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ABSTRACT Stress refers to processes involving perception, appraisal and response to noxious events or stimuli.
While acute stress can activate adaptive responses, chronic stresses are detrimental to health by altering

various physiological parameters'. One such change involves blood glucose levels. This study was done to detect any
alterations in blood glucose levels on exposure to chronic mental stress. Mental stress was assessed using the Stress scale of
the DASS - 42 questionnaire. Correlation between stress perception and altered blood glucose levels was seen. Reasons for
this change range from effects of stress hormones on carbohydrate & lipid metabolism to changes in brain which promote stress
eating. There is increased risk for obesity, Diabetes Mellitus and Metabolic syndrome in future. Interventions to reduce this risk
include lifestyle modifications which include caloric restriction, increasing physical activity and getting involved in customised

activities which reduce stress.
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INTRODUCTION:

Stress is a term which is heard very often since quite a few
years. Although it is synonymous with tension, worry etc... in
common terms, yet it is properly defined from the physiologic
point of view. It is defined as any change in the environment
which changes or threatens to change the existing steady
state within the body i.e homeostasis®.

Originally stress response was designed for protection and
survival, but with the changes in lifestyle it is being associated
with deterioration of health — both physical and mental. Job
stress is one of the commonest stressors, with IT sector being
one of the most affected. The reasons vary from stress of
meeting deadlines/targets, working odd hours, travel time,
higher intake of unhealthy/junk food etc.

The stress faced by the workers in the IT sector can come under
many categories — it is mental stress, long lasting,
occupational stress. They face an overload of stressors which
lead to high demand but low control at work™. Chronic stress
such as this leads to release of stress hormones by HPA axis
(Hypothalamo-Pituitary-Adrenal) and activation of Sympathetic
nervous system for long periods of time**.

Release of stress hormones such as Cortisol and release of
catecholamines such as Epinephrine and Norepinephrine
cause a lot of alterations in the body — many physiological
parameters change, one of which is the blood glucose.
Elevated blood sugar levels are seen. This is due to its effect on
carbohydrate metabolism which is altered — there is increased
gluconeogenesis by liver, decreased utilization of glucose by
the cells, and decreased uptake of glucose by the cells’.

High levels of cortisol antagonize insulin's effect on GLUT-4-
mediated glucose uptake into skeletal muscle and adipose
tissue’.

In response to this plasma insulin levels rise, yet hyperglycaemia
persists due to decreased insulin sensitivity’. This occurs as the
glucocorticoids mobilize lipids from fat depots, leading to higher
circulating levels of Free fatty acids (FFA). These FFA impair
the action of insulin on tissues.”

Additionally, cortisol also plays a role in lipid metabolism - in

chronically elevated cortisol states, there is decrease in
lipolysis, Increased appetite, increased triglyceride synthesis,
lipogenesis and conversion of pre-adipocytes to adipocytes.’

AIMS AND OBJECTIVES:
To study the alterations in blood glucose levels in IT company
employees.

METHODOLOGY:

(I) Materials And Methods: Clearance for this study was
given by the Institutional Ethics Committee, Gandhi
Medical College, Scuderia, Telangana. A letter of
informed consent was taken from the volunteers.

(II) Study Population: 50 individuals, comprising of 28 males
and 22 females, aged 20-30 years working in IT
companies.

(II) Format for collection of personal information was given to
the volunteers.

(IV) General Physical examination was done.

Parameters Assessed:

1. Fasting blood glucose levels - GOD/POD method
2.Dass Score —using a Questionnaire

3.BMI - calculated by estimating height and weight

Establishment of normal levels of all physiological parameters
were done at the beginning of the study by collecting a blood
sample before exposure to chronic stress. It helped in
establishing baseline values individually and as a group so
that they can be compared post stress exposure. According to
the study design, any subject with aberrant values was no
longer a part of the study. Hence, 2 blood samples collected
from each subject under aseptic precautions at an interval of
about 6 months between their collections.

Collection of blood samples — The first sample was collected
when the subjects of this study had recently joined their
respective organizations. This was to ensure that the fasting
blood glucose values of all subjects were within the normal
range. 2" sample was collected after the subjects were
exposed to their stressful environment for at least 6 months.
In order to remove the influence of other confounding factors,
the subjects were not on night time shifts for 1 month prior to 2™
blood test so that altered sleep schedule doesn't cause any
changesinthe sugarlevels.
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Grading Mental stress:

Mental stress can't be evaluated as objectively as physical
stress as it is more of a subjective sensation. Every person
perceives varying levels of sensations of stress for the same
challenge - this depends on age, experience, personality etc.

