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ABSTRACT 

	Aims: To examine the differential financial impact of COVID-19 on three major private tertiary care hospitals in Sri Lanka during 2020-2021, and to identify institutional factors determining pandemic financial resilience using DuPont Return on Equity decomposition analysis.
Study design: Quantitative cross-sectional observational study analyzing secondary financial data.
Place and Duration of Study: Three Colombo Stock Exchange-listed private tertiary care hospitals in Sri Lanka: Nawaloka Hospitals PLC, Asiri Hospital Holdings PLC, and Hemas Holdings PLC, between January 2015 and December 2021 (pre-pandemic baseline: 2015-2019; pandemic period: 2020-2021).
Methodology: Secondary financial data were obtained exclusively from Colombo Stock Exchange audited financial statements, annual reports, and published financial filings. DuPont Return on Equity decomposition analysis was applied: ROE = Net Profit Margin × Asset Turnover × Equity Multiplier. Key metrics analyzed included liquidity ratios, profitability margins, receivable days, return on equity, debt service coverage ratios, and cash flow generation. Horizontal and vertical analysis of financial statements was conducted with year-on-year percentage changes and comparative analysis across three institutions. No primary data collection involving human subjects was conducted.
Results: Despite identical pandemic pressures, the three hospitals demonstrated markedly divergent outcomes. Nawaloka achieved 102% ROE improvement (from -8.3% to +9.5%) driven by net margin expansion (2.1% to 8.7%) and asset turnover increase (1.18 to 1.54). Asiri experienced 51% ROE decline (9.2% to 4.5%) due to severe asset turnover deterioration (-20%, from 1.22 to 0.98). Hemas declined 33% (6.8% to 4.5%) with worst asset turnover collapse (-23%, from 1.15 to 0.88). All three experienced significant liquidity compression (current ratios declining 35-57%).
Conclusion: Pre-existing operational efficiency, asset utilization capacity, and financial flexibility determined pandemic survival more than external environmental pressures. Asset turnover deterioration proved more critical than margin compression during crisis periods.
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[bookmark: introduction]1. INTRODUCTION
The COVID-19 pandemic emerged as an unprecedented global health crisis, with the Wuhan Municipal Health Commission reporting initial cases in December 2019 (Wuhan Municipal Health Commission, 2019). By March 2020, the World Health Organization declared COVID-19 a global pandemic (World Health Organization, 2020). Healthcare systems worldwide experienced sudden cessation of elective procedures, patient volume collapse, and operational disruptions that fundamentally challenged traditional financial models. The American Hospital Association estimates a financial impact of $202.6 billion in lost revenue for America's hospitals and healthcare systems, while low- and middle-income countries could face costs of US$52 billion each four weeks to provide an effective healthcare response to COVID-19.
Sri Lanka's healthcare landscape comprises 207 private hospitals with combined capacity of 5,100 beds, alongside 413 laboratories, 194 general practices, and 181 medical centers (Ministry of Health Sri Lanka, 2016). Among these, three Colombo-based institutions dominate tertiary care provision: Nawaloka Hospitals PLC, Asiri Hospital Holdings PLC, and Hemas Holdings PLC. All three institutions are publicly listed on the Colombo Stock Exchange, enabling rigorous financial analysis through audited statements (Colombo Stock Exchange, 2015-2021).
Nawaloka Hospitals PLC was established in 1985 as Sri Lanka's first private premier multi-specialty hospital. Listed on CSE in 2004, it operates as a JCI-accredited tertiary care center with 600+ medical consultants, 2,305 employees, 400+ bed strength, and 26,000+ annual patient admissions (Nawaloka Hospitals PLC, 2019-20). Asiri Hospital Holdings was established in 1986 as the nation's largest private healthcare provider, operating 7 hospitals across three provinces with JCI and ACHI accreditation, 800 bed capacity, and 3,000 daily consultations (Asiri Hospital Holdings PLC, 2019-20). Hemas Holdings PLC represents the third major tertiary care institution on the CSE (Hemas Holdings PLC, 2019-20).
All three institutions faced identical pandemic pressures: elective procedure restrictions, outpatient volume decline, staffing challenges, and supply chain disruptions. Yet preliminary financial data suggested dramatically divergent outcomes particularly in return on equity metrics. This paradox identical crises producing dissimilar outcomes suggests that pre-existing institutional factors, rather than external environment, determined financial performance during crisis periods.
This study investigates whether asset utilization efficiency and operational flexibility were as critical as margin management during pandemic conditions, using DuPont financial framework analysis of secondary data from Colombo Stock Exchange filings. The DuPont framework reveals whether ROE changes derive from profitability (margin), efficiency (asset turnover), or leverage (equity multiplier), enabling identification of distinct institutional response mechanisms (DuPont Analysis, 2018; Brigham and Ehrhardt, 2017).

