


Assessing the Role of comorbidities associated with Tuberculosis in Ouagadougou, Burkina Faso

Abstract
Introduction: Tuberculosis remains a public health problem. The objective of this study was to investigate the comorbidities associated with this disease in the city of Ouagadougou.
Methodology: This was a retrospective cohort study with a descriptive and analytical purpose, conducted on drug-susceptible tuberculosis patients followed in four tuberculosis diagnosis and treatment centers.
Results: A total of 408 cases of drug-susceptible tuberculosis of all forms were included in our study. The mean age of the patients was 39.41 + -15.84 years, with a range of 15 to 80 years, and more than half were from the informal sector (61.76%). There were 86.27% new cases and 13.73% previously treated patients. Smoking and alcoholism were found in the population studied. A prevalence of 68.62% of patients had at least one comorbidity, the most common of which were malnutrition, hypertension and TB/HIV coinfection. Treatment failure was more common among patients without comorbidities (8.57% vs. 12.5%, p=0.112), and there were also more lost to follow-up (5.17% vs. 0%, p=0.01) in this group.
Conclusion: Comorbidities are factors that influence the effectiveness of tuberculosis treatment. In our study, 68.62% of patients had at least one comorbidity. The most common comorbidities were malnutrition, high blood pressure, and TB/HIV co-infection. 
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INTRODUCTION
According to estimates by the World Health Organization (WHO), tuberculosis represents, it is the second leading cause of death from infectious diseases after COVID-19 [1]. In 2022, 10.6 million cases of tuberculosis were diagnosed worldwide, with
1.3 million deaths [2]. In Africa, around 2.5 million cases of tuberculosis was reported in 2021. In our country, Burkina Faso, according to data from the national tuberculosis control program, 7612 cases of all forms were reported in 2022 [3]. Faced with this scourge, in 2014 the United Nations, through the WHO, adopted the "End-TB Strategy" by 2035 as part of the Millennium Sustainable Development Goals. This included, among other things, achieving by 2035 a 95% reduction in TB mortality and a 90% reduction in incidence compared to 2015 rates, as well as a rate of zero TB-affected families facing catastrophic costs [4].
Active TB is linked to failure of immune control, often explaining the strong association between active TB and other communicable or non-communicable diseases [5]. This association is a factor that can have an impact on patient management in developing countries. Indeed, in these countries with limited resources, health services are often not adapted to deal with this problem. In recent years, the WHO has focused particular attention on the management of co-morbidities in tuberculosis, through the first pillar of the End TB strategy, entitled "integrated, patient-centered care and prevention". One of the objectives of this pillar is the management of comorbidities in tuberculosis [1].
We are therefore conducting this study to assess the impact of comorbidities on the occurrence of tuberculosis, its clinical forms and therapeutic outcome in our country, with a view to improving their management.
MATERIALS AND METHODS
Study setting
Our study was conducted in four Tuberculosis Diagnostic and Treatment Centers (CDT) in the city of Ouagadougou. These were the CDT of the Centre Hospitalier Universitaire Yalgado Ouédraogo (CHU-YO), the Boulmiougou district hospital, the Paul VI hospital and the Centre National de Lutte Anti Tuberculeuse (CNLAT) .
Type and period of study
This was a retrospective analytic cohort study that included patients over a 4-month period (April 1, 2023 to July 31, 2023). Data analysis was performed in January 2024.
Target population
 Our study covered all tuberculosis patients followed up in these four CDTs in the city of Ouagadougou.
Source population
All new cases of all forms of tuberculosis.
Inclusion criteria
Our study included all new cases of drug-sensitive tuberculosis, regardless of sex, aged at least 15 years, who began treatment between April 1, 2023 and July 31, 2023, and who had given their informed consent to participate in the study. This treatment is composed of four (4) anti-tuberculosis drugs namely Rifampicin (R), Isoniazid (H), Ethambutol (E) and Pyrazinamide for a duration of six (6) months. The first phase lasts two (2) months with the four molecules (RHZE) and the continuation phase lasts four (4) months with two molecules (RH).
Non-inclusion criteria
Our study did not include new cases of resistant or multidrug-resistant tuberculosis and/or non- consenting patients.
Sampling
We proceeded by exhaustive sampling of all new cases of drug-susceptible tuberculosis until the required sample size was reached.
To estimate the sample size, we took into account the risk of error alpha = 5%. Let N= [ZαP Q] i²,
where N =sample size,
Zα = reduced deviation for alpha risk at 5% (read from the normal distribution table) and is = 1.96.
I= the estimated margin of error at 5% and the confidence level at 95%.
P = proportion of tuberculosis patients in Burkina Faso with comorbidities, estimated at 50% due to lack of data in the literature.
Q= 1-P
N=384 patients. With a non-respondent rate estimated at 5%, we increased our sample by 19 patients. We therefore have a total. N=403 patients.
Studied variables
