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Context/Objective: Patients with Addison’s disease often suffer from fatigue, faintness, lack of
concentration, and memory deficits, i.e. symptoms reminiscent of those of neuroglycopenia. Sus-
pecting that a lack of central nervous glucose contributes to these symptoms, we examined
whether they can be attenuated by the intake of palatable food rich in glucose (“comfort food”)
in these patients and, furthermore, whether comfort food reduces hypothalamus-pituitary-adre-
nal axis activity as observed in animal studies.

Design/Setting/Patients/Outcome: Ten Addison patients with primary adrenal insufficiency and
acutely discontinued cortisol substitution and 10 matched healthy controls each participated in
two experimental sessions in which they were offered a free-choice high-calorie buffet (comfort
food) and green salad, respectively, after a mental stress test. Neuroglycopenic and autonomic
symptoms, cognitive function (short-term memory, attention), and hormones of the sympatho-
adrenal system (ACTH, cortisol, catecholamines) were assessed throughout the sessions.

Results: Scores of neuroglycopenic symptoms were persistently higher in Addison patients than in
controls and were improved by comfort food in comparison to salad (P � 0.04), whereas control
subjects did not show such changes. Attention was generally reduced in patients as compared to
controls (P � 0.05) and was slightly improved by comfort food, as was memory (each P � 0.07).
Sympathoadrenal hormone concentrations remained unaltered.

Conclusions: High-calorie comfort food reduces symptoms of neuroglycopenia in Addison pa-
tients, suggesting that Addison’s disease is associated with a deficit in cerebral energy supply that
can partly be alleviated by intake of palatable food. It will be important to investigate whether
additional oral glucose supply may be helpful in improving patients’ well-being. (J Clin Endocrinol
Metab 95: 522–528, 2010)

Patients with Addison’s disease often suffer from fa-
tigue, faintness, and deficits in concentration and

memory, symptoms that are attributed to a lack of gluco-
and mineralocorticoids (1, 2). Similar symptoms are seen
in healthy subjects during hypoglycemia-induced neuro-
glycopenia (3). Addison patients have an increased risk of
developing hypoglycemia, probably as a result of increased
glucose oxidation and decreased glucose production due to
greatly diminished cortisol release, thus leading to improved

insulin sensitivity (4). Hypoglycemic episodes accompanied
by insufficient brain glucose supply may induce neuroglyco-
penic states and related symptoms in these patients.

In adrenalectomized rats, free-choice ingestion of su-
crose has been shown to reduce the detrimental metabolic
effects of cortisol deficiency (5, 6). When healthy rats had
access to “comfort food,” i.e. palatable energy-dense food
with high fat and glucose content, they displayed damp-
ened ACTH and corticosterone responses to restraint

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2010 by The Endocrine Society
doi: 10.1210/jc.2009-1752 Received August 17, 2009. Accepted November 16, 2009.
First Published Online December 4, 2009

Abbreviation: HPA, Hypothalamic-pituitary-adrenal.

O R I G I N A L A R T I C L E

E n d o c r i n e C a r e

522 jcem.endojournals.org J Clin Endocrinol Metab, February 2010, 95(2):522–528

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 23 October 2015. at 20:54 For personal use only. No other uses without permission. . All rights reserved.



stress (7). In some people, comfort food ingestion is like-
wise favored in stressful situations, increases well-being,
and reduces anxiety (8, 9). These changes probably in-
volve the endogenous opioid system (9, 10). Assuming
that unsubstituted Addison patients develop neuroglyco-
penic conditions, we hypothesized that oral ingestion of
free-choice comfort food compensates for neurocognitive
and endocrine deficits associated with hypocortisolism.
We assessed neurocognitive performance and hypoglycemic
counterregulatory hormones in unsubstituted Addison pa-
tients and in matched healthy controls over a period of 2 h
after ingestion of comfort food or low-calorie green salad.

