EBS] Special Section: Science-in-Spine

AO

SPINE

Risks, Rates and Odds: What’s the
Difference and Why Does It Matter?

Global Spine Journal

2021, Vol. 11(7) 1156-1158

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/21925682211029640
journals.sagepub.com/home/gsj

®SAGE

Joseph R. Dettori, PhD', Daniel C. Norvell, PhD',

and Jens R. Chapman, MD?

“The little things are infinitely the most important.”—Sherlock
Holmes, A Case of Identity, 1892

Clinicians, as consumers of clinical research, seek to under-
stand the association between treatment and outcome in pro-
viding the best care for their patients. Measures of association
frequently encountered include risks, rates and odds, and their
relative terms of risk ratios, rate ratios and odds ratios. Too
often, these terms are used interchangeably, yet they all have
important distinctions.

Definitions

Let’s begin by defining the terms and then proceed to explore
what other information we can obtain from these measures of
association.

Risk

Risk is defined as the number of new cases that occur during
a specified time period in a population at risk of becoming a
case (the study population). Because risk includes only new
cases, individuals must be free from the condition at the start
of the time period. This is also referred to as the absolute
risk.

An example would be the risk of C5 palsy within 1 week
following a laminoplasty for cervical myelopathy. To calcu-
late, all patients must be free of C5 palsy before surgery, and
therefore, “at risk” of having a C5 palsy after surgery
(denominator). The number of new cases becomes the
numerator.

Risk ranges from 0 to 1, and in the spine literature, risk
is often expressed as a percent. For example, one might
read that C5 palsy occurred in 15.7% of patients (16/102)
within 1 week following laminoplasty for cervical
myelopathy.

Use risk when studying the effect of an intervention or risk
factor when the follow-up period is the same for all
participants.

Rate

Rate is defined as the number of new cases that occur per
the total amount of time a person is at risk of becoming a
case. It differs from risk in that it accounts for the sum total
of time that study members are at risk of developing the
outcome of interest. Rate ranges from 0 to oo, and is
expressed as cases per person-time.

For example, in Figure 1 below we have a study trying to
determine the frequency of revision surgery in 10 patients.
The investigators have 3-year follow-up. Note that one died
before the end of the follow-up. The risk of revision surgery
over 3 years is 44% (4/9, 4 cases out of 9 possible, exclud-
ing the person who died). The rate of revision surgery is
17.8 per 100 person-years. This is calculated by dividing the
4 cases by the sum of the time each patient has not had a
revision and converting to 100. Patient 1 contributed 0.5
years; patients 2, 3, 6, 8, and 10 contributed 3 years each;
patient 4 contributed 2 years; patient 5, 2.5 years; patient 7,
lyear; and patient 9, 1.5 years before dying. The rate of
revision in our example is 4/22.5 person-years or 17.8 per
100 person-years.

Use rates when participants have different lengths of follow-
up or to handle a high loss to follow-up or loss to competing
risks such as death.

Odds

Odds is the likelihood of a new case occurring rather than
not occurring. It is the probability that an event will occur
divided by the probability that the event will not occur. It
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Figure 1. Frequency of revision in 10 hypothetical patients.

differs from risk in that the denominator does not include
the patients with the condition. In our example in Figure 1,
the odds of revision is 80%, (4/9)/(5/9). Note that the odds
of revision (80%) is markedly different than the risk of
revision (4/9, 44%). However, odds approaches risk when
the risk is small. If the risk of a pulmonary embolism fol-
lowing a surgery is 1/100, the odds are 1/99, which is nearly
the same. The general rule of thumb is that the odds
approaches risk when the risk is less than 10%.

Odds are not intuitive and you rarely see absolute odds in the
spine research. Therefore, use odds when you go to the
racetrack.

Ratios

“Everything is relative except relatives, and they are
absolute.”—Alfred Stieglitz, photographer

Ratios are used to describe the relative effect of a certain
intervention or risk factor compared with another.

Risk Ratios or Relative Risk (RR)

The formula for RR equals (risk of an event in one group)/
(risk of an event in a second group). It is an indication of
the strength of the association between the 2 risks. Its inter-
pretation is intuitive. If there is a 15% risk of revision
surgery after treatment A but only 6% following treatment
B, the RR is 15%/6% = 2.5. The interpretation is that a
patient is 2 and half times more likely to receive revision
surgery with treatment A compared with B. Given the RRs
are ratios, their values are >0. Therefore, the closer the RR
is to 1, the smaller difference between groups.

In addition to calculating the absolute risks (15% and
6%) and the risk ratio (2.5), one can also calculate the risk
difference (RD) between the groups. The RD is simply the
difference between the absolute risks. In our example, the
RD equals 9% (15%-6%) and represents the extra risk
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Figure 2. Risk difference.

associated with treatment A above the risk associated with
treatment B, Figure 2. From the RD, the number of patients
needed to be treated (NNT) in order to prevent one revision
can be calculated. The formula is 1/RD; in our example 1/
.09 = 11. In plain language, for every 11 patients treated
with treatment B, one revision can be prevented compared
with treatment A.

Rate Ratios and Odds Ratios (OR)

Like the RR, rate ratios and odds ratios divide the rate or
odds in one group by the rate or odds in a second group to
provide a relative effect. Unlike absolute odds, the OR is
used frequently in the spine literature, in part because of its
unique statistical properties. And, if the risk is low, <10%,
it is good estimator of the relative risk. But in general,
beware how you interpret the OR when the risk of an out-
come is higher than 10%, as the OR will overstate the risk
effect size.

Summary

e Absolute risk, rate and odds and their ratios are different
measures of association between exposure (treatment or
risk factor) and outcome.

e Risk is the number of new cases that occur during a
specified time period divided by a population at risk
of becoming a case. It is often expressed as a
percent.

e Rate is the number of new cases that occur per the total
amount of time a person is at risk of becoming a case. It
is expressed as person-time such as 17.8 cases per 100
person years.

e (Odds is the likelihood of a new case occurring rather
than not occurring. It differs from risk in that the
denominator does not include the patients with the
condition.



1158 Global Spine Journal 11(7)

e Ratios (risk, rate and odds) provide a relative effect of an Declaration of Conflicting Interests
intervention or risk factor. The author(s) declared no potential conflicts of interest with
o The risk difference (RD) is the difference between the respect to the research, authorship, and/or publication of this
absolute risks of 2 interventions or risk factors. The RD article.
represents excess risk attributed to the group with the
higher risk. Funding
e The odds ratio can estimate the risk ratio when the prob-  The author(s) received no financial support for the research, author-
ability of an event is <10%. ship, and/or publication of this article.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


