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Abstract. The target of this work is to implement an evidence-based approach in a
comparative analyzing of the current tuberculosis situation in the Kyrgyz Republic and the
Islamic Republic of Pakistan. Such analysis is of particular interest for assessing the so-called
“country” contribution to the implementation of strategies to stop tuberculosis, proclaimed by
the World Health Organization. Two-factor linear regression models are presented for both
countries. Models take into account how state budget expenditures on health care and the level
of poverty impact onto the tuberculosis incidence. The latter circumstance is due to the
significant difference between the National Statistical Services in considered countries, as well
as the lack of initial data and their heterogeneity. The estimated quality characteristics of the
models show them to use in prediction values of the tuberculosis incidence until 2024-2025.
The modeling results show that if the established trend of strengthening of the state role
continues, then we can talk about the successful implementation of the WHO strategy to
decrease and stop tuberculosis in the Kyrgyz Republic and the desired annual reduction in
incidence to 10% by 2025. For Pakistan, the same parameter will be no more than 1.5%. The
novelty of the presented work lies in the very formulation of the problem of monitoring the
current outcomes of the implementation of WHO recommendations in different countries and
the methodological development of appropriate situational tasks for learning and teaching
medical students the methods of evidence-based medicine/health care.

Keywords: Evidence-based approach in medicine/health care · Specification of initial
statistical data · Regression modeling · Situational problems for teaching and learning.

1. Introduction
Evidence-based medicine is one of the modern trends of today’s medical science. It requires the
training of a physician in the collection and processing of statistical data accompanying him/her in the
process of professional activity. The students obtain initial information about the types of medical
statistical data and corresponding methods of their processing as early as the first year in the computer
science class when they master MS Excel spreadsheet [1]. Further, they are introduced to medical
statistics as part of the educational process. However, as a rule, students are not in a hurry to
implement the knowledge and skills acquired during clinical practice and special disciplines. One
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reason for this is insufficient basic mathematical training of medical students. It does not allow them to
identify and extract meaningful information from the original data, which is the basis for the adoption
or evaluation of already adopted and/or current management decisions in the organization of treatment
and/or healthcare.

Taking into account that students of the Islamic Republic of Pakistan are also studying in the
Graduate School of Medicine at the Adam University, the authors decided to assess the probability of
the WHO goals [2,3,4] of eliminating the tuberculosis epidemic in the Kyrgyz Republic and in the
Republic of Pakistan can be realized. In other words, the authors had to conduct a comparative
analysis of the current tuberculosis (TB) situation using open relevant statistical data from both
countries. This work is a logical continuation and development of methodological approaches to the
implementation of systems analysis methods in medicine/healthcare in the educational process by
setting and solving situational tasks of real content presented earlier in the article [5].

The WHO “Stop TB” strategy calls for action by national governments, societies and individual
organizations to “first, accelerate the annual decline in global tuberculosis rates from 2% in 2015 to
10% per year by 2025.” [4].

This problem statement is of interest to students, both Kyrgyz and foreign, and may motivate them
to get an answer by performing a very rigorous, logical, but multiway and “branching” algorithm for
statistical research in the context of situational tasks.

2. Materials and Method

2.1. Selection of baseline data for assessing the current TB situation in the KR and Pakistan and their
specification. Case Study 1.
As the variable y under study, the authors chose the incidence of active TB (number of cases), and as
explanatory (exogenous) variables, they defined the indicators of the role of the state in overcoming
the TB epidemic in the Kyrgyz Republic, presented in Table 1. These indicators include state budget
expenditures on housing and communal services, healthcare, social protection, and environmental
protection. The authors also included the poverty indicator as an intermediate indicator for the overall
economic condition of the country. The data (Table 1) are official data from the National Statistical
Committee of the Kyrgyz Republic  (NSC KR) and the Ministry of Health [6,7,8,9,17].

Table 1. Active TB morbidity, the structure of state budget expenditures, and the level of poverty in KR.

