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It is accepted that individual susceptibility plays an important 
aetiopathogenic role in tuberculosis (TB) depending on 
the immunological strength of the person infected by 
Mycobacterium tuberculosis.1 The susceptibility might be genetic, 
acquired or both, but it is always expressed in the metabolism 
of the individual. The wasting syndrome present in many TB 
patients suggests an impaired insulin/glucose metabolism on 
the basis that insulin is a hormone of universal action, the main 
growth factor in the human body, and glucose qualitatively the 
main fuel.2

Various experimental methods and modelling approaches 
have been developed to assess the metabolism of insulin and 
glucose in humans.3 The oral glucose tolerance test (OGTT) is 
a very useful tool because of its simplicity and the reliability of 
the physiological and biochemical characteristics of the patient. 
Although the abovementioned modelling relates mainly to the 
diagnosis and assessment of diabetes, impaired insulin/glucose 
metabolism may occur in other pathological states too, and the 
same methodology can be applied to assess the insulin/glucose 

profile in these cases. Borderline diabetes has been reported 
in TB cases4 and diabetes has also been considered a risk 
factor for TB.5 Some other metabolic derangements have also 
been reported in TB.6 The question is whether the metabolic 
derangements are part of the clinical course of the disease, or 
whether people with these types of metabolic derangements 
are prone to TB. 

It is well known that only 5 - 6% of people infected with 
M. tuberculosis develop the disease,7 which is clear evidence 
that individual susceptibility plays an important role in the 
aetiopathogenesis of TB. It is not clear which part of the 
defence system is damaged or weakened in those people. 
The relationship between impaired cellular immunology 
and impaired insulin function has also been reported.8,9 This 
article reports on a study of the OGTT in untreated TB patients 
compared with a matched control group.

Material and methods

Sixty-three untreated TB patients were recruited from the 
Mthatha General Hospital pulmonary clinic; these patients 
came to the clinic with the classic symptoms of TB and the 
condition was confirmed by sputum analysis. The subjects 
were studied and compared with 89 apparently healthy 
sex- and age-matched volunteers as the control population. 
Height and weight were determined using an electronic 
scale. Standard OGTTs were performed in both groups in 
the morning (07h00 - 08h00) after an overnight fast.  Blood 
samples were taken from the antecuvital vein in a vacutainer 
with sodium fluoride/potassium oxalate as anticoagulant 
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Objective. To examine glucose tolerance in sputum-positive 
non-treated pulmonary tuberculosis (TB) patients as part of a 
general metabolic profile.

Subjects. Sixty-three sputum-positive non-treated patients (male 
and female) attending the pulmonary clinic at Mthatha General 
Hospital in the Eastern Cape and 89 apparently healthy sex-
and age-matched volunteers.

Methods. Sixty-three untreated TB patients who came to the 
Mthatha General Hospital’s pulmonary clinic with classic 
symptoms of TB, confirmed by sputum analysis, were 
recruited for the study. Eighty-nine apparently healthy sex-
and age-matched volunteers served as the control group. 
Anthropometric measurements were taken using an electronic 
scale. Standard oral glucose tolerance tests (OGTTs) were 
performed in both groups in the morning after an overnight 
fast. Anticoagulant-treated blood was analysed for glucose 

and insulin using Peridochrome Glucose (Boehringer 
Mannheim, Mannheim, Germany) and radioimmunoassay 
(RIA) (Diagnostic Products Corporation, Los Angeles, USA) 
respectively.

Results. There was sluggish response to glucose and insulin 
in the TB patient group compared with the control group. 
Glucose and insulin levels were significantly higher in patients 
at 0, 30, 60, 120, and 180 minutes. Analysis of variance gave the 
following p-values, viz. p = 0.0000, 0.0004, 0.0000, 0.0000 and 
0.0000 for glucose, and p = 0.0317, 0.0071, 0.0000, 0.0005 and 
0.0000 for insulin respectively. 

Conclusions. The results of this study suggest an altered 
glucose/insulin metabolism in TB patients. This might play an 
important role in the clinical course of the disease.
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(Vacutainer System, Becton Dickinson, Plymouth, UK) 
following the aseptic rules at 0, 30, 60, 120 and 180 minutes. 
Glucose levels in plasma were determined within 3 hours. 
Plasma for insulin testing was kept frozen (- 20oC) until 
analysed. Seventy-five grams of glucose dissolved in 300 
ml drinking water were given orally to each patient and 
to controls. Glucose was determined colorimetrically 
(Peridochrome Glucose, Boehringer Mannheim) using 
a Photometer 5010. Insulin level was determined by 
radioimmunoassay (RIA) (Coat-A-Count Insulin Diagnostic 
Products Corporation, Los Angeles, USA). Multivalent Control 
Module CONS6 was used as an external explorer sample. 
Data were analysed with Statistica-5, applying non-parametric 
methods whenever necessary. Patients were tested for HIV 
(IMX Abbott Diagnostic Division, Wiesbaden, Germany) with 
the patients’ consent.

