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Abstract: The present study aims to investigate the threshold effects of financial stress on the 

relationship between oil price shocks and the COVID-19 crisis on stock return volatility in 

pharmaceutical companies listed on the Tehran Stock Exchange. This study is applied in 

purpose and descriptive-analytical in nature, using an ex post facto design and panel data 

covering the period 2013–2024. The financial stress index (FSI) is constructed using Principal 

Component Analysis (PCA) based on nine macro-financial indicators across governmental, 

monetary, and exchange-rate sectors. Oil price shocks are extracted using the Exponential 

Generalized Autoregressive Conditional Heteroskedasticity (EGARCH) model to capture 

asymmetric volatility effects, while stock return volatility is estimated through ARMA-

EGARCH modeling after confirming conditional heteroskedasticity using the ARCH test. The 

COVID-19 crisis is incorporated as a dummy variable. To analyze nonlinear relationships and 

regime-switching behavior, the Panel Smooth Transition Regression (PSTR) model with a 

logistic transition function is employed, where financial stress serves as the transition variable. 

Model validity is assessed through unit root tests (LLC), cointegration tests (Kao), linearity 

tests, and diagnostic checks for autocorrelation and heteroskedasticity. The results indicate 

that financial stress, COVID-19, oil price shocks, and inflation all have positive and 

statistically significant effects on stock return volatility. The linearity hypothesis is rejected, 

confirming the presence of nonlinear dynamics and regime-dependent relationships. The 

estimated threshold value of financial stress is significant, and the slope parameter indicates a 

relatively rapid transition between regimes. In the high financial stress regime, the effects of 

all explanatory variables intensify substantially, with financial stress showing the largest 

marginal impact on volatility. Oil price shocks exhibit asymmetric effects, with positive 

shocks generating greater volatility than negative shocks. The COVID-19 crisis significantly 

increases volatility, particularly under high financial stress conditions. Diagnostic tests 

confirm model adequacy, stability of parameters, and absence of econometric violations. The 

findings demonstrate that stock return volatility in pharmaceutical companies is driven by a 

nonlinear interaction of macroeconomic shocks and financial conditions, where financial 

stress acts as a critical threshold variable amplifying the effects of oil price volatility, inflation, 

and the COVID-19 crisis. 

Keywords: Return volatility, COVID-19 crisis, oil shock, capital market, pharmaceutical 

companies. 
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1. Introduction 

The volatility of stock returns in pharmaceutical companies has become an increasingly important research issue 

in recent years, especially in economies where capital markets are highly sensitive to macroeconomic shocks, health 

crises, and commodity-price instability. In such contexts, stock price dynamics do not arise solely from firm-level 

fundamentals; rather, they are shaped by a complex interaction among global disturbances, domestic uncertainty, 

financial market conditions, and sector-specific expectations. The pharmaceutical industry is particularly relevant 

in this regard because it occupies a dual position in the economy: it is both a strategic industry linked to public 

health and a market-sensitive industry exposed to financing conditions, exchange-rate movements, imported 

inputs, and investor sentiment. In emerging markets, and especially in Iran, these relationships may be even more 

pronounced because listed pharmaceutical firms operate under conditions of recurrent inflation, external sanctions, 

exchange-rate instability, oil dependence, and episodic financial stress. For this reason, understanding the 

determinants of stock return volatility in this sector requires an integrated framework that simultaneously 

considers health-related crises, oil-market shocks, and the broader financial environment [1-3]. 

The COVID-19 pandemic was one of the most disruptive global shocks of the modern era and generated 

widespread uncertainty across financial markets. Its impact was not limited to real-sector contraction; it also altered 

investor expectations, increased risk aversion, disrupted supply chains, and changed the pricing of assets across 

industries and countries. Stock markets reacted sharply to the pandemic through heightened volatility, sudden 

revaluations of risk, and changes in cross-sectoral capital allocation. For pharmaceutical companies, however, the 

effects of the pandemic were layered and in some cases contradictory. On the one hand, the health crisis increased 

the strategic relevance of pharmaceutical production, medical supply, and health-related innovation. On the other 

hand, it also intensified uncertainty regarding input costs, supply logistics, regulatory conditions, and investment 

horizons. Empirical studies on the pandemic’s stock-market consequences show that COVID-19 significantly 

affected stock performance, return indices, and firm-level financial decisions, although the magnitude and direction 

of these effects varied by country, sector, and institutional environment [2, 4-6]. 

Within Iran’s capital market, the COVID-19 crisis must be interpreted alongside pre-existing structural 

vulnerabilities. The Tehran Stock Exchange has long been influenced by inflationary episodes, exchange-rate 

shocks, oil-price movements, and waves of policy uncertainty. Therefore, the pandemic did not occur in isolation; 

rather, it interacted with a fragile macro-financial setting in which market participants were already highly 

responsive to external and domestic shocks. Comparative work on Iran’s capital market suggests that the COVID 

crisis, much like the earlier global financial crisis, produced notable shifts in market behavior and intensified 

sensitivity to uncertainty [3]. Similarly, recent modeling efforts focused on Tehran Stock Exchange companies 

indicate that stock price indices are strongly affected by combinations of global financial turbulence, oil-price 

shocks, exchange-rate volatility, and pandemic-related disruptions [1]. These findings imply that any rigorous 

analysis of stock return volatility in listed pharmaceutical firms should treat COVID-19 not as a temporary 

exogenous dummy alone, but as part of a broader regime of amplified uncertainty. 

Among the macroeconomic shocks that shape financial markets in oil-dependent economies, oil-price volatility 

remains one of the most consequential. Oil is not merely a traded commodity; in economies such as Iran, it is also 

a central source of fiscal capacity, foreign exchange earnings, macroeconomic stability, and investor expectations. 

Changes in oil prices can influence stock markets through multiple channels, including government spending, 

inflation, exchange rates, production costs, liquidity conditions, and future profitability. The literature has 
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repeatedly shown that oil-price fluctuations affect returns, exchange rates, investment behavior, and market 

sentiment. In firm-level settings, oil-price instability can alter expectations about financing costs and sectoral 

profitability, even in industries that are not directly energy-producing. For pharmaceutical firms, which rely on 

imported raw materials, energy-intensive production, transportation networks, and regulated pricing 

environments, oil shocks may have indirect yet substantial effects on stock return volatility [7, 8]. 

The relevance of oil shocks becomes stronger when one considers the structural dependence of many emerging 

economies on resource revenues and imported intermediate goods. Oil-price increases can initially improve fiscal 

expectations in oil-exporting countries, but they may also intensify inflationary pressures, exchange-rate pass-

through, and macro-financial instability. Conversely, oil-price declines may weaken external balances and 

constrain public expenditure, thereby affecting industrial support and investor confidence. In the pharmaceutical 

sector, these transmission channels are especially important because firm performance often depends on cost-

sensitive production structures, access to foreign currency, and stable regulatory procurement conditions. Studies 

examining the effect of oil price fluctuations on investment and financial performance support the idea that oil 

volatility is not neutral for corporate behavior and market valuation [7, 8]. Hence, modeling the impact of oil shocks 

on pharmaceutical stock return volatility is essential in any attempt to explain market behavior in the Tehran Stock 

Exchange. 

