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Abstract

Background and aims. The Republic of Moldova ranks among the European
Region countries with the highest global incidence of tuberculosis. Almost 5% of
the cases with pulmonary TB had been diagnosed with DM in 2017. The aim of this
study was to assess the impact of diabetes mellitus on the anti-tuberculosis treatment
effectiveness for the improvement of the disease outcome.
Methods. A retrospective, longitudinal and case-control study, which included a total
number of 252 patients diagnosed with pulmonary tuberculosis and distributed into
a study group of 93 patients diagnosed with diabetes mellitus and a control group of
159 patients without glycemic disorders was performed. The statistical analysis was
performed using EpiInfo software. The statistical analysis of the differences between
normally distributed continuous variables was tested with the Student T-test.
Results. Based on the collected data we established that the majority of the patients
with glycemic disorders were diagnosed with the type 2 diabetes, associated with
hyperglycemia and in half of them complications of diabetes were revealed. The
age older 55 years and the low economical state were common characteristics of the
diabetic patients. Tuberculosis was detected in every second diabetic patient through
the radiological screening compared with the passive detection of most of the nondiabetic patients. The anti-tuberculosis treatment outcome was endangered by a
higher rate of the adverse drug events in patients with diabetes, which contributed to
death in 15%, lost to follow-up 7%, and therapeutic failure in 6%.
Conclusions. The anti-tuberculous treatment outcome in patients diagnosed
with tuberculosis and diabetes mellitus was significantly diminished by glycemic
disorders, history of the previous anti-tuberculous treatment and adverse drug
reactions. Individualized therapeutic approach to tuberculosis could improve the
treatment effectiveness.
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The Republic of Moldova ranks
among the European Region countries
with the highest global incidence
of tuberculosis (TB) - 83.3/100 000
population in 2017 and among the
countries with the highest level of
multidrug-resistant tuberculosis (MDRTB) [1]. In 2017, 26.6% of new cases and
63.8% of previously treated cases were
diagnosed with MDR-TB in the Republic
of Moldova [2]. The current policy of the
World Health Organization (WHO) on

