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 Background: Tuberculosis (TB) is a pandemic disease. It is the second leading cause of death 
from infectious diseases after human immunodeficiency virus (HIV) in the world. The main objec-
tive of this paper was to determine and compare the epidemiology of TB incidence rate and its 
trend changes during 1990-2010 in six WHO regions regarding age, gender and income levels.  

Methods: The Average Annual Percent Change (AAPC) and Annual Percent Change (APC) of 
TB incidence, mortality, treatment-successes, case detection rates, as well as change points of 
trend was estimated using segmented regression model. The number of change points was 
selected by the permutation procedure based on likelihood ratio test. 

Results: Two change points for global TB incidence rate trend with AAPC5years equaling -1.4 % 
was estimated, the maximum AAPC5years of six regions was attributed to the American region (-
3.5%). AACP of TB treatment-successes rate for Eastern Mediterranean (+2.2), the Americas 
(+1.6), south East Asia (+.8) and Global (+1.1) were significant (P<0.05). Moreover AACP5years of 
TB case detection rate for South East Asia (+7.5), Eastern Mediterranean (+4.9), Africa (+2.8) 
and the Americas (+1.7) were significant (P<0.05). Globally, all of income categories had de-
scending trend of TB incidence and mortality rate, except the upper-middle income level that had 
ascending incidence trend (AAPC=+0.7%).  

Conclusions: Globally, TB incidence and mortality rates have downturn trend and TB treatment 
successes and detection rates have upward trend, but their changes rate are insufficient to 
reach the goal of TB stop strategy. The economic levels have effect on trend, with no clear pat-
tern, so it seems necessary that evaluation TB control programs based on characteristics of 
countries for reach TB control goals. 
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Introduction

uberculosis (TB) is an infectious bacterial disease 

caused by Mycobacterium tuberculosis. It is the se-

cond leading cause of death worldwide amongst 

communicable diseases, striking 8.8 million people and kill-

ing 1.4 million in 20101. 

Characterizing the trend of diseases and its changes syn-

chronically can have an important role for evaluating the 

success of disease control strategies, health development 

indicators and health planning. Segmented linear regression 

is also known as breakpoint linear regression- piecewise 

linear regression- used for analysis and trend description of 

continuous data from mortality or incidence rate2-3. Under-

standing points of changes and number of changes are im-

portant. Permutation procedure, Bayesian Information Crite-

ria (BIC), Akaike Information Criterion (AIC), and General-

ized Cross Validation (GCV) can be used to select the num-

ber of change points4. Moreover, we can estimate the Annual 

Percent Changes (APC) and Average Annual Percent 

Changes (AAPC) using these methods. AAPC or APC pro-

vide summery statistics of trend. The estimate of change 

points in segmented regression is based on maximum likeli-

hood, least square and Bayesian analysis. Segmented regres-

sion models fit with Lerman’s grid search (LGS) or Hud-

son’s continuous fitting algorithm (HCA) approaches5-7.   

Several authors have examined segmented regression. 

Kim et al. compared cancer trend rate between two groups 

with segmented regression model and estimated the P-value 

using permutation test8. Arsang et al used the BIC and Join-

point methods in order to determine the epidemiology of 

tuberculosis in Iran during 2001-20089; Nemes et al have 

used this method for detecting the relationship between ab-

normally expressed genes due to aberrant DNA copy num-

bers and subsequent altered gene expression profiles10.  

Wijlaars et al have done the same to assess the effect of su-

pervision of committee on safety of medicines on antide-

pressant prescription rates changes11; Bouadma et al has 
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used the above-mentioned model to detect the impact of pre-

vention program on ventilator associated pneumonia12. 

Muggeo et al. have used this model for fitting the trend of 

fertility data13.  

The aims of this study were (a) estimating the number, 

location or time of change points for TB incidence, mortali-

ty, SP (Smear Positive) treatment-successes and case detec-

tion rate from 1990 to 2010  globally and six WHO regions 

(211 countries) including Eastern Mediterranean, Africa, 

The Americas, Europe, Western Pacific, South East Asia; (b) 

Pair wise comparison of parallelism and coincidence of trend 

between regions with the economic, age and gender catego-

ries as independent variables; (c) Providing the summery 

statistics of trend for each of segments for the last 5 and 10 

years. The present research by determines TB trend changes 

can help to detect effective factors in TB control, improve 

current planning polices attributed to TB and prioritization.   