Years

Incidence of
active TB,
number of
cases

Structure of state budget expenditures, million soms Total below
income
poverty line,
%

Housing and
utilities Healthcare Social security Environment

protection

y x1 x2 x3 x4 x5

2012 5851 3002.7 9714 15951 438.1 36.02
2013 5859 3121.4 10171.1 18429.9 411.2 36.98
2014 5898 3563.2 10443 21060.9 516.8 30.6
2015 5853 3858.6 10538.6 22703 580.8 32.1
2016 5680 4444.4 11188 23313.1 680.1 25.4
2017 5616 4761.4 13168.1 24384.3 574.5 25.6
2018 5249 4381.3 11955.6 27376.6 670.2 22.4
2019 5096 4428.3 12139.8 29830.3 595.2 20.1
2020 3518 4623.8 15164.4 31149.5 514.3 25.29
2021 3891 5109.2 18925.7 33088.4 541.5 23.27

Paired correlation coefficients were determined using MS Excel tool Data Analysis/Correlation add-on
and presented in Table 2 as a correlation matrix.
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Table 2. Correlation matrix.

 x1 x2 x3 x4 x5

y -0.669 -0.875 -0.847 -0.035 0.497
x1 1 0.806 0.890 0.626 -0.891
x2  1 0.843 0.117 -0.659
x3   1 0.448 -0.881
x4    1 -0.781
x5     1

As seen from Table 2, the pairwise correlation between the variable under study y – incidence of TB –
and the first influencing factor x1 is moderate and inverse, since the corresponding correlation

coefficient ryx1≈ − 0.67 and is in the range of 0.3< < 0.7. The value of the correlation coefficient𝑟𝑟
𝑦𝑦𝑥𝑥
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between y and x5 also indicates a moderate, but positive/direct relationship. The presence of moderate
correlation is grounds for including the factors and x5 in the model. The correlation between the𝑥𝑥
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included in the model.
Sufficiently strong inter-factor correlation can be explained by the fact that the factors are dynamic

series, but this does not prevent application of regression analysis to them as in the case of
cross-sectional data [10].

Thus, the following can approximate the dependence of TB incidence in KR multiple linear
regression model:
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Unfortunately, it was not possible to obtain a similar set of raw data for the Islamic Republic of
Pakistan. The explanation could be the significant difference in the state systems of maintaining
statistical records of socio-economic indicators of the two countries. However, as a result of
processing the data provided in the sources [11,12,13] the indicator values presented in Table 3 were
obtained.

Table 3. Tuberculosis prevalence, current health expenditures and poverty in Pakistan.

Year
TB incidence, N of
cases per 100.000
people

TB incidence, ( N of cases
per 100.000 people)/10-2

Current health
expenditure, % of
GDP

Poverty, % of
population

yPak z1 z2

2009 276 2.76 2.61 37.9
2010 276 2.76 2.6 36.8
2011 276 2.76 2.34 36.3
2012 276 2.76 2.36 32.5
2013 275 2.75 2.6 29.6
2014 270 2.7 2.72 25
2015 270 2.7 2.69 24.3
2016 268 2.68 2.89 23.4
2017 267 2.67 2.9 22.9
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2018 265 2.65 3.2 21.9
2019 263 2.63 3.38 20.4
2020 259 2.59 3.65 19.7

In Table 3 yPak – is the incidence of TB, presented as the number of cases per 100,000 population. For
further processing, this number was converted to the N/102 (or N/102) form. The influencing factor z1
was taken to be the current expenditure of the state budget of the Republic of Pakistan as a percentage
of GDP. The influencing factor z2 is the poverty rate as a percentage of the total population.

It should be noted that the percentage of poor population is almost the same in both countries under
consideration. How effective is the role of the government in the Kyrgyz Republic and Pakistan in
striving to stop tuberculosis?

The correlation matrix for Pakistan’s baseline data is shown in Table 4.

