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A B S T R A C T

Context: Prevalence of adrenal insufficiency (AI) is not uncommon in HIV infected population. However, AI is rarely diagnosed in 
clinical practice because many patients have non-specific symptoms and signs. Critical illness in such patients further complicates 
the evaluation of adrenal function. A 1µgm ACTH test can be used for diagnosis, since it results in more physiological levels of ACTH. 
A serum cortisol of <18 µg/dL, 30 or 60-minutes after ACTH test has been accepted as indicative of AI, but many experts advocate 
the normal cortisol response should exceed 25 µg/dL, in critically ill patients. Aim: To determine the prevalence of AI in critically 
ill AIDS patients, by using 1 µg ACTH test and also, to compare the diagnostic criteria for adrenal insufficiency between cortisol 
response of <18 µg/dL and <25 µg/dL. Settings and Design: This prospective study was done in the Department of Medicine.  
Materials and Methods: After taking blood for basal plasma cortisol from AIDS affected fifty adult men and women aged over 18 yrs, 
1 µg ACTH was given intravenously, and blood samples were again collected at 30 and 60 minutes for plasma cortisol estimation. 
Statistical analysis: It was done by Mann-Whitney test. Results: Prevalence of AI was 74% (37 patients) and 92% (46 patients), 
when the peak stimulated cortisol level of <18 µg/dL and <25 µg/dL, respectively, was used. Conclusion: AI is more prevalent in 
critically ill AIDS patients. Hence, this test can be performed for early intervention and better management. 
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IntRoductIon

Patients with the Acquired Immunodeficiency Syndrome 
(AIDS), caused by Human Immunodeficiency Virus Type-1 
(HIV-1) infection, develop profound immunosuppression, 
particularly of  their innate and T-helper 1-directed cellular 
immunity.[1] They may also develop dysfunction of  many 
organ systems.[2] And, among the endocrine dysfunction, 
in patients with HIV, the most common is adrenocortical 
dysfunction.[3-6] The involvement can occur at any level 
of  the hypothalamo-pituitary-adrenal (HPA) axis, but the 

adrenal gland is the level, most commonly involved.[7] The 
possible etiologies for adrenocortical dysfunction include 
HIV, opportunistic infections, neoplasms, medications, 
autoimmune diseases, and peripheral resistance to 
glucocorticoids.[3,8,9] Also, AIDS has been associated with 
changes related to circulating cytokines known to influence 
the function of  the HPA axis,[10] hence the adrenocortical 
dysfunction. Glucocorticoids, the end products of  the HPA 
axis have strong anti-inflammatory effects, are considered 
for reversing HIV-1 mediated depletion of  circulating 
CD4+ lymphocytes and slowing progression to AIDS.[11]

Autopsy studies have documented adrenal gland damage 
in as many as two-thirds of  patients with AIDS.[3,12,13] 
However, Adrenal Insufficiency (AI) is rarely diagnosed in 
clinical practice because many patients have non-specific 
symptoms and signs such as malaise, weight loss, and 
hypotension, which cannot be distinguished from those 
caused by chronic HIV infection, opportunistic infections, 
or neoplasms.[7] Also, AI is infrequent, since more than 
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a 90% destruction of  gland is needed for it to become 
clinically symptomatic.[14] Thus, diagnosis of  AI requires 
high index of  suspicion and confirmation by an appropriate 
laboratory evaluation. 

In addition critical illness in such patients, further complicate 
the evaluation of  adrenal function.[15-17] The traditional tests 
like insulin-induced hypoglycemia and the metyrapone 
tests, have controversial role, and are rarely used in clinical 
practice because they are inconvenient and dangerous 
especially in critically ill setting.[3]

A simple, and the most commonly used method for the 
diagnosis of  AI is 250µgm Corticotropin Stimulation  
Test.[18] But, it being supra physiological high stimulus, 
results in circulating adrenocorticotropic hormone  
(ACTH) level of  100-fold greater than a maximal stress 
level.[7] Thus, this test may over stimulate the adrenal 
reserve, and mask the diagnosis of  AI.[7] Maximum adrenal 
stimulation can be achieved with smaller doses of  ACTH 
and these may reveal more subtle disturbances in the HPA 
axis. So 1-µgm ACTH test can replace 250 µgm ACTH for 
routine evaluation of  HPA axis,[19] since it results in more 
physiological levels of  ACTH.[7] Traditionally, a serum 
cortisol of  <18 µg/dL, 30 or 60-minutes after ACTH test, 
has been accepted as indicative of  adrenal insufficiency. 
However, most patients can achieve the cortisol level 
between 25-30 µg/dL during critical illness. Many experts 
advocate the normal cortisol response should exceed 25 
µg/dL, in critically ill patients.[7] 

