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S u m m a r y 
Twenty-eight severely ill, hospitalized Nigerian 
patients, 18 males and 10 females with a median 
age of 41 years (group 1) and 20 stable ambulatory 
patients, 11 males and 9 females with a median age 
of 42.5 years (group II), had early morning plasma 
Cortisol measurements. Ten healthy young Nige-
rian males with a mean age of 22.1 years (group 
III) had plasma Cortisol estimations during insulin 
tolerance test. The mean (± SD) Cortisol values for 
the three groups in nmols/l were as follows: group 
I - 389.3 (202.4), group II - 267.1 (67.4), group 
m — 624.5 (81.1). The results for the group III 
healthy controls represent die peak (60 mins) value 
during insulin induced hypoglycemic stress. A 
one way analysis of variance (ANOVA) demon-
strated a statistically significant difference be-
tween the three mean Cortisol values, P <0.001. A 
pair-wise comparison using the /-test also showed 
significant differences between the groups, P < 
0.05 in each case. An important observation was 
the variable pattern of Cortisol stress response in 
different types of illnesses. Cases of stroke ap-
peared to be associated with increased Cortisol 
stress values (Z-score + 5.67) while patients with 
hypotension (B.P. £ 90/60) and those on Rifam-
picin had reduced Cortisol responses (Z-scores — 
3.66 and 3.51 respectively). However, no firm 
recommendations can as yet be made regarding the 
usefulness of corticosteroids in life-threatening 
illnesses among Nigerians, other than those for 
which steroids are known to beneficial. 

R£sum£ 
Vingt huit patients Nigerians hospitalises, 18 mas-
culins et 10 f<Sminins, d ' agc moyen de 41 ans 
(groupe I), qui sont gravement malades, et 20 
pa t ients a m b u l a n t s sa ins , il mascu l in s et 9 
ftSminins d ' age moyen de 42.5 ans (groupe II) ont 
6l6 pr6sent6s pour le mesurage de la cortisole du 
plasma prise au lit avant de se lever. Dix jeunes 
hommes Nigerians, en bonne santd, d ' age moyen 
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de 22.1 ans (groupe III ont subi de estimations de 
la cortisole du plasma au cours d 'unc Evaluation 
de leur t o l e r ance d ' i n s u l i n e . Lcs v a l e u r s 
moycnncs (± SD) de cortisole pour lcs trois 
groupes en nmol/L <5taicnt lcs suivantes: group I — 
389.3 (202.4), group II - 267.1 (67.4), groupe III 
— 624.5 (81.1). Lcs rcsultats pour le groupe III, qui 
comporte lcs tcmoins sains, repnSscntcnt la vacur 
pointc (60 min) pendant le stress hypoglyc&niquc 
provoqu6 par des doesc cxcessivcs d'insuline. 
Une analyse dc variance simple (ANOVA) a d<5-
montr6 une difference statistiquement significa-
tive cntre lcs trois valeurs moycnncs dc cortisolc, 
P < 0.001. Une comparaison par paircs untilisant 
le /-test a aussi montrd des differences significa-
tives cntre les groupes, P < 0.05 dans chaquc cas. 
Une observation importance 6tait la tendance vari-
able dc rcponse dc stress dc cortisolc dans des 
maladies difiVSrentes. H parait ctrc unc association 
etre des cas d'attaqucs d'apoplcxic et les valeurs 
augment des du stress de cortisolc (Z-score + 5.67) 
tandis que lcs patients d'hypotension ( B P ^ 90/60 
mmHg) et ccux qui suivent unc thdrapic dc rifam-
picin avaicnt des responses diminudes dc cortisolc 
(Z-scorcs - 3.66 et 3.51 rcspcctivcmcnt). Pour-
tant, on nc peut pas encorc fa ire des recommenda-
tions d<Scid<5cs au sujet d'utilitd des corticosteroids 
dans lcs maladies mlnacantcs qui sc trouvent 
parmi less Nigerians. 

Introduct ion 
In the last three decades, corticosteroids have 
found a place in the treatment of many kinds of 
disease. Apart from the strictly endocrine use as 
replacement therapy for adrenocortical insuffi-
ciency, they arc given for a broad range of disor-
d e r s t ha t a p p e a r to h a v e n o c o m m o n 
denominator! 1 J. The main pathologic disorders 
ameliorated by these compounds arc allcrgic, in-
flammatory and neoplastic diseases. But there are 
other conditions such as cerebral edema, myx-
odema coma and septic shock for which the mech-
anism of action remains unclear! 1 ]. 