Table 4. Correlation matrix for Pakistan’s baseline data.

 z1 z2

yPak -0.931 0.933
z1 1 -0.795
z2  1

The correlation coefficients between the dependent variable yPak and the z1 and z2 factors are close to
unity in absolute value and are ryz1 = – 0.931 and ryz2 = 0.933. A negative ryz1 indicates that an increase
in state budget expenditures on healthcare has a significant inverse effect on the incidence of TBI,
causing it to decrease. Conversely, a positive ryz2 indicates that the incidence of TB in Pakistan will
increase with increasing levels of poverty. The correlation between the factors is also quite high, which
is due to the dynamic nature of the raw data. Consequently, the available data allow the authors to
construct and estimate qualitative characteristics only for a two-factor linear regression model of the
form

= b0 + b1z1 + b2z2 + ε. (2)𝑦𝑦
𝑃𝑃𝑎𝑎𝑘𝑘

Since the authors defined above the task of comparative analysis of the current TB situation in the two
countries, the composition of the variables to be included in the models should be similar. This means
that for the KR it would be reasonable to run also a regression analysis with a two-factor model of the
form
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where and are the inputs in Table 1.𝑥𝑥
2

𝑥𝑥
5

3. Results
3.1. Construction and quality analysis of a 2-factor linear regression model of TB incidence for
Kyrgyzstan

Using the Data Analysis/Regression add-on of MS Excel spreadsheets allowed obtaining the
following results of regression analysis for Kyrgyzstan (Fig. 1):
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3. Results
3.1. Construction and quality analysis of a 2-factor linear regression model of TB incidence for
Kyrgyzstan

Using the Data Analysis/Regression add-on of MS Excel spreadsheets allowed obtaining the
following results of regression analysis for Kyrgyzstan (Fig. 1):

Fig. 1. Regression analysis outputs for the 2-factor model of TB incidence in Kyrgyzstan.

According to the results shown in Fig. 1, the multiple correlation coefficient has a value of R = 0,899
≈ 0,9, which indicates a very strong relationship between the variable under study y and the factors
included in the regression model. Excel also produces a normalized coefficient of determination. Its
value is slightly lower and equals 0.754. As the sample size increases, the difference between these
parameters decreases and the square of the correlation coefficient can be used. In current case, the
value of R2 = 0.81 means that 81% of the variation of the outcome variable – morbidity y – can be
explained by the variation of the chosen factors, which are the state budget expenses on health care
and the poverty level of the population, and the remaining 19% by other influencing factors not
considered in the model. The R2 = 0.81 is sufficiently high and acceptable to assess the current TB
situation in the Kyrgyz Republic. Since the R2 coefficient of determination is a characteristic of model
quality, the built regression model can be considered as a model with high quality level [14].

Fisher’s criterion F characterizes statistical significance of the regression equation as a whole.
Actual (observed) value of the criterion is F = 14.81 and the corresponding significance level α =
0.003. The value of α is close to zero and since it equals the probability of error, it means that the
regression equation can be recognized as statistically significant with a very high probability for the
built model.

The equation of the 2-factor regression model (3) in accordance with Fig. 1 can be written in the
following way

. (4)𝑦𝑦
𝐾𝐾𝑅𝑅

 = 11073. 6 − 0. 394𝑥𝑥
2
− 37. 335𝑥𝑥

5
+ ε

Statistical significance of model coefficients (4) is estimated by the Student’s t-test. The table (Fig. 1)
shows that significance of the coefficients a0 = 11073.6 and a2 = 0.394 are high, and coefficient a5 =
37.335 can be considered “more or less significant” with probability from 0.7 to 0.95 [15].
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When the regression model (3) and, respectively, (4) were built, it was suggested “that the real
interrelation of variables is linear and deviations from the regression model are random, independent
of each other and have zero mean and constant variance” [15]. Therefore, the next stage of checking
the quality of model (4) is to check the listed conditions. In current case, all variables are time series,
so it is necessary to calculate the Durbin-Watson statistics [15]:

𝐷𝐷𝑊𝑊
К𝑅𝑅

= 𝑖𝑖
∑(𝑒𝑒

𝑖𝑖
−𝑒𝑒

𝑖𝑖−1
)2

𝑖𝑖
∑𝑒𝑒

𝑖𝑖
2

,

where ei. – are the deviations of the initial values of yi (table 1) from the values of yKR, calculated by the
regression formula (4); – are the same deviations, but shifted by one level of the time series.𝑒𝑒

𝑖𝑖−1
Calculations give the value of which proves the absence of residuals autocorrelation.𝐷𝐷𝑊𝑊

𝐾𝐾𝑅𝑅
= 1. 309,  

Therefore, taking into account the entire set of quality indicators of the model (4), it can be
concluded that formula (4) reflects the real relationship and that another non-linear model will not be
better than this one by its characteristics.