Subjects and Methods

Subjects
Ten patients suffering from primary adrenal insufficiency

[Addison group, five females; age (mean � SEM), 49.6 � 3.1 yr;
body mass index (BMI), 26.0 � 1.3 kg/m2], and 10 age- and
BMI-matched healthy subjects (control group, five females; age,
51.3 � 2.7 yr; BMI, 25.2 � 1.5 kg/m2; each P � 0.69 for com-
parison with the Addison group) participated in our study. In the
patients, time since diagnosis of Addison�s disease ranged from
1 to 18 yr before study onset. Autoimmunity was the underlying
cause of the disease in eight of the patients and bilateral adre-
nalectomy because of pheochromocytoma and venous throm-
bosis, respectively, in two patients. Adrenal insufficiency was
accompanied by hypothyroidism treated by T4 substitution in
nine patients and by chronic atrophic gastritis in three patients.
In all patients, adrenal insufficiency was treated with hydrocor-
tisone [daily dose (mean � SEM), 26.25 � 1.46 mg; range,
17.5–30 mg] and fludrocortisone medication (daily dose, 0.08 �
0.017 mg; range, 0–0.2 mg). Patients and control subjects (ex-
cept for two men in need of antihypertensive medication and one
woman with hypothyroidism treated with T4 substitution) had
no other acute or chronic diseases, no further kind of medication,
and no abuse of nicotine, alcohol, or drugs. Each volunteer gave
written informed consent before participation, and the study was
approved by the local ethics committee.

Experimental design
Each subject participated in two experimental sessions sep-

arated by at least 4 wk. In one condition, subjects had free access
to a high-calorie buffet (comfort food), consisting of potato
chips, peanuts, chocolate, muffins, wine gums, custard, bread
rolls, brown bread, cheese, smoked salmon, meat salad, cream
cheese, butter, chocolaty hazelnut spread, meatballs, lemonade,
drinking chocolate, orange juice, condensed milk, sugar, fruit
tea, coffee (decaffeinated), and water (amounting to a total of
8043 offered kilocalories). In the control condition, subjects in-
gested green salad with a low-calorie dressing and water
(amounting to a total of 75 offered kilocalories) to establish a
condition with comparable oropharyngeal and gastric stimula-
tion but with very low calorie content and lacking the hedonic
value of free-choice comfort food. The order of conditions was
balanced across subjects.

On the days of the experiments, patients were allowed to take
their hydrocortisone and fludrocortisone medication at 0800 h

[hydrocortisone, morning dose (mean � SEM) 15.25 � 1.42 mg;
range, 10–20 mg; fludrocortisone, morning dose, 0.07 � 0.011
mg; range, 0–0.1 mg]. All subjects were instructed to have a
regular lunch at 1300 h but not to eat afterward. Participants
arrived at the medical research unit at 1700 h. The experiments
were performed in a sound-attenuated room with the subject
resting on a bed with his/her trunk in an almost upright position
(�60°). After physical examination, a cannula was inserted into
a peripheral vein of the subject’s arm. Sessions consisted of a
baseline period (1700 to 1810 h), a mental stress test (1810 to
1815 h), a period of food intake (buffet and salad, respectively;
1815 to 1845 h), and a post food intake period (1845 to 2015 h).
Attention and memory tests took place during baseline (45 min
before food intake) and 90 min after the start of the food-intake
period. Blood was sampled at 1730, 1800, and 1815 h during
baseline and then, every 15 min until 1945 h with a final blood
sampling at 2015 h. Food intake was measured by weighing
buffet components before and after meal, and total calorie intake
as well as macronutrients were calculated. Patients received their
scheduled hydrocortisone dosage after the end of the session.

Because acute mental stress provokes enhanced energy de-
mand, which in turn favors the ingestion of comfort food, we
introduced a mental arithmetic stressor. Immediately before be-
ing offered the buffet, subjects had to perform the mental arith-
metic test of the Trier Social Stress Test, i.e. they had to count
down from a large prime number in decrements of 13 as quickly
and accurately as possible. On every failure, the subject had to
restart at the beginning (11). At the end of the session, subjects
rated the extent of the perceived stress (“I was stressed during the
test situation”) on a visual analog scale ranging from 0 to 100.

Neurocognitive tests
Selective attention was tested by means of the Stroop task.

The three subtests of the Stroop task were as follows: the first task
was to read as fast and correctly as possible color names printed
in black ink (word subtest); the second part was to name the ink
colors of a series of “X” (color subtest); and the third part was
to name the ink color of color names printed in different colors
than they denote, e.g.“red” printed in blue; interference subtest).
For each subtest, a panel was presented showing 30 rows each
containing five stimuli that the subject should respond to se-
quentially. The total number of correct responses within 1 min
was determined for each subtest. Different panels were used at
each testing, with the order of panels balanced across subjects.