The variables considered in our study are as follows: socio-demographic characteristics (age, sex, residence, level of education), economic level (socio-professional status), behavioral factors (alcohol, tobacco and drug consumption), clinical data (blood pressure, body mass index, medical and surgical history, medical conditions), type of tuberculosis (pulmonary, extra-pulmonary or multifocal), paraclinical data (blood tests and imaging) and treatment outcome (cured, treatment failure, lost to follow-up, treatment completed, not evaluated, death).
Data collection
Data were collected using a KoboCollect data collection form.
A treatment initiation interview was conducted with each patient and at least one family member prior to the start of treatment. At the end of this interview, clinical data (blood pressure and anthropometric measurements) were taken. Patients were seen again at the end of the second month (M2) of their treatment and/or at the end of the third month (M3) for those who had not presented a negative smear at M2, at the fifth month (M5) and at the sixth month (M6) to inquire about the therapeutic outcome.
Data entry and analysis
Data were entered on a microcomputer using KoboCollect software version 2023.2.4. They were analyzed using EPI Info software version 7.2.2.6. Microsoft Word 2021 and Microsoft Excel 2021 were used to produce the graphs and tables. Statistical tests, including p-value and Odd ratio estimates with 95% confidence intervals, were used. A difference was considered significant in statistical tests when p < 0.05.
Ethical and deontological aspects
Data collection was carried out following written authorization from the Regional Director of Health for the Centre, the Coordinator of the Tuberculosis Control Program, the Director General of the Paul VI Hospital and the Director General of the Yalgado Ouédraogo University Hospital, in response to a request for authorization to collect data. Informed consent was obtained from each patient before data collection began, and the anonymity and confidentiality of the data collected were respected.
Conceptual definitions
A bacteriologically confirmed case of tuberculosis is a patient whose diagnosis is based on the positivity of a biological sample (sputum, fluid, blood, etc) confirmed by microscopic examination of a smear, culture or rapid diagnostic test (RDT), such as the Xpert MTB/RIF [6]. On the other hand, a clinically diagnosed case of tuberculosis corresponds to a patient who does not meet the criteria for bacteriological confirmation, but in whom the diagnosis has been established by a physician on the basis of clinical signs, abnormal imaging or suggestive histology, particularly for extrapulmonary forms not confirmed in the laboratory. If bacteriological confirmation is subsequently obtained, the patient should be reclassified as a confirmed case [6].
Drug-susceptible tuberculosis refers to tuberculosis caused by bacilli sensitive to first-line anti- tuberculosis drugs. A new case of tuberculosis is defined as a patient who has never received anti-tuberculosis treatment, or who has received it for less than one month [6]. A previously treated patient, on the other hand, is one who has been on anti-tuberculosis treatment for a month or more in the past. These patients are classified into several categories:
• Relapsed, if the patient has already been declared cured or treatment completed and presents a new episode of tuberculosis;
• Treated after treatment failure, if the previous treatment did not lead to cure after at least five months;
• Treated after loss of sight, if the patient had interrupted previous treatment;
• Other previously treated patient, if the outcome of the previous treatment is unknown or undocumented [6].
A patient is considered cured if, after initial bacteriological confirmation, control tests (smear or culture) are negative during the last month of treatment and at least once previously [6]. Completed treatment refers to clinical cases with no signs of failure, or confirmed cases with no bacteriological results available at the end of treatment [6]. Treatment failure is defined as the persistence of positive results after five months of treatment. A patient is said to be lost to follow-up when he or she has not started treatment or has interrupted it for two or more consecutive months [6]. Finally, therapeutic success includes cases of cure and completed treatment [6].
Operational definitions
Tuberculosis-associated comorbidities refer to the coexistence in a tuberculosis patient of one or more transmissible or non-transmissible diseases. Elevated blood pressure is defined by the WHO as systolic pressure ≥ 140 mmHg and/or diastolic pressure ≥ 90 mmHg [7].
Alcoholism is defined as regular consumption of alcohol leading to chronic intoxication and sometimes dependence [8], while smoking corresponds to regular use of tobacco or its derivatives, which can also lead to dependence [8].
 Finally, any patient living in the commune of Ouagadougou, made up of 12 arrondissements and 55 sectors according to the 2012 administrative division, is considered to reside in an urban area. Conversely, a rural resident is a patient living outside this commune, in an outlying village.
RESULTS
Between April 1, 2023 and July 31, 2023, 450 cases of drug-susceptible tuberculosis of all forms were diagnosed at our various collection sites. Figure 1 shows the flow chart of our patients' inclusion.