The administration of parenteral corticoste-
roids to acutely or terminally ill patients is a com-
mon practice in hospital in many developing 
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countries. N o credible scient i f ic ev idence has 
been provided to jus t i fy such a pract ice and its 
benefit if any, has not been establ ished. T h e prac-
tice is of ten dictated by the despera t ion of the 
physician to "do someth ing" for a severe ly ill 
patient in c i rcumstances w h e r e the hospi ta ls o f t en 
do not have what is needed for acute care , in tensive 
support or resuscitation. T h e pers is tence of such 
a practice over m a n y years at the Univers i ty Col -
lege Hospital (UCH) , Ibadan, which is a tertiary 
ca re faci l i ty, p r o m p t e d our eva lua t ion of the 
adrenocort ical response to the stress of acute, 
severe illness in hospital ized Niger ians . If the 
Cortisol stress levels could be shown to be adequ-
ate, then the use of glucocort icoids in such patients 
would have to be careful ly weighed based on other 
considerations such as the nature of the under lying 
disease or previously established e f f icacy of ste-
roids for the disorder. 

There is a pressing need to establish a rational 
basis for the use of cort icosteroids in severely ill 
patients in developing countries. T h e measure -
ment of stress levels of p lasma Cortisol may un-
mask patients with functional impairement or true 
organic disorder of the adrenal glands. It would 
therefore be possible to min imize the current prac-
tice of empiric and injudicious administrat ion of 
corticosteroids to all critically ill patients. 

M a t e r i a l s a n d m e t h o d s 
Tliree categories of subjects were studied. Group 
I comprised patients w h o were admit ted into hos-
pital for severe and of ten l ife-threatening medical 
illnesses. There were 28 patients, 18 males and 10 
females whose ages ranged from 12 to 74 years 
with a mean (± SD) of 38 (18.9) years and a median 
of 41 years. 

Group II was composed of 20 pat ients wi th 
relatively stable or complete ly resolved medica l 
problems who were being seen in Uie outpatient 
clinic. Eleven were males and 9 were f emales and 
their ages ranged f rom 16 to 75 years with a m e a n 
( ± SD) of 47.8 (17.1) years and a med ian of 42 .5 
years. 

Group ID comprised 10 young heal thy male 
volunteers who had an insulin to lerance test per -
formed on them. Their ages r anged f rom 20 to 27 
years with a mean (± SD) of 22.1 (2.4) years . 

In g r o u p s I and II pa t i en t s , s ing le b lood 
samples were drawn f rom each subject be tween 
8.00 and 9 .00am for plasma Cortisol. Insulin toler-
ance test (1 1 1 ) was per formed in the g roup IE 
subjects after an overnight fast. A 19-gauge butter-

f ly need le w a s inserted into the ante-cubital vein 
and this was kept patent with small volumes of 
normal saline. Basel ine blood was drawn for glu-
cose and Cortisol; thereafter , soluble insulin was 
adminis tered intravenously at a dose of 0.1 unit/kg 
body weight . B lood was subsequent ly drawn for 
g lucose and Cortisol at 1 5 , 3 0 , 6 0 and 90 mins. after 
the insulin inject ion. T h e plasma was separated 
f r o m all the Cortisol samples immediately the 
b lood w a s d rawn , and this was kept f rozen at -20°C 
until the s amples were analyzed. Cortisol was 
measured by rad io- immunoassay using Amerlex 
Cort isol R I A kit (Amersham, U.K.) . 
Statistics - T h e statistical me thods included ana-
lysis of var iance (ANOVA) , the /-test for unpaired 
data, chi -squarc analysis and theZ-score . 

R e s u l t s 
Table 1 lists the spec t rum of medical problems 
among g roups I and II patients. All the patient in 
g roup I were severe ly ill, 17 of them had infective 
i l lnesses whi le 11 had non- infec t ive disorders. 
Two a m o n g them died during the study. One had 
severe te tanus and the other had hepatic failure. 
G r o u p II pat ients on the other hand had stable 
medica l p rob lems or had ful ly recovered and none 
was acutely stressed. Table 2 provides the ranges 
and m e a n s of p l a sma Cortisol va lues for the three 
g roups of subjects . O n l y the 60 mins Cortisol 
va lues for g roup III subjec ts have been reported 
because this w a s the t ime that the p lasma Cortisol 
peaked dur ing the ITT. A one-way analysis of 
var iance ( A N O V A ) was used to compare the mean 
values be tween the three groups . The F-value 
showed a statist ically s ignif icant d i f ference be-
tween the g roup (/* < 0.001) . A pairwise compari-
s o n u s i n g t h e /- test a l so s h o w e d s ign i f ican t 
d i f fe rences be tween g roup I and group II, g roup I 
and g roup III, and be tween group II and group III 
subjec ts , P < 0 .05 in each case. 

