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Objective. To assess the impact of investment in national tuberculosis programs (NTPs) on NTP performance

and tuberculosis burden in 22 high-burden countries, as determined by the World Health Organization (WHO).

Data Source/Study Setting. Estimates of annual tuberculosis burden and NTP performance indicators and

control variables during 2002–2009 were obtained from the Organization for Economic Cooperation and

Development, the WHO, the World Bank, and the Penn World Table for the 22 high-burden countries.

Study Design. Panel data analysis was performed using the outcome variables tuberculosis incidence, prevalence,

and mortality and the key explanatory variables Partnership case detection rate and treatment success rate, controlling

for gross domestic product per capita, population structure, and human immunodeficiency virus (HIV) prevalence.

Results. A $1 per capita (general population) higher NTP budget (including domestic and external sources) was

associated with a 1.9% (95% confidence interval, .12%–3.6%) higher estimated case detection rate the following year

for the 22 high-burden countries between 2002 and 2009. In the final models, which corrected for autocorrelation

and heteroskedasticity, achieving the STOP TB Partnership case detection rate target of .70% was associated

with significantly (P , .01) lower tuberculosis incidence, prevalence, and mortality the following year, even

when controlling for general economic development and HIV prevalence as potential confounding variables.

Conclusions. Increased investment in NTPs was significantly associated with improved performance and with

a downward trend in the tuberculosis burden in the 22 high-burden countries during 2002–2009.

Tuberculosis mainly affects economically and socially

vulnerable individuals in low-income and middle-

income countries [1]. In 2009, there were an esti-

mated 9.4 million incident cases of, 14 million

prevalent cases of, and 1.7 million deaths due to

tuberculosis globally [2].

Tuberculosis control is crucial in achieving the

Millennium Development Goals (MDGs) [1, 3].

International targets for implementation are to detect

70% of sputum smear-positive cases and to cure 85%

of those detected; targets for impact (which are linked

to MDG target 6) are to ensure that the tuberculosis

incidence is falling by 2015 and that tuberculosis

prevalence and mortality are halved by 2015, com-

pared with levels in 1990 [4]. Global commitment to

achieve MDG target 6 has spurred increased interna-

tional financing of activities to tackle human immu-

nodeficiency virus (HIV) infection, tuberculosis, and

malaria, especially since the creation of The Global

Fund to Fight AIDS, Tuberculosis, and Malaria (here-

after, the ‘‘Global Fund’’) in 2002. By the end of 2010,

the Global Fund had approved $21.7 billion and dis-

bursed $13 billion, of which $3.6 billion has been

approved and $2 billion disbursed for tuberculosis con-

trol [5]. Total funding for tuberculosis control from
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both domestic and external sources is expected to reach nearly

$5 billion in 2011 [2], with the Global Fund projected to

provide .80% of the external funding in low-income and

middle-income countries the same year [5]. In the 22 highest

tuberculosis burden countries, total funding available for

tuberculosis control has markedly increased since 2002 and

was expected to reach $3 billion [2].

While investment in tuberculosis control has increased sub-

stantially, the effect of increased investments in national tuber-

culosis programs (NTPs) on their performance and, ultimately,

their impact on tuberculosis burden (ie, incidence, prevalence,

and mortality) has not been estimated. Dye and colleagues [6]

used data from 134 countries from 1997 to 2006 to examine the

relationship between NTP performance and trends in tubercu-

losis incidence. They found limited evidence that NTP perfor-

mance is the principal determinant of tuberculosis incidence

trends, concluding that although tuberculosis control programs

have averted millions of deaths, their expected impact on in-

cidence may only become detectable in the longer term. We built

upon this study by assessing the relationship between invest-

ments in NTPs, indicators of NTP performance, and tubercu-

losis burden for the 22 countries with the highest tuberculosis

burden, as determined by the World Health Organization over

the period 2002–09.