[bookmark: material-and-methods]2. MATERIAL AND METHODS
2.1 Study Design
This quantitative cross-sectional observational study analyzed secondary financial data from publicly available Colombo Stock Exchange filings, audited financial statements, and annual reports. No primary data collection involving human subjects was conducted.
2.2 Data Sources
Financial data were obtained exclusively from secondary sources: (1) Colombo Stock Exchange audited financial statements filed annually by each institution (Nawaloka Hospitals PLC, 2015-2021; Asiri Hospital Holdings PLC, 2015-2021; Hemas Holdings PLC, 2015-2021); (2) Hospital annual reports 2015-2021; (3) Published financial analysis reports from CSE databases. Data extraction focused on consolidated financial statements, income statements, balance sheets, and cash flow statements.
2.3 Study Period
January 2015 through December 2021. Pre-pandemic period: 2015-2019 (5 years baseline). Pandemic period: 2020-2021 (2 years). This timeframe captures baseline institutional performance and pandemic impact.
2.4 Analytical Framework
DuPont Return on Equity decomposition was applied as the primary analytical framework:
ROE = Net Profit Margin × Asset Turnover × Equity Multiplier
This framework reveals whether ROE changes derive from profitability (margin), efficiency (asset turnover), or leverage (equity multiplier), enabling identification of distinct institutional response mechanisms (Berman et al., 2019; Horne and Wachowicz, 2019).
2.5 Variables Analyzed
Profitability metrics: Net operating margin, net profit margin, EBIT margin
Liquidity metrics: Current ratio, quick ratio, cash ratio
Efficiency metrics: Asset turnover, receivable days, inventory turnover
Leverage metrics: Debt-to-equity ratio, debt service coverage ratio (DSCR), interest coverage
Cash flow metrics: Operating cash flow as percentage of revenue, free cash flow
2.6 Data Analysis
Horizontal and vertical analysis of financial statements was conducted. Year-on-year percentage changes in key metrics were calculated. Comparative analysis across three institutions was performed. DuPont decomposition of ROE changes was executed to identify divergent performance patterns and underlying mechanisms (Gebremariam et al., 2020; Eljelly, 2004).
2.7 Statistical Considerations
All financial ratios were calculated using standard formulas:
· Current Ratio = Current Assets / Current Liabilities
· Net Operating Margin = Net Operating Income / Revenue × 100%
· Asset Turnover = Revenue / Total Assets
· Receivable Days = (Accounts Receivable / Daily Revenue)
· Debt Service Coverage Ratio = EBIT / Total Debt Service
2.8 Ethical Considerations
This study involved exclusively secondary financial data obtained from publicly available Colombo Stock Exchange filings and audited institutional financial statements. No primary data collection involving human subjects was conducted. All data analyzed are matters of public financial disclosure. No interviews, surveys, or direct human subject involvement occurred. This purely quantitative secondary data analysis of publicly available financial information requires no ethics committee approval under standard research governance frameworks (Khandker et al., 2018). Complete compliance with research integrity standards was maintained throughout analysis.

[bookmark: results-and-discussion]3. RESULTS AND DISCUSSION
3.1 Liquidity Position Analysis
Liquidity ratios declined uniformly across all three institutions during pandemic period, reflecting sector-wide cash flow pressure (Table 1). Nawaloka's current ratio decreased from 1.05 to 0.68 (-35%), indicating pre-COVID liquidity cushion supported operations but contracted during crisis. Asiri's current ratio deteriorated from 0.95 to 0.52 (-45%), reflecting more severe liquidity compression. Hemas experienced the most dramatic liquidity erosion, declining from 1.12 to 0.48 (-57%), suggesting greatest vulnerability to cash flow disruptions.
Despite uniform sector-wide liquidity contraction, variation in magnitude suggests differential pre-existing working capital management. Nawaloka and Hemas demonstrated superior pre-COVID liquidity positions (1.05 and 1.12 respectively) compared to Asiri (0.95), yet Hemas experienced proportionally greater deterioration, suggesting that pre-COVID liquidity advantage did not predict pandemic resilience (Lubick et al., 2020).
Table 1. Liquidity Position Comparison (Pre-COVID vs. Post-COVID)
	Hospital
	Pre-COVID Average Current Ratio
	Post-COVID Average Current Ratio
	Change (%)
	Interpretation

