


TUBERCULOSIS AND DIABETES : PREVALENCE, AND MORTALITY ASSOCIATED FACTORS AT THE DEPARTMENT OF INFECTIOUS AND TROPICAL DISEASES OF FANN HOSPITAL, DAKAR, SENEGAL

Abstract
Introduction: The rapid progression of the diabetes epidemic in low-income and middle-income countries threatens the efforts made in the fight against tuberculosis. This progression could even hinder the progress achieved toward meeting the Sustainable Development Goals aimed at ending the tuberculosis epidemic by 2030. The association between diabetes and tuberculosis presents certain particularities that have been highlighted by studies.
Objective: To assess the prevalence of diabetes among a population with tuberculosis admitted to the Infectious Diseases Department (SMIT) of Fann Teaching Hospital and to determine the main factors associated with death.
Methodology: A retrospective cross-sectional study, both analytical and descriptive, conducted over a five-year period (2018–2023). We performed a bivariate analysis to study the relationship between death and the different variables. The Chi-square independence test was used to search for statistical associations between these variables. When the p-value was less than 5%, we concluded that statistically significant associations existed.
Results: Out of 4,091 patients hospitalized during our study period, 868 presented with tuberculosis, representing a hospital frequency of 21.21%. We collected 34 cases of patients with a diabetes–tuberculosis association, corresponding to a proportional morbidity of 3.9%. A female predominance was noted (56%) with a sex ratio of 0.78. The mean age was 54 years. Half of the patients came from urban areas, and 41% were unemployed. Regarding comorbidities or underlying conditions, HIV co-infection was found in 32.35%, hypertension in 26.47%, and smoking in 9%. Previous hospitalization was reported in 58.82% of patients. Almost all patients had type 2 diabetes (94%), with diabetes evolving mostly for less than five years. Chronic degenerative complications were found in 12% of patients. The clinical presentation was insidious in 88% of patients, dominated by asthenia, followed by cough (65%) and fever (62%). Multifocal tuberculosis was the predominant form (53%), with pulmonary localization estimated at 85%. At admission, 47% of patients had fasting blood glucose above 1.26 g/L. Diabetes was poorly controlled in 66% of patients with HbA1c > 7%. The Xpert MTB/RIF test was positive in 87.7% (n=21) of tested patients, and sputum smear microscopy was positive in 70% (7 out of 10 tested patients). Thoracic imaging showed predominance of alveolar and interstitial syndromes, with a tendency toward bilaterality (60%) and lesion dissemination (36%). Regarding treatment, insulin therapy was initiated in 26% of cases before hospitalization and 20% during hospitalization. Anti-tuberculosis chemotherapy was administered to 91% of patients. The average hospital stay was 13 days. During hospitalization, 48% of patients developed non-infectious complications, particularly cardio-respiratory (18%). The mortality rate was 47.05%. Factors associated with death were mainly the duration of diabetes (p=0.016) and the presence of complications (p=0.000).

Conclusion: Tuberculosis is frequently associated with diabetes, especially in resource-limited countries, due to the growing number of diabetics in these regions. Consequently, the National Tuberculosis Control Program (PNT) recommends systematic screening for diabetes in all individuals with tuberculosis.



