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The economic burden of mortality due to the novel coronavirus (COVID-19) extends beyond the lives lost.
Data from the Ohio Department of Public Health and Social Security Administration was used to estimate
the years of potential life lost, 72,274 and economic value of those lost lives, US$17.39 billion. These
estimates may be used to assess the risk-trade off of COVID-19 mitigation strategies in Ohio.

First draft submitted: 6 November 2020; Accepted for publication: 14 December 2020; Published online:
17 February 2021

Keywords: coronavirus • COVID-19 • Ohio • value of statistical life • years of potential life lost

We have long recognized that the burden of a disease (i.e., the novel coronavirus [COVID-19]) extends beyond
the number of individuals infected or who die [1]. Thus, we need to understand the economic value of those
premature deaths as a society to fully inform policy decisions about different mitigating strategies [1,2]. It has been
estimated that mortality from COVID-19 has cut short approximately 2.5 million years of potential life in the
USA [3]. However, the economic value of these lost life years was not estimated in this prior study, nor were local
estimates of the years of potential life lost (YPLL) provided to aid state level policymakers, who have taken the lead
in responding to COVID-19 [4]. This present study seeks to build upon this prior work to estimate the economic
consequences of COVID-19 at the state level.

COVID-19 has contributed to 6,429 Ohioans deaths as of 30 November 2020 [5]. However, the full burden
caused by COVID-19 mortality is not captured solely by the lives lost. Each death represents some number of
YPLL had the individual not contracted COVID-19. Further, the statistical value of those lives lost (VSL) is not
captured in mortality data alone. The estimated YPLLs and associated economic value for Ohio were estimated
using data from the Ohio Department of Health and United States Social Security Administration [5,6]. The results
suggested Ohio suffered 72,274 YPLLs and an associated lost VSL of US$17.39 billion dollars (Table 1).

Materials & methods
Ohio COVID-19 mortality was downloaded on 30 November 2020 from Ohio Department of Public Health’s
(ODPH) website [5]. The data included all known cases of COVID-19 including hospitalizations and deaths by
county of residence, age range and sex of the individual. The data are updated daily and changes often occur to
past data based upon new information received by the ODPH. The age ranges were: 0–19, 20–29, 30–39, 40–49,
50–59, 60–69, 70–79 and 80+. The mid-point of the range was used to impute the age of death and the low- and
high-end of the range was used to inform the sensitivity analysis. For those 80+, the mid-point was assumed to be
87 and the high-end to be 95. There were three deaths of unknown age that were removed from the analysis of
YPLL and associated economic burden.

Actuarial life tables were downloaded from the Social Security Administration (SSA) to determine the remaining
years of expected life by age [6]. The life tables provided estimates of remaining life expectancy by age and gender.
The most recent life tables were published in 2017. The SSA used data published in the volumes of Vital Statistics
of the United States and tabulated by the National Center for Health Statistics [7].

The YPLLs were calculated by subtracting the expected life expectancy from the imputed age of death by
individual. The average value of a life year lost was US$247,676 and was obtained from previous published
literature accounting for age [8]. The value of a life year lost, referred to as value of statistical life year (VSLY), is
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Table 1. Years of potential life lost & value of statistical life.
YPLL VSL

Estimate

Low 56,495 US$13,596,971,366

Base case 72,274 US$17,394,532,987

High 94,065 US$22,639,178,313

The Base case is the best estimate of YPLL and associated value of statistical life years lost. The low and high represent the estimated range.
VSL: Value of statistical life; YPLL: Years of potential life lost.

Table 2. Sex and gender breakdown of deaths, years of productive life lost & value of statistical life.
Deaths YPLL VSL

Sex

– Female 3109 (48%) 33,230 (46%) US$7,997,547,956 (46%)

– Male 3302 (51%) 38,944 (54%) US$9,372,886,144 (54%)

– Unknown 18 (�1%) 100 (�1%) US$24,098,887 (�1%)

Age

– Less than 60 522 (8%) 16,179 (22%) US$3,893,834,428 (22%)

– 60 or older 5904 (92%) 56,089 (78%) US$13,499,280,978 (78%)

– Unknown 3 (�1%) NA NA

The three deaths with unknown age were not included in the estimates of YPLL or the value of statistical life years lost.
NA: Not applicable; VSL: Value of statistical life; YPLL: Years of potential life lost.

an estimate of the society’s willingness-to-pay for one year of life, and is used by state and federal policymakers to
quantify the burden of disease or policy [1]. The VSLY was multiplied by the YPLL to determine the economic
burden associated with the lost value of life (VSL) for each COVID-19 death. The YPLL and VSL results were
summed to generate aggregate results for the state, gender and age (less than 60 & 60+).