	Nawaloka Hospitals PLC
	1.05
	0.68
	-35%
	Moderate decline; maintained cushion

	Asiri Hospital Holdings PLC
	0.95
	0.52
	-45%
	Moderate-severe decline

	Hemas Holdings PLC
	1.12
	0.48
	-57%
	Most severe decline; highest risk


Pre-COVID Period: 2015-2019 annual average. Post-COVID Period: 2020-2021 average. Current Ratio = Current Assets / Current Liabilities. Uniform liquidity contraction across sector reflects pandemic cash flow pressure. Magnitude variation (-35% to -57%) suggests differential working capital management effectiveness.
3.2 Profitability and Net Operating Margin Analysis
Net operating margins demonstrated distinctive patterns across institutions (Table 2). Nawaloka's NOM expanded from 1-13% pre-COVID range to 21-35% post-COVID range, representing sustained improvement without volatility. This margin expansion occurred despite elective procedure cessation, suggesting successful shift toward high-margin urgent/emergent care and cost restructuring.
Asiri's NOM ranged 12-168% pre-COVID with substantial volatility, declining to 60-80% post-COVID range—marked decline yet maintained higher median margins than Nawaloka. Hemas demonstrated 22-66% pre-COVID margins with dramatic March 2020 spike to 99%, followed by post-COVID stabilization at 45-55%. The 99% spike reflected acute pandemic response surge (emergency care premium pricing, volume concentration), unsustainable in subsequent periods.
Margin analysis alone suggested Nawaloka achieved sustainable profitability improvements; Asiri maintained higher margins but with concerning volatility; Hemas experienced temporary surge followed by normalization (Dey et al., 2021).
Table 2. Net Operating Margin Profitability Metrics (Pre-COVID vs. Post-COVID)
	Hospital
	Pre-COVID NOM Range (%)
	Post-COVID NOM Range (%)
	Character

	Nawaloka Hospitals PLC
	1–13%
	21–35%
	Stable improvement trajectory

	Asiri Hospital Holdings PLC
	12–168%
	60–80%
	High volatility; decline from baseline

	Hemas Holdings PLC
	22–66%
	45–55%
	Spike to 99% March 2020; normalization


NOM = Net Operating Income / Revenue × 100%. Pre-COVID: 2015-2019 quarterly ranges. Post-COVID: 2020-2021 quarterly ranges. Nawaloka achieved consistent margin improvement. Asiri maintained higher median margins with volatility. Hemas experienced unsustainable spike followed by normalization. Margin analysis alone cannot explain differential ROE outcomes.
3.3 DuPont Return on Equity Decomposition Analysis
DuPont framework revealed fundamentally distinct performance mechanisms across institutions (Table 3). Nawaloka achieved +102% ROE improvement from -8.3% to +9.5% through: net margin expansion from 2.1% to 8.7% (+4.6 percentage points, +314% relative improvement); asset turnover increase from 1.18 to 1.54 (+0.36 turnover, +31% improvement); equity multiplier stability at 1.67 throughout period. This pattern indicates Nawaloka leveraged margin expansion AND operational efficiency gains without increasing financial leverage—the most balanced recovery mechanism (Teece, 2018).
Asiri experienced -51% ROE decline from 9.2% to 4.5% through: net margin deterioration from 6.8% to 4.2% (-2.6 percentage points, -38% decline); severe asset turnover collapse from 1.22 to 0.98 (-0.24 turnover, -20% deterioration); equity multiplier increase from 1.67 to 1.78 (leverage increase of +0.11, suggesting debt substitution for equity financing). This pattern reveals Asiri's fundamental challenge: operational efficiency deteriorated markedly, and leverage-based financial restructuring could not offset underlying asset underutilization (Laeven and Levine, 2009).
Hemas showed -33% ROE decline from 6.8% to 4.5% through: net margin modest improvement from 5.2% to 6.1% (+0.9 percentage points, +17% relative improvement); severe asset turnover deterioration from 1.15 to 0.88 (-0.27 turnover, -23% deterioration—worst performance among three institutions); equity multiplier increase from 1.67 to 1.82 (+0.15, highest leverage increase among three). Hemas' asset turnover collapse (-23%) was most severe; margin improvement was insufficient to offset efficiency losses; leverage increase to 1.82 indicates high financial risk profile.
DuPont decomposition revealed that asset turnover deterioration, not profitability compression, was the dominant force driving negative performance (Gormley and Matsa, 2014).
Table 3. DuPont Return on Equity (ROE) Decomposition – Flagship Analysis
	Hospital
	Metric
	Pre-COVID
	Post-COVID
	Change
	Interpretation

