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A cross-sectional study of 120 subjects was performed with the purpose of evaluating stress hormones and emotional
stress (anxiety) in outpatient and hospitalized subjects. The aims were to determine the degree of objective stress, as well as
to correlate this finding with subjective findings, estimated using Beck´s Anxiety Inventory..

METHOD: Three populations were investigated, namely outpatient clinical cases (Group I, n = 30), hospitalized
clinical individuals (Group II, n = 30), and hospitalized surgical candidates (Group III, n = 30). Controls (Group IV, n = 30)
were healthy volunteers who were health-care professionals and students. To avoid hormone interactions, only men were
enrolled in all groups. All hospitalized subjects were tested on admission and before therapeutic interventions. Fasting
epinephrine, norepinephrine, and cortisol were measured in the morning, and Beck´s Anxiety Inventory was adminstered by
a trained psychologist.

RESULTS: The 3 patient groups displayed higher anxiety levels than the controls. Hormone concentrations did not
present remarkable changes and did not correlate with subjective stress (anxiety).

CONCLUSIONS: 1) Subjective disorders (as determined with Beck´s Anxiety Inventory ) were a common finding in
both outpatient and hospitalized populations, without differences between the various groups; 2) Objective stress (as
determined by elevated hormone levels) was more difficult to confirm—findings rarely exceeded the reference range; 3)
Correlation between the two variables could not be demonstrated; 4) Further studies are necessary to define stress quantification
and interpretation in patient populations, especially in relationship with nutritional diagnosis and dietetic prescription.
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The concept of stress has slowly
crystallized during the last century
into a complex theory that unifies
physical, neurogenic, and disease-re-
lated stress. The theory of stress encom-
passes hormone responses, sympa-
thetic and parasympathetic reflexes,
emotional changes, hemodynamic ad-
justments, and metabolic conse-
quences. In its phylogenetic origin,
stress has been accepted as a natural
defense mechanism for ordinary emer-
gency situations, promoting muscle
strength, mental acuity, and substrate

mobilization; however, its role in criti-
cal illness, especially as persistent
stress, may be less beneficial or frankly
deleterious.1

About 70 years ago Selye and
Collip2 were among the first to de-
scribe a pattern of physiologic, meta-

bolic, and histologic reactions of the
organism when challenged by strong
sensorial and psychologic stimuli.
Within the ensuing decades, a large
cast of stress triggers was unveiled, in-
cluding heat, cold, fear, anxiety, panic,
trauma, surgery, sepsis, and other types
of organic or mental aggression.3-7

At the same time that Selye and
others were interested in the
endocrinologic and neurophysiologic
consequences of stress in physically
healthy subjects,2 Cuthbertson was un-
knowingly investigating the same
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general question, but from the point of
view of nutritional and metabolic re-
percussions after severe injury.8 It was
the subsequent initiative of Moore
that brought together the various an-
gles of this polygon for hospitalized
patients. His description of the meta-
bolic response to surgical trauma
proved to be a paradigm for countless
other situations in internal medicine,
endocrinology, neurology, pediatrics,
trauma, orthopedics, and intensive care
medicine.9

In the field of clinical nutrition,
Cuthbertson´s and Moore´s pioneering
contributions were deemed more valu-
able and are more frequently cited than
those of Selye and others, especially
after the advent of modern nutritional
assessment and support. The reason is
quite obvious: stressed patients re-
quire a greater quantity and more-spe-
cialized energy substrates than con-
ventional patients because they are
more likely to be malnourished and
tend to respond poorly or not at all to
dietetic replenishment. Therefore, they
represent a high-risk group that im-
poses considerable demands on the re-
sources of the nutritional team and
thus deserve more careful attention.10

Such theoretic principles have been
embodied in daily practice both in the
form of nutritional questionnaires such
as the Global Subjective Assessment of
Detsky et al. ,11 for which stress is an
important parameter, and in equations
for calorie prescriptions derived from
the studies of Long et al. and others,
in which a stress index is typically in-
corporated.12

Although it is implicit that any ex-
perienced professional can clinically
recognize and quantitate metabolic
stress when facing it without the need
for biochemical measurements, the
overlap of emotional and physical
stress may create interpretative con-
flicts. Few studies have attempted to
separate the two components, namely
anxiety and mental disturbance from

one side, and tissue damage and
contraregulatory hormone response
from the other.

