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LUNDBERG, U., B. MELIN, M. FREDRIKSON, M. TUOMISTO AND M. FRANKENHAEUSER. Comparison of neuroendo-
crine measurements under laboratory and naturalistic conditions. PHARMACOL BIOCHEM BEHAYV 37(4) 697-702, 1990. — Uri-
nary catecholamines and cortisol were measured in healthy nonsmoking white collar workers (14 male and 15 female managers, 15
male and 14 female clerical workers), aged 30-50 years, during a one-hour period of laboratory-induced stress comprising five tests
and a Type A interview, and during a subsequent period of rest in the laboratory. Values were compared with data obtained four
months earlier from the same subjects during a normal day at work (4 values) and during a work-free day at home (4 values). No
significant group differences were found during rest in the laboratory. However, during laboratory-induced stress, female managers
had the highest norepinephrine values, which contributed to significantly (p<<0.01) higher values in women than in men. Correla-
tions between absolute measurements from laboratory and naturalistic conditions were generally positive and reached significance in
most cases. Correlations between reactivity measurements in the laboratory and at work (change from rest to stress and from home
to work, respectively) were generally low, whereas correlations between reactivity at different times of the day were relatively high.
The data suggest that generalizability of neuroendocrine reactivity from laboratory stress to real-life stress is low. However, in
agreement with earlier experimental findings, absolute levels of catecholamine and cortisol excretion were consistent over condi-
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tions and time.

Consistency Reactivity

Urinary catecholamines and cortisol

Lab-field comparison

EXCRETION rates of catecholamines and cortisol provide sensi-
tive indicators of the impact of environmental demands on healthy
individuals [see (2,3)]. The greater part of the empirical research
investigating relationships between psychological variables, cate-
cholamines and cortisol, has been carried out in laboratory set-
tings, where subjects have been exposed to mental tasks, noise,
electric shocks, etc. However, the same measurements have been
used successfully in field studies to predict the impact of exam-
ination stress in schools, crowding in trains, assembly line
work, etc.

Data from earlier studies (1,11) show that consistency in uri-
nary catecholamine and cortisol excretion is relatively high over
different experimental conditions and time intervals ranging from
24 hours to 12 weeks. However, since the same groups have not
been studied in both laboratory and naturalistic settings, it has not
been possible to determine the extent to which reactivity to labo-
ratory-induced stress will predict reactivity to various natural

stressors in real life. An opportunity to study the same individu-
als under these two sets of conditions was provided within the
frame of a larger project concerned with occupational stress (6).
The particular focus of this paper is to examine the consistency
in catecholamine and cortisol excretion induced by a series of
frequently used stress tests in a controlled laboratory experiment
and by real-life stress during a normal day at work.

METHOD
Subjects and General Design

Fifty-eight nonsmoking male (14 managers, 15 clerical work-
ers) and female (15 managers, 14 clerical workers) white collar
workers participated in the study. All subjects were healthy (as
determined by a medical check-up) and the four groups had been
matched for age (range 30-50 years, mean for men 41.2 years,
women 41.5 years).

'Requests for reprints should be addressed to Ulf Lundberg, Ph.D., Department of Psychology, University of Stockholm, S-106 91 Stockholm,

Sweden.
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TABLE 1

MEANS AND STANDARD DEVIATIONS OF URINARY CATECHOLAMINES
AND CORTISOL (pmol/min/kg) IN MALE AND FEMALE WHITE COLLAR
WORKERS (MANAGERS AND CLERICAL WORKERS) DURING
EXPERIMENTAL STRESS (9-10 a.m.) AND REST (11 a.m.-NOON) IN
THE LABORATORY

Managers Clerical Workers ANOVA
Men Women Men Women
(n=14) (n=15) (n=15) (n=14)

Stress Rest Stress Rest Stress Rest Stress Rest Sex Cond.