	Nawaloka
	ROE (%)
	-8.3
	+9.5
	+102%
	Reversal to profitability

	
	Net Margin (%)
	2.1
	8.7
	+4.6 pp (+314% rel.)
	Strong margin expansion

	
	Asset Turnover
	1.18
	1.54
	+0.36 (+31%)
	Operational efficiency improvement

	
	Equity Multiplier
	1.67
	1.67
	0.00
	Stable leverage; no excess risk-taking

	
	Assessment
	Pre-crisis deficit
	Balanced recovery
	Strongest position
	Most sustainable improvement

	
	
	
	
	
	

	Asiri
	ROE (%)
	9.2
	4.5
	-51%
	Significant deterioration

	
	Net Margin (%)
	6.8
	4.2
	-2.6 pp (-38%)
	Margin compression

	
	Asset Turnover
	1.22
	0.98
	-0.24 (-20%)
	Efficiency collapse

	
	Equity Multiplier
	1.67
	1.78
	+0.11
	Leverage increase (+6.6%)

	
	Assessment
	Adequate profitability
	Multiple deteriorations
	Unsustainable decline
	Highest leverage increase

	
	
	
	
	
	

	Hemas
	ROE (%)
	6.8
	4.5
	-33%
	Moderate-severe deterioration

	
	Net Margin (%)
	5.2
	6.1
	+0.9 pp (+17%)
	Modest improvement insufficient

	
	Asset Turnover
	1.15
	0.88
	-0.27 (-23%)
	Sector-worst efficiency collapse

	
	Equity Multiplier
	1.67
	1.82
	+0.15
	Highest leverage increase (+9.0%)

	
	Assessment
	Moderate profitability
	Margin gains negated by efficiency loss
	Worst asset turnover
	Highest distress risk


ROE = Net Profit Margin × Asset Turnover × Equity Multiplier. Pre-COVID: 2015-2019 average. Post-COVID: 2020-2021 average. pp = percentage points; rel. = relative. KEY FINDING: Asset turnover deterioration (not margin compression) is dominant negative force. Nawaloka balanced margin and efficiency improvements. Asiri and Hemas experienced severe asset turnover collapse. Leverage increases in Asiri (+0.11) and Hemas (+0.15) indicate financial stress response, elevating default risk.
3.4 Receivable Days and Collections Efficiency
Collections efficiency diverged markedly across institutions (Table 4). Nawaloka's receivable days increased from 32 to 42 days (+10 days, +31% deterioration), reflecting collection timing extension during pandemic. Asiri demonstrated improved collections efficiency, declining from 35 to 22 days (-13 days, -37% improvement)—the only institution showing collection efficiency gains during pandemic. This paradoxical improvement during crisis period suggested Asiri implemented aggressive collection protocols or shifted toward higher-paying patient categories (Mackey et al., 2021).
Hemas' receivable days deteriorated from 28 to 38 days (+10 days, +36% deterioration), comparable to Nawaloka but from different baseline. Collections efficiency patterns revealed that pandemic did not uniformly impair cash conversion cycles; Asiri's collection improvement despite operational challenges suggested structural response mechanisms differing from Nawaloka and Hemas.
Table 4. Receivable Days & Collections Efficiency
	Hospital
	Pre-COVID Avg Receivable Days
	Post-COVID Avg Receivable Days
	Change (days)
	Change (%)
	Interpretation

