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Background: To determine the prevalence of tuberculosis (TB) and associated factors in persons with diabetes mel-
litus (DM) in Benin, Guinea and Senegal.
Patients and Method: A cross-sectional study was conducted in the largest DM center in each country. Participants
systematically underwent clinical screening and chest radiography. Participants who were symptomatic or with abnor-
mal radiography underwent bacteriological investigations (sputum smear, Xpert MTB/RIF and culture) on sputum.
Participants with no TB at enrolment were re-examined for TB six months later. Logistic regression was performed to
identify factors associated with TB.
Results: There were 5,870 DM patients: 1,881 (32.0%) in Benin, 1,912 (32.6%) in Guinea and 2,077 (35.4%) in
Senegal. Out of  these, 114 had bacteriologically-confirmed TB, giving a pooled prevalence of 1.9% (95%CI=1.6-2.3).
TB prevalence was 0.5% (95%CI=0.3-1.0), 2.4% (95%CI=1.8-3.2) and 2.8% (95%CI=2.2-3.6), respectively, in Benin,
Guinea and Senegal. Factors associated with an increased odds of TB diagnosis were a usual residence in Guinea
(aOR=2.62;95%CI=1.19-5.77; p=0.016) or in Senegal (aOR=3.73;95%CI=1.85-7.51; p<0.001), the age group of 35-
49 years (aOR=2.30;95%CI=1.11-4.79; p=0.025), underweight (aOR=7.34;95%CI=4.65-11.57; p<0.001) and close
contact with a TB case (aOR=2.27;95%CI=1.37-3.76; p=0.002). Obesity was associated with lower odds of TB
(aOR=0.20; 95%CI=0.06-0.65; p=0.008). 
Conclusion: TB is prevalent among DM patients in Benin, Guinea and Senegal and higher than among the general
population. The findings support the need for intensified case finding in DM patients in order to ensure systematic
early detection of TB during the routine consultation process.

Key words: Tuberculosis; diabetes mellitus; disease burden; risk factors; West Africa.

A
B

ST
R

A
CT

Correspondence: Wachinou Ablo Prudence, Faculty of School of Medicine, University of Abomey-Calavi, Cotonou, Benin. Tel. +229.67.173068.
E-mail: wachinouprudence@yahoo.fr 
Contributions: APW, participated to the study conception, data acquisition, analyzed and interpreted the data, wrote the first draft of the manuscript;
SA, analyzed and interpreted the data and was a major contributor in writing the manuscript; MNM, participated to data acquisition, analyzed and
interpreted the data, critically reviewed the manuscript; BB, NB, participated to data acquisition, analyzed and interpreted the data, critically
reviewed the manuscript; JG, participated to data acquisition, interpreted the data, critically reviewed the manuscript; WB, analyzed and interpreted
the data, critically reviewed the manuscript; MS, participated to data acquisition, interpreted the data, critically reviewed the manuscript; OBS, par-
ticipated to data acquisition, analyzed and interpreted the data, critically reviewed the manuscript; DA, participated to the study conception, data
acquisition, analyzed and interpreted the data, and was a major contributor in writing the manuscript; CM, designed the study, participated to data
acquisition, analyzed and interpreted the data, and was a major contributor in writing the manuscript. All authors approved the final version of the
manuscript to be published.
Conflict of interest: The authors declare that they have no competing interests. 

Funding: This project was funded through a grant from Expertise France, Ministry of Foreign Affairs of France (Grant N°14SANIN210). Funders
had no inputs in the study design, data analysis and manuscript writing. 
Availability of data and materials: The dataset used during the current study is available from the corresponding author on reasonable request. 
Ethics approval and consent to participate: Local ethics approval was obtained from the National Ethics Committee of each country:
N°101/MS/DC/SGM/DFR/CNERS/SA dated on 14th October 2015 (Benin); N°55/CNERS/15 dated on 25th June 2015 (Guinea);
N°151/MSAS/DPRS/CNERS) dated on 19th August 2015 (Senegal). Data were collected anonymously using a unique identifier. All databases were
kept confidentially and were protected with a password, only accessible to key persons involved in the study. All participants gave written consent. 
Consent for publication: Not applicable.