It might be argued that differenti-
ating between emotional and physical
stress is an irrelevant detail, since both
situations may be followed by similar
peaks of cortisol and catecholamines,
creating an equivalent contrare-
gulatory environment.3-7 In fact, mul-
tiple other mechanisms and mediators
may be involved in surgical and sep-
tic hypermetabolism and protein ca-
tabolism. Individual responses are so
varied that even the best calculations
occasionally miss the point, rendering
it necessary to employ indirect
calorimetry, nitrogen balance, and
other cumbersome diagnostic tools.13

It is currently recommended that
all hospitalized patients undergo nu-
tritional assessment. Between 30%
and 50% of hospitalized patients will
display signs of protein-energy malnu-
trition, and as many as 15% will be se-
lected for some form of nutritional
support.14 Stress and anxiety evalua-
tion are indirect but relevant tools in
this process, both for diagnosis and di-
etetic prescription.11,12 As a conse-
quence, stress and anxiety may have a
major impact on the indication, dura-
tion, and energy input during nutri-
tional therapy, and therefore on finan-
cial disbursements for diets and other
treatments, as well as on total costs of
hospitalization.14

Given the scarcity of simultaneous
objective and subjective assessment of
stress or stress-related symptoms in
hospital populations, a clinical proto-
col was designed, aiming to determine
the patterns and correlations of the
two phenomena.

METHOD

The study was approved by the
Ethical Committee of the University of
Caxias do Sul on April 10, 2002 Sub-

jects (n = 120, age 37.5 ± 14.0 ) en-
tered the study after informed consent.
To mimick a situation of routine nu-
tritional evaluation and prescription,
all procedures were done within the
first 3 days after enrollment before any
clinical or surgical intervention.

Three test groups of 30 men who
were treated at the General Hospital of
the University of Caxias do Sul, Bra-
zil, were formed: outpatient clinical
subjects (Group I), hospitalized clini-
cal patients (Group II), and hospital-
ized surgical patients (Group III).

Additionally 30 controls (Group
IV) were recruited among students and
employees of the University. So these
controls would approximately match
the other populations, they were not
individually paired to any patient but
were selected according to the ob-
served distribution of age and body
mass.

No randomization was adopted;
instead, the first 30 subjects in each
category who fulfilled the criteria for
inclusion and exclusion were en-
rolled. To minimize potential interfer-
ence of female sexual cycles, only
males were enrolled.

The total duration of the study was
10 months (40 weeks), with an accrual
of about 3 cases/week, despite the fact
that both the outpatient service and
the hospitalization unit are quite busy
and receive 10 to 15 new patients/
week. The unhurried pace can be ex-
plained by the need for carefully con-
sidering inclusion and exclusion cri-
teria, as well as by the fact that a sin-
gle psychologist performed all tests to
ensure uniform quality and reliability
of the results.

Criteria of inclusion: males aged
18 to 70; free from pituitary or adre-
nal disease, cachexia, or morbid obes-
ity; elective hospital registration and/
or admission; informed consent.

Criteria of exclusion: shock, sepsis,
coma, critical disease; continuous
therapy with hormones, vasocons-
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trictors or dilators, beta-blockers, cal-
cium-channel blockers, bronchial dila-
tors or neuro-psychiatric drugs (medi-
cations for pain were permitted); alco-
hol or substance abuse; psychiatric
disease; major surgery or hospitaliza-
tion in the last 30 days; failure to un-
derstand or comply with the protocol.

Demographics

The mean ages of the groups
(years) were 37.5 ± 14.0 (Group I), 48.6
± 17.2 (Group II), 46.3 ± 14.3 (Group
III) and 35.3 ± 13.1 (Group IV- con-
trols). There was a small but significant
difference between the controls and
Groups II and III (P <.05). The princi-
pal diagnoses are shown in table I.

Method

The classic plasma stress hormones
epinephrine, norepinephrine, and cor-
tisol were measured, and Beck´s Anxi-
ety Inventory (BAI) was adminis-
tered.15 Subjects had to refrain from al-
cohol, smoking, drugs mentioned in
the exclusion criteria, and consump-
tion of stimulant foods and drinks (cof-

fee, tea, cola beverages, chocolate, ba-
nanas, and nuts) for 72 hours prior to
testing.

Fasting hormone levels were meas-
ured at 8:00 AM and were processed by
HPLC16

(epinephrine and norepinephrine)
or by chemoluminescence (cortisol) in
a specialized laboratory.

