteine [FAUX FAUX FAUX FAUX FAUX FAUX
B

Adnephrin FAUX FAUX FAUX FAUX FAUX FAUX
Insulin Glucose [FAUX FAUX FAUX FAUX FAUX FAUX
Ratio

Glucose FAUX FAUX FAUX FAUX FAUX FAUX
Salivary Cortisol [VRAI FAUX FAUX FAUX FAUX FAUX
D-dimer FAUX FAUX FAUX FAUX FAUX FAUX
TNF-a FAUX FAUX FAUX FAUX FAUX FAUX
IL-6 FAUX FAUX VRAI FAUX FAUX FAUX
IGF 1 FAUX FAUX VRAI FAUX FAUX FAUX
Total Thyroxin FAUX FAUX FAUX FAUX FAUX FAUX
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Stressed out? An A clinical allostatic [Socioeconomic Nombre total
investigation of load index is status over the life  |d'utilisations
whether allostatic load jassociated with course and allostatic |[du parametre
mediates associations fpurnout symptoms Joad in adulthood:
between and results from the
neighborhood hypocortisolemic ~ [Northern Swedish
deprivation and health [profiles in healthy [Cohort
workers
Auteurs Prior L et al (20) Juster RP et al. (21)|Gustafsson PE et al.
22)
Systolic Blood VRAI VRAI VRAI 16
Pressure
Diastolic Blood VRAI VRAI VRAI 16
Pressure
\Waist to hip ratio FAUX VRAI VRAI 12
\Waist circumference [VRAI FAUX VRAI 3
BMI VRAI FAUX VRAI 11
Body-fat FAUX FAUX FAUX 1
CRP VRAI VRAI FAUX 10
Fibrinogen VRAI VRAI FAUX 4
Triglycerides VRAI VRAI VRAI 11
LDL FAUX FAUX FAUX 4
HDL VRAI VRAI VRAI 14
Total Cholesterol FAUX VRAI VRAI 9
Cholesterol /HDL  [VRAI FAUX FAUX 7
ratio
HBA1C VRAI VRAI FAUX 11
Fasting glucose FAUX FAUX FAUX 6
DHEA-S VRAI VRAI FAUX te]
Urinary FAUX FAUX FAUX 4
Norepinephrine
Urinary Epinephrine [FAUX FAUX FAUX 4
Urinary Cortisol FAUX FAUX FAUX 5
Urinary Dopamine  |[FAUX FAUX FAUX 1
Urniary Albumine FAUX FAUX FAUX 1
Plasma FAUX FAUX FAUX 1
Norpeinephrine
Plasma Epinephrine [FAUX FAUX FAUX 1
Plasma Albumine VRAI VRAI FAUX 3
Creatinine Clearance FAUX FAUX FAUX 1
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Urinary Uric Acid FAUX FAUX FAUX 1
Heart Rate VRAI FAUX FAUX 2
Insulin FAUX VRAI FAUX 1
Pancreatic amylase [FAUX VRAI FAUX 1
Creatinine FAUX VRAI FAUX 1
Plasma Cortisol FAUX VRAI FAUX 1
LDL / HDL ratio FAUX FAUX FAUX 1
Prolactin FAUX FAUX FAUX 1
Apolipoproteine A1 [FAUX FAUX IVRAI 1
Apolipoproteine B [FAUX FAUX VRAI 1
Adnephrin FAUX FAUX FAUX 1
Insulin Glucose FAUX FAUX FAUX 1
Ratio

Glucose FAUX FAUX FAUX 1
Salivary Cortisol FAUX FAUX FAUX 1
D-dimer FAUX FAUX FAUX 1
TNF-a FAUX FAUX FAUX 1
IL-6 FAUX FAUX FAUX 2
IGF 1 FAUX FAUX FAUX 1
Total Thyroxin FAUX FAUX FAUX 1
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Perceived Stress Scale 4

Question 1 — Au cours du dernier mois combien de fois vous a t-il semblé difficile
de controler les choses importantes de votre vie ?

e Jamais : compter 1 pour calculer le score

e Presque jamais : compter 2 pour calculer le score
e Parfois : compter 3 pour calculer le score

e Assez souvent : compter 4 pour calculer le score
e Souvent : compter 5 pour calculer le score

Question 2 — Au cours du dernier mois combien de fois vous étes-vous senti(e)
confiant(e) a prendre en main vos problemes personnels ?

e Jamais : compter 5 pour calculer le score

e Presque jamais : compter 4 pour calculer le score
e Parfois : compter 3 pour calculer le score

e Assez souvent : compter 2 pour calculer le score
e Souvent : compter 1 pour calculer le score

Question 3 — Au cours du dernier mois combien de fois avez-vous senti que les
choses allaient comme vous le vouliez ?

e Jamais : compter 5 pour calculer le score

e Presque jamais : compter 4 pour calculer le score
e Parfois : compter 3 pour calculer le score

e Assez souvent : compter 2 pour calculer le score
e Souvent : compter 1 pour calculer le score

Question 4 — Au cours du dernier mois combien de fois avez-vous trouvé que les
difficultés s’accumulaient a un tel point que vous ne pouviez les contréler ?

e Jamais : compter 1 pour calculer le score

e Presque jamais : compter 2 pour calculer le score
e Parfois : compter 3 pour calculer le score

e Assez souvent : compter 4 pour calculer le score
e Souvent : compter 5 pour calculer le score
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NOM : PIOCH PRENOM : Pierre-Alban

Titre de These : Relation entre I’échelle psychométrique de stress pergu et des
données clinico-biologiques issues de la charge allostatique

RESUME

Cette étude portant sur une population de 308 agents de la fonction publique hospitaliére du CHU
de Nantes évalue la relation entre une échelle psychométrique du stress percu, le Perceid Stress
Scale, et des paramétres biologiques issus de la charge allostatique. Deux analyses statistiques
ont été réalisées, une analyse par bloc qui montre un gain d’information lors de I'ajout du bloc
contenant le cortisol salivaire et urinaire (p = 0,02618), et une régression linéaire de chaque
paramétre clinique et biologique. Cette derniére met en évidence une corrélation positive
significative entre le cortisol salivaire et les résultats du questionnaire PSS (p = 0,02). Cette
corrélation est cependant faible puisqu’elle ne dépend que d’'un agent ayant montré a la fois un
taux trés élevé de cortisol salivaire (13,5ng/mL) et un score maximum au PSS. Ces résultats
pourraient étre affinés au cours d’études longitudinales complémentaires choisissant d’effectuer
un questionnaire PSS mensuel.
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