tuberculosis control is based on the End
TB strategy (Strategy) [3]. The general
goal of the Strategy is to end the global TB
epidemic. The milestones of the Strategy
for 2025 are: to reduce TB deaths by 75%
compared with 2015, to reduce the global
TB incidence (incidence < 55/100 000
population) by 50%, and zero families
facing catastrophic costs due to TB [3].
Diabetes mellitus (DM) is an
important public health issue, one of
the four priority non-communicable
diseases targeted by the sustainable
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development goals (SDG) [4]. SDG target 3.4 was assessed
by the indicator 3.4.1 that counts on the reduction of
premature deaths between the ages of 30 and 70 years
from cardiovascular disease, cancer, DM and chronic
respiratory disease [4]. Diabetes is a group of metabolic
diseases characterized by hyperglycemia resulting from the
disturbances in insulin secretion, insulin action or both [5].
The chronic hyperglycemia contributes to the long-term
damage, dysfunction of different organs, increased risk for
infections of lower respiratory tract and TB [6]. The risk for
TB is increased 1.5-7.8 times in patients with uncontrolled
hyperglycemia due to high levels of pro-inflammatory
mediators (IL-6, TNF-α) released by the infection with
Mycobacterium tuberculosis in the lung tissue [7]. In
the Republic of Moldova 12.3% of the population suffer
from impaired glucose tolerance. Almost 5% of cases of
pulmonary TB had been diagnosed with DM in 2017 [9].
The mortality caused by DM was 11.5/100 000 population
in 2017 [8]. The patients diagnosed with DM are annually
screened for TB and the rate of diabetic patients detected
through the active way achieved 65% in 2017 [9]. The
most important step in the control of TB is the adequate
treatment, according to the drug resistance profile. The
objectives of the anti-tuberculous treatment constitute: (1)
to cure the patient; (2) to prevent the death from active TB
or its late effects; (3) to prevent relapse; (4) to decrease
the risk of the mycobacteria transmission to others; (5) to
prevent the development of the acquired MDR-TB [10].
The standard regimen for drug-susceptible TB
includes the first-line drugs: Isoniazid, Rifampicin,
Pyrazinamide and Streptomycin or Ethambutol [9,10]. The
treatment of patients with diabetes is frequently a challenge
and the evolution is unfavorable. The sputum conversion
is delayed, the rate of therapeutic failure is increased 7
times and the mortality 6 times [11,12]. A cluster of risk
factors is involved in the patients’ poor evolution: the
glucose metabolism disorders during the anti-tuberculous
treatment, the high rate of the adverse drug reactions and
acquired MDR-TB due to the low absorption of the drugs
from the gastrointestinal tract [13].
The rate of the adverse anti-tuberculous drug
effects in diabetic patients ranges between 20% and
54%, according to the applied therapeutic regimen [1316]. Uncontrolled hyperglycemia affects multiple organs,
such as eyes, liver, kidney, nerves, and cardiovascular
system [5,8]. The most frequent side effects are: peripheral
neuritis caused by Isoniazid, toxic hepatitis determined
by Isoniazid, Rifampicin, Pyrazinamide, renal toxicity of
aminoglycozides (Streptomycin, Kanamycin, Amikacin)
and optic neuritis due to Ethambutol [9]. As a consequence,
the hospitalization of the patients with DM is recommended
for establishing the clinical tolerance to the treatment [9].
Drug interaction is confirmed in patients taking
many drugs. There are numerous potential drug interactions
clinical undetectable [17]. Most of the drug-drug interactions
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in patients treated with anti-tuberculous drugs will be due to
the enzyme inducing effects. Rifampicin and Isoniazid, firstline drugs affects liver enzymes. Rifampicin is a potential
liver enzyme inducer and Isoniazid acts as inhibitor.
Rifampicin induces the metabolism of the antidiabetic
drugs sulfonylureas and diminishes their concentration
in the blood in 2 weeks after the onset of treatment.
Rifampicin increases the absorption of the glucose from
the gastro-intestinal tract and contributes to the transient
hyperglycemia and glycosuria. Considering that insulin is
not metabolized, it has no pharmacokinetic interaction with
Rifampicin or other anti-tuberculous drugs. Furthermore,
the insulin is recommended instead of the oral antidiabetic
drugs, although the rate of hypoglycemic episodes is
higher [17]. In severe forms of TB, the association of the
insulin with metformin is recommended, for maintaining
the control of the glycaemia [18]. Drug-drug interactions
can occur when patients have also HIV and are treated with
anti-HIV drugs, which are the substrates of metabolic or
transporter liver enzymes [17].
Despite including the patients with DM in the risk
groups for annual screening, they are regularly detected
with severe forms of TB with chronic evolution [19].
Although usual localization is in the upper and posterior
lung segments, in DM often appears in the segments III,
IV and V, what contributes to the misdiagnosis [9]. The late
detection and late onset of the anti-tuberculous therapy,
dietary errors and inadequate antidiabetic treatment
represent the causes of premature death in patients with
DM and TB [5-16]. Considering all the above-mentioned
data, the study has been performed with the aim to assess
the impact of diabetes mellitus on the anti-tuberculous
treatment effectiveness for improvement of the disease
outcome.