Yet the effects of COVID-19 and oil-price volatility are unlikely to be constant across all states of the economy. 

One of the central arguments of recent macro-financial research is that shocks have state-dependent or regime-

dependent effects. In other words, the same shock may produce limited responses under normal conditions but 

much stronger effects when the economy is under stress. This is precisely where the concept of financial stress 

becomes analytically valuable. Financial stress summarizes tensions across monetary, fiscal, and exchange-rate 

conditions and reflects the extent to which the financial system is vulnerable, constrained, or unstable. When 

financial stress rises, markets may become more sensitive to news, less liquid, and more nonlinear in their reactions. 

Under such circumstances, modest oil-price changes or pandemic-related uncertainty may trigger 

disproportionately large effects on stock return volatility. This makes the financial stress index not only an 

explanatory variable in its own right but also a potential threshold variable governing transitions between low-

volatility and high-volatility regimes [1, 2]. 

The importance of nonlinear modeling is well established in environments characterized by uncertainty, 

structural breaks, and interaction effects. Linear models assume that marginal effects are constant regardless of the 

prevailing economic regime. However, this assumption is often unrealistic for financial markets, particularly in 

countries subject to repeated crises, commodity dependence, and policy volatility. Threshold and smooth-transition 

models offer a more realistic framework because they allow the magnitude of effects to change when an underlying 

transition variable crosses critical levels. In the present context, financial stress is a natural candidate for such a 

transition mechanism. When stress remains below a certain level, stock return volatility may respond moderately 

to oil shocks and pandemic effects. Once stress surpasses a threshold, however, the same variables may have 

stronger, faster, and more persistent impacts. This type of nonlinear structure is highly relevant for pharmaceutical 

companies listed on the Tehran Stock Exchange, where macroeconomic fragility, inflation, and crisis spillovers can 

intensify investor reactions [1, 3, 6]. 

The broader international literature on complexity, governance, technology, and energy transitions also helps 

frame the present study conceptually. Although these studies are not focused directly on pharmaceutical stock 

volatility, they provide strong evidence that economic systems behave differently depending on institutional 
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quality, structural capacity, technological adaptation, and the interaction among macro-level variables. Research 

on economic complexity shows that institutional settings, integration, and structural transformation shape the way 

economies respond to shocks and pursue growth paths [9, 10]. Related work indicates that renewable energy 

adoption, green finance, energy efficiency, and technological innovation are embedded in broader structural 

conditions and often generate asymmetric or conditional effects rather than uniform ones across countries and 

sectors [11-19]. The common implication of this body of work is methodological as much as substantive: economic 

and financial outcomes are frequently shaped by interacting systems, thresholds, and contextual constraints. 

A similar lesson emerges from studies of digitalization, technological systems, and intelligent optimization. 

Research has shown that digital-economy development can reshape deprivation and resource-allocation patterns, 

often through indirect and nonlinear channels [20]. Other studies on technical optimization and complex 

operational systems demonstrate that the behavior of modern economic and engineering processes cannot be fully 

understood without accounting for sensitivity, dynamic adjustment, and structured interdependence [19, 21]. 

Although the settings differ, these contributions reinforce a central idea relevant to financial-market research: when 

systems are complex, interconnected, and exposed to shocks, linear assumptions may obscure the true magnitude 

and direction of effects. This insight supports the use of advanced nonlinear econometric techniques such as Panel 

Smooth Transition Regression for studying stock return volatility under varying degrees of financial stress. 

In the Iranian context, the need for such an approach is even greater. Pharmaceutical companies listed on the 

Tehran Stock Exchange operate in a setting shaped by inflation, regulated pricing, exchange-rate fluctuations, 

dependence on imported inputs, and sensitivity to public-health policy. During the COVID era, these firms faced 

both opportunities and risks. Demand expectations for pharmaceutical products may have risen, but supply 

constraints, uncertainty regarding international procurement, and volatility in macroeconomic conditions 

simultaneously increased. Evidence on the stock performance of pharmaceutical companies during the COVID 

period in Iran suggests that pandemic uncertainty had meaningful implications for market outcomes [2]. Likewise, 

research on managerial financial decisions during the COVID era underscores that the health crisis altered 

financing and decision-making environments for listed firms [4]. When these pandemic-related pressures are 

combined with oil-price instability and domestic financial stress, the case for a regime-sensitive volatility model 

becomes compelling. 

Moreover, prior Iranian studies have typically examined the effects of COVID-19, oil-price shocks, or broad 

market crises separately, while fewer studies have integrated all three elements—pandemic conditions, oil 

volatility, and financial stress—within a unified threshold framework tailored to the pharmaceutical sector. This is 

a meaningful gap. The pharmaceutical industry differs from many other listed industries because its market 

valuation is influenced simultaneously by health demand, public policy, production costs, exchange-rate exposure, 

and investor perceptions of strategic importance. Therefore, the volatility of pharmaceutical stock returns may be 

especially sensitive to interactions among domestic stress conditions and external shocks. Existing research on the 

Tehran Stock Exchange points toward this complexity but leaves room for a more explicit nonlinear treatment that 

captures transitions between regimes and allows financial stress to alter the strength of oil and COVID effects [1-3, 

5, 8]. 

From a policy and managerial perspective, this issue is also highly important. If stock return volatility in 

pharmaceutical firms intensifies disproportionately after financial stress crosses certain thresholds, then 

policymakers, regulators, and investors need early-warning indicators rather than average-effect estimates. 

Managers in listed pharmaceutical companies would benefit from understanding whether oil shocks and 
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pandemic-type crises become materially more dangerous under stressed financial conditions. Regulators, in turn, 

need evidence on whether macro-financial stabilization can reduce sectoral volatility and preserve capital-market 

confidence during crises. Because pharmaceutical firms are strategically linked to national health resilience, 

instability in their stock performance can carry implications beyond investor wealth and extend to financing 

capacity, production continuity, and industrial confidence. A threshold-based approach can therefore generate 

more useful insights than standard linear models for both market participants and policymakers [1, 4, 7]. 

