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Abstract 

Introduction: tuberculosis is an infectious 
communicable disease caused by mycobacterium 
tuberculosis, it is the second leading cause of death 
following Human immunodeficiency virus (HIV). 
Methods: to carry out this work, we proposed to 
validate externally the prognostic score (CABI) 
developed in Cameroon in Guinean patients treated 
for tuberculosis then to improve the CABI score 
(substitution of one or more factors) only if the 
predictive capacities of the score are not 
satisfactory (index c <0.70 and lower calibration). It 
was a retrospective analytical study, lasting one 
year, from January 2017 to December 2018, in 
patients treated for tuberculosis in the Department 
of Pulmonology - Phtisiology of the Ignace Deen 
teaching hospital. The discrimination model was 
determined by the area under the receiver 
operating characteristic curve (ROC) Air Under the 
Curve (AUC). The correct calibration of the model 
was determined by an insignificant Hosmer-
Lemeshow fit test. Results: the inclusion cohort was 
made up of 1338 individuals, with an average age 
of 37.1 years ± 15.3 years and a sex ratio of 1.3 men 
for 1 woman. In our cohort, the diagnostic 
performance of the CABI score is moderate (AUC = 
0.6885), but the calibration is not significant  

[H-L χ2= 21.50 (p = 0.0059)]. On the other hand, with 
the new T for type of patient, A for age, B for body 
mass index and I for HIV infection (TABI) score, we 
obtain a good diagnostic performance (AUC = 0.75 

95% CI [0.717 - 0.782]), a good calibration [HL χ2= 
12.0119 (p = 0.1507)], good specificity (60%) and 
good sensitivity (80%). The TABI score therefore has 
better effectiveness on Guinean patients but will 
however require external validation on another 
population. Conclusion: this score can allow the 
early detection of tuberculosis patients at high risk 
of death, which can inform clinicians in their 
decision-making when these patients are started on 
treatment. However, further external validation 
studies will be required. 

 

Introduction     

Tuberculosis is an infectious communicable disease 
caused by mycobacterium tuberculosis, it is the 
second leading cause of death following Human 
immunodeficiency virus (HIV) [1]. In 2018, the 
World Health Organization (WHO) lists an average 
of 10 million (9 to 11.100 million), new cases of 
tuberculosis with an estimated 1.5 million 
tuberculosis-related deaths worldwide, including 
251.000 deaths in HIV positive patients. The 
average incidence rate is thus 130 cases per 
100.000 inhabitants, of which nearly 87% of new 
cases are diagnosed in sub-Saharan Africa and 
South Asia. The disease recedes slowly each year 
with 58 million lives saved between 2000 and 2018 
against 37 million between 2000 and 2013, thanks 
to effective treatment and diagnosis [2-4]. 
Unfortunately, in sub-Saharan Africa and more 
particularly in Guinea, and in the context of the HIV 
pandemic, mortality is constantly increasing [5]. 
Consequently, the identification of risk factors for 
death during anti-tuberculosis treatment becomes 
a priority for the various health systems which will 
be able to act on them, to improve or adapt patient 
management strategies. These risk factors are most 
often identified from multivariate prediction 
models defined as any combination of two or more 
factors (such as age, sex, stage of the disease, etc.) 
to estimate the probability of occurrence of a 
clinical event unfavorable for the patient, in this 
case death during anti-tuberculosis treatment. 

Thus, in current practice, to simplify the 
identification of patients at high risk of death, these 
models are transformed into a risk score or 
prognostic score. Thus, very recently, a prognostic 
score for the risk of death during the anti-
tuberculosis treatment called CABI (C for clinical 
forms of tuberculosis, A for age, B for body mass 
index and I for HIV infection) was developed in 
Cameroonian patients. The authors have shown 
that this score presents very good performances in 
terms of discrimination (c-index = 0.812 (CI95% = 

[0.784-0.841]) and calibration [HL χ2= 6.44 (p = 
0.60)] and a ratio of 4.8%. Although several other 
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prognostic mortality scores linked to tuberculosis 
have been developed [6-11] and for some  
validated [6-11], the CABI score is one of the 
simplest and easily accessible in everyday practice. 
However, for this score to be used in current clinical 
practice as a patient monitoring tool, or to facilitate 
the selection and stratification of patients in future 
therapeutic trials, it needs to be validated on 
another independent sample. This process called 
external validation aims to assess the predictive 
capabilities of the CABI score on this new sample. 
In this work, we proposed to validate externally the 
CABI score in Guinean patients on anti-tuberculosis 
treatment. The objectives of this work were on the 
one hand, to validate the prognostic score (CABI) 
developed in Cameroon in Guinean patients 
treated for tuberculosis and on the other hand to 
improve the CABI score (substitution of one or 
more factors) only if its predictive capacities are not 
satisfactory (c-index <0.70 and lower calibration). 