Material and methods

The research was cross-sectional and retrospective.
It included a series of 252 patients diagnosed with
pulmonary TB during the period 1.1.2017-31.12.2017 in
the Republic of Moldova.
The following inclusion criteria determined the
selection of the patients in the research: age over 18 years
old, TB diagnosed by a pulmonologist and signed informed
consent. The patients were distributed into two groups:
for the Study Group (SG) 93 patients were selected in
which the inclusion criteria were the DM diagnosed by an
endocrinologist. In the Control Group (CG) we selected
159 patients without DM or history of DM. The exclusion
criteria from the CG were DM and glycemic disorders.
The diagnosis of pulmonary TB was established
according to the criteria provided by the national policy
[9]. The sputum examination by Ziehl-Neelsen staining,
culture on Lowenstein-Jensen and liquid BACTEC media,
and chest X-ray investigations were performed in every
patient from both groups.
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The methods for detecting glycemic disorders and
diagnosis of DM in patients of the SG were the capillary
glycemia, venous blood plasma glycemia (FVPG) after
10-14 hour of fast and the glycated albumin (HbA1c) [5].
The capillary glycemia was measured with a glucometer
in a blood sample obtained from the fingertip. The FVPC
was assessed through an enzymatic method (hexokinase
activity) in venous blood plasma and was considered as
a diagnosis criteria for diabetes if additional confirmed
clinical data were available. The method for the
evaluation of the glycated albumin used the albuminspecific proteinase, ketamine oxidase and serum albumin
assay reagent. Glycated albumin was calculated, as the
percentage of glycated albumin in the total albumin. The
concentration of the HbA1c ≥6.5% (48 mmol/mol) was a
diagnostic tool for DM.
The protocol schedule included the following data
about the patients:
1. Biological and social characteristics: sex (malefemale rate), age (distribution in age groups according to
the WHO recommendations), demographic characteristics
(urban/rural).
2. Economic background: economic status
(employed, unemployed, retired, disabled) and healthinsurance coverage (presence/lack of health insurance).
The disability was defined as the condition which limited
the working capacity, allowing the patient to be supported
by the state policy providing the financial support.
3. High-risk
characteristics:
homelessness,
migration, history of detention, contact with TB patient.
4. Case-management: barriers to access to
healthcare, method of the TB detection, medical staff
which detected the TB.
5. Tuberculosis-related characteristics: localization
(pulmonary/extrapulmonary), microbiological results
(smear microscopy, culture on the conventional media,
molecular-genetic tests and the drug susceptibility tests),
comorbidities.
6. Glycemic control indicators: fasting venous
plasma glucose (FVPG) and glycated hemoglobin
(HbA1c) in patients with hyperglycemia.
7. Anti-tuberculous
treatment,
antidiabetic
treatment and outcome.
The research was approved by the bioethics
committee of ″Nicolae Testemitanu″ State University
of Medicine and Pharmacy on 21th November 2017 and
registered with the number 14.
Statistical analysis
The statistical analysis was performed using
EpiInfo software. The data were appreciated as nominal or
quantitative. The frequency and percentage were reported
for nominal data, and the mean and standard deviation
were reported for continuous data. The statistical analysis
of the differences between normally distributed continuous

variables was tested with the Student T-test. A p-value of
<0.05 was considered statistically significant. To estimate
the strength of the association between the risk factors,
the relative risk (RR) was used in the statistical analysis
of the data.