In sum, the literature indicates that stock market volatility in sensitive sectors is shaped by the interaction of 

macroeconomic shocks, crisis-related uncertainty, and structural financial conditions. The COVID-19 crisis 

introduced an unprecedented source of uncertainty into capital markets; oil-price fluctuations remained a major 

transmission channel in an oil-dependent economy; and financial stress likely amplified or moderated the impact 

of both. Previous empirical works provide evidence on these components individually and collectively, but they 

also suggest the need for a nonlinear, regime-dependent analysis centered on the pharmaceutical sector of the 

Tehran Stock Exchange [1-3, 5, 6, 8]. Therefore, the aim of this study is to investigate the threshold effects of financial 

stress on the relationship between oil price volatility and the COVID-19 crisis and stock return volatility in 

pharmaceutical companies listed on the Tehran Stock Exchange. 

2. Methodology 

The present study is applied in terms of objective and descriptive-analytical in nature, and it falls within the 

category of ex post facto research designs. Following prior studies such as Al-Rafay et al. (2022), Huynh et al. (2021), 

Sharif et al. (2020), Salisu et al. (2022), Zhang and Fu (2022), and Jahangir et al. (2022), this study investigates the 

effects of the COVID-19 crisis, financial stress, and oil price volatility on stock return volatility of pharmaceutical 

companies operating in the stock market using the Panel Smooth Transition Regression (PSTR) model. 

The empirical model of the study is specified as follows: 

𝑅𝑡 = 𝛼0 + 𝛽1𝐹𝑆𝐼𝑡 + 𝛽2𝐶𝑂𝑉𝐼𝐷𝑡 + 𝛽3𝑂𝐼𝐿𝑡 + 𝛽4𝐼𝑁𝐹𝑡 + 𝑢𝑡 

 

To examine the characteristics of the PSTR model with a logistic transition function based on Van Dijk (1999), it 

is assumed that the dependent variable 𝑅is also a function of its lagged values. Accordingly, under the assumption 

of a two-regime transition function, the following relationship is obtained: 

𝑅𝑡 = (𝜃0 + 𝜃1𝑅𝑡−1 +⋯+ 𝜃𝑝𝑅𝑡−𝑝) + (𝜙0 + 𝜙1𝑅𝑡−1 +⋯+𝜙𝑝𝑅𝑡−𝑝)𝐺(𝐹𝑆𝐼𝑡 , 𝛾, 𝑐) + 𝑢𝑡 

 

The transition function is defined as: 

𝐺(𝐹𝑆𝐼𝑡 , 𝛾, 𝑐) =
1

1 + exp⁡{−𝛾(𝐹𝑆𝐼𝑡 − 𝑐)}
 

 

The results of this model are referred to as a two-regime PSTR model, where the location parameter 𝑐represents 

the transition point between the two extreme regimes 𝐺(𝐹𝑆𝐼𝑡 , 𝛾, 𝑐) = 0and 𝐺(𝐹𝑆𝐼𝑡 , 𝛾, 𝑐) = 1, with the midpoint 

occurring at 𝐺(𝐹𝑆𝐼𝑡 , 𝛾, 𝑐) = 0.5. The parameter 𝛾indicates the speed of transition between regimes, where larger 

values imply faster regime switching. 

Dependent Variable: 

𝑅: Changes in returns resulting from fluctuations in the stock market index of pharmaceutical companies. 
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The standard deviation of the mean stock return during the fiscal year is calculated after computing stock price 

returns. Subsequently, the volatility of stock returns for the selected companies is estimated using ARCH and 

GARCH family models. 

Calculation of Financial Stress Index (FSI): 

The Financial Stress Index is calculated using Principal Component Analysis (PCA). The PCA method reduces 

the dimensionality of observations based on a composite index and groups similar observations. In this method, 

correlated variables in a multidimensional space are transformed into a set of uncorrelated components, each being 

a linear combination of the original variables. These uncorrelated components are referred to as principal 

components (PCs), derived from the eigenvectors of the covariance or correlation matrix of the original variables. 

One of the key advantages of this method in econometrics is the elimination of multicollinearity due to the large 

number of explanatory variables. 

In the next step, a composite index derived from the volatility of the selected variables is estimated and 

introduced as an indicator of economic uncertainty. The financial stress index consists of three sectors: 

governmental, monetary, and exchange rate. After measuring financial stress in each sector, the overall financial 

stress index for the Iranian economy is computed by aggregating these sectoral indices. A critical issue in 

aggregation is the selection of an appropriate weighting scheme. Given the literature and the specific conditions of 

the Iranian economy, these sectors do not contribute equally to financial stress; therefore, a weighted approach is 

adopted. 

In several studies, including Eston et al. (2018), Aboura and Van Roye (2017), and Semmler and Chen (2018), 

cyclical component regression has been applied. In this approach, the cyclical component of each variable used in 

constructing the composite index is regressed on the cyclical component of a reference variable (such as output 

growth). The resulting correlation coefficient is then used as the weighting criterion according to the following 

formula: 

𝑊𝑘 =
𝑟𝑘
2

∑ 𝑟𝑘
2𝑛

𝑘=1

 

 

Accordingly, in this study, to construct the overall financial stress index, after calculating sector-specific stress 

indices, the cyclical component of variables in each sector is regressed on the cyclical component of output growth. 

The obtained correlation coefficient is then used, based on Equation (3), to determine the weights of each sector in 

the aggregate financial stress index. 

Table 1: Financial Stress Index Components 

Variable Category Variable Definition Operational Definition 

Governmental Stress GEXP Government size Ratio of total government expenditure to GDP  

TAXINC Total tax revenues Ratio of total tax revenue to GDP  

CU/M1 Currency to money ratio Ratio of total currency in circulation to M1 

Monetary Stress SHD/LOD Short-term to long-term deposits ratio Ratio of short-term deposits to long-term deposits  

M1/M2 Money to liquidity ratio Ratio of money supply to total liquidity  

Depo Deposit ratio Ratio of total deposits to GDP  

Pdebt Non-governmental debt ratio Ratio of non-governmental debt to GDP  

RInt Real interest rate Nominal interest rate minus inflation rate 

Exchange Rate Stress RER Real exchange rate 
𝑅𝐸𝑅 =

𝐸𝑅 × 𝑃𝑜𝑢𝑡
𝑃𝑖𝑛

 

 

Finally, the financial stress index is computed using PCA and incorporated into the model. 
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𝐶𝑂𝑉𝐼𝐷: Represents the global COVID-19 crisis, taking the value of 1 during pandemic months and 0 otherwise. 

Following the global outbreak of coronavirus disease, the pandemic was officially confirmed in Iran on February 

19, 2020. 

𝑂𝐼𝐿: Represents oil price shocks for Iranian crude oil, which are estimated using the EGARCH model. 

𝐼𝑁𝐹: Inflation rate, defined as the change in a price index, typically the Consumer Price Index (CPI). 

