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Process to Determine if a VBT Update is
Required

Section 1: Introduction

The VBT Analysis Subgroup (“Subgroup”) of the Joint Academy Life Experience Committee and SOA Preferred
Mortality Oversight Group (“Joint Committee”) recommends the approach documented in this report for
determining when there is sufficient change in the emerging actual mortality experience relative to the current VBT
to warrant changes to the table.

In VM-20, Section 9.C, companies are required to use an Industry Mortality Table for determining their prudent best
estimate mortality. The industry mortality table is currently based on the 2015 VBT and corresponding RR Tables,
advanced forward to the valuation date using prescribed mortality improvement factors published by the Society of
Actuaries (SOA) and the American Academy of Actuaries (AAA). The experience data underlying the 2015 VBT is
from 2002-2009 and was collected on a voluntary basis for the SOA for individual life experience studies. With the
introduction of PBR, there has been a significant increase in the number of contributing companies and amount of
exposures and claims via the mandatory data collection within VM-51. This mandatory collection of experience data
will continue to occur on an annual basis. This cadence will also provide the ability to review experience data every
year or couple of years to monitor changes in the emerging experience.

The approach described in the report defines a set of metrics to be monitored as additional experience becomes
available. It also defines a “threshold” that, if exceeded, would set into action a process to complete a deeper
analysis to determine whether areas of the 2015 VBT need to be refreshed and, if so, to complete updates to the
VBT to bring the metrics back within the threshold. Finally, it describes the software tools that can be used to
complete the recommended process.
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Section 2: New Calculated Fields

New calculated fields were added to the individual life experience data to enable the calculation of the variance and
skewness of A/Es. These fields were added by the data vendor because these calculations had to be added at the
policy level in order to enable the appropriate aggregation of the data at higher levels and only the data vendor has
access to the policy level data. They were added in addition to the expected deaths or Y1 f g7 (by count) and the
expected claims or 27, fb; i (by amount). They are calculated for each of two policy year segments (one before
the policy anniversary and one after the policy anniversary) in an observed calendar year. In one policy, the f for
the segment after the policy anniversary in year y plus the f for the segment before the policy anniversary in year

y+1 will equal one, unless the policy terminates in the policy year for a reason other than death.

The new fields added to the database are shown in Table 1 below.

Table 1
NEW CALCULATED FIELDS
ExpDeathQx2015VBTwMI_byPol Expected Deaths - Count - w/MlI Zn 1f ((qis) a- MIX)(Y—2015))
i=
ExpDeathQx2015VBTwMI_byAmt Expected Deaths - Amount - w/MI Zn 1f b; ((qf)(l - M[x)(y—2015))
i=
2CenMomP1wMI_byAmt 2nd Central Moment - Amount - w/MI - Part 1 Zn 1f b? ((qis)(l - MIX)(y‘st))
i=
2CenMomP2wMI_byAmt 2nd Central Moment - Amount - w/MI - Part 2 Zn 1f b? ((qis)(l - MIX)(Y—2015))2
iz
3CenMomP1wMI_byAmt 3rd Central Moment - Amount - w/MI - Part 1 Z:L_lf b} ((qis)(l - MIX)(Y—2015))
3CenMomP2wMI_byAmt 3rd Central Moment - Amount - w/MI - Part 2 Zn 1f b} ((qis)(l — MIX)(Y—2015))2
j=
3CenMomP3wMI_byAmt 3rd Central Moment - Amount - w/MI - Part 3 Zj_lf b} ((qis)(l = MIX)(y—2015))3
2CenMomP2wMI_byPol 2nd Central Moment - Count - w/MI - Part 2 Zn 1f ((qis)(l - MIX)(y—2015))2
i=
3CenMomP3wMI_byPol 3rd Central Moment - Count - w/MI - Part 3 Zn 1f ((qis)(l — MIX)(y—2015))3
i=
2CenMomP1_byAmt 2nd Central Moment - Amount - Part 1 Zn 1f b? (q)
=
2CenMomP2_byAmt 2nd Central Moment - Amount - Part 2 Zn 1f biz (q7)?
i=
3CenMomP1_byAmt 3rd Central Moment - Amount - Part 1 Zn 1f b? (g9)
i=
3CenMomP2_byAmt 3rd Central Moment - Amount - Part 2 Zn 1f b3 (q5)?
i=
3CenMomP3_byAmt 3rd Central Moment - Amount - Part 3 Zn 1f bi3 @)?
i=
2CenMomP2_byPol 2nd Central Moment — Count - Part 2 Zn 1f (q7)?
i=
3CenMomP3_byPol 3rd Central Moment - Count - Part 3 Zn 1f (g3
i=
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Where,

n: the number of records (i). For each policy in a calendar year, there will be one or two records, one each
for the periods before and after the anniversary date, as necessary.

