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Abstract 
Background: Tuberculosis is one of the critical public health issue in Pakistan, according to report of WHO (2018), it holds 
5th place among the TB high burden countries and estimated to be on fourth position for MDR prevalence. Currently, Pakistan 
is sharing 61% of case burden of TB in EMRO region. 
 

Methods: Polynomial regression model was used to predict the tuberculosis incidence prevalence in AJ&K for the year 2019. 
Estimation based on tuberculosis data (2014-2018) analyzed for the incidence prevalence of tuberculosis in AJ&K for 2019. 
 

Results: Tuberculosis incidence prevalence for 2018 was obtained 118/100000. The actual data of 2018 reported shows that 

averagely incidence prevalence of TB remains 124/100000 with minor difference from the predicted value of 2018. The data 
analysis from 2014 to 2018; predicted that average 130/100000 cases will be reported in 2019. 
 

Conclusion: This shows that AJ&K is far from the target (270/100000) recognized by WHO. If one TB case produces 10 cases 
in community annually, then in coming years, there will be adversity of TB cases in the AJ&K. It is suggested to WHO to revise 
its target. 
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Introduction 
n Pakistan, tuberculosis is one of the serious 

communal health problem, unfortunately 

Pakistan holds 5th place in the TB high burden 

countries and estimated to be on fourth position for 

MDR prevalence (1). Currently Pakistan is sharing 

60% of case burden of TB in EMRO region (1). 

There is slight decline in case incidence 

231/100,000 in 2016 as compared to 270/100,000 

cases in 2014 (2).  TB prevention and care reactions 

highlights the detection and treatment of infectious 

cases as quick as possible, to prevent further 

transmission of the disease. TB is an airborne 

infectious disease, caused by bacteria 

(Mycobacterium tuberculosis). If it affects the 

lungs, it’s called as Pulmonary TB it is spread in the 

air by a person who is sick with TB  the bacterium 

in tiny drops of fluid are ejected , by coughing. TB 

can affect other than Lungs which is known as Extra 

Pulmonary TB (3)(6). 

A lot of research work has been done in the 

literature for modelling various aspects of TB data 

in Pakistan including (7), (8), (9), (10), etc.  Azad 

Jammu and Kashmir comprises of area 5134 Square 

miles (13297 Square kilometers) and consist of ten 

districts which is divided into two regions Northern 

and Southern (11). There are five districts in each, 

northern region (Poonch, Palandary, Kotli, Mirpur 

and Bhimber) and in Southern (Neelum, Hattian, 

Muzaffarabad and Haveli) region. Districts in 

Northern regions are 6325 meters above from sea 

level and Southern are at 360 meters. As per census 

2017 Population of Azad Jammu and Kashmir by 

Planning and development department AJK is 4.045 

million. AJK Tb incidence rate as per WHO criteria is 

270/100,000 for 2014 (13). That is very huge rate as 

compare to other developing countries. If we deeply 

check the pattern of TB cases specifically in the 

context of Pakistan our surveillance system does not 

catch the TB cases as per WHO criteria 

(270/100000). Behind this our surveillance system 

catches maximum 180/100000 that is low as per 

World Health Organization criteria. It means that 

people are either unaware of TB disease or they get 

their treatment confidentially, other indicators can 

be exposed by extending the research at huge level. 

This study mainly focuses on case notification. That 

is the only approach to cure and prevent TB. Data 

analysis shows that in AJK that case detection rate in 

almost all the districts of AJK are 46% of their targets 

and each TB patient spread infection to 10 persons 

yearly (14) and (15). During literature review I have 

noticed lot of work is done on case notification, 

number of studies are available on internet but  
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unfortunately very few studies found on incidence 
prevalence of tuberculosis in AJ&K. This study is designed to 
estimate the incidence prevalence rate of tuberculosis in 
AJ&K. It is assumed if the treatment outcome is not up to the 
mark the missing cases and gaps in the treatment if any will 
later turn into a disaster. 
This study focuses on the (i) development and estimation of 
appropriate statistical model for Tuberculosis incidence 
prevalence in AJ&K and (ii) prediction of Tuberculosis 
incidence prevalence in AJ&K for 2019. 
 

Methodology 
A retrospective study was designed to calculate the 
outcomes of tuberculosis cases and estimate the TB 
incidence Prevalence for the year 2018 in AJ&K. 

There are more than 64 TB centers in AJ&K (5) (P&DD, 
2018). All the center holds the record of all the patients and 
report to the DHIS office Muzaffarabad. Secondary data for 
all the districts of AJ&K was obtained on prescribed 
proforma from the health department Muzaffarabad. The 
raw data consists of district wise (10 districts) reported TB 
cases for 5 years (2014-18). Then, the district wise 
population for the 5 years (2014-18) was obtained from 
planning and development of AJK. Finally, median TB 
incidence prvalence was calculated from 10 districts agisnts 
each year. At the end, we have 5 years median TB incidence 
prvalence of AJK nationals. We have used this final data set 
for further analysis and prediction purposes. 
 