1. Introduction 

Tuberculosis is an infection caused by the Koch bacillus or Mycobacterium tuberculosis, transmitted through the air via droplets contaminated with the bacteria. It is highly contagious, and inhalation of only a small number of droplets is sufficient to infect an individual. In 90% of cases, infected subjects develop a primary tuberculosis infection (PTI), which can progress to active tuberculosis disease. This progression is favored by factors that reduce cellular immunity, such as malnutrition, stress, and conditions leading to immunosuppression, notably diabetes or HIV infection [1, 2]. Tuberculosis remains a major public health problem for a large part of the global population. It is the second leading cause of death from infectious diseases, after human immunodeficiency virus (HIV) infection. Most of cases and deaths occur among vulnerable populations, mainly in low-income and middle-income countries. Despite considerable progress made over the years, the spread of resistant tuberculosis (multidrug-resistant and extensively drug-resistant) currently represents a new challenge in the fight against tuberculosis [3].
According to the WHO, more than 800 million adults will undergo diabetes by 2025, while the International Diabetes Federation estimated in 2021 that the number of people with diabetes worldwide was 537 million, a figure expected to reach 783 million by 2045. The prevalence of diabetes remains lower in sub-Saharan Africa compared to temperate countries. This can be explained by several factors: lack of diagnosis (only 46% of people with diabetes in Africa are aware of their status) and premature deaths due to complications [4, 5]. 
The link between diabetes and tuberculosis has long been recognized. Disturbances in glucose metabolism weaken the body’s defenses against infection in general and sometimes promote the onset of tuberculosis. The rapid progression of the diabetes epidemic in low- and middle-income countries therefore threatens the efforts undertaken in the fight against tuberculosis. This progression could even hinder the progress made toward achieving the Sustainable Development Goals to end the tuberculosis epidemic (END TB) by 2030 [2, 6]. 

Studies conducted over the past 10 to 15 years have highlighted certain particularities of diabetes and tuberculosis association [2]. Tuberculosis can cause hyperglycemia, which in turn may lead to overt diabetes in susceptible individuals. Moreover, patients who underwent both diabetes and tuberculosis have less favorable outcomes under anti-tuberculosis treatment compared to those with tuberculosis alone. In addition, the presentation of tuberculosis may be atypical, with more frequent and severe signs and symptoms in patients with diabetes. These particularities complicate management and delay diagnosis and consequently are responsible for higher mortality compared to the population affected by tuberculosis alone. Our study aimed to assess the prevalence of diabetes among a population of tuberculosis patients admitted to the Department of Infectious and Tropical Diseases (SMIT) at Fann Teaching Hospital and to determine the factors associated with death.   

             
2. Patients and methods
This was a retrospective descriptive and analytical study, involving the medical records of patients hospitalized at the Infectious Diseases Department (SMIT) from January 1, 2018, to October 31, 2023, for active tuberculosis and presenting with either previously known diabetes or diabetes discovered during hospitalization. In the descriptive study, a univariate analysis was performed to show the structure and characteristics of the main variables. Qualitative variables were expressed in absolute and relative frequencies. Quantitative variables were expressed as mean and standard deviation, or as median and extremes depending on their distribution. For the bivariate analysis, the Chi-square independence test was used to investigate statistical associations between the different variables. A p-value less than 5% was considered evidence of statistically significant associations between the variables.
· Operational definitions
Patients with diabetes: a patient with previously known diabetes (verified medical history, treatment with insulin or oral antidiabetic drugs) or diabetes discovered during hospitalization, confirmed by two fasting blood glucose measurements > 7 mmol/L (126 mg/dL) or a blood glucose level two hours after an oral glucose load > 11.1 mmol/L (200 mg/dL).
Patient with tuberculosis: any patient with clinical, biological, radiological, bacteriological, or histological evidence supporting a diagnosis of tuberculosis and who had initiated anti-tuberculosis treatment.
Uncontrolled diabetes: defined as glycated hemoglobin (HbA1c) > 7%.
Rural area: All spaces located outside urbanized zones.
Peri-urban area: The space located on the outskirts of an urban agglomeration. In this study, the four departments of the Dakar region (Guediawaye, Keur Massar, Pikine, and Rufisque) were considered peri-urban areas.
Urban area: Also called urban space, defined as a human settlement with high population density and built infrastructure. In this study, the city department of Dakar and its district municipalities were considered the urban area.