ORIGINAL RESEARCH ARTICLE

®Multidisciplinary Respiratory Medicine 2021; volume 16:783

MRM_02 original.qxp_Hrev_master  22/07/21  11:50  Pagina 89

Non
-co

mmerc
ial

 us
e o

nly



Multidisciplinary Respiratory Medicine 2021; 16:783 - A.P. Wachinou et al.

Introduction 
Tuberculosis (TB) is one of the deadliest diseases in

humankind history [1]. One of the targets of the World Health
Organization (WHO) End TB strategy is to reduce the incidence of
TB by 90% in 2035 compared to 2015. The pillar one of this End
TB strategy emphasizes the importance of early detection of TB in
all people, especially in those at high risk [2]. Countries and organ-
izations involved in TB control are therefore encouraged to inten-
sify TB detection by systematically screening high-risk popula-
tions. Persons with diabetes mellitus (DM) are known to be at
higher risk of TB compared with the general population [3,4].
Previous studies have demonstrated a bi-directional link between
DM and TB. DM increases the risk of TB by three times, it com-
plicates TB diagnosis and management and can negatively affect
TB treatment outcomes by increasing the risk of failure and death.
On the other side, TB can impair diabetes management by causing
stress-related hyperglycemia, thereby prompting more complica-
tions [4].

In 2019, 468 million people were estimated by the
International Diabetes Foundation to have DM [5]. Projections
show a dramatic situation worldwide, and particularly in low- and
middle-income countries (LMIC) where 75% of all people with
this disease may be found [5]. The looming epidemic of DM may
hamper the efforts made by the global community in these last two
decades to end TB [6]. A modelling analysis showed that an
increase by 25% of DM worldwide would reverse the current
downward trend of TB incidence, which would be increased by 8%
by 2035 [7]. Unfortunately, the DM epidemic, especially in sub-
Saharan Africa where health service provision for chronic diseases
is poor, constitutes a serious threat for TB control [8]. Assessing
the burden of TB in DM patients is therefore crucial at
country/regional level to inform decisions on how to better control
the dual epidemic of DM and TB [9]. Furthermore, there is a
scarcity of data on the potential factors associated with TB in DM
patients in the African population.

The current study aimed to determine in three West African
settings, namely Benin, Guinea and Senegal, the prevalence of
bacteriologically confirmed pulmonary TB (BCPTB) among DM
patients, as well as the associated risk factors. 

Patients and Methods

Study design and countries involved
This was a multicountry cross-sectional study conducted

between October 2015 and March 2017 in Benin, Guinea and
Senegal.

Study sites 
The study was conducted in the largest DM center in each of

the countries. In Benin, the study was conducted at “Banque
d’Insuline d’Akpakpa” which holds the highest number of DM
patients in Cotonou, the economic capital. Patients are usually
managed on an outpatient basis. Other critical cases are referred to
university hospitals. In Guinea, the study was conducted at the
Diabetes department of Donka University Hospital where patients
are managed both on an outpatient and inpatient basis. In Senegal,
the study was implemented at Centre Marc Sankalé of Dakar, a
specialized center for diabetes management from the university
hospital Abass Ndao of Dakar where patients are also managed on
both an outpatient and inpatient basis.

According to previous data, the prevalence of DM in the pop-
ulation was 5.1% in Benin, 4.1% in Guinea and 5.1% in Senegal,
respectively [10]. The incidence of TB in the general population
was 55, 176, 117 per 100,000 population, respectively, in Benin,
Guinea and Senegal [11].

Population
All DM patients who were receiving care in one of the selected

centers and who gave their formal consent were eligible for the
study. Those who were already diagnosed with TB and were on
treatment prior to the survey were not included; 2,000 diabetic
patients per country were planned to be recruited for a total of
6,000 participants for the three centers. Study procedures included
sequential recruitment of participants up to 20 per day to avoid
excessive workload for the laboratory teams. 

Study procedures
All DM patients, who were included in the study, were system-

atically screened for presumptive TB symptoms based on the
WHO 4-items questionnaire (cough, fever, night sweats and
weight loss) [12], followed by a chest-Xray (CXR), except for
pregnant women. Those with at least one presumptive TB symp-
tom or with an abnormal chest X-ray were asked to produce two
sputum samples (one on the spot and the other one in the early
morning) for fluorescence auramine microscopy, Xpert/MTB/RIF
and mycobacterial culture on Lowenstein-Jansen solid media [13].
All bacteriological tests were performed at the TB reference labo-
ratory of each country. 

