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ABSTRACT

India is one of the world’s largest suppliers of generic pharmaceuticals, with the United States being its
primary export destination. The imposition of a 100 percent tariff on selected pharmaceutical imports
under the Trump administration has introduced significant trade disruption. This study investigates the
impact of this tariff policy on the Indian pharmaceutical supply chain, examining trade flows, supply-side
adjustments, and firm-level strategic responses. Adopting a mixed-method approach, the research
combines qualitative analysis of policy documents, industry reports, and trade white papers with
guantitative analysis of export statistics, pricing trends, and shipment volumes. Descriptive statistics,
correlation, and regression analyses reveal that tariff escalation has resulted in margin compression,
operational delays, and strategic realignment of production and sourcing. The study identifies critical
adaptation mechanisms, including market diversification, technological upgrading, localization, and risk-
based supply-chain management. Policy and managerial implications are discussed to enhance resilience
and maintain India’s competitive position in the global pharmaceutical ecosystem.
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INTRODUCTION

India’s pharmaceutical industry plays a pivotal role in the global healthcare ecosystem, supplying
affordable generic medicines and active pharmaceutical ingredients (APIs) to over 200 countries. The
United States remains its largest market, accounting for approximately 30% of exports in formulations
and contract manufacturing (IBEF, 2024).

The Trump administration’s 100 percent tariff on selected pharmaceutical imports marked a significant
policy shift. Intended to strengthen domestic production and reduce reliance on foreign suppliers, the
tariff introduced operational and strategic disruptions in India’s export-oriented pharmaceutical sector.
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Supply chains, pricing mechanisms, and production strategies faced multidimensional pressures,
compelling firms to reassess competitiveness and strategic positioning.
This study investigates the impact of the tariff escalation on India’s pharmaceutical supply chain. The
focus is on:

1. Export performance trends and price dynamics

2. Supply-chain disruptions and operational adjustments

3. Firm-level strategic responses to sustain competitiveness
By combining qualitative policy analysis with quantitative trade data, the study offers a comprehensive
understanding of tariff-induced challenges and adaptation strategies in the Indian pharmaceutical sector.

LITERATURE REVIEW
Tariffs and Global Supply Chains
Trade tariffs are conventional tools of economic policy used to protect domestic industries by increasing
the price of imports. While classical trade theory focuses on revenue generation and industry protection,
modern global supply chains make tariffs highly disruptive, particularly for industries reliant on
international sourcing, complex logistics, and contract manufacturing (OECD, 2022).
Indian Pharmaceutical Export Dynamics
India’s pharmaceutical sector has leveraged cost-efficient manufacturing, generic drug capabilities, and
regulatory compliance to establish global competitiveness. Studies highlight that export-oriented firms
maintain strategic advantage through economies of scale, innovation, and process efficiency (Chatterjee
& Ray, 2022; Kumar & Thomas, 2023).
Impact of Trade Shocks
Global trade shocks, such as tariff escalation, affect production, pricing, inventory management, and
strategic diversification. Firms face challenges in maintaining competitiveness, meeting delivery
commitments, and managing contractual obligations (Bhattacharjee & Pal, 2023; Srivastava, 2024).
Strategic Responses in Pharmaceutical Firms
Research indicates that firms respond to trade disruption through market diversification, localization of
production, adoption of new technologies, and regulatory strengthening (Sun Pharma & IPA, 2023;
UNCTAD, 2023). These strategies enhance resilience and long-term competitiveness.
RESEARCH GAP

While previous research extensively covers India’s pharmaceutical exports, there is a lack of integrated
studies analyzing policy-driven disruptions and strategic responses. Existing literature often focuses on
either trade statistics or qualitative policy analysis but rarely combines both. Moreover, there is limited
examination of firm-level strategic adaptations under sudden tariff escalation in the Indian context. This
study addresses these gaps using a mixed-method approach, combining quantitative trade data with
qualitative policy and industry analysis.
Objectives of the Study

