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Summary 

In assessing the pituitary-adrenal axis of 
uraemic Nigerians, we investigated the cir-
cadian rhythm of plasma Cortisol secretion, 
the response to the overnight dexamethasone 
(1 mg) suppression test and the pattern of 
excretion of urinary free Cortisol (UFC) in 10 
uraemic subjects and nine non-uraemic con-
trols. Basal (0800 h) plasma Cortisol levels were 
similar in both uraemic (mean ± s.e.m.; 224 ± 
36 nmol/1) and non-uraemic (218 ± 47 nmol/1) 
subjects. The non-uraemic subjects demon-
strated the normal late night (2300 h) reduction 
in Cortisol levels but this was absent in uraemic 
subjects in whom the basal and late night values 
were similar. Post-dexamcthasone (0800 h) 
values were suppressed by 80% in non-uraemic 
subjects (P < 0.01) from 218 ± 47 nmol/1 (at 
2300 h) to 44 ± 16 nmol/1 (at 0800 h), whereas 
there was lack of suppression (P > 0.05) in 
values from uraemic subjects (224 ± 36 nmol/1 
at 2300 h and 210 ± 39 nmol/1 at 0800 h). 
Irrespective of the degree of renal impairment 
in uraemic subjects, the 24 h UFC excretion 
was significantly greater (P < 0.05) (1126 ± 403 
nmol/24 h) compared with non-uraemic sub-
jects (342 ± 94 nmol/24 h). These results 
confirm previous observations in Caucasians 
and reaffirm the existence of a pseudo-
Cushingoid state in uraemia which may contri-
bute to the associated hypertension and electro-
lyte abnormalities. 

R&uml 

En analysant 1'axe adrenalo-surrdnal chez des 

Correspondence: Dr A. O. Akanj i , Depar tment of 
Chemical Pathology, University College Hospital, 
Ibadan, Nigeria. 

Nigerians souffrant d'urdmic, nous avons 
6tudi6 Ic rythme circadien de la secrdtion en 
cortisone dans lc plasma, la rdponse au test de 
suppression brutale de ddxamdthasonc (1 mg) 
et le type d'excrdtion de cortisone urinaire libre 
chez 10 sujets urdmiqucs et ncuf sujets tdmoins 
non urdmiques. Lcs niveaux de base (0800 h) 
en cortisone dans le plasma dtaient semblables 
a la fois chez lcs sujets urcmiques (224 ± 
(s.e.m.) 36 nmol/1) et chez lcs sujets non 
urdmiques (218 ± 47 nmol/1). On a observd 
chez les sujets non urdmiqucs la reduction 
normale de minuit (2300 h) dans les niveaux de 
cortisone, mais cette reduction n'a pas cu lieu 
chez les sujets urdmiqucs pour qui les niveaux 
de base (0800 h) et de minuit (2300 h) dtaient 
semblables. Les valeurs apr£s ddxamdthasone 
(0800 h) ont diminud de 80% cbc7 les sujets non 
urdmiqucs (P < 0.01) passant dc 218 ± 47 
nmol/1 (& 2300 h) k 44 ± 16 nmoM (a 0600 I.), 
alors qu'il n'y a pas eu de diimnutioa (F > 0.05) 
dans les valeurs chcz lcs sujets urtmi-.u' 
(224 ± 36 nmol/1 a 2300 h ct 210 £ 59 nmol'i 
0800 h). lnd£pendamincnl du dcp«S d ?ffaiblis-
sement dc la foncuon rcnale chc/ les suje 's 
urdmiqucs, l'excrdtion sur 24 h dc coi tbone 
urinaire libre dtait significativcment plus elevde 
( P < 0.05) (1126 ± 403 nmol/24 h) comparde 
avec celle des sujets non urdmiques (342 ± 94 
nmol/24 h). Ces rdsultats confirment des obser-
vations antdrieurcs faites sur des Caucasiens 
et pcrmettent de rd-affirmer 1'cxistencc dans 
l'urdmie d'un etat resscmblant & la maladie de 
Cushing, qui peut contribucr & une hyperten-
sion associde ct h des anomalies dlcCtrolytiques. 

