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SUMMARY

Objective: This study sets out to determine the preva-
lence of adrenocortical insufficiency in persons with
HIV infection by determining the response to low-dose
(1pg) ACTH stimulation

Design: An experimental study involving people with
HIV infection and healthy people.

Setting: The study group and the controls were recruit-
ed from the Lagos University Teaching Hospital
(LUTH).

Participants: forty-three newly diagnosed and treat-
ment naive persons with HIV (23 males and 20 fe-
males) and 70 (35 males and 35 females) HIV negative
subjects completed the study.

Intervention: One pg Synacthen was given intrave-
nously to stimulate the adrenal glands.

Main outcome measures: Blood was collected for basal
cortisol levels and 30 minutes after the injection of
ACTH. Cortisol was assayed using ELISA.

Results: The mean basal cortisol was 154.9 + 27.2
nmol/L and 239.9 £ 31.6 nmol/L (p<0.001); while the
30-minute post ACTH test cortisol level was 354.8 +
19.9 nmol/L and 870.9 + 163.5 nmol/L (p<0.001) and
the increment was 100.0 + 17.2 nmol/L and 588.8 +
143.4 nmol/L (p<0.001) in HIV and healthy subject
group respectively. Using the diagnostic criteria de-
rived for the diagnosis of adrenocortical insufficiency
in this study (30 minute cortisol level <380.2nmol/L
and increment from basal to stimulated cortisol level
<158.5nmol/L); fifteen (34.8%) persons with HIV had
adrenal insufficiency.

Conclusion: Adrenocortical insufficiency is common
in persons with HIV infection, occurring in about
34.8% of patients studied. Clinically evident adreno-
cortical insufficiency is uncommon in persons with
HIV.

Keywords: Cortisol; Adrenocorticotropic hormone
(ACTH); Human Immunodeficiency Virus (HIV).
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INTRODUCTION

Adrenal gland involvement has been documented in as
many as two thirds of patients with human Immu-
nodeficiency virus (HIV) infection/acquired immuno-
deficiency syndrome (AIDS) at post-mortem examina-
tion.! However, adrenal insufficiency is seldom diag-
nosed in clinical practice because symptoms do not
appear until more than 80% of the gland has been de-
stroyed'.

The adrenal gland is the endocrine organ most com-
monly involved at autopsy in patients who die of
AIDS.'? Adrenal dysfunction can increase morbidity
and mortality among patients with HIV infection.” The
clinical problem is to identify the patients with HIV
disease who have impaired adrenocortical function and
who either have or are at risk for adrenal insufficiency.
Identification of adrenal insufficiency in the setting of
HIV infection is imperative because treatment with
corticosteroids can be life saving.>* Signs and symp-
toms consistent with adrenal insufficiency in these pa-
tients include weight loss, anorexia, and nausea. Bio-
chemical derangements include hyponatraemia and
hyperkalaemia.

Adrenocortical insufficiency should be suspected in
patients with otherwise unexplained symptoms and
signs compatible with adrenal insufficiency, such as
anorexia, nausea, weight loss, and fatigue, and espe-
cially in patients with more specific manifestations of
adrenal insufficiency, such as postural hypotension,
hyponatremia, or hyperkalemia.”* ACTH studies in
patients with HIV disease have detected sub-clinical
alterations in cortisol levels to frank primary adrenal
insufficiency especially in those without signs or symp-
toms suggestive of adrenal insufficiency. In these pa-
tients, baseline cortisol levels are typically normal or
elevated.*"” Some patients (8% -14%) were found to
have subnormal stimulation with ACTH in some stud-
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Adrenal insufficiency secondary to HIV infection has
been well studied. Only a few cases of clinically signif-
icant primary adrenal insufficiency have been reported
in persons with HIV infection, although a prevalence of
22% was reported by Piedrola G and his Co workers.'
Freda and his colleagues found primary adrenal insuf-
ficiency in 6 hospitalized patients with AIDS."'*

In the majority of HIV infected patients, weight loss,
hyporexia, asthenia, nausea, vomiting, diarrhoea and
dizziness, have been attributed to gastroenteritis and
the effect of HIV infection and not due to adrenal in-
sufficiency.”” Reports of adrenal insufficiency second-
ary to HIV infection from Nigeria are scanty.
Adadevoh BK reported that the plasma cortisol level in
normal Nigerian adults was comparable to those ob-
tained in European subjects.l(’ Appropriate increase in
serum cortisol to ACTH stimulation was also observed
in normal Nigerian adults by the same author.'
Adadevoh reported treating two cases of primary ad-
renal failure.'’

