Diagnosis of Stress

Rudolf E. Noble

Stress is defined as a disruption of normal homeostasis. During exposure to stress stimuli, the body responds physiologically
by increased activity of both the hypothalamic-pituitary-adrenal (HPA) axis and the sympathoadrenal system (SAS). Stress
also gives rise to a number of characteristic behavioral responses. Diagnosis of stress, therefore, depends on a multitude of
factors and is complex. A variety of approaches to the diagnosis of stress have been employed, including the use of
questionnaires, biochemical measures, and physiologic techniques. Most of these methods are subject to experimental error
and must be viewed with caution. A thorough, stress-oriented, face-to-face medical interview is currently the most practi-
cable way to diagnose stress and its effects. It remains for future research to develop a cleaner methodology to diagnose this

elusive, yet, all too common medical entity.
Copyright 2002, Elsevier Science (USA). All rights reserved.

TRESS IS DEFINED as “reactions of the body to forces of
a deleterious nature, infections, and various abnormal
states that tend to disrupt its normal physiologic equilibrium
(homeostasis).”! Thus, Hooke’s law of elasticity (Stress = K X
Strain) applies here. K is a constant, called Young’s modulus,
and strain is the reaction of the body to the stress. The diagnosis
of stress is hence multifactorial, complex, and often uncertain.
There are currently 3 main methods used clinically for the
diagnosis of stress: questionnaires, biochemical measures, and
physiological measures.

QUESTIONNAIRES

One can use questionnaires and checklists such as the Life
Stress Inventory,? the Perceived Stress Scale (which appears to
match well with clinical findings),? Social Readjustment Rating
Scale (SRRS),* etc. If the stress is due to post-traumatic stress
disorder (PTSD) one may use the Davidson Trauma Scale
(DTS),> Penn Inventory (PI),® Peritraumatic Distress Inventory
(PDI),” Short Post-Traumatic Stress Disorder Rating Interview
(SPRINT),® Acute Stress Disorder Scale (ASDS),® etc. If the
stress reaches anxiety/depression levels, use may be made of
the Profile Moods Survey (POMS),!'® Minnesota Multi-Phasic
Personality Inventory (MMPI),!! Beck’s Depression Inventory
(BDI),'? Traumatic Stress Symptom Checklist (TSSC),!3 etc.
However, most all of these tests are time-consuming and un-
wieldy, given the time limitations imposed on doctors, their
assistants, and patients. A thorough, stress-oriented medical
history is currently the best way to uncover stress and its
effects. One can inquire about stressful life events, work events,
finances, marital problems, natural disasters, and such and note
their effects. Time permitting, one may have the patient list
these items, as shown in Fig 1, and rate his/her ability to cope
with these events.?

BIOCHEMICAL MEASURES

The body responds to stress by increased hypothalamic-
pituitary-adrenal (HPA) axis activity, which involves the re-
lease of corticotropin-releasing hormone (CRH) from the hy-
pothalamus. CRH acts on the adenohypophysis, causing release
of corticotropin (ACTH). ACTH then acts on the adrenal cortex
inducing increased secretion of corticosteroid hormones, which
can be measured in various body fluids (eg, blood, saliva,
urine).

In individuals under stress, adrenocortical output of cortisol
may increase from the norm of 25 mg/d to as high as 300
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mg/d.'* Adrenocortical hormones, however, are not released in
a constant fashion but are secreted in episodic bursts and are
subject to negative feedback regulation. Circulating levels of
the hormone generally are higher during sleep than during the
day. Hence, a randomly obtained result is difficult to interpret
because it may represent a peak, a trough, or some point
in-between. Furthermore, even a mild stress such as a veni-
puncture may elevate these values.

A more elegant method is to place an indwelling catheter in
an individual’s vein and obtain specimens hourly over a 24-
hour period. Each specimen is then analyzed, with concentra-
tion of the hormone(s) plotted against time. The area under the
curve is reported as an index of hormone production.!'* Mea-
surement of urinary free cortisol is especially useful because
cortisol-binding globulin, which attaches to one cortisol mole-
cule per molecule of protein, is approximately saturated at the
peak morning cortisol concentration. Free, unbound cortisol is
then filtered off at the glomerulus such that an elevated 24-hour
urine free cortisol determination provides a more accurate
assessment.!>

To assess the sympathoadrenal system’s response to stress,
one can measure plasma catecholamine levels in a supine,
resting patient in whom an indwelling antecubital venous
cannula has been in place for at least 15 minutes. The cat-
echolamines are stable within the storage granules of the adre-
nal medulla but are released by stress, muscular exertion,
hypotension, etc. The usual normal blood resting level of
epinephrine ranges from 20 to 60 pg/mL, and that of norepi-
nephrine from 200 to 400 pg/mL. The upper limit of both these
catecholamines is less than 1,000 pg/mL.'> However, values
between 1,000 and 2,000 pg/mL may be present during mental/
emotional stress.!> The pathways of synthesis of these hor-
mones and their metabolites, and their urinary excretion prod-
ucts are shown in Fig 2. One can measure free catecholamines
in the urine (only 2% of total catecholamine output),'# or urinary
metanephrine or normetanephrine (20% of catecholamines).!#
Most of the catecholamines are further converted to vanilly-
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Stress Inventory

List below the stresses that currently exist in your life and your ability to cope with them.