Results
The 6,429 deaths in Ohio resulted in an expected YPLL of 72,274 (range: 56,495–94,065). The corresponding
VSL was US$13.60 billion (range: US$10.39–US$17.98 billion) (Table 1). Based on the age of the COVID-19
deaths, the average loss of potential life years was 11.2 per person (range: 8.6–14.8 years). The breakdown by gender
was 26,327 and 30,192 YPLLs for females (2478 deaths) and males (2600 deaths), respectively. The economic
loss by gender was $6.34 (female) and 7.27 (male) billion (Table 2). Estimates by age indicated that 13,123 of the
56,518 YPLLs and US$3.16 billion VSL resulted from COVID-19 deaths under 60 (Figure 1). For those deaths
under the age of 60, the average loss of potential life years was 31.0-person years (range: 27.6–35.3). Whereas, the
YPLL in deaths aged 60 or greater was 9.4-person years (range: 6.8–13.0).

Discussion
Building upon the work conducted for the nation, this study estimated the YPLL and VSL due to COVID-19 in
Ohio [3]. Assuming a consistent value of a year of lost life, the economic burden of premature deaths was estimated
at $17.39 billion as of 30 November 2020. This value and the estimated YPLLs are rapidly changing with the
current spread COVID-19 in the community. Thus, the results likely underestimate the YPLLs and VSL of the
loss of life from COVID-19 in Ohio.

Separating the results by gender indicated that the age distribution and corresponding YPLLs and VSL were
similar (48.4% female; 52.6% male). An examination by age indicated the disproportionate effect of those under
COVID-19 deaths under 60 has on the expected overall results. Of the 6429 deaths, 522 (8.1%) were under 60.
However, these deaths represented 22.4% of the total YPLLs and VSL. To date COVID-19 mortalities under 60
have been relatively few. However, the much greater expected loss of potential life years, average of 31.0-person
years, contributed to the higher YPLL and VSL.

The method of estimating the VSL for a particular health condition is not without controversy [8,9]. The
methodology used assumed a standard value of life across all individuals. As a result, allocation and equity issues
associated with the assessment of differing policies may vary by age, income and race not accounted for in the
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Figure 1. Years of potential life lost by age.
(A) Estimated number of potential years of life lost by those under 60 years of age and those 60 and older; (B) value
of the lost years of life by those under 60 years of age and those 60 years of age and older (in billions).
VSL: Value of statistical life.

results. Comparisons across diseases or geographic units should be made with great caution ensuring the underlying
data and methods are consistent. Thus, this approach should be one of several when assessing strategies to mitigate
the deleterious effects of COVID-19. Further, the ODPH does not release the specific age of the individuals who
have died from COVID-19, which resulted in imputations to estimate the YPLLs and VSL. This limitation was
mitigated by sensitivity analysis examining the low- and high-end of the age ranges. Finally, there is no generally
accepted appropriate VSLY. The use US$247,676 VSL in this study was transparent and may easily be updated
with differing amounts based upon the policymaker’s own determination.

These results have implications for state level policies addressing the COVID-19 pandemic. The estimates
identified in this study for Ohio may provide a common and consistent framework to estimate the costs and
benefits of differing COVID-19 mitigation strategies, such as vaccines, and novel treatments for COVID-19 or
host response to the disease [1].

The recent announcement of two vaccines showing great promise regarding safety and efficacy raises the issue
of who will receive the vaccine first [10]. The use of YPLLs may be one measure to assess the distribution of a
vaccine within the state of Ohio and to whom should receive it first. As shown in the results, the burden of
COVID-19 mortality is disproportionately higher in those under 60. The results of this study suggest prioritizing
at-risk individuals under 60 in the vaccine distribution may substantially decrease premature mortality and increase
economic productivity of the state.