METHODS

The following 22 high-burden countries collectively account

for about 80% of the world’s tuberculosis cases: Afghanistan,

Bangladesh, Brazil, Cambodia, China, Democratic Republic of

the Congo (DR Congo), Ethiopia, India, Indonesia, Kenya,

Mozambique, Myanmar, Nigeria, Pakistan, the Philippines,

Russian Federation (Russia), South Africa, Thailand, Uganda,

the United Republic of Tanzania (Tanzania), Vietnam, and

Zimbabwe [2]. These high-burden countries have made fo-

cused efforts and received support to obtain high-quality and

complete data on tuberculosis epidemiology, financing, and

health service delivery. Although tuberculosis services in de-

veloped countries have high-quality data, these countries have

a low burden of tuberculosis and are not the focus of this

study. Data used in our analysis and their sources are sum-

marized in Table 1.

We used WHO data on tuberculosis incidence (all forms

of tuberculosis), prevalence (all forms), and mortality (exclud-

ing HIV-positive persons); all values were expressed cases per

100 000 population in a given year [2]. These estimates are

reviewed and updated in regional and country workshops, using

a framework and associated tools developed by the WHO Global

Task Force on TB Impact Measurement [2]. We used WHO data

sources for NTP expenditures [6, 7] in each country, which

include both domestic and external financing sources. For addi-

tional updated information on external financing, we used

Organization for Economic Cooperation and Development

(OECD) Development Assistance Committee (DAC) data on

Official Development Assistance (ODA) to ascertain gross dis-

bursements between 2002 and 2009 for tuberculosis control from

bilateral and multilateral donors and to compute both the total

disbursements and Global Fund share of contributions [8] (Table

2). ODA data for one of the countries, Russia, were not available

because the country is a member of the Group of 8 forum and so

is not included in the DAC List of ODA Recipients [9].

Estimates of the burden of disease caused by tuberculosis

(measured in terms of incidence, prevalence, and mortality) are

produced annually by the WHO, using information gathered

through surveillance systems (case notifications and death reg-

istrations), special studies (including surveys of the prevalence

of disease and in-depth analysis of surveillance data), expert

opinion, and consultations with countries [2]. Incidence is de-

fined as the number of new and relapse cases of tuberculosis

(all forms) occurring in a given year. Prevalence is defined as the

number of cases of tuberculosis (all forms) at a given point

in time (ie, the middle of the calendar year). Mortality is defined

Table 1. Variables and Data Sources Used in Regression
Analysis

Variable

No. of

Observations Data Source

Tuberculosis burden

Incidence 176 (22 countries) WHOa

Prevalence 176 (22 countries) WHOa

Mortality (excluding
HIV-infected persons)

176 (22 countries) WHOa

Tuberculosis control programs

Case detection rate (1 year lag) 176 (22 countries) WHOa

Treatment success rate
(1 year lag)

176 (22 countries) WHOa

NTP expenditure (1 year lag) 154 (22 countries,
2003–2009)

WHOa

Economy

GDP per capita 168 (21 countries) Penn World
Tableb

Population

People aged 0–14 years 176 (22 countries) World Bankc

Behavioral and biological
risk factors

HIV prevalence 136 (17 countries) UNAIDSd

Abbreviations: GDP, gross domestic product; HIV, human immunodeficiency

virus; NTP, National Tuberculosis Program; UNAIDS, Joint United Nations

Program on HIV/AIDS; WHO, World Health Organization.
a Available at: http://www.who.int/tb/country/en/index.html; accessed 10

September 2011.
b Data are from [12].
c Available at: http://data.worldbank.org/data-catalog/world-development-

indicators; accessed 10 September 2011.
d Available at: http://www.unaids.org/en/dataanalysis/epidemiology/; accessed

10 September 2011.
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as the number of deaths caused by tuberculosis, excluding

deaths occurring in HIV-positive individuals, according to the

definitions used in the International Classification of Diseases,

Tenth Revision (ICD-10). Full details of methods for estimating

the global burden of tuberculosis are described elsewhere [2].

Case detection and treatment success rates have been the

main measures of progress in NTP performance [10] and

estimated by WHO [2]. The case detection rate is calculated

as the number of notified cases of tuberculosis in 1 year divided

by the estimated number of incident cases of tuberculosis in the

same year and is expressed as percentage [2]. The case detection

rate is difficult to estimate because of the limited accuracy of

both the numerator (the number of new cases of tuberculosis

notified in a country in a year) and the denominator (the es-

timated national incidence of tuberculosis) [11]. We chose to

create a dummy variable for case detection rate because an

estimate of the incidence is used in computing the case de-

tection rate, which may bias the model. The treatment success

rate is defined as the percentage of patients who are cured and

complete treatment. We used the treatment success rate for

new pulmonary smear-positive (and/or culture-positive)

cases.