Short-term memory was tested subsequent to the Stroop task
by means of a word recall task that had previously been shown
to be sensitive to the effects of hypoglycemia (12). Thirty words
belonging to three semantic categories (neutral, food-related,
and emotional) were presented orally in random order. After a
mental arithmetic distraction task of 1 min, the subject was re-
quired to write down within 1 min all the words he/she remem-
bered. The number of words correctly recalled was determined
in total as well as separately for each semantic category. Different
lists were used at each testing, and the order of applied lists was
balanced across subjects.

Symptom scales were presented three times, i.e. before atten-
tion and memory assessments and also 30 min after offering the
meal. Subjects rated from zero (not at all) to 9 (severely) the
following 11 symptoms that have previously been shown to be
increased in hypoglycemia (13): dizziness, tingling, blurred vi-
sion, difficulty in thinking, faintness, anxiety, palpitation, hun-
ger, sweating, irritability, and tremor. Consistent with categories
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used by previous investigators (3), the first five symptoms are
considered neuroglycopenic, and the latter six autonomic.

A mood questionnaire was presented in conjunction with the
Stroop task and the memory tests (14). Subjects indicated to
which extent from 1 (not at all) to 5 (severely) each of the fol-
lowing 12 adjectives described their current mood: content,
rested, restless, unwell, nerveless, calm, tired, well, uneasy, vivid,
uncomfortable, and relaxed.

Assays
Blood samples were centrifuged within 1 min after with-

drawal, and serum and plasma were kept at �72 C until assay.
Serum ACTH, cortisol, C-peptide, and insulin were measured by
commercial enzyme-linked immunoassays (all Immulite; Diag-
nostic Products Corp., Los Angeles, CA) with the following in-
traassay and interassay coefficients of variation, respectively:
cortisol, less than 5.8% and less than 6.3%; C-peptide, less than
7.6% and less than 10.5%; insulin, less than 5.2% and less than
6.1%; and ACTH, less than 6.1% and less than 9.4%. Plasma
epinephrine and norepinephrine were measured by standard
HPLC with electrochemical detection (Recipe Chemicals � In-
struments, Munich, Germany) with the following intraassay and
interassay coefficients of variation, respectively: epinephrine,
less than 7.6% and less than 4.2%; norepinephrine, less than
6.7% and less than 5.3%.

Statistical analysis
Data are presented as means � SEM. Analyses are based on

ANOVA for repeated measures, including the factors “Food”
(comfort food buffet vs. salad), “Time” (time points of data
collection), and “Group” (Addison group vs. control group)
with correction of degrees of freedom according to the Green-
house-Geisser procedure. For pairwise comparisons within one
group, Student’s paired-samples t test was applied. A P value
�0.05 was considered significant. All calculations were done by
SPSS 12.0.0 (SPSS Inc., Chicago, IL).

Results

Calorie intake, blood glucose levels, and
concentrations of insulin

Calorie intake in the comfort food condition was about
20 times higher than in the salad condition in both groups.
Calorie intake was not different between groups, equaling
1236 � 215 kcal in patients and 1516 � 140 kcal in con-
trols in the comfort food condition (P � 0.29, for group
main effects) and 65 kcal in both groups in the salad con-
dition (P � 0.96). Intake of macronutrients was likewise
comparable (P � 0.15 for group main effects).

Mean blood glucose levels increased after comfort food
ingestion in patients and in controls (P � 0.001 for food 	
time interaction; Fig. 1). Glucose concentrations in patients
appeared to increase to a lesser extent than in controls, but
thisdifference failed toreachsignificance (P�0.23forgroup
effects). Concentrations of insulin and C-peptide rose after
comfort food ingestion inbothgroups (P�0.001 for food	

time) without any group differences (P � 0.66 for group
effects).

Results of symptom scores, mood ratings, and
neurocognitive tests

Sum scores of neuroglycopenic symptoms were persis-
tently higher in Addison patients than controls in both
conditions (P � 0.005 for group effects; Fig. 2), mainly due
to higher ratings of the single symptoms “difficulty in
thinking” and “faintness.” In contrast to controls, com-
fort food decreased neuroglycopenic symptoms in Addi-
son patients, with a clear reduction of these symptoms 90
min after comfort food intake (8.2 � 1.3 vs. 10.6 � 1.2,
P � 0.037; P � 0.089 for food 	 time 	 group interac-
tion). Autonomic symptoms were comparable between
groups (P � 0.19 for group effects) and were dampened by
comfort food 30 and 90 min after high-calorie intake in
patients (P � 0.02) and 90 min after comfort food in con-
trols (P � 0.008), mainly by dampening the rating of the
single symptom “hunger.”

