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n INTRODUCTION

One hundred and 35 years ago, Robert Koch 
reported at the Berlin conference that he has 

discovered an agent distinguishable from all the 
previously known bacilli - the cause of tuberculo-

sis (TB). At the mid 20th century, potent anti-tuber-
culosis drugs appeared and, together with overall 
measures of TB control, led to decline of TB in-
cidence in many countries. However, contrary to 
expected TB elimination, worsening of the epide-
miologic situation in the 1990s happened, and the 
World Health Organization (WHO) declared TB 
a global emergency [1]. Increasing number of im-
mune deficient people in the world and emerging 
problem of drug resistant TB are still the main ob-
stacles of successful TB control. Thus, even at the 
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A previously known association of tuberculosis (TB), 
now a global emergency, with diabetes mellitus (DM), a 
chronic disease of increasing prevalence worldwide, has 
resurfaced. DM is a recognised TB risk factor and M. tu-
berculosis infection usually disturbs glycoregulation. We 
aimed to estimate DM prevalence among TB patients 
and to analyse clinical and radiologic manifestations of 
TB in this group. The cross-sectional study included 1017 
patients discharged with a TB diagnosis from a tertiary 
level facility in a five-year period. After exclusion of 128 
patients with TB sequelae, we selected 889 patients with 
confirmed active TB, and the final selection led to 88 sub-
jects with both active TB and DM. DM was found in 9.89% 
of active TB patients. Testing hypotheses for single-sam-
ple proportions showed that the prevalence was signifi-
cantly higher than the prevalence in the general popu-
lation (p<0.01). The average patient age was 60.47±14.88 
years (range: 20-88), while the male/female ratio was 
2.26. We found pulmonary TB in 96.3% of the 88 subjects, 
and extrapulmonary in 3.4%, the latter more frequently 
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in women (p=0.08). Cavities were more frequently found 
in tobacco smokers compared to non-smokers (p=0.002) 
and in patients living in rural settings (p=0.002); haemop-
tysis was detected more frequently in men compared to 
women (p=0.044). Half of the patients had no fever at all, 
and only 14.8% had tachycardia. Auscultatory findings 
were positive in 57 (64.8%) patients. Radiographic chang-
es were atypical in 17/88 (19.3%) patients and included 
pulmonary bases in seven patients, upper lobe anterior 
segment, and disseminated miliary pattern in two pa-
tients. DM prevalence is significantly higher among TB 
patients compared to the general population. The mean 
age of TB patients with DM is significantly higher than 
expected in TB patients alone. Knowledge of TB clinical 
and radiologic variations in this group of patients may 
reduce the delay in TB diagnosis with its clinical and epi-
demiologic consequences.

Keywords: tuberculosis, diabetes mellitus, symptoms, 
signs, radiography, diagnosis, risk factor.



23Diabetes mellitus in tuberculosis patients

beginning of the 21st century, TB is a major public 
health problem in many countries. In 2014, 9.6 
million people developed active TB worldwide 
and 1.5 million of them died from a curable dis-
ease [2]. 
HIV infection is the most important risk factor for 
developing TB in the subject infected with M. tu-
berculosis [3, 4]. Many other factors also may dis-
turb human immunologic homeostasis and lead 
to active TB disease: diabetes mellitus, alcoholism, 
tobacco smoking, malignant diseases, cortico-
steroid and other immune supressive treatment, 
stress, malnutrition, chronic renal failure, surgery, 
post-transplant conditions etc. [1, 3-6]. As a meta-
bolic disorder that weakens the immune system, 
diabetes mellitus is one of the most important risk 
factors for developing active TB disease even in 
the countries with high HIV prevalence such as 
South African settings [7, 8].
Diabetes mellitus (DM) is a widely distributed 
chronic disease with constantnly increasing in-
cidence worldwide. In 2012, 1.5 million people 
died from DM and its complications, with highest 
mortality rates in the least developed and poorely 
developed countries [9]. Contemporary life style 
with excessive stress, wrong dietary habits and 
low physical activity certainly contribute to DM 
pandemy. Inadequate DM control is associated 
with numerous complications such as loss of vi-
sion, terminal renal insufficiency, diabetic foot, 
atherosclerosis, coronary artery disease, polyneu-
ropathy to mention just the most frequent. 
The lung is a target organ in DM and pulmonary 
involvement is closely related to other vascular 
complications [10]. DM causes a basal membrane 
thickness, a decrease in lung elasticity and neu-
ropathy, which may affect basic lung functions. 
Due to the cellular and humoral immunity defects 
in diabetic subjects, both acute and chronic lung 
infections, including TB, are frequently seen in 
DM patients while some rare infectious diseases 
are associated with high mortality and morbidity 
[11, 12]. 
The association of TB and DM was observed long 
time ago and many epidemiologic studies have 
confirmed the association as significant one [7, 
13]. Patients with DM are at 2-3 folds higher risk 
for developing active TB compared to subjects 
without DM. The risk is even higher in those with 
poor glucose regulation being the highest during 
the first two years after DM diagnosis and tends 