Results

According to the type of glycemic disorders, in
the SG, the type 1 diabetes was diagnosed in 17 (18%)
patients and type 2 - in 76 (82%) patients. In 39 (42%)
patients from the SG different types of diabetes-related
complications due to the peripheral vascular disease were
diagnosed. The FVPG at the moment of the investigation
for TB was assessed in all patients of the SG. The value
of the FVPG exceeded the normal limit of 6 mmol/L in 68
(73%) patients of the SG. Reporting to the total number
of patients with hyperglycemia, in 31 (46%) cases the
FVPG was established in the range between 6.1 and 8
mmol/L, considered as a low increased indicator. In 18
(26%) cases the value ranged between 8.1 and 12 mmol/l
and was assessed as middle increased value. Higher than
12 mmol/L was detected in 19 (28%) patients and was
defined as uncontrolled hyperglycemia. Thus, according
to the level of the glycemic disorders, we identified that
in the majority of the cases the FVPG values exceeded
the normal limit, demonstrating their susceptibility for
acquiring tuberculosis. In 39 (42%) cases the FVPG
had ranged values, not exceeding the normal limit of
6,1 mmol/L, but the long-term complications decreased
the immune reactivity and contributed to acquiring
tuberculosis.
The HbA1c concentration was determined in the
patients with hyperglycemia, i.e. in 68 (73%) of the SG.
The HbA1c concentrations detected in the range between
4.8 and 5.6%, considered as normal values, were found in
14 patients (20% of the investigated ones). Those patients
were identified with low increased hyperglycemia. The
values included in the range between 6 and 6.4% were
found in 27 (40%) patients. In 27 (40%) cases the HbA1c
concentrations exceeded 6.4% and in all cases the FVPG
exceeded 12 mmol/l.
The distribution of the patients according to the
sex established a higher man/women rate in the CG (2.9)
vs. SG (2.1). The distribution of the patients according to
the age established that the young groups aged between
18 and 44 years prevailed in the CG - 100 (63%) vs. 18
(19%) in the SG. A similar rate of patients aged between
45 and 54 years was determined in both groups. The
patients older than 55 years statistically predominated in
the SG - 53 (57%) vs. 22 (14%) cases in the CG (Table
I). Young individuals (less than 44 years old) prevailed
in the CG and older than 55 years in those from the SG.
Furthermore the patients’ average age in the SG was 59±8
years old, and in the CG - 38±5 years old.
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Table I. Distribution of patients by sex and age.
Sex
Age groups

Study group

Control group

N=93 (P%)
N=159 (P%)
Men
63 (67)*
118 (74)*
Women
30 (33)
41 (26)
18-24 years
0
20 (13)
25-34 years
8 (8)
40 (25)
35-44 years
10 (11)
40 (25)
45-54 years
22 (24)
37 (23)
55-64 years
37 (40)
18 (11)
65+ years
16 (17)
4 (3)
Note: the applied statistical test: the paired sample
probability. *Absolute numbers and percentages per
brackets).

P-value
>0.05
>0.05
<0.001
<0.001
<0.001
>0.05
<0.001
<0.001
T-test, P –
column (in

The distribution of the patients according to the
economic status established that the employed persons
contributing in this way to the health budget by paying taxes,
health insurance policy and social taxes predominated in
the CG - 60 (38%) vs. 26 (28%) cases in the SG, however,
the statistical threshold was not achieved. Due to the
predominance of elderly patients in the SG, the retired
ones statistically prevailed. Since different complications
of diabetes were diagnosed in 39 (42%) cases from the SG,
the rate of disabled individuals statistically predominated
- 19 (20%) compared to 3 (2%) cases in the CG. Therefore,
the low basic income associated with the retirement and
disability statistically predominated in the SG - 27 (29%)
compared with 12 (7%) cases in the CG. The distribution
of the patients in economic categories established that the
economically vulnerable, which included the unemployed,
retired and disabled individuals predominated in the SG 68 (72%) compared with 99 (62%) in the CG (Table II).
Thus, the economic vulnerability was confirmed as a risk
factor for tuberculosis in patients with DM, RR=1.38 (95%
CI: 1.15-2.12).
The patients’ health insurance was analyzed. The
insurance provided the free of charge screening procedures,
both for TB and DM on the territory of the Republic of
Moldova. The health insurance was revealed in a high
proportion of both groups, in 61 (66)% cases of the SG
vs. 72 (45%) cases of the CG. Consequently, the lack of
insurance, which predominated in the CG was considered
a barrier to accessing the specialized healthcare (Table II).
Table II. Distribution by the economic groups.
Study group Control group
Economic and
P-value
insurance status
N=93 (P%)
N=159 (P%)
Employed
26 (28)*
60 (38)*
>0.05
Disabled due to
<0.001
19 (20)
3 (2)
disease
<0.001
Retired
18 (19)
9 (6)
<0.05
Unemployed
30 (32)
87 (55)
Lack of health
32
(44)
87
(55)
>0.05
insurance
Note: the applied statistical test: the paired sample T-test. *Absolute
numbers and percentages per column (in brackets).
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The demographic distribution identified that on
average 50% of patients from both groups came from the
urban localities of the Republic of Moldova. The patients
residing in the rural areas of the country statistically
predominated in the SG - 42 (45%) compared with 38
(24%) cases in the CG. Homeless or people without a
place of permanent residence, neither urban nor rural,
predominated in the CG - 39 (25%) vs. 4 (4%) patients
in the SG. A similar rate of the economic migrants, who
returned from abroad in the last 12 months were identified
in both groups. A couple of patients from the CG had a life
history of detention. The individuals from TB clusters were
detected in a low proportion in both groups – 5 (5%) in the
SG and 15 (9%) in the CG. Beside TB, in 71 (76%) patients
of the SG were diagnosed more than 2 associated diseases
(comorbidities), among which one was DM. Complications
of DM were diagnosed in 39 (42%) patients from SG. In
24 (15%) cases of the CG at least one associated with TB
disease was diagnosed (Table III).
Table III. Distribution according to the demographic features.
Risks factors

