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Background: The most common endocrine disorder in patients with human immunodeficiency virus (HIV) is
adrenocortical dysfunction. The prevalence of adrenal insufficiency in patients with AIDS is unclear, partly
due to different tests, doses of adrenocorticotrophic hormone (ACTH), and criteria used. In addition, there is
controversy regarding the assessment of adrenal insufficiency in patients with and without critical illness.
Objective: To help clarify the prevalence of adrenal insufficiency in patients with AIDS both in critical and
non-critical illness, the authors compared the prevalence based on the high-dose ACTH stimulation test.
Material and Method: There were 26 patients with AIDS (19 males and 7 females) with a mean age of 33.6
years (range: 22-46 years). Twelve and 14 patients were in critical and non-critical illness, respectively.
Result: Overall, the prevalence of adrenal insufficiency was 19.2% (5 of 26) and 30.8% (8 of 26) when a peak
stimulated cortisol level of <18 ug/dL and < 25 ug/dL was defined, respectively. The prevalence was 8.3% and
28.6% in critically and non-critically ill patients; respectively, when a peak stimulated cortisol level of < 18
ug/dL was defined. Finally, when a peak stimulated cortisol level of < 25 ug/dL was defined, the prevalence
was 16.7% and 42.9% in critically and non-critically ill patients, respectively.

Conclusion: Adrenal insufficiency in patients with AIDS is more prevalent than those without HIV infection,
no matter what criteria of cortisol response after ACTH test are defined. An adrenal testing should be per-
formed in all hospitalized patients with AIDS, both in critical and non-critical illness.
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The most common endocrine disorder in
patients with human immunodeficiency virus (HIV) is
adrenocortical dysfunction!¥. The involvement can
occur at any level of the hypothalamus-pituitary-adre-
nal (HPA) axis, but the adrenal gland is the level most
commonly involved. The possible etiologies include
HIV, opportunistic infections, neoplasms, medications,
autoimmune diseases, and peripheral resistance to glu-
cocorticoids*9, Autopsy studies have documented
adrenal gland damage in as many as two-thirds of pa-
tients with acquired immunodeficiency syndrome
(AIDS)7®, However, adrenal insufficiency is rarely
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diagnosed in clinical practice because many patients
have non-specific symptoms and signs such as malaise,
weight loss, and hypotension, which cannot be distin-
guished from those caused by chronic HIV infection,
opportunistic infections, or neoplasms. Therefore, the
diagnosis requires a high index of suspicion and a con-
firmation by an appropriate laboratory evaluation.
During critical illness, several factors can
impair the normal response of the HPA axis and com-
plicate the evaluation of adrenal function®!D. There is
controversy regarding the assessment of the HPA axis
in critically ill patients. The insulin-induced hypogly-
cemia and the metyrapone tests are the traditional
reference tests, but are rarely used in clinical practice
because they are inconvenient and dangerous especially
in the critically ill setting” The adrenocorticotrophic
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hormone (ACTH) stimulation test is usually used as a
simple method for diagnosis of adrenal insufficiency,
but there is no agreement on the dosage of corticotro-
phin used and the diagnostic criteria for interpreting
the results®!"'?. There are two doses of ACTH used
in ACTH test including the high 250-ug and low 1-ug
ACTH tests. The traditional 250-ug test is thought to
be a supraphysiological high stimulus resulting in
circulating ACTH level of > 100-fold greater than a
maximal stress level. Thus, this test may over stimulate
the adrenal reserve, and mask the diagnosis of adrenal
insufficiency. The low 1-ug ACTH test may be more
accurate and result in more physiological levels of
ACTH. However, several studies reported conflicting
results of sensitivity and specificity between these two
tests®!12), Traditionally, a serum cortisol of < 18 pg/
dL, 30 or 60 minutes after the 250-ug ATCH test has
been accepted as indicative of adrenal insufficiency.
However, most patients can achieve the cortisol level
between 25-30 ug/dL during critical period. Many
experts advocate the normal cortisol response in criti-
cally ill patients should exceed 25 pug/dL.

The primary objective of the present study
was to determine the prevalence of adrenal insuffi-
ciency in critically ill patients with AIDS by using the
250-ug ACTH test. The secondary objective was to
compare the diagnostic criteria for adrenal insufficiency
between cortisol response of < 18 mg/dL and <25 pg/
dL.