The entire BAI was administerd by
a trained psychologist on the same
day whenever the person reported he
was comfortable and relaxed. The
translated and validated Portuguese
version was used, and scores of anxi-
ety were interpreted as minimal or nor-
mal (0 - 10), slight (11- 20), moderate
(21 - 30), or severe (>31).17

Statistical methods: Findings are
presented as mean ± SD. Differences
between the groups were investigated
by analysis of variance and post-hoc
Scheffe test when normal distribution
was present, or by Kruskall-Wallis and
Mann-Whitney nonparametric analy-
sis when numbers did not pass
Levene´s test. Results were also exam-
ined by Pearson linear correlation. Sig-
nificance was established at P <.05 (
a= 5%, b = 20%).

RESULTS

Beck´s anxiety inventory displayed
a highly significant difference when
sick populations were compared to
normal controls (P <.001), but discrep-
ancies between Groups I, II, and III
were not statistically confirmed (Table
2). The anxiety scores were minimal or
normal in Group IV, contrasting with
moderate for both hospitalized and
outpatient subjects.

Mean hormone measurements in all
groups were within the reference range,
namely for epinephrine 10 - 140 pg/
mL , norepinephrine 100 - 1400 pg/
mL, and for cortisol 5 - 25 ug/mL (Ta-
ble 3). Nevertheless, a few significant
findings could be demonstrated.

Cortisol was higher in Group III
compared to Group I (P =.001) and
Group II (P = .02). It appeared to be
higher in Group III than in controls as
well (Group IV), and significance was
achieved (Table 4).

Epinephrine and norepinephrine
were lower in Group II, but statistical
confirmation was obtained only for the
first marker, in comparison with Group
III (P = .04) and the controls (Group
IV, P = .01). Controls exhibited con-
centrations of all 3 hormones that were
of the same order of magnitude as those
of some patients in the populations.

The distribution of the 4 variables
among the groups can also be appre-
ciated in Figure 1.

Linear regression analysis of the
variables yielded no significant corre-
lation, and relevantly, none at all be-
tween plasma measurements and the
BAI (Table 5). The closest association
occured between epinephrine and

Table 1 - Clinical features of the population.

Diagnosis Group I Group II Group III

General gastrointestinal diseases 46.2%
Pulmonary conditions 29.7% 23.1%
Cardiocirculatory disorders 49.5%
Chronic malnutrition 26.4%
Osteoarthiculary disorders 10.6%
Chronic colelithiasis 36.3%
Cancer of the digestive tract 26.4%
Abdominal hernias 29.7%
Other situations 13.2% 6.6%

Note: Subjects in Group IV denied having any acute or chronic disorders.

Table 2 - Beck´s Anxiety Inventory.

Groups I II III IV

25.3 ± 12.1 26.6 ± 11.5 24.5 ± 10.9 7.2 ± 6.3
Differences (P) II: 0.70 III: 0.89 IV: <.001* I: <.001*

III: 0.60 IV: <.001*

Absolute values are given, along with differences between the groups. * Statistically significant
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norepinephrine (r = 0.132; P = .075),
which is rather expected for the two
adrenergic agents.

DISCUSSION

In the classic model of neuroendo-
crine response to stress, the
hypothalamus receives information in
the form of neural and humoral signals,
thereafter activating the pituitary
gland. A cascade of hormonal interac-
tions from pituitary, adrenals, endo-
crine pancreas, and eventually thyroid
and sexual glands follows in concert
with sympathetic and parasympathetic
phenomena. Various metabolic and
nutritional impacts can be observed
when serious injury is involved, with
emphasis on water and sodium reten-
tion, potassium excretion, glucose in-
tolerance, hyperglycemia, protein ca-
tabolism, and immune deficiency.3,4,9,18

In recent decades, this picture has
been further crowded by the identifi-
cation of scores of other biologic and
immunologic mediators. These pre-
dominantly include cytokines, but
also chemokines, eicosanoids, opioids,
acute phase proteins, coagulation fac-
tors, plasma complement fractions, and
many others that may interact with or
somehow modify expected re-
sponses.19-21 All these advances not-
withstanding, traditional stress hor-
mones are still the yardstick for esti-
mating physical and mental aggres-
sion.4,5,7,20-22

Cortisol is a sensitive marker for
somatic and emotional aggression, be-
cause it is responsible for an increase
in the secretion of catecholamines.
This has been repeatedly highlighted
not only in trauma, sepsis, surgery, and

Table 5 - Pearson linear regression analysis.