3. Results 
[bookmark: _Toc183010581]3.1. Socio-demographic characteristics
Out of 4,091 patients hospitalized during the study period, 868 presented with tuberculosis, representing a hospital frequency of 21.21%. Thirty-four (34) patients had diabetes and tuberculosis association, corresponding to a proportional morbidity of 3.9%. They were predominantly female (56%, n=19), with a sex ratio of 0.78. The mean age was 54 ± 11 years [range: 33–72 years]. The age group of 60 years and above was the most represented, accounting for 38.21% (n=13). Half of the patients came from urban areas, particularly the city of Dakar. Regarding marital status, more than half of the sample (56%) were married, followed by widowed (32%). Unemployment was noted in 41% of cases. Concerning comorbidities, HIV co-infection was found in 11 patients (32.35%), hypertension in 26.47% (n=9), and active smoking in 9% (n=3).
Table I illustrates these different results.





Table I : Distribution of TB+ diabetic patients, according to sociodemographic characteristics, SMIT Fann 2018-2023 (n = 34)
	Characteristics Sociodemographic
	Absolute frequency (n)
	Relative frequency (%)

	Gender
	
	

	Women
	19
	56

	Men
	15
	44

	Age (years)
	
	

	< 40 
	5
	14.70

	[40-50]
	9
	2.48

	[51-60]
	7
	20.59

	> 60 
	13
	38.23

	Occupation
	
	

	Shopkeeper
	7
	21

	Housewife
	6
	18

	Driver
	2
	06

	Teacher
	1
	03

	Farmer
	1
	03

	Businessman
	1
	03

	Witch doctor
	1
	03

	Electrician
	1
	03

	Unemployed
	14
	41

	Origin
	
	

	Urban area
	17
	50

	Peri-urban area
	16
	48

	Rural area
	1
	2

	Marital status
	
	

	Married
	19
	56

	Single 
Widowed
	2
11
	06
32

	Divorced
	2
	06

	Comorbidities and Predisposing Factors
	
	

	HIV
	11
	32.35 

	High blood pressure
	9
	26.47

	Smoking
	3
	09




[bookmark: _Toc183010594]3.2. Clinical and paraclinical characteristics 
Regarding clinical signs, cough was the predominant functional symptom (65%), accompanied by sputum production in 41% of cases. General symptoms were dominated by asthenia (71%) and fever (62%). The duration of symptom progression was less than three months for most of patients (88.24%). More than half of the study population (52.94%) presented with multifocal tuberculosis involving at least two sites. The main sites of tuberculosis were pulmonary (85%), neuro-meningeal (32%), and lymph node (28%). 
Diabetes was classified as type 2 in almost all cases (94.11%, n=32), and unspecified in two cases. It was recently diagnosed (less than one year) in 29% of patients (n=10), and inaugural in four of them. In 38% of cases, it had been evolving between one and five years. Diabetes-related complications were observed in 15% of patients, including macroangiopathy (n=4), microangiopathy (n=1), and diabetic foot (n=1). Previous hospitalization was noted in 58.82% of cases.
Concerning paraclinical patterns, among the thirty-four patients, nineteen (56%) underwent fasting blood glucose testing at admission. Sixteen of them had values greater than or equal to 1.26 g/L. At the time of diagnosis, 61.76% of patients (n=21) had glycated hemoglobin measured within the last three months. Among these, two-thirds (67%, n=14) were uncontrolled, with HbA1c levels above 7%.
The Xpert MTB/RIF test on pathological samples was performed in 21 patients, with positive results in 18 (87.7%). Sputum smear microscopy was performed in 10 patients and was positive in 7, corresponding to a positivity rate of 70%, as shown in Table II.
Regarding thoracic imaging, 21 patients underwent chest radiography and 5 underwent computed tomography (CT). Alveolar syndrome (29%), interstitial syndrome (29%), and cavitation (18%) were noted. Lesions were predominantly bilateral (60%) and diffuse (36%).
Depending on extrapulmonary warning signs, additional examinations were sometimes performed. Thus, among patients who had chest radiography, three also underwent abdominal ultrasound, which revealed deep lymphadenopathy in two patients, two subclinical ascites, one splenic miliary, and one splenomegaly. A dorso-lumbar CT scan and a brain MRI guided the diagnosis toward osteoarticular tuberculosis and cerebral tuberculosis, respectively.


