FIG. 1. Plasma concentrations of glucose and serum concentrations of
insulin and C-peptide (means � SEM) before, during, and after
ingestion of high-calorie food (comfort food buffet; black symbols) and
low-calorie food (salad; white symbols) in a group of Addison patients
(n � 10; circles, dashed lines) and a group of healthy controls (n � 10;
triangles, solid lines). Food was offered after a baseline period of 45
min, and subjects were free to eat ad libitum for 30 min.
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Ratings of mood were not influenced by calorie condi-
tion. Comparing the groups, patients felt more tired and
unwell and less vivid than controls in the salad condition
(P � 0.05 for all). Also, they stated that they felt more

restless and less rested, well, and content in the comfort
food condition compared with controls (P � 0.05 for all).

Comfort food slightly improved performance on the
wordsubtestandthe interferencetestof theStrooptask inthe
Addison group (P � 0.13 and P � 0.07 for food main effect,
respectively; Table 1), whereas there was no influence of
comfort food on any of the subtests in the control group (P �
0.34 for food main effect, for all subtests). In the group com-
parison, patients performed worse than controls in the word
reading and in the color naming subtest (P � 0.013 and P �
0.056 for group effects, respectively).

Comfort food also tended to increase the recall perfor-
mance of neutral and food-related words in Addison pa-
tients (P � 0.07 for food main effect and P � 0.07 for
food 	 time interaction, respectively). Recall of emotional
words in patients and overall wordlist recall in controls
were not influenced by food intake (P � 0.75 for food
main effect, for all subtests), and there were also no dif-
ferences in the performance between patients and controls
(P � 0.22 for group effects).

Ratings of the perceived stress during the mental arith-
metic test averaged 11.45 � 2.58 in the Addison group and
10.00 � 3.83 in the control group (on a scale from 0 to
100) without differences in conditions or groups (P � 0.47
for food 	 group interaction).

Hormonal responses
Concentrations of ACTH and cortisol were not influ-

enced by the type of food in both groups (P � 0.37 for

FIG. 2. Rating of symptom scores of neuroglycopenic and autonomic
symptoms before and after ingestion of high-calorie food (comfort
food buffet; black symbols) and low-calorie food (salad; white symbols)
in a group of Addison patients (n � 10; circles, dashed lines) and a
group of healthy controls (n � 10; triangles, solid lines). Food was
offered after a baseline period of 45 min, and subjects were free to eat
ad libitum for 30 min.

TABLE 1. Stroop task scores and wordlist recall

High-calorie food
(comfort food)

Low-calorie food
(salad)

P value
(ANOVA for food)

Stroop task (attention)
Addison group

Word subtest, correct responses 107.0 � 2.79a 103.8 � 2.96a 0.13
Color subtest 77.1 � 1.72a 79.2 � 1.92 0.27
Interference test 49.7 � 1.94 47.6 � 1.44 0.07

Control group
Word subtest 122.5 � 2.70 119.7 � 3.92 0.46
Color subtest 87.0 � 2.68 86.8 � 2.96 0.87
Interference test 54.2 � 2.82 55.3 � 2.84 0.34

Wordlist (short-term memory)
Addison group

Recalled emotional words 2.9 � 0.43 3.5 � 0.47 0.88
Recalled neutral words 2.7 � 0.41 2.3 � 0.42 0.07
Recalled food words 3.0 � 0.30 2.9 � 0.39 0.75

Control group
Recalled emotional words 4.1 � 0.41 4.2 � 0.46 0.89
Recalled neutral words 2.7 � 0.49 2.7 � 0.41 1.00
Recalled food words 3.5 � 0.43 3.5 � 0.36 0.86

Data are expressed as means � SEM. Results of the high- and low-calorie food condition were compared by ANOVA and P values for main factor

Food
 are indicated.
a Performance in the word subtest and the color subtest of the Stroop task was significantly impaired in Addison patients compared to controls
(P � 0.05 for ANOVA Group effects). Baseline values of the Stroop task and the wordlist did not differ between conditions (P � 0.1 for all
comparisons).