We used the 70% case detection rate (the STOP TB Part-

nership target to detect 70% of sputum smear-positive cases) as

the threshold value and examined whether achieving it sig-

nificantly affects the tuberculosis burden. We also created

a dummy variable for treatment success rate and used

a treatment success rate of 85% as the threshold value (the

Stop TB Partnership target cure rate for the sputum smear-

positive tuberculosis cases detected). We chose to create

dummy variables for case detection and treatment success

rates because the key question we wanted to address was

whether reaching the international targets for implementation

(ie, detection of 70% of sputum smear-positive cases and cure

of 85% of those detected) had an impact on tuberculosis

burden. Use of dummy variables for these 2 rates makes the

results more interpretable than examining how a percentage

increase in these rates affects the tuberculosis burden.

Table 2. Overseas Development Assistance (ODA) Disbursement for Tuberculosis Control During 2002–2009 and Tuberculosis Burden in
2009, by Country

ODA Disbursementa Estimated Tuberculosis burden (cases per 100 000)b

Country Total (Million US$)

Percentage of Global Fund

Contribution for Column 1 Incidence Prevalence Mortality

22 countries pooled 1113 64 302 (average) 431 (average) 37 (average)

Afghanistan 37 18 189 337 38

Bangladesh 93 62 225 425 51

Brazil 20 77 45 50 2.1

Cambodia 34 50 442 693 71

China 192 91 96 138 12

Democratic Republic of the Congo 56 58 372 645 76

Ethiopia 39 96 359 572 64

India 219 36 168 249 23

Indonesia 117 67 189 285 27

Kenya 16 65 305 282 15

Mozambique 19 65 409 323 31

Myanmar 3 97 404 597 59

Nigeria 75 43 295 497 67

Pakistan 42 82 231 373 38

Philippines 56 82 280 520 35

Russian Federation . . 106 132 18

South Africa 7 0 971 808 52

United Republic of Tanzania 19 85 183 170 11

Thailand 25 100 137 189 18

Uganda 10 78 293 278 29

Vietnam 29 38 200 333 36

Zimbabwe 5 71 742 431 37

a Data are from the Organization for Economic Cooperation and Development. Available at: OECD iLibrary. ‘‘Aid activities’’, OECD international development

Statistics. Creditor Reporting System (database). 2010; DOI: 10.1787/ dev-data-en.
b Data are from the World Health Organization.
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Moreover, since the case detection rate is calculated from the

estimated incidence, use of the dummy variable minimizes bias

in the model. In our regression models, we used absolute

values of case detection and treatment success rates, which

gave similar final results (data are not shown but are available

on request).

As a measure of overall economic development, we used

purchasing power parity (PPP)–converted gross domestic

product (GDP) at 2005 constant prices from the World Penn

Table [12] and population-structure data (proportion of

population aged 0–14 years) from the World Bank’s World

Development Indicator database [13]. One country, Myanmar,

lacked data for gross domestic product (GDP) per capita. We

used adult HIV prevalence data from the Joint United Nations

Program on HIV/AIDS [14]. Five countries (Afghanistan,

Brazil, China, DR Congo, and Ethiopia) lacked annual HIV

prevalence data.

First, to estimate the overall time trends in tuberculosis

burden in the 22 countries and by region over 2002–2009, we

performed fixed-effects model regression analysis with tuber-

culosis with tuberculosis disease incidence, disease prevalence

or mortality as the dependent variable and year as an in-

dependent variable.

Second, to examine whether increased NTP expenditure

was associated with better performance of NTP indicators, as

measured by case detection rate and treatment success rate, we

plotted the NTP expenditure per capita (general population)

and each of these rates. We also performed fixed-effects

model analysis with either case detection rate or treatment

success rate in the following year, as the dependent variable and

estimated whether the increase in NTP expenditure was as-

sociated with an increase in these rates.

Finally, to estimate the effects of NTP performance on

tuberculosis burden, we conducted panel data analysis using

the model expressed in the equation below. Panel data analysis

enabled analysis of the relationship between NTP performance

and tuberculosis burden while controlling for between-subject

variability, resulting in more-efficient estimators of treatment-

related effects (eg, changes in case detection rate), compared

with corresponding cross-sectional designs.