In this study, we assessed the relevance of  AI in critically 
ill AIDS patients in our region, by using 1-µg ACTH test 
(Synacthen test), and also compared the diagnostic criteria 
for adrenal insufficiency between cortisol response of  <18 
µg/dL and <25 µg/dL. 

mateRIals and metHods

Fifty HIV seropositive adult men and women over 18 yrs of  
age, who fulfilled the AIDS defining CDC 1993 criteria,[20] 
those not on drugs known to alter HPA axis function, 
those not on corticosteroids in past three months, those 
with no history of  HPA insufficiency/autoimmune disease 
and critically ill patients [in whom the Acute Physiology, 
Age, and Chronic Health Evaluation ІІ (APACHE ІІ) score 
was <20],[21] were selected for the study, with their consent. 
Ethical clearance was obtained from the institute. 

Adrenocorticotropic hormone preparation
A dilute solution of  ACTH (Synacthen) was prepared, by 
adding 25 µg of  Synacthen from a multi-dose vial (250 µg/
ml) to 25 ml of  0.9% saline in a glass bottle. The resulting 

solution of  1 µg ACTH/ml was used immediately after 
reconstitution. The unused Synacthen in the multi-dose 
vial was stored at 4°C.

Study protocol
All the patients of  the study were subjected to detailed 
clinical history, physical examination and laboratory 
findings. The intravenous catheter was inserted between 
7 and 8 am. After taking blood for basal plasma cortisol 
at 8 am, 1 µg ACTH was given intravenously (I.V). From 
the indwelling I.V. catheter, the sample was again collected 
at 30 and 60 minutes, for plasma cortisol estimation. The 
samples were centrifuged, in a refrigerated centrifuge, at 
4°C, for 10 minutes, and frozen at -70°C (±10° C), were 
sent to Acunova laboratory, after packing it in dry ice, 
wherein cortisol levels were determined by solid-phase 
radio-immunoassay.

The value of  plasma cortisol of  <18 µg/dl and <25 µg/dl, 
30 or 60 minutes after the 1 µg ACTH test, was considered 
as indicative of  AI. 

Statistical analysis
For comparison of  clinical parameters and laboratory 
data, the Fisher Exact and Mann Whitney test were used 
respectively. ‘P’ value of  <0.05 was taken as statistically 
significant.

Results

This study evaluated the clinical and biochemical profile of  
critically ill AIDS patients for Adrenal insufficiency. The 
fifty patients’ (38 males and 12 females) anthropometric 
characteristics are shown in Table 1. The mean CD4 count 
was 144 (Standard deviation, 49.78; range, 200-220) and the 
mean APACHE II score was 16.4 (Standard deviation, 3.6; 
range, 8-19). There was no statistically significant difference 
in age, gender and CD4 count for the diagnostic criteria 
of  post-Cosyntropin serum cortisol levels of  <18 µg/dL 
and <25 µg/dL, in AIDS patients without AI and with 
AI [Table 2].

In the present study, patients predominantly had weakness, 
nausea, vomiting, fever, and weight loss, fatigue, anorexia, 
muscle pain and joint pain [Table 3]. It was also seen that the 
most common opportunistic infection was Pneumocystis 
Carinii Pneumonia (PCP), followed by tuberculosis, 
oral candidiasis, Cytomegalovirus (CMV) infection and 
cryptosporidiosis [Table 4]. 

Synacthen test
The mean baseline, 30 and 60 minutes stimulated, serum 
cortisol levels of  all fifty critically ill AIDS patients, are 
shown in Table 5. 
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Table 1: Baseline characteristics of fifty critically ill 
Acquired Immunodeficiency Syndrome patients
Factor Mean ± SD Range
Age (yrs)
Height (cm)
Weight (Kg)
BMI

37.86 ± 7.91
163 ± 8.73

51.4 ± 12.49
19.32 ± 3.13

20-60
142-178

34-77
13.42-24.83

Table 2: Statistical comparison of various parameters in 
critically ill patients (n = 50)
Parameters Range Post Cosyntropin 

serum cortisol of 
<18 µg/dL

Post Cosyntropin 
serum cortisol of 

<25 µg/dL
AIDS 
(18)