3.2. Construction and quality analysis of a 2-factor linear regression model of TB incidence for
Pakistan
The results of the regression analysis for Pakistan are presented in Figure 2. According to these results,
the 2-factor linear regression model of TB incidence for Pakistan is

= b0 + b1z1 + b2z2 + ε = 2.814 – 0.078 z1 +0.004z2 + ε (5)𝑦𝑦
𝑃𝑃𝑎𝑎𝑘𝑘

Fig. 2. Regression analysis outputs for the 2-factor model of TB incidence in Pakistan.

●Determination coefficient R2 = 0.954;
●Fourier criterion value F = 72.728 has a high significance of 2.074∙10-5;

●All three coefficients of the model (5) have Student’s t-statistics of very high
significance because P-values are very small;

●Durbin-Watson statistic = 2.046. To reliably determine whether there is𝐷𝐷𝑊𝑊
𝑃𝑃𝑎𝑎𝑘𝑘

“autocorrelation of residuals in the model (5), the significance level α = 0.05 is set. Using
Durbin-Watson criterion tables for the number of observations n = 10 and the number of
independent variables of the model m = 2, the critical values of the statistics dL = 0.697
and dU = 1.641 are determined. The intervals within the interval [0; 4] shown in Fig. 3 are
obtained. The actual value falls within the interval from dU to (4 - dU). So, there is no
reason to reject the H0 about the absence of autocorrelation in the residuals” [16].

Fig. 3. Intervals within the interval [0; 4].

4. Discussion
4.1. Evaluating the Effectiveness of the Role of the State in the Kyrgyz Republic and Pakistan in
Implementing the WHO Global Stop TB Program. Case Study 2.
This assessment can be made by applying the constructed regression models (4) and (5) to predict the
incidence of tuberculosis in these countries. Unfortunately, the baseline data for both countries cover a
period of approximately ten years. Consequently, it is only possible to obtain predictions of TB
incidence with reliability corresponding to the values of the coefficient of determination R2, for the
next 3 to 3.3 years, i.e. no further than one third of the period for which the raw data for y and xm
factors (m are the x factors in models 4 and 5).

According to the results of the regression analysis of models (4) and (5), the standard errors are SKR
= 427.89 (Fig. 1) and SPak = 0.0106, and the mean values for the original samples are ȳKR = 5251.1; ȳPak
= 2.7. The ratio of these values is denoted by V [15] and can be considered as a relative forecast error
of the regression model. Thus,

𝑉𝑉
𝐾𝐾𝑅𝑅

=
𝑆𝑆
𝐾𝐾𝑅𝑅

ȳ
𝐾𝐾𝑅𝑅

= 427.89
5251.1 = 0. 0815 = 8. 15%

𝑉𝑉
𝑃𝑃𝑎𝑎𝑘𝑘

=
𝑆𝑆
𝑃𝑃𝑎𝑎𝑘𝑘

ȳ
𝑃𝑃𝑎𝑎𝑘𝑘

= 0.0106
2.7 = 0. 0039 = 0. 39%

Calculations using model (4) show that the decrease of TB incidence in the Kyrgyz Republic by the
end of 2024 could be about 7.45%. Taking into account the forecast error of 8.15%, a deviation in the
range of (7.45 ± 0.6%) can be expected. From the authors’ point of view, the role of the Kyrgyz
Republic state in implementing the WHO Stop TB program can be considered satisfactory, especially
if the extraordinary situation with COVID-19 during the period of 2020 – 2021 is taken into account.

