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L ow-Dose Adrenocorticotropin Test in Patients with the
Acquired mmunodeficiency Syndrome
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Adrenocortical insufficiency is a serious complication of AIDS. Usually, integrity of the
hypothalamo-pituitary-adrenal (HPA) axisin Al DSpatientsisassessed by measuring basal cortisol
levelsand cortisol responseto 250 ug of ACTH. Recent studiessuggest that alower ACTH dose
increasesthe sensitivity of the procedure. I n the present study, weinvestigated the prevalence of
adrenal hypofunctionin AIDSpatientsusingalow-dose ACTH test (1 ug), evaluated theclinical
characteristicsthat might suggest thisdiagnosis, and thediseasesand/or drugsthat could be
associated withit. Weprospectively evaluated 63 very ill AIDS patientsand 16 normal controls. A
standar d examination assessed the presence of signsand symptoms of adrenal insufficiency.
Blood sampleswer e collected beforeand 30 and 40 minutesafter aninjection of 1ug 1-24 ACTH.
No opportunistic disease, signs, symptomsor drugswer eassociated with an abnormal cor tisol
responseto ACTH. Thelowest stimulated cortisol level in the control group was 18.5 pg/dL ;
cortisol levels=18 pg/dL weretaken toindicateanormal HPA axis. Test resultsrevealed that 12/
63 AIDS patients (19%) had an abnormal HPA axis. With these data in mind, we suggest a

prospectiveadrenal function evaluation of all severelyill AlDSpatients.
Key Words. AIDS, adrenal insufficiency, ACTH, cortisol.

Petientsinfected with thehumanimmunodeficiency
virus (HIV) have complications secondary to the
underlying immune defect — for example, mixed
opportunigticinfectionsand unusua neoplasms, such
asKapos'’ssarcomaand high-gradelymphomas|[1].
Endocrine dysfunction in the acquired
immunodeficiency syndrome(AIDS) resultsprimarily
frominvolvement of the endocrine glandsor central
nervous system by infectious agents, from drug side
effects, andfromthewadting suffered by AIDSpatients.
Adrenocortical insufficiency isapotentially serious
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complication of AIDS[2]. Theadrena glandisthe
endocrine gland most commonly affectedin AIDS, by
both opportunisticinfectionsand Kapos’ssarcomal 3,
4], as shown in autopsy studies that revealed
adrenocortical and medullar infection, and necrosis,
primarily caused by cytomegalovirus, but also by
Mycobacterium tuberculosis, Cryptoccocus
neoformans, Toxoplasma gondii and M. avium
intracellulare[5]. Neoplasm involvement israre. In
addition, drugs such as glucocorticoids and
ketoconazolemay cause pituitary-adrenal dysfunction
by suppressing the hypotha amo-pituitary-adrena axis
(HPA) or by blocking adrenal steroid biosynthesis.
Other drugs, such asrifampin and phenytoin, enhance
glucocorticoid metabolic clearancethat may lead to
adrenal insufficiency in patientswith adiminished
adrenal reserve[6].

The estimated preval ence of adrenal insufficiency
inAlIDSpatientsisvery high[7] incomparisontothe
general population [8]. However, reportsof clinically
significant adrend insufficiency arerare. Patientswith
AlIDScommonly manifest fatigue, anorexia, nauseaand
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vomiting, orthostatic hypotension, and hyponatremia
—nonspecific signsand symptomsthat mimic those
of adrenocortical insufficiency — that add to the
diagnogticdifficulty.

Theintegrity of theHPA axisin AIDS patientshas
been studied by measuring basal cortisol levelsand
cortisol responseto 250 pug of ACTH [9,10]. Recently,
however, it hasbeen shown that amaximal cortisol
response can be elicited with amuch lower ACTH
dosethan the 250 ug dose commonly used. Also, there
isasuggestion that alower ACTH dose may further
enhancethe sengtivity of theprocedure, especialy in
patientswith arecent abnormality of the HPA axis[11-
16]. The standard 250 pg ACTH stimulation test is
probably rdiabletoindicatetheneed for steroid therapy
whentheresultisabnormal. However, itisincorrect to
assumethat al patientswhose serum cortisol levelsrise
followinga250 ug ACTH injectionarenecessarily able
toincreasetheir serum cortisol enough to avoid the
meanifestationsof adrend insufficiency following severe
stress caused by surgical procedures, infections,
neoplasms, or other reasons[17].