Results

Results of the OGTT and insulin tests for patients and controls 
are presented in Figs 1 and 2. Glucose and insulin levels were 
found to be higher in patients than controls. Glucose peak 
was delayed for patients compared with controls. Further, it 
can be seen that glucose did not return to basal level in the 
patient group compared with controls. This was statistically 
significant for all 5 sampling times in a point-to-point analysis 
of variance (ANOVA) (breakdown and one-way ANOVA, 	
p = 0.0000, 0.0000, 0.0000, 0.0000, 0.000). With regard to insulin 
(Fig. 2) the pattern was more or less similar, with a delayed 
peak compared with controls and non-return to basal level 
in a point-to-point ANOVA (Kruskal-Wallis ANOVA median 
test, p = 0.0317, 0.0071, 0.0005, 0.0000, 0.0000). As expected, 
basal glucose distribution was normal and insulin log-normal 
(Fig. 3). The correlation between glucose and log-insulin was 
essentially different between TB patients and controls. As 
expected, in the normal population there was no correlation 
between plasma glucose and plasma log-insulin, while the 
figure was totally different in the patient group (Tables I 
and II). There was a positive correlation between these two 
metabolites (glucose/log-insulin). This might be an indication 
that these patients were in a critical metabolic state. Thirty-
two per cent of patients were confirmed HIV-positive and 
there was no significant statistical difference in any of the 
parameters between HIV-positive and negative patients. There 
was a significant difference in body mass index (BMI) values, 
viz. 19.58 and 23.80 for patients and controls respectively (p = 
0.0000, analysis of variance, breakdown and one-way ANOVA).

Discussion

The results obtained clearly show a sluggish OGTT for both 
glucose and insulin suggesting a partial glucose intolerance 
and also the possibility of a certain insulin dysfunction in the 
patient group compared with the control group. The normal 

OGTT is based on the absorption of glucose, which should 
peak in blood at 20 - 40 minutes, returning to basal level at 
90 minutes.6 Insulin secretion is triggered by increased level 
of glucose in blood plus some other intestinal factors.10 The 
insulin level should peak in blood at 30 - 40 minutes and 
should return to basal level at 180 minutes. Anything different 
from this pattern tends to be associated with pathological 
events. A flat pattern expresses improper intestinal-pancreatic 
physiology or diabetic-like state due to improper glucose and 
insulin uptake by the peripheral tissues. It has been established 
that a value above 7.8 mmol/l or 11.1 mmol/l of blood glucose 
at 120 minutes after oral glucose load is considered intolerant 
or diabetic.11 But between ‘diabetic’ or ‘intolerant’ and normal 
there is a gap, which looks to be associated with several 
pathological states (silent killer).12 

Glucose has been evolutionally selected as the main fuel 
for all type of cells; without it there is no proper biology in 
humans. Insulin, on the other hand, has been selected as the 
main growth factor in the body.2,13 Unfortunately for most 

Fig. 1. Point-to-point analysis of variance (breakdown and one-way 
ANOVA) of glucose level (mean ± standard deviation (SD)) between un-
treated TB patients and the control group (p = 0.000, 0.000, 0.000, 0.000 
and 0.0000) respectively for 0, 30, 60, 120 and 180 minutes.
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Fig. 2. Point-to-point analysis of variance (Kruskal-Wallis ANOVA me-
dian test) of insulin level (mean ± standard error (SE)) between untreated 
TB patients and the control group (p = 0.0317, 0.0071, 0.005, 0.0000 and 
0.0000) respectively for 0, 30, 60, 120 and 180 minutes.
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people its only role is the glucose uptake by the tissues, but 
the main role of insulin is intracellular with non-genomic 
or genomic actions.14,15 The half-life of insulin in plasma in 
humans is 6 - 8 minutes.16 As such the delayed clearance of 
insulin in blood that we observed in the TB group suggests an 
impaired insulin internalisation or insulin resistance, which 
causes an improper intracellular action of this hormone. 
Furthermore the positive correlation between glucose level in 
plasma and log-insulin in plasma suggests that those patients 
are in a critical metabolic state. In any normal population there 
is usually no correlation between fasting insulin and fasting 
glucose levels in plasma, but if any correlation is expected 
according to the insulin mechanism of action, it should be a 
negative correlation, more insulin less glucose in plasma or 
more glucose less insulin. This positive correlation is another 
suggestion that those patients are in an insulin resistance state. 

