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Background: Tuberculosis and diabetes mellitus are major public health challenges worldwide. The two scourges have bidirectional 
relationship with high morbidity and mortality.
Objective: The present study was conducted to determine the prevalence of diabetes mellitus and identify related factors in patients 
with tuberculosis.
Methods: A cross-sectional study was conducted in 11 tuberculosis screening and treatment centers in Lubumbashi (DRC) from 
September to December 2022. Adult patient with a positive smear for tuberculosis were systematically screened for diabetes mellitus. 
Demographic characteristics, history and symptomatology were the variables of interest. Data was entered using Microsoft Excel 
software. STATA 16 software was used for analysis.
Results: A total of 255 tuberculosis patients were recruited and the prevalence of diabetes mellitus among these patients was 11.4% 
(ie, 29 out of 255). After uni and multivariate logistic regression, a BMI ≤ 18.5 Kg/m2, lack of employment, polyuria and intense thirst 
were the factors associated with diabetes mellitus in tuberculosis patients.
Conclusion: The prevalence of diabetes mellitus in smear positive tuberculosis patients in the present study was higher than the one 
observed in Central Africa.
Keywords: tuberculosis, diabetes mellitus, comorbidity, prevalence, associated factors

Introduction
Tuberculosis (TB) is a contagious disease and of the top 10 killers worldwide.1 Globally, an estimated 10.6 million 
(9.9–11 million) people have been infected with TB and 1.4 million (1.3–1.5 million) people have died of this disease 
in the year 2022. The Democratic Republic of Congo (DRC) is one of the 22 countries most affected by this 
condition.2 Previous studies by Kakisingi et al3,4 in the south of the DRC had shown the epidemiological impact of 
this scourge in terms of morbidity and mortality from this disease in Lubumbashi, in particular.

Currently, non-communicable diseases (NCDs) constitute a growing global epidemic that disproportionately affects low- 
and middle-income countries (LMICs) where, at the same time, the impact of infectious diseases is high.5 This phenomenon 
seems to be influenced by the advance of industrialization and urbanization which contribute to lifestyle changes, mainly in 
dietary habits, leading to increased rates of obesity and type 2 diabetes mellitus (DM).6 And some authors estimate that the 
number of people living with DM type 2 should double between 2000 and 2030.7 In the DRC, the prevalence of DM reported 
by the literature varies between 3.5 and 14% and nearly 23,000 deaths are attributed to DM.6,8,9
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Studies have shown that DM and TB are two overlapping diseases.10,11 This strong coexistence is particularly 
accentuated in LMICs, where nearly 95% of the world’s population with TB and 70% with DM live.12,13 Systematic 
reviews suggest that people with DM are about three times more likely to develop TB than the general population.11,14 

Additionally, people with TB-DM comorbidity on anti-TB treatment have a higher risk of treatment failure and higher 
death compared to people with TB alone.15

Worldwide, estimates of the prevalence of DM in TB patients differ depending on the geographic region and the socio- 
demographic characteristics of the patients examined.5 And recent studies have shown that the prevalence of DM among patients 
with TB is variable depending on the series and regions. This varies from 50% compared to some studies carried out in India, to 
around 30% in Mexico, to less than 10% in the United States of America, and to even lower values in certain African countries 
such as Benin. (1.5%).5,16,17 In the DRC, the approach to this subject has focused on assessing the knowledge of healthcare 
providers. In a study carried, Kakisingi et al, identified gaps in the recommendations of the national TB control programme.18

Globally, there is growing concern about this comorbidity19,20 and although DM screening in all newly diagnosed TB 
patients is recommended by the WHO, the Union Against Tuberculosis and Respiratory Diseases (UNION) and the DRC 
National Guidelines on the management of TB,1,21,22 this association has not yet been the subject of an in-depth analysis 
of the situation in the DRC.

The objectives of this study are to determine the prevalence of diabetes mellitus and identify the factors associated in 
patients TB at TB screening and treatment centers (STC) in Lubumbashi.