Material and Method
Patients

This prospective study was conducted in
the Department of Medicine of King Chulalongkorn
Memorial Hospital (KCMH), Bangkok, Thailand during
October 1,2003 and February 15,2004. All adult patients
with AIDS admitted to KCMH were eligible for enroll-
ment into the present study. They were diagnosed with
AIDS according to the CD4 count of < 200 cells/uL or
AIDS-defining illness'?. Patients, receiving corticos-
teroids within the previous three months, receiving
medications known to interfere with the HPA axis, or
with a history of HPA insufficiency, were excluded
from the present study. Data of epidemiology, clinical
characteristics, and treatment outcome including sex,
age, HIV risk factors, present illness, Acute Physiology,
Age, and Chronic Health Evaluation IT (APACHE II)
scores, length of hospital stays, and mortality were
collected. Critically and non-critically ill patients were
classified by the APACHE II scores of 20 or more and
less than 20, respectively.
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All patients signed an informed consent
before enrollment to the present study.

Study protocol

To perform the 250-ug ACTH test, one vial of
250 ng synthetic ACTH (Cortrosyn, Organon Inc., NJ,
US) was administered by intravenous bolus injection.
The test was performed within 24 hours of admission.
After administration, blood samples were drawn by
venipuncture for cortisol levels at 30 and 60 minutes.
All serum samples were centrifuged, and stored at 2 to
8IC for up to seven days. The cortisol level was deter-
mined by solid-phase radioimmunoassay (Diagnostic
Products Corporation, Los Angeles, CA, USA).

The present study was approved by the
Ethics Committee for Research in Humans from the
University Hospital.

Statistical analysis

Descriptive data are presented as the mean +
SD unless otherwise stated. Unpaired Student’s T-test
and Chi-square test were used to compare continuous
and categorical data, respectively with the SPSS pro-
gram version 11.0 for Microsoft Windows. The statisti-
cal significance was set at p <0.05 for all comparisons.

Results
Epidemiologic and clinical characteristics

There were 26 patients with AIDS (19 males
and 7 females) with a mean age of 33.6 years (range: 22-
46 years). The mean CD4 count was 75.6 (range: 1-321
cells/uL). At admission, none except patients 1,20, and
25 were newly diagnosed with AIDS and non had ever
received antiretroviral treatment (Table 1). Nine patients
(34.6%) were hospitalized because of acute illness of
less than seven days duration. At study time, the pa-
tients had a mean APACHE 11 score of 17.4 (range: 6-
33). There were 12 and 14 critically and non-critically ill
patients, respectively. The presenting illnesses were
classified as opportunistic infection or neoplasm asso-
ciated with HIV (25 patients), adverse effect associ-
ated with antiretroviral treatment (2 patients with lactic
acidosis), and other conditions not directly associated
with HIV or antiretroviral treatment (4 patients). The
opportunistic infections and neoplasms included 13
mycobacteriosis (11 tuberculosis and 2 non-tuber-
culous mycobacteriosis), three cryptococcosis, three
toxoplasmosis, two Pneumocystis jirovecii pneumonia,
two cytomegalovirus (CMV) diseases, one salmonello-
sis, and one lymphoma. Other illnesses not directly
related to HIV or antiretroviral treatment included one
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Table 1. Epidemiologic and clinical characteristics, outcome, and results of ACTH test of each patient (n =26) with AIDS