Variables BAI Epi Norepi Cortisol

BAI 1.000 -0.045 0.010 0.083

Epinephrine -0.045 1.000 0.132 -0.117

Norepinephrine 0.010 0.132 1.000 -0.001

Cortisol 0.083 -0.117 -0.001 1.000

Values are shown as Pearson´s r index; None of them were significant.

Table 4 - Differences between findings of stress hormones (shown as the P value).

Groups Epinephrine Norepinephrine Cortisol

I X II .17 .70 .48

I X III .62 .59 .001*

I X IV .10 .84 .43

II X III .04* .88 .02*

II X IV .01* .24 .86

III X IV .20 .44 .03*

Note: Differences were considered significant whenever P <.05. * Statistically significant

Table 3 - Stress hormones: concentrations.

Groups I II III IV

Epinephrine (pg/mL) 56.7 ± 39.6 46.9 ± 43.6 6 0.7 ± 37.5 73.5 ± 41.5
Norepinephrine(pg/mL) 296.5 ± 157.9 274.1 ± 191.5 302.5 ± 259.8 306.9 ±256.3
Cortisol (ug/mL) 18.3 ± 7.2 19.5 ±  9.5 25.4 ± 10.7 19.7 ± 6.9

Figure 1 - Hormones and anxiety in the 4 populations. A – Cortisol; B – Epinephrine;
C – Norepinephrine; D – Beck’s questionnaire
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general anesthesia, but also in anxiety,
fear, and panic.20-25

In the present series, levels almost
never exceeded the normal range, but
one distinct pattern was revealed, spe-
cifically in surgical candidates. Differ-
ently from other populations, their
baseline cortisol findings tended to be
elevated, as shown in Tables 3 and 4.
Cortisol is conventionally classified as
a nonspecific marker of stress; there-
fore, it should be affected by other
clinical situations as well. However,
under the conditions of this study,
only the presence of surgical disease
was sufficient to induce a noticeable
change in plasma concentrations.

As mentioned in the Methods sec-
tion, these patients were marginally
older than those in Groups I and IV,
but it is unlikely that age played any
role in the findings, since cases in
Group II were older as well and exhib-
ited a conventional hormonal pattern.
In addition to quantitative considera-
tions, it may be speculated that some
degreee of stressor specificity influ-
ences the neuroendocrine response, as
advocated by certain authors.25,26

Catecholamine measurements were
not advantageous in the current cir-
cumstances. Norepinephrine did not
present any unusual pattern when the
groups were compared, and the single
divergent behavior of epinephrine was
negative, indicating a diminished re-
action of hospitalized patients with
clinical problems (Group II), which
cannot be easily explained.

Such findings do not coincide with
those of other teams that report rather
parallel activation and equivalent
clinical profile of catecholamines and
corticosteroids, both in nonope-
rated4,5,24,27 and in surgical popu-
lations.3,7,10,20,22,25,28 The fact that only
recently admitted subjects who had not
yet undergone any diagnostic or thera-
peutic intervention and were free from
acute disease or discomfort were in-
cluded in the current protocol cer-

tainly supports the lack of abnormali-
ties. As already mentioned, measure-
ments did not cross the limits of the
reference range.

Recent investigations suggest that
at least in mentally stressed popu-
lations, baseline findings may not be
representative of later results. In ado-
lescents experimentally undergoing
psychological stress, no change in cat-
echolamine, cortisol, growth hormone,
or testosterone concentrations was reg-
istered at the beginning of the test, de-
spite the presence of anxiety disorder
in that population. Only 30 minutes
after the end of the procedure did
epinephrine, growth hormone, and tes-
tosterone significally change.29

The most reliable marker of stress
in this protocol was BAI, which con-
sistently distinguished sick popu-
lations from control subjects (Tables 3
and 4, Figure 1). BAI is not a routine
method for diagnosis of stress in gen-
eral clinical and surgical populations,
and when employed by others, typi-
cally after more severe aggressions,
appeared to be less valuable that bio-
chemical determinations.3,4,7,22-25,28,29

Only occasional groups identified
anxiety as the primary phenomenon of
stress, which was subsequently fol-
lowed by neurohormonal altera-
tions.30,31 However, examples of good
correlation between anxiety measured
in association with other variables and
stress in various populations can be
found in the recent literature.32,33

Subjective global assessment11 and
Long’s equation12 were not included in
the objectives of this investigation;
therefore, nothing can be affirmed re-
garding their association with results of
emotional and physical stress measure-
ments as here defined. Nevertheless, it is
improbable that good correlation with
hormone levels would be demonstrated,
since these concentrations remained fun-
damentally normal and rarely distin-
guished ill from healthy groups.