3. Findings and Results 

The empirical analysis began with the construction of the Financial Stress Index (FSI) using Principal Component 

Analysis (PCA). PCA was selected because the financial stress construct is multidimensional and is reflected in 

several highly related macro-financial indicators. In the present study, the composite index was extracted from nine 

indicators: government size (GEXP), total government tax revenues (TAXINC), currency-to-money ratio (CUM), 

the ratio of short-term to long-term deposits (SHDLOD), the money-to-liquidity ratio (M1M2), the deposit ratio 

(DEPO), the ratio of non-governmental debt (PDEBT), the real interest rate (RINT), and the real exchange rate (RER). 

The use of PCA reduced the dimensionality of the data, mitigated multicollinearity, and provided a parsimonious 

composite indicator suitable for subsequent nonlinear panel estimation. 

In PCA, the observed variables can be represented as linear combinations of the principal components: 

𝑋𝑖 = 𝑎𝑖1𝑃𝐶1 + 𝑎𝑖2𝑃𝐶2 + 𝑎𝑖3𝑃𝐶3 + 𝑎𝑖4𝑃𝐶4 + 𝑎𝑖5𝑃𝐶5 + 𝑎𝑖6𝑃𝐶6 + 𝑎𝑖7𝑃𝐶7 + 𝑎𝑖8𝑃𝐶8 + 𝑎𝑖9𝑃𝐶9 

 

Similarly, each principal component can be written as a weighted linear combination of the original variables: 

𝑃𝐶1 = 𝑤1𝑋1 + 𝑤2𝑋2 +𝑤3𝑋3 + 𝑤4𝑋4 + 𝑤5𝑋5 + 𝑤6𝑋6 + 𝑤7𝑋7 + 𝑤8𝑋8 +𝑤9𝑋9 

 

The correlation structure of the nine indicators is presented in Table 2. The matrix shows several moderate 

interrelationships among the variables, supporting the use of PCA for extracting a synthetic financial stress measure 

rather than entering all original indicators directly into the econometric model. 

Table 2. Correlation Matrix of Financial Stress Indicators 

Variable GEXP TAXINC CUM SHDLOD M1M2 DEPO PDEBT RINT RER 

GEXP 1.000000 

        

TAXINC 0.165995 1.000000 

       

CUM -0.103783 -0.358379 1.000000 

      

SHDLOD -0.128613 -0.008877 0.187941 1.000000 

     

M1M2 0.032978 0.100707 0.131337 -0.228512 1.000000 

    

DEPO 0.609053 0.161638 -0.323739 -0.170545 -0.061763 1.000000 

   

PDEBT 0.525666 0.109060 0.025898 -0.031410 0.009685 0.414297 1.000000 

  

RINT 0.131295 0.223358 0.124128 0.476611 0.000612 0.114349 0.313530 1.000000 

 

RER -0.122007 -0.310014 -0.085014 -0.443305 0.055429 0.146620 -0.060383 -0.518628 1.000000 

 

Table 2 indicates that the financial stress indicators are not independent of one another. Particularly notable are 

the positive relationships between GEXP and DEPO, GEXP and PDEBT, and SHDLOD and RINT, as well as the 

negative association between RINT and RER. These patterns justify dimension reduction and confirm that a 

common latent stress factor can be extracted from the data. 
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Figure 1. Transformation of Data into Principal Components 

Figure 1 illustrates the geometric logic of PCA. The main direction of data dispersion does not lie exactly along 

any individual variable axis, but rather along the major axis of the ellipse formed by the data cloud. This direction 

corresponds to the first principal component, 𝑃𝐶1, which captures the largest possible proportion of total variation 

in the original variables. The second principal component, 𝑃𝐶2, lies along the minor axis of the ellipse, is orthogonal 

to 𝑃𝐶1, and captures the maximum remaining variance not explained by the first component. 

The eigenvalues and factor loadings resulting from the PCA are reported in Table 3. The first principal 

component has the highest eigenvalue, 2.316320, and explains 25.74% of the total variation. The first four 

components have eigenvalues greater than one and jointly explain 75.79% of the total variance. Nonetheless, 

because the first component alone accounts for the largest share of common variation and serves as the clearest 

single-index representation of financial stress, it was selected as the composite FSI for the main model. 
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Figure 2. Scree Plot of Principal Components 

Figure 2 presents the scree plot of the principal components. The pattern of eigenvalues shows a steep decline in 

the first few components, followed by a flattening trend. The break in the slope suggests that the first one to three 
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components contain the most substantive information, while the remaining components contribute relatively little 

to explaining overall variation. This visual criterion is consistent with the eigenvalue and explained-variance 

criteria. 

Table 3. PCA Results for the Composite Financial Stress Index 

Panel A. Eigenvalues and Explained Variance 

Component Eigenvalue Difference Proportion Cumulative Eigenvalue Cumulative Proportion 

1 2.316320 0.244827 0.2574 2.316320 0.2574 

2 2.071493 0.781555 0.2302 4.387813 0.4875 

3 1.289938 0.146412 0.1433 5.677751 0.6309 

4 1.143526 0.547791 0.1271 6.821277 0.7579 

5 0.595735 0.052060 0.0662 7.417012 0.8241 

6 0.543675 0.127906 0.0604 7.960688 0.8845 

7 0.415769 0.027118 0.0462 8.376457 0.9307 

8 0.388651 0.153759 0.0432 8.765108 0.9739 

9 0.234892 — 0.0261 9.000000 1.0000 

Panel B. Eigenvectors (Factor Loadings) 

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 

GEXP 0.498997 -0.209736 0.225361 -0.013214 -0.400467 -0.400655 -0.003541 0.177866 0.550911 

TAXINC 0.321701 0.036918 -0.570283 0.345787 -0.134822 0.300890 0.564911 0.144004 0.042207 

CUM -0.169882 0.283044 0.647471 0.162744 -0.275140 0.050451 0.580694 -0.126092 -0.118197 

SHDLOD 0.075269 0.552262 0.002317 -0.266789 0.329713 -0.259983 0.140067 0.649376 -0.023430 

M1M2 -0.021142 -0.093035 0.152450 0.848350 0.316871 -0.270020 -0.170742 0.194220 -0.088122 

DEPO 0.452132 -0.334017 0.055934 -0.201237 0.294130 -0.355547 0.301367 -0.227171 -0.533882 

PDEBT 0.461104 -0.081160 0.379751 -0.013977 0.021906 0.649800 -0.268456 0.307592 -0.216769 

RINT 0.363735 0.441806 0.072586 0.069640 0.444137 0.110177 -0.047849 -0.546552 0.389847 

RER -0.251386 -0.497532 0.170049 -0.131740 0.502373 0.212369 0.360148 0.165463 0.434087 
 

Based on the first principal component, the estimated financial stress index can be written as follows: 

𝑃𝐶1 =   0.49 𝐺𝐸𝑋𝑃 + 0.32 𝑇𝐴𝑋𝐼𝑁𝐶 − 0.17 𝐶𝑈𝑀 + 0.08 𝑆𝐻𝐷𝐿𝑂𝐷

−0.02 𝑀1𝑀2 + 0.45 𝐷𝐸𝑃𝑂 + 0.46 𝑃𝐷𝐸𝐵𝑇 + 0.36 𝑅𝐼𝑁𝑇 − 0.25 𝑅𝐸𝑅
 

 

This expression shows that the first component loads positively on government size, tax revenues, deposits, non-

governmental debt, and the real interest rate, while it loads negatively on the currency-to-money ratio, the money-

to-liquidity ratio, and the real exchange rate. Therefore, increases in the former group of variables are associated 

with higher financial stress, whereas increases in the latter group reduce the composite score, all else equal. 

