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Tuberculosis is a cause of adrenal insufficiency. Impaired glucose tolerance (IGT) test has been observed very frequently 
in tuberculosis patients. To determine of relation between glucose intolerance and adrenal function, it was studied on 
newly diagnosed adult patients with pulmonary tuberculosis. While 18 patients had impaired glucose tolerance test, 37 
patients had normal test. Adrenal functions were tested by using ACTH stimulation test. Basal and stimulated Cortisol 
levels were studied in all patients with abnormal glucose tolerance test, while only 22 of 37 patients with normal glucose 
tolerance could be studied for basal and stimulated Cortisol levels because of technical reasons. In each group, after 
ACTH stimulation, Cortisol levels were higher than basal Cortisol levels. But there were no significant difference between 
two groups for basal and after stimulation Cortisol levels, weight, height, body mass index (BMI), drug resistancy, duration 
of history and extention of diseases. However mean age of IG T group was higher than other group. We suggest that IG T 
is not related to adrenal gland function but to old age and infection in tuberculosis patients. 
[Turk J Med Res 1995; 13(1): 21-24] 
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Impaired glucose tolerance has been shown in some 
patients with pulmonary tuberculosis (1-3) and this has 
been attributed to the re lease of some hormones 
( A C T H , Cort isol , g lucagon) in response to st ress 
caused by tuberculosis infection (4). Also, with A C T H 
stimulation or dexamethasone suppression, significant 
changes in the levels of Cortisol have been found (5). 
In this study, basal and stimulated Cortisol levels have 
been investigated in pulmonary tuberculosis patients 
with and without abnormal glucose tolerance. 

MATERIALS AND METHODS 
The study included 55 newly diagnosed pulmonary 
tuberculosis patients with acid fast bacteria positive 
sputum. Chest films were taken in each patient. Exten
tion of the disease in the chest films was classified as 
minimal, moderate and far advanced by using NTA 
(National Tuberculosis Association of USA) criteria (6). 
Mean age of the group was 32+0.4. None of the 
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patients had history of diabetes mellitus and fasting 
blood glucose levels were less than 140 mg/dl in all 
patients. Patients with malnutrition, gastrointestinal sys
tem d i sease , another concomitant infect ion, and 
patients who underwent surgical intervention or who 
were on medicat ions that could influence g lucose 
tolerance were excluded from the study. The diet of 
the patients contained at least 150 gr of carbohydrate 
per day and physical activity of the patients were not 
restricted. Blood samples for fasting glucose level 
were taken following 10 hours of fasting in the morn
ing. After oral administration of 75 gr glucose, blood 
g lucose levels were checked at 30 , 60, 90, 120 
minu tes . T h e resu l ts were e v a l u a t e d by us ing 
Amer ican Diabetes Assoc ia t i on cr i ter ia. Impaired 
glucoses tolerance was found in 18 of 55 patients. 
Basal and stimulated Cortisol levels were studied in all 
patients with abnormal glucose tolerance could be 
studied for basal and stimulated Cortisol levels be
cause of technical reasons. Basal Cortisol levels were 
measured in blood samples drawn at 8 a.m. and 
stimulated Cortisol levels were measured one hour 
after intramuscular injection of tetracosactrin (0.25 mg). 
Normal values for basal Cortisol were taken as 150-
600 nmol/L. After stimulation with A C T H , an increase 
more than 300 nmol/L from baseline was accepted as 
positive, an increase between 200-300 nmol/L as 
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suspicious and an increase less than 200 nmol/L as 
negative. Cortisol levels were determined by using 
standard RIA kit (Amerlex, Cortisol RIA kit). Measuring 
scale was 0-1700 nmol/L (0-60 microg/ml). 

Stat is t ica l ana lys is was performed by using 
student's t Test chi-square test and Fisher's test. 