Study group Control group
N=93 (P%)
47 (50)*
42 (45)
4 (4)
7 (7)
0
5 (5)

N=159 (P%)
82 (51)*
38 (24)
39 (25)
16 (10)
2 (1)
15 (9)

P-value

Urban residence
>0.05
<0.001
Rural residence
<0.05
Homelessness
Migration
>0.05
History of detention
>0.05
Close contact
>0.05
Associated diseases
<0.001
71 (76)
24 (15)
(excluding diabetes)
Note: the applied statistical test: the paired sample T-test.
*Absolute numbers and percentages per column (in brackets).

The study investigated the applied method for the
screening of TB. Symptomatic screening performed by
the general medical staff of the primary healthcare sector
detected in a higher proportion the patients from the CG 68 (43%) compared with the SG, 20 (21%) cases. The active
screening, on the basis of the radiological investigation of
the high risk groups was used in a higher proportion in
the SG 49 (53%) compared with 34 (21%) cases from the
CG. The rate of the patients detected through the active
screening realized by the medical specialists at the level
of the specialized healthcare was statistically higher in the
SG-26 (28%) compared with the CG – 10 (6%). However,
the rate of the patients detected through the symptomatic
screening realized by the medical specialists at the level
of the specialized healthcare was insignificantly higher
in the SG-23 (25%) compared with the CG – 24 (15%).
Only patients from the CG came directly to the specialized
TB hospital for avoiding the screening procedures of
the primary healthcare facilities. Thus, the specialized
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therapeutic intervention was more accessible for diabetic
patients and the direct addressing to the TB hospital was
preferred way for patients without glycemic disorders.
Evaluating the disease history, it was established
that patients treated for TB before actual disease was
diagnosed statistically predominated in the SG - 32
(34%) compared with 31 (19%) patients in the CG.
Analyzing those categories was observed that the patients
which started the treatment after more than 2 months of
interruption statistically predominated in the SG – 16
(17%) compared with 9 (6%) in the CG. The major cause
of the treatment interruption in the SG was the adverse
drug reactions and in the CG the patients’ incompliance. A
similar rate was observed concerning the relapse – 8 (9%)
cases in the SG and 14 (9%) cases in the CG, as well the
treatment failure - 7 (7%) cases in the SG compared with 8
(9%) cases in the CG.
The assessment of the laboratory results identified
a similar rate of the patients that were positive on ZiehlNeelson staining and conventional cultures. The MDRTB was diagnosed through GeneXpert MTB/RIF assay
in 20 (23%) cases in the SG and 44 (28%) cases in the
CG and was confirmed through the conventional cultures
(Table IV).
According to the including criteria, all patients
from both groups were diagnosed with pulmonary TB,
6 patients from the SG (6%) were diagnosed with an
associated extrapulmonary localization and a generalized
form was present in 1 case (1%). No extrapulmonary
or generalized forms were diagnosed in the CG. The
distribution of the patients according to the clinical and
radiological criteria resulted in similar rates of the patients
diagnosed with infiltrative TB and the predomination of
the fibro-cavernous TB in the SG. All patients with chronic
evolution had been treated for TB, before actual episode
was diagnosed.
The assessment of the Body Mass Index (BMI) as
an indicator of the nutritional status identified that in the