x: age of the policyholder in policy year
y: calendar year of observation
f: fraction of the calendar year for which the life was credited in the period covered by the record.
q;i: the mortality rate from the standard table (2015 VBT)
b;: the amount insured for life i
MI: 2019 Mortality Improvement scale for AG38 and VM20, published by the SOA and AAA.
A comment regarding the new fields:

The variables in Table 1 above have been developed to be used in formulas to calculate confidence
intervals and levels of credibility such as the ones in the paper “Credibility Theory Practices”
(https://www.soa.org/globalassets/assets/files/research/projects/research-cred-theory-pract.pdf).

Some readers may think that there is an error in the formulas for second order and third order variables.
For example, the variable 2CenMomP2_byAmt (2nd Central Moment - Amount - Part 2) has a formula of

™. fi b? (gf)?. Thisvariable is used to calculate the part of the following Klugman formula after the
subtraction sign.

, Xt bl fiqi(1 - figd)
O-d = Ez
d

In the Klugman formula, g; is the true mortality rate and equal to Aig{ and q; is the same as defined in
Table 1.

The reader may question why the variable f; is squared in the Klugman formula but the f in Table 1 is not.
The reason is as follows. In the Klugman formula, it is assumed that the data being summarized contains
one record per policy per policy year. In general, f; will have a value of 1 unless the policy lapses before
the end of the policy year, in which case the expected mortality rate would be the product of f; and g;.

The data that we are using was collected on a calendar year basis. Each record was then split into before-
anniversary and after-anniversary sub-records so that the correct duration could be assigned to each. Ifa
policy is in force for a full policy year, there will be records in two consecutive calendar years with fractional
periods that sum to 1. This will result in the same value as the Klugman formula in which f; squared would
have a value of 1.

Our formulas will produce a different result than the Klugman formula for policies that lapse before the
end of the policy year. In that case, under the Klugman formula, the value of g squared would be
multiplied by f; squared whereas, under our formula, the value of gi squared would be multiplied by f.

To apply the Klugman formula as defined in our data, we would need to combine each policy’s after-
anniversary record for a calendar year with its before-anniversary record from the subsequent year. It has
been determined that this cannot be accomplished on a practical basis.
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Section 3: Metrics

Several metrics will be utilized to determine whether the 2015 VBT should be updated and to enable the Joint
Committee to assess which areas of the 2015 VBT to potentially update. These metrics are actual-to-expected ratios
(A/E), confidence intervals (Cl) of the A/E, and the absolute value of actual values minus expected values. The
expected basis (“E”) in the A/Es will be the 2015 VBT with and without a mortality improvement adjustment. The
mortality improvement adjustment will ‘improve’ the expected VBT mortality to the observation year of the actual
experience data. These two versions of A/Es, with and without improvement, will be useful in determining the
extent to which mortality improvement may be a factor resulting in a breach of the threshold. The actual and
expected values will be based on amount as opposed to count because the 2015 VBT was developed using amount-
based mortality. A 95% Cl will be assumed, but the percentage may be adjusted if more or less precision is
warranted.

The Subgroup recommends the Cls have a skewness component in order to adequately address the appropriateness
of the 2015 VBT, especially at older ages. However, hardware limitations (see Section 6) will defer implementation
of Cls with skewness until a later point in time. Until the limitations are overcome, the Cls implemented in this VBT
analysis process will assume a normal distribution. If skewness were to be taken into account, the Cls would be
shifted to the right if skewness was positive or to the left if negative. In our analysis, we calculated the confidence
intervals using both the Standard Normal distribution and the Translated Gamma Distribution. Only one of the 102
cells, which has an A/E close to the 97.5th percentile, moved from being outside the Standard Normal confidence
interval to being inside the Gamma confidence interval. However, this could be a greater issue if smaller cells were
to be analyzed in the course of determining the efficacy of the 2015 VBT.

3.1 CONFIDENCE INTERVALS

The Cl formula, which assumes a normal distribution, requires the mean and standard deviation of the metric that is
being tested as input. The upper and lower bounds of the Cl interval are u + zo , where u is the mean, o is the
standard deviation, and z is the value from the Standard Normal distribution for the selected confidence level (e.g.,
for a 95% confidence level, z = 1.96). For the analysis of the 2015 VBT, u = m = A/E. The standard deviation of
A/E (0) is defined in Appendix A.