The purpose of this work was to study the
prevalence of adrenal hypofunctionin AIDS patients
using alow-dose ACTH test (1 pg), to evaluate the
clinical characteristicsthat can suggest thisdiagnosis,
and to identify diseases and/or drugs that can be
associated withit.

M aterialsand Methods

Subjects

Between July, 1996, and March, 1998, 272 patients
with apresumptivediagnossof AIDSadmitted tothe
Hospital de Clinicasde Porto Alegrefor treatment,
were evaluated for entry to the study. Of those
evaluated, 182 patientswere excluded: thediagnosis
of AIDSwasnot confirmed in 60 patients, 98 were
using glucorticoidsor had used them during themonth
prior to the study, 7 were either unable to sign the
informed consent form or to answer thequestionnaire,
13 had no venous line access, and 4 died or were
discharged beforethe ACTH test. Ninety patientswere

eligiblefor thestudy; 18 patientsrefused to participate.
Therefore, 72 patients entered the study group.
Thecontrol group congsted of 16 normd volunteers
with no history of adrenal disease, and who had not
used glucocorticoidsor hormonal contraceptivesinthe
month preceding thetest. The protocol was approved
by the Ethics Committee of the hospital, and all
participantsgavewritten informed consent.

Study Protocal

A standard questionnaireand clinical examination
were used to assess age and signs or symptomsthat
could berelated to adrenal insufficiency (presence
of weakness, fatigue, weight |oss, anorexia, nausea,
vomiting, diarrhea, muscle or joint pain, arterial
hypotension, hyperpigmentation, electrolyte
abnormalitiesor ahistory of glucocorticoid use).
After that, alow-dose ACTH test was performed
for all participants. A 250 ugvial of 1-24 ACTH
(Cortrosyntl, Organon International Oss) was
dilutedin sterile saline sol ution to aconcentration of
1 ug/mL. The solution was used immediately. An
indwelling intravenous catheter wasinserted into the
forearm between 7:00 am. and 8:00 am. Blood
samples was taken right before, and 30 and 40
minutes following the injection of 1 mg of 1-24
ACTH. The serum samples were immediately
separated and kept frozen at -20°C until assayed.
Cortisol was measured by radioimmunoassay (Coat-
a-Count, DPC; normal rangeinthemorning: 5 ug/
dL to 25 pg/dL). Intraassay variability was 4.3%;
interassay variability was5.2%.

Satistics

Results were compared using non parametric
analysisof variance or the Mann-Whitney test, when
indicated. Sengitivity, specificity, positive predictive
vaueand negative predictiveva uefor diagnogtic tests
were ca culated by thetheory of probabilitiesusingthe
Epi-Infov. 6 program. All Pvaluesweretwo-sided; a
Pvalue of lessthan 0.05 was considered to indicate
datisticd significance.
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Results
Patients

Duringthe2-year gudy period, 72 criticdly ill AIDS
patientsweretested (diagnostic category C, Centers
for Disease Control and Prevention). Wewerenot able
to obtain all 3 samples for 9 patients. The
epidemiological datafor these patientswere similar
to those of our general population of HIV infected
patients. Among the 63 patients from whom samples
were collected, most were young mal es (mean age:
34.5 years) and had a known risk factor for HIV
infection: 16 (25.4%) wereintravenous drug users
and 36 (57.1%) had sexual intercoursewith infected
partners. The datafor the study and control groups
aredescribed in Table 1.

Low- ACTH testin hedthy controls

Mean serum cortisol concentration observed in
healthy controlsbeforestimulationwith 1 pgof ACTH
was 17.7 pg/dL + 7.3 pg/dL. After 30 min, mean
cortisol level was 26.2 ug/dL + 5.8 ug/dL, and after
40 min, mean serum cortisol level was25.9 ug/dL +
6.6 ug/dL. Each curvewasevaluatedindividualy; the
lowest stimulated cortisol level inthisgroupwas18.5
pg/dL, sowe considered the HPA axisasnormal when
the patient had aserum cortisol level > 18 mg/dL inat
least 1 measurement.

Low- ACTH tesin AlDSpatientswith norma response

A cortisol level > 18 pug/dL was observed in 51
patients. Mean basal cortisol level was19.1+ 7.0 ug/
dL; 30minafter ACTH application, mean cortisol level
was25.8+ 7.3 ug/dL, and 40 min after ACTH, mean
cortisol level was24.2+ 7.0 ug/dL.