It is in view of the non-consideration of adrenal insuf-
ficiency as a cause of the above symptoms, that it is
important to detect the role of adrenal insufficiency in
these categories of patients. This will further enhance
the overall management of HIV infected patients. The
objective of this study was to determine the prevalence
of adrenocortical insufficiency in persons with HIV
infection by determining the response to low-dose
(1pg) ACTH stimulation.

METHODS

Consecutively presenting persons with HIV infection
who met the inclusion criteria were selected. The esti-
mated sample size of 42 was arrived at using the for-
mula: n = Z* pq/d>."® The estimated prevalence of HIV
infection in Nigeria in 18-60 years age range is 5%'°
and the prevalence of adrenocortical insufficiency in
persons with HIV infection was taken to be 50% since
the prevalence is not known in Nigeria.'®

Making allowance for dropouts, 50 HIV infected pa-
tients were recruited for the study groups and 100 pa-
tients were recruited for the control group to increase
the power of the study.

Pregnant, diabetic and on individuals on medicines
known to affect adrenocortical function were excluded
from the study. Persons with HIV infection with con-
comitant pulmonary tuberculosis were also excluded
from the study. Healthy HIV negative volunteers aged
between 18 years and 60 years who consented to taking
part in the study were recruited as control.
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The study group and the controls were recruited from
the Lagos University Teaching Hospital (LUTH). In-
formed consent was obtained from all subjects and the
LUTH Ethics and Research Committee approved the
study.

The study groups were divided into batches of 10 sub-
jects each. A data collection sheet, filled by the investi-
gator, was used to obtain information from the subjects
and controls. Information obtained from each partici-
pant included the bio-data, presence of weakness, fa-
tigue, cough, haemoptysis fever, weight loss, anorexia,
nausea, vomiting, diarrhoea, a history of glucocorticoid
and/or antiretroviral drug use.

The subjects arrived on the assigned day at the labora-
tory, 60 minutes before the ACTH testing, after an
overnight fast of 8-10 hours. Physical examination in-
cluding pulse rate and blood pressure in supine and
erect position was performed. The anthropometric
measurements (weight, height, waist circumference and
hip circumference) were also taken. A 21-G canulla
was inserted into a cubital vein and kept patent with
heparinised saline. The subject then rested for 30
minutes after securing the venous assess before sam-
ples were collected.

Low dose short Synacthen” test was performed as fol-
lows. A baseline blood samples for cortisol, fasting
plasma glucose (FPG), full blood count (FBC), ESR
and electrolytes were collected immediately before
administration of ACTH. ACTH testing was conducted
between 08.00hour and 9.00hour. After the samples
had been taken, the subject received an intravenous
bolus injection of 1ug ACTH (Alliance Pharmaceuti-
cals Ltd, Chippenham, Wiltshire SN15 2BB). After the
bolus was administered, blood sample was drawn for
cortisol level at 30 minutes. The samples were separat-
ed and transported on an ice slab to the laboratory
where the plasma were stored at -20°C until assayed.

Data management

A normal basal cortisol, derived from 70 controls, was
defined as a 0 minute cortisol level of >145.1nmol/L
(mean - 3SD). A normal response to 1ug ACTH stimu-
lation was defined as a 30-minute cortisol level of
>380.2 nmol/L and an increment from basal to stimu-
lated cortisol level of >158.5nmol/L. This was derived
from 70 controls in which the minimum serum cortisol
at 30-minute post ACTH stimulation was 380.2 nmol/L
(mean-3SD) and minimum increment from basal to
stimulated level was 158.5nmol/L (mean-3SD).

