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Acute mental stress impairs insulin sensitivity in IDDM patients 
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Summary The effect of acute mental stress on insulin 
sensitivity was evaluated in ten IDDM patients, 
studied on two occasions (test day and control day) 
in random order and separated by a period of 1- 
3 weeks. Mental stress was evoked by a modified 
filmed version of Stroop's CWT for 20 min. On the 
control day, the patients were resting quietly during 
the corresponding period. Insulin sensitivity was esti- 
mated by an insulin (0 .4mU.kg- l .min-1)-glucose  
(4.5 mg. kg-  1. min-  1)-infusion test (IGIT) for 6.5 h. 
Mental stress evoked significant responses for adre- 
naline, cortisol and GH, their respective peak values 
being 0.27 + 0.05 nmol/1, 426 + 27 nmol/1 and 7.6 + 
1.8 gg/1, as well as increases in systolic and diastolic 

blood pressure and pulse rate The steady-state blood 
glucose levels, i.e. the mean blood glucose levels 3-  
6.5 h after the start of the IGIT, were significantly 
higher after stress, compared with those on the control 
day, 10.6 + 1.5 vs 8.7 + 1.4 mmol/1, p = 0.01, demon- 
strating impairment of the insulin sensitivity by mental 
stress. It is concluded that acute mental stress induces 
a state of insulin resistance in IDDM patients, which 
can be demonstrated by an IGIT to appear 1 h after 
maximal stress and to last more than 5 h. [Diabetolo- 
gia (1994) 37: 247-251] 

Key words Mental stress, insulin sensitivity, diabetes 
mellitus, insulin-glucose infusion test, Stroop test. 

Although there is considerable experience from clini- 
cal practice to suggest that stress of different kinds im- 
pairs the glucose control in IDDM patients, previous 
studies concerning the effect of mental stress on the 
blood glucose control have not yielded conclusive re- 
sults. Thus, in some of these studies, no effect on the 
blood glucose levels was recorded [1-3], whereas other 
investigators reported an increase of the blood glucose 
in some patients and an unexpected decrease in others 
[4-6]. To explain this discrepancy, it has been suggested 
that different blood glucose reactions to mental s tress  
may appear in subjects with type-A and type-B beha- 
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viour [4]. Although such a possibility cannot be ex- 
cluded, it should be pointed out that there are a number 
of alternative explanations for the contradictory find- 
ings of the previous studies. Firstly, the magnitude of 
the stress applied in one study was too small to yield a 
detectable hormonal response [2]. Secondly, in all pre- 
vious studies, blood glucose was measured no longer 
than 2 h after stress provocation. Since GH, one of the 
possible mediators of stress-induced insulin resistance, 
induces its effect after a lag period of 3 4  h [7], such 
protocols appear to be insufficient with respect to GH. 
Finally, in the majority of the studies, plasma insulin 
levels were not reported and, hence, convincing assess- 
ments of insulin sensitivity were not presented. 

The aim of the present study was therefore to evalu- 
ate the effect of acute mental stress on insulin sensiti- 
vity, measured for several hours after stress and deter- 
mined by a technique previously evaluated in our 
laboratory in IDDM patients. 
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Fig. 1A-D.  Venous plasma 
levels of adrenaline (A), corti- 
sol (B), GH (C) and free insulin 
(D) during mental stress ( �9 ) 
and the control day ( [] ). 
*p <0.05, **p <0.01. Thein- 
creasing GH levels at the end of 
the control test were caused by 
spontaneous GH spikes in three 
of the patients 

Subjects and methods 

Ten IDDM patients, seven men and three women, agreed to par- 
ticipate in the study, which was approved by the local ethical 
committee. The median and range (the latter in parentheses) for 
age was 47 (19-71) years, for duration of diabetes 13 (3-64) 
years, for body mass index 22.7 (17.5-27.0) kg/m 2, for meal- 
stimulated plasma C-peptide level 0.09 (0-0.32) nmol/1, for in- 
sulin dose 0.64 (0.29-0.72) U. kg-1. day-1 and for HbAlc 7.4 
(5.6-9.9) %. The patients were not selected because of a pre- 
vious history of marked glycaemic lability. Five of them had 
background retinopathy and one had incipient nephropathy, i. e. 
a urinary albumin excretion rate over 20 gg/min and normal 
serum creatinine levels. None of the participants had clinically 
apparent neuropathy or other medication than insulin. 