The relative importance of the sub-indicators in the composite financial stress index is summarized in Table 4. 

Government size has the largest relative weight, followed by total tax revenues and the currency-to-money ratio. 

By contrast, the real exchange rate carries the smallest weight in the final composite indicator. 

Table 4. Relative Importance of Variables in the Composite Financial Stress Index 

Variable Relative Importance (%) 

Government size 25.74 

Total government tax revenues 23.02 

Currency-to-money ratio 14.33 

Ratio of short-term to long-term deposits 12.71 

Money-to-liquidity ratio 6.62 

Deposit ratio 6.04 

Non-governmental debt ratio 4.62 

Real interest rate 4.32 

Real exchange rate 2.61 

Total 100.00 
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Table 4 confirms that the government sector contributes most strongly to the overall financial stress indicator. In 

substantive terms, this means that fiscal developments were the dominant source of common financial stress 

variation over the study period. After the composite FSI was generated through PCA, it was introduced as the 

transition variable in the PSTR model. 

The next stage involved estimating oil price shocks. For this purpose, the EGARCH model proposed by Nelson 

(1991) was used because, unlike standard ARCH and GARCH models, it allows for asymmetric responses of 

volatility to positive and negative shocks. This is especially important in oil markets, where good and bad news 

often have uneven effects on uncertainty (Verbeek, 2005). The variance specification is: 

ln⁡ 𝜎𝑡
2 = 𝛼0 + 𝛼1

∣ 𝑢𝑡−1 ∣

√𝜎𝑡−1
2

+ 𝛽ln⁡ 𝜎𝑡−1
2 + 𝛾

𝑢𝑡−1

√𝜎𝑡−1
2

 

 

with 

𝛼0 = 𝜔 − 𝛼√
2

𝜋
, 𝛼1 = 𝛼 

 

If 𝛾 = 0, volatility responds symmetrically to positive and negative shocks. Otherwise, the response is 

asymmetric. The effect of positive shocks is 𝛼 + 𝛾, whereas the effect of negative shocks is 𝛼 − 𝛾. 

Table 5. EGARCH Estimates for Oil Price Shock 

Mean Equation Coefficient Std. Error Variance Equation (𝐥𝐧⁡𝝈𝒕
𝟐) Coefficient Std. Error 

𝒂𝟎 1.1819** (0.4208) 𝛼0 5.0827*** (0.3473) 

𝝆𝒕−𝟏 0.6435*** (0.0499) ln 𝜎𝑡−1
2  0.1645*** (0.3473) 

𝝆𝒕−𝟐 0.3944*** (0.0336) 𝑢𝑡−1

√𝜎𝑡−1
2

 2.1276*** (0.4938) 

𝝆𝒕−𝟑 — — |𝑢𝑡−1|

√𝜎𝑡−1
2

 
u_{t-1} 1.4403 (0.8498) 

 

The positive value of the asymmetry parameter 𝛾 = 2.1276indicates that positive oil price shocks increase 

volatility more strongly than negative shocks of the same magnitude. Using the EGARCH decomposition, the 

estimated effect of a positive shock is 1.4403 + 2.1276 = 3.5679, whereas the effect of a negative shock is 1.4403 −

2.1276 = −0.6873. This confirms the existence of asymmetric oil-market volatility, with positive oil shocks 

generating substantially more uncertainty. This result is economically intuitive because positive oil price shocks 

are usually associated with concerns about supply disruption, thereby heightening uncertainty in global energy 

markets. 

To measure stock return volatility for pharmaceutical firms, the return series was first modeled through an 

ARMA process following the Box-Jenkins methodology. The ARCH-LM test was then applied to verify the presence 

of conditional heteroskedasticity. Since the null of homoskedasticity was rejected, an EGARCH model was 

estimated to obtain the conditional variance series used later as the dependent variable in the PSTR model. 

Table 6. Stock Return Mean and Volatility Estimation 

Panel A. ARMA Model for Stock Returns 

Variable Coefficient Std. Error z-Statistic p 

AR(1) 1.014930 0.011936 85.03441 0.0000 

MA(1) -0.275550 0.037883 -7.273665 0.0000 
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Panel B. ARCH-LM Test 

Test Statistic Value p 

F-statistic 𝐹(1,80) 2.214044 0.0364 

Obs*R-squared 𝜒2(1) 2.218810 0.0363 

Panel C. EGARCH Model for Stock Return Volatility 

Variable Coefficient Std. Error z-Statistic p 

AR(1) 1.014930 0.011936 85.03441 0.0000 

MA(1) -0.275550 0.037883 -7.273665 0.0000 

Variance Equation 

    

𝑪(𝟑) -1.460988 0.302531 -4.829211 0.0000 

𝑪(𝟒) -0.557479 0.164041 -3.398404 0.0007 

𝑪(𝟓) 0.118678 0.138461 0.857123 0.3914 

𝑪(𝟔) -0.842610 0.171831 -4.903725 0.0000 

 

The ARMA estimates in Panel A show that stock returns depend significantly on both their first autoregressive 

lag and the first moving-average term. Panel B confirms the presence of conditional heteroskedasticity, since both 

ARCH-LM statistics are significant at the 5% level. Consequently, the use of a volatility model is warranted. In 

Panel C, the variance equation coefficients 𝐶(3), 𝐶(4), and 𝐶(6)are statistically significant, while the asymmetry 

term 𝐶(5)is not significant. Hence, stock return volatility in the pharmaceutical sector displays conditional 

heteroskedasticity and volatility persistence, but the asymmetric reaction of stock return volatility to shocks is not 

statistically strong in this particular series. 

Before estimating the main nonlinear panel model, the stationarity properties of the variables and the existence 

of a long-run equilibrium relationship were examined. The Levin-Lin-Chu (LLC) panel unit root test was used for 

stationarity, and the Kao panel cointegration test was used to assess long-run association. 

