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Underwriting system
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e Actuarial risk-knowledge available
by means of a program.

e NO " empty shel" into which
the health insurancefillstraditional
specialist-knowledge.
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Cost-calibrated risk assessment

by evaluation and balancing of

e Database of medical history (anamnesis)
e Database of contract information (personal data)

e Database of claims

Multivariate recognition of patterns of risk constellations

Discriminant analysis/ Scoring methods
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Dl SCI" | ml nant anal yS| S (atype of regression)

1. Step:

2. Step:

3. Step:
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Preprocessing: Transform the nonlinear world of benefits for illnesses
to alinear framework

Discriminant analysis
Build clusters of values (groups) of the random variable Y (cost of "linearized" illnesses),
that isto be predicted

The random variables X; (representing the various diseases, i=1,...,15,000) will predict Y
Modeling the total (linearized) cost of illnesses using "discriminant parametersb,":

Yp =by+ b, X, +b,X, ++b X (Diskriminant function)
determine b, such that:

the distance of the mean vaues of the groups is maximal

the variance within the groups is minimal

Select adequate predictors X; , such that the loss of information is minimal.

Post processing: Return to the nonlinear world of cost of illnesses by adjusting functions
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Goals of the selection of coefficients

large distance between the "centroids” (mean value of the considered group)
small variance within groups

large variance between groups

metric is the Mahalanobis distance

> . .
& Group 1 (no benefit) Group 2 (benefit of amount a)
s
g
independent variable (e.a. age, anamnesis hypertension)

Group 1 (no benefit) Group 2 (benefit of amount a)
)
g
=]
g

independent variable (e.a. age, anamnesis hypertension)
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Medical and Actuarial Risk Evaluation

Evaluation by med. Doctors

® Assessment of the actual condition

® incomplete, partly detailed med. knowledge

detailed knowledge of few patients

Evaluation of the impact of the medical
condition affected by subjective criteria

For anamnesis and benefit payments:
Representative average over
all age groups / all diseases

Doctors play down wide-spread, but mild
cases of previous illnesses

Evaluation by Actuaries

® Long term evaluation ( past/ future)

® Complete, but superficial med. knowledge

Essential data of many patients

Evaluation of the future pressure of costs

For anamnesis:

Mainly diseases of the age group 30 - 45,
evaluation of all age groups with respect to claims

High costs from wide-spread, but mild cases of
previous illnesses

® | Calibration according to subjective sufferingl

| Calibration according to the cost
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Systematics of Risk Evaluation

* Retrospective view:

What kind of What kind of
medical history? benefit payments?
L I

Cost calibrated risk supplements

e Example:
circulation

/ heart \
Medical hisory: —— N — total claims
: _— =
hypertension \ brain .

eye, ear
diabetes

S arthritis

spinal column” N > 50 Mio. years of observation
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Main benefit payments
(Men, inpatient treatment)

Cancer

12%
Respiratory i spinal column {Cancer
tract skeleton
10% 11% 12%

spinal column [spinal column {spinal column {spinal column Cancer spinal column

skeleton skeleton skeleton skeleton skeleton

8% 10% 10% 13%
5. |Respiratory Cancer Respiratory  |Cancer Respiratory
tract tract
8% 7% 10%
6. |Wounds/ Respiratory  |Respiratory
Trauma tract tract

7% 5%
Infections Respiratory |Infections

5% 5%
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Main benefit payments
(Women, inpatient treatment)

Age
55 upwards

spinal column
skeleton

5% 4%

Benign

4%

neoplasms

Lfd. Age Age Age Age Age Age
Nr. 20-29 30-34 35-39 40 - 44 45 - 49 50 - 54
1. |Pregnancy Pregnancy Pregnancy Benign Benign Cancer
neoplasms neoplasms
53% 57% 33% 14% 17% 16%
2. |Uterus/ Uterus / Uterus / Uterus /
Ovaries Ovaries Ovaries Ovaries
6% 9% 11% 13%
3. |Digestive tract [Digestive tract|Benign Cancer Cancer Benign
neoplasms neoplasms
6% 4% 8% 9% 14% 11%

spinal column
skeleton
12%

%

'spinal column
skeleton

6%

Digestive tract

Cancer

skeleton
9%

Pregnancy

8%

spinal column

Digestive tract

Digestive tract

Digestive tract

11%

Respiratory  |Cancer
tract
4% 3%

5%

spinal column
skeleton

7%

Digestive tract
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10% 11%

Uterus / spinal column
Ovaries skeleton

9% 11%

spinal column [Uterus /
skeleton Ovaries

7% 9%

Benign
neoplasms
5%

Lfd, £ i fFis it it i i
Nr. 20-29 30-34 35-39 40 - 44 45 - 49 50 -54 55 LIk
1. iR iR Wi RiEHHEY RitHEY |&
53% 57% 33% 14% 17% 16%
2. |®7E/ FE/ FE/ FE/ 7
L L L g5
6% 9% 11% 13% 17%
3. iH{ERE HiLER RitHEy | % RitHEY ¥/
RigS
6% 4% 8% 9% 14% 11% 12%