In order to detect any undiagnosed TB case, all DM patients
who were not diagnosed with active TB at the enrolment visit were
invited for a new TB-related investigation six months later. After
clinical assessment, they were again requested to produce sputum
samples for microscopy and culture. 

Diabetic patients with active TB were referred for treatment to
a basic management unit. 

Data variables and collection
The following data were collected: sociodemographic and

anthropometric characteristics, type of DM and its duration, clini-
cal characteristics such as cough, fever, weight loss, nocturnal
sweating, hemoptysis, smoking habits, BCG scar, and contacts,
CXR features and TB-status. Height, measured with a rigid gauge,
the participant standing upright, with knees straight, heels joined
and pressed against the wall, was the distance from the top of the
head to the soles of the feet. He/she was then weighed in a standing
position, using an electronic scale, with as little clothing on as pos-
sible and without shoes. Data were collected by trained clinical
investigators who were involved in the study, using a pre-validated
questionnaire. 

Training of clinical investigators
All clinical investigators were previously trained onsite by the

study management team on the different phases of the study. This
consisted of TB symptom screening, clinical examination, bacteri-
ological investigations (sputum smear, Xpert MTB/RIF, mycobac-
terial culture) and requesting a CXR. In addition, they were briefed
on CXR interpretation by experienced chest physicians.
Refreshing training was organized on a quarterly basis by the
country study manager. 

Quality control
In each site, a local monitor was in charge of monitoring data

collection weekly. Clinical monitoring visits were conducted by an
external monitor every 3 months to double check the validity of the
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study results and compare critical data such as patient’s eligibility
criteria, clinical symptoms, laboratory and CXR results against
source documents. Similarly, laboratory results were cross-
checked every 3 months by a senior laboratory officer to ensure
compliance with all laboratory procedures. 

Diagnostic criteria
BCPTB: A participant was diagnosed with TB based on a pos-

itive result of acid-fast bacilli seen on sputum smear microscopy, a
positive result of the Xpert MTB/RIF assay or mycobacterial cul-
ture, either at the initial assessment or at the sixth month follow up
visit (for those who were not diagnosed with TB at the first visit).

Nutritional status: This was assessed with body mass index
(BMI, kg/m2) that was calculated using the following formula
(Weight (in kg)/Size (in m²). Four categories were identified:
underweight (BMI <18.5 kg/m²), normal status (BMI= 18.5-24.99
kg/m²), overweight (BMI= 25-29.99 kg/m²) and obesity (BMI ≥30
kg/m²). 

Close contact with a TB case:  A person who shared the same
enclosed living space for one or more nights or for frequent or
extended periods during the day with an active TB case [14].  

Smoking habits: Participants were categorized into three
groups: non-smokers, ex-smokers and current smokers. 

BCG vaccination status: This was assessed by examination of
the BCG scar mainly on the left forearm. The scar was either pres-
ent, absent or doubtful. 

TB suggestive CXR features: These included nodular lesions,
infiltrates, cavitation located in the upper pulmonary zones or else-
where in the lungs, with or without pleural effusion, lym-
phadenopathy [15]. 

Study coordination
The study was coordinated by an officer based in one country,

who was assisted by a country study manager in the remaining two
other countries.

Data management and analysis
Data were double entered in an access database by two local

clerks and clean data were then analyzed using R-3.4.3 software.
Categorical variables were expressed as percentages. The number
of DM patients needed to screen to get one TB case was calculated
by dividing the number of patients screened by the number of TB
cases. Comparisons between two categorical variables were made
using the chi-square test (or Fisher’s exact test if applicable).
Potential factors associated with TB were selected from a large lit-
erature review. These included: age, sex, type of DM and duration,
DM treatment, close contact with a TB case, BMI, BCG vaccina-
tion and smoking habits. A bivariate analysis was performed. This
was followed by a multiple logistic regression with all variables
showing a p less than 0.25 on bivariate analysis. A backward step-
wise strategy was performed. The Hosmer-Lemeshow test was
used to validate the model. 