Socio-demographic characteristics of the study population
Males represented 73.53% (300/408 cases) of our sample, i.e. a sex ratio of 2.77. Among our patients, 95.10% (388/408 cases) lived in the city of Ouagadougou, 46.08% (188/408 cases) were not in school, 61.76% (252/408 cases) worked in the informal sector and 15.69% (64/408 cases) were housewives. The average age of our patients was 39.41 ± 15.84 years, with extremes of 15 and 80 years. Table I presents the socio-demographic characteristics of our study population.

Comorbidities found
A total of 68.62% (280/408) of our patients had at least one comorbidity. Under nutrition was found in 47.14% (132/280), hypertension in 31.43% (132/280), co-infection with HIV1 in 21.43% (60/280) and diabetes in 7.14% (20/280).
Alcohol consumption was found in 37.25% (152/408) patients and tobacco in 32.35% (132/280). Table II shows the distribution of patients according to their comorbidities.

Types of tuberculosis
New cases of tuberculosis represented 86.27% (352/408) of our sample, while previously treated patients accounted for 13.73% (56/408). Among previously treated patients, 42.86% (24/56) had failed treatment. Bacteriologically confirmed tuberculosis (PCB) and extra pulmonary forms were more frequent in patients without comorbidities in 84.38% and 12.50% of cases respectively (figure 2).

Impact of comorbidities on therapeutic outcome
All our patients were neither hospitalized nor under directly observed treatment. Among patients with comorbidities, therapeutic success (cure + completed treatment) was 85.72%. Patients lost to follow-up accounted for 3.92% of the study population, and 5.71% of patients with comorbidities. Table III illustrates the therapeutic outcome of patients.