4%
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Numbel’ Of anamneSiseS and I’iSk (Men, outpatient treatment)

*) gain index = Comparison of claimsratio (in the segment) with total claimsratio =
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Number of Percent of policy benefit payments P 4 .
anamnesises holders [EUR / year] gain index frequency index

0 38,8% 325 71% 89%

1 30,1% 425 96% 99%

2 16,1% 500 115% 107%

3 7,5% 625 140% 116%

4 3,8% 700 159% 124%

5 1,8% 850 191% 130%

6 1,0% 1.000 225% 133%

7 0,5% 1.075 231% 139%

8 0,3% 1.075 231% 140%

9 0,2% 1.225 292% 139%

total 100,0% 450 100% 100%
Additional yearly amount of premium (per 10,000 PH): 0.7 Mio. EUR
Potential reduction of the base premium: 9%

Benefits (Seg) / Premium (Seg)

Benefits (total) / Premium (total)

EE?IIE@%I&UZO (B, 000000)

BEEE D RBREZNEORE T A J——
[2—0 /4]
0 38,8% 325 71% 89%
1 30,1% 425 96% 99%
2 16,1% 500 115% 107%
3 7,5% 625 140% 116%
4 3,8% 700 159% 124%
5 1,8% 850 191% 130%
6 1,0% 1.000 225% 133%
7 0,5% 1.075 231% 139%
8 0,3% 1.075 231% 140%
9 0,2% 1.225 292% 139%
Hig 100,0% 450 100% 100%
ERDOENEFRBH (% 10,000 PH): 0.7 Mio. 1—0
HERBRE OB T HEME: 9%

) FIBER = LEKRIE (RASN)ELEROZIFERIEOLE =
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Risk of special anamnesises
(Men, outpatient treatment)

anamnesis | percent of PH | ber[\éEtRp/agg:]nts gain index | frequency index

disorders no 98,8% 439 99% 100%
of thyroid yes 1,2% 794 131% 125%
total 100,0% 453 100% 100%

no 98,9% 478 99% 100%

mental disorders yes 1,1% 880 194% 127%
total 100,0% 453 100% 100%

no 97,9% 442 98% 99%

hypertension yes 2,1% 961 147% 123%
total 100,0% 453 100% 100%

liver / gall / no 98,5% 445 97% 100%
pancreas yes 1,5% 947 227% 123%
total 100,0% 453 100% 100%

spinal column / no 91,1% 424 94% 98%
skeleton yes 8,9% 700 138% 114%
total 100,0% 453 100% 100%
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Lz 98.8% 439 99% 100%

AR R i 1.2% 794 131% 125%
100,0% 453 100% 100%

L 98.9% 478 99% 100%

RERE £ 1.1% 880 194% 127%
100,0% 453 100% 100%

Lk 97.9% 442 98% 99%

AEmE 3 2.1% 961 147% 123%
100,0% 453 100% 100%

R 98.5% 445 97% 100%

FFFEi: / BB EE / REER: [ 1.5% 947 227% 123%
100,0% 453 100% 100%

Lz 91.1% 424 94% 98%

Wi BiES i 8.9% 700 138% 114%
& 100,0% 453 100% 100%
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Benefit paymentsfor policyholderswith previous disease:

Haemor r hoids (outpatient treatment)

Index year Following years
cases of Rate of illness benefits benefits
benefitsfor haemorrhoids treatment per haemorrhoids total haemorrhoids
PH and year per PH and year [EURO / year] [EURO / year]
no 3.2 2% 425 3
Men
yes 8.4 51% 1,075 60
no 6.4 2% 800 3
Women
yes 13.1 25% 1,600 25
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Health insurance as a set of insurancesfor organ systems

|

Total claims

|

—

[ tariff / gender skeleton_|

proportion
21%
IR B R
anamnesisA
anamnesisB
hypertension +10 %
disc prolaps +225% [+
lumbal vertebral +55% [
syndrome
anamnesisZ
l partial loading ‘ l 310 %

total loading
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Discriminant analysis: Iliness of the spinal column