J Clin Endocrinol Metab, February 2010, 95(2):522–528 jcem.endojournals.org 525

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 23 October 2015. at 20:54 For personal use only. No other uses without permission. . All rights reserved.



respective food 	 time effects; Fig. 3). As expected, ACTH
levels were markedly higher in Addison patients compared
with controls (P � 0.004), and cortisol levels were likewise
significantly lower in patients than controls (P � 0.001).
Epinephrine levels were very low in patients compared
with controls (P � 0.021) without any influence of the
food in both groups (P � 0.16 for food 	 time). Norepi-
nephrine levels did not differ between conditions or
groups (P � 0.46 for all comparisons).

Discussion

In our study, Addison patients showed consistently higher
neuroglycopenic symptom ratings than healthy control
subjects. Moreover, patients displayed reduced attention
and impaired mood in comparison to healthy participants.
This pattern was partially reversed after free-choice intake
of comfort food that in comparison to salad improved
neuroglycopenic symptoms and slightly enhanced mem-
ory functions and attention without affecting hypotha-
lamic-pituitary-adrenal (HPA) axis activity. Our results
suggest that comfort food improves neurocognitive func-
tions independent of HPA axis secretion, possibly by
boosting glucose supply to the brain.

There is experimental evidence that a minimal glu-
cocorticoid concentration is required to establish regular
secretory activity of the HPA axis (15, 16). In turn, the
absence of cortisol leads to severe disintegration of the
HPA stress system. We previously hypothesized that nor-

mal HPA axis function is necessary for
the adequate allocation of glucose to the
brain as the final consumer in the ener-
getic supply chain (17, 18). Conse-
quently, cortisol deficiency is expected to
induce signs of central nervous energy
deficits. Additional glucose supply to the
brain might thus attenuate neuroglyco-
penic symptoms. This is what was ob-
served in the present study.

We further investigated the effects of
high-calorie food intake on the HPA
axis. Adrenalectomized rats that had ac-
cess to sucrose displayed normalized val-
ues of all metabolic and of most hor-
monal parameters studied (5, 6). When
healthy rats had access to “comfort
food,” i.e. palatable energy-dense food
with high fat and glucose content, they
displayed dampened ACTH and cortico-
sterone responses to restraint stress (7).
In the present study, however, hormonal
levels were not influenced by ingestion of

high-calorie food. A similar lack of effect on HPA axis
activation was observed in previous experiments applying
iv glucose infusion in Addison patients (19). In the present
study, we changed the design to add the components “oral
ingestion,” “free-choice,” “comfort food,” and “mental
stress” to the uptake of calories. Oral glucose ingestion
reduces hypothalamic activity to a greater extent than iv
glucose administration (20), hinting to a critical role of
gastrointestinal afferents and psychological aspects in the
central processing of glucose uptake. Also, free choice of
high-calorie comfort food diminished HPA responses in
rats, whereas enforced high-density diets were ineffective
and rather stimulated HPA responses (21). Mental stress
has been shown to be a suitable trigger of HPA axis acti-
vation that could be dampened by comfort food in rats (7).
Although we considered all these aspects in our present
study, HPA activity was unaffected by free-choice comfort
food in our patients.

One explanation for the missing effects of high-calorie
food on the HPA axis might be the relatively limited sam-
ple size that was due to the general difficulty of enrolling
appropriate patients with primary adrenal insufficiency
and that might have precluded the detection of more subtle
treatment effects. Another explanation may be that the
mental stressor used in our study was too mild to impact
stress hormones or that subjects were already stressed to
some degree because of the laboratory setting so that sub-
tle task-related stress effects were masked. Moreover, in
Addison patients, it is possible that ACTH release cannot

FIG. 3. Plasma or serum concentrations of ACTH, cortisol, epinephrine, and norepinephrine
(means � SEM) before, during, and after ingestion of high-calorie food (comfort food buffet;
black symbols) and low-calorie food (salad; white symbols) in a group of Addison patients
(n � 10; circles, dashed lines) and a group of healthy controls (n � 10; triangles, solid lines).
Food was offered after a baseline period of 45 min, and subjects were free to eat ad libitum
for 30 min.
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be adequately suppressed due to autonomous ACTH pro-
duction, a phenomenon known to occur in patients with
a long history of Addison’s disease (22). Our patients had
a disease history of at least 1 yr, which is long compared
with the animal studies investigating newly adrenalecto-
mized rats. Moreover, whereas food intake lasted 30 min
in our study, rats were exposed to comfort food over a
period of several days, and importantly, ACTH and cor-
tisol levels were dampened after 10 d but not after 5 d (23),
suggesting that longer periods of high-caloric food supply
may be necessary to reduce up-regulated ACTH levels.

