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ABSTRACT

This study examines the non-linear relationship between economic
growth (GDP per capita) and population health (measured by
cancer incidence) in BRICS countries (Brazil, Russia, India, China,
South Africa) from 1990 to 2023. Using Panel Threshold
Regression Models (PTRM), the analysis identifies two GDP
growth thresholds (6.47% and 7.31%) where the health impact of
economic expansion shifts. Below 6.47% GDP growth, higher
growth reduces cancer incidence, but this effect weakens beyond
7.31%, suggesting diminishing returns and potential overheating
risks. Robust OLS and fixed-effects models confirm GDP’s
significant but non-linear influence on health outcomes, with
country-specific factors playing a marginal role. The findings
highlight the need for growth-phase-specific health policies,
emphasizing targeted investments during high-growth periods to
mitigate adverse health effects. The study bridges gaps in literature
by applying non-linear methods to BRICS and focusing on cancer
as a growth-driven health challenge, offering actionable insights
for sustainable development strategies.

Keywords: Economic growth, population health, BRICS global
agenda , threshold effects, cancer incidence.
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Economic Growth and Population Health in BRICS: A
Threshold Analysis of Cancer Incidence and Institutional
Responses

1. INTRODUCTION

The relationship between economic growth and population health has long been a
subject of debate in development economics and public health. While economic
expansion is often assumed to improve health outcomes through better healthcare
access, education, and infrastructure, emerging economies like the BRICS nations
(Brazil, Russia, India, China, and South Africa) present a more complex dynamic.
Rapid industrialization, urbanization, and income growth in these countries have
been accompanied by rising non-communicable diseases (NCDs), environmental
degradation, and persistent inequalities—raising critical questions about whether
economic growth alone ensures better health.

This study examines the non-linear relationship between economic growth
(measured by GDP per capita) and cancer incidence in BRICS countries from 2012 to
2022. Unlike traditional linear models, we employ Panel Threshold Regression
Models (PTRM) to identify critical GDP growth thresholds where the health impacts
of economic expansion shift. Our findings aim to inform targeted policy interventions
that balance growth with sustainable health investments.

1.1 What is BRICS?

BRICS—an acronym for Brazil, Russia, India, China, and South Africa—represents a
coalition of five major emerging economies that collectively account for 25% of
global GDP and 40% of the world’s population. Initially formed in the 2000s to
strengthen economic and political cooperation, BRICS has evolved into a influential
bloc in global governance, challenging Western-dominated institutions like the IMF
and World Bank.

1.2 Key features of BRICS economies include:

¢ Rapid but uneven growth: While China and India have sustained high growth rates,
Brazil and South Africa face volatility.

o Dual disease burden: Combating infectious diseases (e.g., HIV, tuberculosis)
alongside rising NCDs (e.g., cancer, diabetes).
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Health inequalities: Disparities in healthcare access persist despite economic
progress.
1.3 BRICS’ Contributions to the Global Health Agenda
BRICS nations are transitioning from passive "policy takers" to active agenda-setters
in global health, leveraging their economic and political influence. Their contributions
include:
Shifting Global Power Dynamics
o Prioritizing structural approaches (e.g., trade agreements, technology
transfer) over traditional aid.
o Advocating for WTO’s TRIPS flexibilities to promote affordable medicine
access (e.g., India’s generic drug policies).
Domestic Health Agendas with Global Impact
o Implementing universal health coverage (UHC) (e.g., Brazil’s Sistema Unico de
Saude).
o Addressing social determinants of health (e.g., India’s food subsidies, China’s
pollution controls).
Soft Power and Partnerships
o Using health diplomacy to foster South-South cooperation (e.g., China-Africa
health forums).
o Forming tripartite partnerships (BRICS + African nations + Western donors) to
promote equitable collaboration.
Critiques and Challenges
o Divergent national interests (e.g., India-China trade tensions) weaken
cohesive BRICS health strategies.
o Limited transparency in health aid and technology transfer effectiveness.
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2. LITERATURE REVIEW

Through many research papers we have seen that there is significant link between health and
economic growth. Thus there is need to increase government health expenditure in order to
increase Economic Growth or vice-versa.

Following are the number of papers whish suggest Public Health leads to Economics growth
or vice-versa such as:

The literature collected with regards to the topic are divided into two categories: first states
the association with the Income View Hypothesis, suggesting economic expansion (recession)
is directly linked to Population health through human capital. Second category is associated
with health view hypothesis which states that the population health has a direct impact on
income expansion through human capital.