DISCUSSION
Epidemiological and socio-demographic aspects
The age of 39.41 ± 15.84 years, with extremes of 15 and 80 years, means that this disease affects subjects of all ages, depending on their exposure. The male predominance found in our study has beeń reported by other authors [9, 10]. Men's behaviour towards tobacco and alcohol in our countries makes them more susceptible to respiratory diseases, including tuberculosis. However, authors in Central Africa have noted a predominance of women [11, 13]. This could be explained by the impact of HIV infection in this part of Africa, as women are more vulnerable tò this disease.
Several studies have demonstrated the relationship between tuberculosis and poverty. In fact, in our work, 46.06% were out of school. A low level of schooling could limit patients' understanding of the importance of therapeutic compliance and respect for tuberculosis prevention and control measures, thus favoring the spread of Koch's bacillus and the emergence of drug-resistant strains.
Their low level of education exposes them to precarious employment and promiscuity. In our study, 61.76% of patients worked in the informal sector. Professionals in the informal sector accounted for some of the patients in our study. Low socio-economic status is one of the social determinants of tuberculosis. It is a factor in many diseases, particularly infectious diseases, due to overcrowding, poor hygiene and lack of access to information.
Comorbidities
More than half our sample (68.62%) had at least one comorbidity. This same finding is shared by other authors, notably Lakoh S et al in Sierra Leone [10], who reported 70.8% comorbidities in their study. The high prevalence of comorbidities in our context could be explained by the socio-economic characteristics of our study population. Indeed, it is predominantly young, with high-risk behavioral factors, namely smoking (32.50%) and alcoholism (37.25%), and a low socio-economic level, as evidenced by their occupation.
Both smoking and alcoholism are risk factors for the spread of tuberculosis. In fact, as other authors have pointed out [14], these two behavioral factors are responsible for weakening the immune system.
Under nutrition as a comorbidity (47.14%) was found in the Philippines [15] in 36.6% of patients in urban sites and 41.6% in rural sites. Malnutrition is a risk factor for all infectious diseases, as it impairs immunity. A moderately to severely underweight or micronutrient- deficient person is more vulnerable to the development of tuberculosis [14].
Hypertension was the second most frequent comorbidity and chronic disease in our study (31.43% of cases). Sierra Leoneans [10] also reported hypertension as the most frequent chronic disease associated with tuberculosis in 49.1% of cases. We must continue to sensitize our populations to cardiovascular risk factors in order to bring about changes in behavior.
In our study, TB/HIV co-infection was found in 21.43% of patients. Authors in Burkina Faso
[16] and Sierra Leone [10] found TB/HIV co-infection in 21.40% and 20.40% of cases respectively. HIV infection reduces host immunity, thus increasing the risk of developing opportunistic diseases, notably tuberculosis. These results underline the importance of reinforcing systematic screening for tuberculosis in people living with HIV, and vice versa, as part of an integrated management approach.
Anemia is one of the hematological disorders most frequently encountered in tuberculosis (15.71% in our sample). Fehri M et al [17] found anemia in 74.4% of cases. Anemia should be investigated and managed in patients with tuberculosis, to ensure that the disease progresses smoothly.
Diabetes accounted for 7.14% of comorbidities in our study. White et al [15] reported similar results, with 9.2% of diabetics in their study. Indeed, reduced immunity in diabetic patients increases the risk of developing tuberculosis, as does HIV infection. In addition, diabetic comorbidity has also been associated with delayed weight and hemoglobin recovery during the first two months of TB treatment [18]. Screening for diabetes should therefore be systematic in all tuberculosis patients, with appropriate management.
Generally speaking, the comorbidities found in tuberculosis vary from one study to another. Indeed, the meta-analysis by Jarde et al found depression and anxiety in 15.3% of participants [19].
In contrast, the St-ATT cohort in three regions of the Philippines reported undernutrition in 23.4%, diabetes in 22.5%, arterial hypertension in 19% and anemia in 13.5% of cases as the most common non-communicable diseases during the course of tuberculosis [20]. A study of tuberculosis multimorbidity in Brazil found human immunodeficiency virus (HIV) infection, diabetes and mental illness in 17.7%, 7.8% and 3.6% of cases respectively [21].
A study carried out in Bangui found HIV infection in 73.36% of TB patients, malaria in 48.63% and anemia in 31.81% [22]. In a study of tuberculosis patients in Gabon, the prevalences of hypertension and diabetes were 16.3% and 12.8% respectively [23].
Clinical and paraclinical forms
In our sample, 86.27% of our patients were new TB cases and 13.73% were previously treated patients. White et al. in the Philippines in 2020 [15] reported 37.9% of patients already treated. Coulibaly M B et al. in Mali in 2020 [24] reported 100% new cases in their series.
 Bacteriologically confirmed pulmonary tuberculosis was the most frequent clinical form in our study, affecting 78.43% of the study population. These results are similar to those of Coulibaly M B et al [éê], who reported bacteriologically confirmed pulmonary tuberculosis in 79.20% of patients in their study. The high frequency of pulmonary tuberculosis is consistent with the pathophysiology of tuberculosis, in which the lung is the target organ due to the strict aerobic nature of Mycobacterium tuberculosis,
Impact of comorbidities on therapeutic outcome
Therapeutic success was 87.51% in patients without comorbidities and 85.72% in patients with comorbidities. This difference was significant (p=0.020). The high rate of therapeutic success in our study, despite the high prevalence of comorbidities, indicates that tuberculosis is a curable disease subject to good therapeutic compliance.
The overall therapeutic success of 86.28% reported in our sample is comparable to that of other African authors, notably Coulibaly et al in Mali in 2020 (87.9%) [24], Rakotoson et al in Madagascar in 2013 (84.06%) [25] and Dovonou et al in Benin in 2016 (86.26%) [26].
A failure rate of 9.8% was found in the study. Rakotoson et al [25], Dovonou et al [26], Coulibaly et al [24] found 0.7%, 2.4% and 2.1% respectively. This difference could be linked to the high prevalence of smokers and alcoholics in our sample. In our case, treatment was not directly observed by the health workers. The fact that this treatment failure was more frequent in the group of patients with no comorbidities (12.50%) than in those with comorbidities (8.57%) leads us to believe that the existence of comorbidities would be a factor in better treatment compliance. Further studies are needed to clarify this hypothesis.
The patients lost to follow-up in our sample was 3.92%. Coulibaly et al. in Mali [24] found 2.1% lost to follow-up in their study. The fact that all those lost to follow-up in our case had comorbidities could be linked to the therapeutic and psychological burden of these poly pathologies. The relationship between the presence of comorbidities and loss of vision was statistically significant (p=0.023).
CONCLUSION
Our study highlights a high prevalence of comorbidities among tuberculosis patients in Ouagadougou, notably undernutrition, arterial hypertension, HIV infection and diabetes. These factors potentially influence the clinical course and prognosis of the disease. Their early detection and management are essential to improve the therapeutic success of tuberculosis. As part of the End TB strategy, it is therefore essential to integrate the management of co- morbidities into national TB control protocols. Efforts must also be made to strengthen the capacity of health services for integrated care, especially in precarious urban environments where the majority of cases are concentrated.
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Table I: General characteristics of the population