Patient  Sex, CD4 Diagnosis LOS APACHE Outcome ACTH test
age (yr) cell count (days) I score
(cells/uL) Baseline 30’ 60’
1 M, 39 123 Sleep apnea 42 23 Survived 5.8 10.1 12.4
2 F, 26 1 Salmonellosis 20 21 Survived 164 27.0 347
3 F, 34 ND Toxoplasmosis and 37 22 Died 224 290 394
cryptococcosis
4 M, 32 ND Toxoplasmosis and GI bleeding 1 22 Died 320 429 368
5 M, 44 ND Escherichia coli sepsis 1 21 Died 694 83.1 837
6 M, 27 ND Tuberculosis with ARDS 2 33 Died 325.0 314.0 345.0
7 M, 23 ND Tuberculosis, cryptococcosis, 62 22 Died 25.0 25.1 25.5
and staphylococcal sepsis
8 M, 27 ND Tuberculosis with ARDS 1 22 Died 78.1 765 70.9
9 M, 34 ND Tuberculosis 4 25 Survived 245 25,6 248
10 M, 40 ND Tuberculosis and sepsis 11 32 Died 31.8 33.6 351
11 M, 40 ND Tuberculosis, cryptococcosis, 26 32 Died 199 183 17.6
and sepsis
12 M, 38 63 Nontuberculous 8 25 Survived 30.1 292  28.6
mycobacteriosis
13 M, 29 ND PCP 6 15 Survived  26.6 432 552
14 M, 32 ND Tuberculosis, chronic diarrhea 20 11 Survived 42.8 469 47.1
15 M, 36 ND Nontuberculous 7 10 Survived 35 4.2 5.5
mycobacteriosis
16 M, 42 97 Bullous erythema multiforme 47 8 Survived 13.1 294 36.7
17 M, 42 13 Tuberculosis 10 14 Survived 10.8 10.7 12.6
18 M, 30 ND Tuberculosis 7 16 Survived 16.8 279 302
19 F, 22 6 Acute pyelonephritis 10 15 Survived 235 352 412
20 F, 35 ND ART-associated lactic acidosis 10 9 Survived 139 325 392
21 M, 39 36 Tuberculosis and lymphoma 4 6 Survived 123 16.1 16.5
22 M, 34 ND PCP 3 12 Survived 1.1 17.8 259
23 M, 46 16 CMV retinitis 14 9 Survived 11.3 184 175
24 F, 22 ND CMV colitis and retinitis 29 7 Survived 7.5 135 18.2
25 F, 31 321 ART-associated lactic acidosis 7 14 Survived 182 33.6 346
26 F, 30 ND Tuberculosis, toxoplasmosis 14 7 Survived 83 138 14.2

M: male, F: female, ND: not determined, LOS: length of stays, GI: gastrointestinal, PCP: Pneumocystis jirovecii pneumonia,
CMV: cytomegalovirus, APACHE: Acute Physiology, Age, and Chronic Health Evaluation, ARDS: adult respiratory distress
syndrome, ART: antiretroviral treatment, ACTH: adrenocorticotrophic hormone, 30’: 30 minutes, 60’: 60 minutes

sleep apnea, one bullous erythema multiforme, one acute
pyelonephritis, and one Escherichia coli septicemia.
All patients, who were diagnosed with adrenal insuffi-
ciency when a peak stimulated cortisol level of <18 pug/
dL, were treated with intravenous hydrocortisone.
Eight (30.8%) critically ill patients died. In contrast,
no mortality was observed in all 14 non-critically ill
patients. The epidemiologic and clinical characteris-
tics as well as outcome of the treatment are summarized
in Tables 1 and 2.

ACTH stimulation test
The mean baseline, 30-minutes, and 60-minutes
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stimulated serum cortisol levels are shown in Table 2.
The prevalence of adrenal insufficiency was 19.2% (5
of26) when a peak stimulated cortisol level of < 18 pg/
dL was defined (Table 3). In contrast, 30.8% (8 0f 26) of
the patients had adrenal insufficiency when a peak
stimulated level of <25 ug/dL was defined. When only
critically ill patients (APACHE II > 20, n = 12) were
analyzed, the prevalence of adrenal insufficiency were
8.3% (1 of 12) and 16.7% (2 of 12) when diagnostic
threshold of < 18 and < 25 ug/dL were used, respec-
tively. In addition, the prevalence were 28.6% (4 of
14) and 42.9% (6 of 14) in non-critically ill patients
(APACHE II < 20, n = 14) when diagnostic criteria of

J Med Assoc Thai Vol. 90 No. 9 2007



Table 2. Summary of epidemiologic and clinical charac-
teristics, outcome, and results of ACTH test of all
26 patients with AIDS