SG 32 (34%) patients were malnourished (BMI<19 kg/
m2) and 45 (48%) patients were undernourished (BMI 1921 kg/m2). In the CG a higher rate of the patients were
malnourished - 69 (43%) and a lower proportion of cases
were undernourished - 61 (38%). The rate of patients with
normal weight was similar in both groups: 17% (16 cases)
in the SG compared with 18% (29 cases) in the CG. Before
TB was diagnosed, BMI had decreased to less than 21 kg/
m2 in 77 (83%) cases in the SG and in 130 (81%) cases
in the CG. Comparing the selected groups, no statistical
difference was identified regarding the values of the BMI.
The standard treatment for drug-susceptible TB
according to WHO recommendations is performed in the
Republic of Moldova since 2000 and selected patients were
treated standardized. The new cases from both groups with
drug-susceptible TB were treated during 6 months and
previously treated 8 months. The average duration of the
hospitalization of the new cases was 65 days in the SG and
60 days in the CG and of the previously treated cases 98
days in the SG and 92 days in the CG.
The standard treatment for the drug-susceptible
TB was applied in 73 (78%) cases of the SG and 115
(72%) cases of the CG. It included the following drugs:
Isoniazid, Rifampicin, Pyrazinamide and Streptomycin or
Ethambutol at a dose adjusted to the weight assessed at
the onset of the intensive phase and at the onset of the
continuation phase of the treatment. The standard treatment
for MDR-TB was provided in 20 (23%) patients of the
SG and 44 (28%) patients of the CG and included the 2nd
line antituberculous drugs recommended according to the
drug susceptibility test. The standard treatment for MDRTB included injectable antibiotics - aminoglycosides
(Amikacin or Capreomycin) and orally administrated
anti-tuberculous drugs: fluoroquinolones (Levofloxacin
or Moxifloxacin), Ethionamide or Prothionamide, Paraaminosalicylic acid and Cycloserine. New drugs, such as
Delamanid and Bedaquiline, were indicated in specific
cases of MDR-TB.

Table IV. Methods of detection, case-types and microbiological features.
Reference

Case characteristics

Study group

Control group

N=93 (P%)
N=159 (P%)
Primary health care
Detected by GPs – symptomatic patients
20 (21)*
68 (43)*
Detected by GPs - screening of HRG
23 (25)
24 (15)
providers
Detected by SP – symptomatic patients
24 (26)
35 (22)
Specialized health care
Detected by SP - screening of HRG
26 (28)
10 (6)
level
Addressed directly to the specialized TB hospital
0
22 (14)
New cases
61 (66)
128 (80)
Case type
Previously treated for TB
32 (34)
31 (19)
Positive on AFB microscopy
38 (44)
79 (50)
Microbiological results Positive on conventional cultures
46 (53)
94 (59)
MDR-TB
20 (23)
44 (28)
Note: the applied statistical test: the paired sample T-test; GP-general practitioner, SP-specialist, HRG - high risk group.
*Absolute numbers and percentages per column (in brackets).
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P-value
<0.001
>0.05
>0.05
<0.001
<0.001
<0.001
<0.001
>0.05
>0.05
>0.05
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Table V. Clinical forms, administered treatment and effectiveness.
Reference

Clinical forms, treatment,
outcome

Study group

Control group

N=93 (P%)
85 (91)*
1 (1)
7 (8)

