
ABSTRACT

In a world increasingly characterized by Volatility, Uncertainty, Complexity, and Ambiguity (VUCA), 
health systems, especially in developing countries, face significant operational and strategic 
challenges. This article explores how health economics, supported by biostatistics and data science, 
can help navigate these challenges. Using India as a case study, we examine the stress points in 
health financing, data infrastructure, and policy implementation. We propose a systems-thinking 
approach leveraging data-driven models, predictive analytics, and cost-effectiveness evaluations to 
build resilient and inclusive health systems. The findings underscore the crucial need for integrated, 
context-specific strategies to achieve health equity and efficiency in a VUCA environment.
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INTRODUCTION

The 21st century marks an era defined by VUCA (Volatility, 
Uncertainty, Complexity, and Ambiguity), posing 
formidable challenges across global systems, particularly in 
health care and shaping the way governments plan for health, 
particularly in developing countries. Global challenges like 
climate change, pandemics, geopolitical instability, economic 
inequalities, and rapid technological evolution have exposed 
the fragility of health systems, especially in low-and middle-
income countries (LMICs). Health economics has emerged 
as a critical tool for managing limited resources, prioritizing 
interventions, and making informed policy decisions.

These stressors reveal the critical role of health economics 
in guiding the rational allocation of limited resources and 
optimizing policy outcomes. The COVID-19 pandemic 
demonstrated not just the fragility of healthcare infrastructure 
but also the urgent need for predictive tools and robust data 
systems. In this turbulent global landscape, biostatistics and 
data science play a pivotal role in interpreting evidence, 
predicting trends, and evaluating outcomes, all essential for 
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evidence-based policymaking. When integrated with health 
economics, these fields can drive more resilient, responsive, 
and equitable healthcare systems.

Understanding the concept from biostatistician’s 
perspective
The Venn diagram (Figure 1) visually represents the 
interrelated components of the VUCA framework as it applies 
to health systems. Each circle denotes a major stressor: 
Volatility signifies sudden health crises like outbreaks (e.g., 
COVID-19, Zika, Nipah) that destabilize already fragile systems; 
Uncertainty reflects unpredictable disease patterns and 
inconsistent policy responses, making long-term planning 
difficult; and Complexity captures the involvement of 
multiple stakeholders such as public, private, and informal 
leading to coordination challenges. At the intersection 
of all three lies Ambiguity, highlighting how inadequate 
or poor-quality data leads to misinformed decisions and 
suboptimal health outcomes. The diagram emphasizes that 
ambiguity is not a standalone issue but the compounded 
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effect of volatility, uncertainty, and complexity, demanding 
integrated, data-informed, and flexible health strategies to 
overcome it.

This diagram thus provides a systems thinking approach 
to health sector reform, highlighting that ambiguity cannot 
be resolved in isolation. Instead, it must be addressed through 
resilience-building strategies that simultaneously reduce 
volatility (e.g., through early warning systems), manage 
uncertainty (via. better forecasting models) and streamline 
complexity (by strengthening institutional coordination).

A WHO’s World Health Statistics (2025) report noted that 
over 60% of LMICs lack a robust health information system 
capable of real-time monitoring and resource allocation, and 
do not have real-time health surveillance systems.1 This gap 
is more than a technical issue as it undermines trust, slows 
down interventions, and increases health inequities. Volatility 
from disease outbreaks, uncertainty in health financing, 
complexity in service delivery systems, and ambiguity due 
to data quality gaps undermine effective health service 
delivery. This restricts timely interventions, making health 
planning reactive rather than proactive. Understanding these 
dynamics through a biostatistical lens allows the modeling of 
disease burden, projected service needs, and cost-efficiency 
of interventions.

India’s Health Economics Landscape in a VUCA World
Systemic Volatility and Economic Constraints: India faces the 
classic paradox of being the world’s most populous country 
with a per capita health expenditure of around ̀ 5,300 (~$65) 
among the lowest globally (NHA, 2023). Despite initiatives 

like Ayushman Bharat (PM-JAY), healthcare financing 
remains largely out-of-pocket (OOP) (~48.2% of total health 
expenditure as per 2022 estimates), exacerbating financial 
vulnerability.2

Pandemic Lessons and Emerging Complexities: COVID-
19 unveiled both the strengths and weaknesses of India’s 
health apparatus. While vaccination campaigns succeeded in 
reaching a billion people, the second wave revealed cracks in 
oxygen supply chains, hospital readiness, and rural outreach. 
This volatility underscored the need for cost-effectiveness 
evaluations, predictive modeling, and targeted resource 
allocation.3–5

Biostatistics and Data Science in Action: Biostatistics and data 
science are central to transforming health economics from 
theoretical models to actionable insights. Key roles include:

	z Disease burden estimation through DALYs and QALYs
	z Cost-effectiveness and cost-utility analyses 
	z Forecasting demand for medical supplies and the health 

workforce 
	z Equity audits using spatial and demographic data 
	z Evaluating the impact of interventions through randomized 

trials and observational studies.