Intermediate-acting insulin was withdrawn 36 h before each 
test. The patients were admitted to the metabolic ward 15 h be- 
fore the test, and during this period, their blood glucose was con- 
trolled by a variable i. v. infusion of short-acting insulin, aiming at 
a blood glucose level between 5 and 10 mmol/1 during the even- 
ing and the night before the test and at 5 retool/1 at the start of the 
test the following morning. The patients had their regular meals 
and snacks, but no food was eaten after 22.00 hours. Thirty 
minutes before the test the patients were placed in a comfortable 
semi-recumbent position and a short teflon catheter for blood 
sampling was inserted into a forearm vein. Each subject was stu- 
died on two occasions in random order, separated by a period of 
1-3 weeks. 

Mental stress was evoked by a modified filmed version of 
Stroop's CWT lasting for 20 min [8]. During this test, four colour 
words (red, yellow, green, blue) were written in incongruent co- 
lours on a film screen and, at the same time, a voice presented an- 
other colour word. The words were presented randomly and at a 
variable speed. The subjects were asked to note on a form the 

colour they saw and to ignore the irrelevant information. During 
the control day, the patients were resting quietly in a semi-re- 
cumbent position. The CWT and the control test were started at 
the same time of day (09.00 hours). 

Insulin sensitivity was measured by an insulin (0.4 mU. 
kg -1. min-1, Actrapid, Novo Nordisk A/S, Copenhagen, Den- 
mark)-glucose (4.5 mg. kg-  1. min- 1)-infusion test (IGIT) [9]. 
We have previously evaluated this method by performing two 
IGITs, separated by 2weeks, in 18 (8 men and 10women) 
IDDM patients. The coefficient of variation was 9% [10]. The 
IGIT was started at the beginning of the CWT and at the start of 
the control test respectively and continued for 6.5 h. The steady- 
state blood glucose level, i.e. the mean blood glucose level re- 
corded 3-6.5 h after the onset of the IGIT, as well as the AUC for 
blood glucose, i. e. the area enclosed by the blood glucose curve 
above the baseline level, were used as measures of the insulin 
sensitivity. 

Venous blood samples for the analyses of glucose, free in- 
sulin, adrenaline, noradrenaline, GH and cortisol were obtained 
every 10-30 min, adrenaline and noradrenaline for 120 min and 
the other hormones for 360 min. Heart rate and arterial blood 
pressure were measured intermittently. 

The AUC for the different hormones was calculated, for 
adrenaline from 0 to 30 min, for cortisol and GH from 0 to 
120 rain. The differences of the AUC for glucose and the hor- 
mones during the CWT, compared with the control test, are 
referred to as the A-values. 

Venous blood glucose was measured by a glucose analyser 
(Yellow Springs Instruments, Yellow Springs, Ohio, USA). The 
intra-day coefficient of variation of blood glucose measured by 
this analyser was 1.4% [11]. Catecholamine levels in plasma 
were determined by HPLC with electrochemical detection [12] 
and plasma free insulin was assayed by RIA  according to the 
method of Nakagawa et al. [13], using a commercial kit (Hoechst 



AG, Frankfurt, Germany). Plasma GH was analysed by fluoro- 
immunometric assay, using monoclonal antibodies (Kabi Phar- 
macia AB, Uppsala, Sweden) with a detection limit of 0.4 gg/1 
and an intra- and inter-assay coefficient of variation of 4-6 %. 
Plasma cortisol [14] and C-peptide [15] were determined by RIA. 