Table II : Répartition des patients diabétiques TB+, selon les caractéristiques cliniques et paracliniques, SMIT Fann 2018-2023 (n = 34)	Comment by User: To be converted in English.
	Characteristics
	Absolute frequency (n) 
	Relative frequency (%)

	SIGNES CLINIQUES

	Cough
	22
	65

	Expectoration
	14
	41

	Bleeding
	1
	3

	Shortness of breath
	9
	26

	Chest pain
	5
	15

	Weightlessness
	24
	71

	Anorexia
	19
	56

	Weight loss
	17
	50

	Fever/Chills/Sweats
	21
	62

	LOCATIONS OF TUBERCULOSIS

	Pulmonary
	29
	85

	Neuro-meningeal
	11
	32

	  Lymph node
	8
	24

	  Peritoneal
	2
	6

	Pleural
	1
	3

	Osteoarticular
	1
	3

	Pericardial
	1
	3

	XPERT/MTB/RIF TEST (n=21)

	Positif Positive 
	18
	86

	NégatifNégative
	3
	14

	BACILLOSCOPY (n=10)

	Positive 
	7
	70

	Négative
	3
	30

	GLYCATED HEMOGLOBIN (n=21)

	> 7 %
	14
	67

	< 7 %
	7
	33




3.3. Therapeutic characteristics
Before hospitalization, 26% of patients were under insulin, 29% under oral anti-diabetics, and 11,76% under diet alone. The other patients were either poorly followed or unfollowed. Insulin therapy was initiated during hospitalization in 20% of patients (n=7).
The length of antituberculosis treatment with RHZE/RH was guided by the location of the tuberculosis, with thirty-two patients placed on antituberculosis chemotherapy (94%). Two patients died before the initiation of treatment. 
3.4. Outcome characteristics
The average length of hospitalization was 13 days, with extremes of 1 and 40 days. Of the 34 patients, just over half (52.95%) had a favorable outcome. More than half of the patients (62%) developed complications during hospitalization, the majority of which were non-infectious (47%). Table III illustrates the various complications observed in our study population. Furthermore, during hospitalization, sixteen patients (16) died, corresponding to a mortality rate of 47.05%.




















	Complications
	Types de complications
	Fréquence absolue (n)

	Fréquence relative%

	

Non-infectious complications
	Cardiorespiratory complications
	Pulmonary embolism
	4
	12 %

	
	
	Respiratory distress
	2
	6%

	
	Renal complications
	2
	6%

	
	hydroelectrolytic imbalance
	2
	6%

	
	Acute metabolic complications
	5
	15%

	
	Iatrogenic complications
	1
	3%

	Infectious Complications 
	

Bacterial superinfections
	Perianal abscess
	1
	3%

	
	
	Klebsiella pneumoniae pulmonary infection
	1
	3%

	
	
	Cerebral abscess
	1
	3%

	
	
	Urinarytract infection
	2
	6%




Table III : The different complications detected during hospitalization in TB+ diabetic patients, 2018-2023, SMIT Fann (n=34)



3.5. Facteurs associated with death
In bivariate analysis, two variables were found to be statistically associated with death in our study population (Table IV). These were:

· Duration of diabetes: The longer the diabetes had progressed over time, the higher the risk of death (p = 0.016).
· Presence of complications: This was strongly linked to the occurrence of death (p = 0.000).







Table IV: Bivariate analysis of characteristics associated with death in TB+ diabetic patients, 2018-2023, SMIT Fann (n=34)

	Variables
	Décès
	Valeur p

	
	Oui (%)
	Non (%)
	

	Age 
    < 40 years
    40-60 years
    > 60 years
	
3%
18%
26%
	
12%
29%
12%
	

0.102

	Sex
    Male 
    Female
	
23%
23%
	
22%
32%
	
0.515

	Duration of diabetes
     < 1an
     1-5 ans
     > 5 ans
	
10%
17%
21%
	
24%
28%
0
	

0.016

	VIH
    Yes 
     No 
	
25%
21%
	
12%
42%
	
0.113

	Complications
     Yes 
     No
	
47%
0
	
6%
47%
	
0.000

	Comorbidities
     Oui
     Non
	
	
	
