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ABSTRACT

ENDOCRINE STUDIES IN STROKE PATIENTS

Tommy Olsson, Department of Medicine, Umeå University,
S-901 85 Umeå, Sweden

There are a number of links between the endocrine system and the 
nervous system. In this study, the impact of ischemic stroke on the 
endocrine system was investigated. Elderly volunteers were studied 
because data regarding the influence of advanced age on endocrine 
parameters were lacking.

Only small differences in pituitary-thyroid and pituitary-adrenal 
hormone axes were found between two groups of elderly patients, 60 and 
80 years of age. The 80-year-old age group had a lower thyrotropin 
response to thyrotropin releasing hormone (TRH) and a decline in 
dopamine excretion.

Patients with acute ischemic stroke showed a pronounced 
hypercortisolism studied by the dexamethasone test and urine free cortisol 
measurements. In multiple regression analyses, postdexamethasone 
cortisol levels were positively correlated to proximity of the lesion to the 
frontal pole of the brain and disorientation. Urine cortisol levels were 
predicted by limb paresis, disorientation and body temperature. High 
cortisol excretion was associated with a worse functional outcome. 
Norepinephrine excretion was correlated to urine cortisol levels and to 
motor impairment. Patients with acute stroke had elevated free thyroxin 
indices. A paradoxical growth hormone response to TRH was found in the 
majority of stroke patients. In a multiple regression model disorientation 
was negatively correlated to thyrotropin response after TRH and positively 
correlated to prolactin response. Growth hormone response to TRH was 
associated with extensive paresis.

In a cohort study diabetic and non-diabetic patients were prospectively 
studied after an initial stroke. Diabetes mellitus adversely influenced 
survival, the risk for a recurrent stroke and myocardial infarction.

Key words: Cerebrovascular disorders, elderly, pituitary gland, thyroid 
gland, adrenal glands, hydrocortisone, dexamethasone suppression test, 
cortisol excretion, diabetes mellitus, prognosis.
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ABBREVATIONS

ACTH = adrenocorticotropic hormone

ADL = activities of daily living

AVP = arginine vasopressin

C.i. = confidence interval

CRH = corticotropin releasing hormone

CT= computed tomography

DA = dopamine

E = epinephrine

FT3 I = free triiodothyronine index 

FT4 I = free thyroxine index 

GH = growth hormone

GHRH = growth hormone releasing hormone 

HPA = hypothalamic-pituitary-adrenal axis 

HPLC = high-performance liquid chromatography 

NE = norepinephrine 

RIA = radioimmunoassay 

St.c. = standardized coefficient 

T3 = triiodothyronine 

T4 = thyroxine

TRH = thyrotropin releasing hormone 

TSH = thyrotropin
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Norepinephrine excretion was correlated to urine cortisol levels and to 
motor impairment. Patients with acute stroke had elevated free thyroxin 
indices. A paradoxical growth hormone response to TRH was found in the 
majority of stroke patients. In a multiple regression model disorientation 
was negatively correlated to thyrotropin response after TRH and positively 
correlated to prolactin response. Growth hormone response to TRH was 
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INTRODUCTION

There are a num ber of links between the endocrine system and the 
nervous system. Every horm one can act on the central nervous 
system, and the secretion of virtually every hormone is regulated 
directly or indirectly by the brain (1). In addition, many hormones are 
produced locally in the brain. Brain lesions may thus influence 
endocrine function profoundly.

Stroke, or cerebrovascular disease, is a life-threatening disorder 
w ith potentially devastating consequences. Among the survivors, 
im paired life satisfaction including long-standing depressions are 
common (2,3). Cognitive disturbances are also frequent and they 
influence to a major extent the outcome of rehabilitation efforts (4). 
Endocrine disturbances in psychiatric disorders such as depression 
have been considered as m arkers of central neuro transm itto r 
abnormalities that might give clues to the underlying nature of these 
diseases (1). The literature on possible interactions between stroke and 
endocrine disturbances including associations w ith em otional and 
cognitive changes after stroke, has been sparse so far. Furthermore, 
the sufferers from stroke are mostly elderly people. Thus, the effects 
of the disease are superimposed upon consequences of old age in the 
stroke victims. Therefore, data for comparisons have to be taken from 
age-matched populations.

Hormone changes in old age

The activity of the various peripheral endocrine organs is under the 
influence of trophic hormones released by the pituitary. The anterior 
pituitary is controlled by hormones from the hypothalamus secreted 
into the portal vessels, while the hormones in the posterior pituitary 
travel down the pituitary stalk directly from the hypothalamic nuclei 
from which they are secreted. Information from suprahypothalam ic 
centers are relayed by neurotransm itters to the hypothalam us. The 
secretion of hypothalam ic and pituitary hormones is, to a major 
extent, influenced by negative feed-back systems. An example of this 
is the hypothalam ic-pituitary-adrenal (HPA) axis (Fig. 1), where 
cortisol exerts a negative feed-back on pituitary and hypothalamic
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cells and renders them less sensitive to stim ulation. Furtherm ore, 
steroid hormone receptors are found in suprahypothalam ic regions, 
e.g. the hippocampus (5).

CNS Neurotransmittors 
(5HT, Ach, NE, GABA .... )

Hypothalamus

CRH

Pituitary

ACTH CORTISOL

Adrenal

Fig. 1 . The hypothalamic- 
pituitary-adrenal (HPA) axis. 
5HT=serotonin, Ach=acetyl- 
choline, NE=norepinephrine 
GABA=gamma aminobutyric 
arid (modified from Til).

Changes with age at all these levels of hormone release and action 
can influence the activity of various endocrine systems. An increase 
of fibrosis and a decline in size of various organs is seen w ith 
increasing age and this is also true for the endocrine system (6). 
However, there are major differences w ithin the group of elderly 
individuals today. Physical and m ental w ell-being can be quite 
different between the "young elderly" (i.e. 65-75 years old) and the 
"old elderly" (75+; 7). Interference with non-endocrine diseases and a 
reduced num ber of "old elderly in earlier studies have m ade 
interpretation of data regarding age influences on the endocrine 
system difficult (6). Furtherm ore, illness in old age is not seldom

10



characterized by vague and atypical symptom s, perhaps w rongly 
attributed to the aging process (8). This is particularly  true for 
endocrine disorders in old age and makes it im portant to estimate 
reference intervals for hormones in these age groups (8). Hormone 
levels m ight also differ between sexes in old age and m ight be 
influenced by confounding factors such as body mass, kidney function 
and smoking habit. This has been sparsely documented.

It is im portant to remember that blood and urine concentrations of 
horm ones represent the net resu lt of a num ber of different 
physiological processes. Changes w ith age in, e.g., hormone secretion 
rate and distribution space, horm one carrier proteins, horm one 
degradation and excretion, rhytmic secretory cycles, ratios of biological 
activity to immuno-reactivity, sensitivity of horm one secretion to 
feed-back regulation, hormone receptors and postreceptor events can 
influence the test results (9). Much of our knowledge in these aspects, 
however, is based on animal experiments, and one must be cautious 
when extrapolating findings from animal experiments to humans.

The hypothalamic-pituitary-adrenal axis

Morphological studies of the hypothalamus in healthy aging people 
regarding the content and turnover of hypothalam ic releasing 
hormones or neurotransm ittors affecting horm one secretion have 
given conflicting results, although the dopam ine-producing neurons 
may be one of the most age-sensitive neurons in the central nervous 
system (10,11). A number of morphological changes takes place with 
age in the anterior pituitary: patchy fibrosis, focal necrosis, vascular 
alterations, iron deposition and (micro)adenoma formation are seen 
(6). Furthermore, the gland decreases somewhat in size (6). Despite 
this, the content of the various hormones has not been reported to be 
decreased (6). The reactivity of the gland regarding the HPA axis, i.e. 
the adrenocorticotropin (ACTH) response to corticotropin releasing 
hormone (CRH), seems to be preserved with increasing age (12).

There are striking effects of aging on adrenal anatomy. Cortical 
nodule formation, fibrosis and pigment deposition are increased (13). 
Biochemically, changes in hepatic steroid metabolism and a slowed 
metabolic disposal probably lead to a decreased cortisol secretion rate 
w ith increasing age (6). Plasma concentrations of cortisol have mostly
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been reported  to be unaltered (6 ); cortisol responses to ACTH 
stim ulation are also unaltered (14,15) In contrast to this, there is a 
progressive decline in the secretion of dehydroepiandrosterone 
(DHEA) and DHEA sulfate, the major androgen metabolites from the 
adrenals, and a decline in the DHEA response to ACTH and CRH in 
older subjects (12,15). Older studies have also shown an age-related 
decline in 17-hydroxy- and 17-ketogenic steroid metabolites of cortisol 
in urine after 40 years of age (13). Studies of urinary free cortisol 
excretion in old age are lacking.