It is likely that BAI scores would

more frequently coincide with a clini-
cal judgment of stress, since they
sharply discriminated patients from
controls. Still it should be remarked
that the enrolled groups were heterog-
enous, with basic conditions ranging
from uncomplicated hernia and peptic
ulcer disease to fairly advanced cardi-
opulmonary disorders and cancer. In
spite of this heterogenecity, BAI find-
ings for Groups I, II, and III were not sig-
nificantly different (Table 2, Figure 1).

Consequently, at the same time
that the current model answers a few
questions, fresh ones are raised: What
are the exact dimensions and implica-
tions of stress in noncritical hospital
patients? How relevant are they for re-
sults of the nutritional assessment?
What are the repercussions for ex-
penses with nutritional therapy and to-
tal hospitalization costs? And what is
the ideal diagnostic procedure?

Further studies aiming at more de-
tailed documentation of the natural
history of stress in conventional out-
patient and hospitalized populations
will be required. Comparison of psy-
chological tests such as BAI with other
markers, especially for protein catabo-
lism, insulin resistance, gluconeogen-
esis, nutritional replenishment, and
notably clinical stress indices is a pri-
ority for unveiling their possible role
in hospital practice.

One could speculate that although
very much has been published during
the last century about the contrast be-
tween uncomplicated fasting versus
stressed starvation, the need has not
been entirely fulfilled for tools for
stress measurement that are appropri-
ate for routine nutritional assessment
and prescription of general clinical
and surgical patients.30

CONCLUSIONS

It is concluded that:
1) Subjective stress (as measured
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RESUMO

KARKOW FJ e col. Estresse subjetivo
versus objetivo em homens não
criticamente enfermos ambula-
toriais e hospitalizados. Rev Hosp
Clin Fac Med S Paulo 59(4):161-
167, 2004.

Um estudo transversal de 120 in-
divíduos foi executado visando avali-
ar hormônios do estresse e estresse sub-
jetivo (ansiedade) em casos ambu-
latoriais e hospitalizados. O objetivo
era determinar o grau de estresse obje-
tivo, bem como correlacionar este
achado com queixas subjetivas, estima-
das pelo Inventário de Ansiedade de
Beck.

MÉTODO: Três populações foram
investigadas, nominalmente doentes
clínicos ambulatoriais (Grupo I, n=
30), enfermos clínicos hospitalizados

(Grupo II, n=30), e pacientes cirúrgi-
cos hospitalizados (Grupo III, n= 30).
Os controles (Grupo IV, n= 30) eram
voluntários sadios recrutados entre
profissionais da saúde e estudantes.
Todos casos hospitalizados foram do-
cumentados na admissão, antes de
quaisquer procedimentos terapêuticos,
e somente homens foram selecionados
em todos os grupos, a fim de contor-
nar interações hormonais. A adre-
nalina, noradrenalina e cortisol foram
mensurados pela manhã, e o Inventá-
rio de Ansiedade de Beck foi aplicado
por uma psicóloga especializada.

RESULTADOS: Os três grupos de
doentes exibiram níveis de ansiedade
superiores aos dos controles. As taxas
hormonais não estavam apreciavel-
mente alteradas, e não se corela-
cionaram com os achados de estresse

subjetivo (ansiedade).
CONCLUSÕES: 1) Anormalidades

subjetivas (Inventário de Ansiedade de
Beck ) foram comuns tanto em popu-
lações internadas quanto ambula-
toriais, sem diferenças entre os grupos;
2) Estresse objetivo (hormonal) foi
mais difícil de confirmar e os valores
raramente ultrapassaram a faixa de re-
ferência; 3) Não se conseguiu demons-
trar correlação entre as duas órdens de
variáveis; 4) Estudos adicionais são
necessários para definir a quanti-
ficação e a interpretação de estresse em
populações enfermas, especialmente
para fins de diagnóstico nutricional e
prescrição dietética;

UNITERMOS: Estresse. Estresse
metabólico. Ansiedade. Adrenalina.
Noradrenalina. Cortisol.
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