Table 7. Panel Unit Root and Cointegration Tests 

Panel A. LLC Unit Root Test 

Variable LLC W-statistic p Order of Integration 

COVID -7.72984 0.0000 𝐼(0) 

FSI -4.26833 0.0000 𝐼(0) 

INF -5.65204 0.0000 𝐼(0) 

OIL -5.26395 0.0000 𝐼(0) 

R -7.94566 0.0000 𝐼(0) 

Panel B. Kao Panel Cointegration Test 

Test Statistic p 

ADF -2.073416 0.0000 

 

Table 7 shows that all variables are stationary at level. This finding eliminates the concern of spurious regression 

arising from nonstationary series. At the same time, the Kao ADF statistic is significant, indicating the existence of 

a stable long-run relationship among the variables included in the model. 

The next step involved determining the appropriate model structure. First, the F-Limer test was used to 

determine whether pooled estimation or panel estimation was more appropriate. Second, the linearity of the model 

was examined using the BBC tests. Third, the remaining nonlinearity test was employed to determine whether one 

transition function was sufficient or whether additional transition functions were required. Following González et 

al. (2005) and Colletaz and Hurlin (2006), the results indicated that a single-transition PSTR specification was 

adequate. 



 Ehtemami et al. 

 12 

Table 8. Model Identification, Linearity, and Remaining Nonlinearity Tests 

Panel A. F-Limer Test for Model Selection 

Test Statistic Degrees of Freedom p Selected Model 

F-Limer 10.967198 (27, 304) 0.0015 Panel data 

Chi-square 37.690239 27 0.0043 Panel data 

Panel B. BBC Linearity Test 

Test F-Statistic p 

Wald 3.785 0.000 

Fisher 2.638 0.001 

LRT 2.957 0.012 

Panel C. Remaining Nonlinearity Test 

Hypothesis LR p LMf p LMw p 

𝑯𝟎: 𝒓 = 𝟏, 𝑯𝟏: 𝒓 = 𝟐for 𝑴 = 𝟏 1.432 0.654 1.471 0.630 1.352 0.743 

𝑯𝟎: 𝒓 = 𝟏, 𝑯𝟏: 𝒓 = 𝟐for 𝑴 = 𝟐 1.297 0.802 1.362 0.751 1.425 0.675 

 

Panel A of Table 8 rejects the pooled-data specification in favor of panel-data estimation. Panel B rejects the null 

hypothesis of linearity under all three tests, confirming that the relationship between financial stress, oil shocks, 

the COVID-19 crisis, inflation, and stock return volatility is nonlinear. Panel C shows that the null hypothesis of a 

single transition function cannot be rejected under either the one-threshold or two-threshold alternative. Combined 

with the model-selection criteria reported in the estimation procedure, this result supports a PSTR model with one 

transition function and one threshold. 

The final PSTR estimates are presented in Table 9. In this model, the transition variable is the financial stress 

index. The estimated threshold parameter is 𝑐 = 0.964102, and the slope parameter is 𝛾 = 6.675325, both of which 

are statistically significant. The estimated transition function is therefore: 

𝐺(𝐹𝑆𝐼𝑡; 𝛾, 𝑐) =
1

1 + exp⁡[−6.675325(𝐹𝑆𝐼𝑡 − 0.964102)]
 

 

This function implies a relatively sharp transition between the low-stress and high-stress regimes. When the 

financial stress index approaches and exceeds 0.964, the response of stock return volatility to the explanatory 

variables intensifies markedly. 
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Figure 3. Relationship Between the Transition Function and the Financial Stress Transition Variable  
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Figure 3 depicts the logistic relationship between the transition variable and the transition function. As the 

financial stress index moves away from the threshold and enters the high-stress region, the transition function 

approaches one, meaning that the nonlinear component of the PSTR model becomes dominant. This confirms that 

the effect of macro-financial shocks on stock return volatility is regime-dependent rather than constant across all 

levels of financial stress. 

Table 9. PSTR Estimates and Post-Estimation Diagnostic Tests 

Panel A. Estimated PSTR Model 

Variable Coefficient Std. Error t-Statistic p 

Linear Part of the Model 

    

Constant 0.329059 0.136048 2.418698 0.0234 

FSI 0.158886 0.075984 2.091051 0.0419 

COVID 0.212527 0.090308 2.353357 0.0356 

OIL 0.096233 0.026454 3.637702 0.0003 

INF 0.197885 0.085146 2.324058 0.0201 

Nonlinear Part of the Model 

    

Constant 0.016839 0.006021 2.796881 0.0049 

FSI 0.996017 0.222131 4.483915 0.0000 

COVID 0.582868 0.239013 2.438640 0.0149 

OIL 0.120704 0.060604 1.991677 0.0487 

INF 0.496421 0.175702 2.825358 0.0069 

Threshold parameter 𝒄 0.964102 0.158623 6.077495 0.0000 

Slope parameter 𝜸 6.675325 2.934622 2.274678 0.0284 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅2 = 0.88 

Panel B. Residual Diagnostics 

Test Statistic p Additional Statistic 

Autocorrelation test 𝐹 = 1.235 0.690 Durbin-Watson = 2.036 

Breusch-Pagan-Godfrey heteroskedasticity test 𝐹 = 1.298 0.556 LM = 1.327 

Panel C. Parameter Constancy Across Regimes 

Null Hypothesis F-Statistic p 

𝒃𝟏 = 𝒃𝟐 = 𝒃𝟑 = 𝒃𝟒 = 𝟎 0.745 0.754 

𝒃𝟏 = 𝒃𝟐 = 𝒃𝟑 = 𝟎 0.798 0.712 

𝒃𝟏 = 𝒃𝟐 = 𝟎 0.821 0.695 

𝒃𝟏 = 𝟎 0.836 0.674 

 

The linear component of the PSTR model shows that financial stress, the COVID-19 crisis, oil price shocks, and 

inflation all exert positive and statistically significant effects on stock return volatility in the pharmaceutical sector. 

However, the nonlinear component indicates that these effects become considerably stronger once the financial 

stress index crosses the estimated threshold. In the high-stress regime, the approximate total coefficients become 

1.154903for FSI, 0.795395for COVID, 0.216937for OIL, and 0.694306for INF, obtained by adding the linear and 

nonlinear coefficients. This means that stock return volatility reacts much more sharply to macro-financial 

disturbances under conditions of elevated financial stress. 

Panel B of Table 9 indicates that the residuals do not suffer from autocorrelation or heteroskedasticity, confirming 

that the estimated model satisfies key classical diagnostic requirements. Panel C further shows that the smooth-

transition parameters remain stable across regimes, which supports the adequacy and robustness of the estimated 

nonlinear specification. 
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Overall, the findings demonstrate that stock return volatility in listed pharmaceutical firms is not only influenced 

by oil price shocks, the COVID-19 crisis, inflation, and domestic financial stress, but that the magnitude of these 

effects changes nonlinearly across financial stress regimes. The estimated threshold of 0.964 for the financial stress 

index marks the point at which the behavior of stock return volatility shifts from a relatively moderate regime to a 

substantially more sensitive high-stress regime. 