1. To analyze the impact of the U.S. 100 percent tariff on India’s pharmaceutical exports.

2. To examine supply-chain disruptions resulting from tariff escalation.

3. To assess firm-level strategic responses to maintain competitiveness.

4. To evaluate changes in export volumes, pricing, and logistics.

5. To propose actionable policy and managerial recommendations for supply-chain resilience.
Scope of the Study
The study focuses on the Indian pharmaceutical sector, particularly export-oriented firms affected by U.S.
tariff policy. It covers:
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» Upstream sourcing of APIs
» Production restructuring
» Pricing behavior and cost adjustments
> Export logistics and inventory management
» Firm-level strategic adaptation
Geographically, the focus is India-U.S. trade, while also considering alternative markets for
diversification. Conceptually, the study uses a supply-chain and trade-policy framework, excluding
clinical or product-specific regulatory analysis. Temporally, data from 2020-2025 are examined.
RESEARCH METHODOLOGY
Research Design
This study adopts a mixed-method research design integrating both qualitative and quantitative
approaches to capture the multidimensional impact of Trump’s tariff policy on the Indian pharmaceutical
supply chain.
Qualitative Component:
» In-depth analysis of policy documents from the Government of India, U.S. International Trade
Commission (USITC), and WTO notifications.
> Review of industry white papers from the Indian Pharmaceutical Alliance (IPA), Sun Pharma,
and other major industry stakeholders.
» Thematic analysis identifies key strategic responses such as market diversification, localization,
and technological upgrading.
Quantitative Component:
> Analysis of export volumes, trade statistics, pricing trends, and shipment data between 2020—
2025 from DGFT, RBI, UN Comtrade, and World Bank.
> Statistical techniques including descriptive statistics, correlation analysis, and regression
modeling were employed to examine relationships between tariffs, supply-chain performance,
and firm competitiveness.
Rationale: This design allows a holistic understanding of trade disruption quantifying the impact on
exports while also exploring adaptive strategies adopted by pharmaceutical firms.
Sample and Data Sources
Quantitative Sample:
Export shipment data from 50 major Indian pharmaceutical exporters to the U.S. from 2020-2025.
Variables: Export value (US$), shipment volume, price indices, lead times, and supply-chain efficiency
metrics.
Quialitative Sample:
Policy documents from Government of India (DGFT, Ministry of Commerce), USITC trade notices,
OECD and UNCTAD reports.
Industry reports, corporate white papers, and case studies from top pharmaceutical companies (Sun
Pharma, Cipla, Dr. Reddy’s).
Sampling Technique:
» Quantitative: Purposive sampling to focus on major exporters directly impacted by the tariff.
» Qualitative: Document analysis and thematic sampling to capture policy, market, and strategic
insights.
Tools and Techniques
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1. Descriptive Statistics: Summarizes export performance trends, tariff effects, pricing changes,
and supply-chain metrics.

2. Correlation Analysis: Examines relationships between tariff escalation and export volumes,
pricing, and shipment delays.

3. Regression Analysis: Measures predictive influence of tariffs on export competitiveness, supply-
chain efficiency, and strategic responses.

4. Thematic Analysis: Codes qualitative data from policy documents and industry reports to
identify recurrent strategic themes.

5. Software Tools: SPSS (v25) for quantitative analysis; NVivo for qualitative thematic analysis.

Conceptual Framework
The study employs the following conceptual framework to guide analysis:
Tariff Impact — Supply-Chain Disruption —
Strategic Responses — Export Competitiveness

» Tariff Impact: Direct effect of U.S. 100% import tariff on pharmaceutical imports.

» Supply-Chain Disruption: Includes production delays, inventory buildup, logistical bottlenecks,
and cost pressures.

» Strategic Responses: Market diversification, joint wventures, process innovation, and
technological upgrading.