Methods  

In order to determine the TB trend and the  number of 

change points, the segmented regression model was used 

with maximum three numbers of change points for n=20, in 

which n is the number of data points (1990 - 2010) as an 

independent variable. The maximum number of change 

points depends on the number of data points4. TB incidence 

rate per 105 populations, mortality incidence per 105 popula-

tions, percentage of SP treatment-successes and case detec-

tion rate of six WHO regions were considered response vari-

ables. Logarithmic transformation on response variable was 

performed. Parallelism of two combinations was tested in 

order to find out whether the two (trend of TB among re-

gions were) regression mean functions were parallel. To do 

so, the years, six WHO regions, country income levels (low, 

lower-middle and upper-middle income countries), age 

groups and gender were inserted as independent variables. 

We used World Bank’s criterion that categorizes countries 

based on gross national income (GNI) per capita. The groups 

are: low income, $1,035 or less; lower middle income, 

$1,036 - $4,085; upper middle income, $4,086 or more.  

Least squares methods for estimating regression parameters 

and Grid Search methods to determine the best fit for each 

individual model were used6.  

We performed all the statistical analyses using Joinpoint 

software, V3.5.1 which is available at American Cancer 

Center14. Permutation test and BIC were also used for select-

ing the known number of change points4. Our data on global 

trends in TB came from WHO15 collected by WHO regional 

offices. 

Segmented Regression 

Segmented linear regression is one of the linear regres-

sion models used for segmenting nonlinear regression mod-

els into linear segments and points among segments called 

change points. For each segment there is a different fi(X) 

function, describing segmented regression curve for r seg-

ments as: 

 ( )   [ | ]  {

   (    )                    
   (    )       
                           
   (    )      

         ( ) 

 

In which τ indicates the change point and fi(x,βi) regres-

sion function of ith segment. Regarding  (xij, yij)  pair of the 

jth observations for ith groups (i=1, 2; j=1,…,ni),e.g. yij can 

be TB incidence rate at the jth years, xij years, for the re-

gional or group i, then regression response function mean for 

each segment or group i equals,  ( | )           

    (      )
 
        (       )

 
 

Where ki is the unknown number of change points, ,i l  

(i=1,.. , k) is the unknown change points, ,i l  (i=1,2) and 

i are the regression parameters and ,( )i jx   = 

,( )i jx   for ,( )i jx  >0 16. 

The Lerman’s grid search was used on ,1i , …, , ii k that 

uses  the least square estimation method, carrying out a grid 

search over trend to map minimum value of residuals sum of 

square function6. Parallelism test was used to find out 

whether two segmented mean regression functions are paral-

lel, and to see whether two segmented mean regression func-

tions are identical, coincident test was used accordingly. 

Permutation test was used for selection of models with i 

change points against j change points (i<j), the model with i 

change point was selected if 

   ( )  (    (     ))   ( )   ̂ 
   (   ) 

In which RSS denotes residual sum of squares, cn is a 

critical value obtained under the null model with i change 

points (cn equal the p-value),  ̂       (  ) (    ) and 

( , )nh i j  is a non-decreasing penalty function for obtaining 

BIC4.  

F statistic was used for testing H0: there is K0 change 

points against H1: there are KM change points, in which M is 

the maximum number of change points that is determined, a 

priori [by the researcher]. If H0 is rejected, then H0: k=1 

against H1: k=M will be tested, otherwise H0: k=0 against 

H1: k=M-1 will be tested instead. And this procedure will be 

continued until hypothesis k=i stands against k=i+1, 0<i<M 

and the number of change point denoted by k̂  is estimated. 

APC and AAPC 

Annual Percent change is a way for describing the trend 

of incidence rate over time, with the assumption that inci-

dence rates at year y with steady rate change into last y-1 

year. To estimate the APC for a series of data, the following 

regression model is used: 

Log (Ry)=b0+b1y where log (Ry) is the natural log of the 

rate in year y. the APC from year y to year     

 [
       

  
]      

[      (   )       ( )]

      ( )
     

(     )                  ( ) 

In order to present the summary of trend and determine 

the interval of years, AAPC can be used, providing single 

value of trend for the last 5 and 10 years, even if there are 

changes throughout the trend. This value is the average 

weight of APC segmented regression in which the weight 

equals the length of APC interval. To estimate the AAPC 

following equation is used: 
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That bis are the slope coefficients for each segment in the 

desired range of years, and the wis are the length of each 

segment runs in the range of years. In the Joinpoint software, 

the AAPC confidence interval is based on the normal distri-

bution, and the APC confidence interval is based on a t dis-

tribution. If an AAPC lies entirely within a single Joinpoint 

segment, the AAPC is equal to the APC for that  

segment4,8,16. 