Methods     

Material: our study focused on all patients 
admitted for pulmonary or extra-pulmonary 
tuberculosis treated in the Pneumology 
Department of the Ignace Deen teaching hospital 
and in the anti-tuberculosis treatment center of the 
quarry during our study period. Sources used for 
the study: Patient’s files, consultation registers, 
data collection sheet. 

Study selection, participants, and outcome 
measure: it was a retrospective analytical study, 
lasting one year, from January 2017 to December 
2018, targeting all patients treated for pulmonary 
or extra-pulmonary tuberculosis during our study 
period. All records of patients aged 15 years and 
over and treated for pulmonary or extra-pulmonary 
tuberculosis according to WHO categories I or II 
were included, while records of patients under 15 
years of age, multi-resistant tuberculosis (MRT) 
were excluded. 

Data extraction: to extract the data, we carried out 
a documentary review on consultation registers 

and patient files, using a previously developed 
collection form. 

Statistical analysis: the analysis of the data was 
carried out using statistical software “R”, V 3.6.1 
(27/11/2019), (R Foundation for statistical 
computing, Vienna, Austria) and packages rms and 
pROC. Data were summarized by size and 
frequency for categorical variables and by mean 
and standard deviation for quantitative variables. 
For the external validation of the CABI score, first 
the socio-demographic and clinical characteristics 
were compared between Guinean and 
Cameroonian patients, then a multivariate logistic 
regression model containing only the predictive 
factors of death from the CABI score was applied to 
our data. The performance of the model was 
evaluated by the c-index for discrimination and the 
graph between the predicted number of deaths by 
the model (on the abscissa) versus the observed 
number of deaths (on the ordinate) for the 
calibration. If, however the performance of the 
CABI score is not satisfactory on our data (c-index 
<0.70 and less good calibration with a significant 
Hosmer-Lemeshow test), then an improvement of 
this score was proposed either by adding or 
removing several factors of the model. This score 
improvement step will repeat all the steps for 
developing a prognostic score. A correction of the 
hyper optimism of the discriminative capacity via 
the c-index was estimated by the Bootstrap 
procedure with 1000 replications. A prognostic 
nomogram for this new score was derived, and an 
optimal threshold search using the methodology of 
the receiver-operating characteristics (ROC) curve 
via Youden's method [9] was applied. Finally, 
performance measures, including sensitivity, 
specificity, positive and negative predictive values 
(PPV and negative predictive value (NPV)), were 
then estimated for this optimal threshold. 

Results     

Comparative characteristics of patients included 
in this study: comparatively to patients included in 
Cameroonian study (2250), the size of our inclusion 
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cohort was 1338 patients. Table 1 summarize the 
comparative characteristics of patients included in 
this study. 

General characteristics of patient included in this 
study: in our study, 197 deceases patients were 
found with an average age of 37.1 years ± 15.3 
years including 754 men (56.4%) and 584 women 
(43.6%), i.e. a sex ratio of 1.3 men for 1 woman. The 

average BMI was 20.2 ± 4.1 kg/m2, the most 
represented clinical form was microscopic 
pulmonary tuberculosis 843 cases (64.2%), 
followed by extra pulmonary tuberculosis 237 cases 
(18.0 %) and at the end of negative tuberculosis 
pulmonary tuberculosis 234 cases (17.8%). The 
most represented registration group consisted of 
1,205 new patients (90.0%), followed by 87 
relapses (6.5%) and at the end of 46 failures (3.5%). 
Almost a third of our patients had HIV positive 
status (404 cases, 30.2%). Table 2 summarizes the 
characteristics of patients included in this study. 

Determinant of death: univariate association of 
baseline characteristics with death in treatment are 
shown in Table 2. A total of 197 deaths (cumulative 
incidence 14.7%) was recorded during follow-up. 
Furthermore, 11.1% of deaths concerned new 
cases and 9.5% were smear positive pulmonary 
tuberculosis (PTB+). Age [OR 1.028 (95% CI: 1.018-
1.037) per year higher], HIV infection [1.860 (1.360-
2.538)], adjusted BMI [0.943 (0.906-0.981) per 

kg/m2 higher], failure patient type [OR 5.49 (95% CI: 
2.96 - 10.06)] and relapse patient type [OR 3.57 
(95% CI: 2.19 - 5.71)] were associated with 
mortality in univariate analysis; while gender ( p = 
0.0622) and clinical form (p = 0.2150) were not. In 
mutually adjusted multivariable analysis, age, BMI, 
patient type, HIV infection (all p < 0.0001) remained 
significantly associated with mortality and were 
retained in the final model. Multivariate analysis of 
mortality factors for tuberculosis patients are 
surmised in Table 3. 