Methods
Study Type, Period, Setting and Sampling
This was an analytical cross-sectional study conducted in Lubumbashi, DRC, over a three-month period from September 
to December 2022.

The city of Lubumbashi is divided into eleven medical districts (MD). The study was conducted in 6 MDs of 
Lubumbashi. Patients were recruited by a two-stage sampling technique. Initially, these MDs were selected from all of 
Lubumbashi’s MDs by simple random sampling. The study concerned the MDs of Kampemba, Kenya, Kisanga, 
Lubumbashi, Ruashi and Tshamilemba. In each selected MD, the first two STCs (one in Lubumbashi MD) notifying 
and treating the highest proportion of TB patients were identified and selected for the survey. A total of 11 STCs that 
offer TB care were selected for the survey.

The sample size was calculated using a single proportion formula with the assumption of a 95% CI and a margin of 
error of 5% and a DM hospital frequency of 8.5% in TB patients admitted to the Pulmonary Departments of Mulago 
National Referral and Teaching Hospital in Kampala, Uganda.23 This hospital frequency was chosen given the similarity 
between the populations of Uganda and the DRC. Thus, the calculated sample size obtained is 120.
n = [Zα2(p)*(1 - p) /d2] = [1.962*0.085*(1–0.085) /0.052] = 120 and with the addition of a twenty percent non-response 
rate, the minimum sample size has become 150.

Study Population
The study population consisted of patients who visited the selected STCs during the study period.

Selection Criteria
We included all newly diagnosed adult patients with smear positive confirmed tuberculosis (TB+) whose diagnosis of TB 
was performed in accordance with the standards issued by the national tuberculosis programme (NTP) using diagnostic 
tests such as the Gene Xpert MTB/RIF Ultra test or sputum microscopy.22

Exclusion criteria included Mycobacterium tuberculosis (Mtb) positive culture confirmed MDR-TB cases and patients 
with extra-pulmonary TB (EPT), patients under 18 years old and pregnant patients.
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Operational Definitions
Case Definition in TB Control

- smear positive confirmed case of tuberculosis (TB+): Any patient whose biological sample has been established by 
smear microscopy, culture or WHO-endorsed Rapid Diagnostic Test (RDT) (eg, Xpert MTB/RIF).22

- Pulmonary tuberculosis (PT) refers to any case of smear positive confirmed tuberculosis (PT+) in which the 
pulmonary parenchyma or the tracheobronchial tree is affected.22

Diagnosis Criteria for Diabetes Mellitus
Is considered diabetic any patient whose:24,25

- Fasting blood glucose ≥ 126 mg/dL (7.0 mmol/L). Fasting is defined as no calorie intake for at least 8 hours.
- Blood glucose 2 h after a 75g glucose load during orally induced hyperglycemia ≥ 200 mg/dL (11.1 mmol/L).
- Glycated hemoglobin ≥ 6.5% (48 mmol/mol).
- Or when in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random blood glucose level 

≥ 200 mg/dL (11.1 mmol/L).
Is considered prediabetic any patient whose blood sugar at the threshold considered normal and but below the threshold 
to confirm diabetes is a blood sugar between 140 and 199 mg / dl in case of random measurement of blood sugar and 
between 110 and 125 mg / dl in case of fasting blood glucose testing.26

Calculation of Body Mass Index
BMI (kg/m2) was calculated using the formula: BMI = Weight (kg)/Height2 (m2). Weight loss, normal weight, over-
weight and obesity were defined using the method described by Wikner et al 2012.27 The BMI threshold values for 
underweight, normal weight, overweight and obesity were respectively ˂ 18.5 kg/m2, 18.5 to 25 kg/m2, 25 to 30 kg/m2, > 
30kg/m2.

Variables of Interest
The following parameters were analyzed:

- socio-demographic parameters: age, sex, BMI, marital status, level of education, place of residence, monthly 
income, employment.

- the patient’s history: personal history of diabetes, family history of diabetes, alcohol consumption, tobacco 
consumption, hypertension, HIV, contact with a TB patient.

- the patient’s symptoms: fever, anorexia, weight loss, clinical anemia, asthenia, dyspnea, hemoptysis, polyuria, 
intense thirst.