Statistical analysis 

Results 

The Wilcoxon signed-ranks test for paired measurements and 
the Spearman rank-order-correlation coefficient were used in 
the statistical analyses. Unless otherwise stated, the data are 
expressed as means _+ SEM. A p value less than 0.05 was con- 
sidered as statistically significant. , l , , , , , , , , t , ' ,  , 
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The mean blood glucose levels during the 15 h of i.v. 
insulin infusion prior to the CWT and the control 
test were almost identical, 9.1 + 0.4 mmol/1 vs 9.2 + 
0.4 mmol/1, and no hypoglycaemic events were re- 
corded. The blood glucose levels at the start of the test 
were also almost identical, 5.2_+0.3 mmol/1 on the 
CWT day and 5.3 _+ 0.2 mmol/1 on the control day. The 
plasma levels of adrenaline, cortisol and GH were 
higher during the CWT, compared with the control test 
(Fig. 1 A-C),  whereas there were no differences be- 
tween the plasma levels of noradrenaline during the 
two tests (mean plasma levels 2.6_+0.4 vs 2.1 • 
0.3 nmol/1, p = 0.17 during the CWT and the con- 
trol test, respectively). The AUC during the CWT day 
and the control day were, for adrenaline 2.6_+ 0.6 vs 
- 0.3 • 0.4 nmol. 1-1. min, p = 0.02, for cortisol 673 • 
39 vs 555_+28 nmol-1-1.h, p = 0.007 and for GH 
9.5 __ 1.8 vs 4.8 _+ 1.8 gg- 1 - 1. h, p = 0.07, respectively. 

During the CWT, the heart rate increased transient- 
ly by 21 _+ 2 beats/rain and the systolic and the diastolic 
blood pressure increased by 25 __ 4 and 12 _+ 2 mmHg,  
respectively, whereas the pulse and blood pressure 
were unaltered during the control day. 

The mean plasma levels of free insulin were similar 
during the two tests, 29.6 _+ 1.0 mU/1 during stress and 
30.5 _+ 0.5 mUff during the control day, NS (Fig. 1 D). 

Significantly higher blood glucose values were pre- 
sent i h after maximal stress (8.0 _+ 0.8 vs 6.8 _+ 0.5 
mmol/1, p = 0.02) and this could be demonstrated 
up to 5.5 h later (11.4 + 1.8 vs 8.9 _+ 1.5 mmol/1,p = 0.04) 
(Fig. 2), yielding higher steady-state glucose levels after 
mental stress compared with the control day, 10.6 + 1.5 
vs 8.7 _+ 1.4 mmol/1, p = 0.01. The AUC was also larg- 
er after stress, compared with that on the control 
day, 28.0 _+ 6.8 and 17.4 _+ 6.5 mmol- 1-1. h, respectively, 
p = 0.01. The higher blood glucose levels after mental 
stress were also accompanied by a tendency to an in- 
creased urinary excretion of glucose (22.4 + 12.4 mmol 
vs 5.4 _+ 2.7 mmol, NS). 

There were no significant correlations between the 
A-value for blood glucose, on the one hand and the A- 
values for the hormones, on the other. When different 
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Fig.2. Blood-glucose levels during mental stress ( � 9  and the 
control day ( [] ). The steady-state blood glucose level, i.e. the 
mean blood glucose level at 180-390 rain, were 10.6 + 1.5 mmol/1 
after stress and 8.7 + 1.4 mmol/1 during the control day, p = 0.01 

parts of the AUC were studied, i.e. before and after 
180 min, respectively, there were again no significant 
correlations between the changes of these areas and the 
hormonal responses, although there was a tendency to 
a positive correlation between the change of the glu- 
cose area after 180min and the cortisol response 
(r = 0.58,p = 0.06). Neither was there a correlation be- 
tween the A-value for blood glucose, on the one hand, 
and the patient's age, the duration of the diabetes, body 
mass index, HbA~c and insulin dose, on the other, 
whereas there was a negative correlation between the 
A-value for glucose and the meal-stimulated plasma 
C-peptide level (r = - 0.61,p = 0.048). 

Discussion 

This study shows that impairment of the insulin sensi- 
tivity appears after acute mental stress in IDDM pa- 
tients within i h after maximal stress and that this effect 
persists for at least another 5 h. 