Yi;t5b01b1CDRi;t1b2TSR1b3GDPi;t1b4HIVi;t1ei;t

The tuberculosis burden in country i during year t is rep-

resented by Y. Y is measured either by incidence, prevalence,

or mortality rate and is given in cases per 100 000 population.

We used a dummy variable for tuberculosis case detection

rate, which is denoted by CDR; it is equal to 1 when the rate

is .70% and is equal to 0 otherwise. As discussed, we chose

to do this because the case detection rate is calculated using

the number of incident cases, and therefore correlation could

bias the result. The treatment success rate is denoted by TSR;

it is equal to 1 when the rate is .85% and equal to 0 otherwise.

The GDP per capita (PPP) is denoted by GDP, and the per-

centage of young individuals (%, 0–14 years) in the pop-

ulation is denoted by Pop. The HIV prevalence is denoted

by HIV; in models in which the HIV prevalence is not in-

cluded, b5 is equal to 0. Country and year fixed effects are

included in fixed-effects models.

A wide range of behavioral and biological risk factors such

as smoking and diabetes affect the tuberculosis burden [6].

However, annual data on risk factors other than HIV infection

for these countries at the population level were either limited

or nonexistent and thus were not included in the model. The

model therefore focused on addressing what factors were im-

portant in driving down the tuberculosis burden rather than

on identifying all possible determinants. Moreover, as an ad-

ditional indicator of general health services and inequity, we

initially included the percentage of private health expenditures

that were out of pocket, as specified in the World De-

velopment Indicator database, but we excluded these data

in the final analysis because they were insignificant in all

models and decreased the sample size.

We started with pooled ordinary least squares (OLS)

analysis and then used fixed-effects modeling. Because the

country fixed effects were jointly significant in every regression

analysis, we chose to include fixed effects in our models. By

using a fixed-effects model, we were able to control for such

omitted variables and to control for bias that may be country

specific but constant over time. We then conducted the

Wooldridge test for autocorrelation in panel data, as well

as a test for heteroskedasticity, and all 3 dependent variables

indicated the presence of both autocorrelation and hetero-

skedasticity [15]. We therefore ran models with feasible

generalized least squares (FGLS) analysis and corrected for

autocorrelation and heteroskedasticity.

RESULTS

We found that, across 21 of 22 high-burden countries (Russia is

not included in the DAC list as an ODA recipient), total ODA

disbursement during 2002–2009 for tuberculosis control was

$1.1 billion, of which the Global Fund share comprised 64%

(Table 2, columns 1 and 2). This excludes Global Fund con-

tributions to tuberculosis control through HIV grants; for ex-

ample, the ODA data show no Global Fund contribution to

tuberculosis control in South Africa, but tuberculosis programs

in the country also receive financing from Global Fund financed

HIV grants. The total amount of the NTP budget in the

22 countries during 2002–2009, which includes domestic

funding by the government in addition to external funding

(loans and grants), was .$10 billion [16]. When we pooled

the 22 countries, the average estimated incidence, prevalence,

and mortality rates in 2009 were 302, 431, and 37 cases per
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100 000 population, respectively (Table 2, columns 3–5). The

burden measurements varied within the 22 countries: the

incidence ranged from 96 cases per 100 000 population in

Brazil to 971 cases per 100 000 population in South Africa, and

mortality ranged from 2.1 cases per 100 000 population in

Brazil to 76 cases per 100 000 population in DR Congo.

Between 2002 and 2009, incidence, prevalence, and mortality

declined annually by 2.86, 9.84, and 1.90 cases per 100 000 pop-

ulation, respectively (Table 3). Analysis of regional time trends

of these indicators revealed that the annual decline in incidence

was greater in high-burden countries in Africa than in those

in Asia (5.32 vs 1.28 cases per 100 000 population). In

contrast, the annual declines in prevalence and mortality

in high-burden countries were greater in Asia than in Africa

(prevalence, 13.10 vs 7.84 cases per 100 000 population;

mortality, 2.51 vs 1.53 cases per 100 000 population).