Introduction 

Uraemic patients demonstrate abnormalities in 
the secretion and metabolism of several hor-
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mones including insulin [1), erythropoiet in [2], 
tes tos terone [3], parathyroid ho rmone [4], 
growth hormone (5] and Cortisol (6), amongst 
o thers . Erythropoiet in deficiency is associated 
with anaemia [7] and excessive parathyroid 
ho rmone secretion contr ibutes to renal osteo-
dystrophy. N o overt clinical effects attri-
butable to dis turbed Cortisol homeostasis in 
uraemia have been described. McDonald et al. 
[6] suggested that uraemic patients on main-
tenance haemodialysis exhibited biochemical 
features of a Cushingoid state but this has been 
quest ioned (8). Chronic haemodialysis may 
contr ibute independently to this putative 
Cushingoid state [6,9]. 

Chronic renal disease is a ma jo r cause of 
morbidity and mortality in tropical Afr ican 
countries accounting for 2 .7% of medical 
admissions (10), 11.4% of deaths on medical 
wards [11] and 7 .5% of adult autopsies [12] in a 
Nigerian teaching hospital. T h e major i ty of 
these uraemic patients are still unable to benefit 
f rom the clear advantage of maintenance 
dialysis or replacement therapy, principally for 
economic reasons (13). T h e clinical features of 
the uraemic Nigerian African arc not dissimilar 
to those in Caucasians [13,14] but first presen-
tation in the major i ty of cases is in advanced 
renal failure or end-stage renal disease [14]. 

Whilst Adadevoh [15] has indicated that 
there is no difference in the adrenocortical 
activity of Afr icans compared with Caucasians, 
there has been no study, to our knowledge, to 
assess the basal and stress-induced adrenocort i-
cal activity in uraemic Afr icans . 

We undertook the assessment of the pituitary 
adrenal axis in uraemic Nigerians to ascertain 
whether there are abnormali t ies in Cortisol 
homeostasis and the effects these may have on 
metabolic interactions. O u r results should of fer 
fur ther informat ion on aspects of endocrine 
responses in the Afr ican in general and the 
uraemic Afr ican in particular. 

Subjects and methods 

Ten male subjects (mean age ± s . e .m. 37.2 ± 
2.9 years; body mass index ( B M I ) 21.1 ± 1.1 
kg/m2) were diagnosed uraemic on the basis of 
(1) creat inine clearance < 30 ml/min, (2) fixed 
urine specific gravity, (3) bilaterally shrunken 
granular kidneys on u l t rasound, and (4) 

anaemia : P C V < 3 0 % . Diagnosis had been 
established in all subjec ts within 3 weeks to 6 
mon ths of c o m m e n c e m e n t of the study. Volun-
tary in formed consent was ob ta ined from all 
subjects . 

T h e sub jec t s were admi t t ed into the medical 
wards of the Univers i ty Col lege Hospital. 
Ibadan be tween D e c e m b e r 1987 and January 
1988 and received in te rmi t ten t isotonic peri-
toneal dialysis tor symptoma t i c u raemia : diet 
(protein 20 g/day; Na 4 and K + 30 meq of each,' 
day; calor ies 2500-3000 kcal /day) and other 
drugs (folic acid, vi tamin C . a lumin ium hydrox-
ide, calcium c a r b o n a t e , magnes ium sulphate) 
as requi red . Fight of the sub jec t s required 
ant ihyper tens ive t r e a tmen t with oral u-methyl-
dopa and f rusemide . T h e s tud ies were con-
ducted at least 72 h in to the interdialytic period. 

Nine o the r male sub jec t s ( m e a n age 33.1 ± 
5.3; BMI 19.0 ± (1.8 k g / n r ) who were con-
valescing on the medical wards and matched 
the u raemic sub jec t s in age a n d BMI were 
recrui ted as controls . Six had recovered from 
acute infective illnesses a n d the other three had 
recovered f r o m chron ic illnesses N o n e of these 
controls was o b e s e ; n o n e had any evidence of 
renal , hepat ic or ca rd iac disease or mental 
illness, nor were any o n specif ic medicat ion at 
the t ime of the s tudy 

Methods 

Baseline fast ing p lasma p a r a m e t e r s (albumin, 
total ca lc ium, uric ac id , c r ea t in ine , blood glu-
cose) and h a c m a t o c n t were carr ied out on all 
subjects . 

Twen ty - fou r -hour ur ine col lect ions (for crea-
tinine c learance and f r ee Cortisol excretion 
studies) were carr ied out on all subjects . On 
comple t ion of a 24-h ur ine collection, the 
volume was m e a s u r e d and al iquots stored at 
—20°C until analysis. 