RESULTS 
Oral glucose tolerance test was found abnormal in 18 
of 55 patients (32.7%). Mean age of patients with im
paired glucose tolerance and normal glucose tolerance 
test was 38.7+0.2 and 29.8+0.3 respectively. There 
were no significant difference between two groups for 
weight, height, body mass index (BMI), drug resis-
tancy, duration of history and extention of diseases. 
Patient characteristics and chest film findings have 
been shown in Table 1 and 2. In the group with im
paired glucose tolerance basal and stimulated Cortisol 
levels were 405.6+0.5 nmol/L and 614.4+0.5 nmol/L 
while in the group with normal glucose tolerance these 
values were 409+0.4 nmol/L and 654.4+0.5 nmol/L 
respectively. In each groups, the difference in basal 
and s t imula ted Cortisol l eve ls were s ta t is t ica l ly 
signficant (p<0.05). There was no statistically s ig
nificant difference between two groups in basal and 
stimulated Cortisol levels (p>0.05) (Table 3). In im
paired glucose tolerance group, the response to A C T H 
stimulation was found positive in 4 cases suspicious in 
4 c a s e s and negat ive in 9 c a s e s , whi le normal 

Table 1. Patient characteristics 

Normal GT Impaired GT (1) 

Age 29.8+0.3 38.7+0.2* (t=3.18) 
Height 169.5+0.4 cm 168.0+0.1 cm"(t=1.96) 
Body Weight 61.1+0.8 kg 59.1+0.2 k g " (t=1.95) 
Body Mass Index 0.36 0.35" (t=1.95) 
Duration of disease 

0-6 mo. 15 14" 
over 6 mo. 7 14 

Drug Resistance 
Yes 7 6 " 
No 15 12 

*p<0.05 "p>0.05 
(1 ): GT: Glucose tolerance test 

Table 2. Classif icat ion of the d isease on the chest 
radiographs 

Classification Normal GT Impaired GT (1) 

Minimal 4 2 
Moderately advanced 14 11 
Far advanced 5 4 

"p>0.05 (Fisher's exact chi-square) 
(1): GT: Glucose tolerance test 
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Table 3. Cortisol levels of patients 

Normal GT Impaired GT (1) 

Basal Cortisol 
Levels (nmol/L) 409.0+0.4 405.6+0.5" (t=1.96) 

After Stimulation 
Cortisol levels (nmol/L) 654.4+0.5 614.4+0.6" (t= 1.98) 

"p>0.05 
(1): GT: Glucose tolerance test 

Tablo 4. Responses to A C T H stimulation 

Response Normal GT Impaired GT (1) 

Positive 9 4 " 
Negative 9 1 0 " 
Suspicious 4 4 " 

"p>0.05 (Fisher's exact chi-suquare) 
(1): GT: Glucose tolerance test 

glucose tolerance group had 9 positive, 4 suspicious, 
and 9 negative responses. Cortisol response to A C T H 
stimulation between the two groups was not statistical
ly significant (p>0.05) (Table 4). 

DISCUSSION 
The relationship between active pulmonary tuberculosis 
and impaired glucose tolerance has been noticed for 
long time with a reported incidence of 8.8% to 4 1 % in 
different studies (1-3,7,8). In our study the incidence of 
abnormal glucose tolerance was found 32.7%. It has 
been proposed that abnormal glucose tolerance is a 
result of increased levels of anti-insulin hormones 
released as acute phase reactants in response to the 
infectious process caused by tuberculosis and it would 
improve with the treatment of infection (4). In one 
study there was no statistically significant difference in 
impaired glucose tolerance between tuberculosis and 
non-tuberculosis infection patients (7). 

The tetracosactrin stimulation test is used to ex
amine the secretory potential of the adrenal cortex. A 
wide variety of methods are ava i lab le for A C T H 
stimulation test (9-11). We adapted the test which was 
developed by Wood JB . Wood et al showed that the 
initial plasma Cortisol response to a single intramus
cular injection of 0.25 mg tetracosactrin was similar to 
the maximal response to porcine corticotropine given 
by in t ravenous in fus ion (9). The i n t ramuscu la r 
te t racosac t r in test was found to be reasonab l y 
reproducible and accurate (5,9,12). 