Hence feedback is one of the ways to label the level of stress.
For this purpose, DASS -42 questionnaire (Depression,
Anxiety and Stress scale) was used. Only Stress scale was
used for the purpose of this study * The Stress scale (items) is
sensitive to levels of chronic non-specific arousal. It assesses
difficulty relaxing, nervous arousal, and being easily
upset/agitated, irritable/over-reactive and impatient.”* The
Stress scale, originally labelled "tension/stress", measures a
syndrome that is factorially distinct from depression and
anxiety, characterised by nervous tension, difficulty relaxing
and irritability. DASS scale is very flexible — a single scale
can be used or 2 scales or all 3 scales can be assessed too.
Omitting other scale(s) doesn't affect the scores of the current
scale being used. Its flexibility extends to assessing the stress
levels over different periods of time - this can be fixed by the
examiner'’. Using the stress scale, the subjects were graded
as having no/mild/moderate/severe stress, according to the
DASS score. The subjects reported a sleep duration of 7 or
more hours of sleep per day. They didn't have any addictions
like cigarette smoking or alcohol which can affect the blood
glucose levels.

DASS Name: Date:
Please read each statement and circle a number 0, 1, 2 or 3
which indicates how much the statement applied to you over|
the past 6 months. There are no right or wrong answers. Do
not spend too much time on any statement.

The rating scale is as follows:

0 Did not apply to me at all

1 Applied to me to some degree, or some of the time

2 Applied to me to a considerable degree, or a good part of
time

3 Applied to me very much, or most of the time

1 |I found myself getting upset by quite trivial 01283

things

23
23
23
23
23

6 |Itended to over-react to situations

8 |Ifound it difficult to relax

11 |I found myself getting upset rather easily
12|I felt that I was using a lot of nervous energy
14 (I found myself getting impatient when I was
delayed in any way (e.g., lifts, traffic lights,
being kept waiting)

o|o|o|o|o
el Ll el el

181 felt that I was rather touchy 0123
221 found it hard to wind down 0123
27 |I found that [ was very irritable 01283
29 |1 found it hard to calm down after something |0 1 23

upset me
32 (I found it difficult to tolerate interruptions to 0128
what [ was doing
33|l was in a state of nervous tension 0123

35 |I was intolerant of anything that kept me from |0 1 23
getting on with what I was doing
I found myself getting agitated 01283

CATEGORY OF STRESS DASS SCORE

No Stress 0-14

Mild 15-18

Moderate 19-25

Severe 26-33

Very Severe 34+

Inclusion And Exclusion Criteria:
Criteria for inclusion was apparently healthy volunteers who
are not having any signs of chronic disease.

Criteria for exclusion was:
(i) Any chronic disease(s), anaemia, recent major trauma or

surgeries.

(ii) Any intake of medication for the above-mentioned
conditions—eg: hypoglycaemic drugs.

STATISTICAL ANALYSIS:
Student 't' test was done. Analysis was done using GraphPad
Instat Software.

Table 1: Table Showing Fbs Levels And Dass Score Pre And
Post Exposure To Chronic Mental Stress

Parameter |Pre-mental| Post Mental P Level Of
Stress Stress Value | Significance
Dass Score|8.91+1.798| 14.994+1.502 | <0.001| Extremely
(mean + Significant
SD)
Fasting |82.05+6.04/96.287+18.28( 0.0148| Significant
Blood
Glucose
Levels
(mg/dl)
(mean +
SD)

ALTERATIONS OF FBS LEVELS BEFORE AND AFTER
STRESS EXPOSURE

DASS SCORE FBSLEVELS

WPREEXPOSURE  mPOSTEXPOSURE

Graph 1: Graph Showing FBS Levels And Dass Score Pre
And Post Exposure To Chronic Mental Stress

NOTE: Values of DASS score have been multiplied by 10 only
in this graph (and not in the table) so that pre and post
exposure alterations can be properly seen and compared with
FBSlevels.

Table 2: Table Showing BMI Values Pre And Post Exposure To
Chronic Mental Stress

Parameter |Pre-mental Post Mental| P Level Of
Stress Stress | Value | Significance|
BMI (kg/m”) | 23.2+0.98 | 24.4+1.32 |<0.001| Extremely
(MEAN + SD) Significant

ALTERATIONS IN BMIPRE AND POST STRESS EXPOSURE

232

23

228
PRE-EXPOSURE

POST EXPOSURE

mSziesl

Graph 2: Graph Showing BMI Values Pre And Post Exposure
To Chronic Mental Stress

DISCUSSION:

This study was done to estimate the presence of any altered
blood glucose levels in individuals working in high stress
environment and therefore exposed to mental stress for
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prolonged periods of time.