Using these values, adrenal insufficiency in this study
was defined as 30-minute cortisol level <380.2nmol/L
and increment from basal to stimulated cortisol level
<158.5nmol/L.
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Human Immunodeficiency Virus infection was diag-
nosed if screened positive by enzyme-linked immuno-
sorbent assay (ELISA method) and confirmed by im-
muno-electrotransference (Western blot).”’ Postural
Hypotension was defined as difference between supine
systolic blood pressure and erect systolic blood pres-
sure >20mmHg.*' A diagnosis of hypoglycaemia was
made at plasma glucose level <2.3mmol/L.** A diagno-
sis of hyponatraemia was made at plasma sodium level
<135mmol/L.* A diagnosis of hyperkalaemia was
made at plasma potassium level >5.0mmol/L.*

A diagnosis of anaemia was made at haemoglobin level
<12.0g/dL** Assay Serum cortisol levels were deter-
mined by an Enzyme Linked Immunosorbent Assay
(ELISA) technique using the Diagnostic automation
Inc. cortisol assay method. It is a competitive immuno-
enzymatic colorimetric method for quantitative deter-
mination of cortisol concentration in serum. The re-
spective intra-assay and inter-assay coefficient of var-
iation of 4.5% and 3.1% for serum cortisol were within
the acceptable range of variation.

Statistical Analysis

Calculations and analysis were done using the SPSS
15.0 software. Continuous variables were expressed as
means * standard deviation (SD). Student's t test was
used for the comparison of means between two groups.
Chi-square was used for comparison of proportions
between two groups. The level of statistical signifi-
cance was taken as p<0.05.

RESULTS

Demographic data

Forty-three persons with HIV completed the study
while 7 persons with HIV infection declined stimula-
tion with ACTH. There were 23 males and 20 females
with mean ages of 41.5 £ 11.9 and 36.7 £ 11.2 years
respectively (p=0.186). Of the one hundred healthy
volunteers recruited as control, 70 persons (35 males
and 35 females) completed the exercise.

Thirty persons declined further testing. There was no
significant difference between male and females in the
demographic and the anthropometric indices. However,
the weight, BMI, waist circumference and haemoglo-
bin were significantly lower in persons with HIV than
in the control (Table 1).

The adrenal response to 1ug ACTH stimulation in per-
sons with HIV infection and healthy subjects are is as
shown in Table 2.

Table 1 Demographic data in subjects with HIV vs
Healthy subjects

HIV Healthy Con-
(n=43) trol
(n=70)
Age (years) 39.3£11.7 38.1£12.5
Weight (kg) 59.849.6* 65.9+11.1
BMI (kg/m’) 21.7+£3.5% 24.1+3.7
Waist  Circumfer- | 75.9+8.4%* 81.4+9.0
ence (cm) 10.8+2.1%* 12.9+0.5
Haemoglobin
(g/dD)
Supine systolic BP | 116.7+09.4 119.4+12.9
(mmHg)
Supine diastolic BP | 73.9+06.9 76.2+10.4
(mmHg)
Erect systolic BP | 117.6£10.3 119.4+12.2
(mmHg)
Erect diastolic BP | 74.2+6.8 76.2+9.6
(mmHg)

BMI; Body Mass Index. *p<0.05 (Control vs HIV)

The mean basal cortisol (0-minute) was 154.9+£27.2
nmol/L while the 30-minute post ACTH test cortisol
level was 354.8+£19.9 nmol/L in HIV group. The basal
cortisol level, 30-minute post ACTH tests cortisol level
and increment was significantly lower in persons with
HIV than healthy subjects.

Table 2 Comparison of Serum cortisol levels in re-
sponse to ACTH test in healthy subjects and persons
with HIV

Interval Cortisol Level Mean = SD | p-value
nmol/L
Healthy sub- | Persons
jects with HIV
0 minute 239.9+31.6 154.9+£27.2 | <0.001
30 minutes | 870.9+ 163.5 | 354.8+19.9 | <0.001
Increment 588.8 £ 143.4 100.0 £ 17.2 | <0.001

Table 3 Frequency of Adrenocortical Insufficiency as
seen in Persons with HIV Infection

Adrenocortical Response
Diagnostic Criteria | Persons with HIV Infection
(nmol/L) at 30 minutes | (n=43)
post ACTH stimula- | Adrenocortical | Normal
tion Insufficiency sponse

[n (%)] [n (%)]
Peak <380 + Incr. <158 | 15 (34.8) 28 (65.2)
<500 38(83.4) 5(1.6)

Using the cortisol values derived from healthy subjects,
fifteen (34.8%) persons with HIV infection had adre-
nocortical insufficiency (Table 3). There was no signif-
icant difference between males and females.
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The proportion of persons with HIV infection with
normal and abnormal basal cortisol level is shown in
Table 4. Comparison of a higher recommended cut-off
value with that used in this Study is shown in Table 5.