Performance of the final model: we did not find no 
significant association between risk of death 
estimated by the final model and the observed 
rates of death, across the continuum of predicted 

probability (Figure 1). The Hosmer and Lemeshow 

χ2 was 21.50 and the accompanying p-value was 
0.0059. The discrimination of the model in the 
derivation sample (apparent discrimination) was 
not good with a c-statistic of 0.688 (95% CI: 0.65-
0.73). 

Determinant of death for TABI model: since we 
found a relationship with type of patient, we 
included it in a mutually adjusted multivariable 
analysis in place of clinical form. We fund that, age, 
BMI, patient type and HIV infection (all p < 0.0001) 
remained significantly associated with mortality 
and were retained in our final TABI model. 
Multivariate analysis of mortality factors for 
tuberculosis patients are surmised in Table 4. 

Performance on the final model TABI: we find a 
significant association between risk of death 
estimated by the final model TABI and the observed 
rates of death, across the continuum of predicted 
probability (Figure 2). The Hosmer and Lemeshow 
χ2 was 12.0119 and the accompanying p-value was 
0.1507. The discrimination of the model in the 
derivation sample (apparent discrimination) was 
good with a c-statistic of 0.75 (95% CI: 0.717-0.782) 
as shown in Figure 3. 

Point scoring system: the nomogram showing the 
point scores corresponding to levels of each 
predictor in the final model is shown in Figure 4. 
The ranged of point scores was 10-90 for age,  
10-45 for BMI, 0-28 for HIV infection and 0-69 for 
type of patient. The total points ranged from 67 to 
244. The optimal point-score for predicting death 
was 57. Corresponding performance measures 
were 80% (sensitivity), 60% (specificity). The 
performance of the point-scoring system at 
different thresholds is summarized in Table 5. 

Evaluation of the risk of death with TABI model: 
based on the optimal point-score of 57 in the 
derivation sample, the tree levels of risk described 
in Table 6 were established. Group I correspond to 
low risk and Group III to critical risk. As expected, 
death rate increased across Group I, II, and III. 
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Elements of interpretation are summarizing in the 
same table. 

Ethics approval and consent to participate: we 
confirm that the approval of an institutional review 
board was not required for this work and we have 
read the Journal's position on issues involved in 
ethical publication and affirm that this work is 
consistent with those guidelines. 

Discussion     

In this study, we tried to validate (externally) and 
then improve the CABI prognostic score for 
tuberculosis mortality in patients on treatment 
using 4 demographic and clinical characteristics 
(age, weight, clinical form of TB, and HIV status), 
which are available in current practice in any 
healthcare establishment. The characteristics of 
patients included in our study were close to those 
obtained in the development cohort by Pefura-
Yone et al. in 2017, which had found 
predominance´s identical to that of our inclusion 
cohort except for proportion of microscopically 
negative tuberculosis in the two populations. 
Univariate analysis in our cohort confirmed the 
variables Age, BMI, Type of patient, and HIV 
serology as associated with mortality (p-value <5%) 
but not Clinical form as it was in the Cameroonian 
model. Our results are a bite different with those 
found in previous studies which had already 
identified these factors as being associated with 
mortality in patients treated for tuberculosis 
including clinical, in our cohort, the predictive 
capacities of the CABI score were not satisfactory 
with moderate discrimination (AUC = 0.688 (CI95% 

= [0.65; 0.73], and poor calibration [HL χ2= 21.50  
(p = 0.0059)]. The CABI score therefore has 
moderate efficacy on Guinean patients and 
probably requires recalibration. Our results are 
different from those obtained in Cameroon by 
Pefura-Yone et al. in 2017, which had obtained 
good performance diagnosis (AUC = 0.808 (95% CI 

= [0.784-0.841])) and a good calibration [HL χ2= 6.44 
(p = 0.60)]. This can be explained by two reason; 
first, the number of variables included in the final 

model were less than those included in Cameroon 
(tree vs four). Secondly, although most of the 
characteristics were comparable in the two 
populations, however, there is a difference in the 
proportion of microscopically negative tuberculosis 
in the two populations (9.3% vs. 17.8%). In view of 
this moderate result, we tried to improve the CABI 
score by developing another score by replacing the 
clinical form (PTB+, smear positive pulmonary 
tuberculosis (PTB-), extra-pulmonary tuberculosis 
(ETB)), by the type of patient (New case, Failure, 
Relapse) to obtain the "TABI" score (T = type of 
patient, A = age, B = Body mass index and I = HIV 
infection), since no association with dead was fund 
with clinical form in our study. 