Results

Baseline characteristics of participants
Overall, out of 5,908 DM patients enrolled in the study, 5,870

were finally recruited: 1,881 (32.0%) from Benin, 1,912 (32.6%)
from Guinea and 2,077 (35.4%) from Senegal (Figure 1). Baseline
characteristics of participants are shown in Table 1. From all sites,
most patients were in the age range of 35-64 years (69.9%) and
were female (69.8%). Being underweight was found in 4.3% of
participants in Benin, in 9.7% in Guinea and in 9.0% in Senegal.
Over nine out of ten patients had type 2 DM in each of the coun-
tries. DM was diagnosed within the last five years in more than
half of the participants (58.3% in Benin, 67.9% in Guinea and
60.2% in Senegal).

Figure 1. Tuberculosis screening among patients with diabetes mellitus in 3 diabetes centers in Benin, Guinea and Senegal. BCPTB,
Bacteriologically confirmed tuberculosis; TB, tuberculosis; CXR, Chest X-Ray; M, month; CRF, Case Report form.
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Clinical features and prevalence of BCPTB 
Out of the 5,870 participants, 1,183 (20.2%) complained of at

least one presumptive TB symptom. There were also 68 (1.2%)
participants who, although being clinically asymptomatic, had an
abnormal CXR (Figure 1). Among participants who were sympto-
matic, there were fewer who had symptoms in Benin (10.4%) com-
pared with Guinea (22.2%; p<0.001) and Senegal (27.1%;
p<0.001). In terms of frequency of symptoms, the most commonly
reported was cough (12.5%), followed by night sweats (7.4%) and
fever (7.3%) (Table 2). Overall, 114 DM patients were diagnosed
with BCPTB in the three centers: 105 at the initial assessment and
9 at the 6-month assessment. The overall pooled prevalence was
1.9% (95%CI:1.6-2.3). Benin showed the lowest prevalence with
0.5% (95%CI:0.3-1.0) while Guinea and Senegal showed a higher
but similar prevalence with respectively 2.4% (95%CI:1.8-3.2)
and 2.8 (95%CI:2.2-3.6). The number needed to screen to diagnose
one TB case was estimated at approximately 200 DM patients in
Benin, 47 in Guinea and 36 in Senegal. 

Factors associated with BCPTB in diabetic patients 
Potential factors associated with TB in diabetic patients in the

three countries are shown in Table 3. After multivariate analysis,
living in Guinea (aOR=2.62; 95%CI=1.19-5.77; p=0.016) or in
Senegal (aOR=3.73; 95%CI=1.85-7.51; p<0.001) was associated
with a significantly higher risk of being diagnosed with BCPTB
than residing in Benin, after adjustment with confounders.
Likewise, belonging in the age group of 35-49 years (aOR=2.30;
95%CI=1.11-4.79; p=0.025), being underweighted (aOR=7.34;
95%CI=4.65-11.57; p<0.001) or having a close contact with a TB
case (aOR=2.27; 95%CI=1.37-3.76; p=0.002) increased the risk of
being diagnosed with TB. In addition, obesity was found to be
associated with a lower risk of TB (aOR=0.20; 95%CI=0.06-0.65;
p=0.008).  

Discussion
This is the first study that has attempted to determine the over-

Table 1. Demographics and characteristics of persons with diabetes mellitus in three diabetes centers in Benin, Guinea and Senegal
(n=5870).

                                                    Benin                            Guinea                                        Senegal                                    All n (%)
                                                    n (%)                             n (%)                                           n (%)                                              

Age (years)                                                                                                                                                                                                                                           
<35                                                          153 (8.1)                                 234 (12.2)                                                  141 (6.8)                                                528 (9.0)
35-49                                                       526 (28.0)                                477 (25.0)                                                  502 (24.2)                                              1,505 (25.6)
50-64                                                       840 (44.7)                                791 (41.4)                                                  967 (46.5)                                              2,598 (44.3)
≥65                                                         362 (19.2)                                410 (21.4)                                                  467 (22.5)                                              1,239 (21.1)