Factor Number of patients
(n=26)*

1. Age (years)
Mean + SD 33.6 +6.8
Range 22-46

2. Male: female 19:7

3. Risk factors of HIV infection
Intravenous drug use 4
Homosexual contact 4
Heterosexual contract 18

4. CD4 cell count (cells/mL)
Mean + SD 75.6 +10
Range 1.91-321 (n=9)

5. APACHE II score
Mean + SD 17.4+82
Range 6-33

6. Length of hospital stays (days)
Mean + SD 155+159
Range 1-62

7. Acutely ill patients 9,34.6%

8. Mortality 8,30.8%

9. ACTH stimulation test (ug/dL)
Baseline cortisol 346 +61.8,
(mean + SD, range) 3.5-325.0
30-minute cortisol 40.7 +58.7,
(mean + SD, range) 4.2-314.0
60-minute cortisol 442 +63.9,
(mean + SD, range) 5.5-345.0

* Data are calculated based on total number of 26 patients,
unless otherwise indicated in parenthesis

Table 3. Prevalence of adrenal insufficiency in all 26 patients
with AIDS, using different diagnostic criteria of
peak stimulated cortisol

Diagnostic criteria’ Prevalence of
adrenal insufficiency
N %

Peak stimulated cortisol <18 ug/dL  5/26 19.2
Critically ill 1/12 8.3
Non-critically ill 4/14 28.6

Peak stimulated cortisol <25 pug/dL  8/26 30.8
Critically ill 2/12 16.7
Non-critically ill 6/14 42.9

! Critically ill patients were classified based on APACHE II
score of > 20
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<18 and <25 ug/dL were used, respectively.

Discussion

The present study prospectively examined
adrenal response to a high-dose ACTH test (250 ug) in
26 patients with AIDS, and evaluated clinical charac-
teristics and treatment outcomes in both critically and
non-critically ill patients. The prevalence of adrenal
insufficiency depends on the diagnostic criteria used.
The prevalence was 19.2 or 30.8% when a peak stimu-
lated cortisol level of < 18 or <25 ng/dL was defined,
respectively. The present results are consistent with
previous studies that reported the prevalence of adre-
nal insufficiency was high in patients with AIDS, com-
pared to patients without AIDS"%29, Gonzalez-Gonzalez
et al reported a 21.2% prevalence of adrenal insuffi-
ciency in patients with HIV infection, with a frequency
of 26.4% and 9.4% in patients with AIDS and with
asymptomatic HIV infection, respectively'®. Wolff et
al studied 63 patients with AIDS, and found that 19%
had adrenal insufficiency®. Marik et al reported the
prevalence of abnormal adrenal response in patients
with HIV varying from 7% to 75%, depending on the
criteria used”. Smolyar et al reported that the pre-
valence of adrenal insufficiency varied between 6%
and 45%, depending on the doses of ACTH used"®.
Hoshino et al demonstrated 26.7% of 60 patients had
abnormal adrenal function'”. Piedrola et al retrospec-
tively reviewed 74 patients with AIDS, and found
that 22% had adrenal insufficiency®”. In conclusion,
adrenal insufficiency in patients with HIV infection
especially in advanced stage (AIDS) is more prevalent
than those without HIV infection, no matter what
criteria are used to diagnose.

Assessment of adrenal insufficiency is very
complicated in patients with AIDS. It is often difficult
to exclude adrenal insufficiency based on the clinical
ground alone because many patients with AIDS have
symptoms and signs such as fatigue, weight loss, nau-
sea, vomiting, and hypotension, which are indistin-
guishable from those with adrenal insufficiency!-*.
Thus, the diagnosis of adrenal insufficiency depends
on laboratory tests including the insulin-induced hy-
poglycemia, the metyrapone challenge, and the ACTH
stimulation tests. However, the first two tests are rarely
recommended because they are inconvenient, can be
dangerous, and require patient hospitalization. For these
reasons, the ACTH stimulation test has been widely
used to assess the adrenal function. However, there is
controversy regarding the dose of ACTH (1 and 250
ug), the peak stimulated cortisol level used to make the
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diagnosis (18 and 25 pug/dL), and the difference of cor-
tisol response between critically and non-critically ill
patients!*!11217_ The traditional cortisol response of
> 18 ng/dL is derived from patients with non-critical
illness. Several studies have shown that most critically
ill patients can achieve cortisol level > 25 pg/dL(1017),
Thus, the present study is the first to evaluate the
prevalence of adrenal insufficiency between patients
with AIDS in critical illness, in comparison with non-
critical illness, by using both 18 and 25 pg/dL as the
diagnostic criteria. The present results showed the
prevalence of adrenal insufficiency were 8.3% and
28.6% in critically and non-critically ill patients, respec-
tively, when a peak stimulated cortisol level of <18 ug/
dL was defined. In addition, when a peak stimulated
cortisol level of <25 ug/dL was used, the prevalence
were 16.7% and 42.9% in critically and non-critically
ill patients, respectively. The prevalence of adrenal
insufficiency in patients with AIDS in critical illness is
relatively high, compared to that of patients without
HIV infection. Wolff et al reported the prevalence of
adrenal insufficiency of 19% in critically ill patients
with AIDS based on high-dose ACTH test'®. Marik et
al described the frequency of adrenal insufficiency of
7% and 21% when two diagnostic criteria of 18 and 25
pg/dL were used based on high-dose ACTH test!'".
Surprisingly, in the present study the prevalence of
adrenal insufficiency in critically ill patients was less
than that of non-critically ill patients, even though this
difference was not statistically significant.