Interestingly, the quite robust meal-related cortisol
peak was absent in our control subjects. It may thus appear
a contradiction to the well-investigated cortisol enhance-
ment after food intake, but most studies focused on meal
intake at midday, e.g. the usual meal time (24). Our buffet
was offered at 1800 h, a time where circadian cortisol
production is low. This lower production rate seems to
correspond with a minor cortisol response showing a large
inter- and intraindividual variability (25). Besides, the cor-
tisol peak may be masked or depressed by prior stress-
induced rises (26), as is the case with basal cortisol values
of our control subjects.

As to catecholamines, epinephrine levels in patients
were very low, a finding that was also described by Born-
stein et al. (27), suggesting that a high intraadrenal glu-
cocorticoid concentration is necessary for adrenal epi-
nephrine synthesis.

Under basal conditions, the Addison patients of our
study displayed distinctly increased neuroglycopenic
symptoms, supporting the view that unsubstituted Ad-
dison patients are in a neuroglycopenic state. This is in
line with our initial hypothesis that deficient cortisol may
hamper sufficient central nervous energy supply. In ac-
cordance, patients with Addison�s disease manifest hypo-
glycemic symptoms at relatively higher blood glucose lev-
els than healthy humans (28). As we observed in our study,
self-rated mood was persistently worse in patients than in
controls. Comparable results have been obtained in a re-
cent large cross-sectional study where patients with adre-
nal insufficiency on standard replacement reported im-
paired subjective health status, especially fatigue, reduced
vitality, and increased anxiety (29). Imperfect replacement
strategies with gluco- and mineralocorticoids as well as
concomitant therapy with thyroid hormones might also
have influenced rated mood in our patients. Impaired at-
tention in comparison to control subjects was another fea-
ture of our patients that hints at neuroglycopenic features
of Addison’s disease. Enhanced activation, concentration,
increased arousal, and higher spirits were reported after
cortisol infusion in healthy men (30). This suggests that
cortisol can induce changes toward euphoric mood, and

thus, absent cortisol like in Addison’s disease may reduce
mood and the ability to concentrate as demonstrated in
our subjects.

Importantly, in our study increased neuroglycopenic
symptoms were attenuated by oral energy supply, which
contrasts to previous experiments where iv infused glucose
had no influence on any of the measured parameters (19).
This implicates an important role of behavioral factors
like the free-choice aspect and hedonic components of
food intake like the rewarding quality of high-calorie
foods as well as of the gut-brain axis. Free choice of high-
calorie food depends on complex decision-making pro-
cesses in which both the brain stem and the cerebral hemi-
spheres are involved. This active process is essentially
different from our infusion experiments in which the par-
ticipants are passive. The gut-brain axis has also been
shown to influence whole body metabolism through the
interaction of hypothalamic neuropeptides and gastroin-
testinal hormones like ghrelin, cholecystokinin, and pep-
tide YY (31). Also, hippocampal activity regulated by the
vagus nerve has been demonstrated to modulate eating
behaviors mediated by stomach expansion (32). Our re-
sults hint at the additional importance of this gut-brain
circuitry. Comfort food has been shown to restore the
neuroenergetic and hormonal balance in adrenalecto-
mized rats (5, 6). Our finding of a dampening effect on
neuroglycopenic symptoms 90 min after ingestion of com-
fort food may thus reflect a rebalancing effect due to en-
hanced brain energy supply. Moreover, measures of at-
tention and memory functions were slightly (although not
significantly) enhanced by comfort food in comparison to
salad ingestion, further buttressing the view that improved
cognitive functions due to free-choice high-calorie food
intake in Addison patients reflects enhanced energy influx
into the brain.