Gender                                                                                                                                                                                                                                                        
Male                                                       646 (34.3)                                617 (32.3)                                                  510 (24.6)                                              1773 (30.2)
Female                                                 1,235 (65.7)                             1,295 (67.7)                                               1,567 (75.4)                                             4097 (69.8)

Body mass index (kg/m2)                                                                                                                                                                                                                        
<18.5                                                        81 (4.3)                                   186 (9.7)                                                    186 (9.0)                                                  453 (7.7)
18.5-24.99                                               580 (30.8)                                835 (43.7)                                                  987 (47.5)                                              2,402 (40.9)
25.0-29.99                                               605 (32.2)                                566 (29.6)                                                  578 (27.8)                                              1,749 (29.8)
≥ 30                                                        615 (32.7)                                325 (17.0)                                                  326 (15.7)                                              1,266 (21.6)

Smoking habits                                                                                                                                                                                                                                          
Never smoker                                     1,837 (97.7)                              1593 (83.3)                                                1,878 (90.4)                                            5,308 (90.4)
Current/ex-smoker                               44 (2.3)                                  319 (16.7)                                                   199 (9.6)                                                  562 (9.6)

Type of diabetes                                                                                                                                                                                                                                        
Type 1                                                       57 (3.0)                                  210 (11.0)                                                   196 (9.5)                                                  463 (7.9)
Type 2                                                   1,801 (95.8)                             1,702 (89.0)                                               1,872 (90.1)                                            5,375 (91.6)
Other                                                       23 (1.2)                                       0 (0)                                                          9 (0.4)                                                     32 (0.5)

Duration of diabetes (years)                                                                                                                                                                                                                 
< 1                                                          462 (24.6)                                532 (27.8)                                                  382 (18.4)                                              1,376 (23.4)
1-5                                                           634 (33.7)                                767 (40.1)                                                  760 (36.6)                                              2,161 (36.8)
6-10                                                         391 (20.8)                                332 (17.4)                                                  368 (17.7)                                              1,091 (18.6)
> 10                                                        394 (21.0)                                281 (14.7)                                                  567 (27.3)                                              1,242 (21.2)

Diabetic treatment                                                                                                                                                                                                                                   
Hygiene-dietetic measures only        87 (4.6)                                    34 (1.8)                                                    278 (13.4)                                                 399 (6.8)
Insulin                                                    300 (15.9)                                710 (37.1)                                                  515 (24.8)                                              1,525 (26.0)
Oral anti diabetic drugs                   1,494 (79.5)                             1,168 (61.1)                                               1,284 (61.8)                                            3,946 (67.2)

Close contact with a TB case                                                                                                                                                                                                                 
Yes                                                           127 (6.8)                                 282 (14.8)                                                   148 (7.1)                                                  557 (9.5)
No                                                         1,754 (93.2)                             1,630 (85.2)                                               1,929 (92.9)                                            5,313 (90.5)

BCG vaccination status                                                                                                                                                                                                                            
Present                                                1,415 (75.2)                             1,753 (91.7)                                               1,730 (83.3)                                            4,898 (83.4)
Doubtful/absent                                  466 (24.8)                                 159 (8.3)                                                   347 (16.7)                                               972 (16.6)

Total                                                               1,881                                         1,912                                                           2,077                                                         5,870

Other type of diabetes, gestational, cortico-induced; BCG, Bacillus Calmette and Guerin; TB, tuberculosis.
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all prevalence of TB among DM patients in three West African
countries. There were some interesting findings that deserve con-
sideration.

First, the overall pooled prevalence of BCPTB among diabetic
patients in the three settings included in the study was 1.9%.
Potentially, this represents 1,900 BCPTB cases who could have
been diagnosed if 100,000 diabetic patients were screened. This
prevalence of BCPTB is much higher than the one observed in the
general population which ranges from 55 per 100,000 in Benin to
176 per 100,000 in Guinea [11]. This provides further evidence
that DM patients constitute a huge and important reservoir to con-
sider for intensified TB case finding, in all settings, especially in
resource-constrained settings. The true prevalence of TB would
even have been higher if the other types of TB cases such as those
who have been clinically diagnosed or who had developed extra-
pulmonary TB had been included. Compared with previously pub-
lished literature, our overall and country-specific prevalence of TB
fell within the range of 0.38% to 14% according to a systematic
review published in 2017 [9]. However, the prevalence remains
much lower than the prevalence (5.13%) found in a meta-analysis
that involved several other sub-Saharan African countries,
although none of these were from West Africa [16].