4. Discussion and Conclusion 

The findings of the present study provide strong evidence that stock return volatility in pharmaceutical 

companies listed on the Tehran Stock Exchange is shaped by a combination of domestic financial stress, the COVID-

19 crisis, oil price shocks, and inflation, and that these effects are fundamentally nonlinear. The estimated Panel 

Smooth Transition Regression model showed that all core explanatory variables exerted positive and statistically 

significant effects on stock return volatility in the linear regime, while the nonlinear regime amplified these effects 

substantially once the financial stress index crossed the estimated threshold. More specifically, financial stress had 

a positive and significant effect on return volatility in both the linear and nonlinear parts of the model, and its 

coefficient increased sharply in the high-stress regime. COVID-19 also had a significant positive effect on stock 

return volatility, indicating that the pandemic period heightened uncertainty in the market for pharmaceutical 

firms. Oil price shocks were similarly found to increase volatility, and inflation also exerted a significant positive 

effect. The estimated threshold parameter and slope coefficient confirmed that the transition from the low-stress 

regime to the high-stress regime was meaningful and relatively sharp, suggesting that stock return volatility 

becomes much more sensitive to macro-financial shocks when domestic financial conditions deteriorate. In 

addition, the diagnostic tests supported the adequacy of the estimated model, as the variables were stationary, 

cointegrated, free from residual autocorrelation and heteroskedasticity, and the nonlinear specification with one 

transition function was shown to be appropriate. 

The first major result of the study concerns the direct and nonlinear effect of financial stress on stock return 

volatility. The positive coefficient of the financial stress index in both regimes indicates that rising stress in the 

domestic financial environment increases the instability of pharmaceutical stock returns. More importantly, the 

much larger coefficient in the nonlinear regime suggests that the effect of financial stress is not constant; rather, 

once financial stress surpasses a critical threshold, investor reactions intensify and the market becomes substantially 

more fragile. This finding is consistent with studies showing that stock performance in the Tehran Stock Exchange 

is highly sensitive to crisis conditions, external shocks, and macro-financial instability [1, 3]. It also aligns with the 

study of uncertainty related to COVID-19 and pharmaceutical stock performance, which showed that uncertainty 

indicators can meaningfully shape the valuation and fluctuation of pharmaceutical firms in Iran [2]. The present 

result adds to this literature by showing that financial stress is not only an explanatory condition but also a 

transition mechanism that changes the intensity of the effects of other shocks. This interpretation is also compatible 

with broader research emphasizing the importance of structural conditions, institutional arrangements, and 

systemic complexity in shaping economic outcomes [9, 10]. In this sense, the Iranian pharmaceutical stock market 

appears to behave as a regime-dependent system in which the same shock may have a modest effect under stable 

conditions but a much stronger effect under financial strain. 

The second important finding relates to the role of the COVID-19 crisis. The positive and significant coefficient 

for the pandemic dummy variable indicates that the COVID-19 period increased stock return volatility in 

pharmaceutical companies. At first glance, one might expect pharmaceutical firms to benefit from a health crisis 
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because of increased demand for medical products and strategic attention from policymakers and investors. 

However, the results suggest that in the Iranian market the uncertainty, disruptions, and speculative pressures 

associated with the pandemic outweighed any stabilizing demand-side effects. This result is fully consistent with 

earlier research showing that the COVID-19 crisis produced marked changes in stock return indices and market 

performance in Iran and elsewhere [3, 5, 6]. It also corresponds with evidence that listed-company managers altered 

their financial decisions during the COVID era, reflecting heightened uncertainty and changing operational 

constraints [4]. The consistency of the present result with prior findings implies that even firms located in a health-

related sector were not insulated from the destabilizing financial effects of the pandemic. Rather, the 

pharmaceutical sector appears to have been exposed to multiple uncertainty channels simultaneously, including 

supply disruptions, exchange-rate pressures, regulatory unpredictability, and abrupt shifts in investor expectations 

[1, 2]. 

A particularly important contribution of the present study is that it shows the effect of COVID-19 was even 

stronger under high financial stress. The nonlinear coefficient of the COVID variable demonstrates that the 

pandemic did not affect stock return volatility in a uniform way across all conditions. Instead, when the economy 

entered a higher-stress regime, the volatility-enhancing effect of COVID-19 became stronger. This finding has a 

strong theoretical basis because crises tend to interact rather than operate independently. A health crisis imposed 

on a financially stressed economy can deepen information asymmetry, reduce investor confidence, worsen liquidity 

conditions, and magnify emotional trading. Such an interaction helps explain why the response of pharmaceutical 

stock returns was not merely additive but state-dependent. This interpretation is in line with evidence from stock-

market crisis studies showing that the market response to COVID-19 varied across countries and sectors depending 

on institutional and structural conditions [5, 6]. It also resonates with wider research demonstrating that economic 

systems respond differently to shocks depending on governance quality, structural transformation, and the 

prevailing state of the economy [9, 10]. Thus, the present study extends the COVID-finance literature by showing 

that the volatility effect of the pandemic in pharmaceutical stocks is conditioned by domestic financial stress. 

The third major result concerns the positive and significant impact of oil price shocks on stock return volatility. 

This finding is economically plausible in the context of Iran because oil-price movements affect not only energy 

markets but also fiscal expectations, liquidity conditions, exchange rates, inflation, and the broader macroeconomic 

environment. Pharmaceutical firms, although not producers of oil, are still affected by oil-price fluctuations through 

production costs, imported intermediate inputs, transportation expenses, and shifts in government fiscal capacity. 

The present finding is consistent with studies reporting that oil price fluctuations significantly affect stock returns, 

exchange rates, and corporate investment behavior [7, 8]. It also aligns with modeling efforts emphasizing the 

importance of oil price shocks in explaining stock price dynamics on the Tehran Stock Exchange [1]. The additional 

EGARCH results in the present study further showed that positive oil price shocks generate greater volatility than 

negative shocks, confirming the existence of asymmetry in oil-market uncertainty. This asymmetry is consistent 

with the argument that positive oil-price shocks are often associated with supply concerns and heightened 

uncertainty, whereas negative shocks are less capable of fully reversing prior volatility effects [7, 8]. Consequently, 

the oil channel appears to be one of the key transmission mechanisms through which macroeconomic instability 

spills over into pharmaceutical stock volatility. 