Adrenal cortical function has been investigated in 
a number of studies. Barnes et al (13) have found 
e levated Cortisol l eve ls in 3 9 % and insuf f ic ient 
response to A C T H stimulation in 8% of the cases. In 
another study, insufficient response to A C T H stimula-
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OGTT bozuk akciğer tüberkülozlu hastalarda 
adrenal bez fonksiyonları 

Tüberküloz adrenal yetmezliğin bir nedenidir. Oral 
glukoz tolerans test (OG TT) bozukluğu tüberküloz
lu hastalarda yüksek oranda izlenmektedir. OGTT 
bozukluğu ve adrenal bez fonksiyonu arasındaki 
ilişkiyi incelemek amacı ile yeni tanı konmuş 55 
erişkin akciğer tüberkülozlu hasta üzerinde çalışıl
dı. 18 olguda glukoz tolerans testi bozuk bulunur
ken 37 olguda normaldi. Teknik nedenlerden do
layı 37 normal OGTT'li hastanın 22'sinde bozuk 
OGTT'li hastaların ise hepsinde ACTH stimü-
lasyon testi ile adrenal fonksiyonlar araştırıldı. 
ACTH uyarımı sonrası kortizol düzeyleri her iki 
grupta bazal düzeyden anlamlı olarak yüksek bu
lundu. Ancak gruplar arasında anlamlı fark yoktu. 
Boy, vücut ağırlığı, vücut kitle indeksi (BMI), ilaç 
direnci, hastalık süresi ve yaygınlık açısından da 
iki grup arasında fark izlenmedi. Ancak glukoz to
lerans testi yüksek olan grupta yaş ortalaması 
diğer gruptan anlamlı yükseklik gösterdi. OGTT bo
zukluğunun adrenal bez fonksiyonları ile ilişkili ol
madığı, ileri yaş ve enfeksiyon durumu ile ilgili ol
duğu sonucuna varıldı. 
[TurkJMedRes 1995; 13(1): 21-24] 

tion has been shown in 55% of African tuberculosis 
patients (12). In one study there was no statistically 
significant difference in adrenal cortical function be
tween tuberculosis and non-tuberculosis patients (14). 

Sr ivastava et al (16) demonstrated that newly 
diagnosed tuberculosis patients had higher plasma Cor
tisol levels than normal subjects and this was inversely 
correlated with the duration of the disease. Sarma et 
al (5) found elevated levels of Cortisol in tuberculosis 
patients compared to normal subjects, but response to 
A C T H stimulation was higher in normal subjects com
pared to tuberculosis patients (5). 

In our study, adrenal insufficiency was found to
tally hi 19 cases (48%). Negative adrenal response to 
A C T H stimulation between 8% and 5 5 % in other 
studies (12,13). These different, results may be due to 
extention, severity and duration of the disease. Ellis et 
a l o b s e r v e d that insuf f ic ient ad rena l r e s p o n s e 
d e c r e a s e d with an t i - tubercu los is t reatment. Our 
patients also had no treatment before and during 
A C T H stimulation. Tuberculosis is a cause of adrenal 
failure (13). In developed countries tuberculosis in
cidence has declined. So its importance in the etiology 
of adrenal failure has diminished. But tuberculosis is 
still a serious problem in our country (15) and we can 
expect high rate of adrenal insufficiency in tuberculosis 
patients. 

In this study adrenal function was investigated 
between two groups of pulmonary tuberculosis patients 
with normal and abnormal glucose tolerance. The two 
groups were not different in regard to body weight, 
height, duration and extention of disease (Table 1-2). 
We did not find any difference in basal Cortisol levels 
between two groups (Table 3) (p>0.05). 

After stimulation with A C T H , Cortisol levels in
creased in both groups significantly. In normal glucose 
tolerance group this increase was more prominent but 
the comparison of the two groups revealed no sig
nificant difference (Table 3) (p>0.05). In some studies, 
Cortisol response to A C T H st imulat ion has been 
reported to be lower in patients with tuberculosis com
pared to normal people (5,12) while in some other 
studies no difference has been found (13,14,17). The 
differences in these results may be due to different 
patient groups differences in extent of disease and in 
treatment in various studies. 