- biological parameters: glycaemia dosage.

DM Screening Procedure
All the patients included in the study were interviewed during their first visit, ie the initiation of their anti-TB treatment. 
Sociodemographic, anamnestic (complaints, personal and family history) and physical parameters were assessed. All 
eligible patients were screened for DM, irrespective of prior diabetes status, as follows: A fasting blood glucose test was 
performed: if the level was below 126 mg/dl, no further action was taken. If this was ≥ 126 mg/dl, the patient was asked 
to return for a fasting blood glucose test the next day.17 A glucometer (SD CodefreeTM Blood Glucose Monitoring 
System, SD Biosensor, INC., Cheongju-si, Chungcheongbuk-do, Republic of Korea) was used for DM screening and an 
ISO 13485:2016 certified CYANElite 290 analyzer was used in second intention.

Collecting Data
A structured questionnaire was administered to all participants to obtain information on sociodemographic character-
istics, family history of SD, personal history of SD, tobacco use, alcohol consumption, education level, marital status, 
and physical signs. Anthropometric parameters, including height and weight, were measured by trained nurses according 
to standard procedures.
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Statistical Analysis
The data collected was analyzed using STATA 16 software (StataCorp. 2019. Stata Statistical Software: Release 16. 
College Station, TX: StataCorp LLC).

A descriptive analysis of the study population was performed using summary statistics including means and standard 
deviations for continuous variables when the data distribution was normal, and medians and their interquartile ranges 
when the data distribution was asymmetric. Categorical variables were characterized by frequencies and proportions.

To identify factors associated with TB-DM comorbidity, simple logistic regression was performed, and odds ratios, 
95% confidence intervals, and p-values were calculated for each independent variable at a significance level of 5%. In 
multivariate logistic regression, independent variables with p-value less than 0.10 were included to control for potential 
confounders and generate a final model, which was then assessed using the fit test.

Ethical Considerations
The approval of the Ethics Committee of the University of Lubumbashi (UNILU/CEM/113/2022) was obtained after 
administrative authorization from the Provincial Health Division (N° DPS/H KAT/900/PX 000962/JMK /2022).

Written informed consent was taken from all eligible participants before enrolment. The information obtained from 
our patients was treated confidentially, and the analysis of this data was carried out anonymously in accordance with the 
Helsinki declaration.

No conflicts of interest were reported in the conduct of the study.

Results
In the present study, 255 smear positive tuberculosis patients were included, among whom 29 (11.4%) had TB-DM 
comorbidity. The results are reported in Tables 1–4.

Table 1 indicates that the median age of our patients was approximately 35 years, and that the median BMI was 
within the normal range. It also shows that 33.3% of the study population had a blood sugar level compatible with 
prediabetes.

The socio-demographic characteristics of the patients studied are presented below in Table 2. We observe 
a predominantly male population (66.7%°) whose distribution of age groups is similar in patients with TB and TB- 
DM. It appears, also in this table, that a BMI lower than the normal and having a job are factors with a significant 
association after adjustment.

From the history as presented in Table 3, we note that, among the patients with TB-DM comorbidity, 17.2% 
declared having a personal history of DM and 24.1% a family history of DM. Also, 7.2% of them had HIV-TB co- 
infection. It is also observed that no factor related to the history, after multivariate analysis, is found to be 
significantly associated with this comorbidity, although factors such as a personal history of DM and family history 
of DM were after simple analysis.

Table 4 summarizes the symptoms experienced by our study population and shows the classic signs of TB are 
expressed by the latter without significant association and that, in relation to DM, we note the symptoms related to DM 
are significantly associated with TB-DM comorbidity (Polyuria ORa = 4.345 p = 0.007 and Intense thirst ORa = 7.484 
p < 0.001).