An increased activity of the HPA axis is a feature of the response to 
various stressful stim uli (16). This stress response also includes a 
heightened activity of the sym pathoadrenal system. An increased 
activity of the HPA axis has been suggested as a mean of turning off 
the defense reactions that are activated by stress, thereby preventing a 
threat to body homeostasis (17). The term ination of the increased 
HPA activity is mediated through the negative feed-back system as 
described above.

The dexam ethasone suppression test is a screening test for 
hypercortisolism used in both endocrinology and psychiatry. There 
seems to be an association between age and post-dexam ethasone 
cortisol levels in depressive patients (18). The effect of age in healthy 
controls has been more debated. No association between age and the 
rate of non-suppression (i. e., plasma cortisol of > 5pg /d l or 138 
nmol/1) after dexamethasone in healthy controls has been found. The 
mean age in these studies has in no case been over 50 years (19, for 
review). In one study a positive correlation between old age and 
plasma cortisol after dexamethasone, especially at 8  a. m. has been 
noted (2 0 ), but in another study no such association was found (2 1 ).

Thus, the influence of age upon the HPA axis is unclear, and 
studies of healthy controls at high ages have been sparse.

The rise of plasma norepinephrine (NE) with age, that has been 
consistently reported (22-24), has been interpreted to be secondary to 
an increase in sym pathetic tone, supported  by an increase in 
sympathetic nerve firing rates in the elderly (25). No major changes 
w ith age in plasm a epinephrine (E) have been reported (22,24). 
Decreases as well as increases of NE and E excretion have been 
reported with increasing age (26-28), but the number of study objects 
over age 60 has been very limited and has partly  consisted of

12



institutionalized elderly.
D opam ine (DA) is a neurotransm ittor in the central nervous 

system. It is also released from peripheral nerve endings, where it is 
to a certain extent co-localized w ith NE (29). Urinary DA is probably 
produced to a large extent from plasma dopa by the action of dopa 
decarboxylase in the kidney tubuli (30). The physiological role for the 
peripherally  produced DA is partially  unclear, bu t it has been 
suggested to be an endogenous natriuretic substance (31). Studies 
concerning the effect of advanced age upon DA excretion in non
hospitalized subjects have not been published.

Pituitary-thyroid axis including prolactin

Involutional changes are commonly seen in the thyroid gland w ith 
increasing age. In an American study, only 15% of cases after age 60 
were free from follicular and lymphoid lesions in their thyroid glands 
at autopsy (32). However, the correlation between the physiological 
function of the gland and various types of pathological lesions is 
unclear.

In community studies, a prevalence of overt hypothyroidism  of 
about 1-2% has been found, w ith a rising tendency with old age (33- 
35). This is probably mostly due to the existence of a group of elderly 
individuals, m ainly women, developing autoim m une thyroiditis 
associated w ith increased levels of thyroid autoantibodies (34). In a 
British study, overt hypothyroidism developed at a rate of 5% a year 
in women who had both raised TSH concentrations and thyroid 
antibodies at the beginning of the study (36).

W hen excluding those patients w ith an overt hypothyroidism , 
there are conflicting data concerning the effect of age on serum  
thyroid hormones, serum thyrotropin (TSH) and the TSH response to 
thyro tropin  releasing horm one (TRH; 34,35). The basal oxygen 
consum ption rate or basal metabolic rate (BMR) decreases w ith age, 
but BMR expressed per unit of cell mass does not change (37). The 
metabolic disposal of thyroxine (T4) is reduced w ith age (38). This has 
been attribu ted  to decreased peripheral conversion of T4 to 
trijodthyronine (T3). Secondary to this, the production of T3 a n d T 4 
decreases w ith  age (6,39). In selected popu la tions of (often
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institutionalized) elderly basal levels of T3 have repeatedly been 
reported to be decreased (9).

Participation of non-healthy elderly indiv iduals in previous 
studies may also have obscured the interpretation of serum TSH and 
its response to TRH. Some workers have found a negative correlation 
between TSH response and age in men, but not in women (40-43), 
others a lower response in elderly women but not in men (44). Still 
others have observed a lowered response in both sexes (45) or a 
higher responsiveness (46). In one study of elderly men an absence of 
augm ented response to a TRH infusion test occurred despite an 
increase in basal TSH; this seems to indicate an age-related decline in 
the function of pituitary thyrotropes (47). Thus, conflicting data exists 
regarding both age and sex influences upon TRH-stim ulated TSH 
release in old age groups.

Basal prolactin levels have been reported to be unaltered or to 
decrease around the time of menopause in women (48,49). In contrast 
to this, older men have been reported to have unchanged as well as 
augm ented (basal and TRH-stimulated) plasma levels of prolactin 
compared w ith younger men (50). An equalizing tendency between 
sexes in high age groups might therefore be possible.

Growth hormone (GH)

There is an age-related fall in both the num ber and the size of the 
somatotropic cells in the pituitary, mostly occurring during the fourth 
and fifth decades of life (51). Aging in man is accompanied by a 
generalized decrease in pro tein  synthesis and a concom itant 
reduction in lean body mass. This suggests that grow th hormone 
(GH) secretion or action may decrease w ith advancing age. In line 
w ith this, a changed pulsatile pattern of basal GH release has been 
reported, w ith a decline in the proportion of large GH pulses (52). 
Lower levels of somatomedin-C (SM-C), the mediator of many of the 
peripheral effects of GH, have also been reported (53,54). There are 
d ivergen t results regard ing  the GH and SM-C responses to 
stim ulation by grow th hormone releasing hormone (GHRH; 55-57). 
However, in a study of healthy non-obese individuals, GH response 
to GHRH declined w ith age w ith clearly higher responses in 
prem enopausal women than men (56). GH levels in this study were
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also positively associated w ith serum  estradiol levels. This sex 
difference has also been verified in 24-h profile studies of grow th 
hormone secretion (53). In normal individuals, TRH does not induce 
GH secretion when injected intravenously (1).

Arginine Vasopressine (AVP, Antidiuretic hormone)

The vasopressin-producing cells in the hypothalam us show a slight 
decrease in size w ith age until the sixth decade of life. After this 
decade a significant increase in cell size is reported (58). Earlier studies 
have given conflicting data regarding basal AVP levels w ith 
increasing age (59,60).

The cortisol axis and stroke

Sufferers from stroke are potentially exposed to an acute, severe stress 
situation. After subarachnoidal hem orrhage, an abnorm al d iurnal 
variation in plasm a cortisol and a high incidence of abnorm al 
responses to dexamethasone have been reported (61). Furthermore, in 
a study  including patients w ith both ischemic and hem orrhagic 
stroke, high plasma cortisol levels were associated with an increased 
mortality (62). The dexamethasone test has been performed in a few 
studies of stroke patients late after stroke. A positive association 
betw een the non-suppressive state after dexam ethasone and the 
degree of handicap has been reported by some (63,64) bu t not all 
investigators (65). Cognitive disturbances as m easured by the Mini 
M ental Test w ere also associated in two studies (63,65) w ith the 
nonsuppressive state. This is in accordance w ith findings in patients 
w ith chronic cognitive disturbances, such as Alzheimers disease, in 
w hich decreased suppressibility to dexam ethasone is a common 
finding (66). The dexam ethasone suppression  test has been 
extensively used in psychiatry as an adjunct to clinical diagnose- 
setting of depression and has also been suggested as a mean to subtype 
depressions (67,68). D epressive disorders and o ther em otional 
reactions are often encountered after stroke (3,69). The non
suppressive state after dexam ethasone has been associated w ith 
depression in most (63-65, 70), but not all (71) dexamethasone studies
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in stroke patients. The included patients, how ever, have had 
ischemic as well as hemorrhagic lesions at various locations and were 
stud ied  at highly various tim e-points after the acute event. 
Furtherm ore, no studies of urine free cortisol m easurem ents in 
stroke patients are avilable. Theoretically, urine free cortisol sampling 
offers several advantages over plasma cortisol assays when studying 
the cortisol axis in patients with acute stroke. Twenty-four hour urine 
sampling gives an integrative measure of the activity in the HPA axis 
(72). It probably also reflects the degree of hypercortisolism more 
adequately than does plasma cortisol measurements (73). Thirdly, it 
measures the free cortisol levels, thereby avoiding possible protein 
steroid-binding influences upon hormone levels (72).

Thus, there is a definite need for a more extensive study of the 
cortisol axis in patients with acute stroke in a carefully selected group 
of patients w here the influence of the brain lesion in itself and 
possible associations w ith depression and cognitive disturbances are 
explored.