Mean age of abnormal glucose tolerance group 
was higher than normal g lucose to lerance group 
(p<0.05). Age is a known factor affecting glucose 
tolerance (17). 

We conclude that impaired glucose tolerance is a 
frequent finding in patients with pulmonary tuberculosis 
but there is no clear relationship between abnormal 
glucose tolerance and basal or stimulated Cortisol 
levels. Impaired glucose tolerance in patients with pul
monary tuberculosis may be due to an acute phase 
reaction to infection and also may be related to other 
factors such as age. 

REFERENCES 
1. Nichols GP. Diabetes among young tuberculosis patients. A 

review of the association of the two-diseases. Am Rev Tu
bercle 1957; 76:1016-9. 

2. Bloom JD. Glucose intolerance in pulmonary tuberculosis. 
Am Rev Respir Dis 1969; 108:38-41. 

3. Zack MB, Puikerson LL, Stein E. Glucose intolerance in 
pulmonary tuberculosis. Am Rev Respir Dis 1973; 
1008:1164-8. 

4. Oluboyo PO, Erasmus RT. The significance of glucose 
intolerance in pulmonary tuberculosis. Tubercle 1990; 
71:135-8. 

5. Sarma GR, Immanuel C, Ramachandran G et al. Adreno
cortical function in patients with pulmonary tuberculosis. Tu
bercle 1990;71:277-82. 

6. Brown L. The classification of pulmonary tuberculosis. JA
MA 1990; 5(52):341-9. 

7. Gülbaş Z, Erdoğan Y, Balcı S. Impaired glucose tolerance 
in pulmonary tuberculosis. Eur J Respir Dis 1987; 
71:345-7. 

8. Mugusi F, Swai AB, Alberti KG et al. Increased prevalence 
of diabetes mellitus in patients with pulmonary tuberculoses 
in Tanzania. Tubercle 1990; 71 (4):271 -6. 

9. Wood JB, James VHT, Frankland AW et al. A rapid test of 
adrenocortical function. Lancet 1965; 1:243-5. 

Turk J Med Res 1995; 13 (1) 



T 

24 
10. Greig WR, Browing MCK, Boyle JA et al. Effect of the syn

thetic polypeptide beta-24 (synacten) on adrenocortical 
function. J Endocrin 1966; 34:411-2. 

11. Thorn GW, Forsham PH, Prunty FTG et al. A test for adre
nal cortical insufficiency. JAMA 1948; 37(12): 1005-9. 

12. Ellis ME, Tayyoub F. Adrenal function in tuberculosis. Br Dis 
Chest 1986; 80:7-12. 

13. Barnes DJ, Naraqi S, Temu P et al. Adrenal function in 
patients with active tuberculosis. Thorax 1989; 44:422-4. 

14. York EL, Enarson DA, Nobert AJ. Adrenocortical function in 
patients investigated for active tuberculosis. Chest 1992; 
101 (5):1338-41. 

İLHAN, ÇOPUR, ERYILMAZ, ERBİL, ÖRSEL, BAŞAY 

15. Srivastava RML, Mukarji PK, Bhangaves KP et al. A study 
of plasma Cortisol in pulmonary tuberculosis. Indian J Tu-
berc 1990; 27:3-6. 

16. Çelenk M. Tüberküloz epidemiyolojisi. T Klin Tıp Bilimleri 
1994; 6(14):391-403. 

17. Immanuel C, Sarma GR, Krishnamurthy PV. Salivary Corti
sol in the assesment of adrenocortical function in patients 
with pulmonary tuberculosis. Indian J Med Res 1992; 95:1-
7. 

18. Wilson JD, Foster DW. Textbook of endocrinology. Philadel
phia: WB Saunders Company, 1985; 1019-20. 

Turk J Med Res 1995; 13 (1) 