Table 3 indica tes the proport ions of patients 
among acutely ill and ambula tory patients with 
low Cortisol va lues , where 276 nmols/1 (10^ig/dl) 
has been used to de f ine this level. Heal thy volun-
teers h a v e not been included because none of them 
had a va lue less than 500 nmols/1. A chi-squarc 
analysis showed n o signif icant di f ference in pro-
por t ions of pa t ients wi th low values of Cortisol 
a m o n g g roup 1 and II patients. After el imination 
of the 3 pat ients in the acutely ill group w h o were 
on Ri fampic in , a d rug known to lower plasma 
Cortisol by accelerat ing its metabol ism, an almost 
s ignif icant d i f fe rence at the 5 % level in tlie pro-
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portion of patients with low Cortisol values was 
observed among die ambulatory patients. 

Table 4 present the Cortisol values in groups I 
patients based on the type of illness and other 
clinical parameters including the level of blood 
pressure. A Z-score of more than 2 may be inter-
preted as a significantly different value from the 
average for the entire patient population. How-
ever, the extremely small numbers of patients in 
the various categories indicate that caution should 
be exercised in the generalization of the findings 
especially as pertains to patients with tuberculosis 
and those with low blood pressure. Patients with 
cerebrovascular accident had a s ignif icantly 
higher mean value and their response is strikingly 
different f rom those with central nervous system 
infections. 

Discussion 
There have been several reports on the hypotha-
lamic-pituitary-adrcnal response to the stress of 

surgery (2-4). Moreover, different types of anaes-
thesia (5-8] or surgery [5,9] arc known to have 
varying effects on the pattern of response. Regard-
ing the adrenocortical response to the stress of 
medical illnesses, some studies have reported the 
expected rise in plasma Cortisol 110,11 J while a 
few have highlighted the striking variability in the 
pattern of Cortisol response [11,12]. 

In the present study, severely ill, hospitalized 
Nigerians with a variety of medical problems had 
a significantly higher mean plasma Cortisol level 
than non-hospitalized ambulatory controi patients. 
However, these stress levels of plasma Cortisol 
were significantly lower than the mean value for a 
group of healthy volunteers who had insulin-in-
duced hypoglycemic stress. The Cortisol values in 
our severely ill patients were also lower than 
values reported for similar patients in other studies 
[ 10,11]. Adadevoh [13], has previously observed 
that Nigerians had only moderate Cortisol response 
to insulin induced hypoglycemia compared to 
other populations. 

Table 1. Mcdical disorders in hospitalized and ambulatory patients. 

Group I - Severely ill hospitalized patients 
n % 

Stroke syndrome 5 17.8 
Meningitis/meningo-encephalitis/brain abscess 5 17.8 
Tuberculosis (pulmonary 2, meningitis, generalised) 4 14.2 
Amoebic liver abscess 2 7.1 
Tetanus 2 7.1 
Septicemia 2 7.1 
Others ( 1 each) 8 28.5 

Typhoid, bronchopneumonia, mesothelioma, 
lymphoproliferativc disease, 
encephalopathy, hepatocel lular carcinoma, 
accelerated hypertension with renal 
insufficiency, respiratory failure. 

Total 28 100 

Group II - Stable ambulatory patients 

Hypertension 5 25 
Chronic duodenal ulcer 4 20 
Epilepsy 3 15 
Recovered typhoid fever 2 10 
Recovered tetanus 2 10 
Asymptomatic rheumatic valvular heart disease 2 10 
Haemoglobin SC disease 1 5 
Achondroplasia 1 5 
Total 20 100 
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Tabic 2. Plasma Cortisol levels in severely ill patients, ambulatory patients and healthy controls. 

Group N P l a s m a Cort isol (nmols/1) / -value P -value Group 
R a n g e M e a n ( + S D ) 

Severe ill " 149-878 389.3(202.4) 2.506 < 0 . 0 5 ' 

patients 
Ambulatory 20 179-428 267.1(67.4) 6.101 0.008# 

patients 
Healthy 10 5 1 2 - 8 0 1 * 624.5 (81.1) 4.104 0.024** 

controls 
• 60 mins. values during stress of insulin hypoglycemia. 
Analysis of variance (ANOVA) F value between groups, 18.638. P < 0.0001 
Student's Mest 
+ severely ill patients compared with ambulatory patients 
# ambulatory patients compared with healthy controls 

** severely ill patients compared with healthy controls. 

Table 3. Proportions of patients with low Cortisol levels among severely ill and ambulatory patients 

Group N P l a s m a 
< 276nmols / l 

Cort isol level 
> 276 nmols/1 

y-value 

Severely ill 28 11 (39.3) 17 (60.7) 2 .142 0.139 
patients 25* 8* (32) 17 (68) 3.626 0.054 
Ambulatory 20 13 (65) 7 ( 3 5 ) 
patients 

( ) Percentage 
* Minus the 3 patients w h o were on R i fampic in 
*• Chi square analysis - Compar i son of severely ill pat ients with ambulatory patients. 