Blood spec imens were col lected in the semi-
recumben t subjec t with minimal venostasis at 
0800 h and 2300 h in to chilled heparimzed 
tubes. A f t e r the latter sample , 1 mg dexametha-
sone was ingested orally, supervised by one of 
us ( A O O ) . A fu r the r b lood sample was then 
taken at 0800 h the following morning All 
samples were immedia te ly cent r i fuged (2000 g 
for 5 nun ) and the plasma stored at - 2 0 ° C 
until analysis. G lucose , c rea t in ine , albumin. 
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calcium, uric acid and hacmatocri t were esti-
mated by standard laboratory techniques. 

Plasma and urinary f ree Cortisol levels 
were measured by radioimmunoassay using 
an Amerlex kit (Amersham pic, Aylesbury, 
U.K.)- This method is highly specific for Corti-
sol and gives an intra-assay coefficient of 
variation (CV) of 4 .5% and an inter-assay CV 
of 7.6%. By this me thod , 15 healthy medical 
students (age range 22-29 years) had a mean 
0800 h plasma Cortisol value of 265 ± 29 nmol/1 
(range 209-352 nmol/1). 

Statistics 

Results are expressed as mean ± s .e .m. Com-
parison between uraemic subjects and controls 
was by unpaired Student ' s /-test, while within-
subject variation was assessed by paired /-tests. 
The level of statistical significance was P < 
0.05. 

Results 

The age and anthropometr ic measurements are 
shown in Table 1. Initial laboratory investiga-
tion results arc indicated in Table 2. The two 
groups of subjects were matched reasonably 
well for age and BMI. All the subjects were 
males. 

As expected, the uraemics had lower haema-
tocrits ( P < 0.01) and higher mean arterial , 
systolic and diastolic blood pressures (P < 
0.01). The expected differences in plasma 
calcium phosphate, creat inine and creat inine 
clearance were also shown (Table 2). The re was 
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no difference in the albumin levels in the two 
groups. Table 3 shows the plasma and urinary 
f ree Cortisol levels. Plasma Cortisol levels at 
0800 h, 2300 h and 0800 h post -dexamethasone 
intake are also shown on Fig. 1. While basal 
(0800 h) plasma Cortisol values were similar in 
both groups, the values in uraemic subjects 
were not subject to the normal circadian 
rhythm or to suppression by dcxametha-
sone. Indeed, Cortisol levels in these subjects 
remained constant irrespective of t ime of day or 
dexamethasonc intake. 

The non-uraemic subjects, however, exhib-
ited the expected circadian rhythm and over-
night dexamethasone suppressibility, with the 
values in this group of subjects at 2300 h and 
0800 h significantly lower (P < 0.01) than 
corresponding values in uraemics. 

As indicated in Table 3, the 24-h U F C 
excretion was greater (P < 0.01) in uraemic 
subjects compared with the controls. This 
increased excretion persisted even when the 
24-h U F C excretion was expressed in rela-
tion to the 24-h urinary volume which was 
reduced in some uraemics. 

Discussion 

We have demonstra ted some abnormalit ies in 
Cortisol homeostasis in uraemic Nigerians. 
These include the loss of normal diurnal vari-
a t ion, a blunted response to the overnight 
dexamethasone suppression test and increased 
24-h U F C excretion. 

Our findings of normal basal Cortisol levels 
agree with those of some previous workers [8,9] 

Table I. Clinical characteristics of subjects studied 

Age BMIt Systolic BP Diastolic BP MAPI 
(years) (kg/m2) (mmllg) (mmHg) (mraHg) 

Uraemic subjects 37.2 ± 2.9 21.1 ± 1.1 149.5 ± 8.7 95.5 ± 4.4 86 ± 5.8 
(n = 10) 

Non-uraemic subjects 33.1 ± 5.3 19.0 ± 0.8 119.4* ± 5.4 75.0* ± 2.6 69.4 ' ± 3.7 
(" = 9) 

Values represent means ± s.e.m. 
'P < 0.01 compared to values in uraemic subjects. 
tBMI = body mass index (weight/height2). 
tMAP = mean arterial pressure (0.33 x pulse pressure + diastolic pressure). 
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Table 3. Cortisol levels in subjects studied 
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Plasma Urine 

08(H) h 2300 h 0800 h 24-l» UFC 
(Pre-dcx; nmol/ l) t (nmol/1) (Post-dex; nmol/l)$ (nmol/24 h)§ 

Uraemic subjects 224 ± 36 
(/» = 10) 

Non-uraemic subjects 218 ± 47 
(n = 9) 