Evaluation of the association between NTP expenditure and

NTP performance, as measured by case detection rate and

treatment success rate, revealed that higher NTP expenditure

per capita correlated with higher case detection rate the following

year (Figure 1A). Elimination of outliers (by excluding Russia

and South Africa, which have large NTP expenditures per cap-

ita) showed a stronger association (Figure 1B). In contrast,

treatment success rate had a pattern distinctively different from

that of case detection rate, in which the increase in NTP

expenditure per capita did not appear to be associated with

higher treatment success rate (Figure 1C), even when ex-

cluding Russia and South Africa (Figure 1D).

The results of the fixed-effects regression analysis with de-

pendent variables as the NTP performance indicator and with

NTP expenditure per capita as the explanatory variable, as

shown in Figure 1A and 1B, suggests that higher per capita

NTP expenditure was associated with higher case detection

rate. A $1 increase in NTP expenditure (including domestic and

external sources) per capita was significantly (P , .05) associated

with a 1.9% (95% confidence interval [CI], .12%–3.6%) higher

case detection rate the subsequent year for the 22 high-burden

countries between 2002 and 2009. The results of regression

analysis for 20 countries (Russia and South Africa were ex-

cluded) indicated that a $1 increase in NTP expenditure per

capita was significantly (P, .001) associated with a 37.6% (95%

CI, 19.9–55.4) higher case detection rate (Figure 1B). There

was no association between NTP expenditure per capita and

treatment success rate (Figure 1C and 1D). Further details of

the results are available on request.

The results of multivariate regression analysis of tuberculosis

burden and factors that influence the burden are shown in

Tables 4–6, respectively, for incidence, prevalence, and mor-

tality. For each table, column 1 shows the pooled OLS results,

columns 2 and 3 show the fixed-effects regression results, and

columns 4 and 5 show the FGLS results, correcting for auto-

correlation and heteroskedasticity. Columns 3 and 5 show

models that included HIV prevalence. Columns 4 and 5, which

indicate whether the country reached a case detection rate

of .70%, show that this factor was significantly associated

with tuberculosis burden in all models. During the subsequent

year, countries reaching a case detection rate of .70% experi-

enced declines of 36.4 incident cases per 100 000 population

(Table 4), 116.0 prevalent cases per 100 000 population

(Table 5), and 7.2 deaths per 100 000 population (Table 6).

When we included HIV prevalence in the models these associ-

ations were even stronger: the 17 countries for which HIV trend

data were available showed that when a country reaches the

70% case detection rate had an average 88.1/100 000 lower

incidence rate (Table 4), a 183.6/100 000 lower prevalence

rate (Table 5), and a 11.9/100 000 lower mortality rate the

subsequent year (Table 6).

A higher GDP per capita was significantly associated with

reductions in tuberculosis incidence (P, .01; Table 4, column 4)

and mortality (P , .01; Table 6, column 5) but not prevalence

(Table 5, column 5). A higher prevalence of HIV infection was

associated with a higher tuberculosis incidence (Table 4, col-

umn 5) and prevalence (Table 5, column 5) and a lower

mortality, excluding HIV prevalence (Table 6, column 5). The

proportion of the population that was younger was signifi-

cantly associated with higher tuberculosis prevalence (P , .01;

Table 5, column 4) and mortality (P , .05; Table 6, columns 4

and 5). Reaching a treatment success rate of .85% was not

significant in any of the final models, even though involved

fixed-effects analysis (Table 4, column 2; Table 5, columns 2

and 3; and Table 6, columns 2 and 3).

DISCUSSION

In the 22 high-burden countries, increase in funding for NTP

since 2002 and improvement in case detection and treatment

Table 3. Time Trends in the Tuberculosis Burden Rate During
2002–2009 in 22 High-Burden Countries

Countries

Change in

Incidence

Change in

Prevalence

Change in

Mortality

Overall
(176 observations)

22.86a (0.70) 29.84a (0.94) 21.90a (0.17)

Africab

(72 observations)
25.32a (1.66) 27.84a (1.70) 21.53a (0.26)

Asiac

(80 observations)
21.28a (0.25) 213.10a (1.27) 22.51a (0.26)