Number of literatures advocates solid proof on both the sides and present ambiguous results.

Under both the categories the relationship between public health and economic growth is
identified to be positive, negative and mixed.

2.1 Literatures with income view hypothesis are:

e Chai, Li et al., Hu and Yao, Jiang et al., Li S.-J. et al., Pan et al., Sun et al., You
et al.: Identified a positive relationship (economic expansion improves health).

e Chai, Yang, Cui et al., Su C.-W. et al.: Reported mixed or changing relationships.

o Bai et al., Niu et al.: Verified positive links between economic fluctuation and
healthcare expenditure.

e Strauss & Thomas (1995b): Socioeconomic conditions influenced height disparities
across populations (e.g., Brazil, Cote d’Ivoire, Viet Nam).

e Schultz & Tansel (1997): Higher income and education were associated with better
self-reported health in Ghana and Cote d’Ivoire, though measurement issues were
noted.

e Dow et al. (1997): Lower health care prices (via experiment in Indonesia) improved
health outcomes and labor participation, especially for the poor.

e Over et al. (1992): Wealthier households reported higher morbidity rates, possibly

due to greater health care access (revealing more health issues).

2.2 Literatures with health view hypothesis are:
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e Cheng et al., Wang Q.-S. et al., Zhao et al.: Found positive effects of health capital
formation on economic outcomes.

e Fang et al., Liu et al., Nian et al., Zhang, Zhu et al.: Highlighted how pandemics
(e.g., COVID-19) altered investor behaviors.

o Basta et al. (1979): Iron supplementation improved productivity among anemic
rubber tree tappers in Indonesia.

e Sahn & Alderman (1988): Calorie intakes raised wages for men in rural Sri Lanka.

o Foster & Rosenzweig (1993a, 1994): Health indicators (calories, BMI) had larger
effects on piece-rate wages than time wages in the Philippines, highlighting
observability of productivity.

e Thomas & Strauss (1997): Nutrient intakes (calories, protein) and BMI were linked
to higher wages in urban Brazil, especially for manual laborers.

e Behrman & Deolalikar (1989): Seasonal effects showed calories boosted wages
during peak labor demand in India.

o Pitt, Rosenzweig & Hassan (1990): Health endowments influenced household

income and labor allocation in Bangladesh.

Causality between Health view and Income view is bidirectional and likely operative.

Recent evidences suggest that link from public health to economic growth is difficult to
measure . as Bloom & Canning suggested “The key is not that spending on health would be
good, is it weather spending on health is better than other uses of the limited funds available
in developing countries” which urged that public spending on health care might not be best
way to achieve health especially in developing countries like BRICS where there are scarce
funds.

Now if we see the other way around , that is effect of impact of public expenditure policies
on public health ,the methodological approach seems easier and easily measurable .With
specific public intervention seems to be very good for health outcomes.

We have growing evidence that effective public policies leads to enhanced public health .
such as :-

1. India's National Health Mission: Focuses on strengthening healthcare
delivery, particularly in rural areas, and has contributed to improved maternal
and child health

2. South Africa's HIV/AIDS Treatment Program: One of the world's largest
antiretroviral therapy programs, significantly reducing HIV-related mortality.

3. World Bank reports advocate health taxes (on tobacco/alcohol) to reduce
NCDs and fund UHC, especially in unequal economies like India/Brazil.
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Health impacts on productivity are stronger in low-income settings with manual labor, while

economic growth’s health effects are mediated by infrastructure, education, and health care

access.

Thus through institutions we are likely to have more important direct effect on growth than
on growth through health.

Thus we consider economic view to be more effective and continue with it . which means
change in economic growth will lead to change in health outcomes .

After the confirmation of direct relationship economic view hypothesis , now we will check
on its linearity .

2.3 Linear Relationship Between Economic Growth and Public Health

Barro (1996) - ""Health and Economic Growth"

o Key Points:

1.

Health status (measured by life expectancy) is a significant predictor of
economic growth, with a positive linear relationship.

Empirical evidence shows that better initial health leads to higher
subsequent growth rates.

Health capital, like education, contributes to productivity and human
capital accumulation, reinforcing growth.

Government policies (e.g., public health spending, rule of law) linearly
influence growth through health improvements.

o Supporting Evidence:

1.