The sym pathoadrenal system and stroke

An activation of the sym pathoadrenal system often accompanies 
hypercortisolism  in acute stress (74). There seems to be direct 
interactions between the HPA axis and the sym pathoadrenal system 
at various levels of hormone release (74). Plasma E and NE have been 
shown to be elevated in both subarachnoid hemorrhage patients and 
in acute ischem ic stroke (75, for review ). Elevated u rinary  
catecholam ines have also been found in patien ts w ith  acute 
cerebrovascular disease, especially in those w ith a subarachnoid 
hemorrhage (76). In a recent study there was a significant positive 
correlation between catecholamine excretion and blood pressure after 
stroke (77). High catecholamine levels acting in conjunction with the 
cortisol axis have been suggested to contribute to the ECG changes not 
uncom m only seen after subarachnoid hem orrhage and ischemic 
stroke (75,78). It w ould therefore to be of interest to study the 
sympathoadrenal axis in conjunction w ith a study of the activity of 
the cortisol axis.
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Stroke and serum  prolactin, growth horm one, thyrotropin and  
thyroid hormone levels

M any types of stress may alter anterior horm one secretion by 
influencing suprahypothalamic control (1). Plasma levels of prolactin 
and GH rise in response to hypoglycemia, exercise and surgical stress, 
while TSH is not influenced to any major extent by these stressors 
(79). Patients with stroke have been reported to have a decreased TSH 
response to TRH (80).

A paradoxical response of grow th hormone to TRH has been 
reported by Mashita et al. in a study m ade at an unspecified time- 
point after a cerebrovascular accident (81). In contrast, basal and 
arginine-stim ulated levels of grow th hormone were not increased 
after stroke in another study (82).

In a study group of severely ill stroke patients, Benvenga et al. 
(83) found a progressive decrease in serum concentrations of T4 and 
T3 am ong patients subsequently dying from stroke. Changes in 
thyroid hormone indices have been described in patients suffering 
from a wide variety of nonthyroidal illnesses (84,85).

Therefore, it seems to be of interest to study the changes in the 
pituitary-thyroid axis, prolactin and grow th horm one secretion in 
patients w ith acute stroke at a specified time-point after the acute 
event.

Diabetes and stroke

Diabetes mellitus has been established as an independent risk factor 
for th rom boem bolic  s troke (86-90). The re la tiv e  risk  for 
thromboembolic stroke in diabetic patients is doubled compared with 
that for non-diabetics, and stroke has been said to account for about 
15% of all deaths in Caucasians w ith Type 2 diabetes (91). The 
increased risk also seems to be sustained after adjustm ent for blood 
pressure and  serum  cholesterol levels (87). Preexisting cardiac 
abnormalities, such as diabetic cardiom yopathy, may play a role. 
F urtherm ore , changes in vessel w all m etabolism  and  blood 
com ponents may contribute to an accelerated atherosclerosis and 
increased thromboembolic tendency in diabetic patients (87,92).

In an earlier study from our unit, an increased fatality rate for
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diabetic patients during the acute phase of stroke was reported (93). 
This has been verified in some (94,95), bu t not all (96) previous 
studies of short-term mortality. When considering short- and long
term mortality after stroke, mortality has been influenced by diabetes 
in some studies (97,98), but not all (99-104).

The risk factors for a recurrent stroke after the initial event have 
been sparsely studied. Diabetes seemed to be one of the factors 
associated with a higher mortality due to stroke following an initial 
stroke in a Russian study (94), but not in an American community 
hospital study (105).

In an earlier retrospective study, a shortened life span was 
dem onstrated for diabetic patients after stroke (106). The causes of 
death for diabetic and non-diabetic patients demonstrated no definite 
differences but heart disorders were a dom inating cause of death 
among diabetic patients in this study. Diabetes mellitus has been 
dem onstrated as a risk factor for myocardial infarction and for a 
higher mortality in these patients, both during the acute phase and 
during follow-up (107,108).

Long-term studies of a stroke patients w ith special emphasis on 
the impact of diabetes mellitus as a prognostic factor are thus lacking.

Survival analysis w ith the life table technique utilizes censored 
data, i.e.f individuals for whom the event (death) has not occurred at 
the time of the analysis can also be included. It is thereby possible to 
study survival in a cohort of patients at variable lengths of time from 
a particular starting-point, e.g. hospital admittance due to stroke. The 
com parison betw een two groups (diabetic versus non-diabetic 
patients) can be made thereafter by the use of non-param etric tests 
such as the logrank test. W hen determ ining the independence 
influence of various risk factors upon survival, a m ultivariate 
approach is appropriate. Cox's proportional-hazards model represents 
a multiple regression model that is adapted for this type of data (109).

It has been suggested that hyperglycemia per se may be associated 
w ith a poor outcome after stroke (92,110). This has partly  been 
attributed to the development of excess lactic acidosis in the brain 
after an ischemic insult in a hyperglycemic state (1 1 1 ). Hyperglycemia 
has also been associated with the development of a more pronounced 
cerebral edema in stroke patients (1 1 2 ). Animal experiments have, 
however, given contradictory results, and suggestions have been
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m ade that hyperglycemia is not necessarily unfavorable in acute 
ischemic brain damage (113-115). Recent studies have suggested that 
deleterious effects of hyperglycemia may be restricted to infarcted 
reg ions hav ing  co lla te ra l c ircu la tion , w hereas reg ions of 
nonanastom ising (end-arterial) vascular supply m ay even benefit 
from an elevated blood glucose (116).

AIMS OF THE STUDY

• To study possible changes in hormone levels between a "young" 
and an "old" elderly age group w ith special em phasis on the 
influence of sex and other confounding factors.

• To study the activity of the hypothalam ic-pituitary-adrenal 
axis early after stroke in a well-characterized group of stroke 
patients, including interactions w ith the brain lesion itself and 
w ith clinical sequelae to stroke such as m otor im pairm ent, 
cognitive disturbances and major depression.

• To study the influence of stroke on serum thyroid hormones, and 
on basal and TRH-stimulated levels of serum prolactin, GH and 
thyrotropin.

• To study  the prognosis for diabetic patients com pared to 
non-diabetic control patients in a closed cohort prospective study 
w ith a statistical technique that permits the influence of the 
diabetic disease per se to be determined.
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SUBJECTS

Papers I and II

From the official population census register of Umeå, 167 randomly 
selected men and women (60 or 80 year old) that had not been 
hospitalized during the last seven years were asked by postal enquiry 
to participate in the study. Of these, 33 did not wish to participate and 
38 did not answer the enquiry. Therefore, the study group consisted of 
96 individuals. Exclusion criteria for the studies were: central nervous 
system disease including previous stroke or epilepsy, infectious 
disease, thyroid disease including goiter and hyper-/hypothyroidism , 
diabetes mellitus or estrogen medication. Medication made exclusion 
necessary from parts of the studies: cimetidin, neuroleptics and 
propranolol for the pituitary-thyroid studies including prolactin; 
diuretics and anti-inflammatory agents for the fluid balance study and 
ß-blockers and adrenergic stim ulators for the catecholamine study. 
Exclusion due to unsatisfactory 24-h urine collection was set to a 
urine volum e of less than 500 ml. No individual had a plasma 
creatinine level exceeding 150 pmol/1. After these exclusions a total of 
73 persons remained in the first study (23 men and 16 women in the 
60-year group, and 20 men and 14 women in the 80-year group) and 64 
individuals in the second study (22 men and 13 women in the 60-year 
group and 17 men and 1 2  women in the 80-year group). Subjects 
consuming at least one cigarette daily (or corresponding) were defined 
as smokers.

Paper III

The patients in the study were selected from the patients adm itted to 
our stroke unit. From this prospectively studied cohort, 62 patients 
were selected during a 14-month period. Thirty-seven were men and 
25 women, w ith a mean±SD age of 74.6±9.4 years. Included were 
patients w ith an acute supratentorial ischemic stroke as judged by 
clinical exam ination and  CT scan. Exclusion criteria  were: 
pronounced decrease in consciousness, i.e., more than drowsiness, 
high fever (>38.5 C), renal failure (plasma creatinine level >200
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p.m ol/1), know n extensive w eight loss a n d /o r  m alnutrition, hypo- 
/hyperthy ro id ism , p itu ita ry  insufficiency, uncontrolled diabetes 
mellitus, obvious abstinence reactions from alcohol a n d /o r  other 
central nervous stim ulants, epilepsy and certain  m edications 
(g lu c o c o rtic o id s , e s tro g e n s , a n t ic o n v u ls a n ts ,  h ig h -d o se  
benzodiazepines, ephedrine). Twelve of the patients had known and 
well-controlled diabetes mellitus.

The first control group consisted of 25 patients (13 men and 12 
women; mean+SD age 76.8±8.4 years) acutely adm itted to the hospital 
because of various acute medical disorders. None had known central 
nervous disease including previous stroke or epilepsy. The same 
exclusion criteria as for the stroke patients w ere applied regarding 
renal function, medications, etc.

As a second control group, thirty-three randomly selected 80-year- 
old individuals from paper I were selected (20 men and 13 women).

Paper IV

From the prospectively studied cohort of patients adm itted to our 
stroke unit, 2 0  patients were included during a 16-month period. 
There were 12 men and 8  women w ith a mean±SD age of 77.5±8.5 
years. Included were patients with focal neurological signs persisting 
for more than 24 hours. They were considered to have an acute 
supratentorial ischemic stroke as judged by clinical examination and 
CT scan. Ten had a left-sided and 10 a right-sided brain  lesion. 
Exclusion criteria were the same as in paper III. Two of the patients 
had a known diabetes mellitus. Exclusion due to unsatisfactory 24-h 
urine collection was set to a urine volume of less than 500 ml. As a 
control group, 32 of the controls from paper I were used (19 men and 
13 women).