To our knowledge, insulin sensitivity has n o t  pre- 
viously been measured by adequate techniques in con- 
nection with mental stress in IDDM patients. Instead, 
in several studies the glycaemic effect of stress was as- 
sessed by s. c. injection of insulin, after which the blood 
glucose response was measured. As there is a large 
intra-individual variability of s. c. injected insulin [16], 
which stress itself may also affect [6], it is certainly haz- 
ardous to conclude from these studies that there is no 
influence of mental stress on the blood glucose control. 
In our study, the blood glucose levels were about 
2 mmol/1 higher after stress, compared with the control 
test. The IGIT method used here has previously been 
shown to be a sensitive method for the evaluation of in- 
sulin sensitivity in IDDM subjects and data from our 
laboratory suggest that it also has an acceptable coeffi- 
cient of variation. 
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In a recent study, Gonder-Frederick et al. [5] re- 
ported an "idiosyncratic" blood glucose response to an 
active stressor, in that some subjects showed an in- 
crease of the blood glucose, whereas in other subjects a 
decrease of the blood glucose levels was found. In our 
study, although there were differences in the magni- 
tude of the blood glucose response to stress between 
the patients, none of them showed a significant de- 
crease of the blood glucose levels after stress, as com- 
pared with the control test. It has also been proposed 
that the characteristics of the stressful event may per se 
play a role in determining the metabolic response, in so 
far as stressors requiring processes of active coping 
seem to affect the metabolic control to a greater extent 
than do passive stressors [5]. The CWT requires active 
coping and it induces a highly reproducible, physiologi- 
cal response which resembles the defence reaction. 

In our analyses, we found no correlation between 
the individual hormonal responses to stress and the 
subsequently increased A U C  for blood glucose. This 
was, however, not unexpected, since it has been con- 
sidered that the relationship between stress and blood 
glucose response is essentially non-linear [17] and, fur- 
thermore, that the interrelationship between the differ- 
ent stress hormones is a complex one. Thus, previous 
studies on post-hypoglycaemic insulin resistance are 
not conclusive whether cortisol alone causes an impair- 
ment of the insulin sensitivity, whereas it clearly elicits 
an amplification of the G H  effect in this situation [7, 
18]. Moreover, it has been shown that a combined infu- 
sion of adrenaline, glucagon and cortisol in physiologi- 
cal doses produces a greater than additive hypergly- 
caemic response in normal humans [19]. Finally, it is 
well known that the different stress hormones exert 
their insulin-antagonistic actions with different time 
characteristics after stress. Catecholamines and gluca- 
gon thus exert their effects mainly during the first 3 h, 
while G H  and cortisol act after a lag period of 3-4 h and 
with a duration of several hours [7, 20]. In the present 
study, we found a tendency to a correlation between the 
impairment of the insulin sensitivity during the last 
hours of the experiment and the cortisol response, but  
we could not demonstrate such a correlation regarding 
GH. 

The lack of rise of venous noradrenaline during the 
CWT is consistent with several previous reports [21]. 
Thus, antecubital venous noradrenaline may not re- 
flect overall sympathetic function, but  rather local 
nerve activity. 

Interestingly, we found a significant negative corre- 
lation between the impairment of the insulin sensitivity 
and the meal-stimulated C-peptide level. This suggests 
that patients without endogenous insulin would be par- 
ticularly vulnerable to mental stress when the glucose 
control is considered and that the presence of even 
small amounts of endogenous insulin may counteract 
stress-induced insulin resistance. This finding is also in 
line with previous studies showing that I D D M  patients 
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display greater glycaemic responses to adrenaline, cor- 
tisol and glucagon [22], as well as G H  [23] compared 
with normal subjects. 

Studies of the effect of chronic stress on metabolic 
control have suggested that anxiety, depression and 
quality of life show a significant relationship to meta- 
bolic control [24] and that daily, stressful life events are 
correlated with HbAlc [25]. Furthermore, it has been 
claimed that negative, cumulative stress is correlated 
with blood glucose levels [26] and that chronic, psycho- 
logical stress is associated with worse glycaemic control 
among those who do not cope effectively with stress 
[27]. In the present study, we induced stress of short 
duration in a laboratory environment. Furthermore, 
psychological parameters and personality charac- 
teristics were not included in our analyses and, there- 
fore, we have to refrain from speculation on the appli- 
cability of our current findings to the understanding of 
the glycaemic lability of IDDM patients. 

In conclusion, this study has shown that acute men- 
tal stress induces a state of insulin resistance over se- 
veral hours in I D D M  patients, causing blood glucose 
levels approximately 2 mmol/1 higher after stress. Fur- 
ther studies are needed to elucidate the role of the indi- 
vidual hormones for this reaction and to find out 
whether hormone receptor antagonists could reduce 
the stress-induced hyperglycaemia. 
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