Epinephrine
Mean 0.51 0.42 0.61 0.41 0.52 0.40 0.45 0.40 *
SO 0.27 0.18 0.46 0.21 0.28 0.19 0.20 0.15

Norepinephrine
Mean 1.49 2.02 2.72 236 1.73 2.16 2.15 223 *
SD  0.52 054 1.61 0.72 0.51 071 0.75 0.78

Cortisol
Mean 3.75 2.82 4.31 2.62 3.53 1.59 291 1.55 ¥
SD 431 1.51 374 2.75 2.11 0.70 2.42 0.61

*p<<0.01; tp<0.0001.
Differences between the sexes and between conditions (rest versus
stress) were tested with analysis of variance (ANOVA).
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Neuroendocrine data from a laboratory experiment were com-
pared with earlier reported data (6) obtained from the same subjects
during a normal day at work and a work-free day at home. The
interval between measurements at work and at home was one
week, and the laboratory experiment was performed about four
months later.

The Laboratory Experiment

The subjects were allowed to be absent from their work with
full payment while participating in the experimental session (9
a.m. to noon) in a laboratory at the workplace. However, one
male manager and one female clerical worker were not able to
participate in the laboratory experiment.

Experimental stress (about 9-10 a.m.) was induced by five
different tests separated by 2-min intervals: mirror drawing (2
min), mental arithmetic (4 min), the Stroop color word test (4
min), hand grip (2 min), cold pressor (1 min), and by a stressful
videotaped Type A interview (about 30 min). The subject voided
urine immediately before the stress tests and a urine sample was
obtained after the Type A interview. Thus, the urinary measure-
ments of the present study represent the total S50—60-min stress
period of which 3 min represent mainly physical stress (hand grip,
cold pressor) and about 40 min mental stress (about 10 min rep-
resent intervals between tests). The stress tests were selected on

TABLE 2

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN EPINEPHRINE EXCRETION (pmol/min/kg)
DURING LABORATORY AND NATURALISTIC CONDITIONS FOR 29 MALE AND 29 FEMALE WHITE
COLLAR WORKERS

At Work At Home In the Lab
Illam. Ilpm 3pm. Spm. llam. lpm 3pm  5Spm Stress
Males

In the lab

Stress 48+ .35 J38%* .36% 43* .26 37 52t

Rest .33 58t .32 .34 .28 .31 42 36* 42%
At work

1 p.m. .38%*

3 p.m. .56t 73t

S p.m. 45% .50t 637
At home

11 a.m. .24 .03 .01 18

| p.m. .16 .29 .28 .28 17

3 p.m. .30 .26 .05 45% .60% AT+

5 p.m. 561 .34 57+ .36* 32 J37* .23

Females

In the lab

Stress 48% 39* 587 .60 .38* .36 .14 .27

Rest 44 Sht .35 55% .24 .35 .23 41* 41*
At work

| p.m. 761

3 p.m. .32 .33

S p.m. 73% .87t Sl
At home

11 a.m. 74+ 76% 13 667

1 p.m. .70+ 73% .19 65+ 91+

3 p.m. .22 .50+ 12 .35 .59+ Uk

S p.m. 37* .70% .31 .64+ 667 751 .82%

*p<<0.05: Tp<0.01.
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TABLE 3

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN NOREPINEPHRINE EXCRETION (pmol/min/kg)
DURING LABORATORY AND NATURALISTIC CONDITIONS FOR 29 MALE AND 29 FEMALE WHITE
COLLAR WORKERS

At Work At Home In the Lab
IlTam. 1lpm. 3pm Spm 1lam 1lpm 3pm. 5pm Stress
Males
In the lab
Stress 17 -.01 -.00 .29 .44* .10 54% 22
Rest 31 461 .19 .34 .40* .03 .33 40* .39
At work
I p.m. Sit
3 p.m. 74% 58t
S p.m. 481 .26 43*
At home
11 a.m. 27 .00 .17 27
1 p.m. .13 .09 .04 15 13
3p.m. .25 .25 21 .39 42* 31
S p.m. .27 34 .25 .16 481 54% 31
Females
In the lab
Stress 11 .05 53% .33 12 21 -.00 .25
Rest .20 ATT .17 41* .33 27 18 .35 40*
At work
1 p.m. 54%
3 p.m. .36* 34
Spm. 671 .78% 48%
At home
11 a.m. .49% .48t 12 .30
1 p.m. g1t .54% 42% .60% .60%
3 p.m. .38* 53¢ .23 42% 48% .65%
S p.m. Stt 72% .55¢% 2% 53¢ 5% .58%

*p<0.05; tp<<0.01.

the basis of our earlier studies, where they have been found to
induce significant sympathetic arousal under laboratory conditions
[e.g., (4, 5, 12)]. For details about the Type A interview,
see Lundberg et al. (13).