Paper V

The same inclusion criteria as for paper IV were used. During a 16- 
month period 29 patients were included: 19 men and 10 women with 
a mean±SD age of 78.1±7.2 years. Thirteen had a left-sided and 16 a 
right-sided brain lesion. Exclusion criteria were: pronounced decrease 
in consciousness, i.e., more than drowsiness, high fever (>38.5 C),
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renal failure (plasma creatinine level > 2 0 0  pm ol/l), known extensive 
weight loss a n d /o r  m alnutrition, hypo-/hyperthyroidism , pituitary 
insufficiency, uncontrolled diabetes m ellitus, obvious abstinence 
reactions from alcohol a n d /o r  other central nervous stim ulants, 
epilepsy and treatm ent w ith estrogen. Various medications made 
exclusion from  parts of the s tudy  necessary: For prolactin  - 
clomipram ine and verapamil; for grow th horm one - theophyllin. 
Four patients with diabetes mellitus were excluded form the study of 
growth hormone. The same control group as in paper III was used, 
i.e., thirty-three randomly selected 80-year-old individuals.

There was an overlap as to the participating subjects in papers III-V; 
this is illustrated in Fig. 2.

Paper III Paper IV

Paper V

Fig. 2. Number of patients included in papers III-V, illustrating 
the overlap of patients.

Paper VI

The patients under study (n=705) were all admitted to our stroke unit 
consecutively from January 1, 1978 to December 31, 1985. From this 
population, 1 2 1  diabetic patients were identified and compared with 
the non-diabetic group (n=584). Each patient was followed to h is/her 
death or until December 31, 1987. No patient was lost during follow-
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up. Rates of death, recurrent stroke and myocardial infarction were 
recorded.

METHODS

Clinical investigations including diagnostic criteria

All participants in papers I and II were thoroughly investigated 
clinically by a resident in internal medicine a n d /o r geriatric medicine 
to exclude acute or chronic disease that could influence the test 
results. The stroke patients (papers III-VI) were investigated in a 
standardized m anner during hospital stay w ith repeated clinical 
assessm ents according to the principles of our stroke un it (117). 
Informed consent was obtained from all participants a n d /o r  their 
relatives and the studies were approved by the Ethics Committee of 
Umeå University.

The diagnostic criteria for the various types of stroke in paper VI 
were as follows: (1 ) intracerebral hemorrhage = signs of intracerebral 
hematoma on computed tomography (CT) scan, hemorrhagic pattern 
in spinal fluid analysis, or hemorrhage in brain at autopsy, (2 ) non- 
embolic cerebral infarction = neurological deficits persisting more 
than 24 hours or until death with no signs of bleeding on CT scan, 
spinal fluid analysis or at autopsy and no potential cardiac source of 
emboli, (3) embolic cerebral infarction = same as non-embolic cerebral 
infarction but w ith sudden onset and a potential cardiac source of an 
embolus, and (4) transient ischemic attack (TIA) = focal neurological 
deficit of presumed ischemic origin and of less than 24-h duration.

A three-point scale for orientation was used. The agreem ent 
between the orientation scales from two independent observers was 
91%. The extent of paresis (in the extremity most afflicted) on the 
fourth day after admission was quantified using a four-point scale. A 
four-point mobility scale was used in papers IV and V. In a subsample 
of patients, the results from the paresis scale and the mobility scale 
correlated well w ith Katz' (118) ADL scores (r=0.70 and 0.69, 
respectively; pcO.OOl).

In paper VI, a four-point scale for consciousness was used. Diabetes 
mellitus refers to the classification by the World Health Organisation
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(119) and hypertension  to a prev iously  know n and  treated  
hypertensive disease. Atrial fibrillation was diagnosed on ECG. 
Congestive heart failure refers to heart insufficiency treated medically 
before stroke and angina pectoris to chest discom fort elicited by 
probable m yocardial ischemia. Acute m yocardial infarction was 
defined by WHO criteria (120). The clinical and autopsy criteria for 
causes of death have been described by Viitanen et al. (121). Autopsy 
reports were reviewed by two of the authors. The following registers 
were used for the follow-up of patients: population registers w ith 
dates of death, registers of discharge diagnoses kept at the 
Departm ents of Internal Medicine and Geriatric Medicine at Umeå 
University Hospital, hospital records, medical records kept by general 
practitioners (in selected patients), and autopsy reports. A recurrent 
stroke was operationally defined as a recurrent stroke occuring more 
than one week after the index event. Only the first recurrent stroke 
was counted.

Psychiatric investigation

In paper III, the stroke patients were interviewed 4-5 days and 10 days 
after admission by the same psychiatrist, not knowing the response to 
dexamethasone. Psychiatric diagnosis of a major depressive episode 
was made on the basis of DSM III (Diagnostic and Statistical Manual 
of Mental Disorders, ed 3), symptom criteria being present at both 
investigations.

Laboratory methods

Total serum  T4 and T3 levels were determ ined by com petitive 
radioim m unoassays (RIAs) w ith antibodies from  In terna tional 
Laboratory Services, London, Great Britain. The Tß-uptake test was 
perform ed according to W alther (122). Free T4 (FT4 I) and free T3 

indices (FT3 I) were calculated. Serum TSH concentrations were 
analysed by a competitive RIA and "ultrasensitive" serum  TSH was 
determ ined im m unoradiom etrically w ith a coated-tube procedure 
from Farmos Diagnostica, Turku, Finland. Serum prolactin was 
analysed with a competitive RIA (123) and serum grow th hormone 
was analysed with an RIA (Phadebas hGH PRIST) from Pharmacia,
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Uppsala, Sweden. Cortisol in plasma and urine was analysed with an 
RIA from Farmos Diagnostica, Turku, Finland. Plasma electrolytes 
and urinary creatinine were m easured by standard m ethods on a 
multichannel analyzer (SMA II) from Technicon Instrum ents Corp, 
Tarrytown, NY, USA. Serum osmolality was measured by freezing 
point depression using an OM-6010 osmometer from Daiichi, Kyoto, 
Japan. Plasma arginine vasopressin (AVP) was analysed w ith an RIA 
as described by Fyhrquist and coworkers (124). Catecholamines in 
urine were concentrated by ion-pair extraction (125), separated by 
HPLC on a H ypersil ODS 3-pm  co lum n and  de tec ted  
electrochemically. Body mass was measured with the subjects in their 
underw ear and socks to the nearest 0.1 kg on a lever balance. Height 
was m easured barefoot to the nearest 1 cm. Body mass index was 
calculated by dividing body w eight (kg) w ith height squared (m). 
Twenty-four-h creatinine clearance per 1.73 m 2 body surface was 
calculated from the knowledge of creatinine levels in plasma and 
urine and body surface area as estimated from height and weight.

Dexamethasone suppression test (DST)

For the elderly non-hospitalized study subjects in paper I, blood was 
drawn at 8  to 8:30 a.m. for plasma cortisol analysis after an overnight 
fasting. After taking 1 mg of dexam ethasone orally (Decadron®, 
Merck Sharp & Dohme Internat., Rahway, NJ, USA) at 10 p. m. at 
home, blood was draw n on the following day at 8  a. m. for plasma 
cortisol analysis. The stroke patients (papers III and  IV) w ere 
investigated between the third and seventh day after admission to the 
hospital. Blood was draw n after an over-night fast at 7 a.m for the 
analysis of plasm a cortisol. The patients w ere given 1 mg of 
dexamethasone at 11 p. m. the same day. Blood was draw n on the 
following day at 7 a. m., 4 p.m. and 11 p.m. for plasm a cortisol 
analyses.

Urine sam pling

In paper I a 24-hour urine collection for analysis of cortisol and 
creatinine was performed. In paper II, a 24-hour urine collection for
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catecholamines was perform ed. In paper IV, urine cortisol and 
catecholamine sampling in the stroke patients was undertaken on 
two consecutive days beginning between the first and fifth day after 
admission to the hospital in two 24-h periods. This was done prior to 
the dexamethasone suppression test.

TRH test with analyses of serum TSH, prolactin and GH levels

In paper I, a TRH-test was perform ed before lunch w ith blood 
collected for TSH and prolactin analyses before, 20 min. and 60 min. 
after i. v. injection of 200 pg TRH (TRH®, Hoffman-La Roche & Co. 
AG, Basle, Switzerland). TSH and prolactin were analyzed as indicated 
above (the competitive TSH method was used in this study). In the 
stroke patients (paper V), the TRH test was performed between the 
second and eigth day after adm ission to the hospital. Serum TSH, 
prolactin and GH analyses were made.