0.824

	Length of hospital
     < 5 days
     5-10 days
     > 10 days
	
18%
9%
20%
	
3%
18%
32%
	

0.069








4. Discussion 
We conducted a cross-sectional, descriptive study with an analytical purpose, based on retrospective data collection. Out of 4,091 patients hospitalized during our study period, 868 presented with tuberculosis, corresponding to a prevalence of 21.21%. Among this population of tuberculosis patients, thirty-four were selected according to the inclusion criteria, representing a prevalence of 3.9%. This result is comparable to those reported in the literature. Indeed, other African studies conducted in Mali by Sidibé et al. [7], in Guinea by Baldé et al. [8], and in Senegal by Touré et al. [9] found prevalences of 3.95%, 3.35%, and 4.7%, respectively. This concordance may be related to similarities among these resource-limited countries. This relatively high prevalence suggests a trend toward the ‘tropicalization’ of diabetes, which remains a favorable underlying condition for tuberculosis development, which is endemic in our regions.
Elsewhere, in certain industrialized countries, these figures remain well below those reported. For example, Armstrong et al. [10] noted a prevalence of 18% in the United States, while Chiang et al. [11] reported a rate of 47.86% in Taiwan.
The mean age of our patients was 54 ± 11 years, with extremes of 33 and 72 years. These results are consistent with most studies conducted in Senegal [9, 12], which reported mean ages of 51 and 50 years, and similarly with a series reported from Algeria [13] which found a mean age of 50 years. This supports previous findings that this association is characteristic of adults in their fifties, unlike isolated tuberculosis infection, which generally affects younger populations engaged in socio-economic activity. 
In our study, there was a female predominance, with a sex ratio of 0.78. These results are identical to those observed in the literature. For example, Morad [14] in Casablanca reported a sex ratio of 0.79. This is consistent with the findings of Baldé [8] who suggested that pulmonary tuberculosis alters the male-to-female ratio, with a progressive loss of male predominance at more advanced ages.
Almost all of our patients (98%) came from urban and peri-urban areas of the Dakar region, the capital of Senegal. These results are similar to those reported by Akhdar [15] in 1998 and Konaté [12] in 2018 in Dakar, and are also comparable to findings reported by [16] and Touré [17] in Mali. In Qatar, Dousa [18] found that their patients mostly came from urban areas, explained by the influx of workers for the construction of public buildings. Urban lifestyles expose individuals to overcrowding, but also to sedentary habits and the consumption of fatty and sugary processed foods. Since our study was monocentric, conducted exclusively in the Dakar region, specifically at SMIT, such results could be expected.
Nearly half of our study population (41%) were unemployed. Traders and housewives followed, accounting for 21% and 18% respectively. These results are consistent with those of Konaté [12] who reported 43.5% of patients without occupation. At a lower rate, Touré et al. [9] also found a predominance of unemployed individuals and small specialized workers at 34%.
Clinically, most patients presented with the classic signs of tuberculosis impregnation. Poor general condition was the most frequently reported symptom (71%) and attributable to tuberculosis. Cough was present in 65% of our study population. These results are almost identical to those of Akhdar [15] and Traoré [19] in their respective studies in Dakar and Bamako (66% and 62.5%). Fever was also found at relatively high proportions (62%), with or without chills and sweating. Akhdar [15] reported fever in 56.6% of cases. Comparable results have been reported in the literature: in Serbia [20], Qatar [18], et India [21]. 
We highlighted in our study a predominance of the multifocal form (53%) compared to isolated pulmonary and extrapulmonary localizations (41% and 6%). By comparison, Diallo [22] and Diarra [23] in Mali noted an isolated pulmonary predominance of 67% in their respective studies, while the multifocal form represented only 5.8% in both cases. Considering all localizations, pulmonary involvement was largely dominant (85%), followed by neuro-meningeal (32%) and lymph node involvement (24%). In Mali, Traoré [19] also found a predominance of pulmonary forms (72.5%), followed by pleural and bone formhs with respective rates of 12% and 7.5%.
However, a literature review shows that very few studies explore the type and localization of tuberculosis, with the majority focusing on isolated pulmonary tuberculosis [12, 24-27].
Excluding two patients with missing data, all patients in our study had type 2 diabetes. Type 2 diabetes predominates in most studies conducted [8, 9, 27]. Unlike, Sidibé [7] reported a higher proportion of type 1 diabetes (51.9%) in Mali. Our results may be explained by the mean age of our patients (54 years). Indeed, beyond 50 years, there is a high probability of developing type 2 diabetes. In our study, diabetes had evolved for less than five years in the majority of cases (67%). These results corroborate with those of Baldé [8] who reported an average disease evolution of six years. In the literature, tuberculosis has largely been reported to develop during the first decade of diabetes. Chabbou  [28], found 70.85% of cases between one and ten years of disease evolution, while Konaté [12] confirmed these findings with 68% in the first decade.