Low- ACTHtegin AlDSpatientswith abnormd response

Cortisol levelsbelow 18 pg/dL were observed in
12 patients. Mean basal cortisol level was10.9+ 3.2
po/dL. Thirty min after the ACTH injection, mean

cortisol level reached 13.5 + 3.0 pg/dL ; and 40 min
after ACTH, mean cortisol level reached 14.3+ 1.5
po/dL. Basal and stimulated cortisol levels were
sgnificantly lower than the onesdetectedin the control
group and inthe AIDS patientswith normal response
(therewasno difference between these 2 last groups).
TheseresultsareshowninFigure 1.

Basal cortisol levelswerelessthan 14.2 ug/dL indll
AIDSpatientsinthisgroup (19%of our AIDS patients).
Using 14.5 ug/dL asacut-off point, sengtivity of basd
cortisol levelsto detect adrend hypofunctionwas100%;
specificity was 73%, positive predictiveva uewas 46%
and negative predictivevaluewas 100%. In Figure 2,
therdation of sengtivity and specificity to detect adrend
insufficiency using different basal cortisol levelsascut-
off pointsisshown (ROC curve).

AsshowninTable2, all of our AIDS patientshad
been diagnosed with at least 1 AIDS-rel ated disease
[18]: tuberculosis in 31.3% of the patients,
Pneumocystis carinii pneumonia in 20.3%,
cytomegalovirus in 7.8%, central nervous system
toxoplasmosisin 6.3%, and histoplasmosisin 6.3%.
There was no association between presence of
abnormal adrenal function and any of thesediseases.

Signs or symptoms suggestive of adrenal
insufficiency were observed frequently but, asshown
inTable 3, therewasno differencein the preva ence of
theseclinical featuresin AIDS patientswith normal or
abnormal cortisol responseto ACTH. Useof drugs
that could affect adrend function, such asketoconazole,
rifampin, phenytoin, opioidsand anticoagul ants, was
not more frequent in AIDS patients with abnormal
cortisol response when compared to AIDS patients
with normal cortisol response, asshownin Table4.

Dicussion

The current study prospectively examined adrenal
responseto alow dose ACTH test (1 pug) in63 AIDS
patients (category C, Center for Disease Control and
Prevention) and evaluated clinical characteristicsthat
might suggest adiagnosisof adrenal hypofunction, as
well as diseases and drugsthat could be associated
withitspresence.
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Tablel. Clinical characteristicsof patientsand controls

Group n Mean age (range) in years % males % Caucasian
Control 16 31.6 (22-49) 62.5 100
AIDS(@l) 63 34.6 (16-62) 79.2 73
AIDS-N* 51 34.9 (16-62) 76.5 74
AIDS-Ab** 12 32.8 (26-43) 91.7 70

*AIDS patientswith at least 1 cortisol measurement = 18 ug/dL ; ** AIDS patientswith all cortisol measurements

<18 pg/dL.

Table2. Prevaenceof AIDSdiagnostic criteriain the studied popul ation®

Criterion AIDS-N* % AIDS-Ab** %
(n=51) (n=12)

Cytomegaoviross 5 8.3 1 8.3
Toxoplasmos's 5 8.3 0 -
Tuberculoss 19 317 6 50.0
CD,<200cells/uL 1 1.7 2 16.7
Histoplasmos's 4 6.7 2 16.7
Cryptococcosis 4 6.7 1 8.3
Candidainfection 5 8.3 1 8.3
Kapos’ssarcoma 3 5.0 1 8.3
P. carinii pneumonia n 18.3 3 25.0
Diarrhea>3 month 9 15.0 3 25.0
HerpesZogter infection 2 3.3 0 -

aCentersfor Disease Control criteria. * AIDS patientswith at least 1 cortisol measurement > 18 pg/dL ; **AIDS

patientswith all cortisol measurements< 18 pg/dL.