Physiological baseline levels were determined in urine sam-
ples obtained after a 50-min period of rest between 11 a.m.—noon
on the day of the laboratory session. During the rest period the
subjects read magazines and listened to music and a urine sample
was obtained at the end.

Cortisol excretion (pmol/min/kg) was determined by radioim-
munoassay, epinephrine and norepinephrine (pmol/min/kg) by
fluorophotometric assay (14).

Naturalistic Conditions

The data from the work and home settings were obtained un-
der the following conditions [for details see (6)]. At work the
subjects spent most of their day in their office or in meetings.
Days involving travel or other external activities were avoided.
They voided at 9 a.m., and urine samples were collected every
second hour, i.e., at 11 a.m., and at 1, 3 and 5 p.m. During the
work-free day at home (a paid weekday off the job), the subjects
were asked to relax, to avoid all stressful activities and to spend
the day reading magazines and listening to music. Urine samples

were obtained at the same time of the day at home as on the job.

RESULTS
Neuroendocrine Responses to Stress in the Laboratory

Means and standard deviations for catecholamine and cortisol
excretion during rest and experimental stress in the laboratory are
shown for the four groups in Table 1. There were no significant
group differences during rest. However, during laboratory-in-
duced stress, norepinephrine excretion was significantly higher in
women than in men (F=10.45, p<<0.01). Pairwise comparisons
between the four groups showed that female managers had signif-
icantly higher values than their male colleagues (r=2.78,
p<0.01), whereas the corresponding sex difference for clerical
workers did not reach significance (r=1.90, p<<0.10). The high
norepinephrine values of the female managers are consistent with
earlier findings from women in traditionally male occupations (bus
drivers, lawyers, engineers) [see (3) for a review].

Epinephrine (F=10.7, p<<0.01) and cortisol excretion rates
(F=31.7, p<<0.0001) were significantly higher during laborato-
ry-induced stress compared to rest. However, due to the normal
diurnal rhythms of these hormones (epinephrine increasing and
cortisol decreasing during morning hours), the difference values
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TABLE 4

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN CORTISOL EXCRETION (pmol/min/kg) DURING
LABORATORY AND NATURALISTIC CONDITIONS FOR 29 MALE AND 29 FEMALE WHITE COLLAR WORKERS

At Work At Home In the Lab
Illam. lpm. 3pm.  Spm.  1lam Ipm. 3pm 5pm Stress
Males

In the lab

Stress 7t 691 76+ .79+ —.01 17 .20 .09

Rest .79% 5% 747 91+ —.18 22 .28 .10 .89+
At work

1 p.m. T

3 p.m. .68F 7%

S p.-m. 75% 70+ 72+
At home

11 a.m. —.16 —-.24 -.33 —.16

| p.m. 22 21 .08 .24 .24

3 p.m. .16 .20 22 .30 —.05 20

S p.m. .16 .19 .30 .19 -.19 -.04 30

Females

In the lab

Stress A1 45% 52+ .28 -.23 .14 —.14 —.01

Rest .39* .26 45+ A% -.27 -.05 -.21 —-.02 707
At work

I pom. 59+

3 p.m. .80% 54t

5 p.m. .Se+ .30 .68+
At home

11 a.m. —.06 .03 -.31 -.16

! p.m. 26 .31 .30 .35 —.10

3 p.m. .04 17 —.06 12 -.05 52+

Sp.m. .00 .06 —.08 .06 18 .28 43

*p<<0.05; tp<0.01.

represent an underestimation of epinephrine reactivity and an
overestimation of cortisol reactivity. Although the correlations
calculated below are not systematically influenced by these diur-
nal factors, reactivity to stress in the laboratory was also calcu-
lated by using the corresponding (9-11 a.m.) value during the
work-free day at home as baseline.