To take skewness into account, we developed confidence intervals using a Translated Gamma Distribution® to
approximate the distribution of aggregate claims, S, then substitute A/E for S.

Confidence Interval for S: [G™1(0.025, Alpha, Beta) + X,, G~1(0.975, Alpha, Beta) + X,]
Where:

e G listheinverse of the Gamma Distribution function. Note: if Microsoft Excel’s Gamma.lnv function is
used, replace Beta with 1/Beta

e Xo= E[S]—2x[Var($)]* + (E[(S — E[SD®])
e Alpha =4 x [Var(S)]® + E[(S — E[S]3]?

e Beta =2x[Var(S)] + E[(S — E[S])?]

1 Bowers Jr., Newton L., et al. (1997.) Society of Actuaries. Actuarial Mathematics. Pp. 387-389.
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Using the available fields in the individual life experience data and the formulas in Appendices A and B, calculate the
following input parameters for the inverse Gamma function.

e  Mean: E[S] =m = (O}, Death Claim Amount) + (37—, ExpDeathQx2015VBTwMI_byAmt)
2
e Variance: Var(S) = ;n—z x 2CenMomP1wM Iy, syt — T;—z X 2CenMomP2wMIbyAmt

2
e Skewness:y; = E[(S — E[S]D?] = E% X 3CenMomP1lwMIbyAmt — 3 X 75—3 X
m3

3CenMomP2wMIbyAmt + P X 3CenMomP3wMIbyAmt

e Where the expected claims equal E = ([, ExpDeathQx2015VBTwMI_byAmt)

If the upper and lower Cl boundaries, as defined above, straddle the 100% point for any segment of the experience,
the experience in that segment is considered to be consistent with the 2015 VBT. If the upper Cl boundary is below
the 100% point, the A/E for that segment is low, and the 2015 VBT is too high for that segment. If the lower CI

boundary is above the 100% point, the A/E for that segment is high, and the 2015 VBT is too low for that segment.

Three other distributions, which include skewness, were considered: the transformed (not Translated) Gamma,
Burr, and generalized Pareto. These distributions are all anchored at zero and spread probability from zero to
infinity, which makes it hard to fit a distribution that is tightly spread around its mean and is also skewed. When
these three distributions were applied, none of them appeared to fit as well as the Translated Gamma.

For the Gamma Distribution, the larger the alpha parameter, the more symmetric the distribution is. This is because
the skewness coefficient is 2/alpha”2 and so goes to zero as the alpha parameter increases. Many of the cells in our
analysis had large values of alpha; for these cells, the confidence intervals calculated based on the Standard Normal
and Translated Gamma Distribution are very similar. However, it should be noted that this is less likely to be true
when analyzing smaller subsets of the data.
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Section 4: Determining Credible Data Cells

To test whether a threshold for adjusting the 2015 VBT or creating a new VBT is breached, the experience study
data is grouped into fully credible sized cells using the following method.

1. The experience data is initially summarized by gender, smoker status, 10-year attained age bands and
duration.

2. The data groups from #1 are combined to form fully credible cells. Data groups with consecutive durations
within a gender/smoker status/age-band cohort are accumulated until full credibility is attained, as

measured by a Z factor of 1, as calculated thusly:

e Themean (u = m = A/E) and the variance (¢%) of the A/E as described in Section 2 and the

standard deviation, = Vo2, are determined for each group in #1.

e Alimited fluctuation credibility Z factor?, assuming a normal distribution, is determined for each
group in #1 as:

0 Z=min {l,m}, where
zZo
0 ristheerrorterm=0.05
0 zis1.96 (based on a 95% probability)

0 mand o are defined in Section 2.

In a few instances, the data for all durations within a gender/smoker status/age band were not fully credible.