Regression results indicate a statistically significant positive
coefficient for life expectancy on growth (Table 1, p. 8).

Health and education are treated as complementary inputs in a Cobb-
Douglas production function (Equation 2, p. 24).

Chen (2021) - Editorial on Business Cycles and Population Health

o Key Points:

1.

The "income view hypothesis" posits a linear, positive effect of
economic expansion on health via human capital accumulation.

Studies in emerging economies find GDP growth, urbanization, and
technological innovation linearly associated with reduced
mortality/malnutrition.
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3. Chai et al., Hu and Yao, and Jiang et al. report positive linear effects of
economic indicators on health outcomes.

2.4 Nonlinear Relationship Between Economic Growth and Public Health
o Barro (1996)
o Key Points:

1. Democracy and Growth: The relationship is inverse U-shaped
(Figure 9, p. 19). Moderate democracy boosts growth, but excessive
political freedom may harm growth due to redistribution pressures.

2. Health Depreciation: The effect of health capital on human capital
depreciation is nonlinear (Figure 12, p. 26). Diminishing returns occur
as health improves.

« Chen (2021)

o The "health view hypothesis" suggests bidirectional, nonlinear dynamics:
health affects growth, and growth influences health through complex pathways
(e.g., healthcare expenditure, pollution). Threshold effects: High-speed rail
coverage or energy consumption has nonlinear impacts on health insurance
(Song et al., Pu et al.).

e Hansen (1999, 2000)

o Developed panel threshold regression for non-linear economic relationships.

e Yehetal. (2010)
o External factors create non-linear variable relationships.

e SuC.-W. et al. find ambiguous relationships; Niu et al. note changing effects of
economic uncertainty on healthcare spending.

We can see that in economic view hypothesis the linearity varies in different readings .

In this reading we will try to find out the linearity setup of economic growth and health
outcomes within BRICS countries
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3. GAPS IN LITERATURE

"Existing literature falls into three limitations. First, while the income-view (Barro 1996;
Chai et al.) and health-view hypotheses (Cheng et al.; Thomas & Strauss 1997) debate
linearity, few apply non-linear methods (Hansen 1999) to BRICS—despite mixed results (Su
C.-W. et al.; Niu et al.) suggesting regime-dependence. Second, cancer’s role as a growth-
driven NCD is overlooked in favor of infectious diseases (India’s NHM) or macroeconomic
aggregates (Bloom & Canning 2000). Third, institutional studies (Ravallion 2001) ignore
health-specific thresholds, while post-COVID research (Zhang et al. 2021) lacks long-term
structural analysis. This study bridges these gaps by testing GDP-cancer incidence thresholds
in BRICS, integrating Ravallion’s institutional traps with Foster & Rosenzweig’s (1994)
health-productivity framework."

3.1 Identified Gaps in the Literature
1. Limited Exploration of Non-Linear Health-Growth Dynamics in BRICS

o Existing Gap: Prior studies (e.g., Barro, 1996; Chen, 2021) predominantly
assume linear relationships between GDP growth and health outcomes, with
threshold analyses (Hansen, 1999) rarely applied to BRICS economies. The
unique institutional heterogeneity and rapid growth phases in BRICS suggest
potential non-linearities that remain underexamined.

o This Study's Contribution: By employing Panel Threshold Regression Models
(PTRM), this research identifies BRICS-specific GDP thresholds (6.47% and
7.31%) where the growth-cancer incidence relationship shifts, addressing the
lack of non-linear frameworks for emerging economies.

2. Overemphasis on Infectious Diseases in Emerging Economies

o Existing Gap: While infectious diseases (e.g., HIV, malaria) and aggregate
health metrics (e.g., life expectancy) dominate the literature on developing
countries (Bloom & Canning, 2000), non-communicable diseases (NCDs) like
cancer—Ilinked to growth-driven risks (e.g., pollution, lifestyle changes)—are
overlooked.

o This Study’s Contribution: Focusing on cancer incidence as a proxy for NCDs,
this study captures the "overheating" effects of rapid growth in BRICS, a gap
noted but not quantified by WHO (2020) or Fang et al. (2021).

3. Ambiguity in Health Expenditure Efficiency During Growth Transitions
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Existing Gap: While Bloom & Canning (2000) question health spending
efficiency in developing contexts, no study identifies GDP thresholds where
expenditure efficacy diminishes (e.g., due to institutional stress at >7.5%
growth). World Bank (2018) policies also lack growth-phase specificity.