Correlations Between Absolute Levels in the Different
Conditions

As no main effect of occupational level was found in the data,
all men and all women, respectively, were treated together in the
correlational analyses. Correlations between neuroendocrine (ab-
solute) values under laboratory (rest and stress) and naturalistic
conditions (at work and at home) are shown in Tables 2—4.

For epinephrine (Table 2), all correlations were positive and
reached significance in 54 of the 90 cases. Correlations were par-
ticularly high in women (31 significant values of 45).

For norepinephrine (Table 3), correlations were also positive
except for three values that were close to zero. Again, the data
suggest higher consistency over conditions in women. For exam-
ple, levels at work were significantly correlated with levels at
home in 13 of the 16 cases for women, but only in one case for
men,

As shown in Table 4, cortisol measurements were also signif-
icantly positively correlated in 29 of 90 cases but close to zero in
several cases. However, there is a very consistent pattern in the
data for both sexes: measurements at home were not significantly
correlated with any of the values at work or in the laboratory. For
example, whereas measurements at work correlated significantly
(15 of 16 cases) with measurements obtained in the laboratory
four months later, there was no significant correlation between
cortisol levels at work and at home, only one week apart, for men
or women. In fact, cortisol levels were more or less independent
between the different times of the day at home (significant in only
two cases of 12), in contrast to the high correlations (11 signifi-
cant of 12) between measurements at work.

Correlations Between Reactivity Measurements

Table 5 shows correlations between reactivity values for epi-
nephrine, i.e., changes from rest/home to stress in the laboratory
and from home to the work condition at each time of the day.
Correlations between stress reactivity in the laboratory and at work
reached significance (p<<0.05) in one case only, using the resting
level in the laboratory as baseline, and in three cases (of eight),
using the home level (9-11 a.m.) as baseline. However, in two
of these three cases the association can be explained by the fact



CONSISTENCY IN NEUROENDOCRINE MEASUREMENTS

TABLE 5

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN
EPINEPHRINE REACTIVITY DURING LABORATORY STRESS AND
NATURALISTIC CONDITIONS AT WORK FOR 29 MALE AND 29 FEMALE
WHITE COLLAR WORKERS
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TABLE 6

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN
NOREPINEPHRINE REACTIVITY DURING LABORATORY STRESS AND
NATURALISTIC CONDITIONS AT WORK FOR 29 MALE AND 29 FEMALE
WHITE COLLAR WORKERS

Stress at Work

Stress at Work

11 a.m. 1 p.m. 3p.m. 5p.m. 11 a.m. 1 p.m. 3pm. S p.m.
Males Males
Lab stress Lab stress
base =1lab .09 -.07 .08 -.07 base = lab 12 —.37* -.23 .10
base = home 43% .15 .32 .02 base = home 42* .02 —.15 17
At work At work
1 p.m. .30 1 p.m. .29
3 p.m. 52% A41* 3 p.m. .52% .38
5 p.m. 02 .19 -.01 5 p.m. .29 .18 .06
Females Females
Lab stress Lab stress
base =lab —.05 -.08 24 37* base =lab .07 -.30 A41* .03
base = home Sit .19 .60t .31 base =home 32 —.06 53% .30
At work At work
1 p.m. 42* 1 p.m. —.05
3 p.m. .65t .33 . 3p.m. .25 .08
5 p.m. S1t .50% .56% Spm. 52% .32 17

*p<<0.05; tp<0.01.

Experimental stress reactivity was related to two separate baseline lev-
els: rest in the laboratory (lab) and rest at home (home), reactivity at work
to home levels.

that identical baseline values were used for the two reactivity
measurements. Reactivity values during different times of the day
at work were significantly positively correlated in seven of the
twelve cases for men and women.

Corresponding correlations for norepinephrine (Table 6) were
lower, but the pattern was very similar. Correlations between
stress reactivity in the laboratory and at work reached one posi-
tive and one negative significant correlation using the rest period
in the laboratory as baseline, and two positive correlations using
the home level as baseline.