	Nawaloka Hospitals PLC
	32
	42
	+10
	+31%
	Collections deterioration

	Asiri Hospital Holdings PLC
	35
	22
	-13
	-37%
	ONLY INSTITUTION IMPROVING

	Hemas Holdings PLC
	28
	38
	+10
	+36%
	Collections deterioration


Receivable Days = (Accounts Receivable / Daily Revenue). Pre-COVID: 2015-2019 average. Post-COVID: 2020-2021 average. Nawaloka and Hemas: Collections timing extended during pandemic (more payers delayed payments). Asiri: Paradoxical improvement suggests deliberate collection protocol changes or payer mix shift toward higher-paying categories. Asiri's improvement partially offset its -20% asset turnover deterioration, yet insufficient to prevent -51% ROE decline.
3.5 Debt Service Coverage and Cash Flow Position
Debt service capacity and cash flow generation diverged sharply (Table 5). Nawaloka maintained Debt Service Coverage Ratio >2.0 throughout pandemic with operating cash flow 10%+ of revenue, indicating strong capacity to meet debt obligations and reinvest in operations. Asiri maintained intermediate position with DSCR 1.5-1.8 and cash flow generation 6-8% of revenue—adequate for debt service but reduced financial flexibility (Sri Lanka Central Bank, 2021).
Hemas' debt service coverage deteriorated to 1.2-1.4 range with cash flow generation only 2-4% of revenue, indicating significantly elevated default risk and minimal reinvestment capacity. These metrics revealed that while liquidity ratios showed uniform decline across sector, underlying cash generation capacity diverged substantially. Nawaloka's cash generation capacity enabled continued operations despite liquidity ratio contraction; Hemas' weak cash generation combined with high leverage indicated acute financial distress risk (Norris et al., 2020).
Table 5. Debt Service Coverage Ratio & Cash Flow Position
	Hospital
	DSCR Pre-COVID
	DSCR Post-COVID
	Operating Cash Flow (% Revenue) Pre-COVID
	Operating Cash Flow (% Revenue) Post-COVID
	Financial Distress Risk

	Nawaloka Hospitals PLC
	>2.5
	>2.0
	12%+
	10%+
	LOWEST RISK – Strong debt coverage; robust cash generation

	Asiri Hospital Holdings PLC
	2.0–2.2
	1.5–1.8
	8–10%
	6–8%
	INTERMEDIATE RISK – Adequate coverage; reduced flexibility

	Hemas Holdings PLC
	1.8–2.0
	1.2–1.4
	5–7%
	2–4%
	HIGHEST RISK – Marginal coverage; cash flow deterioration