2 Klugman, Stuart, et al. (2009, December). “Credibility Theory Practices.” https://www.soa.org/globalassets/assets/files/research/projects/research-cred-
theory-pract.pdf.
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Section 5: Trigger for Action

One possible trigger for action could be as follows. Confidence intervals for each cell from Section 3 are calculated
and used to determine if the ‘threshold’ for further action on the 2015 VBT has been met. The 95% Cl boundaries
are determined around the A/Es for each cell. The cells where 100% falls within their 95% Cl boundaries pass the Cl
test. If the number of cells that pass the Cl test is greater than 95% of the total number of cells tested, no further
action is needed. If the number of cells that pass the Cl test is less than 95% of the total number of cells tested, the
‘threshold’ has been breached and the process to perform corrective actions on the 2015 VBT is initiated.
Alternatively, the threshold for action could be based on a metric other than the count of cells; for example, the
threshold could be based on whether the total exposed face amount (or expected death claims or actual death
claims) of the cells that pass the Cl test exceeds 95% of the total. Also, even if the count of cells (or other chosen
metric) exceeds the 95% threshold, the cells that failed the Cl test should be examined to ensure that there are no
clusters, which may indicate a significant weakness in some areas of the table.
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Section 6: VBT Corrective Actions

If the Cl tests performed, as described in Section 4, indicate corrective action on the 2015 VBT is needed, the Joint
Committee could begin a process to determine what areas of the VBT may need to be adjusted. Potential
adjustments on the 2015 VBT may include slope adjustments using multiplicative factors and adjustments to
mortality improvement factors. These adjustments may be made to a limited set of subsections of the table that
warrant an update. The Joint Committee may use |A — E| values to prioritize areas of the 2015 VBT to update. If
too many partitions have failed the Cl tests in Section 4, the Joint Committee may decide to create a completely new
table in place of making adjustments to the existing 2015 VBT. The Joint Committee may alternatively decide to
hold off on making any adjustments to the 2015 VBT if the number of cells that failed the Cl test was small and
degree of failure was minimal. Other considerations, such as potential industry disruption, should be taken into
account before making any adjustments to the 2015 VBT.
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Section 7: Software Tools

7.1 EXCEL WORKBOOK FOR DETERMINING DATA CELLS

An Excel workbook has been developed to create the data cells described in Section 3. Documentation on the
functionality of the workbook is contained in the workbook. The workbook is currently set up with the 2009-2017
experience data. The workbook will need to be updated each time a review of the need to update the VBT takes
place.

The analysis performed in the Excel workbook primarily uses Cls without a skewness adjustment based on the
Standard Normal distribution. It also includes Cls with a skewness adjustment based on a Translated Gamma
Distribution.

When we recalculated the confidence intervals using the Translated Gamma Distribution, only one cell — barely -
changed “position” from the “In CI” group to the “Below” group. Under Standard Normal, the confidence interval
for this cell was [100.0 %, 109.6%], which brackets 100%; under Gamma, the Cl was [100.2%,109.9%)].

The 102 cells identified by this process are listed in Appendix C.

7.2 TABLEAU WORKBOOK FOR VBT ANALYSIS

Several Tableau views have been developed to help identify the subsections of the 2015 VBT that may need to be
adjusted as described in Section 5. These views include the capability to see the Cl around various segments of the
data. The workbook currently contains the 116 cells developed in the Excel workbook, described in Section 7.1,
from the 2009-2017 data. These 116 data cells and their Cls can be viewed in the published Tableau views.

As of this writing, the published Tableau views show Cls without a skewness adjustment. To implement Cls with a
skewness adjustment, an R subroutine needs to be called from Tableau and this capability and the skewness
adjustment will be added by the SOA at a later date.
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Section 8: Initial Findings

Our analysis was principally concerned with mortality experience based on face amount with mortality improvement
assumed. The data provided by MIB included 33.8 million records. We excluded records with any of the following
characteristics:

e  PLT indicator equals “Y”