 

 

Results 
For the selection of a suitable model, we used graphical 
(crude) method. Median TB prevalence data for the year 
2014-18is plotted in figure 1 below. 
 

 
 
Figure 1:  Median Incidence Prevalence of TB 2014-18. 
 

Data trend shows that polynomial regression line of second 
degree or third degree may be a suitable model for 
prediction purposes of median incidence prevalence of TB 
(see, figure 1). Second degree and third degree polynomial 
regression lines are fitted on the 5 years TB data using MS-
Excel software. 
The actual and fitted values of TB prevalence through 
second and third degree polynomial regression lines are 
plotted in figure 2 and 3 respectively below. Comparison 
among figures 2 and 3 reveals that third degree polynomial 
regression with maximum value of R2 (99%) is a best fitted 

model for the TB prevalence data of AJK.  Therefore, the third 
degree regression line can be used for future prediction of 
TB prevalence data of AJK. 
 
 

Figure 2: Actual and fitted values of Second Degree Model with 
R2 of 5 years TB data. 

 

Figure 3: Actual and fitted values of third Degree Model with R2 
of 5 years TB data. 
 

Using the current Pakistan bureau of statistics reported 
district wise census population 2017 and estimated 
population for the year 2014 to 2018 along with district wise 
reported tuberculosis case reported during the study period. 
Calculated median incidence of TB for the years 2014 to 
2018, to predict the incidence prevalence of TB for 2019. 
First, data from 2014 to 2017 used to predict the incidence 
prevalence of TB i-e 118/100000 and at the end of 2018 it 
was reported 124/100000 with a minor difference from the 
predicted value. Using the reported data from 2014 to 2018 
incidence prevalence is computed for each year of ten 
districts. Taking the median incidence for each year data was 
plotted as figure 1. The data curve shows that polynomial 
curve will predict the actual incidence for 2019. Regression 
technique used for forecasting the value of dependent 
variable in different field of studies. Polynomial regression 
is a special case of multiple regression model, in which we fit 
a polynomial equation to data. MS-Excel software used to fit 
1st, 2nd, 3rd or higher degree Polynomial regression for best 
fitting model. Polynomial regression with third degree was 
applied on the incidence of tuberculosis data of the years 
2014-18 to predict the incidence prevalence of TB for the 
year 2019. The estimated regression equation is as under; 
 
Y=1.3333x3 - 14.143x2 + 39.524x + 113.2, R² = 0.9984 
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On the behalf of best fitted model, it is predicted that 
incidence prevalence for 2019 will be 130/100000.    
Coefficient of multiple determination R2 =.998. This shows 
99% variation in dependent variable captured by 
independent variables and fulfill the condition of best fitted 
model. 
R2= .998 with p-value 0.001 (P<0.05) that’s mean 
independent variables are fully representing by the 
dependent variable and the fitted model is the best fit and 
can be using to forecast the value for regressed variable. The 
predicted value of Tuberculosis Incidence Prevalence for the 
year 2019 is 130/100000 for the AJ&K. This shows that we 
are so far from the target (270/100000) set by WHO. If a TB 
case produce the 10 cases in community annually then 
within a few years, there is a disaster of TB cases in the AJ&K. 
If not, then they are treated hiddenly of privately, if not so 
then WHO will need to revise the target for AJ&K. 
 

Table 1: District-wise Tb Reported Cases in AJ&K 2014-17 

District 2014 2015 2016 2017 

Sudhnoti 248 281 285 282 

Poonch 473 521 487 465 

Kotli 860 905 980 983 

Mirpur 600 537 536 538 

Bhimber 506 534 587 546 

Neelum 257 298 263 249 

Muzaffarabad 1163 1078 996 952 

Hattian 365 364 408 426 

Haveli 256 274 251 283 

Bagh 745 846 882 817 

Total 5473 5638 5675 5541 

 

Table 2: District-wise Population of AJ&K during 2014-17 

District 2014 2015 2016 2017 

Sudhnoti 283268 287962 292733 297584 

Poonch 476490 484385 492412 500571 

Kotli 736950 749161 761575 774194 

Mirpur 434253 441449 448764 456200 

Bhimber 400389 407023 413768 420624 

Neelum 182050 185067 188134 191251 

Muzaffarabad 619082 629341 639769 650370 

Hattian 219439 223075 226771 230529 

Haveli 144806 147205 149644 152124 

Bagh 354027 359893 365857 371919 

Total 3850754 3914561 3979427 4045366 
 
 
 

Table 3: District-wise TB Incidence/100000 Cases 2014-17 
District 2014 2015 2016 2017 