Computed tomography (CT) scan of the brain

The CT scans in paper IV were analyzed by the same neuroradiologist 
who was blind as to the clinical assessments. The following structural 
brain measurements were made: brain volume was expressed as the 
volume of brain substance on three consecutive slices beginning with 
the first slice passing through the lateral ventricles. Lesion volum e 
was measured by a computerized calculation procedure, summing the 
lesion volumes in each slice where the lesion was visible. The lesion 
volume was divided by the overall brain volume giving a relative 
lesion volume. The distance of the lesion from the frontal pole was 
determ ined by m easuring the m inimum distance of the anterior 
border of the lesion to the frontal pole. By dividing this distance by 
the overall anterior-posterior length of the cerebral hem isphere in 
the same slice, the relative lesion distance was constructed. The 
lesions were classified as cortical a n d /o r  deep. The cortical lesions 
were further classified with regard to the lobes involved (126). The 
am ount of edema surrounding the lesion was quantified using a 
four-point scale. The anterior horn index was defined as the 
maximum distance between the tips of the anterior horns divided by 
the maximum transverse inner diameter of the skull (127). Cortical
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brain atrophy was estimated using a three-point scale according to 
principles previously used at our radiology departm ent (128). Old 
lesions visible were dichotomized into y es/no  for each patient. In 
papers IV, V and VI all patients were investigated by CT scan on a 
routine basis as an aid to the clinical diagnosis to determine the type 
and location of the cerebrovascular disorder.

Statistics

The statistical analyses were m ade in a com puterized statistical 
program, SYSTAT® (129). Hormone level distributions in papers I-III 
have been described by the median levels (m) and 10th and 90th 
percentiles. In papers I and II, where population param eters were 
estimated, ninety-five percent confidence intervals (95% c.i.) were 
used. They were expressed only when they did not include 0. Due to 
scewed distributions of data and a small num ber of observations, 
normalization of the data w ith the use of natural logarithms was 
performed in papers IV and V. Pearson corrrelation coefficients were 
used for the calculation of correlations. A m ultiple general linear 
hypothesis program was used for one-way and multi-way analyses of 
variance and covariance (papers I and II) and for the m ultiple linear 
regression studies (paper III-V). The multiple regression studies were 
performed w ith the use of dum m y variables (0 / 1  corresponding to 
no/yes) when necessery. Two-tailed t tests were utilized for testing of 
the regression coefficients of each independent variable against the 
dependent variable. Factor analyses were performed in papers III-V 
using the principal component analysis model in SYSTAT® w ith 
varimax rotation of the factors. These factors were then used in the 
multiple regression studies. A post-hoc contrast analysis was used to 
test mean differences between the stroke patients and control groups 
in paper III. For the analysis of a possible prognostic information of 
urinary cortisol excretion (paper IV) a discriminant analysis was used.

In paper VI, two-tailed t tests were used when appropriate for 
differences between means. A m ultiple linear regression analysis 
w ith Bonferroni's adjustm ent for multiple testing of differences in 
m eans was used to estim ate possible differences in risk factors 
between the groups. Possible differences in cerebrovascular diagnoses 
were calculated by a chi-square analysis. The life table technique with
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Kaplan-Meier estimate (130) was used to assess the risk of death, 
recurrent stroke and myocardial infarction after stroke. At selected 
time-points after stroke 95% c.i. for the life table curves w ere 
estimated. Log-rank tests were used to calculate differences between 
diabetic and non-diabetic patients regarding risk of death, recurrent 
stroke and myocardial infarction. Multivariate analysis for regression 
on the survival curves was done with Cox's proportional hazard 
model to determ ine the influence of the diabetic disease per se on 
mortality and morbidity after stroke (109).
A p-value of <0.05 was chosen as the level of statistical significance.

RESULTS 

Paper I

The results regarding the influences of age and sex upon the 
hormone levels are summarized for paper I and II in Table 1.

As to the pituitary-thyroid axis, FT 4 I was unchanged with age, but 
women had higher levels than men (mean difference 1 0 .6 , p=0 .0 2 ; 

95% c.i. for the difference 1.8-19.4). Free T3 index was not affected by 

age or sex, and the same applied to conventional and ultrasensitive 

serum TSH levels. The TSH response to TRH was affected by both age 

and sex. Thus, the response at 20 min. was significantly higher in the 

60-year-olds than in 80-year-olds (mean difference 3.2 units/1, p<0.05; 

95% c.i. 0.1-6.4). This was mostly due to the higher response for the 

60-year-old women as compared w ith the 80-year-old women. There 

was a significantly higher TSH response for women after 20 min. 

(mean difference for gender was 3.9 units/1, p=0 .0 2 ; 95% c.i. 0.7-7.1) 

and after 60 min. (mean difference 3.1 units, p=0.009; 95% c. i. 0.8-5.4).
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Basal prolactin levels were higher in women w hen the 60- and 80- 
years- olds were taken together (mean difference 1.6 M-g/1, p=0.04). The 
prolactin response to TRH was markedly different between the sexes, 
women showing a two and a half times higher median response at 60 
years and a 40% higher median response at 80 years after 20 min. 
(mean difference between the sexes 19.3 |ig /l, pcO.001; 95% c.i. 11.8- 
26.8). The difference persisted after 60 min. (mean difference 13.6 pg/1, 
p<0.001; 95% c.i. 8.4-18.8). No significant influence of age was found.

Males had a significantly higher urinary excretion of cortisol (mean 
difference 39.9 nmol/24h, p=0.004; 95% c.i. 12.0-66.0). There was no age 
influence upon cortisol excretion.

Basal plasma cortisol levels did not differ between sexes or between 
60- and 80-year-old individuals, nor did the plasm a levels after 
dexam ethasone differ. The rate of non-suppression, i. e., a plasma 
cortisol >138 nmol/1 or 5(ig/dl was 4% (one 60-year-old male, one 80- 
year-old male and one 60-year-old woman). Body mass index was 
negatively correlated to the cortisol values after dexamethasone (r= -
0.26; p<0.05).

As a group, men had slightly higher plasma levels of AVP (mean 
difference 0.65 ng/1, p=0.01; 95% c.i. 0.17-1.13).

Paper II

W hen males and females were combined, the older age group 
excreted significantly less DA (mean difference 426 nm ol/24h , 
p=0 .0 0 1 ; 95% c.i. 193-659). Eighty-year-old individuals had somewhat 
lower E and NE excretion than 60-year-old subjects. Men had a 
slightly higher excretion of E and of NE and a significantly higher 
excretion of DA (mean difference 252 nm ol/24h, p=0.04; 95% c.i. 14- 
490).

Smokers excreted more than twice as much E as non-smokers 
after correction for age and sex (mean difference 26.4 nm ol/24h, 
p=0.001; 95% c.i. 10.8-42.0). Smokers also had higher NE excretion 
(mean difference 93.4 nm ol/24h , p=0.04; 95% c.i. 3.1-183.7). 
Epinephrine excretion correlated negatively to BMI (r= -0.28, p<0.05).

A multi-way analysis of variance with analysis of covariance was 
peformed to determine the independent influence of various factors
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u p o n  horm one excretion. In sum m ary, DA excretion was 
significantly influenced by age (standardized coefficient [s.c.]= -0.35, 
p<0.05) and by creatinine clearence (st.c.=0.27, p<0.05), NE excretion 
by creatinine clearence (st.c.=0.30, p<0.05), and  E excretion by 
smoking (st.c.=0.31, p<0.05).

Paper III

Stroke patients had significantly higher basal cortisol levels than the 
patients w ith acute medical diseases (p=0 .0 2 ), but no significant 
difference was seen between stroke patients and the healthy elderly. 
M orning plasma cortisol levels after dexamethasone for the stroke 
patients and the control groups are shown in Fig. 3. The values 
were significantly higher in the stroke patients as compared w ith the 
healthy 80-year-olds (p=0.001). The values were also higher in stroke 
patients as compared w ith the patients w ith other acute disorders, 
but this difference was not statistically significant (p=0.08).

In a multiple regression analysis right-sided lesion location and 
disorientation were significantly associated with high cortisol levels 
after dexamethasone (st.c.=0.34 and 0.30, giving p-values 0.01 and
0.03, respectively). No influence of depression on cortisol levels was 
seen.

In a second analysis of those patients with a visible lesion on a CT 
scan, more anteriorly located lesions, i.e., those w ith a shorter 
relative distance to the frontal pole, as well as lower brain volumes, 
were associated with higher cortisol levels (st.c.= -0.41 and -0.32, 
p=0.008 and 0.04, respectively).

Finally, the procedure was repeated with the classification based 
upon  involvem ent of the various brain  regions. Frontal lobe 
involvem ent w as associated w ith  h igher post-dexam ethasone 
cortisol levels (st.c.=0.29, p=0.05), whereas involvem ent of deep 
structures and the occipital lobe was associated w ith the opposite,
1.e., lower post-dexamethasone cortisol levels (st.c.= -0.29 and -0.25, 
p=0.05 and 0.09, respectively).
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Fig.3. Scatter plot of plasma cortisol concentration at 7 AM after 
dexamethasone (DEX). STROKE, stroke patients (n=62); Cl, control 
patients with various acute medical disorders (n=25); C2, healthy 80-year- 
old controls (n=33).
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Paper IV

Urine free cortisol levels for stroke patients and controls are shown 
in Fig 4. Stroke patients had significantly higher urine cortisol 
levels than the control group (p=0.03).
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— s —

10-

Stroke Control

Fig. 4. Urinary free cortisol levels (logarithmic scale) in stroke patients 
(n=20; mean age 77.5 years) and a control group of 80-year old volunteers 
(n=32).