Table 1 General Characteristics of Smear Positive TB Patients

Total 
Number=255

Normal Blood 
Glucose n=141 (55.3%)

Prediabetes 
n=85 (33.3%)

Diabetes Mellitus 
n=29 (11.4%)

P-Value

Age (Year) 35 (25–47) 35 (24–46) 34 (26–45) 38 (27–50)
Blood sugar (mg/L) 108 (98–120) 100 (93–104) 118 (114–122) 184 (160–226)

BMI (Kg/m²) 20.2 (18.4–22.4) 20 (18.4–22.5) 20.4 (19.0–22.8) 18.7 (17.8–21.8) 0.09
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Table 2 Patients Socio-Demographics Details

Total n=255 TB n=226 (88.6%) TB-DM n=29 (11.4%) Univariate OR (95% CI) P-value Multivariable OR (95% CI) P-value

Sex Feminine 85 (33.3) 74 (32.8) 11 (37.9) 1 1
Male 170 (66.7) 152 (67.3) 18 (62.1) 0.797 (0.358–1.773) 0.577 1,322 (0.413–4.232) 0.638

Age (Year) 18–29 87 (34.1) 78 (34.5) 9 (31.0) 1 1
30–49 115 (45.1) 103 (45.6) 12 (41.4) 1.01 (0.405–2.516) 0.983 1,244 (0.367–4.219) 0.726

50+ 53 (20.8) 45 (19.9) 8 (27.6) 1.54 (0555–4.275) 0.406 1.64 (0.406–6.633) 0.487

BMI Skinny 65 (25.5) 52 (23) 13 (44.8) 2,768 (1,222–6,270) 0.015 3,385 (1.157–9.907) 0.026
Normal 169 (66.2) 155 (68.6) 14 (48.2) 1 1
Overweight 17 (6.7) 16 (7.1) 1 (3.5) 0.692 (0.085–5.611) 0.73 0.808 (0.083–7.816) 0.854

Obesity 4 (1.6) 3 (1.3) 1 (3.5) 3.69 (0.360–37.867) 0.272 3,381 (0.139–82.225) 0.454

Marital status Married 146 (57.3) 131 (58) 15 (51.7) 1
Bachelor 87 (34.1) 77 (34.1) 10 (34.5) 1. 134 (0.486–2.649) 0.771
Divorce 10 (3.9) 8 (3.5) 2 (6.9) 2,183 (0.424–11.244) 0.35

Widower widow 12 (4.7) 10 (4.4) 2 (6.9) 1,747 (0.349–8.733) 0.497

Education level Illiterate 16 (6.3) 13 (5.8) 3 (10.3) 1,737 (0.453–6.656) 0.421
Primary 48 (18.8) 45 (19.9) 3 (10.3) 0.502 (0.142–1.774) 0.284

Secondary 162 (63.5) 143 (63.2) 19 (65.6) 1
superior 29 (11.4) 25 (11.1) 4 (13.8) 1,204 (0.378–3.837) 0.753

Residence Urban 179 (70.2) 161 (71.2) 18 (62.1) 1
rural 76 (29.8) 65 (28.8) 11 (37.9) 1,514 (0.678–3.381) 0.312

Monthly income <100$ 208 (81.6) 184 (81.4) 24 (82.8) 1
>$100 47 (18.4) 42 (15.6) 5 (17.2) 0.913 (0.329–2.531) 0.861

Job No 79 (31.0) 65 (28.8) 14 (48.3) 1 1

Yes 176 (69.0) 161 (71.2) 15 (51.7) 0.433 (0.198–0.947) 0.036 0.314 (0.102–0.968) 0.044
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Table 3 Clinical History Data at Enrolment

Total n=255 TB n=226 (88.6%) TB-DM n=29 (11.4%) Univariate OR (95% CI) P-Value Multivariable OR (95% CI) P-Value

Personal history of diabetes No 243 (95.3) 219 (96.9) 24 (82.8) 1 1
Yes 12 (4.7) 7 (3.1) 5 (17.2) 6.518 (1.919–22.134) 0.003 5,256 (0.836–33.058) 0.077

Family history of diabetes No 229 (89.8) 207 (91.6) 22 (75.9) 1 1
Yes 26 (10.2) 19 (8.4) 7 (24.1) 3.467 (1.312–9.160) 0.012 1.779 (0.449–7.044) 0.412