Coefficients are per annum change in the number incident cases, prevalent

cases, or deaths per 100 000 population (standard errors) and were calculated

using fixed-effects models.
a P , .01.
b Democratic Republic of the Congo, Ethiopia, Kenya, Mozambique, Nigeria,

South Africa, United Republic of Tanzania, Uganda, and Zimbabwe.
c Bangladesh, Cambodia, China, India, Indonesia, Myanmar, Pakistan, Philippines,

Thailand, and Vietnam.
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success rates were significantly associated with a downward

trend in the tuberculosis burden. A $1 increase per capita in

the NTP budget (including domestic and external sources)

was associated with a 1.9% annual increase in estimated

overall case detection rate the following year for these

countries between 2002 and 2009. In the final models,

achieving high case detection rate (ie, .70%) was associated

with significantly (P , .01) lower tuberculosis incidence,

prevalence, and mortality the following year, even when

controlling for general economic development and HIV

prevalence as risk factors.

Dye et al [6] assessed the impact of different measures of

tuberculosis-control intensity (expenditure on tuberculosis

control, new cases of tuberculosis detected, and cases of treat-

ment success) on tuberculosis burden. By using data from

134 countries from 1997 to 2006, they found that, more than

a decade after the internationally recommended tuberculosis

control strategy was first implemented, only 1 direct measure

of tuberculosis control intensity in a single region (Latin

America) was associated with decreasing tuberculosis in-

cidence. None of these direct measures of NTP performance

were associated with tuberculosis trends globally, and they

concluded that tuberculosis diagnosis and treatment pro-

grams had not yet become the principal determinants of

tuberculosis transmission and incidence trends, even though

they may do so in the future.

We used recent data up to 2009 and limited the analysis

to the 22 high-burden countries. This may have helped show

the significant correlation between tuberculosis program in-

tensity and tuberculosis burden, owing to higher quality data

and a time frame that coincided with scaled up investment.

Another study [17] also suggested that changes in estimated

Figure 1. Association between national tuberculosis program (NTP) expenditures and NTP performance. A, Case detection rate and NTP expenditure
per capita in 22 high-burden countries. B, Case detection rate and NTP expenditure per capita in 20 countries (excluding Russia and South Africa).
C, Treatment success rate and NTP expenditure per capita in 22 high-burden countries. D, Treatment success rate and NTP expenditure per capita in 20
countries (excluding Russia and South Africa).
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national tuberculosis incidence are more strongly associated

with changes in national socioeconomic indices and the

general health status of the population than with NTP per-

formance. Our finding was consistent with findings of

Oxlade et al [17] with respect to the association between an

increase in GDP per capita and reductions in tuberculosis

incidence and mortality rates. GDP per capita actually had

a negative impact on tuberculosis prevalence, when HIV

prevalence was included in the model. This may be due to

the high correlation between proportion of younger in-

dividuals in the population and GDP per capita (correlation

coefficient, .0.7). The relationship between the increase in

GDP per capita and prevalence may also be due to increases

in wealth inequality in countries experiencing economic

growth [18], when the tuberculosis program performance

is already taken into account in the model. For example, in

European countries, wealth inequality (measured by public

wealth index) and tuberculosis burden appear to be inversely

correlated [19]. The positive impact of increased GDP per

capita on the tuberculosis burden through, for example, im-

proved access to health facilities and improved availability of

treatment may be mitigated by the negative impact of factors

such as the acceleration of income inequality and inten-

sification of the tuberculosis burden among the vulnerable

populations in the society.

Incidence has been the most commonly used indicator for

measuring tuberculosis burden. Improved case detection and

treatment success rates reduce tuberculosis mortality by

Table 4. Key Explanatory Variables of Changes in the Incidence Rate (per 100 000 population) of All Forms of Tuberculosis

1 2 3 4 5

Model Pooled OLS Fixed Effects

Fixed Effects

With HIV FGLS FGLS With HIV

CDR .70% in previous year 2127.0b (39.0) 217.2 (10.7) 217.1 (14.5) 236.4b (10.1) 288.1b (11.4)

Tuberculosis treatment success rate .85% in previous year 2119.1b (29.4) 217.6b (6.7) 215.2 (8.7) 24.2 (4.7) 1.7 (2.2)

GDP per capita ($PPP) 257.4a (23.3) 213.7 (16.8) 260.2a (25.3) 264.3b (5.9) 1.0 (5.4)

Percentage of population aged 0–14 years 0.2 (2.8) 21.3 (2.3) 26.0a (2.7) 0.7 (0.7) 0.7 (0.5)

HIV prevalence rate (%) . . 13.2b (3.2) . 27.7b (1.0)

Constant 804.6b (263.5) 470.7a (186.2) 953.7b (258.8) 697.7b (64.6) 190.6b (45.5)

No. of observations 168 168 128 168 128

R2, adjusted analysis 0.26 . . . .