Plasma cortisol levels at 7 a.m. after dexam ethasone were 
significantly higher (p=0.003) in the stroke patients than in the 
control group. Urine free cortisol levels were significantly correlated 
to cortisol levels after dexamethasone at 7 a.m. (r=0.49, p<0.001).
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After reduction of data into orthogonal components w ith a factor 
analysis, a multiple regression analysis was made to determine the 
independent influence of each component upon urine and plasma 
cortisol levels. Urine free cortisol levels were significantly associated 
w ith limb paresis (st.c.=0.59, p=0.003), disorientation (st.c.=0.41, 
p=0.03) and body tem perature (st.c.= 0.39, p=0.03). Plasma cortisol 
levels also tended to be influenced by these factors, and by increased 
age, but none of these factors reached statistical significance.

The data that yielded significant results in the multiple regression 
analyses in papers III and IV are summarized in Table 2.

The possible prognostic value of cortisol m easurem ent was 
thereafter studied. W ith a discrim inant analysis, u rine cortisol 
values significantly predicted the functional outcome even after 
adjustm ent for age (p=0.001). Cortisol levels after dexam ethasone 
were also associated with the functional outcome, (p=0 .0 2 ).

Urine levels of norepinephrine were positively correlated to 
urine cortisol levels (r=0.54, p<0.05) and to limb paresis (r=0.52, 
p<0.05), whereas epinephrine and dopam ine exhibited w eaker 
correlations to these factors.

Table 2. Results from the multiple regression analyses in papers No. Ill
and IV. Note: n=54 for clinical variables regarding plasma 

  cortisol; n-40 for CT scan variables and n=20 for urine cortisol.

Plasma kortisol after DEX Urine cortisol

St.c. p-value St.c. p-value

Disorientation 0.30 0.03 0.41 0.03

Limb paresis 0.11 0.42 0.59 0.003

Distance from 
the frontal 
pole to lesion

-0.41 0.008 - -

Brain volume -0.32 0.04 - -

St.c. = standardized coefficient
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Paper V

Stroke patients had slightly higher FT4 I levels as com pared w ith 
control patients (mean ± SEM 117 ± 3 vs. 106 ± 4; p = 0.01). The FT3 I 
levels were som ewhat lower in stroke patients, as was the TSH 
response to TRH. Basal and stimulated mean levels of prolactin did 
not differ significantly between the groups. In a multiple regression 
model, the FT4 I level was weakly associated w ith the extent of motor 
impairment, whereas the FT3 I level was not predicted by extremity 
paresis. Low thyrotropin levels 20 and 60 min. after TRH were 
associated w ith disorientation (st.c.= -0.43 and -0.41, p=0.02 and 
p=0.04, respectively). The prolactin response to TRH was positively 
predicted by disorientation, especially after 60 min. (st.c.=0.42, 
p=0.045). The extent of extremity paresis independently predicted the 
GH response 60 min. after TRH (st.c.=0.50, p=0.02).

Paper VI

Out of the 1 2 1  diabetics all but six were considered to have Type 2  

diabetes. Diabetic patients were clearly more afflicted by heart disease 
before the index event as indicated by significantly more heart failure 
and angina pectoris and a trend towards an increased proportion of 
p rev ious m yocardial infarction. H em atocrit levels w ere also 
significantly higher in diabetic (43.7±4.7%) than in nondiabetic 
patients (42.1±4.7%; pcO.Ol).

W hen calculated by a chi-square analysis there was a significant 
difference in cerebrovascular diagnoses (chi-square-value 11.7, df=3, 
p=0.008). Diabetic patients were more commonly afflicted by cerebral 
embolism and less commonly by transient ischemic attacks. Diabetic 
patients also tended to show a more severe neurological im pairm ent 
at onset.

In all, 416 patients died during observation: 71% (86/121) of the 
diabetic and 57% (330/584) of the non-diabetic patients. M ortality 
after stroke in these two groups are presented by life table curves in 
Fig. 5. Ninety-five percent confidence intervals are given at selected 
time-points. Median survival time for diabetic patients was 513 days 
and for non-diabetic patients 1569 days. The risk of death after stroke
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was increased for the diabetic group mainly during the first six 
months after the index event. Risk of death as calculated w ith a log- 
rank test was significantly higher for diabetic patients (chi-square 
value, 21.0 df=l, p<0.001). Diabetic patients were more prone to suffer 
a recurrent stroke (chi-square value 11.9, ld f, p=0.001). Diabetic 
patients had a higher risk for myocardial infarction when calculated 
by a log-rank test (chi-square value 6.7, 1 df, p=0.001), bu t the 95% 
confidence intervals were overlapping.

0)4->«3£-H
-P
U)0)
MQ)

-H
0)Sicfö
I--1Phm

Years after stroke

Fig.5. Risk of death in diabetic (bold line) and non-diabetic (thin line) 
patients analysed by the life table technique. 95% confidence intervals are 
given at six months, one, two and three years after stroke.

To determine the independent influence from diabetes and other 
risk factors upon m ortality, recurrent stroke and m yocardial 
infarction, Cox's proportional hazard model was used. The m ain 
results are presented  in Table 3. D iabetes m ellitus as such 
significantly influenced mortality and the risk of a recurrent stroke. 
Diabetes mellitus slightly increased the risk of myocardial infarction 
but this effect did not reach statistical significance. The strongest 
impact upon survival was from advanced age, followed by a lowered 
level of consciousness at arrival to the hospital. Heart failure and 
hypertension also influenced survival significantly. For recurrent
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stroke, the significant risk factors besides diabetes mellitus were heart 
failure and  advanced age. The corresponding risk factors for 
myocardial infarction after stroke were angina pectoris, advanced age 
and heart failure.

Table 3. Results from a multivariate analysis with Cox's proportional 
hazard model for factors influencing mortality, recurrent stroke and 
myocardial infarction after the initial stroke. * = p<0.05, ** = p<0.01, *** = 
p<0.01. TIA=transient ischemic attack. MI=myocardial infarction.

Risk factor t-value

Mortality Recurrent stroke MI

Advanced age 

Lowered conscious

8.28*** 2.71** 2.97**

ness at admission 7.33*** -0.92 0 .1 0

Heart failure 4.32*** 3.56*** 2.07*

Diabetes mellitus 2.50* 2.63* 1.56

H ypertension 2.40* 1.36 0.25
Angina pectoris 1.69 0.39 3.02**

Early after admission, the acute brain disease in itself causing 
cerebral edema and coning was the major cause of death in both 
groups. D uring the period from 1 week to 1 m onth after stroke, 
pulm onary embolism was the major cause of death in diabetic 
patients, causing more than half of the deaths i.e., 5 out of 9 deaths. 
The proportion of cardiac deaths after the first six m onths of 
observation was 29 and 33% for diabetics and non-diabetic patients, 
respectively. The main reason for the excess mortality in the diabetic 
patients during the first 6  months apppears to be the cerebrovascular 
lesion as such. W hen calculated by a chi-square-analysis, the 
difference in the causes of death between diabetic and non-diabetic 
patients did not reach statistical significance.
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DISCUSSION

Paper I

This paper summarizes the effects of age, sex and of confounding 
factors on certain endocrine variables in a study group of carefully 
examined elderly volunteers. The utilization of this elderly study 
group makes it possible to deduce changes in the endocrine systems 
un d er s tu d y  betw een the ”young" and  "old” elderly  state. 
Furthermore, the use of one-way and multi-way analysis of variance 
w ith the concomitant analysis of covariance makes it possible to 
draw  conclusions about the independent effects of age, sex, etc. as 
such in these old-age groups.

Our results agree with a preserved activity in the HPA axis in old 
age. No influence of age could be documented for cortisol excretion 
and this was also true for plasma cortisol levels before and after 
dexamethasone. The sex difference that has earlier been documented 
in young individuals (131) regarding cortisol excretion also seems to 
persist in advanced age. The negative correlation between BMI and 
post-dexam ethasone cortisol levels points toward a higher level 
activity in the adrenocortical system in the lean elderly. Thus, the 
cortisol axis has a preserved activity in old age, supported by findings 
in other studies of an unaltered response of ACTH to CRH (12) and 
of cortisol to ACTH (14,15).

An age-related decline in the TSH response to TRH was found. A 
reduction of thyreotrophic function with increasing age is supported 
by the absence of an augmented response to TRH infusion despite an 
increase in basal TSH in a study made by H arm an et al. (47). The 
physiologic significance of these results may be uncertain, as TRH is 
given in large doses over a limited time period. The results are, 
however, relevant to the diagnostic use of TRH.