	Variables
	Number (n)
	Percentage (%)

	Gender
	
	

	Male
	300
	73,53

	Female
	108
	26,47

	Residence
	
	

	Urban
	388
	95,10

	Rural
	20
	4,90

	Education level
	
	

	No schooling
	188
	46,08

	Primary
	92
	22,55

	Secondary
	76
	18,63

	Higher
	52
	12,75

	Marital status
	
	

	Married
	260
	63,73

	Single
	124
	30,39

	Cohabiting
	8
	1,96

	Age range (years)
	
	

	[15-20]
	36
	8,82

	]20-30]
	108
	26,47

	]30-40]
	116
	28,43

	]40-50]
	48
	11,76

	]50-60]
	52
	12,75

	]60-70]
	24
	5,88

	>70
	24
	5,88

	Profession
	
	

	Housewife
	64
	15,70

	Informal** sector
	139
	34,31

	Retailer
	60
	14,71

	Student
	44
	10,78

	Farmer
	32
	7,84

	Civil servant
	28
	6,86

	Gold digger
	16
	3,92

	Retired
	12
	2,94

	Unemployed
	8
	1,96

	Farmer
	4
	0,99


**: waitress, craftsman, decorator, carpenter, mechanic, bricklayer, security guard, plumber, welder, upholsterer, dressmaker, laborer, driver, restaurateur, weaver.


Table II: Distribution of patients according to comorbidities associated with tuberculosis
	Comorbidities
	Number(n)
	Frequency (%)

	Clinical
Undernutrition
	
132
	
47,14

	Anemia
	44
	15,71

	Overweight
	4
	1,43

	Pathologies
HTA
	
88
	
31,43

	HIV1
	60
	21,43

	Diabetes
	20
	7,14

	Gastro-duodenal ulcer
	16
	5,71

	Asthma
	12
	4,29

	Malaria
	12
	4,29

	DVA
	12
	4,29

	Hepatitis B and/or C
	16
	5,72

	Dengue
	4
	1,43

	Epilepsy
	4
	1,43

	Strangulated inguinal-scrotal hernia
	4
	1,43

	Prostate hypertrophy
	4
	1,43

	Obstructive renal and bladder lithiasis
	4
	1,43

	Risk factors
Alcoholism
	
152
	
37,25

	Smoking
	132
	32,35


DVA: ischemic stroke









Table III: Distribution of patients by therapeutic outcome.
	Treatment outcome
	Total
	*CO (-)
	*CO (+)
	OR [CI 95%]
	P-value

	Cure
	264
(64,71%)
	92
(71,87%)
	172
(61,43%)
	1,64[1,01-2,52]
	0,020

	
Treatment completed
	
88
(21,57%)
	
20
(15,63%)
	
68
(24,29%)
	
0,57[0,33-1,00]
	
0,023

	
Failure
	
40
(9,80%)
	
16
(12,50%)
	
24
(8,57%)
	
1,52[0,77-2,97]
	
0,112

	
Lost to sight
	
16
(3,92%)
	
0
	
16
(5,71%)
	
	
0,001


*CO (-) = patients without comorbidities
*CO (+) = patients with comorbidities
*OR= Odd ratio; CI= confidence interval





Figure 1: Flowchart of our patient inclusion.







Figure 2: Distribution of patients by clinical form of tuberculosis, according to comorbidities.










Number of cases of drug-susceptible tuberculosis who started treatment between April 1, 2023 and July 31, 2023
N = 450


Patients lost to follow-up, deceased, transferred to other CDTs before the start of our study and non-consenting
n=42


Total number of patients included
n=408


Patients without comorbidities	
PET DC	PCB	PDC	Multifocal 	0.125	0.84379999999999999	3.1300000000000001E-2	0	Patients with comorbidities	
PET DC	PCB	PDC	Multifocal 	0.1	0.7843	0.12859999999999999	1.43E-2	
PET DC	PCB	PDC	Multifocal 	Type of tuberculosis 


Pourcentges