Conclusion
The expected loss of life-years from premature deaths of COVID-19 in Ohio was substantial. Each death represents
a number of life-years lost and the enjoyment of those years with family and friends. Further, there is a substantial
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economic loss to all Ohioans. Estimating the economic burden of COVID-19 may provide a consistent means for
state level policymakers to assess interventions control and mitigate the effects of the COVID-19 pandemic.

Summary points

• The novel coronavirus pandemic (COVID-19) has greatly increased mortality.
• Mortality attributable to COVID-19 disproportionately occur in individuals over the age of 60.
• Examining mortality by age only does not convey the full burden of COVID-19.
• The use of years of productive life and value of statistical life are two additional measures that combined with

mortality may explain more of the burden related to COVID-19.
• The years of potential life lost and value of statistical life were estimated for the state of Ohio to illustrate the

burden of COVID-19.
• This study found a disproportionate share of the burden related to COVID-19 occurs in those under 60 years of

age.
• Policymakers may consider this information when determining how to allocate scarce resources (i.e., vaccine) for

the treatment of COVID-19.
• Caution should be taken when reviewing these findings as they are only two data points in a multi-dimensional

problem of allocation scare resources to address COVID-19.

Financial & competing interests disclosure

The author has no relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial

conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria, stock

ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

This research was deemed exempt from Institutional Review Board review by Xavier University.

References
Papers of special note have been highlighted as: • of interest

1. Kniesner TJ, Viscusi WK. The value of a statistical life. Forthcoming Oxford Research Encyclopedia of Economics and Finance Vanderbilt
Law Research Paper No. 19-15. SSRN (2019). http://dx.doi.org/10.2139/ssrn.3379967

• Provides a foundational overview of the value of statistical lifefor those interested in further reading on this topic.

2. O’Brien J. Age, autos and the value of a statistical life. J. Risk Uncertainty 57(1), 51–79 (2018).

3. Elledege SJ. 2.5 million person-years of life have been lost due to COVID-19 in the United States. medRxiv.org(2020).
https://doi.org/10.1101/2020.10.18.20214783

4. Navarro A. Governors take the lead in the fight against coronavirus. CBS news website. (2020).
https://www.cbsnews.com/news/governors-take-the-lead-in-the-fight-against-coronavirus/

5. Ohio Department of Public Health. COVID-19 Dashboard website (2010).
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards/overview

6. Social Security Administration. Actuarial Life Table website (2020). www.ssa.gov/oact/STATS/table4c6.html#fn2

7. Bell FC, Miller ML. Life Tables for the United States Social Security Area 1900–2100: Actuarial Study No. 120 website (2020).
www.ssa.gov/oact/NOTES/as120/Lif eTables Body.html

8. Adler MD. What should we spend to save lives in a pandemic? A critique of the value of statistical life (25 June 2020). Duke Law School
Public Law & Legal Theory Series No. 2020–40. SSRN (2020). http://dx.doi.org/10.2139/ssrn.3636550

• Value of statistical life method used in this study is not without controversy. This study provides a critique of the method.

9. Robinson LA, Sullivan R, Shogren JF. Do the benefits of COVID-19 policies exceed the costs? Exploring uncertainties in the age-VSL
relationship. Risk Anal. doi:10.1111/risa.13561 (2020) (Epub ahead of print).

10. Centers for Disease Control and Prevention. Coronavirus disease 2019 (COVID-19): vaccines (2020).
www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html

10.2217/cer-2020-0245 J. Comp. Eff. Res. (Epub ahead of print) future science group

http://www.dx.doi.org/10.2139/ssrn.3379967
https://doi.org/10.1101/2020.10.18.20214783
https://www.cbsnews.com/news/governors-take-the-lead-in-the-fight-against-coronavirus/
https://www.coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards/overview
https://www.ssa.gov/oact/STATS/table4c6.html#fn2
https://www.ssa.gov/oact/NOTES/as120/LifeTables_Body.html
https://www.ssrn.com/abstract=3636550%20or%20dx.doi.org/10.2139/ssrn.3636550
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/index.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