Table 4 Proportions Of Persons With HIV Infection
With Normal And Abnormal Basal Cortisol Level

Basal Cor- | No of Persons with HIV
tisol level | [n (%)]

(nmol/L)

<145.1 2 (4.7)

>145.1 41 (95.3)

Table 5 Comparison of a higher recommended cut-off
value with that used in this study.

Gender | Adrenocortical response in
persons with HIV Infection
(n=43)
Adrenocortical | Normal
Insufficiency Response
[n (%)] [n (%)]
Male 8 (18.6) 15 (34.9)
Female | 7(16.2) 13 (30.3)
Both 15 (34.8) 28 (65.2)

Comparison of Biochemical parameters in persons
with HIV and controls

The biochemical parameters in persons with HIV and
healthy controls are compared in Table 6. The FPG
was significantly lower in healthy subjects than in HIV
group. The plasma sodium was significantly higher in
the controls than in HIV group.

Table 6 Comparison of Plasma Biochemical Variables
in persons with HIV and Healthy Subjects

Plasma Ana- | Mean + SD P-
lyte HIV Healthy value
subjects

FPG(mmol/L) | 5.240.9* 4.940.6 0.014
Na'(mmol/L) 135.94+4.2%* 138.1+1.5 0.026
K '(mmol/L) 3.6+0.5 3.840.3 0.544
Urea(mmol/L) | 3.7+2.8 3.2+0.5 0.199
Hb (g/dL) 10.8+£2.1% 12.9+0.5 0.021

FPG, Fasting Plasma Glucose; Na', Sodium; K', Potassium;
Hb, Haemoglobin.
*p<0.05 (Healthy subjects versus HIV).

Clinical Features of Adrenocortical Insufficiency in
HIV Patients

The proportion of persons with HIV with clinical fea-
tures of adrenocortical insufficiency is shown in Table
7. None of the patients with HIV had hyperpigmenta-
tion, postural hypotension or hypoglycaemia.
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Table 7 Clinical Features of Adrenocortical Insuffi-
ciency in HIV Patients

Clinical Features HIV [n (%)]
Weight loss 29 (67.4)
Weakness 10 (23.3)
Vomiting 1(2.3)
Diarrhoea 3(7.0)
Nausea 0 (0%)
Hyperpigmentation 0 (0%)
Postural hypotension 0 (0%)
Hypoglycaemia 0 (0%)
DISCUSSION

The adrenal glands play an important role in the body’s
ability to cope with stresses such as infections, hypo-
tension and trauma including surgery.”?® The most
common cause of primary adrenal insufficiency is tu-
berculous adrenalitis. Tuberculous adrenalitis is be-
lieved to be a major factor in the development of pri-
mary adrenal insufficiency in the developing world.”’
Another cause of primary adrenal insufficiency is the
HIV infection, in which the adrenal gland may be de-
stroyed either by the virus itself or a variety of oppor-
tunistic infectious agents in up to 5% of patients in the
late stages of the HIV infection.””® The adrenal cortex
is a common site of pathological involvement in pa-
tients infected with the human immunodeficiency virus
(HIV) and the acquired immune deficiency syndrome
(AIDS) that results from it Detection of impaired
adrenocortical function is of potential relevance as cor-
tisol deficiency could account for unexpected deaths
seen occasionally in patients with HIV.*

Our study demonstrated that the mean basal cortisol
value (154.9nmol/L) and 30-minute cortisol value
(354.8nmol/L) in persons with HIV was significantly
lower than mean basal and 30 minute cortisol levels in
the healthy controls. The mean incremental rise
(100nmol/L) was also significantly lower in persons
with HIV. Using the diagnostic criteria for adrenocorti-
cal insufficiency in this study, (peak cortisol
<380nmol/L and increment <158.5nmol/L), we found
that 15 (34.8%) persons out of 43 with HIV had adren-
al insufficiency (Table 3).