Second, surprisingly the prevalence of BCPTB cases reported
from Benin (0.5%), was five to six times lower than that observed
in Guinea and in Senegal, respectively at 2.4% and 2.8%. One pos-
sible explanation may relate to differences in the profiles of DM
patients who were included in the different study sites. For
instance, while participants from Benin were recruited in a center
providing care on an outpatient basis, those from Guinea and
Senegal were from centers routinely managing both inpatients and
outpatients. The higher frequency of TB among those who were
admitted in hospital with acute conditions and perhaps DM out of
control likely contributed to increase the prevalence of the disease
in Guinea and Senegal. The lower proportion of DM patients with
presumptive TB symptoms in Benin (10.4%) compared with
Guinea (22.2%) and Senegal (27.1%) corroborates this hypothesis.
One major lesson learnt from this for future investigations is to
consider both in and out DM patients to keep close to the true

prevalence of TB in this specific population. Another possible
explanation may rely on the overall three times lower prevalence
of TB in the general population in Benin compared with the two
other countries, with consequently a lower transmission of the dis-
ease among patients with DM. 

Third, underweight, that was recorded with the highest odds
ratio, was an important factor associated with TB; and this has
been reported elsewhere [9]. There is a strong interrelation
between being underweight and TB. Indeed, TB usually causes
weight loss that may lead to underweight, and this happens regard-
less of the presence of other potential comorbidities. On the other
hand, poorly controlled DM and the consequent metabolic decom-
pensation may induce weight loss, that eventually may further
impair the immune system and allow the tuberculous bacilli to
reactivate [17,18]. Underweight or the complaint of weight loss
should be used as a key clinical factor to detect DM patients at
most risk of being diagnosed with TB. Given the key importance
of resources in any screening strategy, the attention to weight loss
or being underweight can be very useful in a targeted screening
program [19]. 

Being underweight, through weight loss, may reflect a delay in
the diagnosis of TB among these DM patients, who, due to their
underlying condition, are mostly followed-up on a regular basis.
This contrasts with the general population that only present to
health centers in case of disease. This is of concern and stresses the
importance of continuous screening for TB in this high-risk group.
Such routine screening would prevent from any delay in the diag-
nosis of TB, since there are usually reported in the literature simi-
larities in the clinical features of both diseases and worse, alter-
ation of TB symptoms due to DM [16]. More work is needed to
inform DM patients about presumptive symptoms and signs of TB
as well as ensure that they are systematically clinically screened at
each routine consultation; and according to our findings, special
attention should be given to those aged between 35 and 49 years-
old.   

Interestingly, obesity was associated with a lower risk of TB
incidence similar to other findings in the literature [20,21]. In one
study from Taiwan, DM patients who were obese tended to have a

Table 2. Tuberculosis symptoms presented by persons with diabetes mellitus who were screened for TB in three diabetes centers in
Benin, Guinea and Senegal (n=5870).

                                                    Benin                                   Guinea                                 Senegal                                      All countries
                                                      n (%)                                   n (%)                                    n (%)                                              n (%)

Cough                                                                                                                                                                                                                                                                
Yes                                                           143 (7.6)                                          359 (18.8)                                         355 (17.1)                                                      857 (14.6)
No                                                         1,738 (92.4)                                      1,553 (81.2)                                      1,722 (82.9)                                                   5,013 (85.4)

Fever                                                                                                                                                                                                                                                                  
Yes                                                            27 (1.4)                                            178 (9.3)                                          283 (13.6)                                                       488 (8.3)
No                                                         1,854 (98.6)                                      1,734 (90.7)                                      1,794 (86.4)                                                   5,382 (91.7)

Weight loss                                                                                                                                                                                                                                                       
Yes                                                            52 (2.8)                                            145 (7.6)                                          284 (13.7)                                                       481 (8.2)
No                                                         1,829 (97.2)                                      1,767 (92.4)                                      1,793 (86.3)                                                   5,389 (91.8)