A group of 50 people, which included 28 males and 22
females, working in the IT sector were selected as subjects.
Individuals working at similar positions were selected as
subjects in order to minimise bias arising from differential
stress levels. 2 blood samples were collected with a time
interval of 6 months in between. The first sample acted as the
baseline and acted as the control to compare any alterations
in fasting blood glucose levels arising after being exposed to
high levels of mental stress for 6 months. This was estimated
from the 2™ blood sample collected. Measurements of
perceived stress was done using DASS-42 questionnaire as it
is more of a subjective sensation and difficult to measure
objectively.

At the onset of study, the mean DASS score of the group was
8.91 which is categorised as under “NO STRESS" and the
mean FBS levels were 82.05 mg/dl which are within normal
range. Post stress exposure, the DASS questionnaire
responses were analysed. Although the post stress DASS
score showed increased values and made the group to be
categorised under "MILD STRESS”, the rise between pre and
post exposure values was extremely significant with a p value
of <0.001.

The FBS levels after stress exposure increased from 82.05
mg/dl to 96.28 mg/dl. Similar to DASS scoring which didn't
show massive alterations scoring wise, even FBS levels are
within normal range, yet their rise shows significant
correlation with a p value of 0.0148.

Additionally, there is rise of BMI” from 23.2 to 24.4 kg/m’ after
exposure to stress, which is extremely significant with a p
value of <0.001.

Stress hormones divert the energy stores to be used
appropriately during emergency conditions, suppress
appetite and even cause weightloss''  This holds true in acute
stress lasting for shorter durations where higher levels of
circulating blood sugar levels are required. It's an example of
Allostasis which refers to the physiological responses related
to various systems of the body like Autonomic Nervous system,
Hypothalamo-Pituitary-Adrenal axis, Cardiovascular system
etc. which help in protection and adaptation of the organism to
challenges.™  Allostasis help in maintaining homeostasis.
But it has an adverse effect too — the changes which occur to
maintain homeostasis in face of challenge are referred to as
Allostatic load'™**. Allostatic load is detrimental and
represents wear and tear of various systems of the body.
Usually, after cessation of stress, negative feedback control
sets in and brings back the levels of all hormones of HPA axis
to normal. But in conditions of chronic stress, the negative
feedback of stress hormones such as cortisol on the higher
centresislost’.

This is an example of allostatic load involving failure to
habituate to the same stressor which leads to persistent
elevation of mediators like cortisol. Cortisol production is
prolonged and the subsequent effects continue, one of which
is onblood sugar levels.”

The effects include increased gluconeogenesis by liver,
decreased utilization of glucose by the cells, and decreased
uptake of glucose by the cells. Insulin dependent GLUT-4-
mediated glucose uptake into skeletal muscle and adipose
tissue is decreased. As tissues demand glucose for their
metabolic needs, plasmainsulin levelsrise, yet hyperglycaemia
persists due to decreased insulin sensitivity’. This occurs due to
the presence of higher circulating levels of free fatty acids
which impair the action of insulin on tissues.

Negative
Feedback

Corticotropin
Releasing
Hormone

ACTH

Adrenocorticotropic
Hormone

HPA Axis
CORT

FIG 1: HPA Axis Showing Stress Response And Release Of
Various Hormones From Various Glands'®

Stress is also associated with change in lipid metabolism.
Dyslipidaemia is also responsible for rise of blood sugar
levels. Glucocorticoids also lead to differentiation and
proliferation of adipocytes and redistribution of fat, leading to
central adiposity. Decrease in activity of lipoprotein lipase
enzyme leads to raised levels of free fatty acids, lower HDL
cholesterol levels and high triglyceride levels. Chronic stress
enhances these alterations.”***

One of the unusual effects seen in chronic stress is that even
with high levels of cortisol, weight gain is seen. In the current
study too, there is significant rise of BMI from 23.2 to 24.4 kg/m®
with a p value of <0.001. There is an interesting relationship
between weight gain and blood sugar levels. Stress eating
could explain this phenomenon.