The relation between insulin action 
and the immunological mechanism of 
macrophages and lymphocytes has been 
well documented. It has been reported 
that insulin exerts a very strong effect on 
macrophage action by increasing pyruvate 
dehydrogenase (PDH) complex activity 
and some other enzymes that play an 
important role in their phagocyte capacity.17 
The same has also been found with regard 
to lymphocytes.18,19 The mechanism of TB 
infection and the difference between normal 
persons and those prone to developing TB 
depend precisely on the improper function 
of macrophages, lymphocytes or both.20 In a 
normal person infected with M. tuberculosis, 
macrophages and phagocytes are initially 
unable to destroy the bacteria. After some 
time sensitised lymphocytes attract and 

activate macrophages, which acquire a 
greatly enhanced phagocyte and destructive 

capability, destroying most of the micro-organism and forming 
the characteristic micro-granuloma. In this way the infection 
is arrested.20 The difference between being susceptible to TB 
or not probably depends on proper lymphocyte sensitisation/
macrophage activation. 

The factors regulating this immunological process should 
also be the target of therapeutic action in TB cases. It seems 
that insulin and glucose metabolism might play an important 
role in the process of lymphocyte sensitisation and macrophage 
activation. If the glucose-insulin metabolism is altered it 
can be expected that lymphocyte and macrophage function 
will also be altered, allowing the pathological course of TB. 
Unfortunately most therapeutic TB interventions are directed 
against the biology of the bacteria, with very little currently 
being done to restore host biology. 

Fig. 3. Distribution of fasting glucose (normal) and insulin (log-normal) (A1= glucose; A2 = 
insulin (patient); B1 = glucose; B2 = insulin (control)).
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Table I. Correlation coefficient (r) between glucose and log-insulin during the OGTT 

Variable 			   Log-insulin 0	 Log-insulin 30	 Log-insulin 60 	 Log-insulin 120	 Log-insulin 180

Control group
Glu0			       -0.13		         0.10		         0.13		           0.01		        -0.13
Glu30			       -0.14		         0.04		         0.09		           0.07		         0.04
Glu60			       -0.13		        -0.01		         0.06		           0.08		        -0.14
Glu120			      -0.11		        -0.27*		         0.06		           0.16		        -0.11
Glu180			       0.08		        -0.23		         0.04		          -0.05		         0.07

TB patients
Glu0			        0.50*		         0.16		         0.08		           0.25		         0.27*
Glu30			        0.14		         0.33*		         0.35*		           0.39*	         0.19
Glu60			       -0.04		         0.08		         0.30*		           0.43*	         0.29*
Glu120			      -0.10		        -0.02		         0.08		           0.29*        	         0.33*
Glu180			      -0.03		        -0.20		        -0.12		           0.12		         0.49*

* Statistical significance at least p < 0.05.
Glu = glucose.
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The results of the present study strongly suggest that insulin-
glucose metabolism is altered in TB patients. It has also been 
reported that a diabetic-like state is present in TB patients.4 On 
the other hand impaired glucose tolerance secondary to TB has 
also been reported.21 The immediate question is whether this 
metabolic derangement is characteristic of TB pathophysiology, 
or whether people with this derangement are prone to TB.  We 
believe that according to the aetiopathogenesis of the disease in 
which a poor immune response in the host plays an important 
role, the most logical explanation is that people with this 
derangement are prone to TB. Most importantly, in the battle 
against TB and increasing multidrug resistance the philosophy 
of solving this metabolic derangement should be introduced in 
the hope that it might improve host immunological strength, 
favouring the patients’ total cure and offering less chance of 
multi-drug resistance. 

References

1. 	 Abel L, Casanoba Jl. Genetic predisposition to clinical tuberculosis; bridging the gap between 
simple and complex inheritance. Am J Hum Genet 2000; 67: 274-277.

2. 	 Froesh ER, Zapp J. Insulin-like growth factors and insulin; comparative aspect. Diabetologia 
1986; 28: 485-493. 

3. 	 Hovorka R, Chassin L, Luzio SD, Playle R, Owens DR. Pancreatic beta-cell responsiveness 
during meal tolerance test: Model assessment in normal subjects and subjects with newly 
diagnosed noninsulin-dependent diabetes mellitus. J Clin Endocrinol Metab 1998; 83: 744-750.

4. 	 Karachunski MA, Kamiskaia GO, Belglarian MP. Clinical aspects of pulmonary tuberculosis 
in patients with borderline disorder of carbohydrate metabolism. Probl Tuberk 1993; 10: 16-17. 

5. 	 Muqusi F, Swai AB, Alberti KG, McLarty DG. Increased prevalence of diabetes mellitus in 
patients with pulmonary tuberculosis in Tanzania. Tubercle 1990; 71: 271-276.

6.	 Roussos A, Lagogianni I, Gonis A, et al. Hypercalcemia in Greek patients with tuberculosis 
before the initiation of anti-tuberculosis treatment. Respir Med 2001; 95: 187-190.