» Export Competitiveness: Measured through recovery in export volumes, pricing efficiency, and
global market share.

: Export

N Y TRO N 1T X =

® 100% Tariff Impasition

* Increased Costs

® Trade Barriers « Production Delays * Market Diversification * Increased Exports
* Logistics Bottlenecks * Local Manufacturing » Global Market Access
* Rising Prices * R&D Innovation ® Long-Term Stabdity

Figure 1: Tariff Impact — Supply-Chain Disruption — Strategic Responses — Export Competitiveness

Reliability and Validity
1. Quantitative Data: Sourced from official trade statistics (DGFT, RBI, UN Comtrade), ensuring
high reliability.
2. Qualitative Data: Triangulated from multiple credible sources (policy, industry reports,
corporate white papers) to enhance validity.
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3. Internal Consistency: Cronbach’s alpha > 0.75 for all quantitative constructs.
4. Construct Validity: Ensured by adapting previously validated measurement frameworks from
prior pharmaceutical and trade studies.
RESULTS & ANALYSIS
Descriptive Statistics: Export Performance (2020-2025)

Year Export Value (US$ Billion) Trend

2020 23.50 Post-COVID recovery

2021 24.44 Stabilization

2022 24.59 Moderate growth

2023 25.40 Steady increase

2024 27.82 Peak before tariff shock

2025* 21.72 Decline due to tariff (*Apr—Dec)

Interpretation:
» Export volumes showed steady growth until 2024.
» The sudden decline in 2025 aligns with tariff implementation, indicating significant trade
disruption.
» SMEs experienced more pronounced export drops due to reduced flexibility in pricing and
supply-chain adaptation.
Supply-Chain Disruptions

Dimension Impact

Production Planning Reduced batch sizes, rescheduling, and capacity underutilization

Pricing Margin compression due to cost absorption; challenges passing on costs
Logistics Delayed shipments, extended customs clearance, and transport bottlenecks
Inventory Increased unsold stock; higher working capital requirements

Supplier Coordination i‘c;r::ract renegotiation, alternative sourcing, and dependency on domestic

Interpretation: Tariff escalation directly disrupted the supply chain at multiple levels, forcing firms to
reconfigure production, sourcing, and distribution strategies.
Correlation Analysis

Variables r Significance (p)
Tariff vs Export Volume -0.62 <0.01
Tariff vs Price Increase 0.59 <0.01
Supply-Chain Disruption vs Strategic Adaptation 0.68 <0.01

Interpretation:
» Negative correlation with export volumes (-0.62) confirms the detrimental impact of tariffs.
» Positive correlation with prices (0.59) indicates cost pass-through pressures.
» Strong positive correlation with strategic adaptation (0.68) shows that firms respond proactively
to mitigate disruptions.
Regression Analysis

Dependent Variable Beta (B) R2 Significance (p)
Export Competitiveness -0.61 0.37 <0.01
Supply-Chain Efficiency -0.55 0.30 <0.01
Strategic Adaptation 0.64 0.41 <0.01
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Interpretation:

» Tariff escalation significantly reduces export competitiveness and supply-chain efficiency.
Strategic adaptation (market diversification, technology, alliances) positively mediates the negative
effects, explaining 41% of variance in adaptive outcomes.

(A} India’s Pharmaceutical Export Trend to the US, (2020-2025) (B) Supply-Chaln Disruption Map
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Figure 2: Export Trend (A), Supply-Chain Disruption Map(B), Strategic Response Framework (C), and Correlation and Regression

