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Latest Digital Solutions and Their Underlying Technologies

Use of Medical Big Data to Enhance
Life Insurance Business

The use of medical big data and the latest analytics techniques to enhance a diverse
variety of insurance services has become a field of considerable activity. With expertise
in the analysis of clinical and medical claims data that is drawn from its many years of
experience in supporting the operations of health insurance organizations, Hitachi is
collaborating with The Dai-ichi Life Insurance Company, Limited on the development of
risk analysis techniques for life insurance companies. The hospitalization risk prediction
model developed as part of this joint research has increased the number of new policy
holders through its use in optimizing Dai-ichi Life’s insurance acceptance criteria. Hitachi
is also planning to utilize the know-how acquired from this joint research to establish
a hospitalization risk simulation service for insurance companies.
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1. Introduction

Hitachi has built up expertise in the analysis of clini-
cal outcomes and data from medical claims for medi-
cal services through its long experience in helping
health insurance organizations improve their opera-
tions. Examples of this include the disease progression
and healthcare cost prediction models announced in
2014M.@),

In the health insurance industry, meanwhile, inter-
est is growing rapidly in innovation achieved through
the combination of insurance and technology (often
referred to as “InsurTech”). Insurance companies are
vigorously pursuing such initiatives, including by
actively embarking on collaborations with partners
from outside their industry.

'This article describes the creation of a risk simula-

tion service for the insurance market that draws on

expertise in the analysis of clinical, medical claims,
and other medical big data, and also examples of col-

laborative creation with The Dai-ichi Life Insurance

Company, Limited (Dai-ichi Life).

2. Joint Research with Dai-ichi
Life and Development of
Hospitalization Prediction Model

This section describes Hitachi’s joint research with
Dai-ichi Life and the outcomes of this work. Dai-ichi
Life has proven itself to be an industry leader in the
application of technology to insurance®®, but in doing
so has faced difficulties in the timely training and
recruitment of people with expertise in both the
insurance business and the latest analytics techniques.
Hitachi, on the other hand, has been looking to sup-
ply its expertise in the analysis of medical big data to
life insurance companies, recognizing that an under-
standing of their actual needs is essential to collabo-

ration with insurance companies. It was against this



Figure 1— Joint Research with Dai-ichi Life on Use of Medical Big Data

The development of hospitalization risk prediction models and other such technology, and its deployment in the insurance industry, is being investigated

by fusing expertise from both Dai-ichi Life and Hitachi.
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background that Hitachi and Dai-ichi Life embarked
on this joint research as partners with common aims

and facing common challenges (see Figure 1).

2.1

Dai-ichi Life started by looking for ways in which it
could contribute to making acceptance criteria more

fine-grained.

2.2

Insurance Acceptance Criteria

Standard practice at life insurance companies is to

base underwriting decisions about whether or not to

accept insurance applications on factors such as the

information provided by the applicant and the results

of a health check (a process called “risk selection”).
If an insurance company accepts large numbers of
applicants with pre-existing conditions or with a high

risk of dying in the near future, for example, the num-
ber of claims will significantly exceed expectations,
undermining the viability of the insurance system.
'This makes it very important for insurance companies

that they get risk selection right.

However, the requirements of the insurance
industry include designing acceptance criteria that
are more fine-grained than in the past so that more
people can take out insurance, both to fulfill public
expectations for private insurance and for reasons that
include changes in demographics and other aspects
of the business environment in which the compa-

nies operate. Accordingly, the joint research with

Development of Prediction Model for Length of
Stay

'The joint research involved the creation of a model
that uses information on applicant health at the time
of application to predict the length of future stays due
to lifestyle disease. The model was developed by utiliz-
ing Hitachi’s analytics know-how and Dai-ichi Life’s
expertise in insurance medicine and medical under-
writing to analyze medical information from insur-
ance applications (included information provided by
the applicant and that obtained from checkups) and
claim payment data built up by Dai-ichi Life over its
many years in the health insurance business. While
“insurance risk events” take a variety of forms (hospi-
talization, surgery, illness, and so on), acquiring the
ability to predict risk in terms of the length of stay
provides numerous insights into the optimization
of acceptance criteria in the risk selection process.
Accordingly, model development focused on hospi-
talization due to lifestyle disease as a way to study the

criteria to use for such conditions.
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Figure 2 — Prediction Model for Length of
Stay

The model covers eight different medical condi-
tions: diabetes, cerebrovascular disease, kidney
disease, cardiovascular disease, hypertension,
malignant neoplasm, liver disease, and pancreatic
disease.