In our carefully screened population w ithout overt thyroid 
disease we could not discover any influence of advanced age upon 
peripheral horm one levels. It is well in line w ith other studies 
utilizing healthy populations in which either no change or a modest 
decrease in T3 and T4 levels has been found (9). A preserved reserve 
capacity of the thyroid gland has also been dem onstrated during 
acute stress situations in the elderly (132).
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Prolactin hormone levels are substantially influenced by a central 
dopaminergic inhibitory pathway. As dopam ine-producing neurons 
m ay be one of the most age-dependent neurons in the central 
nervous system (1 0 ), it would not be surprising if a rise in prolactin 
levels occurs in old age. This is clearly the fate for the senescent rat, 
resulting in hyperprolactinem ic hypogonadotropic hypogonadism  
(9). However, stimulatory influences upon prolactin secretion clearly 
also exist, and rat studies has dem onstrated that the posterior 
pituitary contains a potent prolactin-releasing factor (133). Thus, the 
unchanged levels of serum prolactin between the 60- and 80-year-old 
groups may be the net result of processes interfering w ith both 
stim ulatory and inhibitory pathways of prolactin secretion. The 
higher prolactin secretion rates in women has largely been attributed 
to estrogen action (134). Estrogen adm inistration in rodents and 
monkeys increases the num ber of lactrotropes and the rate of 
prolactin synthesis (135). Despite declining levels of serum estrogen 
in elderly women, the sex difference regarding basal prolactin and 
especially TRH-stimulated prolactin levels seems to persist in old 
age. The reason for this is not clear.

No age influence upon basal serum AVP levels was noted. This is 
in line w ith reports of unim paired or even an enhanced AVP 
response to osmotic stim uli w ith increasing age, a t least in men 
(136,137). Similar increments in AVP secretion after infusion of 
hypertonic saline have also been found in young and old subjects, 
whereas ethanol ingestion leads to a late rise in AVP levels in 
elderly study subjects (136). In contrast to these findings, a lower 
response in plasma AVP levels to an orthostatic challenge is seen in 
older subjects (138). This may contribute to the augm ented AVP 
response to hyperosmolality in the elderly.

Thus, despite certain morphological changes w ith increasing age 
of the AVP-producing cells in the hypothalam us (58), AVP 
production seems to be preserved in old age, or even enhanced to 
stimuli such as dehydration. This may be of benefit to compensate 
for a reduced renal ability to conserve salt and water in aging man. It 
may also compensate for a reduced thirst that has been reported after 
w ater deprivation in elderly men (137). The negative consequence 
may be an increased risk in old age of developing excess AVP
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secretion in response to exogenous stim uli such as certain  
medications, i.e., the syndrom e of inappropriate ADH secretion 
(SIADH).

Paper II

The m inor age-re la ted  decline in  u r in a ry  ex cre tion  of 
norepinephrine (NE) in the present investigation contrasts w ith the 
age-increased plasma levels of this horm one tha t have been 
repeatedly reported (22-24). The factor that explained most of the 
variation in NE excretion in this study was creatinine clearence, 
irrespective of age. This is not surprising, considering that the 
catecholamines excreted into urine are probably the result of both 
filtration and tubular secretion (139). The unchanged levels of 
epinephrine (E) excretion with age however, correlates well w ith 
unchanged plasma levels of the hormone with increasing age (22). In 
a study of rat kidneys the existance of a renal E synthesizing enzyme 
w as recen tly  d em onstra ted  (140). T heoretically , th is m ay 
counterbalance a decrease in filtration rate of E with increasing age. 
The negative correlation between BMI and E excretion points toward 
an increased activity of the sym pathoadrenal system in the elderly 
(see also paper I).

There are several possible mechanisms by which dopamine (DA) 
excretion can decrease with age, such as decline in enzyme systems 
in kidney tubuli, dietary changes including salt intake and changes 
in plasma levels secondary to a decreased secretion from nerve 
terminals (30,31). The negative effect of age upon DA excretion is of 
some interest in relation to the reported association betw een 
sodium-sensitive hypertension and DA excretion levels (141). Thus, 
a decline in DA levels has been postulated as a cause for the salt- 
sensitive hypertension that has been proposed as the most common 
type of hypertension in the elderly (142).

We discovered pronounced differences in the excretion of E and 
NE in our elderly study group between smokers and non-smokers. 
Nicotine has w ide-spread and pronounced effects on several 
neurotransm itter systems and on pituitary hormone release (143). 
This is mediated through effects on cholinergic, monoaminergic and 
peptidergic systems in the brain (143). In acute studies of smoking,
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elevated urinary catecholamine levels during smoking have been 
found (144) and cigarette smoking was related to high E and NE 
excretion rates in a community study of men (145) but not in another 
study of younger male volunteers (146). O ur results show that 
differences betw een sm okers and non-sm okers in E and NE 
excretion can persist up to advanced age. Equal responses for young 
and elderly men in plasma E levels have also been reported during 
psychological stress (147). This indicates a well preserved reactivity in 
the sympathoadrenal system in the aged.

Paper III and IV

Elevated activity in the hypothalamic-pituitary-adrenal (HPA) axis in 
stroke patients has been docum ented in these papers. A reduced 
suppressibility by dexam ethasone (paper III) and an increased 
excretion of urine free cortisol (paper IV) were found.

Furthermore, disorientation was associated with high activity in 
the cortisol axis. Many CNS information-processing capabilities are 
supposed to be glucocorticoid-dependent (148) and based upon 
animal studies, glucocorticoids may exert a m odulatory influence 
upon behavior (149). Glucocorticoid receptors are present in rat 
brain (5). In the rat, hippocampal cells are im portant target sites for 
corticosterone and express genes that encode for two types of 
corticosteroid receptors: the mineralocortiocoid (Type I) receptor and 
the glucocortiocoid (Type II) receptor (150). The former is involved 
in the control of basal hormone levels throughout the circadian 
cycle, while the latter is concerned with the feedback control of the 
stress response (151). The type II receptor also binds synthetic 
glucocorticoids such as dexamethasone. High glucocorticoid levels 
have been advocated to be toxic to neurons (152). Therefore, high 
cortisol levels could induce a pathological change in the 
hippocam pal neurons. This has also been verified in a series of 
experiments by Sapolsky et al. (153). Hippocampal activity normally 
inhibits the cortisol axis, as demonstrated by elctrical stimulation in 
man (154). A damage to hippocampal neurons, and more subtly, loss 
of hippocampal corticosteroid receptors, can therefore be followed by 
a d is tu rb an ce  of feed -back  re g u la tio n  w ith  re su ltin g  
hypercortisolism. In this note, that the hippocam pus seems to be
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very  sensitive to ischem ic brain  dam age in rats , because 
experimental lesions cause im pairm ents of learning and memory
(155). Theoretically, hypercortisolism could reinforce the ischemic 
damage to hippocampal neurons and thereby contribute to cognitive 
disturbances after stroke.

Repeated stresses are common for stroke patients, such as various 
cardiovascular complications, infections, and em otional reactions. 
These repeated stresses may increase the adrenal sensitivity to ACTH
(156), and therefore prolong the hypercortisolism. The prolonged 
hypercortisolism might start a vicious cycle, in which dam age to 
hippocampal neurons may be a key point.

Lower brain  volum es w ere associated w ith  a decreased 
suppressib ility  to dexam ethasone. It has been suggested that 
degenerative changes in the brain (e.g. in Alzheimer's disease) and 
especially of the hippocampus, can cause a marked hyperactivity in 
the cortisol axis and that hyperactivity could be more pronounced in 
high age (157). In line w ith this, cognitive im pairm ent late after 
stroke has also been shown to be associated with high cortisol levels 
(63,65).

The cause of the correlation between frontally located lesions and 
high cortisol axis activity is not obvious. However, the cortisol axis is 
substantially influenced through the release of CRH from the 
hypothalamus. Lesions in the frontal cortex in animal experiments 
can have marked effects on noradrenergic innervation (158). As NE 
influences CRH release in anim al experim ents (156), anteriorly 
located lesions may affect CRH release indirectly through effects 
upon noradrenergic neurons. An increased activity of CRH may be 
followed by a dow n-regulation of glucocorticoid receptors in the 
hippocampus, and this may induce a decreased suppressibility both 
to endogenous corticosteroids and to dexamethasone (153).

Hyperactivity of the HPA axis is a common phenom enon in 
major depression (159). Earlier studies of stroke patients have found 
an association between the non-suppressive state of hypercortisolism 
and major depression (63-65,70,71). Those studies included patients 
at variable lengths of time after the initial stroke. We could not 
verify such a linkage in our study group, despite a considerable 
num ber of depressed stroke patients (31% of those who could be 
evaluated). One reason for this may be that major depression can
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have different etiologies at various time-points after stroke (160).
In paper IV, a clear association between motor im pairm ent and 

urine free cortisol levels was seen. Various different stim ulating 
influences upon the HPA axis may act at different locations, i.e., 
upon  neuro transm itto r inpu t to CRH secretion, upon  ACTH 
secretion and directly upon cortisol secretion. Therefore, it is possible 
that the dexam ethasone suppression test and urinary free cortisol 
levels measure different influences on the HPA axis in acute stroke 
patients.