This Study’s Contribution: The identified thresholds (6.47%, 7.31%) reveal
critical breakpoints where growth’s health benefits plateau, urging
recalibration of BRICS health financing strategies.

4. Neglect of Domestic Health Outcomes in BRICS Health Diplomacy

o

Existing Gap: BRICS health collaborations (e.g., South-South cooperation) are
well-documented (BRICS Health Ministers, 2021), but their domestic health
impacts, particularly in relation to GDP growth phases, remain unstudied.

This Study’s Contribution: This analysis shifts focus from diplomatic
abstractions to domestic GDP-cancer incidence linkages, offering actionable
insights for national policymakers.

5. Post-Pandemic Threshold Shifts in Health-Growth Relationships

@)

Existing Gap: Post-COVID-19 studies (e.g., Zhang & Zhu, 2022; IMF, 2022)
analyze short-term shocks but neglect long-term threshold changes in health-
growth dynamics.

This Study’s Contribution: The 1990-2023 dataset captures pre- and post-

pandemic trends, revealing whether GDP thresholds for health outcomes have
structurally shifte
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4. OBJECTIVES

1. provide a fundamental understanding of the dataset used in the study.

2. Primary Aim: To analyze the relationship between economic growth (GDP) and
cancer incidence (CI) in BRICS countries from 2012 to 2022.Understand the non-linear

relationships and threshold effects between economic growth and population health.

3. Non-linearity Focus : To detect non-linear effects and threshold behavior in the

GDP-CI relationship using Panel Threshold Regression Models (PTRM).

4. Compare BRICS’ health outcomes across growth phases

S. HYPOTHESIS

5.1 H1: Linearity Hypothesis

e Null (HO0): The relationship between GDP and cancer incidence is linear across all
levels of GDP.

e Alternative (H1): The relationship between GDP and cancer incidence is non-linear,
exhibiting threshold effects across GDP levels.

5.2 H2: Significance of GDP
o Null (HO0): GDP has no statistically significant effect on cancer incidence.

o Alternative (H1): GDP has a statistically significant effect on cancer incidence.

5.3 H3: Fixed Effects (Country-Specific Influence)
e Null (H0): There are no country-specific effects influencing cancer incidence.

o Alternative (H1): Country-specific fixed effects significantly explain variations in
cancer incidence beyond GDP, CPI, and SI.
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6. DATA

We have taken annual data of 5 indicators from 5 BRICS countries from year 1990 to 2023
.making total dataset of 825 points

Our 4 indicators are :-
1. Cancer Incidence (CI): Proxy for population health (dependent variable).
2. Real GDP per capita (GDP): Measures economic growth (threshold variable).
3. Control Variables:

o Consumer Price Index (CPI): Reflects inflation and purchasing
power. Higher CPI correlates with increased CI, suggesting inflation reduces
healthcare access.

o Service Percentage of GDP (SP): Measures industrial structure. SP
negatively correlates with CI, suggesting service-sector growth improves
health outcomes.



7. METHODOLOGY

1. Descriptive Statistics

Descriptive statistics Assess data distribution and validity

20

CPI has the highest std. dev

[N Minimum [Maximum [Mean Std. Skewness [Kurtosis
Deviation
Statistic[Statistic Statistic Statistic Statistic Statistic [Std. Statistic|Std.
Error Error
ICI 11 10.6 12.1 11.264 4985 .329 661 -1.069 [1.279
ICPI 11 114.6750 |180.2417 [148.192573[22.4149375}-.101 |.661 -1.304 [1.279
11 1484.316402382.00000(1895.18784268.638311 |.334 661 -268 [1.279
IGDP 68291328 00000000 (014897910 (356087740
0
SP 11 496 558 .53382 .017949 -.863 [.661 .652 1.279
11
[Valid N
|(listwise)
TABLE 1
A. Data Normality:
e Most variables (CPI, GDP) are near-normally distributed (skewness = 0).
e CI and SP show mild skewness but no severe deviations.
B. Variability:
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2. Stationarity Tests (Panel ADF)

o Purpose: Verify stationarity of variables to avoid spurious regression.

e Tests Used:

A. Levin-Lin-Chu (LLC) Test: Assumes common unit root process.

B. Im-Pesaran-Shin (IPS) Test: Allows for heterogeneous unit roots.

Panel Augmented Dickey—Fuller Test

VARIABLES Levin-Lin-Chu Im-Pesaran-Shin
T- STATISTICS P-VALUE T- STATISTICS P-VALUE
1| CI -3.891 0.4818 0.6709 0.0001
2| CPI -4.125 0.3504 0.522 0
3 | GDP -3.774 0.1699 2941 0.0002
58I -4.0107 0.001 -3.3894 0
TABLE 2

o Key Results:

A. Conflicts: CI, CPI, GDP, show mixed stationarity (LLC vs. IPS tests).

B. Example: CI is non-stationary per LLC (p = 0.4818) but stationary per IPS (p =
0.0001).

C. SP (Service % of GDP): Stationary in both tests.

o Implications:

A. Non-stationary variables risk spurious regression — Require differencing or time
trends.




B. SP can be used in levels; others may need transformation.

4. Simple OLS Regression

22

. regress CI GDP CPI SI

Source 35 df M3 Number of obs = 170

F(3, 166) = 2.63

Model 1418.13476 3 472.711588 Prob > F = 0.0517

Residual 29795.1441 166 179.48882 ER-sguared = 0.0454

BAdj R-squared = 0.0282

Total 31213.2788 169 184.693957 Eoot MSE = 13.397

CI Coef. Std. Err. t P>t [95% Conf. Interval]

GDP .0008039 .0004337 1.85 0.066 -.0000523 .0016602

CPI .0189891 .0203105 0.93 0.351 -.021111 .0590893

SI -.0178125 .1446059 -0.12 0.902 -.3033163 2676913

_cons 12.10891 6.471513 1.87 0.063 -.6681757 24 88599
FIGURE 1 *E* p<0.01 ** p<0.05

e Key Findings:

A. GDP coefficient: 0.0008039 (p-value: 0.066) — Marginal significance.
CPI & SI: Not significant.
R-squared: 0.0454 — Weak model fit.

aw

Interpretation:

Suggests a modest association between GDP and cancer incidence (CI).
Model is fragile without robust standard errors.

Thus we will apply robust method

awm e
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5. OLS with Robust Standard Errors

do "C:\Users\pc\AppData\Local\Temp\STDO0O000000. tmp"

estat hettest // If p<0.05, use robust standard errors

reusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance

Variables: fitted wvalues of CI

chi2 (1) = 0.00
Prob > chiZ2 0.9518

regress CI GDP CPI SI, robust // Robust regression

linear regression Number of obs = 170

F(3, 1lés8) = 28.25

Prob > F = 0.0000

R-squared = 0.0454

Root MSE = 13.397

Robust

CI Coef. 5td. Err. t BE>|t| [95% Conf. Interwval]

GDP .0008039 .0002941 2.73 0.007 .0002233 .0013846

CPI .0189891 .0124398 1.53 0.129 -.0055716 .0435498

SI -.0178125 .2122286 -0.08 0.933 -.4368277 .4012026

_cons 12.10891 7.724673 1.57 0.119 -3.14236 27.36017
FIGURE 2 #xk nc(0.01  ** p<0.05

e Robust OLS Model: Confirms GDP’s positive but modest link to CI (0.8 cases per
$1k GDP, p=0.007)

Key Findings:

GDP coefficient: 0.0008039 (p-value: 0.007) — Statistically significant.
CPI and SI remain insignificant.

R-squared: 0.0454 (unchanged).

0wy e

Interpretation:
Confirms GDP as a significant driver of CI in BRICS.

>
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B. Supports justification for Panel Threshold Regression (PTR) due to non-linearity.

6. Panel Threshold Regression Model (PTRM)

e Purpose: To identify non-linear relationships between economic growth (GDP) and

health outcomes (cancer incidence).

o Key Features:

A. Tests for threshold effects where GDP’s impact on health changes at specific

breakpoints.

B. Estimates coefficients for different regimes (e.g., below/above threshold).
C. Expected graph diagram :-

A (0, 0)

Future institutional

quality (I, , 1)

- Iyy1=1

Current institutional

Threshold
U min)

quality (I,)

FIGURE:3

SOURCE :- Martin Ravallion (Poor Intitution Trap Theory)

D. PTRM allows the effect of an independent variable on a dependent variable to change
depending on the value of a threshold variable. This threshold splits the panel into
different regimes, within which the relationship between variables may differ.
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e RESULT
Test Type Threshold(s) | F-statistic p-Value
Single 0.0647% 0 3501 071s
threshold ' . .
Double 0.0647,
threshold | 0.0731 8.0547 0.1532
TABLE : 3

e Interpretation:

A. F-statistic:

I.