We validated our TABI score internally since it has 
very good internal validity. Air under the curve 
(AUC) is a good measure to assess the overall 
performance of a clinical score. In general, an AUC> 
0.7 is considered clinically useful [8]. This score can 
help early identify patients at high risk of death, 
which could improve their chance of recovery. 
However, decisions about how to use the score and 
what thresholds to apply for decision-making 
require careful consideration as it depends on the 
context and is largely determined by the clinical 
characteristics of the patients. To interpret the TABI 
score, our patients were classified into three 
categories: low, medium, and high. Thus, patients 
with a total score below 57 points will have a low 
risk, as long as patients with a score greater than or 
equal to 57, but less than 100 will have a medium 
risk and when the score is equal to or greater than 
100 the risk of death during treatment is high. 
However, our study has certain limitations; first, 
the source of our data, which was collected 
retrospectively, and then, the use of univariate 
analysis as a method for selecting the variables that 
we included in our model. On the other hand, the 
TABI score was developed and validated internally 
on our sample, it will be necessary to validate it on 
another independent sample. Despite the 
limitations observed, several strong points make 
the TABI prognostic score distinct from the other 
scores developed to date. In particular, the dataset 
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from which it was developed, which is 
representative of its population, the use of socio-
demographic characteristics and clinical 
parameters systematically collected by most 
tuberculosis treatment centers from the first visits. 
This TABI score can be used to identify patients with 
a high risk of mortality. Finally, our TABI score 
presents good predictive abilities and provides a 
simple reading grid to help the clinician in his 
decision-making. Other prognostic scores for 
tuberculosis have already been developed and 
some have been validated externally [8,13,14]. 

Conclusion     

At the end of our study, the objective of which was 
to validate the CABI prognostic score, it emerges 
that this score gives moderate results when it is 
applied to a cohort of Guinean patients. Thus, we 
do not recommend its use in current practice in 
tuberculosis patients in Guinea. To go further, we 
proposed to develop a new prognostic score called 
TABI which presents better performances. 

What is known about this topic 

 A prognostic score for the risk of death 
during the anti-tuberculosis treatment 
called CABI (C for clinical forms of 
tuberculosis, A for age, B for body mass 
index and I for HIV infection) was developed 
in Cameroonian patients and the authors 
have shown that this score presents very 
good performances in terms of 
discrimination and calibration; 

 However, for this score to be used in current 
clinical practice as a patient monitoring tool, 
or to facilitate the selection and 
stratification of patients in future 
therapeutic trials, it needs to be validated on 
another independent sample. This process 
called external validation aims to assess the 
predictive capabilities of the CABI score on 
this new sample. 

 

What this study adds 

 We found a relationship with type of patient 
then, we included it in a mutually adjusted 
multivariable analysis in place of clinical 
form. We fund that, Age, BMI, patient type 
and HIV infection remained significantly 
associated with mortality, so we retained 
them in our final TABI model (T = type of 
patient, A = age, B = Body mass index and I 
= HIV infection); 

 Our TABI score can allow the early detection 
of tuberculosis patients at high risk of death, 
which can inform clinicians in their decision-
making when these patients are started on 
treatment. 
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Table 1: comparative characteristics of patients included 
in this study 

Characteristics 

Patients 
included 
(Cameroon) N = 
2250 (%) 

Patients 
included 
(Guinea) N = 
1 338 (%) 

Gender     

Male 1286 (57.2) 754 (56.4) 

Female 964 (42.8) 584 (43.6) 

Age, mean (SD) 35.8 (12.7) 37.1 (15.3) 

BMI, kg/m
2
, mean 

(SD) 
21.4 (4.0) 20.2 (4.1) 

Clinical form     

PTB+ 1527 (67.9) 843 (64.2) 

PTB- 210 (9.3) 234 (17.8) 

ETB 513 (22.8) 237 (18.0) 

Patient type     

New cases 2119 (94.2) 1205 (90.0) 

Relapse 106 (4,7) 87 (6.5) 

Failure 25 (1.1) 46 (3.5) 

HIV serology     

Positive 788 (35.0) 404 (30.2) 

Negative 1462 (65.0) 934 (69.8) 
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Table 2: univariate logistic regression of mortality factors for tuberculosis patients  

Predictors 
Total workforce 
N = 1338 (%) 

Deceased patient 
N = 197 (%) 

Patient healed 
N = 1141 (%) 