Stress Ability to cope
12345678910
<« -

within your control  outside your control

10

Fig 1. Stress inventory. (With permission of J.F. Christensen and
McGraw-Hill Companies from: Feldman MD, Christensen JF (eds):
Behavioral Medicine in Primary Care, 1997, Appelton & Lange.?)

mandelic acid (VMA) by the combined action of catechol-O-
methyl-transferase and monoamine oxidase, and VMA can also
be measured in the urine.

Other measures that have been used to diagnose stress in-
clude levels of prolactin,'® ACTH,!¢ growth hormone,!¢ gonad-
otropins,'¢ insulin,'¢ dihydroxyphenylalanine (DOPA),!7 and
dehydroepiandrosterone (DHEA).!8

PHYSIOLOGIC MEASURES

The autonomic nervous system is the axis activated most
rapidly during the stress response. The balance between the
sympathetic and parasympathetic components is quickly dis-
rupted, with sympathetic nervous activity becoming predomi-
nant. Hence, one can use various physiologic measures of
sympathetic nervous system (SNS) activity in the diagnosis of
stress. We list here certain noninvasive techniques that clini-
cians can use; however, for their proper interpretation, all
require baseline, pre-stress measurement.

Heart Rate

Heart rate is determined by auscultation, palpation of periph-
eral pulses, or electrocardiogram (ECG). However, this indica-
tor of autonomic activity can be confounded by the “white-
coat” effect, circadian variation, body posture, environmental
conditions, medications, etc, all of which must be taken into
account when heart rate is being evaluated.

Heart Rate Variability

With increased sympathetic nervous activity, a reduction in
cardiac variability occurs. To assess this variable, a continuous
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ECG recording is made (only the QRS complexes need be
analyzed). Again, many conditions may affect the reliability of
this measure, including medication, body posture, and age.

Blood Pressure

Blood pressure is the resultant of cardiac output and periph-
eral vascular resistance, both of which are regulated by auto-
nomic nervous activity. During periods of acute stress, the
systolic blood pressure changes more rapidly than the diastolic
blood pressure. For example, changes in systolic blood pressure
can be detected within 1 to 2 minutes of the cold pressor test.
The effect of chronic stress on blood pressure is less obvious,
primarily because there is adaptation of the blood pressure—
controlling mechanisms. The accuracy of blood pressure
measurements is subject to many errors, including instrument-
related and user-related artifacts. The mercury sphygmoma-
nometer is generally considered more accurate than the aneroid
device, and one should consistently follow the recommenda-
tions of the American Heart Association for measuring blood
pressure.

Heart Rate—Blood Pressure Product

Increased levels of circulating epinephrine and norepineph-
rine cause an increase in heart rate, peripheral vascular resis-
tance, and force of myocardial contraction, all of which result
in an increase of oxygen demand by the heart. A reliable
indicator of myocardial oxygen demand is the heart rate—blood
pressure product (HRBPP), which is calculated by multiplying
heart rate by systolic blood pressure.'® Again, this method is

Phenylalanine
hydroxylase

H O H O
@—CHE—CL—Cll—O' HO—QCHZ—é—g—O'
"y by
Phenylalanine

HO—QCHz—CHZ—NHZ
Dopamine

Dopamine
B-hydroxylase

Tyrosine
Tyrosine
hydroxylase

Aromatic L-amino H ©

acid decarboxylase [l
HO: CHy— ? —Cc—0
*NH,

HO
Dihydroxyphenylalanine (DOPA)

OH Phenylethanclamine OH

| N-methyltransferase |
HO (lichszHz HO (f ~~CHy=—NHGCH,
H H

HO HO

Norepinephrine Epinephrine

Catechol-o-methyltransferase

Monoamine cxij7
OH

Catechol-o-methyltransferase

Mongamine oxidase

Catechol-o-

Catechol-o- HO G —COOH
methyltransferase | methyfiransferase
H
CHa0
A Vanillylmandelic acid x
Monoamine Monoamine
/oxidase oxidase N\
OH OH

] |
HO ? —CH,—NH, HO: ? —CH,—NHCH,
H H

CHy0 CHyO

Normetanephrine Metanephrine

Fig 2. Synthesis and metabolites of catecholamines.



DIAGNOSIS OF STRESS

susceptible to all the errors that may cause heart rate and blood
pressure variability.

Electrodermal Activity (Galvanic Skin Resistance)

Measurement of electrodermal activity may be useful in the
diagnosis of stress,20-24 but this indicator of SNS activity re-
quires specialized instruments not currently available in the
usual clinical setting. This method is imprecise because elec-
trodermal activity possesses both tonic and phasic properties,
and electrode size can affect skin potential conduction.
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CONCLUSION

Many diagnostic tests may be used to assess stress and its
effects. However, most are subject to experimental error of one
sort or another and must be viewed with caution. Currently, a
thorough, stress-oriented, face-to-face medical interview is
probably the best way to diagnose stress. Owing to method-
ologic constraints, only measurements of peripheral hormones
can be used at this time to diagnose stress. It remains for further
research to develop a cleaner method to diagnose this elusive,
but all too common medical entity.
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