to decrease thereafter [14, 15]. DM also increases 
the risk of TB treatment failure, relapse, and death 
[9, 15-17]. Together with factors such as age, TB 
history, and clinical form, DM may influence time 
to sputum smear and culture conversion [3]. In a 
Turkish study, DM was the only factor that pro-
longed time to sputum smear conversion [11]. 
During TB infection, common glucose metabolic 
disturbances are observed: hyperglycaemia, hy-
perinsulinaemia, and dicreased glucose tolerance. 
On the other hand, those metabolic disturbances 
lead to changes in immune system that increase 
TB susceptibility.
We aimed to study the prevalence of DM in pa-
tients with TB hospitalized at a tertiary level 
health care facility during a five-year period, and 
to analyse the clinical and radiologic TB manifes-
tations in relation to known typical features of the 
disease.

n PATIENTS AND METHODS

The cross-sectional observational retrospective 
study based on medical data included all the 
subjects discharged from the University Hospital 
of Pulmonology, Clinical Center of Serbia in Bel-
grade, Serbia, between January 1st 2011 and De-
cember 31st 2015 with diagnosis of TB and DM. 
From a total number of 1017 patients discharged 
with diagnosis of TB, 128 patients with TB sequel-
ae were excluded from the study and, out of 889 
patients with active TB disease, 88 subject were 
selected due to the associated diagnosis of active 

Figure 1 - Data flow chart shows the process of the 
patients selection that has led to study group of 88 
patients with associated active tuberculosis (TB) and 
diabetes mellitus (DM).
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TB and DM (Figure 1). The patients’ data were an-
alysed for socio-demographic, clinical and radio-
logic features of TB. 
Data were entered to a self-created questionnaire 
and then to Microsoft Excel table worksheet. Sta-

Figure 2 - Lung cavities at chest x-ray of TB patients 
with diabetes mellitus and tobacco smoking habitus.

Table 1 - Characteristics of the patients with active tu-
berculosis and diabetes mellitus (N=88).

Characteristic Variant Value

Age (years) Mean
Range

60.47±SD
20-88

Sex Male
Female

61 (69.3%)
27 (30.7%)

Residence Rural
Urban

17 (19.3%)
71 (80.7%)

Profession Worker
Clerk
Other
Unemployed
Unknown

5 (5.7%)
1 (1.1%)

39 (44.3%)
8 (9.1%)

35 (39.8%)

Tobacco smoker No
Yes
Unknown

29 (33%)
29 (33%)

30 (34.1%)

Cough No
Yes

19 (21.6%)
69 (78.4%)

Hemoptysis No
Yes

70 (79.5%)
18 (20.5%)

Dyspnea No
Yes

38 (43.2%)
50 (56.8%)

Chest pain No
Yes

76 (86.4%)
12 (13.6%)

Night sweating No
Yes

68 (77.3%)
20 (22.7%)

Anaemia No
Yes

42 (47.7%)
46 (52.3%)