REASON FOR STRESS EATING:

It has been observed that individuals facing moderate to high
stress levels have greater food intake in order to feel better'.
Endorphins are believed to play a role in improving the
emotions here”. Glucocorticoids can alter the expression of
hypothalamic neuropeptides such as CRE, Neuropeptide Y
(NPY), Agouti related peptide and Proopiomelanocortin
(POMC) - they play a role in feeding behaviours'. There is
increased preference for consumption of hyperpalatable and
energy dense high sugar, high fat foods'**

Stress not only effects the endocrine system, but also causes
changes in the brain too. Previous studies done in high stress
groups have used MRI and confirmed changes in certain
areas of the brain'* such as:

- Amygdala - related to emotions

- Putamen - related to preparation and execution

- Anterior prefrontal cortex and anterior cingulate gyrus — deal
withlogic and strategy

Deactivation of frontal region and increased connectivity
between Amygdala and Putamen have been observed. This
means that greater emotional influence and lesser logical
thinking is seen when it comes to making decisions regarding
food intake'**. The food which improves mood is preferred
even when its unhealthy and likely to cause weight gain.
Hence such individuals take high calorie food which increases
the risk for obesity and Type 2 Diabetes''*. Another
consequence of dampening of activity of Prefrontal cortex is
the display of behaviour which promote survival when
confronted with stress — example being searching for food and
food cues'®”

Activation of HPA axis is also linked to activation of the
mesolimbic dopaminergic system. This system is related to
perception of reward sensation. Stressors increasing CRF
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secretion an also act on prefrontal and limbic regions through
a series of neural connections. These regions are also part of
brain reward system'”” and the pathways used could be
dopaminergic. Dopamine is associated with reward
sensitivity, conditioning and control related to food, with
increased dopamine release seen in response to food and
food related stimuli. Repeated stimulation of these
dopaminergic pathways related to reward cause
neurobiological adaptations, which may lead to compulsive
behaviour *®

SUMMARY AND CONCLUSION:

Stress refers to processes involving perception, appraisal and
response to noxious events or stimuli"”'. The responses to
chronic stress leads to allostatic load on various systems of the
body, one of which is raised blood sugar levels due to
persistently elevated cortisol. In this study, increased stress
perception is associated with a significant rise in blood sugar
levels.

The reasons for raised glucose levels could be due to effect of
stress hormones on carbohydrate and lipid metabolism.

- Excess intake of high intake food due to alterations in certain
regions of brain

- Involvement of reward pathways which favor consumption of
high sugar, high fat foods

This leads to weight gain which predisposes to obesity,
increased risk of Diabetes Mellitus and risk of Metabolic
Syndrome"’.

Interventions Proposed:

e Restriction of high caloric foods - flexible restriction
preferable as rigid restraint is associated with binge
eating during stressful conditions

« Lifestyle modifications involving altering sedentary
lifestyle by taking frequent breaks,” increasing physical
activity, avoiding addictions like smoking, alcohol etc.

» Meditation has shown to reduce stress.

» Getting involved in hobbies or activities which reduce
stress — this is specific for different individuals and they
can make a choice about the best suited relaxant for them.

Conlflict Of Interest: None

Acknowledgements:

I offer my sincere thanks to my subjects, Dr. Geetha, MD, Dr.
Anitha, Dr. Rama Devi, Dr. O. Padmini, Dr. Padma, Dr. Ganesh,
Dr. Meer Azad, Dr. Mehjabeen, Dr. Muzaffar Sharif and my
senior and junior colleagues for their cooperation and
support.

REFERENCES:

1. Yvonne H et.al, Stress and Eating Behaviours, Minerva Endocrinol. 2013 Sep;
38(3): 255-267

2. Ganong's Review of Medical Physiology, 24" edition, chapter 20, p366-368.

3. Pickering TG. Mental stress as a causal factor in the development of
hypertension and cardiovascular disease, Curr Hypertens Rep., 2001
Jun;3(3):249-54.

4.  Occupational stress and cardiovascular disease D.G. Byrne and Geir Arild
Espnes, Stress and Health 24: 231-238 (2008) Published online 14 July 2008 in
Wiley InterScience (www.interscience.wiley.com). DOIL: 10.1002/smi.1203
Received 16 November 2007; Accepted 29 February 2008.

5. CENTREFOR STUDIES ON HUMAN STRESS.

6. Eunsoo Won et.al, Stress, the Autonomic Nervous System, and the Immune-
kynurenine Pathway in the Etiology of Depression, Curr. Neuropharmacol,
2016 Oct; 14(7): 665-673.

7. Guyton & Hall Textbook of Medical Physiology, 12" edition, chap 77, p928 -
933.

8.  Berne & Levy Physiology, 6" edition, chapter 42, p747-748.

9.  Lovibond, S.H. & Lovibond, Pf. (1995). Manual for the Depression anxiety
Stress Scales. (2nd Ed) Sydney: Psychology Foundation.