204 ± 39 

77* ± 30 

210 ± 39 

44* ± 17 

1126 J . 403 

342* ± 94 

Values represent means ± s .e .m. 
' / ' < 0.01 compared to values in uraemic subjects. 
t U F C = urinary free Cortisol excretion. 
JPrc-dex = sample drawn before administration of 1 mg dexamethasone. 
§Post-dcx = sample drawn af ter administration of 1 mg dexamethasone 
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Fig. I. Pre- and post-dexamcthasonc plasma Cortisol 
levels in uraemic ( • , n = 10) and non-uraemic ( • . 
n = 9) subjects. 

but contrast with those in whom the majority of 
patients studied were on long-term haemodialy-
sis (6,16). As our subjects were on intermit-
tent peritoneal dialysis and not maintenance 
haemodialysis, possibly with more efficient 
clearance of 'middle molecules', the role of the 
latter in the pattern of our results and the 
uraemic syndrome remains controversial and 
awaits further clarification [6,9]. 

The loss of normal diurnal variation in 
Cortisol secre t ion w o u l d a p p e a r t o b e c o n s e -

q u e n t u p o n the d e r a n g e d h o m e o s t a t i c p r o f i l e o f 
Cortisol in u r a e m i a . It h a s b e e n p o s t u l a t e d t h a t 
h y p o t h a l a m i c reac t iv i ty to i n c r e a s i n g Cortisol 
levels is b l u n t e d in u r a e m i c s [16]. 

In Cushing's syndrome, the earliest recogniz-
able change is an inability to suppress evening 
values of Cortisol, resulting in the loss of the 
normal circadian rhythm [17]. This may even 
antedate dexamethasone supprcssibility, and 
having demonstrated these abnormalities in our 
subjects, it is tempting to speculate that a 
pseudo-Cushingoid state exists in uraemia, 
possibly contributing to the electrolyte and 
blood pressure abnormalities seen characteristi-
cally. This may have important prognostic 
i m p l i c a t i o n s . 

T h e 24-h U F C e x c r e t i o n c o r r e l a t e s wel l w i t h 
t h e phys io log ica l ly ac t ive ( f r e e ) p l a s m a Cortisol 
[18]. It is a l so less s u b j e c t t o f l u c t u a t i o n t h a n 
urinary group steroid metabolites measured 
h i t h e r t o , w h i c h a r c m o r e d e p e n d e n t o n h e p a t i c 
function [17]. The greater 24-h UFC excretion 
o b s e r v e d in t h e u r a e m i c s s u g g e s t s i n c r e a s e d 
Cortisol l eve ls , a n d t h e g r e a t e r 24-h U F C 
e x c r e t i o n w o u l d s u p p o r t t h e poss ib i l i ty of in-
c r e a s e d Cortisol s e c r c t i o n in u r a e m i a , e s p e c i a l l y 
a s t h e h e p a t i c m e t a b o l i s m of Cort isol in o u r 
s u b j e c t s d i d no t a p p e a r i m p a i r e d . 

In these preliminary observations we have 
not found any clinical evidence of obesity, 
depression, liver disease or heart failure in the 
subjects. It seems possible, however, that sub-
clinical forms of these conditions may have 
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b e e n p r e s e n t wi th v a r i a b l e e f f e c t s on o u r 
r e su l t s . 

T h e poss ib i l i ty of p o o r g a s t r o i n t e s t i n a l 
a b s o r p t i o n of d e x a m e t h a s o n e in u r a e m i c pa -
t i en t s h a s led R a m i r e z et al. |8) t o p o s t u l a t e tha t 
t h e b l u n t e d s u p p r e s s i o n o b s e r v e d in u r a e m i a is 
a t t r i b u t a b l e t o th i s . P h a r m a c o k i n e t i c s t u d i e s 
will b e r e q u i r e d b e f o r e d e f i n i t e i n f e r e n c e s c a n 
be d r a w n in this r e spec t in t h e N ige r i an 
u r a e m i c . 

In c o n c l u s i o n , N ige r i an u r a c m i c s d e m o n -
s t r a t e a b n o r m a l Cortisol r e g u l a t o r y r e s p o n s e s 
sugges t i ve of a b i o c h e m i c a l C u s h i n g o i d s t a t e 
s imi la r t o o b s e r v a t i o n s in C a u c a s i a n s . T h i s 
a b n o r m a l i t y a p p e a r s t o b e u n r e l a t e d to t h e 
d e g r e e of r e n a l i m p a i r m e n t a n d poss ib ly e x t r a -
c o r p o r e a l h a e m o d i a l y s i s . It m a y t h u s b e con -
s i d e r e d to b e a c o m p o n e n t of t h e u r a e m i c 
s y n d r o m e . 
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