N=159 (P%)
144 (90)*
14 (9)
1 (1)

P-value

IPT
>0.05
<0.001
DPT
<0.001
FCV
First-line drugs
73 (78)
115 (72)
>0.05
(for drug susceptible TB)
Anti-tuberculous
Second-line drugs
20 (23)
44 (28)
>0.05
treatment
(for MDR-TB)
<0.001
Adverse drug reactions
18 (19)
7 (4)
<0.001
Treatment success
66 (71)
140 (88)
Treatment failure
7 (7)
6 (4)
>0.05
Treatment
effectiveness
Lost to follow-up / treatment interrupted
6 (6)
12 (7)
>0.05
<0.001
Died
14 (15)
1 (1)
Note: the applied statistical test: the paired sample T-test; IPT – infiltrative pulmonary TB, DPT – disseminated pulmonary TB, FCVT –
fibro-cavernous TB.*Absolute numbers and percentages per column (in brackets).
Clinical forms of
pulmonary TB

The treatment success rate, which included cured
and those who completed the treatment was statistically
higher in the CG - 140 (88%) compared with 66 (71%)
patients in the SG. The death rate was statistically higher
in the SG – 14 (15%) compared with 1 (1%) in the CG. A
similar rate of patients in both groups was lost to follow-up
or failed the treatment.
The rate of the adverse anti-tuberculous drugs
reactions was statistically higher in the SG 18 (19%)
compared with 7 (4%) cases in the CG. Evaluating the
adverse drugs reactions, was established that toxic types
were more frequently diagnosed in the SG - 12 (13%)
compared with 5 (3%) cases in the CG. In all cases were
related to the gastro-intestinal tract. The alergic types were
diagnosed in 6 (6%) cases of the SG and 2 (1%) cases in
the CG (Table V).
The most commonly used anti-diabetic treatment
was a combination of short- and intermediate-acting
insulin in 32 (34%) patients, intermediate-acting insulin
only in 19 (20%) cases, and short-acting insulin in 5 (5%)
cases. A combination of insulin and oral antidiabetic drugs
(Metformin) was established in 12 (13%) cases. In 25
(27%) cases only oral antidiabetic treatment (monotherapy
with Metformin or a combination of Metformin and
sulfonylureas) was recommended. The FVPG was
monitored weekly in all patients during the hospitalization
period. In 22 (24%) patients the FVPG exceeded the normal
threshold despite the antidiabetic treatment and diabetes
diet. The patients were advised by the hospital dietitian about
the methods of the metabolic imbalance prevention, the
type of diet with the amounts of carbohydrates determined
according to age and body weight. The diet based on
slow-releasing glucose foods, such as nondigestible
fiber-rich foods (fresh vegetables, whole grains, and
beans) was recommended. The patients were advised to
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decrease the consumption of saturated fats and increase
the consumption of unsaturated fats (vegetable oils), fish
and white meat. They received the recommendations to
decrease the consumption of salt, refined sugar products,
and to stop smoking and alcohol drinking. The patients
were informed that the failure to follow the dietitian’s and
endocrinologist’s recommendations could lead to the onset
of acute complications and death.