Tachycardia No
Yes

75 (85.2%)
13 (14.8%)

Auscultatory 
findings

Negative
Positive

31 (35.2%)
57 (64.8%)

Fever No
Yes

43 (48.9%)
45 (51.1%)

Localization Pulmonary
Extrapulmonary

85 (96.6%)
3 (3.4%)

Cavity on Chest 
X-ray

No
Yes

50 (56,8%)
38 (43,2%)

Sputum smear AFB-
AFB+

33 (37.5%)
55 (62.5%)

Radiographic 
presentation

Typical
Atypical

71 (80.7%)
17 (19.3%)

AFB = acid fast bacilli.

tistical analysis was performed by means of the 
IBM SPSS Statistics 19 program. Significance of 
differences was tested by Pearson χ2 test. The 
significance levels were set at 0.01<p≤0.05 (statis-
tically significant) and p≤0.01 (highly statistically 
significant). Test of hypotheses for single-sample 
proportions was used to test difference between 
prevalence of DM among TB patients and prev-
alence of DM in the general population of Serbia 
that was 8.2% [18, 19]. 

n RESULTS 

The study group consisted of 88 patients (aver-
age age 60.47±14.881 years), whose socio-demo-
graphic, clinical and radiologic characteristics are 
presented in Table 1. The group represents 8.65% 
of all the patients with diagnosis of TB hospital-
ized at the study period and 9.89% of all active 
TB patients. Test of hypotheses for single-sam-
ple proportions showed that the prevalence of 
DM among TB patients was significantly higher 
than prevalence in general population of Serbia. 
(p<0.01) [19].
Pulmonary TB was found in 96.3% and extrapul-
monary TB in 3.4% of the patients, the latter more 
frequently in women compared to men (p=0.08).
Physical examination revealed positive lung aus-
cultation findings in 57 (64.8%) patients and fever 
in 45 (51.1%). Hemoptysis was more frequent in 
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men compared to women (p=0.04). A half of the 
patients suffered from anaemia and only 14.8% 
had tachycardia. 
Typical TB radiologic changes on chest X-ray 
were found in 71 (80.7%) patients while in 17/88 
the changes included basal pulmonary lesions in 
seven, upper lobe anterior segment and dissemi-
nated pattern in two patients. Lung cavities were 
found more frequently in smokers (20/29) com-
pared to non-smokers (8/29) (p=0.002) (Figure 
2), as well as in those patients from rural settings 
(13/17) compared to urban (25/71) (p=0.002) 
(Figure 3). There was no significant difference in 
tobacco smoking status between TB patients from 
rural and urban settings.

n DISCUSSION

Our five-year cross sectional analysis of the pa-
tients with synchronous existance of active TB 
and DM showed that proportion of DM among 
TB patients was significantly higher than the pro-
portion in general population of Serbia [19]. 
Average age of our patients was significantly 
higher compared to that of TB patients in domes-
tic and majority of international settings [2, 3, 18, 
20, 21]. Pulmonary TB is usually equally distrib-
uted by sex in childhood and adolescence, and 