AIDS-
AI (18)

P 
Value

AIDS 
(25)

AIDS-
AI (25)

P 
Value

CD4 count 0-50 0 4 0.35 0 4 0.79
51-100 0 3 0 3
101-150 4 12 1 15
151-200 9 18 3 24

Age 20-30 1 6 0.52 1 6 0.1
31-40 7 19 2 24
41-50 5 9 2 12
51-60 0 3 0 3

Gender M 8 29 0.2 1 36 0.05
F 5 8 3 10

AIDS: Acquired immunodeficiency syndrome, AI: Adrenal insufficiency

Table 3: Symptomatology
Symptom Number of patients
Weakness 50
Fatigue 30
Anorexia 28
Nausea 30
Vomiting 17
Fever 13
Weight loss 17
Muscle pain 6
Joint pain 2
Hyperpigmentation 2

Table 4: Opportunistic infections 
Infections Number of patients
Pneumocystis Carinii Pneumonia 14
Disseminated TB 8
Oral Candidiasis 9
Pulmonary TB 7
Cryptococcosis 4
Cryptosporidiasis 3
Cytomegalovirus 3
Molluscum 1
Extra-Pulmonary TB 2
Herpes infection 1

Table 5: Adrenocorticotropic hormone stimulation test 
(1 µgm) of 50 critically ill Acquired Immunodeficiency 
Syndrome patients
Cortisol Levels 
(µg/dL) 

Baseline After 30 
minutes

After 60 
minutes

Mean ± SD 13.19 ± 7.09 13.01 ± 6.41 12.22 ± 6.33
Range 1.9 - 31  2.41 - 29  3.3 - 32.24 

When patients with a peak stimulated cortisol level of  <18 
µg/dL were considered as having adrenal insufficiency, 
Synacthen test was positive in 37 (74%) patients, confirming 
the presence of  AI and 13 (26%) were found to be negative, 
i.e., no AI. The patients with positive results were designated 
as AIDS-AI (18) and those with negative results as AIDS 
(18). The comparison of  the mean basal, 30 and 60-minute 
cortisol levels, between the AIDS (18) and AIDS-AI (18) 
are shown in Figure 1, and the statistical comparison in 
Table 6.

When patients with a peak stimulated cortisol level of  <25 
µg/dL, were considered as having AI, Synacthen test was 
positive in 46 (92%) patients, confirming the presence of  
AI and 4 (8%) were found to be negative, i.e., no AI. The 
patients with positive results were designated as AIDS-AI 
(25) and those with negative results as AIDS (25). The 
comparison of  the mean basal, 30 and 60 minute cortisol 
levels, between the AIDS (25) and AIDS-AI (25) are shown 
in Figure 2, and the statistical comparison in Table 6.

dIscussIon

The present prospective study, examined adrenal response 
to 1 µg ACTH test in 50 critically ill AIDS patients. 

Several approaches to evaluate adrenal function in critically 
ill patients have been adopted by various investigators. 
It is seen that basal serum cortisol levels are frequently 
elevated in patients with HIV, and therefore, are not reliable 
to exclude adrenal insufficiency.[22] Although the insulin-
induced hypoglycaemia is considered the gold standard in 
assessment of  adrenal function, it is impractical and unsafe 
in the setting of  critical illness.[23] Similarly, metyropone is 
not only hard to obtain, but the test is also very unsafe, and 
the data are difficult to interpret in the setting of  critical 
illness.[23] Testing adrenal function in the setting of  critical 
illness currently relies on measurements of  co-syntropin-
stimulated serum total cortisol levels. Very few have used 
low-dose (1 µg), although most have used the standard 
dose (250 µg) cosyntropin in defining normal adrenal  
function.[23] But, this being a supra-physiological dose, can 
induce the synthesis or mobilisation of  cortisol from other 
pools producing a falsely normal test. Recently, it has been 
shown that a maximal cortisol response can be elicited 
with lower dose of  ACTH, enhance the sensitivity of  the 
procedure, and even reveal more subtle disturbances in 
the HPA axis.[19] Hence, 1µg of  synthetic ACTH has been 
suggested as a replacement for the standard 250 µg test.[23]