For Pakistan, the annual decrease in yPak TB incidence by the end of 2023 is expected, according to
model (5), from 259 to 258 cases per 100,000 population, and the annual decrease in TB incidence to 257 cases
per 100,000 population is expected by 2024, which is ≈ 0.4% as a percentage. Taking into account the value of
relative forecast error , the decrease in could be in the range of (1 ± 0.4) %. But such a decrease,𝑉𝑉

𝑃𝑃𝑎𝑎𝑘𝑘
𝑦𝑦
𝑃𝑃𝑎𝑎𝑘𝑘

unfortunately, is far from the desired target of 10%.

5. Conclusion
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end of 2024 could be about 7.45%. Taking into account the forecast error of 8.15%, a deviation in the
range of (7.45 ± 0.6%) can be expected. From the authors’ point of view, the role of the Kyrgyz
Republic state in implementing the WHO Stop TB program can be considered satisfactory, especially
if the extraordinary situation with COVID-19 during the period of 2020 – 2021 is taken into account.

For Pakistan, the annual decrease in yPak TB incidence by the end of 2023 is expected, according to
model (5), from 259 to 258 cases per 100,000 population, and the annual decrease in TB incidence to 257 cases
per 100,000 population is expected by 2024, which is ≈ 0.4% as a percentage. Taking into account the value of
relative forecast error , the decrease in could be in the range of (1 ± 0.4) %. But such a decrease,𝑉𝑉

𝑃𝑃𝑎𝑎𝑘𝑘
𝑦𝑦
𝑃𝑃𝑎𝑎𝑘𝑘

unfortunately, is far from the desired target of 10%.

5. Conclusion
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Two case studies have been developed to demonstrate the practical application of evidence-based
medicine/healthcare as part of the medical school curriculum to assess the current implementation of
WHO TB control strategies in two different countries.

The 2-factor linear regression models (4) and (5) were built basing on open statistical data on TB
incidence rate, state budget expenditures on healthcare and poverty rate in the Kyrgyz Republic and
Islamic Republic of Pakistan, taking into account the influence of such factors as state allocations for
healthcare and percentage of poor population on TB incidence in these countries.

The quality characteristics of the models obtained are given below and allow considering them
suitable for estimating the current TB situation and its short-term forecast for the next 3 to 3.3 years
(Table 5):

Table 5. Quality characteristics of the models obtained.

No. Parameter Kyrgyz Republic Islamic Republic of Pakistan
1. Determination

coefficient R2
0.81 0.954

2. Fourier criterion value
F

14.81 has a high significance of 0.003 72.728 has a high significance of
2.074∙10-5

3. Model (5) Two coefficients of model (5) have
Student’s t-statistics of very high
significance, since P-values are very
small; the third is more or less
significant

All three model coefficients (5) have
Student’s t-statistics of very high
significance because the P-values are
very small

4. Durbin-Watson
statistics 𝐷𝐷𝑊𝑊

1.309. There is no autocorrelation of
residuals

2.046. There is no autocorrelation of
residuals

5. Predictability of the
model 𝑉𝑉

8.15 % 0.4 %

Calculations using model (4) show that the reduction of TB incidence in the Kyrgyz Republic by the
end of 2024 could be about 7.45%. Given a forecast error of 8.15%, a deviation in the range of (7.45 ±
0.6%) can be expected. From the authors’ point of view, the role of the KR state in implementing the
WHO Stop TB program can be considered satisfactory, especially if the extraordinary situation with
COVID-19 during the period of 2020 – 2021 is taken into account.

For Pakistan, the annual decrease in TB yPak incidence is expected by the end of 2023, according to
model (5), from 259 to 258 cases per 100,000 population, and by 2024 the annual decrease in TB incidence to
257 cases per 100,000 population, which is ≈0.4% in percentage terms. Taking into account the value of relative
forecast error , the decrease of could be in the range of (1 ± 0.4) %. But such a decrease,𝑉𝑉

𝑃𝑃𝑎𝑎𝑘𝑘
𝑦𝑦
𝑃𝑃𝑎𝑎𝑘𝑘

unfortunately, is far from the WHO desired target of 10% [7].
The structure and predictive qualities of the models, unfortunately, are objectively limited by the

time frame of the initial samples of statistical data, because the data are heterogeneous or absent at all
outside this frame.
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