HIV co-infection was the most frequent comorbidity (32.35%). This rate was relatively high compared to data reported in the literature. Diarra [23] and Sidibé [7] found 5% and 5.6% respectively in Mali, while Rakotonirina [29] reported 0.6% in Madagascar. This can be explained by the fact that our study was conducted at the Department of Infectious and Tropical Diseases of Fann Teaching Hospital, a reference center for the management of HIV-positive patients. Hypertension ranked second with a prevalence of 26.47%. Touré [9]  reported a higher rate of 87%, while Sekabaraga [30] in Mali reported 5.6%. This association is particularly morbid, increasing cardiovascular risk factors and the likelihood of chronic degenerative complications. Smoking, with a prevalence of 9%, ranked third. This is consistent with the findings of Touré [9] who reported 8%, but lower than those of Diallo and Diarra  [22, 23] ] in Bamako, who each reported 23.3% in their respective studies. Elsewhere, Pavlovic [20] in Serbia reported a rate of 37%. This frequency in the literature suggests that tuberculosis is closely associated with smoking, in addition to its impact on cardiovascular risk in diabetic patients.

In our study, 15% of patients presented with fcomplications attributable to diabetes. Unlike the findings of Sidibé and Diarra [7, 23] who reported predominantly microangiopathies (32.5%, 89%), macroangiopathy was more common in our study (12%), with a prevalence of cerebrovascular accidents (strokes) at 6%. Diabetes increases the risk factor for stroke, and this morbid association is frequently reported among diabetic patients in the literature  [11, 31-33]. However, these findings may be underestimated in our study due to the small sample size and delayed detection of complications, often linked to paraclinical examinations that are not always performed, either because of limited resources or because they were not requested by the physician. Regarding acute metabolic complications, we found approximately 15% of patients affected, including 12% with ketoacidosis at admission. This is lower than the results of Traoré et al.  [34], who reported 17.52% of ketoacidosis-type complications.
On paraclinical explorations, 66% of tested patients had poorly controlled diabetes, with HbA1c levels above 7% and a mean of 8.85%. This average is close to moroccan [35], malian [19], and senegalese [12] findings. Such poor glycemic control, noted in various studies, seems to indicate a favorable ground for the emergence of tuberculosis, or conversely, tuberculosis itself may worsen glycemic imbalance if not properly managed. The Xpert/MTB/RIF test was performed in 21 patients, of whom 18 tested positive, representing 87.7%. These figures are slightly lower than those reported by Konaté [12]with a rate of 91% of positivity. In contrast, Traoré [19] reported a much lower rate of 7.5%.
Smear microscopy was performed in only 10 patients, with positive results in 70% of cases. Although smear microscopy is the recommended first-line test in suspected pulmonary tuberculosis, especially in immunocompetent patients, the higher rate of Xpert/MTB/RIF testing suggests its superiority in tuberculosis diagnosis. Indeed, this test, with shorter turnaround time and better accessibility, detects both the mycobacterium and drug resistance. These findings suggest that Xpert/MTB/RIF is gradually replacing smear microscopy as the first-line diagnostic tool in routine practice.
Several tuberculosis-related lesions were identified heterogeneously. Alveolar and interstitial parenchymal involvement were the most common, each accounting for 29%. In 12% of cases, both lesions were associated. Akhdar [15] reported three frequent lesions in his patient groups: cavities, infiltrates, and alveolar syndrome. Similarly, Touré [9] and Konaté [12] found a predominance of cavitary lesions at 72% and 79.2%, respectively, whereas in our study cavities represented only 18%. We also noted a trend toward bilateralization of lesions on chest radiography and CT scans, with 60% of patients showing bilateral involvement. These results are consistent with those reported in the literature [22, 26]. The bilateral nature of lesions has been widely emphasized by several authors[36, 37]. Regarding topography, diffuse involvement was more represented in our series, accounting for 36% of lesions; higher than the results of Konaté [12] with 24%, but lower than those of Tall [38]  estimated at 55%.