Tools such as R, Python, and health modeling platforms 
are increasingly used for epidemic forecasting, resource 
allocation optimization, and real-time policy monitoring. 
In a comprehensive timeseries modelling analysis drawing 
on the Global Burden of Disease Study 2021, quantified 
the indirect burden of the COVID-19 pandemic across 174 
health conditions in 204 countries and territories. Their 
findings reveal a striking surge in non-COVID disease 
burden: age-standardized DALYs increased by approximately 
12–14% for depressive and anxiety disorders, by 12% for 
malaria (especially in young children in Africa), and by a 
similar magnitude for stroke and ischemic heart disease in 
populations aged 70+. These results highlight how health 
system disruptions during the pandemic amplified challenges 
across both communicable and non-communicable diseases, 
underscoring the need to address multi-dimensional shocks 
in future preparedness efforts.3 Another article published 
in Nature Scientific Reports explores disparities in healthcare 
efficiency across Indian districts. Using a Data Envelopment 
Analysis (DEA) framework, it finds that many districts are 
underperforming in terms of health infrastructure utilization, 
especially in rural and tribal regions. The study highlights how 
resource allocation and policy targeting can be optimized 
using such quantitative models, offering a valuable tool for 
public health planning in VUCA environments.6

This syndemic perspective supports the argument for 
integrated surveillance, robust primary health infrastructure, 
and data-driven planning principles central to health 

Figure 1: Intersections of VUCA Forces in Health Systems: Ambiguity 
as a Composite Challenge.
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challenges and opportunities in a VUCA world. Despite 
significant strides like the Ayushman Bharat scheme, public 
health expenditure remains at approximately 2.1% of GDP.7,14 
Health financing continues to be dominated by out-of-pocket 
payments, pushing vulnerable households into poverty. 
COVID-19 exposed gaps in oxygen supply chains and critical 
care capacity, reinforcing the need for scenario planning, 
cost-effectiveness analysis, and predictive analytics.

USAID’s Exit and Building Sustainable Futures
The recent exposure that USAID abruptly shut down funding 
for a landmark multi-year health systems research initiative, 
led in part by The Lancet Commission on Reimagining the 
Future of Health,15 has raised serious ethical and operational 
concerns, particularly for developing countries. Our 
immediate feeling is a mix of frustration and profound 
concern. Challenges are significant: We anticipate the loss of 
vital support for critical projects in healthcare, education, and 
infrastructure, potentially disrupting years of progress and 
affecting vulnerable communities. However, this challenge 
also gives us a chance to rethink how we move forward. It 
reminds us of the need to become more self-reliant, build 
stronger local systems, and diversify our partnerships so, 
we aren’t dependent on one source of support. Though this 
situation is difficult, we remain committed to a future where 
we take greater leadership in our development journey.

The now-canceled program was meant to help countries 
build fairer and stronger health systems after COVID-19. 
Unfortunately, it was shut down before its results could be 
shared. Experts believe this decision blocked important 
findings about health inequalities, access problems, and 
how aid is often unfairly distributed—information that 
could have helped countries prepare better for future health 
emergencies.16

This incident highlights a bigger issue: depending too 
much on foreign aid without clear rules or local control is 
risky. While USAID has played a major role in global health 
for many years, this situation shows how political decisions 
can suddenly impact public health. It also makes clear the 
need for locally led research, open sharing of knowledge, 
and better protections to ensure that vital health work isn’t 
cut off without warning.

Correspondingly, World Health Organization (WHO) is 
facing a deeper financial crisis than previously estimated, 
with a projected $2.5 billion budget shortfall for the 2025–
2027 cycle, according to a report by Health Policy Watch.17  This 
growing gap threatens the agency’s ability to deliver on its 
global commitments, especially in pandemic preparedness, 
health systems strengthening, and support to low- and 
middle-income countries (LMICs). The shortfall is attributed 
to donor fatigue, competing global crises, and a continued 

economics and biostatistical modeling in navigating VUCA 
health environments, particularly in LMICs like India.

ICMR and AIIMS have increasingly used real-time disease 
surveillance platforms. India’s National Digital Health Mission 
(NDHM) is building a unified health data infrastructure. 
Localized data from Aarogya Setu and CoWIN became 
pivotal for resource planning.7,8 Despite government 
initiatives to expand internet access, large portions of rural 
India remain data dark zones, where critical gaps persist in 
mortality tracking, malnutrition statistics, and NCD (Non-
Communicable Disease) registries. Among the elderly (60+), 
healthcare utilization is notably higher in urban India (96%) 
compared to rural India (89%), a 7 percentage-point gap 
highlighting rural access constraints. Public facilities are 
used more in rural areas (approx. 40% of services), whereas 
urban elderly predominantly use private clinics (43.5%). 
These figures illustrate structural inequities in access and 
the need for differential strategies in VUCA responses across 
geographies.9 

Nationally, 60% of healthcare services are accessed in 
private facilities vs ~20% in public facilities, showing a strong 
private sector role across all demographics. Rural and urban 
households face different barriers: approx. 28% of rural and 
approx. 20% of urban households report financial constraints 
restricting care seeking.10 Socio-economic vulnerability, 
especially under crisis stress, directly impacts utilization, a 
key consideration in VUCA planning. 