Night sweats                                                                                                                                                                                                                                                    
Yes                                                            23 (1.2)                                            105 (5.5)                                           159 (7.7)                                                        287 (4.9)
No                                                         1,858 (98.8)                                      1,807 (94.5)                                      1,918 (92.3)                                                   5,583 (95.1)

Hemoptysis                                                                                                                                                                                                                                                      
Yes                                                             5 (0.3)                                              17 (0.9)                                             23 (1.1)                                                          45 (0.8)
No                                                         1,876 (99.7)                                      1,895 (99.1)                                      2,054 (98.9)                                                   5,825 (99.2)

At least one symptom                                                                                                                                                                                                                                    
Yes                                                          195 (10.4)                                         425 (22.2)                                         563 (27.1)                                                    1,183 (20.2)
No                                                         1,686 (89.6)                                      1,487 (77.8)                                      1,514 (72.9)                                                   4,687 (79.8)

Total                                                               1,881                                                  1,912                                                   2,077                                                               5,870

MRM_02 original.qxp_Hrev_master  22/07/21  11:50  Pagina 93

Non
-co

mmerc
ial

 us
e o

nly



Multidisciplinary Respiratory Medicine 2021; 16:783 - A.P. Wachinou et al.

lower risk of developing TB than non-diabetic normal-weight indi-
viduals [22]. This lower risk of TB disease of obese DM patients
is surprising, since obesity promotes DM, which, in turn, may
increase the risk of developing TB, one major symptom of this,
being weight loss. Some reports in the literature pointed out the
possible influence of the leptin and hypercholesterolemia [22].
Convincing explanations regarding the complex relationship
between obesity, DM and TB require further investigations.

Another factor that was found associated with TB was being a
close contact with a TB case. We would recommend systematic
and complete screening of DM patients when TB is diagnosed
among their close contacts. The screening should involve clinical
assessment and also CXR and bacteriological investigations. 

Elsewhere, other factors associated with TB have mostly been
reported from developed settings and these include tobacco and
illicit drugs use, lifestyle and harmful alcohol consumption
[8,9,13-15]. In the current study, smoking was associated with TB
in bivariate analysis, but this was not confirmed after adjusting for

potential confounders. Differences in behavioral habits between
high- and low-resource settings, despite increasing westernization
in poor settings [23], likely contributed to this result.
Unfortunately, other risk factors were not included as part of our
analysis, due to lack of data on these variables. Future research will
address these issues. 

The strengths of this study include the large number of DM
patients who were recruited in the largest DM center located in the
main urban city in each country, and the use of a robust case defi-
nition based on bacteriological confirmation. There were also
some limitations. First, due to limited resources, we were not able
to cover the whole country, including rural settings where the situ-
ation may differ, challenging thereby a generalization of findings.
However, we believe that the inclusion of the largest DM center in
each country gives for the first time in these settings an approxi-
mate good picture of the burden of TB in this specific vulnerable
group. Second, the sampling process, consisting of recruiting a
fixed number of patients daily, may be subject of bias. This

Table 3. Factors associated with tuberculosis in persons with diabetes mellitus in three West African countries.  

                                    TB                            cOR (IC95%)                             p                      aOR (IC95%)                            p
                                            Yes            No                                                                                                                                                   

Countries                                                                                                                                                                                                                                                                 
Benin                                            10               1,871                                     -                                              <0.001                                     -                                                  -
Guinea                                          46               1,866                        4.61 (2.32-9.16)                                                                      2.62 (1.19-5.77)                                 0.016
Senegal                                         58               2,019                       5.37 (2.74-10.55)                                                                    3.73 (1.85-7.51)                                <0.001

Age (years)                                                                                                                                                                                                                                                             
<35                                                11                517                                       -                                                0.022                                       -                                                  -
35-49                                             43               1,462                        1.38 (0.71-2.70)                                                                      2.30 (1.11-4.79)                                 0.025
50-64                                             40              2,,558                       0.73 (0.37-1.44)                                                                      1.22 (0.57-2.58)                                 0.609
≥ 65                                               20               1,219                        0.77 (0.37-1.62)                                                                      1.18 (0.52-2.68)                                 0.684