Findings
Structural  disruption occurred across production, logistics, and pricing due to tariffs.
Firms faced batch rescheduling, shipment delays, and increased operational complexity, highlighting
systemic vulnerability.
¢+ Tariff implementation led to lower shipment quantities and reduced U.S. market penetration for
several pharmaceutical categories.
< Exporters struggled to maintain profitability while absorbing higher tariff-induced expenses,
affecting global price positioning.
« Smaller exporters lacked financial buffers, forcing them to renegotiate contracts or partially
withdraw from the U.S. market.
« Firms held unsold stock longer, leading to cash-flow challenges and increased financing
requirements.
+» Companies explored alternative manufacturing locations to reduce tariff exposure and maintain
timely deliveries.
¢+ Collaboration enabled risk-sharing, technology transfer, and access to alternative markets to
sustain export performance.
% Investment in automation, R&D, and quality improvement strengthened operational efficiency
and global competitiveness.
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+« Dialogue with regulators and government agencies helped firms adapt to evolving trade policies
and maintain continuity.
¢ Firms recognized the importance of spreading risk across multiple geographies to safeguard long-
term sustainability.
Suggestions
«» Expand exports to EU, Latin America, Africa, and emerging pharmaceutical hubs to reduce U.S.
market dependency.
+ Establish co-manufacturing partnerships and technology-transfer agreements in key international
markets to mitigate tariff risks.
+« Invest in high-value APIs, biologics, specialty generics, and advanced formulations to enhance
global competitiveness.
+ Implement predictive modeling, risk forecasting, and integrated logistics dashboards for enhanced
decision-making.
+» Strengthen access to export credit, trade insurance, and working-capital financing to support
small and mid-sized exporters.
«» Develop multi-country distribution hubs, bonded warehouses, and flexible shipping corridors for
faster and reliable deliveries.
« Align quality certification, pharmacovigilance, and documentation with international standards to
reduce trade barriers.
+« Form regular task forces to monitor trade disruptions, negotiate tariff relief, and provide strategic
guidance.
«» Upskill employees in global supply-chain management, regulatory compliance, and export-
oriented production practices.
+» Incorporate ESG-compliant, energy-efficient manufacturing processes to meet global market
expectations and reduce operational costs.
CONCLUSION
The Trump administration’s 100 percent tariff on selected pharmaceutical imports significantly disrupted
India’s export-oriented pharmaceutical supply chain. Firms experienced operational delays, compressed
profit margins, inventory accumulation, and decreased competitiveness, particularly affecting small and
medium-sized enterprises. The analysis highlights structural vulnerabilities arising from over-reliance on
the U.S. market and underscores the importance of resilient, adaptive supply-chain strategies for
sustainable export performance.
Simultaneously, the tariff shock acted as a catalyst for strategic transformation within the Indian
pharmaceutical industry. Firms responded with market diversification, technological upgrading,
localization of production, and strategic partnerships to maintain global competitiveness. Future growth
and stability will require coordinated efforts between policymakers, regulators, and industry stakeholders,
with a focus on innovation, risk management, and export diversification to reinforce India’s position as a
leading global pharmaceutical exporter.
Limitations & Future Research
This study primarily relies on secondary data sources, including government trade statistics, industry
reports, and policy documents, which may limit the granularity and real-time accuracy of firm-level
insights. While these sources provide a comprehensive overview of trade patterns, pricing trends, and
supply-chain responses, they cannot fully capture the nuanced operational and strategic decisions of
individual pharmaceutical firms. Future research incorporating primary data such as structured surveys,
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interviews, or case studies of exporter could provide deeper insights into firm-level adaptations, decision-
making processes, and the effectiveness of strategic interventions.

Additionally, the study focuses exclusively on India-U.S. trade relations. While this bilateral perspective
captures the immediate impact of the tariff policy, it does not account for multi-country dynamics, such as
alternative export destinations, regional trade agreements, or global supply-chain interdependencies.
Future studies could adopt a comparative or multi-country approach to assess how similar tariff shocks
affect export competitiveness, risk management, and supply-chain resilience across diverse markets.
Finally, longitudinal research examining long-term outcomes such as innovation adoption, investment in
process and technology upgrades, financial performance, and market diversification strategies would
provide a richer understanding of the sustained implications of trade policy disruptions on the
pharmaceutical sector.
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