I1.

I11.

This tests whether the coefficients before and after the threshold (1 and 2)
are statistically significantly different.

higher F-statistic suggests a stronger rejection of the null hypothesis of no
threshold.

Thus threshold is present

B. Bootstrap P-value:

I.

IL.
III.

Because the threshold parameter is not identified under the null hypothesis (non-
standard case), regular p-values don't work. That’s why Hansen (1999) proposed
using bootstrap methods to get a valid p-value.

This p-value tells you whether the threshold effect is statistically significant.

The threshold value (gamma) is the estimated value that splits the panel into

regimes.

C. Implication

L.

II.
I11.

Below threshold (GDP < 0.0649): GDP growth reduces CI (coefficient = -
0.3337).

Above threshold: The negative effect weakens (coefficient = -0.2097).
Economic growth improves health, but the effect diminishes when the

economy overheats.



7. Fixed Effects Model
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xtset country ceode YEARS
panel variable: country code (strongly balanced)
time wvariable: YEARS, 1990 to 2023
delta: 1 unit
end of do-file
de "C:\Users\pc\AppData\Local\Temp\STDO0000000. tmp"
* Run fixed effects model
xtreg CI GDP CPI SI, fe
Fixed-effects (within) regression Number of obs = 170
Group variable: country_code Number of groups = 5
R—-s5q: Cbs per group:
within = 0.0445 min = 34
hetween = 0.0717 avg = 34.0
overall = 0.0424 max = 34
F(3,162) = 2.52
corr(u i, ¥b) = -0.2235 Prob > F = 0.0602
CI Coef. 5td. Err. t P>|t] [95% Conf. Interval]
GDP .0011024 .00075586 1.46 0.147 -.0003898 .0025945
CPI .0089444 .0231944 0.39 0.700 -.036858 .0547469
51 .0609548 .28045 0.22 0.828 -.4928542 .6147638
_cons 7.313134 12.33531 0.59 0.554 -17.04561 31.67187
sigma u 5.7692266
sigma e 12.567934
rho .17404574 (fraction of variance due to u i)
F test that all u _i=0: F(4, 162) = 6.66 Prob > F = 0.0001
FIGURE: 4 % p<0.01 ** p<0.05

A. Model: Panel regression with country fixed effects.
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B. the fixed effects (country-specific intercepts) are statistically
significant, meaning that cross-country differences matter more than
temporal variation in GDP, CPI, or SI.

C. Key Findings:
1. GDP coefficient: 0.0011024 (p-value: 0.147) — Insignificant.
ii. CPI and SI: Insignificant.
iii. R-squared (within): 0.0445 — Low explanatory power.
D. Interpretation:
i. Weak evidence for within-country variation explaining CI.

ii. Only 4.45% of the variation within countries over time is
explained by GDP, CPI, and SI.

iii. F-test for joint significance F(3,162) = 2.52, p = 0.0602 shows
that At the 5% level, this is not statistically significant. However,
it's marginally significant at 10%, suggesting weak joint
explanatory power

iv. all controlled variables jointly have no effect suggests non-
linearity over different countries

E. IMPLICATIONS

I.  Country-specific factors (e.g., healthcare system structure, political
stability) likely play a major role.
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OVERALL GDP PER CAPITA vrs CANCER INCIDENCE
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FIGURE:5
Policy Implications:

o Threshold at 6.47% GDP growth suggests targeted health
investments during high-growth phases.

Results Section:

"Three model specifications consistently show GDP's positive association with cancer
incidence (Tables 1-3). The robust OLS estimates (Table 2) are preferred given our panel data
structure, indicating each $1,000 GDP increase correlates with 0.8 additional cancer cases per
100k (p=0.007).
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8. DIAGNOSTIC PLOTS

8.1 Residuals vs. GDP Plot

Residuals vs GDP
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FIGURE 6

o Observation:

Curved LOWESS Line:

i. The red LOWESS line is not flat, but curves slightly upward
on both ends.

1. This suggests a non-linear pattern in the residuals — which
violates linearity assumptions.

Patterned Residuals:

iii. Ideally, residuals should be randomly scattered around zero
with no pattern.
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iv. Residuals increase at high and low GDP values
means Heteroskedasticity and curvature.

v. Instead, there's a systematic curvature, indicating that the linear
model may be missing a non-linear relationship between GDP
and CIL

o Interpretation:

= Non-random pattern indicates non-linear relationship between GDP
and CIL.