Crude OR (95%CI) p-value 

Gender         0.0622 

Male 754 (56.4) 99 (7.4) 655 (49.0) 0.75 (0.55 - 1.02)   

Female 584 (43.6) 98 (7.3) 486 (36.3) 1   

Age mean, SD) 37.1 (15.3) 43.0 (14.9) 36.1 (15.1) 1.028 (1.018 - 1.037) <0.0001 

BMI, kg/m
2
, 

mean, SD) 
20.2 (4.1) 19.4 (3.0) 20.31 (4.2) 0.943 (0.906 - 0.981) 0.0037 

Clinical form         0.0804 

PTB+ 843 (64.2) 124 (9.5) 719 (54.7) 1   

PTB- 234 (17.8) 31 (2.4) 203 (15.4) 0.885 (0.580 - 1.352)   

ETB 237 (18.0) 42 (3.2) 195 (14.8) 1.249 (0.851 - 1.834)   

Patient type         <0.0001 

New cases 1205 (90.0) 148 (11.1) 1057 (79.0) 1   

Failure 46 (3.5) 20 (1.5) 26 (2.0) 5.49 (2.96 - 10.06)   

Relapse 87 (6.5) 29 (2.2) 58 (4.3) 3.57 (2.19 - 5.71)   

HIV serology         <0.0001 

Positive 404 (30.2) 83 (6.2) 321 (24.0) 1.860 (1.363 - 2.538)   

Negative 934 (69.8) 114 (8.5) 820 (61.3) 1   

       

 

 

 

Table 3: multivariate analysis of mortality factors for tuberculosis patients  
(CABI model) 

Predictors 
Final model 

β-Coefficient Standard error P-value 

Intercept -1.4637 0.4458 0.0010 

Age, per 1-year increase 0.0331 0.00499 <0.0001 

Adjusted BMI, per 1 kg/m
2 -0.0722 0.0211 0.0006 

HIV serology       

Positive 0.3158 0.0827 <0.0001 

Negative 0     

Clinical form       

PTB+ 0   - 

PTB- 0.2102 0.1494   

ETB 0.3143 0.1408 - 
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Table 4: multivariate analysis of mortality factors for tuberculosis patients (TABI model) 

 Intercept 

Estimation 
(Standard 
error) 

Crude OR (95% CI) P-value 
Nomogram 
maximum 
score 

Internal validation by 
Bootstrap (CI95%) 

-0.7749 
(0.4725) 

- 0.1010 - - 

Age 
0.0294 
(0.00515) 

1.028 (1.020 - 
1.037) 

<0.0001 100 1.030 (1.019 - 1.040) 

Adjusted BMI, 

kg/m
2
 

-0.0664 
(0.0219) 

0.845 (0.814 - 
0.877) 

0.0024 86 0.936 (0.896 - 0.977) 

HIV serology           

Positive 0.3036 (0.0845) 
1.604 (1.176 - 
2.189) 

<0.0003 28 1.835 (1.318 - 2.556) 

Negative 0 1       

Type of 
patient 

          

New case 0 1       

Failure 0.5161 (0.2257) 
3.908 (2.164 - 
7.069) 

0.0222 69 4.244 (2.244 - 8.026) 

Relapse 0.4134 (0.1932) 
3.346 (2.071 - 
5.410) 

0.0324 55 3.830 (2.325 - 6.308) 

 

 

 

Table 5: elements of prognosis reading of the TABI score 

Age (years) BMI (kg/m2) HIV Type of patient Interpretation 

Value Point Value Point Value Point Value Point 
Total 
Points 

Probability of 
death 

10 0 10 86 Negative 0 New case 0 57 0.05 

20 13 15 73 Positive 28 Relapse 55 97 0.10 

30 25 20 61     Failure 69 131 0.20 

40 38 25 49         153 0.30 

50 50 30 37         171 0.40 

60 63 35 24         187 0.50 

70 75 40 12         204 0.60 

80 88 45 0         222 0.70 

90 100             244 0.80 
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Table 6: classification of risk groups with the TABI score 

Group Points OR (CI95%) P-value 

Low risk (reference) < 57 1   

Medium risk 57 - 100 3.42 (2.23 - 5.28) < 0.0001 

High risk 100 + 6.70 (4.54 - 10.10) < 0.0001 

 

 

 

 

 

Figure 1: calibration figures of tuberculosis prognostic score with the CABI model 
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Figure 2: calibration figures of tuberculosis prognostic score with the TABI model 

 

 

 

Figure 3: ROC curve for predicting the final model (TABI 
model) 
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Figure 4: nomogram (TABI model) 

 