A prolonged hypercortisolism can have a num ber of side-effects, 
e.g. upon carbohydrate metabolism, upon the myocardium and the 
im m une system (78,161). On the other hand, there are m utual 
connections between the HPA axis and the im mune system (162). 
The common denom inator between body tem perature and cortisol 
levels might be interleukin-1. This endogenous pyrogen seems to 
have a key role in many biologic processes. Interleukin-1 also 
stimulates the release of CRF and ACTH (163) and has been proposed 
as an im portant messenger between the im m une system and the 
HPA axis (162).

Prognostically, high plasma cortisol levels have been associated 
with a greater mortality in stroke patients (62). The poorer functional 
outcome associated with high cortisol excretion in paper IV is well in 
line w ith this.

The correlation  betw een  u rine  free cortiso l level and  
catecholamine excretion indicates a concomitant activation of the 
HPA axis and the sympathoadrenal system after stroke. This is not 
surprising in view of the connections between the cortisol axis and 
the sym pathoadrenal system at various levels, reinforcing one 
another's activity (74,159).

Paper V

W hereas stroke patients as a group did not have any overt 
abnormalities in basal or stimulated pituitary hormone levels, the 
results indicate that severe stroke symptoms are associated w ith 
such hormone disturbances. In addition, stroke may be associated 
w ith changes in the levels of thyroid hormones. The changes in 
thyroid hormone levels are in line w ith other non-thyroid illnesses
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w ith increased FT4 indices and slightly decreased FT3 indices. The 
mechanisms responsible for these changes are far from clear. The 
most common reported abnormality is a depression of both total and 
free serum T 3 levels (85). This has been interpreted as a decrease in 
peripheral conversion of T4 to T3 . The production of circulating 
binding-inhibitor substances and a decrease in the concentration of 
thyroxine-binding proteins may influence the levels of T 4 (85,164). 
The net result for T4 levels is variable, w ith increased levels in 
milder forms of disease and often a gradual depression of T4 (and T 3 ) 
levels in severe and long-standing disease states (165).

The m inor decrease in TSH response to TRH in stroke patients 
contrasts somewhat to an earlier study in which the TSH response 
was significantly decreased among stroke patients (80). The patients 
in that study, however, were studied at various time-points during 
the hospitalization and included various types of cerebrovascular 
disorders. On the other hand, TSH levels and prolactin levels after 
TRH were significantly associated w ith disorientation. A blunted 
TSH response to TRH has been reported in patients w ith chronic 
cognitive disturbances, i.e. Alzheimer's disease by some (166,167), 
but not all (168,169) investigators. An excessive prolactin response to 
TRH has also been found in Alzheimer's disease by some (168,170), 
but not others (166,171).

A majority of our stroke patients showed a GH response to TRH 
stim ulation, i.e. they had a paradoxical TRH response. This 
response was associated with more extensive motor impairments. A 
sim ilar finding has been reported by M ashito et al. (81). The 
mechanism for this response in patients w ith severe stroke is not 
known. Based on animal experiments, hypothalam ic factors that 
control GH secretion i.e. grow th horm one releasing horm one 
(GHRH) and som atostatin, seem to be extrem ely sensitive to 
pharm acologic m anipulation of hypothalam ic neurotransm ittors 
(172). The release of neurotransm ittors from dam aged brain tissue 
could therefore induce a change in the hypothalamic regulation of 
GH secretion.

The association between disorientation, motor impairment, level 
of serum  prolactin, GH and the pituitary-thyroid axis should be 
investigated in further detail to explore if there is a common
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suprahypophyseal mechanism which regulate these param eters 
a n d /o r  if hormone changes may influence mental performance.

Paper VI

This study  is the first long-term prospective investigation w ith 
special em phasis on the prognosis for diabetic stroke patients. 
Diabetes mellitus emerged as a major determinant of mortality after 
stroke. W ith the use of Cox's proportional hazard m odel, the 
influence of diabetes upon m ortality could be studied while the 
increased proportion of cardiac disease that was seen in the diabetic 
patients was taken into account. The most pronounced influence 
from diabetes upon mortality was seen during the first months after 
stroke. This is in agreement w ith most earlier studies dem onstrating 
a w orse short-term  prognosis after stroke (93-96,106). W ith our 
m utivariate statistical approach we could also dem onstrate the 
independent influence of diabetes on prognosis. This is in line with 
the results of a recent American study (105), but not w ith the results 
from a Swedish study (104), both studies utilizing a m ultivariate 
statistical technique.

The increased risk for recurrent stroke in diabetic patients has 
been verified by others in recent studies (173,174). A more wide
spread large-vessel atherosclerosis in the cerebral circulation and in 
the coronary vessels, as well as abnormalities in vessel walls and 
blood com ponents m ay contribute to the increased risk for a 
recurrent stroke and m yocardial infarction in diabetic patients 
(92,175,176).

The diabetic patien ts tended to have a m ore p ronunced  
neurological deficit on adm ission to the hospital. Larger brain 
lesions in diabetic patients may be linked to the higher percentage of 
cerebral embolism. Cerebral embolism is associated w ith a more 
pronounced neurological deficit than non-embolic stroke (177). 
Higher hematocrit levels in diabetic patients may contribute to this 
increased cerebral throm boem bolic tendency . A m ong o ther 
abnorm alities an im paired autoregulation of cerebral blood flow 
(178), a decreased deformability of erythro- and leucocytes (179,180), 
hypercoagulability (181), hyperviscosity (182), a decreased synthesis of 
prostacyclin w ith an increased adhesivity of thrombocytes (183), an
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increased adhesion of erythrocytes to endothelial cells (184) and an 
impairment of the fibrinolytic system (185,186) have been described 
in diabetic patients. The hyperglycemia per se may also contribute to 
the development of larger brain lesions, although this is a matter of 
controversy (115). In addition, our results indicate that diabetic 
patients seem to be prone to develop thromboembolic complications 
after stroke, such as pulm onary embolism. This may partly be due to 
the m ore pronounced neurologic deficit after stroke in these 
patients.

Thus, diabetic patients represent a subgroup of stroke patients 
w ho should be kept under especially close supervision. An 
aggressive attitude against other risk factors for m acrovascular 
disease seems pertinent in these patients.

GENERAL SUMMARY AND CONCLUSIONS

These investigations were undertaken to study the interactions 
between different endocrine systems and stroke. Furthermore, two 
studies were peformed to establish endocrine param eters in those 
age groups from which stroke patients are often recruited, i.e. 60 and 
80-year old individuals were studied.
The results can be summarized as follows:
• Regarding hypophyseal hormones in the elderly, prolactin and 
AVP levels are unchanged w ith increasing age, whereas the TSH 
response to TRH declines somewhat. No change in peripheral 
thyroid hormone levels could be detected. The activity of the cortisol 
axis seems to be preserved, with unchanged plasma and urine free 
cortisol levels. This indicates a well preserved activity in these 
endocrine systems in advanced age, with the possible exception of a 
decreased reserve capacity in the thyrotropin-producing cells in the 
pituitary. Sex differences persist in old age, w ith higher levels in 
women of basal and stim ulated serum  prolactin levels and for 
serum TSH response to TRH.
• Dopamine excretion is markedly reduced in high age. In contrast, 
only slight decreases are seen for norepinephrine and epinephrine 
excretion. The association betw een dopam ine excretion and 
creatinine clearence underscores the im portant role for the kidneys
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in dopam ine handling. The high levels of norepinephrine and 
epinephrine excretion in smokers points to a preserved activity in 
o ld  age of the s tim u la to ry  effects of sm oking  on the 
sympathoadrenal system.
• Stroke subjects are exposed to hypercortisolism to a major degree 
as manifested by a decreased suppressibility to dexamethasone and by 
an increased excretion of urine free cortisol. This hypercortisolism is 
associated w ith disorientation, frontally located brain lesions, and 
possibly  also w ith  m o to r im p airm en t a fte r s troke . The 
dexamethasone test has no value as an diagnostic aid for diagnosing 
major depression in acute stroke patients. A concomitant activation 
of the sym pathoadrenal system after stroke is supported  by the 
correlation between cortisol and norepinephrine excretion.
• In stroke patients, low thyrotropin levels and high prolactin 
levels after TRH stim ulation are associated w ith disorientation. A 
paradoxical grow th horm one réponse to TRH is found in the 
m ajority of stroke patients, and high TRH -stim ulated grow th 
hormone levels are associated with extensive pareses.
• Diabetic patients have a higher m ortality and are m ore often 
affected by a recurrent stroke and myocardial infarction after the 
index event than non-diabetic patients.
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