Table3. Clinical dataof AIDSpatients

Symptom/sign AIDS-N* % AIDS-Ab ** %
(n=51) (n=12)

Fatigue 27 55.1 9 75.0
Weakness 26 53.1 5 41.7
Anorexia 24 49.0 5 41.7
Nausea 20 40.8 6 50.0
Vomiting 16 32.7 5 41.7
Diarhea 16 32.7 3 25.0
Weight loss 36 735 10 83.3
Musclepain 1 22.4 6 50.0
Jointpain 12 49.0 3 25.0
Serum Na' (meantSD) 133.2 5.0 - 133.6+2.5

Serum K* (mean+SD) 4.2+0.6 3.7+08

*AIDS patientswith at least 1 cortisol measurement = 18 ug/dL ; ** AIDS patientswith all cortisol measurements

<18 pg/dL.
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Table4. Used drugspotentialy affecting adrena function

Drugs AIDS-N* % AIDS-Ab** %
(n=51) (n=12)

Ketoconazole 8 16 2 16.6

Opioids 8 16 1 8.3

Rifampin 5 10 1 8.3

Phenytoin 2 4 - -

Anticoagulants 9 18 - -

* AIDS patientswith at least 1 cortisol measurement 3 18 ug/dL ; ** AlDSpatientswith all cortisol

measurements< 18 ug/dL.

Figure 1. Serum cortisol levelsbefore and after 1 ug ACTH. Results are shown as median and 75" and 25"
percentiles. AIDS-N: AIDS patientswith normal cortisol response. AIDS-Ab: AIDS patientswith abnormal
cortisol response. &: p< 0.01 versuscontrol; €: p< 0.00004 versusAIDS-N; ¢ p< 0.00002 versuscontrol; y: p<
0.000000 versusAIDS-N; ¢: p< 0.000008 versus control; K: p< 0.000001 versusAIDS-N.
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Our datashow that 19% of our sage C AIDSpatients
had an abnormal responseto 1 ug ACTH, considering
acortisol level >18 ug/dL asnormd. Thiscut-off point
was established by the study of acontrol groupandis
very Smilar tothoseestablished in other studies|[9, 19].
The prevaence of adrena hypofunctionislarger than
reported or estimated previoudy, usngthe250 u)gACTH
test, thereported prevaenceranged from 0%to 8% 7,
14, 20-23]. This have been the result of different
intervening factors liketheexcusion of 90 paientsusing
glucocorticoidswithanunknown, but potentialy normd,
adrenal function; or thefact that our patientswerevery
ill, and thereforehad moreinfectionsand lessimmunity
than other AIDS patients. Nevertheless, it may bethat
thelow doseACTH test (1 pug) is, indeed, moresensitive
for thediagnosisof adrena hypofunction.

There have been reportsof increased basal cortisol
levelsin AIDS patients[21, 24]. Inour study, AIDS
patientswith normal responseto ACTH did not have
increased basal cortisol levels. Using acut-off point
of 14.5mg/dL for basal cortisol, al adrena insufficient
patientswereidentified, but the positive predictive
valuewas 46%.

Frank adrend dysfunction hasrarely been reported
inHIV infected patients, although theadrend glandis
frequently affected by opportunistic infections or
Kapod’ssarcoma[25,26]. Usudly, clinically apparent
adrena dysfunction appearsonly after morethan 90%
of the adrenal glands have been destroyed, but a
diagnosisof adrend insufficiency should beconsdered
incertainclinica stuations[8].

Symptomsof adrend insufficiency arevery difficult
to assessin AlDS patientswith advanced disease, since
symptomscan be present evenwhen adrend functionis
normal [27]. These symptomswerecommonly seenin
our patients, but they were nonspecific and therewas
no clinical festureassociated to adrena hypofunction.

Present use of drugsthat could interferewith the
adrenal function or past use of glucocorticoids
(discontinued for more than 30 days) were not
predictive of an abnormal responseto ACTH. The
prevalence of diseasesthat could affect the adrenal
gland was the same in our patients with normal or
abnormal responses to ACTH. Similar findings

concerning tubercul osiswere described recently [28].
Our datasuggest that an abnormal responseto 1 ug
ACTH isvery commonin late stage AIDS patients,
and that thereareno clinical findingsand no diseases
or drugs that can signal the presence of adrena
hypofunction. The group of AIDS patients that we
studied wasseverdy ill. Except for 1 patient, al of the
patientsweretreated with acombination of drugs, and
alarge percentage of them showed weight | oss, fatigue,
and weakness — three cardinal manifestations of
adrenocortical failure Withthesedatainmind, wesuggest
aprogpectiveevauation of theadrend function, usnga
method such asthelow dose ACTH test, inal AIDS
patientswhenthey areinanadvanced sageof thedisease.
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