There are many potential reasons for the
development of adrenal insufficiency in patients with
AIDS. The destruction of the adrenal glands by infec-
tion, tumor, or hemorrhage is possible. Most patients
in the present study had chronic opportunistic infec-
tions including 13 mycobacteriosis (11 tuberculosis and
2 non-tuberculous mycobacteriosis), 3 cryptococcosis,
and 2 CMV diseases. Only one case had lymphoma.
Chronic granulomatous inflammation due to Mycobac-
terium tuberculosis and Cryptococcus neoformans
has been described to be associated with adrenal in-
sufficiency"'”. CMV may involve the adrenal glands
in 33% to 88% of patients with AIDS"-17:122, A role of
CMV in adrenal insufficiency is controversial since
most patients with CMV disease had symptomatic HIV
infection, and thus may have other associated oppor-
tunistic infections involving the adrenal glands. In
addition, most previous studies did not routinely in-
vestigate for CMV disease in all HIV-infected patients
with adrenal insufficiency. Thus, well-designed con-
trolled studies may be needed to clarify the associa-
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tion between CMV disease and adrenal insufficiency
in patients with AIDS.

The plasma from patients in the setting of
critical illness contains some mediators that impair the
synthesis of corticosteroids!'”. In addition, the term
“functional or relative adrenal insufficiency” has
recently been described to reflect the notion that
hypoadrenalism can occur without obvious structural
defects in the HPA axis in some patients with acute,
critical illness. Even though the cortisol level is high,
it is insufficient to control inflammatory responses.
Thus, treatment with supplemental corticosteroids
may be beneficial in this group of patients. However,
more well controlled studies are needed to clarify the
existence of this term and specific situations in which
corticosteroid replacement is of benefit.

Rifampin may predispose patients with AIDS
to develop adrenal insufficiency. It induces the activity
of the cytochrome P-450 enzymes, and thus increases
the metabolism of cortisol. HIV may diminish the secre-
tion of cortisol by the adrenal glands via the effects of
cytokines like tumor necrosis factor (TNF). TNF is pro-
duced by macrophages which are stimulated by HIV
infection®. It impairs corticotrophin-releasing hor-
mone, ACTH, and adrenal cortisol synthesis!'’**?>, In
the present study, all patients with tuberculosis had
received rifampin as a part of anti-tuberculous regimen.

In conclusion, adrenal insufficiency in
patients with AIDS is more prevalent than those with-
out HIV infection, no matter what criteria of cortisol
response after ACTH test are defined. An adrenal test-
ing should be performed in all hospitalized patients
with AIDS, both with and without critical illness.

References

1. Grinspoon SK, Bilezikian JP. HIV disease and the
endocrine system. N Engl J Med 1992;327: 1360-5.

2. Eledrisi MS, Verghese AC. Adrenal insufficiency
in HIV infection: a review and recommendations.
AmJMedSci2001;321: 137-44.

3. Glasgow BJ, Steinsapir KD, Anders K, Layfield LJ.
Adrenal pathology in the acquired immune defi-
ciency syndrome. Am J Clin Pathol 1985; 84: 594-7.