The correlations between cortisol reactivity measurements (Ta-
ble 7) were generally low. However, correlations between stress
reactivity in the laboratory and at work reached significance in
two cases for both sexes.

DISCUSSION

From a practical as well as a theoretical point of view it is
important to determine to what extent physiological measurements
in the laboratory reflect measurements in everyday life.
Catecholamine and cortisol data are consistent with earlier cardio-
vascular data (7,8) and show that correlations between absolute
measurements in the laboratory and in real life situations are high
(see Tables 2-4).

An interesting finding was the very high correlation between
cortisol excretion in the laboratory and at work over the four-
month period, in contrast to the complete lack of association be-
tween cortisol levels at home and at work over the one-week
period. Considering that the laboratory session was performed as
part of a normal day at work, a tentative explanation for these
findings is that the work setting induced a particular (conditioned?)
cortisol response in each individual in both cases, whereas corti-

*p<0.05; tp<0.01.

Experimental stress reactivity was related to two separate baseline lev-
els: rest in the laboratory (lab) and rest at home (home), reactivity at work
to home levels.

TABLE 7

PRODUCT MOMENT CORRELATION COEFFICIENTS BETWEEN
CORTISOL REACTIVITY DURING LABORATORY STRESS AND
NATURALISTIC CONDITIONS AT WORK FOR 29 MALE AND 29 FEMALE
WHITE COLLAR WORKERS

Stress at work

11 a.m. 1 p.m. 3 p.m. 5 p.m.
Males
Lab stress
base =1lab —.15 -.30 .10 —.28
base = home .07 .40* A41* .24
At work
1 p.m. 24
3 p.m. .28 24
5p.m. .16 —.12 .06
Females
Lab stress
base = lab .30 A42% .38* —.12
base = home 13 —.06 .28 —-.03
At work
1 p.m. 46%*
3 p.m. 57t 57%
5 p.m. A42% .11 .25

*p<0.05; 1p<<0.01.

Experimental stress reactivity was related to two separate baseline lev-
els: rest in the laboratory (lab) and rest at home (home), reactivity at work
to home levels.



sol levels at home were more ‘‘random.”’ The fact that cortisol
levels at the different times of the day at work (and between
stress and rest in the laboratory) were highly correlated and cor-
tisol levels at home were not, supports the idea of a specific in-
dividual cortisol response in the work setting.

A related question of interest is the consistency of reactivity
values, i.e., to what extent the magnitude of change in physiolog-
ical arousal from baseline to stress is stable over conditions and
time (10, 15, 17). In this case, too, our neuroendocrine data are
in agreement with cardiovascular data (7, 8, 17) showing low
consistency between reactivity in laboratory and naturalistic set-
tings.

Although one cannot exclude the possibility that the four-
month interval between measurements at work and in the labora-
tory contributed to lower correlations, the very high correlations
between absolute levels over the same time period (Tables 2—4)
indicate that this is not an important factor. In agreement with
this. a recent study of plasma catecholamines in rats over a one-
year period shows high stability (16). Neither are seasonal varia-
tions likely to affect these measurements (9).

In order to test the hypothesis that individuals can be defined
as “*high’’ and *‘low responders.”’ respectively, it is important to

LUNDBERG ET AL.

determine to what extent stress responses are consistent over var-
ious conditions. The naturalistic stress conditions at work com-
prise a variety of stressors associated with white collar jobs and
differ in many respects from the experimental stress conditions in
the laboratory. However, the increase in epinephrine but not
norepinephrine output indicates that both conditions were associ-
ated with mental rather than physical stress [cf. (18)]. Conse-
quently, individuals cannot be consistently classified as *‘high”
and ‘‘low responsers,’” respectively. The data in Tables 5-7 sug-
gest that reactivity measurements are relatively consistent over
various natural conditions during a day at work, but do not gen-
eralize to experimental conditions at another occasion. The extent
to which physiological reactivity is consistent over time and con-
ditions is closely related to the predictive power of this measure
and underscores the importance of testing laboratory findings in
real life studies.
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