The nonlinear part of the model also indicates that oil shocks become more influential when financial stress rises 

above the threshold. This is a meaningful result because it suggests that oil-price volatility is not equally disruptive 

in all macro-financial environments. Under relatively stable financial conditions, firms and investors may absorb 
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oil-related uncertainty more effectively. Under stressed conditions, however, oil shocks can trigger stronger market 

reactions because they are interpreted as signals of worsening inflation, exchange-rate instability, fiscal imbalance, 

or broader uncertainty. This finding aligns with the broader literature on complex and nonlinear economic systems, 

which emphasizes that the impact of a given shock depends on the state of the system receiving it [13-15]. Although 

these studies focus mainly on energy transitions, economic complexity, and structural transformation, their central 

implication is relevant here: the consequences of energy-related changes are conditional upon broader institutional 

and macroeconomic settings. The present study transfers this logic to a financial-market setting and shows that 

pharmaceutical stock volatility responds to oil shocks in a state-contingent manner. 

Another important finding is the positive and significant effect of inflation on stock return volatility. Inflation is 

a particularly important macroeconomic variable in emerging and structurally imbalanced economies because it 

influences purchasing power, interest-rate expectations, production costs, financing conditions, and investor 

discount rates. In the pharmaceutical sector, inflation may be especially destabilizing due to cost pressures on 

imported inputs, uncertainty regarding regulated pricing, and tension between nominal revenue growth and real 

profitability. The result that inflation increases stock return volatility is consistent with the broader macro-financial 

logic of inflationary economies and also complements the findings of studies linking stock-market behavior in Iran 

to macroeconomic instability and exchange-rate-related uncertainty [1, 8]. The stronger inflation effect in the 

nonlinear regime further indicates that price instability becomes particularly damaging when combined with 

elevated financial stress. This suggests that inflation is not merely a background macroeconomic condition but a 

volatility amplifier under stressed regimes. 

The adequacy of the nonlinear specification constitutes another substantive result. The rejection of linearity by 

the BBC tests, together with the confirmation that one transition function is sufficient, indicates that the relationship 

among financial stress, COVID-19, oil shocks, inflation, and stock return volatility cannot be properly captured by 

a conventional linear panel model. This result is methodologically important because it supports the use of Panel 

Smooth Transition Regression as a more realistic framework for analyzing financial-market behavior in crisis-prone 

settings. The significance of the threshold parameter and slope parameter indicates that regime shifts are not 

arbitrary but are statistically meaningful features of the data-generating process. This conclusion is in harmony 

with studies in other areas of economics and sustainability that have emphasized sensitivity, nonlinear adjustment, 

and the importance of contextual thresholds in determining observed outcomes [12, 16, 17, 19]. Even though those 

studies examine green innovation, renewable-energy systems, and techno-economic optimization rather than stock 

volatility, they collectively support the broader proposition that complex systems rarely respond to external 

pressures in a strictly linear fashion. 

From a conceptual standpoint, the results can also be interpreted through the lens of systemic complexity. The 

literature on economic complexity, digital transformation, and structural capability suggests that outcomes emerge 

from the interaction of multiple subsystems rather than isolated variables [9, 11, 20]. In a similar way, the present 

findings show that stock return volatility in pharmaceutical firms is not simply the direct result of one isolated 

factor such as COVID-19 or oil prices. Instead, it reflects the interaction among global shocks, domestic financial 

conditions, inflationary pressures, and regime-switching behavior in investor responses. This means that volatility 

in the pharmaceutical stock market should be viewed as a systemic phenomenon arising from layered uncertainty 

rather than a narrow market anomaly. The finding that financial stress is the transition variable reinforces this 

systemic reading: when domestic financial conditions worsen, the system becomes more reactive, and all major 

shocks exert stronger effects. 
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Overall, the discussion of results suggests that the pharmaceutical sector in the Tehran Stock Exchange occupies 

a particularly sensitive position within the Iranian economy. It is simultaneously exposed to crisis-induced demand 

expectations, macroeconomic instability, imported-input dependence, and sector-specific policy dynamics. The 

study therefore contributes to the literature by integrating COVID-19, oil price shocks, inflation, and financial stress 

within a single nonlinear framework and by demonstrating that financial stress governs the transition between 

low-impact and high-impact regimes. This result is broadly compatible with previous studies on Iranian stock-

market behavior during crises [1-3, 5], with evidence on oil-related financial effects [7, 8], and with wider research 

on structural complexity, technological transformation, and conditional responses in economic systems [10, 13, 18, 

21]. In this respect, the results are both empirically grounded and theoretically coherent. 

One limitation of the present study is that it focuses only on pharmaceutical companies listed on the Tehran 

Stock Exchange, which may limit the generalizability of the findings to other industries with different cost 

structures, regulatory environments, and exposure to macroeconomic shocks. Another limitation is that the 

COVID-19 crisis was represented through a dummy variable, which captures the timing of the pandemic but may 

not fully reflect the intensity, duration, or changing phases of pandemic-related uncertainty. In addition, although 

the financial stress index was carefully constructed from several macro-financial indicators, other potentially 

relevant dimensions of uncertainty, such as sanctions intensity, firm-level governance quality, and international 

trade restrictions, were not explicitly incorporated into the model. Finally, while the PSTR framework is well suited 

to capturing smooth nonlinear transitions, it may still abstract from abrupt structural breaks or multiple 

overlapping crises that characterize the Iranian economic environment. 

Future research can extend the present study in several directions. First, similar threshold-based models can be 

estimated for other strategic industries, such as petrochemicals, food, banking, and medical equipment, in order to 

compare whether financial stress operates in the same way across sectors. Second, future studies may replace the 

binary COVID measure with more refined indicators of pandemic uncertainty, health-system pressure, or epidemic 

intensity. Third, firm-level variables such as leverage, ownership structure, export orientation, research and 

development intensity, and dependence on imported inputs can be incorporated into nonlinear panel models to 

determine whether firm heterogeneity moderates the threshold effects identified here. Fourth, future research may 

compare alternative nonlinear frameworks, such as Markov-switching models, threshold VAR models, or quantile-

based panel approaches, to assess whether the results remain robust across methodologies. Finally, cross-country 

comparative studies involving similar pharmaceutical sectors in other emerging markets would help clarify 

whether the observed regime-dependent effects are specific to Iran or reflect a broader emerging-market pattern. 

From a practical perspective, the results imply that policymakers, investors, and corporate managers should not 

evaluate the risks facing pharmaceutical stocks on the basis of average effects alone. The evidence suggests that 

once financial stress rises beyond a critical level, the stock market becomes much more sensitive to oil shocks, 

inflation, and crisis conditions. Therefore, regulators should monitor domestic financial stress as an early-warning 

indicator and adopt stabilizing measures before the market enters a high-sensitivity regime. Investors may use 

threshold-based risk assessment to improve portfolio management and avoid underestimating volatility in periods 

of macro-financial tension. Managers in pharmaceutical firms should also strengthen financial resilience, improve 

hedging against macroeconomic shocks, and enhance scenario planning during periods of rising financial stress. 

More broadly, efforts to reduce inflationary instability, improve financial-system confidence, and support stable 

access to production inputs may help contain excess volatility and improve the resilience of pharmaceutical firms 

in the capital market. 
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