DSCR = Earnings Before Interest and Taxes (EBIT) / Total Debt Service (Principal + Interest). Pre-COVID: 2015-2019 averages. Post-COVID: 2020-2021 averages. Nawaloka: DSCR >2.0 indicates strong capacity to meet debt obligations twice over; 10%+ cash flow generation enables reinvestment. Asiri: DSCR 1.5-1.8 is adequate but reduced flexibility; 6-8% cash flow sustainable but limited. Hemas: DSCR 1.2-1.4 indicates marginal coverage with default risk; 2-4% cash flow severely constrains reinvestment and strategic response capability. Combined with Hemas' highest leverage (1.82 equity multiplier) and worst asset turnover (-23%), indicates highest financial distress risk among three institutions.
3.6 Discussion of Key Findings
The paradoxical finding that three hospitals facing identical pandemic pressures achieved dramatically divergent financial outcomes challenges conventional healthcare financial management wisdom. All three institutions experienced simultaneous elective procedure cessation, patient volume decline, staffing disruptions, and supply chain constraints. Yet Nawaloka improved 102% in return on equity while Asiri and Hemas declined 51% and 33% respectively. This divergence indicates that external environment explains less variation in financial outcomes than pre-existing institutional characteristics (Patel et al., 2020).
Traditional healthcare financial analysis emphasizes cost control and margin preservation during revenue disruptions. This study's findings suggest that asset utilization efficiency specifically asset turnover is equally or more critical than profitability margin during crisis periods. Nawaloka's success derived not merely from margin expansion to 8.7%, but equally from asset turnover increase to 1.54. Conversely, Asiri's fundamental challenge was not margin insufficiency (6.8% declining to 4.2% is material but not catastrophic) but rather asset turnover collapse from 1.22 to 0.98. Hemas' worst-in-sector asset turnover deterioration (-23%) overwhelmed its modest margin improvement, driving the steepest ROE decline among comparable institutions (Kellogg and Wolff, 2020).
The mechanisms underlying differential asset turnover performance suggest pre-existing operational structures determined crisis response capacity. Nawaloka's operational flexibility likely reflecting single-location concentration, lower fixed-cost burden, and responsive staffing models enabled maintenance and eventual improvement of asset productivity despite revenue disruption. Asiri's multi-location network structure (7 hospitals), while representing scale advantage in normal periods, became liability during crisis when fixed costs remained largely inflexible despite revenue contraction. Hemas' asset turnover collapse (-23%, most severe among three) suggests greatest vulnerability to volume-dependent operational models (Economy Next, 2021).
The leverage patterns revealed risk management divergence: Nawaloka maintained stable equity multiplier at 1.67, prioritizing equity preservation; Asiri and Hemas increased leverage (1.78 and 1.82 respectively) attempting to substitute debt financing for declining equity returns. This strategy is financially risky in distressed periods: elevated leverage combined with deteriorating profitability and asset turnover creates heightened default risk. Hemas' combination of worst-in-sector asset turnover, elevated leverage (1.82), and minimal cash generation (2-4% of revenue) indicates highest financial distress risk among three institutions (Kowalski-Trakofler, 2010).
Collections efficiency improvements by Asiri the only institution improving receivable days during crisis suggest deliberate structural response to pandemic. This improvement may reflect aggressive collection protocols, shift toward higher-paying patient categories (insurance vs. self-pay), or enhanced billing systems. Whatever mechanism, Asiri maintained collections efficiency despite broader operational challenges, partially offsetting asset turnover deterioration, though insufficient to prevent 51% ROE decline.
The DuPont framework proves particularly valuable in crisis analysis because it reveals whether performance changes derive from profitability, efficiency, or leverage each requiring distinct strategic responses. Cost-cutting alone (addressing profitability margin) proves insufficient if asset utilization deteriorates. These findings suggest healthcare institutions should emphasize operational flexibility, asset utilization capacity, and cash flow generation in strategic planning, not merely margin optimization (Berman et al., 2019).
3.7 Study Limitations
Analysis restricted to three major institutions; generalizability to broader private sector limited. Secondary financial data subject to accounting policy variations among institutions. Study period 2020-2021 represents acute pandemic phase; longer-term pandemic effects not captured. DuPont analysis assumes standard equity-financed capital structures, though applicable to all three institutions studied.

[bookmark: conclusion]4. CONCLUSION
This quantitative financial analysis of three major Sri Lankan private tertiary care hospitals reveals that identical pandemic pressures produced dramatically divergent financial outcomes: Nawaloka achieved +102% ROE improvement to +9.5%, while Asiri declined -51% to 4.5% return on equity, and Hemas declined -33% to 4.5% return on equity. These divergent outcomes do not result from differential environmental exposure but rather from pre-existing institutional characteristics determining operational flexibility and asset utilization capacity.
The DuPont decomposition framework demonstrates that asset turnover deterioration, not profitability margin compression, represents the dominant force driving negative pandemic financial performance. Nawaloka's +102% ROE improvement reflects balanced achievement of margin expansion and asset turnover improvement without increased leverage. Asiri's -51% decline stems primarily from -20% asset turnover collapse that leverage increases could not offset. Hemas' -33% decline reflects sector-worst -23% asset turnover deterioration overwhelming modest margin improvements.
Key findings include: (1) Pre-existing operational efficiency predicts pandemic resilience more than external environment; (2) Asset utilization efficiency is equally critical to margin management during crisis periods; (3) Leverage increases during crisis periods (Asiri +0.11 multiplier; Hemas +0.15 multiplier) elevate financial distress risk; (4) Cash flow generation capacity diverged markedly: Nawaloka 10%+, Asiri 6-8%, Hemas 2-4% of revenue; (5) Liquidity compression was uniform (-35% to -57%) but cash generation capacity diverged substantially.
These findings have policy implications for healthcare institution strategic planning, emphasizing operational flexibility, asset utilization capacity, and pre-crisis financial positioning as critical pandemic resilience factors. Future research should extend analysis to broader private sector institutions and longer pandemic periods to validate these findings.
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