standardized unstandardized
Anamnesis - Men (relative influence) (absolute influence)
lumbal vertebral syndrome 0.48 0.968
disk prolaps 0.27 2.447
scoliosis 0.25 1.251
spinal fusion 0.02 1.973
coxarthritis 0.12 2.629
3000 other previous illnesses
age 0.29 0.862
constant -2.633
New customer Score:
lumbal vertebral syndrome yes: 1 1 *0.968
disk prolaps no: 0 + 0 * 2447
scoliosis yes: 2 + 2 * 1.251
spinal fusion no: 0 + 0] * 1.973
coxarthritis no: 0 + 0 * 2,629
3000 other previous illnesses no: 0 + s * ok
age 35 + 35 * 0.862

constant - 2.633

sum = total score = 5.192
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REE FER%E
EEtEEE - Bt () 16 choiA-)
BmERE 0.48 0.968
#ERAL=TF 0.27 2.447
RIEE 0.25 1.251
HEE 0.02 1.973
BT 3¢ 0.12 2.629
3000 DEDthEEHETE
-3 0.29 0.862
B -2.633
FR2HE A
BMERE [E{8% 1 1 *  0.968
HERAL=TF [AIAV & 0 + 0 * 2447
Rls5E [F{8% 2 + 2 *  1.251
HHEE LNE: 0 + 0 * 1973
BRESET 3 [RIAV S 0 + 0 * 2629
3000 DED MBS ARV & 0 + Rl i
iR 35 + 35 * 0862

B - 2.633
At =-RER = 5.192
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Risk loadings depending on therisk score
(Spinal column)
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L andscape of IlInesses

CARDIAC
CIRCULATORY
DISORDER

ISCAEMIA

ALLERGIES,
ASTHMA

OPHTHALMOLOGICAL
DISORDERS

DERMATOLOGICAL
DISORDERS

MUSCULOSCELAL
DISORDERS

SPINAL COLUMN /
JOINT DISORDERS
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SIGNIFICANCY

L oss of significancy by application of segmentation techniques
®  Segments, that are characterized by several characteristics, are sparsely filled:
(Women, age 30-35, weight 50-55 kg, previousillnesses: hay fever, kidney stones,
disc prolaps)

® Thecellsof then-dimensional space of characteristics are almost empty

M aintainance of significancy by the use of discriminant analysis
® Nosegmentsare built

® "Neighboring" information isused
® Theportfolioisevaluated like an hologram

® Scoring providesa projection of the n-dimensional space of characteristics on the
one-dimensional scale of scores

® Thenonlinear scale of scoresistransformed into alinear scale of supplements
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Company tailored adaptation of Aktuar M ed®

data-pool
(global)

data-source

company-data
(individual)

|

| biometric data

|

epidemiology
country / region
health care system

}

morbidity
relative frequency
severity code
average claims cost

AktuarMed®

|

| strategic sociological data |

}

insurance company
composition of the portfolio
product
business policy

|

shares of benefits
distribution parameter

range of benefits /
claims amount per risk

acceptance policy
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Advantages of any automatic
underwriting system

 Standardized risk policy
» Underwriting by less specialized per sonnel
* Reduction of personnel and material costs

» Standardization of processes
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Additional advantages of cost-calibrated risk assessment
calculation and gains

Risk loading in accordance with thereal 1oss expectancy:
claims adjustment

No cross-subsidizations, lower premiumsfor the majority of
applicants

Advantagesfor sales departments:
L ower premiumsfor 85% of the new customers,
financial disadvantagesonly for 15% of the new customers

Transparency in respect of corporate loading strategies
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Additional advantages of cost-calibrated risk assessment
Quick decision-making processes

 Immediateterminal valuation in 85 - 95 % of the cases

* No enquiriesto physicians/ customersto determinatethe
severity level

» Enquiriesto physiciansonly if vague medical information is
provided by the applicant

» Shorter processing times, fewer applications come to nothing

* Product-change module
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Range of functions of AktuarMed®

® Extremely easy operation
® Stable system behavior (exception handler)

® Search function:
- Filter functions
- Text fragments
- Orthographical tolerance
- Synonymsand ICD 9 - Code/ ICD 10 - Code

® | oadingsdependent on product, age, sex and BM|
® Reasonsfor risk loadings, benefit exclusionsand rejections

® Alternativeswith risk loadingsinstead of
benefit exclusions/ restrictions

® Update according to development of costs
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Underwriting system

Aktuar M ed®

e Actuarial risk-knowledge available
by means of a program.

e NO " empty shel" into which
the health insurancefillstraditional
specialist-knowledge.
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