When, the peak stimulated cortisol level of  <18 µg/dL and 
<25 µg/dL, was used as the diagnostic criteria, prevalence 
of  AI was 74% and 92%, respectively. Prevalence of  
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adrenal insufficiency is not uncommon in HIV-infected 
population. A study has reported prevalence of  adrenal 
insufficiency to be 21.2% in patients with HIV infection, 
with frequency of  26.4% and 9.4% in patients with AIDS 
and with asymptomatic HIV infection, respectively.[24] 
Another study, on 63 study population reported 19% 
prevalence of  adrenal insufficiency.[25] Yet another study 
has reported the prevalence of  abnormal adrenal response 
in patients with HIV, varying from 7% - 75%, depending 
on the criteria used.[26] One more study also has reported 
varied prevalence from 6% -45%, depending on the dose 
of  ACTH used.[27] In a study, 26.7% of  60 HIV patients 
had abnormal adrenal function.[28] A retrospective study 
on 74 AIDS patients reported 22% prevalence of  adrenal 
insufficiency.[29] 

In the present study, prevalence of  AI in critically ill AIDS 
patients was 74% and 92%, when the peak stimulated 
cortisol level of  <18 µg/dL and <25 µg/dL was used as the 
diagnostic criteria, respectively. These results are consistent, 
though higher prevalence, with the previous study, wherein 
prevalence of  AI in critically ill AIDS patients was 8.3% 
and 16.7%, when the peak stimulated cortisol level of  <18 
µg/dL and <25 µg/dL was used as the diagnostic criteria, 
respectively.[7] It is seen that, the prevalence of  adrenal 
insufficiency in patients with critically ill AIDS patients 
is relatively high, compared to that of  patients without 

HIV infection, and also to that of  non-critically ill AIDS 
patients.[7] Another study, also has reported 19% prevalence 
of  adrenal insufficiency in critically ill patients with AIDS 
based on low-dose ACTH test.[25]

Recent development and clinical use of  combination therapy 
of  three different types of  anti-viral drugs (nucleoside, 
non-nucleoside analogues, and non-peptidic viral protease 
inhibitors), i.e., Highly Active Anti-Retroviral Therapy 
(HAART), have dramatically improved the clinical course 
of  AIDS patients and prolonged their lives.[30-34] However, 
the prolongation of  the life expectancy and/or the long-
term use of  the above antiviral agents have generated novel 
morbidities and complications, which influence the patients’ 
quality of  life and add new risk factors for premature 
death. One among them is a typical biochemical picture 
of  Addison’s disease.[35] Also, the plasma from patients of  
critical illness contain some mediators that impair synthesis 
of  corticosteroids,[26] a hypoadrenal state without obvious 
structural defects in HPA axis, i.e., “functional or relative 
adrenal insufficiency”- high cortisol levels but insufficient 
to control inflammatory responses.[7] These factors can 
be the explanation for such high prevalence of  adrenal 
insufficiency in the present study.

The reliance of  total serum cortisol concentrations in 
critically ill patients with a high likelihood for being 

Table 6: Comparison of mean basal and post-cosyntropin cortisol levels 
Mean Serum 
cortisol levels

Serum Cortisol levels <18 µg/dL Serum Cortisol levels <25 µg/dL
AIDS (18)

(n=13)
AIDS-AI (18) 

(n=37)
P value AIDS (25)

(n=4)
AIDS-AI (25) 

(n=46)
P value

Basal 21.95 10.09 0.000*** 25 12.16 0.014*
After 30 minutes 21.01 10.2 0.000*** 26.6 11.83 0.001***
After 60 minutes 19.93 9.49 0.000*** 21.17 11.44 0.004**

*Significant, **Moderately significant, ***Highly significant, AIDS Acquired Immunodeficiency Syndrome, AI: Adrenal insufficiency

Figure 1: Cortisol levels between AIDS (18) and AIDS-AI (18) groups
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Figure 2: Cortisol levels between AIDS (25) and AIDS-AI (25) groups
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hypoproteinemic introduces a significant limitations of  these 
data.[36] It has been showed that 40% of  hypoproteinemic 
critically ill subjects would have a co-syntropin-stimulated 
serum cortisol of  less than 18.5 µg/dL. In contrast, all of  
the critically ill with near-normal serum proteins had a peak 
cosyntropin-stimulated serum cortisol levels more than 20 
µg/dL.[36] Importantly, the serum free cortisol levels in the 
two groups were similar. Hence, measurement of  serum 
free cortisol represents the most ideal approach.[37] Current 
assays for determining serum free cortisol concentrations 
are difficult, time consuming, results are not immediately 
available to clinicians, and are labour intensive. Until rapid 
assays for measurements of  serum cortisol are available for 
routine clinical care, alternate approaches could be explored 
like measurements of  salivary cortisol concentrations and 
determination of  other ACTH-dependent adrenal steroids 
such as DHEA and DHEA-S. More studies are needed on 
the value of  DHEA and DHEA-S in the critically ill before 
they become part of  the standard assessment of  adrenal 
function in this setting.[23] 