4. Aron DC. Endocrine complications of the acquired
immunodeficiency syndrome. Arch Intern Med
1989; 149:330-3.

5. Greene LW, Cole W, Greene JB, Levy B, Louie E,
Raphael B, et al. Adrenal insufficiency as a com-
plication of the acquired immunodeficiency syn-
drome. Ann Intern Med 1984; 101: 497-8.

6. Mayo J, Collazos J, Martinez E, Ibarra S. Adrenal

J Med Assoc Thai Vol. 90 No. 9 2007



10.

11

12.

13.

14.

15.

16.

function in the human immunodeficiency virus-
infected patient. Arch Intern Med 2002; 162:
1095-8.

Welch K, Finkbeiner W, Alpers CE, Blumenfeld W,
Davis RL, Smuckler EA, et al. Autopsy findings in
the acquired immune deficiency syndrome. JAMA
1984;252: 1152-9.

Niedt GW, Schinella RA. Acquired immunodefi-
ciency syndrome. Clinicopathologic study of 56
autopsies. Arch Pathol Lab Med 1985; 109: 727-34.
Cooper MS, Stewart PM. Corticosteroid insuffi-
ciency in acutely ill patients. N Engl J Med 2003;
348:727-34.

Drucker D, McLaughlin J. Adrenocortical dysfunc-
tion in acute medical illness. Crit Care Med 1986;
14:78991.

Beishuizen A, Thijs LG. Relative adrenal failure in
intensive care: an identifiable problem requiring
treatment? Best Pract Res Clin Endocrinol Metab
2001; 15:513-31.

Streeten DH. What test for hypothalamic-pitui-
tary-adrenocortical insufficiency? Lancet 1999;
354:179-80.

Centers for Disease Control and Prevention. 1993
revised classification system for HIV infection
and expanded surveillance case definition for
AIDS among adolescents and adults. MMWR
Recomm Rep 1992; 41(RR-17): 1-19.

Knaus WA, Draper EA, Wagner DP, Zimmerman
JE. APACHE II: a severity of disease classification
system. Crit Care Med 1985; 13: 818-29.
Gonzalez-Gonzalez JG, de la Garza-Hernandez NE,
Garza-Moran RA, Rivera-Morales IM, Montes-
Villarreal J, Valenzuela-Rendon J, et al. Prevalence
of abnormal adrenocortical function in human
immunodeficiency virus infection by low-dose
cosyntropin test. Int ] STD AIDS 2001; 12: 804-10.
Wolff FH, Nhuch C, Cadore LP, Glitz CL, Lhullier F,
Furlanetto TW. Low-dose adrenocorticotropin test

J Med Assoc Thai Vol. 90 No. 9 2007

17.

18.

19.

20.

21.

22.

23.

24.

25.

in patients with the acquired immunodeficiency
syndrome. Braz J Infect Dis 2001; 5: 53-9.

Marik PE, Kiminyo K, Zaloga GP. Adrenal insuffi-
ciency in critically ill patients with human immuno-
deficiency virus. Crit Care Med 2002; 30: 1267-73.
Smolyar D, Tirado-Bernardini R, Landman R, Lesser
M, Young I, Poretsky L. Comparison of 1-micro g
and 250-micro g corticotropin stimulation tests for
the evaluation of adrenal function in patients with
acquired immunodeficiency syndrome. Metabo-
lism 2003; 52: 647-51.

Hoshino Y, Yamashita N, Nakamura T, Iwamoto A.
Prospective examination of adrenocortical func-
tion in advanced AIDS patients. Endocr J 2002; 49:
641-7.

Piedrola G, Casado JL, Lopez E, Moreno A, Perez-
Elias MJ, Garcia-Robles R. Clinical features of
adrenal insufficiency in patients with acquired
immunodeficiency syndrome. Clin Endocrinol
(Oxf) 1996;45:97-101.

Pulakhandam U, Dincsoy HP. Cytomegaloviral
adrenalitis and adrenal insufficiency in AIDS. Am
J Clin Pathol 1990; 93: 651-6.

Muhlhofer A, Jung C, Gross M. Successful treat-
ment with ganciclovir of a HIV endstage patient
with adrenal insufficiency. Eur ] Med Res 1997; 2:
469-72.