« DIAGNOSIS
A. Supports threshold effects (e.g., health dynamics change
beyond certain GDP levels).
B. it's well suited for testing regime-specific effects ( PTRM
Panel Threshold Regression Model )

8.2 Actual vs. Fitted Values Plot

Actual vs Fitted Values
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FIGURE 7

o Observation:

= Clustering at lower CI values; outliers skew predictions.
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= Linear model fits poorly for high CI values.
o Interpretation:
= Suggests non-linearity or threshold effects at higher CI Values

« DIAGNOSIS
Support the presence of non linearity after crossing second threshold (higher Cancer
Incidence )

9. SUMMARY

This study confirms that the relationship between economic development and cancer
incidence in BRICS nations is non-linear, with diminishing marginal benefits of GDP
growth beyond a threshold. While GDP is a statistically significant predictor under robust
estimation, cross-country heterogeneity and threshold effects underline the importance of
tailored policy responses. Conventional linear models are insufficient to capture this
dynamic, justifying the use of Panel Threshold Regression Models for health-economic

analysis.
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10. CONCLUSION

10.1Hypothesis conclusion
1. H1: Linearity Hypothesis

e Null (Ho): GDP-CI relationship is linear.

e Alternative (Hi): The relationship is non-linear (i.e., threshold effects exist).
Result: Ho is Rejected

o Evidence:

o Panel Threshold Regression Model (PTRM) finds two regimes with different
GDP—CI coefficients.

o F-statistic and bootstrap p-value confirm statistically significant threshold.

o Diagnostic plots (Residuals vs GDP and Actual vs Fitted) show curvature,
supporting non-linearity.

e Conclusion: There is strong evidence of a non-linear (threshold-based)
relationship ( Hi confirmed.)

2. H2: Significance of GDP
e Null (Ho): GDP has no significant effect on CI.
e Alternative (Hi): GDP significantly affects CI.
Result: Ho is Rejected (under robust OLS)
o Evidence:
o Simple OLS: GDP coefficient p = 0.066 — marginally significant.
o Robust OLS: GDP coefficient p = 0.007 — statistically significant.
o PTRM: GDP has different significant effects below and above threshold.

e Conclusion: GDP significantly influences CI, especially under robust and non-
linear models

e Hi confirmed.

3. H3: Fixed Effects (Country-Specific Influence)

e Null (Ho): No country-specific effects.
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e Alternative (H:): Fixed effects (country-specific) significantly explain CI variation.
Result: Ho is Rejected (marginally)
o Evidence:

o F-test for joint significance: F(3,162) =2.52, p = 0.0602 — marginal
significance.

o Indicates that country-specific factors (fixed effects) are weakly significant.
e Conclusion: There is some evidence of country-specific influences

o Hi tentatively confirmed.

. The findings highlight the importance of balancing economic growth with sustainable
healthcare policies to avoid resource wastage and negative health outcomes.

Governments should adopt more aggressive health care policies during economic
overheating, to avoid wasting health care resources.

"BRICS must treat health as a strategic investment, not a collateral benefit of growth, to
avoid the ‘overheating paradox’ where economic success undermines population well-being."
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11.Policy/Managerial Implications

1. Threshold-Sensitive Health Investment Framework
Under 6.47% GDP Growth (Foundation Phase):

o Implement compulsory licensing (India's Patent Act Section 84) to ensure essential
medicine access

o Combine poverty alleviation (Brazil's Bolsa Familia) with primary care expansion

e Action: Establish BRICS medicine procurement consortium using TRIPS flexibilities

6.47-7.31% GDP Growth (Optimization Phase):
e Invest in domestic pharmaceutical R&D (China's biologics initiative)
e Fund UHC through sin taxes (South Africa's HIV program model)

e Action: Create cross-BRICS technology transfer pools for vaccines/therapeutics

Above 7.31% GDP Growth (Sustainability Phase):
o Implement health-impact industrial regulations (China's pollution controls)
o Prevent patent abuse through pre-grant oppositions (Brazil's ANVISA model)

e Action: Link trade agreements to NCD treatment access safeguards



This would divide GDP growth into three regimes:
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GDP Growth Phase

Health and Institutional
Implications

Policy
Recommendations
for BRICS Nations

Health Expenditure
Projections (2035)

<4.5% (Crisis/Stagnation

Phase)

* Negative feedback loop: Low
economic growth exacerbates
underinvestment in health
systems, leading to
deteriorating health outcomes
(e.g., rising NCD prevalence).