A recent study investigated the reproducibility of  two 
cosyntropin tests (1d apart) in critically ill patients and 
found discordance in results in patients with septic shock.[38] 
It is not known whether fluid administration to these 
patients contributed to the discordance in results.[23] It is 
commonly believed that glucocorticoid secretion during 
critical illness is generally proportionate to the degree of  
stress.[10] Studies have demonstrated decreased adrenal 
glucocorticoid secretion with advancing chronicity of  
critical illness were based on measurements of  serum 
total cortisol levels. But, these measurements have serious 
limitations, especially during chronic illnesses in which 
malnutrition and hypoproteinemia are more common 
and serum free cortisol levels show continuous elevation 
throughout the critical illness.[36] This raises the question 
of  the presence of  other factors that are stimulating and 
regulating glucocorticoid secretion, like endothelin, ANF, 
vasopressin, and other cytokines.[39] Also, published studies 
involving evaluation of  adrenal function in critically ill 
subjects have consistently demonstrated that there was 
a wide range in measured cosyntropin-stimulated serum 
cortisol levels.[23] It is not known whether variation in 
ACTH and CRH receptor activities contributes to the 
observed individual differences among patients. Similarly, 
another area that has not been investigated is the variability 
of  the 11β-hydroxysteriod dehydrogenase enzyme.[23]

Adrenal insufficiency reported in AIDS patients is mainly 
induced by specific causes that target the adrenal glands.[35] 
The possible etiologies include HIV, opportunistic 
infections, neoplasms, medications, autoimmune diseases, 
and peripheral resistance to glucocorticoids.[3,8,9] Also, AIDS 

has been associated with changes related to circulating 
cytokines known to influence the function of  the HPA 
axis.[10] Many medications alter the baseline and/or the 
cosyntropin-stimulated cortisol levels. Such medications 
often influence binding proteins, directly interfere with 
glucocorticoid synthesis, have direct inhibitory effects 
on CRH/ACTH secretion, direct anti-glucocorticoid 
effects suppressing HPA axis just like glucocorticoids. 
In the present study, patients on medications known to 
alter HPA axis and with history of  autoimmune disease 
were excluded. In present study, we could not screen 
the patients for glucocorticoid resistance and cytokine 
levels. But, patients in this study had HIV-associated 
infections [Table 3], a possible explanation for adrenal 
dysfunction. Previous study has reported that most patients 
had chronic opportunistic infections like mycobacteriosis, 
cryptococcosis, and CMV diseases to be associated with 
adrenal insufficiency.[7,3,26] It is seen that, CMV may involve 
the adrenal glands in 33% to 88% of  patients with AIDS.[40,41] 
But still, the role of  CMV in adrenal insufficiency is 
controversial, since most patients with CMV disease had 
symptomatic HIV infection, and thus may have other 
associated opportunistic infections involving the adrenal 
glands. In addition, there are no previous studies that have 
investigated thoroughly for CMV/other opportunistic 
diseases in adrenal insufficient AIDS patients. Hence, 
well-designed studies may be useful in clarifying the 
association between CMV/other opportunistic infections, 
glucocorticoid resistance, circulating cytokines, and adrenal 
insufficiency in patients with AIDS.

conclusIon

Adrenal insufficiency in patients with AIDS is more 
prevalent than those without HIV infection[7] and even more 
in critically ill group. This becomes more relevant in present 
situations, wherein life span post-infection has increased due 
to HAART, but at the same time, bringing in new morbidity 
factors and early death, one of  it being adrenal insufficiency. 
It is difficult to exclude adrenal insufficiency during critical 
illness, on clinical grounds alone, and laboratory evaluation 
is difficult to interpret because there are many controversies 
and a large number of  confounding factors. Among all 
the tests available for evaluation, low-dose corticotropin 
stimulation test seems to be relevant, in such situations, yet 
limitations of  these measurements should be considered, 
until serum free cortisol determination becomes widely 
available. Hence, this test can be performed, in suspected 
critically ill AIDS patients. 
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