Applicants seeking to take out life insurance typi-
cally have to disclose certain information about them-
selves, including considerable medical information.
Moreover, because insurance policies have multi-year
terms, it is possible to acquire information on any
medical events that occur during this time after the
policy is granted. Accordingly, Hitachi drew on its
modelling expertise and past experience with the
analysis of clinical and medical claims data to use this
information as the basis for developing a model that
predicts the length of future stays based on informa-
tion on an applicant’s health at the time of application.

The information dealt with by the health check
given to applicants can be broadly divided into general
clinical information and disclosure information spe-
cific to private health insurance. The clinical informa-
tion includes various numerical scores such as those
obtained from blood tests, and the disclosure infor-
mation includes large amounts of information such
as the applicant’s medical history. The challenge for
the prediction of future hospitalization is to identify
which information in all of this is genuinely relevant
to ill health. Accordingly, the different types of data
were first converted into forms that facilitate analysis
to create a dataset of characteristic data expressed in
terms of both continuous (real-numbered) and binary
variables. As lifestyle disease was the subject of the
study, the next step was to identify the risk factors
that contribute to hospitalization due to lifestyle dis-

ease and to develop a model. This was done by using

machine learning to identify which factors within this
large volume of data contribute to lifestyle disease,
combining it with a statistical analysis to incorporate
the clinical knowledge of physicians (see Figure 2).

When the resulting model was tested using trial
data, it predicted length of stay with an accuracy of
within 5%.

2.3
Use of Prediction Model for Length of Stay to
Loosen Acceptance Criteria

A study was conducted into using the model for pre-
dicted length of stay as a way to loosen the underwrit-
ing acceptance criteria. The approach adopted by the
joint research was to assess the suitability of current
acceptance criteria by looking at the predicted length
of stay for those people with some sort of abnormal-
ity in their health (such as the presence of conditions
associated with high blood pressure, or abnormal
laboratory results for liver function) in comparison
to those in normal health (see Figure 3).

As an example, the graph in Figure 3 shows the pre-
dicted length of stay for a person with a pre-existing
condition A and a person in normal health plotted
against a particular laboratory result X [such as body
mass index (BMI)]. The difference between the two
indicates the expected value for length of stay.

Common practice at Dai-ichi Life has been to
impose conditions on anyone with the pre-existing

condition A for whom this particular laboratory
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Figure 3— Risk Comparison Based on Expected Value for Length of Stay

The graph shows a risk comparison in terms of the expected values for length of stay for a healthy person and someone with a particular combination of

pre-existing condition and abnormal laboratory result.
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result X exceeded a certain threshold, such as declin-
ing their insurance or raising the premium. However,
the model indicates that the increase in hospitalization
risk with higher values of the laboratory result X is not
significantly greater for people with the pre-existing
condition A than for those without. Accordingly,
Dai-ichi Life revised certain of its previous criteria
that took the form of “treat people with pre-existing
condition A who exceed a particular threshold for
laboratory result X as being high-risk” in those cases
in which previous proposals for the loosening of cri-
teria were backed up by the model result. As a result
of these criteria revisions, Dai-ichi Life expects to be
able to accept around 2,000 applications annually that

would previously have been rejected.

3. Establishment of Risk
Simulation Service

This section describes the establishment and future
plans for a risk simulation service for insurance com-
panies that includes use of the hospitalization risk

model.

3.1
Hospitalization Risk Simulation Service

Hitachi is planning to establish a risk simulation ser-

vice that draws on the expertise in the application of

hospitalization risk models to the insurance business
that it has acquired through its involvement in the
joint research with Dai-ichi Life.