incidence rate increases thereafter in men com-
pared to women in the majority of countries. Typ-
ical pulmonary TB patient is a man in the most 
productive age of the fourth and fifth decades 
of life. In a new study, apart from DM, age <50 
years was among the factors independently asso-
ciated with pulmonary TB [21]. In the elderly, TB 
incidence shows tendency to increase in both men 
and women. It reached dramatic increasing time 
trend during the last decades in Serbia, especially 
in subjects above 70 years [22]. Increasing trend in 
the elderly might denote the tail of TB epidemic 
in some countries with successful TB control pro-
grams but it also may suggest multiple associated 
TB risk factors of the societies in transition. In Fin-
land, within just 30-40 years the median age of TB 
patients increased by 30 years, moving from the 
generation of parents to the generation of grand-
parents [3]. An Italian study of TB epidemiology 
in the province of Prato, Tuscany Region, Central 
Italy, showed significant difference in median age 
of foreign-born TB patients  (34 years) compared 
to Italian-born subjects (63 years) [23]. Revision of 
traditional statement that typical TB patient be-
longs to the fourth or fifth decade of life requires 
more complex consideration including ethnicity. 
In a multicenter study which also included do-
mestic Serbian TB patients, average patients’ age 
was 44 years [20]. Having all these in mind to-
gether with results of our study, elderly with DM 
might be a target group for active TB case detec-
tion [24]. 
Cough is the most common symptom of respira-
tory disease, including TB, and hemoptysis ap-
pears in about 20% of TB patients [3, 6, 19, 25]. 
While absence of cough in TB suspects young-
er than 50 years contributes positively to newly 
proposed TB score, our study showed that cough 
stayed as a dominant symptome of pulmonary TB 
in patients with DM [21]. Typically, about 20% of 
them had hemoptysis [3,6]. When happened, he-
moptysis was more frequent in men. In a Turkish 
study, hemoptysis has not been found in DM pa-
tients with TB at all [26]. 
Fever is usual feature of an infectious disease. In 
TB, it may be missing in 19% of the patients, pre-
dominantly in the elderly or those with DM [3]. 
Almost a half of our patients with DM have not 
had febrile reactions. 
When it comes to radiographic presentation, we 
found atypical pulmonary TB changes in one fifth 

Figure 3 - Lung cavities frequency in TB patients with 
diabetes mellitus (N=88) in dependence of living area 
(rural/urban).
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of patients, most commonly presented as lower 
lobe basal shadows. The atypical findings at chest 
– X-ray and absence of fever may initially suggest 
a disease other than tuberculosis.
Tobacco smoking is a recognized TB risk factor, 
found in 37% of our patients. Due to high pro-
portion of the patients with unknown tobacco 
smoking status (disadvantage of a retrospective 
study), we may assume that the proportion might 
be much higher as documented in previous TB 
studies [20, 27]. If the patients with synchronous 
TB and DM in our study were smokers, cavitary 
leasion on chest radiographies prevailed. It is 
documented that tobacco smoking affects cellular 
and humoral immunity [28, 29]. Tobacco smoke 
contents leads to dysfunction of T and B lympho-
cytes. It is concerned that nicotine is the substance 
with immunosupressive effect. It plays an import-
ant role in subverting macrophage control of M. 
tuberculosis infection [29]. Alveolar macrophage 
has a key role in TB defense mechanisms and to-
bacco smoking causes apoptosis of the cells and 
disturbs their phagocytic role. Apart from that, 
pulmonary architectonics is not protected enough 
due to increased inflammatory response. All of 
these contribute to bacillary amplification and the 
ability of M. tuberculosis to express the pathogen-
ic effects. That is why it has not been surprising 
to reveal more advanced cavitary forms of TB in 
our smoker patients compared to non-smokers. 
The other possible explanation of an advanced 
TB disease in our group might originate from no 
recognition of a new quality of TB-related cough 
in those smokers with chronic cough. This might 
lead to delayed coming to see a doctor in the 
phase of an advanced disease. Patient-related de-
lay in TB detection is an important problem in TB 
control.
It is estimated that the convergence between TB 
and DM epidemics will represent a major public 
health challenge in the near future [13, 15]. Atypi-
cal clinical course or TB radiologic presentation in 
some DM patients may lead to delay in TB diag-
nosis. Commonly, some symptoms of DM such as 
fatigue or loss of weight, could masque initial and 
general TB symptoms in the phase when respira-
tory symtoms are still missing. This is important 
from both clinical and public health point of view 
due to possibility of delay in TB detection: de-
lay of health care services even when the patient 
seeks for medical care [30]. 

Population education on TB and continual medi-
cal education could strengthen the idea that sub-
jects and groups at higher risk for developing TB 
exist. Detection of TB is not always easy in the 
vulnerable groups and active approach to them is 
suggested. Subjects with DM, especially elderly, 
should be considered in that terms. 
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