Results 

During 1995- 2010 there were 26,815,677 SP case notifi-

cations (64.3% males and 35.6% females). The maximum 

TB incidence rate was attributed to African region in 2004 

with 303.36 per 105populations. The maximum mortality 

rate was attributed to Western Pacific region in 1997 with 

44.09 per 105 populations. TB incidence and mortality rate 

(exclude AIDS) globally for the last segment have declined, 

and two change points for incidence and one change point 

for mortality rate were estimated throughout the trend, so 

that the estimated mean segmented regression function for 

global TB incidence and mortality rate are: 

 ( | )                   (      )      (  

    ) (Incidence rate) 

 ( | )                  (      ) (Mortality rate) 

TB incidence rate trend in all of the WHO regions for the 

last segment have declined (AAPC<0). Table 1 shows num-

ber and locale of change point(s). The maximum estimated 

AAPC of TB incidence rate for the last 5 years is attributed 

to the Americas region (AAPC=-3.5) and the minimum val-

ue is attributed to Eastern Mediterranean region (AAPC=-

.8). The AAPC result of TB incidence and mortality inci-

dence rate for the last 5 and 10 years are shown in Table 2. 

Table 1: Number and local of change points in tuberculosis (TB) incidence, mortality, case detection, and smear positive (SP) treatment-success rate trend 

WHO regions TB Incidence Rate TB Mortality Incidence Rate TB SP treatment-success rate TB case detection rate 

Eastern Mediterranean 1(1997-) 2(2002-, 2008-) 0+ 2(1993^, 2001+) 

Africa 2(1995+, 2003-) 2(1993+, 2003-) 2(1996+, 1999^) 0+ 

The Americas 0- 1(1996-) 0+ 0+ 

Europe 2(1997^, 2000-) 3(1994-, 1997^, 2003-) 0^ 3(1994+, 1997^, 2008-) 

Western Pacific 0- 2(1998-, 2003-) 2(1996+, 2003+) 2(2002+, 2005+) 

South East Asia 1(2004-) 0- 0+ 1(1995+) 

Global 2(1996^, 2003-) 1(2003-) 2(1996+, 2003+) 3(1992+, 2002+, 2006+) 

Year-: downward shape after change point; Year+: upward shape after change point; Year^: fixed shape after change point 

Table 2: The Average Annual Percent Changes (AAPC) for tuberculosis (TB) incidence, mortality case detection and smear positive (SP) treatment success 

rate for last 5 and 10 years 

 

WHO regions 

AAPC TB  

incidence rate* 

AAPC TB 

Mortality incidence rate a 

AAPC of Smear-positive  

TB treatment-success rate 

AAPC of TB  

case detection rate 

2001-2010 2006-2010 2001-2010 2006-2010 2001-2010 2006-2010 2001-2010 2006-2010 

Eastern Mediterranean -0.8 -0.8 -6.0 -5.2 2.2a 2.2a 4.9a  4.9a 

Africa -0.4 -1.6 -2.2 -3.1 0.1 0.1 2.8a 2.8a 

The Americas -3.5 -3.5 -5.2 -5.2 1.6a 1.6a 1.7a 1.7a 

Europe -1.8 -1.8 -3.1 -3.9 0.5 0.5 -0.8 -2.1 

Western Pacific -2.6 -2.6 -4.6 -5.4 6.9a 2.0 7.7a 2.2 

South East Asia -1.1 -1.7 -5.1 -5.1 0.8a 0.8a 7.5a 7.5a 

Global -1.0 -1.4 -3.9 -4.6 2.7a 1.1a 4.3a 2.0 
aAAPC is significantly different from zero at α=0.05 

While the global TB incidence rate during 1990-1996 has 

declined (APC=-.4, P=0.008), it has been constant during 

1996-2004 (ACP=0.2, P=0.086) and has declined for the last 

segment (ACP=-1.4, P<0.001).  

The parallelism hypotheses for TB incidence as well as 

mortality trend between WHO regions were rejected 

(P>0.05). The results of APC and estimated trends for TB 

mortality rate are shown in Figure 1. 

The number and locale of change points of TB incidence, 

mortality, case detection, and SP treatment-success rate for 

WHO regions are shown in Table 1.  