Women f rom female - headed households are 
approximately 19% less likely to fully utilize maternal health 
services than those from male-headed households. Some 
initiatives (e.g., Aam Aadmi Clinics in Punjab) reported 54% 
of all OPD visits were by women,11 a positive data point on 
gender-inclusive utilization when targeted policies exist. 
These patterns show how gender interacts with socio-
structural variables, reinforcing the role of biostatistics in 
identifying inequities during crises. 

Only approximately 43.5% of women in rural India fully 
utilize the maternal and newborn care continuum, indicating 
substantial gaps in essential service uptake.12 This further 
demonstrates that crisis readiness requires not just access 
but continuity of care, an area where biostatistics can model 
risk and guide intervention packages. 

Approximately 72% of India’s population lives in rural 
regions, yet these areas suffer from major infrastructure 
shortfalls: over 80% of community health centres lack 
specialist doctors and many PHCs are not working 24/7.13 
VUCA shocks (like pandemics) stress systems with weak 
infrastructure disproportionately, a crucial point in health 
systems resilience planning.

India, with its vast population of approximately 1.46 
billion and resource constraints, exemplifies both the 
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reliance on voluntary earmarked contributions, which now 
comprise nearly 80% of WHO’s funding. For countries like 
India, which depend on WHO technical guidance, surveillance 
systems, and emergency response support, the implications 
are significant. It underscores the urgent need for predictable, 
flexible, and sustainable financing models, as well as regional 
resilience, where nations build stronger local institutions 
and reduce their dependence on volatile global funding 
landscapes.

The abrupt closure of global health initiatives like the 
USAID-funded Lancet program reminds us that sustainable 
progress in developing countries depends not on external 
generosity but on internal preparedness, ownership, 
and the courage to lead our health futures. The WHO’s 
deepening budget crisis is a stark reminder that global 
health security cannot depend on fragile funding streams 
but must be anchored in sustainable, locally supported 
systems.

Proposed Strategies for India and LMICs
To build resilience in health systems, developing countries 
need to adopt an integrated strategy:
	z Strengthen health financing through risk pooling and 

expanded coverage of outpatient services.
	z Invest in health information systems that allow 

interoperability and real-time decision-making.
	z Foster public-private partnerships for scalable health tech 

infrastructure.
	z Promote the use of open data platforms to support 

academic and grassroots research.
	z Build institutional capacity in health economics and 

biostatistics to support evidence-based policy.
	z Establishing national health research funds that ensure 

continuity of critical studies irrespective of donor exits.
	z Fostering South-South collaborations with regional 

institutions to reduce overreliance on high-income country 
aid.
	z Mandating open-access data and publications for all 

government-supported research to improve transparency 
and policy uptake.
	z Integrating research outputs into national health strategies 

through regular stakeholder-policy dialogues.
	z Prioritizing Robust, Locally-Driven Data Infrastructure and 

Analysis Capacities
	z Fostering Open Science Principles and Data Sharing for 

Global Health Resilience
	z Promoting Causal Inference and Fair Distribution Analysis 

of Health Interventions and Aid: This focuses on ensuring 
that even with fluctuating funding, the core ethical and 
scientific questions about what works, for whom, and 
how fairly aid is distributed are systematically addressed, 

providing robust evidence for building truly equitable and 
resilient health systems.

CONCLUSION

In the face of a VUCA world, traditional health planning 
approaches are inadequate. Biostatistics and health 
economics provide the intellectual tools needed to 
respond adaptively, especially in the context of India and 
other LMICs. Strategic investments in data infrastructure, 
academic capacity, and analytic frameworks will be crucial 
to navigate future uncertainties. India, given its scale and 
digital momentum, is uniquely positioned to lead this 
transformation.

Building resilient health systems in India and other LMICs 
demands a focus on data-driven integration and analytical 
empowerment. We need to optimize risk pooling through 
actuarial and predictive modeling, ensuring financial 
sustainability. Investing in real-time, interoperable data 
infrastructure with built-in quality controls is crucial for 
immediate insights. Public-private partnerships should be 
leveraged for ethical data linkage and innovation, fostering 
a comprehensive understanding of health. Ultimately, 
empowering countries to lead their health futures means 
strengthening local institutional capacity in health analytics 
and causal inference. This allows them to independently 
generate and apply evidence, transforming VUCA into a 
navigational tool for equitable and sustainable policies. 
In this context, health economics and biostatistics are not 
merely technical fields; however, they are strategic enablers 
of health system transformation in an uncertain world.
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