In conclusion, our results suggest the presence of a neu-
roglycopenic state in Addison patients with symptoms
that may in principle be attenuated by comfort food in-
take. To prove efficacy and efficiency of additional oral
glucose supply as a therapeutic adjuvant for improving
well-being of the Addison patients, large clinical (multi-
center) studies will be important. The relationship be-
tween brain energy supply and well-being of patients is
important for further understanding and treatment of pa-
tients suffering from Addison’s disease.
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J Clin Endocrinol Metab, February 2010, 95(2):522–528 jcem.endojournals.org 527

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 23 October 2015. at 20:54 For personal use only. No other uses without permission. . All rights reserved.



Internal Medicine I, Ratzeburger Allee 160, House 32, 23538
Lübeck, Germany. E-mail: Johanna.Klement@uk-sh.de.

This work was supported by the German Research Foundation.
Disclosure Summary: The authors have nothing to disclose.

References

1. Ten S, New M, Maclaren N 2001 Clinical review 130: Addison’s
disease 2001. J Clin Endocrinol Metab 86:2909–2922

2. Arlt W, Allolio B 2003 Adrenal insufficiency. Lancet 361:1881–
1893

3. Mitrakou A, Fanelli C, Veneman T, Perriello G, Calderone S,
Platanisiotis D, Rambotti A, Raptis S, Brunetti P, Cryer P 1993
Reversibility of unawareness of hypoglycemia in patients with in-
sulinomas. N Engl J Med 329:834–839

4. Christiansen JJ, Djurhuus CB, Gravholt CH, Iversen P, Christiansen
JS, Schmitz O, Weeke J, Jørgensen JO, Møller N 2007 Effects of
cortisol on carbohydrate, lipid, and protein metabolism: studies of
acute cortisol withdrawal in adrenocortical failure. J Clin Endocri-
nol Metab 92:3553–3559

5. Bell ME, Bhatnagar S, Liang J, Soriano L, Nagy TR, Dallman MF
2000 Voluntary sucrose ingestion, like corticosterone replace-
ment, prevents the metabolic deficits of adrenalectomy. J Neu-
roendocrinol 12:461– 470

6. Laugero KD, Bell ME, Bhatnagar S, Soriano L, Dallman MF 2001
Sucrose ingestion normalizes central expression of corticotropin-
releasing-factor messenger ribonucleic acid and energy balance in
adrenalectomized rats: a glucocorticoid-metabolic-brain axis?
Endocrinology 142:2796 –2804

7. Pecoraro N, Reyes F, Gomez F, Bhargava A, Dallman MF 2004
Chronic stress promotes palatable feeding, which reduces signs of
stress: feedforward and feedback effects of chronic stress. Endocri-
nology 145:3754–3762

8. Canetti L, Bachar E, Berry EM 2002 Food and emotion. Behav
Processes 60:157–164

9. Oliver G, Wardle J, Gibson EL 2000 Stress and food choice: a lab-
oratory study. Psychosom Med 62:853–865

10. Mercer ME, Holder MD 1997 Food cravings, endogenous opioid
peptides, and food intake: a review. Appetite 29:325–352

11. Kirschbaum C, Pirke KM, Hellhammer DH 1993 The ‘Trier Social
Stress Test’—a tool for investigating psychobiological stress re-
sponses in a laboratory setting. Neuropsychobiology 28:76–81

12. Schultes B, Peters A, Kern W, Gais S, Oltmanns KM, Fehm HL,
Born J 2005 Processing of food stimuli is selectively enhanced
during insulin-induced hypoglycemia in healthy men. Psychoneu-
roendocrinology 30:496 –504

13. Klement J, Pais I, Hallschmid M, Hubold C, Knispel A, Oltmanns
KM, Schultes B, Born J, Peters A 2009 Blocking AMPA receptor
signalling by caroverine infusion does not affect counter-regulation
of hypoglycaemia in healthy men. Diabetologia 52:1192–1196

14. Steyer R, Schwenkmezger P, Notz P, Eid M 1997 Der mehrdimen-
sionale Befindlichkeitsfragebogen (MDBF). Handanweisung. Göt-
tingen: Hogrefe

15. Watts AG, Sanchez-Watts G 1995 Region-specific regulation of

neuropeptide mRNAs in rat limbic forebrain neurones by aldoste-
rone and corticosterone. J Physiol 484:721–736

16. De Kloet ER, Vreugdenhil E, Oitzl MS, Joëls M 1998 Brain corti-
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