Ibble 4. Relationship of clinical category to plasma Cortisol level among severely ill patients. 

Patient category N Plasma Cortisol (nmols/1) 
Mean (±SE) 

Z-score* 

All patients 28 3 8 9 3 (37.5) 0 
All non-infective illnesses 11 458.4 (65.8) + 1.84 

Cerebro-vascular 5 601.8 (80.5) + 5.67 
accidents 
Others 6 339.0 (69.4) - 134 

All infective illnesses 17 355.2 (42.2) -0.91 
Central nervous system 5 350.0 (110.5) - 1.05 
infections 
Tuberculosis 4* 257.7 (5.7) - 3.51 
Tetanus 2 400.0 (58.6) + 0.28 
Other infections 6 3 2 0 3 (71.0) - 1.84 

Blood pressure status 
<LB.P. 90/60 3 252.0 (78.9) -3.66 
> B.P. 90/60 but £ 160/100 19 397.3 (48.2) + 0.21 
> B.P. 160/100 6 463.0 (67.8) + 1.97 
* 5 ol these patients were on Ki iampic in . 
*» A score higher than ± 2 is cons idered s ignif icant . 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



Cortisol stress levels 71 

It has been suggested that, if in a critically ill 
patient the plasma Cortisol is less than ICtyig/dl 
(276nmols/ l ) , acute adrenal failure should be 
strongly suspected [14]. Using this value as a 
cut-off , 11 out of the 28 severely ill patients 
(39.3%) or 8 out of 25 (32%), if the three patients 
on Rifampicin were excluded, had inappropri-
ately low Cortisol values. These proportions are not 
significantly different f rom those in ambulatory 
non-stressed patients (Table 3). However, without 
a Cortrosyn stimulation test, it is not possible to 
determine whether these patients had true adreno-
cortical insufficiency. Sibbold et al [12] made 
similar observations among 19% of patients with 
severe sepsis and they also demonstrated an inade-
quate response to cortrosyn in the subjects. They 
speculated on the potential usefulness of glucocor-
ticoid therapy in patients with severe sepsis who 
fail to respond to appropriate fluid and antibiotic 
therapy. 

Table 4 underscores the variable pattern of 
adreno-cortical response to different types of ill-
nesses. Only in patients with cercbro-vascular 
accident was there a significant increase in plasma 
Cortisol compared to the group mean. However, 
Feibcl etal [ 15] have shown that other factors such 
as the presence or absence of raised intracranial 
pressure and the integrity of brain stem function 
affect the pattern of hypothalamic-pituitary-adre-
nal response to acute brain injury. These par-
ameters were not measured in our patients. 

The patients with tuberculosis had low plasma 
Cortisol levels but 3 of them were on Rifampicin, 
a drug which is known to accelerate glucocorticoid 
metabolism [ 16 J. A small number of hypotensive 
patients also had low Cortisol values. However, 
other studies have not found a consistent relation-
ship between plasma Cortisol response and severe 
illness with hypotension [12]. 

Drucker and Shandling [11] have also com-
mented on the variable adrenal function in acute 
medical illnesses. With the reported dissociation 
between plasma Cortisol and adrenocorticotrophic 
hormone (ACTH) levels in patients with acute 
brain injury [15], attention has been focused on the 
role of endorphins in adrenocortical response to 
surgical and medical stress [17,18]. 

The present unclear picture regarding adreno-
cortical response to acute medical illnesses makes 
it difficult to make any recommendations on the 
use of glucocorticoids in such situations. More-
over, the results of recent controlled trials of high 
dose steroids in severe sepsis [19,20] and dcxa-

mcthasone in primary supratentorial hemorrhage 
[21] did not show any benefit f rom such treat-
ment. These important well-designed studies put 
to rest at least for now, the long-standing con-
troversy regarding the usefulness of steroids in 
severe sepsis and hemorrhagic stroke. It would be 
best therefore, if practioncrs in developing coun-
tries slopped the frequent and arbitrary practice of 
administering glucocorticoids to severely or ter-
minally ill patients until further studies establish 
which patients may benefit from such therapy. It 
should be remembered that pharmacologic ther-
apy with steroids is not without potential serious 
side effects which include susceptibility to infec-
tion, osteoporosis, gastro-intestinal bleeding, car-
bohydrate intolerance, electrolyte disturbance, 
psychosis, Cushing's syndrome and suppression 
of the pituitary-adrenal axis with the danger of 
acute adrenal insufficiency. 
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