Alcohol consumption No 134 (52.6) 123 (54.4) 11 (37.9) 1
Yes 121 (47.4) 103 (45.6) 18 (62.1) 1.954 (0.883–4.324) 0.098

Tobacco consumption No 174 (68.2) 156 (69.0) 18 (62.1) 1
Yes 81 (31.8) 70 (31.0) 11 (37.9) 1.362 (0.611–3.035) 0.45

Hypertension No 205 (80.4) 181 (92.9) 24 (82.8) 1
Yes 50 (19.6) 45 (7.1) 5 (17.2) 0.838 (0.303–2.318) 0.733

HIV No 235 (92.2) 210 (92.9) 25 (86.2) 1
Yes 20 (7.8) 16 (7.1) 4 (13.8) 2.1 (0.651–6.776) 0.214

Contact with a TB patient No 118 (46.3) 107 (47.3) 11 (37.9) 1

Yes 137 (53.7) 119 (52.7) 18 (62.1) 1.471 (0.665–3.256) 0.341
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Table 4 Distribution of TB Patients According to Symptomatology

Total n=255 TB n=226 (88.6%) TB-DM n=29 (11.4%) Univariate OR (95% CI) P-value Multivariable OR (95% CI) P-Value

Fever No 78 (30.6) 69 (30.5) 9 (31.0) 1
Yes 177 (69.4) 157 (69.5) 20 (69.0) 0.977 (0.423–2.253) 0.956

Anorexia No 103 (40.4) 88 (38.9) 15 (51.7) 1
Yes 152 (59.6) 138 (61.1) 14 (48.3) 0.595 (0.274–1.293) 0.19

Weight loss No 49 (19.1) 44 (19.5) 5 (17.2) 1
Yes 206 (80.8) 182 (80.5) 24 (82.8) 1.16 (0.419–3.212) 0.775

Clinical anemia No 223 (87.4) 198 (87.6) 25 (86.2) 1
Yes 32 (12.6) 28 (12.4) 4 (13.8) 1.131 (0.367–3.493) 0.83

Asthenia No 85 (33.3) 78 (34.5) 7 (24.1) 1
Yes 170 (66.7) 148 (65.5) 22 (75.9) 1.656 (0.678–4.048) 0.268

Dyspnea No 127 (49.8) 113 (50.0) 14 (48.3) 1
Yes 128 (50.2) 113 (50.0) 15 (51.7) 1.071 (0.494–2.322) 0.861

Hemoptysis No 209 (82.0) 183 (81.0) 26 (89.7) 1
Yes 46 (18.0) 43 (19.0) 3 (10.3) 0.491 (0.142–1.698) 0.261

Polyuria No 158 (62.0) 152 (67.3) 6 (20.7) 1 1
Yes 97 (38.0) 74 (32.7) 23 (79.3) 7.874 (3.074–20.166) < 0.001 4.345 (1.484–12.723) 0.007

Intense thirst No 190 (74.5) 181 (80.1) 9 (31.0) 1 1
Yes 65 (25.5) 45 (19.9) 20 (69.0) 8.938 (3.814–20.949) < 0.001 7.484 (2.684–20.865) < 0.001
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Discussion
The present study aimed to determine the prevalence of DM among smear positive tuberculosis patients and to identify 
the various factors that may be associated with this comorbidity.

This study reveals a prevalence of 11.4% of DM in TB patients. In sub-Saharan Africa, studies published between 
1980 and 2017 indicate a prevalence ranging from 1.9% to 38%.5,23 The results observed in the present study are 
comparable to those obtained by Ogbera et al28 in Nigeria but remain different from those obtained by other authors such 
as Owiti et al and Fonkeng et al which have respectively prevalences of 6.7% and 9.5%, which are lower prevalences 
than our observation.29,30 It has also been found that our observation is inferior not only to certain results obtained in 
Africa by Ekeke et al14 in southern Nigeria, but also in some studies conducted around the world.17,31 The difference in 
methodology in terms of sample size and/or type of study could be the first reason to mention to explain this discordance 
of observation in the world. However, we believe that these arguments are not sufficient to justify the discrepancy alone. 
Therefore, we believe that the socio-demographic characteristics, the morbidity, and mortality due to these two scourges 
combined could be additional arguments to explain this variable. Several studies conducted in Guinea-Bissau and Benin 
have shown that the prevalence of TB-DM comorbidity seems to be lower in countries where the prevalence of TB or 
DM is also low; On the other hand, others think that eating habits should not be neglected as regards the appearance of 
DM in some people; which could be a factor that could influence the frequency of this comorbidity.17