Discussion

Our research is among the few works in the
Republic of Moldova on an important topic related to TB
and diabetes. In our study, type 2 diabetes was diagnosed
more often, even if the patients with type 1 diabetes are
more vulnerable to infection and occurrence of tuberculosis
[20]. The convergence of two epidemics, TB and DM
increased the number of patients with the type 2 of DM,
fact demonstrated by a recent large meta-analysis [21]. Our
research established that TB was diagnosed more often in
patients with complications, in which the FVPG exceeded
the normal limit. In the literature many studies established
that patients with uncontrolled blood glucose level have
high risk for occurrence of TB [11-15,23,25]. Although
men are significantly more at a risk for contracting and
dying from TB than women, our research established
a similar distribution of the diabetic patients in groups
according to the sex. It was recognized that the age groups
with the greatest percentage of notified TB cases are 15-24
and 25-34 years [1-3]. Our research concluded that diabetic
patients are often older 55 years. This is because the adults
aged between 45 to 64 years were diagnosed with the type
2 DM, which prevailed in our study.
Our study and the literature established that the
social and economic vulnerability constituted a risk factor
for TB in patients with DM [6,7,11-16,21,23,25]. However,
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our research established a high rate of the diabetic patients
with free access to the screening procedures, due to
specific conditions, like have been retired or disabled. The
low rate of TB detected within the investigation of the
tuberculous clusters in diabetic and non-diabetic groups,
reflected poor quality of the contacts’ examination. We
confirmed that the annual radiologic investigation of
diabetic patients was an efficient way for TB detection.
The result has been sustained by other study [22]. Even the
active radiological screening was routinely used, the TB
with chronic evolution, such as fibro-cavernous type was
more often diagnosed in diabetic patients. The literature
explained the effect of the uncontrolled glucose level in the
blood on the releasing of the pro-inflammatory cytokines
and occurrence of fibrotic changes in the lung tissue [7].
Furthermore, in our research the diabetic patients with longlasting disease had been diagnosed with the relapse of TB
after a successfully completion of the treatment or started
the treatment again after interruption. High rate of the TB
recurrence and recovered after the lost to follow-up were
showed by other researches [11-13,24]. The main causes
contributing to the recurrence a new episode of TB are:
long duration for sputum-smear conversion from positive
in negative and short duration of the standardized antituberculous treatment, high rate of MDR-TB and adverse
drug reactions, detection in late stage and dysfunction of
the immunity [26].
The study of the adverse drug reactions in patients
with DM found that most commonly diagnosed were toxic
events related to the gastrointestinal system. According to
the literature, in patients with DM the most frequent adverse
drug reaction were identified related of gastrointestinal
tract and endocrine system (glycemic disorders) [17,18].
The standard treatment for drug-susceptible and
MDR-TB was applied in a similar proportion in both
groups. However, there are papers demonstrating a higher
rate of drug resistance in diabetic patients [16,19,21]. The
Republic of Moldova ranks among the countries with
a high prevalence of drug resistance, which explained
that every fourth patient in both selected groups was
microbiologically confirmed with MDR-TB. The antituberculous treatment effectiveness was considerably
lower in the diabetic group, through a higher mortality rate
compared with non-diabetic patients. The obtained results
were similar to other studies, that identified a high rate of
death and treatment failure [6,7,11-17,23,24]. All patients
with DM received an individualized treatment, but in every
fourth the glycemic control was not achieved. Deficiencies
in the glucose control had been reported during the antituberculous treatment in different researches, mostly due to
the toxicity of the anti-TB drugs [11-18].
To the best of our knowledge, this study is the first to
identify the characteristic features of the patients diagnosed
with TB and DM in a high burden country and to clarify
the main risk factors, which contributed to the occurrence

of TB. Furthermore, we identified the methods of detection
of TB and conditions contributing to the disease outcome.
The limitations of this study should be also considered.
The small number of patients included, as a result of the
inclusion criteria, make the observation applicable only to
the epidemiological situation in the Republic of Moldova.
Further studies on a larger scale are needed to establish
the conditions with high impact on the outcome of both
diseases: DM and TB.

Conclusions

In clinical practice, the main features of diabetic
patients with risk for TB were age older 55 years and
social-economical vulnerability. Our study identified that
the anti-tuberculous treatment outcome was diminished
by glycemic disorders (hyperglycemia) and related
complications, history of the previous anti-tuberculous
treatment and adverse drug reactions. Thus, we concluded
that a closed follow-up through the active screening should
be performed regularly in all patients with glycemic
disorders. The high rate of the patients with previous antituberculous treatment and the increased rate of those who
developed adverse drug reactions demonstrated that the
individualized therapeutic approach of TB could improve
the treatment effectiveness.
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