While this joint research used data held by that
company, the challenge when developing general-
purpose risk models is to obtain the input medical
data. However, the increasing availability of medical
big data in recent times, including health insurance
data being made commercially available, means that
it has become possible to build hospitalization risk
models like that described above without utilizing
life insurance data. Risk models based on this health
insurance data can be used to predict the risk of future
hospitalization based on information for individual
policy holders (such as their being a male aged 45
with a BMI of 26). Whereas these numbers might
have resulted in an application being declined under
past underwriting criteria, the suitability of these cri-
teria are called into doubt if the model predicts only
a small increase in risk relative to a healthy person.
While the extent to which underwriting criteria (risk
score under numerical rating system) should actually
be modified is a matter for the insurance companies
using the service to decide for themselves, the service
can at least indicate where past underwriting criteria
over- or under-estimate risks in the risk selection
process for individual applications (state of health)
(see Figure 4).
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Figure 4 — Use Cases for Hospitalization Risk Simulation Service

The suitability of underwriting criteria with respect to certain hypothetical insurance applications were studied by comparing the results under past

practices with the risk analysis produced by the model.
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3.2
Prospects for Risk Simulation Service

While this service is intended for use in underwrit-
ing by life insurance companies in Japan, it also has
potential applicavtions outside the insurance industry.
Given the increasing interest being shown by busi-
nesses in staff health management, examples of such
applications include use of the service to assess the
risk of employee non-attendance, or its use as a means
of assessing employee health risks in the services
provided by some banks that include the level of a
company’s health management as a factor in setting
finance interest rates.

Looking outside Japan, Hitachi would also like to
utilize the service in the development of new insur-
ance services through collaborations with some of the
steady stream of new startup businesses not beholden
to traditional risk underwriting methods that are
emerging in the US insurance market especially, or
in Southeast Asia where private life insurance is expe-

riencing rapid growth.

4. Conclusions

This article has described insurance industry innova-
tions that utilize expertise in the analysis of medical
big data for insurance companies that Hitachi has
built up over many years, together with examples of
collaborative creation.

It is anticipated that the insurance and healthcare
industries will, in the future, put even more effort
into the development of new services that utilize not
only medical big data but also data from the Internet
of Things (IoT) and personal health records (PHRs).
As part of this, Hitachi will continue working on the
development of risk analysis technology.



Acknowledgments

Hitachi received considerable advice and assistance

from The Dai-ichi Life Insurance Company, Limited

and other parties involved in the work described in

this article. The authors would like to take this oppor-

tunity to express their sincere gratitude.

1)

References

Hitachi News Release, “Developing Models that Predict
Incidence Rate of Lifestyle Diseases and Medical Costs from
Specified Health Checkups and Health Insurance Claims
Data,” (Mar. 2014), http://www.hitachi.co.jp/New/cnews/
month/2014/03/0312.htmlin Japanese.

H.Ban et al,, “Innovative Disease Prevention Support
Involving Collaborative Creation with Customers,” Hitachi
Review, 64, pp. 662-669 (Sep. 2015).

The Dai-ichi Life Insurance Company, Limited News
Releases, “Approaches to Insurance Technology,” (Jan.
2016), http://www.dai-ichi-life.co.jp/company/news/
pdf/2015_076.pdf in Japanese.

FEATURED ARTICLES

Authors

Hitachi Review Vol. 67, No. 5 562—563

Takahide Shinge

Financial Information Systems Business Unit 4,
Financial Information Systems 2nd Division, Hitachi,
Ltd. Current work and research: Development of
new businesses in collaboration with an insurance
company.

Yuji Kamata

Financial Information Systems Business Unit 4,
Financial Information Systems 2nd Division, Hitachi,
Ltd. Current work and research: Development of
new businesses in collaboration with an insurance
company.

Takanobu Osaki

Medical Systems Research Department, Center for
Technology Innovation - Healthcare, Research &
Development Group, Hitachi, Ltd. Current work and
research: Research and development of healthcare
information systems. Society memberships:

The Institute of Electronics, Information and
Communication Engineers (IEICE), the Japan
Association of Diabetes Informatics (JADI), and IEEE.

Hirofumi Kondo

Medical Systems Research Department, Center for
Technology Innovation - Healthcare, Research &
Development Group, Hitachi, Ltd. Current work and
research: Research on healthcare data analytics.

55




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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 [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