During 1999-2010 the maximum average value of treat-

ment-success was attributed to South East Asia (89.07%) 

and the maximum average value of case detection rate was 

attributed to Europe (70.4%). The APC of TB SP treatment-

success rates relating to the last segment were for Eastern 

Mediterranean (ACP=+2.2, P<0.001), the Americas 

(APC=+1.6, P=0.007), South East Asia (APC=0.8, P=0.016) 

and global (APC=1.1, P<0.001). The APC of TB case detec-

tion rates relating to the last segment were for Eastern Medi-

terranean (ACP=+4.9, P<0.001), Africa (ACP=+2.8, 

P<0.001), the Americas (ACP=+1.7, P=0.001) and South 

East Asia (ACP=+7.5, P=0.003). The TB case detection rate 

trend between the Americas and Europe was parallel 

(P=0.180) and coincident (P=0.171). The parallelism and 

coincident hypotheses between other WHO regions were 

rejected (P<0.05).  

Trend of The TB incidence as well as mortality rate were 

analyzed separately based on country income categories, 

gender and age groups. AAPC results of TB incidence rate 

and mortality incidence rate for the last five years of low, 

lower- middle and upper middle income are shown in Figure 

2 and 3.  

  Pair-wise comparison demonstrates that AAPC5years dif-

ferences of TB incidence rate between three segments (in-

come level) for all regions were significant at 0.05 level, 

with the exclusion of the Americas (P>0.1), the low and 

lower-middle income countries globally and the low and 

lower-middle income countries of Europe. The global TB 

incidence has changed in 2003 from ascending to downturn 

trend for low (APC=-1.3; 95% CIAPC: -1.7, -1) and lower-

middle income countries (APC=-1.1;95% CIAPC: -1.3, -1) but 

only its upward slopes is reduced for upper middle-income 

countries (APC=0.69; 95% CIAPC: 0.3, 1.1).  
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Figure 1: Trend and Annual Percent change (APC) of tuberculosis (TB) mortality incidence rate among WHO regions duration 1990-2010 (* means significant) 

The global TB mortality trends of income categories 

were downturn for all segments and their slopes are in-

creased after each change point. 

We rejected the hypothesis that AAPC5years of TB inci-

dence rate is different from zero for Eastern Mediterranean 

with low, Africa with upper and lower-middle, Europe with 

low and lower-middle and South East Asia with lower-

middle income countries. The AAPCs5year of other regions 

and categories were different from zero (P<0.05) (Figure 2).    

During 1990-2010, the average proportion of TB notified 

in males in all regions for all age groups, except 0-14 age 

groups, was 2.018 times higher than females. With the pas-

sage of time (1990 to 2010) notification rate trend gap be-

tween female and male has been higher than that at previous 

times. Maximum TB notified during 1990-2010 was at-

tributed to 25-44 age groups in male and 15-34 age groups in 

females. Globally, the smallest and the largest AAPC5 years 

differences between males and females were 1.2 (for age 0-
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14 years) and .4 (for age 35-45 years), respectively. We re-

jected the hypothesis that the AAPC of TB notified between 

two gender groups of all age groups for all regions are dif-

ferent, except some age groups of Eastern Mediterranean. In 

this region, AAPC differences of TB notified between males 

and females for 0-14 age groups (-6.2%; 95% CI: -9.4, -2.3), 

15-24 age groups (-3.2%;95% CI: -4.4, -1.3) and 25-40 age 

groups (-3.5;95% CI:-5.1, -1.1) were significant, with AAPC 

for females being higher than males (P<0.001). 

The output of BIC and permutation test for selection be-

tween ordinary or segmented regression and selection num-

ber of change points have produced similar results. 
 

 
Figure 2: Average annual percent change (AAPC) of tuberculosis (TB) incidence rate for last 5 years. (NS: non-significant) 

 
Figure 3: Average annual percent change (AAPC) of TB mortality rate for last 5 years. (NS: non-significant) 

Discussion 

The analysis of trend clearly indicates that compared to 

global trend, incidence reduction rate for all of the regions 

except Eastern Mediterranean (AAPC>-1.4), and mortality 

rate reduction for all of the regions except Europe and Africa 

were higher than those of global trend (AAPC>-4). In addi-

tion, mortality rate changes and decline were faster than TB 

incidence rate.  

It can be said that the maximum rate of case detection for 

the last 5 and 10 years are attributed to South East Asia and 

the maximum rate of SP treatment-successes for the last 5 

and 10 years to Eastern Mediterranean and Western Pacific 

regions. Since 2006 for the Americas and Western Pacific, 

1996 for South East Asia and 2007 for globally, case detec-

tion has reached the goal of 85% TB SP treatment-success 

rate. AAPC of case detection rate during 2005-2010 for Eu-

rope and Western Pacific, also SP treatment successes rate 

for Africa, Europe and Western Pacific are not significant 

(fixed). Therefore, it seems necessary that attention to and 

re-evaluation of TB control programs be done for regions 

with fixed trend that have not reached the TB control goals 

(Africa, Europe and Eastern Mediterranean). 