R2, within groups analysis . 0.09 0.23 . .

Data are per annum change in the number of incident Tuberculosis cases (standard error) per 100 000 population.

Abbreviations: CDR, case detection rate; GDP, gross domestic product; FGLS, feasible generalized least squares; OLS, ordinary least squares; $PPP, purchasing

power parity.
a P , .05.
b P , .01.

Table 5. Key Explanatory Variables of the Prevalence Rate (per 100 000 population) of All Forms of Tuberculosis

1 2 3 4 5

Model Pooled OLS Fixed Effects

Fixed Effects

With HIV FGLS FGLS With HIV

CDR .70% in previous year 2230.2b (34.9) 218.9 (14.1) 243.1a (19.7) 2116.0b (18.4) 2183.6b (20.1)

Tuberculosis treatment success rate .85% in previous year 18.3 (26.3) 229.1b (8.8) 225.1a (11.8) 21.2 (3.4) 4.0 (5.5)

GDP per capita ($PPP) 10.5 (20.8) 263.8b (22.2) 275.6a (34.5) 22.9 (8.6) 36.3b (12.5)

Percentage of population aged 0–14 years 8.2b (2.5) 8.0b (3.0) 8.4a (3.7) 5.8b (1.2) 2.3 (1.3)

HIV prevalence rate (%) . . 24.0 (4.3) . 4.1a (1.9)

Constant 65.8 (236.0) 606.9a (246.0) 716.5a (352.1) 219.5a (94.5) 85.5 (127.3)

No. of observations 168 168 128 168 128

R2, adjusted analysis 0.37 . . . .

R2, within groups analysis . 0.36 0.36 . .

Data are per annum change in the no. of prevalent Tuberculosis cases (standard error) per 100 000 population.

Abbreviations: CDR, case detection rate; GDP, gross domestic product; FGLS, feasible generalized least squares; OLS, ordinary least squares; $PPP, purchasing

power parity.
a P , .05.
b P , .01.
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reducing the average duration of infectiousness and the

transmission levels [20]. Tuberculosis mortality declines more

rapidly than tuberculosis incidence because drug treatment

reduces not only transmission but also the case-fatality rate.

Tuberculosis incidence can remain stable or even increase

when case detection and treatment success rates are rising,

if the risk of developing tuberculosis at the population level

is increasing [20]. Therefore, incidence may not be the most

responsive indicator for measuring short-term changes in the

tuberculosis burden attributable to changes in health service

performance, including that of tuberculosis control pro-

grams. Hence, in our analysis we chose to examine changes

in tuberculosis prevalence and mortality rates in addition

to incidence, in contrast to earlier studies that focused ex-

clusively on incidence [6, 17]. In the fixed-effects models, the

prevalence and mortality rates were more sensitive than the

incidence rate to changes in NTP performance indicators.

In addition to indicators of NTP performance, we included

GDP per capita, population structure, and HIV prevalence as

the main tuberculosis risk factors that could affect tuberculosis

burden. We chose these variables on the basis of earlier studies,

such as those by Dye et al [6] and Oxlade et al [17], which

identified development, economy, population, behavioral and

biological risk factors, health services, and tuberculosis control

as affecting the national trends in tuberculosis burden. A wide

range of factors affects tuberculosis risk. We assumed that be-

havioral and biological risk factors, such as malnourishment

and access to improved water sources, could be proxied by in-

come per capita. Annual population-level data on other risk

factors, such as diabetes and smoking, for these countries were

limited or nonexistent. The sample size of the regression

models would have been substantially reduced if we chose

to include these variables. Diabetes and smoking have likely

increased over the last decade in these countries (http://www.

who.int/research/en/), so our model may underestimate the

impact of improved tuberculosis control programs and in-

creased NTP funding. Our use of fixed-effects modeling takes

care of any risk factors that are specific to countries and do

not change over time. Tuberculosis incidence can remain stable

or even increase when case detection and treatment success

rates are improving, if the risk of developing tuberculosis at

the population level is increasing.