However, using serum cortisol level of 500nmol/L
suggested as the cut-off point for 30 minute cortisol
response ', 38 persons (88.4%) out of 43 persons with
HIV had subnormal response to ACTH test in this
study (Table 4). This might be an over estimation of
the prevalence of adrenocortical failure in persons with
HIV infection in the study, hence the use of a stringent
diagnostic criteria in this study. Some studies have
reported normal or elevated basal cortisol levels in per-
sons with HIV infection.**”
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In this study, most of the persons with HIV infection
had normal basal cortisol (Table 4). This is similar to
the finding of Raffi et al’. The adrenocortical response
to ACTH stimulation was abnormal in 34.8% of per-
sons with HIV in this study. This is similar to the find-
ings in previous studies.*®”!" Gonzalez et al found
adrenal insufficiency in 21% of cases with HIV.*” This,
however, is slightly lower than the value in this study.
The cut-off point for adrenocortical insufficiency was
set at peak cortisol level <607nmol/L in the study by
Gonzalez et al. The lower percentage of persons with
HIV with adrenocortical insufficiency in this study
cannot be easily explained. However a possible expla-
nation lies in the fact that they used 10 microgram of
ACTH in their study. One microgram ACTH used in
thi;;3 3s4tudy had been shown to have better sensitivi-
ty.™

The abnormal response may be attributable to minimal
degree of adrenal damage recognised in cases from
autopsy studies.'”> The amount of adrenal gland tissue
remaining functional, however, is apparently enough to
provide a satisfactory glucocorticoid production in the
basal state. In times of stress, adrenocortical response
may not be adequate. None of the patients with HIV
had hyper pigmentation. This was similar to the finding
in a previous study.’® There was also no postural drop
in blood pressure measurement in those with impaired
adrenal response to ACTH test. Postural hypotension is
a sign of volume depletion. This is similar to the find-
ing by Kaplan et al *°. The mean systolic or diastolic
blood pressure was comparable in the HIV and the
healthy control groups and also in those with impaired
serum cortisol response. This is in keeping with studies
done in Kenya and South Africa.*”%’

The mean fasting plasma glucose is significantly dif-
ferent in persons with HIV and healthy control. How-
ever it is within the acceptable normal range. Those
with impaired cortisol response had no record of hypo-
glycaemia. This is similar to the findings in previous
studies.”””*’” Each of these studies found glucose con-
centration to be similar in those with an impaired corti-
sol response and those with normal response. The
normoglycaemia seen in them is explained by their
normal basal cortisol level."*

Of the 12 persons with HIV who had hyponatraemia,
only 2 had impaired 30-minute cortisol response to
ACTH. Hyponatraemia is usually due to syndrome of
inappropriate antidiuretic hormone secretion rather
than adrenal insufficiency.'””® None of the person with
HIV infection had the classical hyperkalaemia seen in
adrenal insufficiency. This is similar to findings in oth-
er studies in other parts of Africa.’**® The mineralocor-
ticoids are under the control of the renin angiotensin
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system. This system is probably intact in people with
HIV infection. Furthermore, the functional gland re-
maining is adequate for mineralocorticoid produc-
tion."”> Clinically evident adrenocortical insufficiency
is uncommon in persons with HIV.

Most persons with HIV infection in this study had
normal basal cortisol level, had no classical features of
adrenocortical insufficiency. It was however apparent
from the dynamic stimulation of their adrenal gland
with ACTH that the adrenal response was impaired.
Adrenocortical dysfunction is a potentially life-
threatening condition that may affect about 34.8% of
persons with HIV. This diagnosis should be considered
whenever any of these groups of people presents with
unexplained symptoms and signs compatible with ad-
renal insufficiency, such as anorexia, nausea, weight
loss, and fatigue, and especially in patients with more
specific manifestations of adrenal insufficiency such as
postural hypotension, hyponatremia, or hyperkalemia
on the background of stressful conditions such as trau-
ma and infection.

CONCLUSION

Basal serum cortisol levels are within the normal range
in many persons with HIV infections even in the pres-
ence of reduced adrenocortical function. Adrenocorti-
cal insufficiency, mostly at the subclinical level, is
common in persons with HIV infection, occurring in
about 34.8% of patients.

We therefore recommend that basal cortisol levels
should not be used to elicit adrenocortical insufficien-
cy; rather stimulation tests should be used to exclude or
confirm suspected adrenocortical insufficiency in per-
sons with HIV. We also recommend that corticoster-
oids should not be routinely used in persons with HIV.
However, corticosteroid use may be indicated when
these persons with biochemical evidence of subclinical
adrenocortical insufficiency are exposed to stressful
conditions like surgery, infections or trauma.

Limitations

A potential limitation to the study is the use of lower
cut-off value for the diagnosis of adrenocortical insuf-
ficiency. This could have underestimated the propor-
tion of persons with HIV infection with adrenocortical
insufficiency. Dilution error could be a potential source
of error. It would have been ideal if there is commer-
cially prepared 1lug ACTH.
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