* Institutional reforms face
implementation challenges due
to fiscal constraints.

* Immediate
stabilization
measures:

- Utilize
compulsory
licensing
mechanisms
(India's Patent Act
Section 84) to
ensure access to
essential
medicines.

- Integrate poverty
alleviation
programs with
primary healthcare
expansion
(modeled on
Brazil's Bolsa
Familia).

- Collective action:
Establish a
BRICS-wide
essential medicines
procurement
consortium
leveraging TRIPS
flexibilities.

* India: Projected
decline in health
expenditure as
percentage of GDP.

* Russia: High
absolute health
spending but with
efficiency challenges in
allocation.

* South Africa/Brazil:
Mixed expenditure
trends with fiscal
sustainability
concerns.

4.5-7.5% (Optimal
Growth Phase)

* Virtuous cycle: Economic
growth enables sustained
health investments, leading to
improved institutional capacity
and better health indicators
(e.g., reduced cancer
incidence).

* Synergy between domestic

* Health system
strengthening:

- Strategic
investments in
domestic
pharmaceutical
innovation (e.g.,
China's biologics
development

* China: Most rapid
growth in per capita
health expenditure.
* Brazil: Maintains
highest health
spending relative to
GDP among BRICS,
though per capita
spending declines.
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health priorities and
international engagement.

program).

- Sustainable
health financing
through
earmarked
taxation (e.g.,
South Africa's sin
tax model for HIV
funding).

- Collaborative
action: Create
cross-BRICS
technology transfer
agreements for
vaccines and
therapeutics.

¢ Russia: Leads in
absolute health
expenditure.

>7.5% (Overheating
Phase)

* Diminishing returns:
Excessive growth strains
institutional capacity, leading
to misallocated health
resources and emergent health
risks (e.g., pollution-related
diseases, lifestyle NCDs).

* Health indicators plateau
despite increased expenditure.

* Structural
interventions:

- Implement
health-impact
regulations for
industries (e.g.,
China's air
pollution control
policies).

- Strengthen
intellectual
property
safeguards against
patent abuse (e.g.,
Brazil's ANVISA
pre-grant
opposition system).
- Systemic action:
Incorporate NCD
treatment access
provisions into
trade agreements.

e China/India:
Elevated risk of NCD
proliferation due to
environmental and
lifestyle factors.

* South Africa: Fiscal
pressures from
concurrent infectious
and non-
communicable disease
burdens.

TABLE 4

Source for Health Expenditure Projections (2035) : "Future health

expenditure in the BRICS countries: a forecasting analysis for 2035" by Sahoo et al.

(2023)




2. Institutional Innovation for Health Security

Establish decentralized health authorities (Tamil Nadu model) with IP-sharing
mandates

Develop BRICS Health Innovation Hubs for joint R&D (mRNA vaccine initiative)

Implement transparent budget tracking (WHO OneHealth) with IP cost-benefit
analysis

Create data governance frameworks (India's DPDP Act) for secure research
collaboration

3. Strategic Global Health Leadership

Advocate for expanded TRIPS waivers (Article 31bis) at WTO for NCD treatments
Lead South-South technology partnerships (Al diagnostics transfer to Africa)
Negotiate bloc-based medicine procurement (China's bulk pricing model)

Develop BRICS-wide ESG standards for corporate IP sharing (Novartis precedent)

4. Adaptive Policy Implementation Systems

Create GDP threshold-triggered health budgets with IP acquisition funds
Establish industrial growth-health impact early warning systems
Implement automatic stabilizers for essential medicine procurement

Develop patent opposition units for growth-phase appropriate IP management

5. Dynamic Health Diplomacy Framework

Low-Growth Phases (<6.47% GDP): Prioritize multilateral alliances (e.g., WHO,
Gavi) to secure resource inflows while leveraging BRICS collective bargaining for
tiered drug pricing (e.g., India’s hepatitis C negotiations).

High-Growth Phases (>7.31% GDP): Shift to bilateral "health corridors" (e.g.,
China-Pakistan vaccine partnerships) with embedded technology transfer clauses,

mirroring infrastructure-linked BRI health investments.

37
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