For these 22 countries, we used the most-complete and

highest-quality tuberculosis data (covering epidemiology,

financing, and health service delivery) that are available.

Estimates are thoroughly reviewed and updated in regional

and country workshops, using frameworks and associated

tools developed by the WHO Global Task Force on Tuberculosis

Impact Measurement [2]. We do, however, acknowledge data

limitations. The analysis revealed the presence of autocorrela-

tion and heteroskedasticity. There are many potential sources

of uncertainty associated with estimates of tuberculosis inci-

dence, prevalence, and mortality, as well as measurement of

case detection and treatment success rates. Notification data

are of uneven quality. Cases may be underreported, mis-

classified, or over-reported. Mortality estimates incorporated

sources of uncertainty, such as sampling uncertainty in the

underlying measurements of tuberculosis mortality from

data sources and uncertainty in estimates of incidence [2].

In the data we used, tuberculosis mortality is defined as the

number of deaths caused by tuberculosis, excluding those in

HIV-positive individuals, using definitions from the ICD-10

[16]. Although tuberculosis mortality is best measured directly

by use of vital registration data, none of the 22 high-burden

Table 6. Key Explanatory Variables of the Tuberculosis Mortality Rate

1 2 3 4 5

Model Pooled OLS Fixed Effects

Fixed Effects

With HIV FGLS FGLS With HIV

CDR .70% in previous year 227.7b (4.0) 24.7a (2.3) 211.3b (2.9) 27.2b (2.3) 211.9b (3.1)

Tuberculosis treatment success rate .85% in previous year 20.3 (3.0) 25.1b (1.4) 24.5a (1.7) 20.3 (0.7) 20.9 (1.1)

GDP per capita ($PPP) 21.1 (2.4) 214.3b (3.6) 212.7a (5.1) 22.5 (2.1) 25.4b (2.0)

Percentage of population aged 0–14 years 0.8b (0.3) 1.5b (0.5) 2.1b (0.6) 1.0b (0.2) 0.5a (0.2)

HIV prevalence rate (%) 22.2b (0.6) 22.1b (0.3)

Constant 27.8 (26.9) 96.7a (39.5) 76.1 (52.1) 26.9 (22.2) 77.1b (20.1)

No. of observations 168 168 128 168 128

R2, adjusted analysis 0.40

R2, within groups analysis 0.47 0.54

Data are per annum change in the no. of Tuberculosis-associated deaths (standard error) per 100 000 population and exclude deaths of individuals infected with HIV.

Abbreviations: CDR, case detection rate; GDP, gross domestic product; FGLS, feasible generalized least squares; HIV, human immunodeficiency virus; OLS,

ordinary least squares; $PPP, purchasing power parity.
a P , .05.
b P , .01.
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countries were among the countries assessed to have high-

quality data (as defined by codes that are .90% complete,

with ,10% considered to be ill defined). Three countries

(Brazil, the Philippines, and Russia) were among the countries

considered to have data of medium quality, and 2 coun-

tries (South Africa and Thailand) were considered to have

death registration data of low quality [16]. The statistical

methods addressed the weakness of the data to the best extent

possible and still found a robust and significant association be-

tween improved NTP performance and reduced tuberculosis

burden.

For better modeling of tuberculosis burden and its explana-

tory variables, we also conducted 2-stage least squares regression

analysis because NTP budget (input) should affect the tuber-

culosis burden through its output (eg, case detection and

treatment success rates). Nonetheless, NTP budget appeared

to be a poor instrumental variable, resulting in poor correlation

in the first stage analysis (data are not shown but are available

on request).

The total funding available for tuberculosis control in the

22 high-burden countries has increased since 2002 and is ex-

pected to reach $3.0 billion in 2011 [2]. Our results suggest

that increased investment in NTPs, accompanied by improved

case detection rates, will help further reduce the global burden

of tuberculosis. An increased and sustained funder, donor, and

governmental commitment to ensuring high-quality national

Tuberculosis programs is required.
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