10. DASS, FAQ's.

11. Hilda Wong, Jaya Singh et.al. The effects of Mental Stress on Non insulin
dependant Diabetes: Determining the Relationship between Catecholamine
and Adrenergic signals from Stress, Anxiety and Depression on the
Physiological changes in the Pancreatic Hormone Secretion, Cureus. 2019
Aug; 11(8):e5474.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.
33.

Bruce S. McEwen and Peter ] Gianaors. Central role of brain in stress and
adaptation: Links to socioeconomic status, health and disease, Ann NY Acad
Sci. 2010 Feb; 1186: 190-222.

Sterling E EyerJ. Allostasis: a new paradigm to explain arousal pathology. In:
Fisher S, Reason ], editors. Handbook of Life Stress, Cognition and Health.
John Wiley & Sons; New York: 1988.pp.629 - 649.

McEwen BS, Stellar E. Stress and the individual. Mechanisms leading to
disease. Arch. Intern. Med.1993;153:2093-2101.

McEwen BS. Protective and damaging effects of stress mediators. N. Engl. J.
Med. 1998;338:171-179

https://commons.wikimedia.org /wiki /File:HPA Axis Diagram (Brian_ M_
Sweis_2012).svg

Bergmann, Gyntelberg, Faber. The appraisal of chronic stress and the
development of the metabolic syndrome: a systematic review of prospective
cohort studies; Endocrine connections, volume 3: Issue 2, pg R55-R80, June
2014

Macfarlane DE Forbes S & Walker BR.  Glucocorticoids and fatty acid
metabolism in humans: fuelling fat redistribution in the metabolic syndrome.
Journal of Endocrinology, 2008 197 (2), 189-204.

Niaura R, Stoney CM & Herbert PN. Lipids in psychological research: the last
decade. Biological Psychology, 34 (1), 1-43, 1992.

Ulrich-Lai YM, Christiansen AM, Wang X, Song S, Herman JP  Statistical
modelling implicates neuroanatomical circuit mediating stress relief by
'comfort' food. Brain Struct Funct. 2015; 221:3141-156

Torres S], Nowson CA. Relationship between stress, eating behaviour, and
obesity. Nutrition. 2007;23(11-12):887-94.

Warne JP Shaping the stress response: Interplay of palatable food choices,
glucocorticoids, insulin and abdominal obesity. Molecular and Cellular
Endocrinology. 2009;300(1-2):137-46.

Tyron MS, Carter CS, Decant R, Laugero KD. Chronic stress exposure may
affect the brains response to high calorie food cues and predispose to
obesogenic eating habits. Physiol Behav. 2013;120:233-242.

Bebko G, Bertocci M, Chase H, et al. Decreased amygdala-insula resting
state connectivity in behaviourally and emotionally dysregulated youth.
PsychiatryRes. 2015;231:77-86.

Berthoud HR. The neurobiology of food intake in an obesogenic environment.
The Proceedings of the Nutrition Society. 2012;71(4):478-87

Vyas A, Mitra R et.al. Chronic Stress induces contrasting patterns of dendritic
remodelling in hippocampal and amygdaloid neurons. The Journal of
Neuroscience: the official journal of the Society for Neuroscience.
2002;22(15):6810-8.

Volkow ND, Wang GJ et.al. Food and Drug Reward: Overlapping Circuits in
Human Obesity and Addiction. In: Carter CS, Dalley JW, editors. Brain
Imaging in Behavioural Neuroscience. Springer; Berlin Heidelberg:
2012.pp.1-24.

Clark AM. Reward processing: a global brain phenomenon? ] Neurophysiol.
2012;109(1):1-4.

Di Chiara G, Imperato A. Drugs abused by humans preferentially increase
synaptic dopamine concentrations in the mesolimbic system of freely moving
rats. Proc Natl Acad SciU S A. 1988;85(14):5274-8.

Everitt B], Belin D et.al. Review. Neural mechanisms underlying the
vulnerability to develop compulsive drug-seeking habits and addiction.
Philosophical transactions of the Royal Society of London Series B, Biological
sciences. 2008;363(1507):3125-35.

Fink G. Stress: Definition and history. Stress Science: Neuroendocrinology.
2010:3-9.

WHO's BMI classification.

Trembley et.al. Physiological and health implications of a sedentary lifestyle.
Appl. Physiol. Nutr. Metab. 35:725-740(2010)

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 47