Gender                                                                                                                                                                                                                                                                    
Male                                              53               1,720                                     -                                              <0.001                                     -                                                  -
Female                                         61               4,036                        0.49 (0.34-0.71)                                                                      0.78 (0.50-1.22)                                 0.275

BMI (kg/m2)                                                                                                                                                                                                                                                            
<18.5                                                                 453                        8.07 (5.24-12-41)                                <0.001                       7.34 (4.65-11.57)                              <0.001
18.5-24.99                                                        2,402                                     -                                                                                                1                                                   
25.0-29.99                                                        1,749                        0.75 (0.44-1.29)                                                                      0.85 (0.49-1.46)                                 0.558
≥30                                                                   1,266                        0.14 (0.05-0.48)                                                                      0.20 (0.06-0.65)                                 0.008

Smoking habits                                                                                                                                                                                                                                                      
Never smoker                             88               5,220                                     -                                              <0.001                                     -                                                  -
Current/Ex-smoker                   26                536                          2.88 (1.84-4.49)                                                                      1.43 (0.84-2.44)                                 0.188

Type of diabetes                                                                                                                                                                                                                                                    
Type 1                                             7                 456                                       -                                                0.487                                       -                                                  -
Type 2                                          106              5,269                        1.31 (0.61-2.83)                                                                                   -                                                  -
Other                                             1                  31                          2.10 (0.25-17.62)                                                                                  -                                                  -

Duration of diabetes (years)                                                                                                                                                                                                                             
< 1                                                30               1,346                                     -                                                0.699                                       -                                                  -
1-5                                                  37               2,124                        0.78 (0.48-1.27)                                                                                   -                                                  -
6-10                                                20               1,071                        0.84 (0.47-1.48)                                                                                   -                                                  -
> 10                                               27               1,215                        0.99 (0.59-1.68)                                                                                   -                                                  -

Diabetic treatment                                                                                                                                                                                                                                                
Dietetic measures only            12                387                                       -                                                0.011                                       -                                                  -
Insulin                                          40               1,485                        0.87 (0.45-1.67)                                                                      0.77 (0.38-1.58)                                 0.483
Oral anti diabetics                     62               3,884                        0.51 (0.27-0.96)                                                                      0.84 (0.43-1.65)                                 0.626

Contact with TB case                                                                                                                                                                                                                                           
Yes                                                22                535                          2.33 (1.45-3.74)                                 <0.001                        2.27 (1.37-3.76)                                 0.002
No                                                  92               5,221                                     -                                                                                                -                                                  -

BCG vaccination scar                                                                                                                                                                                                                                           
Present                                         92               4,806                                     -                                                0.427                                       -                                                  -
Doubtful/Absent                         22                950                          1.21 (0.75-1.94)                                                                                   -                                                  -

TB, tuberculosis; cOR, crude odds ratio; aOR, adjusted odds ratio; BCG, Bacillus Calmette and Guerin; other type of diabetes, gestational, cortico-induced.

MRM_02 original.qxp_Hrev_master  22/07/21  11:50  Pagina 94

Non
-co

mmerc
ial

 us
e o

nly



Multidisciplinary Respiratory Medicine 2021; 16:783 - A.P. Wachinou et al.

arrangement, however, allowed the laboratories involved in the
study to continue coping with their daily workloads and other
tasks. Third, as stated above, the non-inclusion of those suffering
from clinically diagnosed or extrapulmonary TB likely reduced the
prevalence of the disease. However, the diagnosis of these two
types of TB is difficult and may often be wrong in resource-limited
settings, so we feel that it was correct to just focus on BCPTB in
this first instance. 

Conclusion
The prevalence of BCPTB among DM patients was higher

than in the general population in Benin, Senegal and Guinea. This
reinforces the assumption that DM patients may be a large reser-
voir for TB intensified case finding strategies in the sub-region of
West Africa. Some variation between countries was found, with
Benin showing a lower prevalence compared to Guinea and
Senegal. The risk of diagnosing TB among diabetic patients was
significant in adults who were aged 35-49 years-old, who were
underweight or who lived with a TB case. These findings may help
national TB programmes to implement relevant interventions for
TB case detection among DM patients.
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