A prevalence for prediabetes of 33.3% was observed among our patients and this appears to be identical to that 
observed by Sheuly et al in Bangladesh where a prevalence of 34% is proven and lower than that obtained by 
Viswanathan et al in India (41.1%).32,33 Many literatures claim that prediabetes progresses in 25% of cases to DM 
within 3–5 years, and up to 70% of people known to be prediabetic develop DM during their lifetime.26,34,35 

Hostalek et al,26 report, in a literature review, that prediabetes is increasingly recognized as an important 
metabolic condition; in addition to predisposing individuals to a high probability of future progression to DM, 
people with prediabetes are at an increased risk of developing many of the complications normally associated with 
this disease.

A few associated factors were identified in the present study, namely a lower than normal BMI (ORa = 3.385 
[1.157–9.907]), being unemployed (ORa = 0.314 [0.102–0.968]), the existence of a history diabetes in the TB patient 
(ORa = 5.226 [0.836–33.058]), the existence of a family history of SD in the tuberculosis patient (ORa = 1.779 
[0.449–7.041]) and among the patient’s complaints, the presence of polyuria (ORa = 4.345 [1.484–12.723]) and that of 
intense thirst (ORa = 7.484 [2.684–20.865]). These factors identified in our study population are different from those 
observed in the studies of Adane et al and Ekeke et al17,24 Their studies mention that the age of the patients would be 
a non-negligible factor in TB-DM comorbidity, and consider that the greater the age, the greater the susceptibility to 
suffer from this co-morbidity.17,24 In relation to this observation, our results, like those obtained by Fonkeng et al30 in 
Cameroon, make the same observation, although no significant difference could be found.

As for the associated factors related to the history and symptomatology of the patients concerned, these can be 
considered as factors with collinear effects. Notwithstanding this fact, it remains, all the same, important to take them 
into account regarding their orientation character for the diagnosis or a targeted screening of SD in a setting with limited 
resources such as the DRC.

The main strength of this study is that it is, is, to our knowledge, the first of its kind in the DRC. TP+ patients were 
systematically screened for DM at the start of their antituberculosis treatment. Also, it is of undeniable interest in the 
organization of the fight against TB and its comorbidities because:

- Early detection of DM in tuberculosis patients is of vital importance in view of the harmful effects of this scourge in 
the DRC and the increasing morbidity due to DM in the country. And the implementation of strategies adapted to the 
epidemiological context of our country can improve the intervention capacities to achieve the objectives proposed 
by the NTP.

- Targeted screening of patients over the age of 50, with even a BMI even below normal, who present polyuria and/or 
intense thirst among the complaints, could be a first way to ensure early detection given our current results and the 
technical platform of our STCs.
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However, the study has some limitations. Indeed, the results cannot be generalized to all tuberculosis patients because:
- the study only focused on patients from a few STCs in Lubumbashi.
- it did not include smear negative tuberculosis patients and those with EPT.

Also, the use of only FGG and IFG screening tests in the study requires further work by exploiting, among other things, 
glycated hemoglobin for its high sensitivity despite its high cost for DM screening in tuberculosis patients.

Conclusion
The present study showed a prevalence of TB-DS comorbidity higher than that revealed in the Central African zone. 
Strategies for early detection of diabetes mellitus in tuberculosis patients need to be put in place, given the epidemio-
logical, clinical, and technical context. In the fight against TB-DM comorbidity, considering the rural environment is 
necessary for the definition of its real mapping.
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