Merrill JE, Koyanagi Y, Chen IS. Interleukin-1 and
tumor necrosis factor alpha can be induced from
mononuclear phagocytes by human immunodefi-
ciency virus type 1 binding to the CD4 receptor. J
Virol 1989; 63: 4404-8.

Bateman A, Singh A, Kral T, Solomon S. The im-
mune-hypothalamic-pituitary-adrenal axis. Endocr
Rev 1989;10:92-112.

Gaillard RC, Turnill D, Sappino P, Muller AF.
Tumor necrosis factor alpha inhibits the hormonal
response of the pituitary gland to hypothalamic
releasing factors. Endocrinology 1990; 127: 101-6.

1773



g 0 > o @ i C oA
FI’)'IN?H‘]J@\?II’I'J&‘JM@NWJJ’JT?ZEI‘VI"N’Iu@ﬂﬂ\ﬂ‘lJEJJ?J’JEIL@ﬁﬂ?’I@yoluﬂ’l‘?a‘:l.@ﬂﬂﬁﬁlﬂ£I"N’3ﬂﬂﬁl
3m Usearulng, a1s7 qunslesy, Usz@ns e, guan aaunszang

pamAntsnAinuvesiignluytheiadewtled laun nmsiemdausmivesmesmaanla Awgn
vsanazmssmsanlmineanaslugtagienatialumsunssarnilssanaaiuuanas lunimadeysnnses
#8313 adrenocorticotrophic (adrenocorticotrophic hormone, ACTH) uazinaumnATasEile wanainiy
EToﬁiT:ymElummﬂ@mm?w"wmﬂmm'@mwmnMug/yﬂ'fmﬁ@g'w?@Z;u'@;/'Yunwmé’uﬂ'f;ﬂ@ﬂ'w?nqﬁ nsdneil
’3\73\7’3”57{3ﬂ?;‘:ﬂﬂﬂiﬁ@ﬁﬂtﬂﬁ?’m?ﬂ%@dﬂ’7’3;’131,@117/711’3f7’ZEI'VIO’I\‘/”)‘MEMZNslugyi/’%ll,ﬂﬁmrﬁ@%I,LL@;’IZJJ’@g’quﬂﬁqﬁsﬂf]ﬁ
fﬁ)ﬁl?%ﬂ’?ﬁ‘%ﬁ)ﬁ@ﬂﬁlyﬂﬂﬂ’l?ﬂﬁ‘::ﬁl”uﬁ)”%lﬂ@?rhlu ACTH luauings mm?ﬁnmwu Tyiae 26 mﬂ'ﬁ'l,%fjﬂqmmﬁ
uhuge 19 e uasgmee 7 110 Tnedlengady 33.6 1 uasiidbszmans 22-46 il guae 12 uaz 14 710 oy
Lmzimﬂumomnz]mmmmu wuAmgnresazaanvianlavaanauily 19.2% (5 1 26 2e) uaz
30.8% (8 Tu 26 1) e lminoumnasiiastlngssaunasaTeaiignnssaugige < 18 uas < 25 lulasnin
mmmmmmmﬁu mm%mﬂu 8.3% uaz 26.6% szﬂQEl‘l/lﬂEILL@J’ZJJ@EIEZ‘LJﬂ?Q;‘,’Qﬂf]ﬁIﬁI’)JJ@’)ﬁ)LI Tngslainaum
sAUnaTATEaTIgNNIzAUgegn < 18 Tulasniunawmdans uazaamgniy 16.7% uas 42.9% lugiaeiiay
uazlueg lunnzingamusnsy Tneloinmmsssunasazeanignnrzaugegn < 25 Iulamiuneindans

Z‘mmvgz/mmgnﬂ@\?mom'@wwmnwa"wmmmﬁluiﬂomﬂﬂzvrﬁ@”mngomlvYugyﬂlozfﬁlflw'ﬁmf/@

wrledlunaglmnaynisdiadeaesssA LB ATATIgNNILAUGNAAINT [SHFN NITNARBLINITINIUIBNADN
wwanlaaaslaiunisyn luglaeenannaunivla lulzanenuia lvorazeguas lueg lun1a=ang A

1774 J Med Assoc Thai Vol. 90 No. 9 2007