According to the findings; 1- TB incidence and mortality 

incidence rate of the WHO regions for the last segment have 

descent trend with different rates. 2- As regards the fact that 

more countries (a total of 180) implemented DOTS strate-

gies from 1995 to 200317, and that change points occurred in 
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2003 (fix trend to downward) globally and in 2004 (decreas-

ing incidence rate) for all low–income countries, it can be 

concluded that TB control programs have been successful 17-

18, but there is still a long way for the strategies to reach the 

goals of TB controls. If TB control programs continue with 

this trend and rate, it is difficult to reach the goal of stop TB 

and it is hoped that by 2050 only Americas and Western 

Pacific regions will reach the goal of incidence rate below 

one per 105 populations.  

Like similar studies19, uniform effects of TB control pro-

grams would not be detected in this analysis, because social, 

biological and TB control program implementation variables 

are attributed to trend. TB incidence and mortality rate de-

cline in most country were not remarkable; Only the Ameri-

can region has enjoyed the rate of decline (AAPC>4%), alt-

hough the decline rate in some of them is the same but with 

regard to TB incidence rate for this region it is almost diffi-

cult to reach the goal of TB control at the same time. There-

fore, it is vital, in the first step, to consider regions with high 

incidence and low change rate, and reinforce the DOTS 

strategy. 

Upward trend in TB incidence rate and downward trend 

of mortality rate globally for upper–middle income countries 

can be the result of improving the TB detection case that 

masked decline in TB incidence20. Moreover, upward trend 

in TB incidence and mortality rate for upper-middle Eastern 

Mediterranean can be as a detection case after long delays 

(regarding the fact that AAPC+ of mortality is greater than 

incidence). Unlike previous studies19, fixed trend of inci-

dence and upward mortality trend for low-income countries 

of Europe can be the result of decline or fixity of TB treat-

ment successes, increase in extra pulmonary TB and multi- 

drug resistant20.  

As in other studies17,21, there were low TB incidence in 

0-14 age groups and high incidence in 15-44 age groups. It 

may be that exposure with TB risk factors are higher in 

younger people, compared to other age groups23. The ratio of 

TB cases notified in male were higher than females (except 

0-14 age groups), which are expected to result from biologi-

cal, behavioral and sociocultural components differences in 

male and female susceptibility to M. tuberculosis infection 

or the development of TB disease23-24. 

Then incidence it seems that TB control strategy could 

deal with economic situation, so that regions with low in-

come sometime have higher rate of reducing the TB inci-

dence or mortality. This can be regarded as one of the suc-

cesses in controlling TB , but not enough of TB stop strate-

gies, because there are factors such as immigration, nutri-

tion, early case detection, and access to health care service 

that impact the TB control programs. So to remove TB, at-

tention must be paid to all forms of TB and the treatment 

processes should be improved (particularly early case detec-

tion). 

Permutation test and BIC results demonstrate that when 

the relation between response and explanatory variable is 

nonlinear and there is/are change point(s) throughout trend, 

segmented regression provides unbiased estimation rather 

than nonlinear regression or Poisson models 4,9. Segmented 

regression can be useful to detect the number and location of 

changes and also for comparing the trend of disease. Be-

sides, this method can be used for dose-response study to 

detect the maximum effectiveness dose of drug and compare 

the parallelism and trend between drugs or groups. In this 

study we demonstrated TB trend for WHO regions, so for 

more details about trend, it is indispensable to determine the 

epidemiology of TB and effective factors such as co-

morbidities, migration, drug resistance and severity of TB 

program implementation on trend changes, can be studied 

inside the regions. 

Conclusions 

As a result, the trend analyses provided useful measure-

ment for comparing the successes the TB control strategies 

over time among the groups. These findings demonstrated 

that during 1990-2010, globally TB incidence and mortality 

rates have downturn trend. In addition, TB treatment suc-

cesses and detection rates have upward trend, but there 

changes rate are insufficient to reach the goal of TB stop 

strategy. The economic levels have effect on AAPC of TB 

incidence and mortality rates, with no clear pattern, so it 

seems necessary that evaluation TB control programs based 

on characteristics of countries for reach TB control goals. 

The regions that have fixed or negative AAPC for TB inci-

dence rate trend and positive AAPC of TB mortality rate 

trend, and also young age groups (15-44 years) need to more 

attention. As results, the America is in better situation than 

other regions. 
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