From a therapeutic perspective, insulin therapy was continued or initiated in 46% of our patients. Touré et al [9] treated 78% of their patients with insulin, while Diallo  [22] reported 87.5%. Similarly, Sidibé [7] and Sekabaraga [30] treated all of their patients with insulin. While several authors  [13, 14] advocate for the mandatory initiation of insulin in all diabetic tuberculosis patients, others [40] highlight the role of biguanides, particularly in obese patients. In our context, the introduction of insulin depended on the degree of imbalance and stress observed at admission. Upon discharge, patients were referred to specialized consultations for better follow-up of their diabetic condition. Concerning antituberculosis chemotherapy, nearly all of our patients were placed on treatment, with duration ranging from 6 to 12 months depending on the protocol and localization. In terms of outcomes, the average length of hospitalization was 13 days. Mortality was high, with a rate of 47.05%. These findings are considerably higher than those reported in the literature [22, 28, 30]. 

Factors associated with death 
In bivariate analysis, two factors were statistically associated with death: the occurrence of complications (p=0.000) and the duration of diabetes (p=0.016).
Among the deceased, complications were dominated by cardio-respiratory causes (37.5%), notably pulmonary embolism. Niang et al. [41]  in Saint-Louis, Senegal, reported two cases of pulmonary embolism among three deaths. This may be explained by the emboligenic nature of tuberculosis, particularly in its miliary form. Metabolic complications accounted for only 12.5%, whereas Akhdar [15] strongly attributed mortality to the occurrence of metabolic complications. In addition to tuberculosis as an infectious complication, bacterial superinfection was found in 18.75% of deceased patients. In these cases, it was not uncommon to observe overlapping complications. It can therefore be presumed that this relatively high mortality is likely multifactorial in origin. 
There was also a statistically significant association between the duration of diabetes and death. Thus, it was possible to predict the risk of death based on the duration of diabetes: the longer the diabetes had evolved, the higher the risk of death. While a study conducted in Maryland found that HIV increased the risk of mortality by 6.5 times among diabetic tuberculosis patients [42], in our study there was no association between HIV co-infection and death (p=0.113). Furthermore, comorbidities overall were not statistically linked to death (p=0.824). Epidemiological data such as age and sex, as well as clinical and paraclinical findings, were not particularly associated with mortality.

5. Conclusion
Tuberculosis is the leading cause of death worldwide from a single infectious disease. Despite considerable progress made in the fight against this condition, which has notably reduced its morbidity and mortality, tuberculosis remains a major public health problem. It is frequently associated with diabetes, particularly in developing countries, due to the growing number of diabetic patients in these regions. Consequently, the National Tuberculosis Program recommends systematic screening for diabetes in all individuals with tuberculosis. Nevertheless, effective collaboration between programs targeting these two diseases is essential to reducing the health burden of tuberculosis among diabetics, as well as that of diabetes among tuberculosis patients.
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