Bagh 210 235 241 220 

Bhimber 126 131 142 130 

Hattian 166 163 180 185 

Haveli 177 186 168 186 

Kotli 117 121 129 127 

Mirpur 138 122 119 118 

Mzd 188 171 156 146 

Neelum 141 161 140 130 

Poonch 99 108 99 93 

Sudhnoti 88 98 97 95 

Average/AJK 140 146 141 130 

Table 4: District-wise Success Rate of TB 2014-17 

District 2014 2015 2016 2017 

Bagh 90 95 98 96 

Bhimber 98 95 99 98 

Hattian 96 93 95 95 

Haveli 87 87 98 98 

Kotli 95 95 95 95 

Mirpur 95 92 96 99 

Mzd 93 87 94 93 

Neelum 93 94 95 90 

Poonch 92 92 97 96 

Sudhnoti 94 91 95 93 

AJK 94 93 96 95 

 

A third degree polynomial regression line is fitted on TB 

median incidence prevalence from 2014-17 for the 

prediction of incidence prevalence of TB 2018. The fitted 

model is plotted in figure 4 with R2. The result R² = 0.9907 

shows that almost 99% variation in dependent variable; 

captured by independent variables. This model predicts 

118/100000 incidence prevalence for 2018. 

 

 
Figure 4: Actual and fitted values of TB incidence Prvalence 
using third degree polynomial regression lines on 2014-2017 
data. 

 

Table 5: District Wise TB Cases Reported 2014-18. 

District 2014 2015 2016 2017 2018 

Sudhnoti 248 281 285 282 235 

Poonch 473 521 487 465 412 

Kotli 860 905 980 983 683 

Mirpur 600 537 536 538 460 

Bhimber 506 534 587 546 588 

Neelum 257 298 263 249 213 

Mzd 1163 1078 996 952 931 

Hattian 365 364 408 426 387 

Haveli 256 274 251 283 218 

Bagh 745 846 882 817 904 

Total 5473 5638 5675 5541 5031 

y = 0.8333x3 - 10.5x2 + 31.667x + 118
R² = 0.9907 
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Table 6: District Wise Population 2014-18 

District 2014 2015 2016 2017 2018 

Sudhnoti 283268 287962 292733 297584 302435 

Poonch 476490 484385 492412 500571 508730 

Kotli 736950 749161 761575 774194 786813 

Mirpur 434253 441449 448764 456200 463636 

Bhimber 400389 407023 413768 420624 427480 

Neelum 182050 185067 188134 191251 194368 

Mzd 619082 629341 639769 650370 660971 

Hattian 219439 223075 226771 230529 234287 

Haveli 144806 147205 149644 152124 154604 

Bagh 354027 359893 365857 371919 377981 

Total 3850755 3914562 3979427 4045366 4111305 

 

 
Figure 5: Original and Fitted Regression Lines for Median 
Incidence Prevalence of TB 2014-18. 
 

Discussion 
The case reporting trend seems same in the years 2014 to 
2018, a bit higher cases was detected in the year 2017 as 
compared to year 2014 but low case reporting was seemed 
in 2018 (figure 5). The analysis shows that incidence 
prevalence of TB in 2018 remained 124/100000 and for 
2019 will be 130/100000 (see figure 5) that is so far from 
the WHO the case detection target (270/10000). 
Case detection of tuberculosis is important to eliminate the 
TB from the country as well as from the State of Jammu and 
Kashmir. TB surveillance system is not strong to 
detect/catch all the cases from the field that needs 
improvement in AJ&K. One TB Case spread the TB to ten 
peoples annually. If so, then there will be a disaster of TB in 
AJ&K within few years. If not so, then peoples are treated 
hiddenly or privately. If not so, then WHO need a 
comprehensive survey to revise the annually detecting 
target of TB cases. 
 
 

Conclusion 
Based on result obtained from the analysis of tuberculosis 
data 2014-2018 it was concluded that the predicted value of 
Tuberculosis Incidence Prevalence for the year 2019 will be 
130/100000 for the AJ&K. This shows that detecting target 
is so far from the target (270/100000) set by WHO. If a TB 
case produce 10 cases in community annually then within a 
few years, there will be the disaster of TB cases in the AJ&K. 
If not, then cases are treated hiddenly or privately, if not so 
then WHO may need to revise the target for AJ&K through a 
comprehensive survey or may conduct the study/survey for 
detecting the exact incidence prevalence of tuberculosis 
cases in AJ&K.  

On the behalf of this study and analysis of data; the 
following point are recommended for AJ&K government, 
WHO, policy makers and researchers: 

1. There is need of a comprehensive Survey for 
computing the exact incidence prevalence of TB in 
AJ&K. 
2. Involve the drug regulatory authority of AJ&K to 
Ban on privately TB treatment. 
3. Make policies for controlling or proper record of 
the TB sell drugs in AJ&K. 
4. Improve the vaccination coverage of BCG at village 
level to reduce the TB burden. 
5. Conduct a comprehensive study of BCG coverage 
impact on TB detecting cases in AJ&K.  
6. Further study on treatment outcomes of 
Tuberculosis in AJ&K is suggested and authors are 
working on it in another article. 
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