7. 	 Murraya PT. Defining the requirements for immunological control of mycobacterial 
infections. Trends Microbiol 1999; 7: 366-372.

8. 	 Whiteley PJ, Jensen PE, Pierce CW, Abruzzini AF, Kapp JA. Helper T-cell clones that 
recognize autologous insulin are stimulated in nonresponder mice by pork insulin. Proc Natl 
Acad Sci USA 1988; 85: 2723-2727. 

9. 	 Naquet P, Ellis J, Kenshole A, Semple JW, Delovitch TL. Sulphated beef insulin treatment 
elicits CD8+ T-cell that may abrogate immunologic insulin resistance in type I diabetes. J Clin 
Invest 1989; 84: 1479-1487.

10. 	 Van Cauter E, Mestrez F, Sturis J, Polonsky KS. Estimation of insulin secretion rates from 
C-peptide levels. Comparison of individuals and standard kinetic parameters for C-peptide 
clearance. Diabetes 1992; 41: 368-377.

11.	 Harris MI, Hadden WC, Knowler WC, Bennett PH. Prevalence of diabetes and impaired 
glucose tolerance and plasma glucose levels in US populations aged 20 - 74 yr. Diabetes 1987; 
36: 523-534.

12. 	 National Diabetes Data Group. Classification and diagnosis of diabetes mellitus and others 
categories of glucose intolerance. Diabetes 1979; 28: 1039-1057. 

13. 	 Pyorala K. Relationship of glucose tolerance and plasma insulin to the incidence of coronary 
heart disease: results from two population studies in Finland. Diabetes Care 1979; 2: 131-141.   

14. 	 Smith RM, Harada S, Jaret L. Insulin internalisation and other signalling pathways in the 
pleiotropic effects of insulin. Int Rev Cytol 1997; 173: 243-248.

15. 	 Printz RL, Koch LR, Potter RM, O’Doherty. Hexokinase II mRNA and gene structure. 
Regulation by insulin and evolution. J Biol Chem 1993; 268: 5209-5219.

16. 	 Drever M, Matthei S, Kuhnau J, Rudiger HW. Prolonged plasma half-life of insulin in 
patients with a genetic defect of high affinity binding sites. Horm Metab Res 1986; 18: 247-249. 

17. 	 Pereira B, Costa Rosa LFB, Safi DA, Bechara EJH, Curi R. Hormonal regulation of 
superoxide-dismutase, catalase, and glutathione peroxidase activities in rat macrophages. 
Biochem Pharmacol 1995; 50: 2093-2098.

18. 	 Curto M, Piccinnini M, Cerutti F, et al. The insulin signal and its effects on the pyruvate 
dehydrogenase complex in circulating lymphocytes of obese children. Int J Biochem 1992; 24: 
831-837.

19. 	 Rabbone I, Piccinini M, Curt M, et al. Molecular effects of sulphonylurea in circulating 
lymphocytes of patients with non-insulin-dependent diabetes mellitus. Br J Clin Pharmcol 
1998; 45: 291-299.

20. 	 Flynn JL, Ernst JD. Immune response in tuberculosis. Curr Opin Immunol 2000; 12: 432-436.   

21. 	 Centis R, Ianni A, Migliori GB. Evaluation of tuberculosis treatment results in Italy, report 
1998. Monaldi Arch Chest Dis 2000; 55: 293-298.

Accepted 12 January 2007. 

Table II. Descriptive statistics for glucose and insulin at different points during the OGTT                                          

			   Mean   			   Standard deviation			   Standard error 

TB patients 
Glu0	                		  4.94148 	   		           0.69577	  		       0.089085
Glu30			   6.98233	                 		          1.28118			        0.165400
Glu60			   7.17017	                 		          1.92479			        0.248490
Glu120			  6.17705	                 		          1.69297			        0.216762
Glu180			  5.11131	                 		          1.61673			        0.207001
Insu0 			   6.95377	                 		          4.11277			        0.526586
Insu30	               		  24.43700			            17.11464			        2.209491
Insu60	               		  31.64783			            25.44571			        3.285027
Insu120		  25.63600			            18.28743			        2.360897
Insu180   		  15.83131			            12.88091			        1.649232

Controls                                         		     	
Glu0			   4.48975			            0.40679			        0.045480
Glu30			   5.79064			            1.20409			        0.136337
Glu60			   5.09532			            1.24968			        0.142414
Glu120			  4.41152			            0.69346			        0.078021
Glu180			  3.46987	  		           0.75367			        0.085336
Insu0			   5.75789			            2.45801			        0.269801
Insu30			   17.55458			            13.64728			        1.497983
Insu60			   16.86220			            10.69280			        1.180823
Insu120		  13.31384			            9.35090			        1.032634
Insu180		  7.55031			            7.50920			        0.839554

Glu = glucose; Insu = insulin.
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