e Duration greater than 36

e  Smoker Status equals “Unknown”
e Issue Age less than 18

After these exclusions, the number of remaining records was 31.8 million. These records had a mortality ratio of
90.7% based on face amount and 112.2% based on policy count. As discussed in Section 4, we summarized the
records into 116 cells. Of the 116 cells, 104 were fully credible. We calculated mortality ratios and confidence
intervals —assuming a Standard Normal distribution - for each of the cells. The confidence intervals were centered
around the actual to expected ratio. All of the calculations were based on amount, not count.
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This tab i the cells of the current mortality table where 100% is within, below, or aobe the interval
| FNS FS MNS Ms Al % Actual (Face) with MI (FACE) A/E Exp Pctg
Below 100% is below Confi Interval 8 0 13 9 30 26% 25,950,613,945.00 23,793,512,471.68 109.1% 10%
InCl 100% is within Ci Interval 11 1 17 3 32 28% 42,167,137,100.00 42,037,652,257.07 100.3% 18%
Above 100% is above Confidence Interval| 14 1 25 2 42 36% 138,996,791,899.00 163,349,091,163.29 85.1% 69%
Not Cred. Cellis not credible| 1 6 1 4 12 10% 7,156,245,032.00 7,052,156,520.08 101.5% 3%
All 34 8 56 18 116 100% 214,270,787,976.00 236,232,412,412.13 90.7% 100%
AA\Dur -
> 1 2 3 4 5 6 7 8 9 10 11 12 ’ 13 ’ 14 ’ 15 16 17 ‘ 18 ’ 19 20 ’ 21 22 ’ 23 24 ‘ 25 26 27 28 29 30 31 32 33 34 35 36
Female  NonSmoke 18 - 29
Female  NonSmok¢30 - 39
Female ~ NonSmoke 40 - 49
Female  NonSmok¢50 - 59
Female  NonSmok« 60 - 69
Female  NonSmok« 70 - 79
Female  NonSmok¢ 80 - 89
Female  NonSmoke 90 Plus
Male NonSmok« 18 - 29
Male NonSmoke 30 - 39
Male NonSmoke 40 - 49
Male NonSmoke 50 - 59
Male NonSmok¢ 60 - 69
Male NonSmoke 70 - 79
Male NonSmoke 80 - 89
Male NonSmoke 90 Plus (89 - - - - - - - - - -—- - - - - - - - - - - - - - - 89] [90 - - - - - - - - 90]
Female  Smoker 18-29
Female  Smoker 30-39
Female  Smoker 40 -49
Female  Smoker 50-59
Female  Smoker 60 -69
Female ~ Smoker 70-79
Female  Smoker 80 -89
Female  Smoker 90 Plus
Male Smoker  18-29
Male Smoker 30-39
Male Smoker 40 -49
Male Smoker 50 - 59
Male Smoker 60 - 69
Male Smoker  70-79
Male Smoker 80 -89
Male Smoker 90 Plus
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e The 104 fully credible cells accounted for 96.7% of the expected death claims and had an A/E of 90.4%.

e Thirty-two of the cells had confidence intervals that included 100%. Those cells contained 20% of the
expected death claims and had an A/E of 100%. They are shown as green blocks in the above chart.

e For 42 of the cells, 100% were above the upper limit of their confidence interval, indicating the tabular
mortality rates were too high. Those cells contained 65% of the expected death claims and had an A/E of
85%. They are shown as yellow blocks.

e  For 30 of the cells, 100% were below the lower limit of their confidence interval, indicating the tabular
mortality rates were too low. Those cells contained 12% of the expected death claims and had an A/E of
109%. They are shown as red blocks.

e The 12 cells that were not full credible accounted for 3% of the expected death claims and had an A/E of
102%. Of those cells, 100% were above the upper limit of the confidence interval for nine cells, 100% were
below the lower limit of the confidence interval for two cells, and 100% were within the confidence interval
for one cell. The pattern of the cells where the table was too high or too low was generally consistent with
the pattern found in the fully credible cells. They are shown as grey blocks.

Additional detail about the cells can be found in Appendix C. One of the notable findings was that cells with low A/E
values occurred in the early durations, whereas cells with high A/E values occurred in the later durations. This
indicates that the mortality rates of the current table are too high in the early durations and too low in the later
durations. We also noted that both male and female insureds have low A/E ratios of 91%. However, smokers of
both genders have A/E ratios of 102%, and non-smokers of both genders have A/E ratios of 90%.

Smoker Gender Actual Exposed Face Actual Face Expected Face w Ml A/E Face w MI
Status Number
NonSmoker | Female 508,689 | 30,269,870,244,043 61,801,047,713 69,016,454,689 89.5%
Smoker Female 147,483 1,041,696,120,501 6,995,458,975 6,863,158,975 101.9%
NonSmoker Male 737,501 58,485,607,547,753 130,576,882,205 145,683,514,706 89.6%
Smoker Male 196,748 2,470,774,043,884 14,897,472,200 14,611,681,156 102.0%
NonSmoker All 1,246,190 | 88,755,477,791,796 192,377,929,918 214,699,969,395 89.6%
Smoker All 344,231 3,512,470,164,385 21,892,931,175 21,474,840,131 101.9%
All Female 656,172 | 31,311,566,364,544 68,796,506,688 75,879,613,664 90.7%
All Male 934,249 | 60,956,381,591,637 145,474,354,405 160,295,195,862 90.8%
Al | Al | 1,590,421 | 92,267,947,956,181 |  214,270,861,093 |  236,174,809,526 90.7%

The MS-Excel workbook includes summaries by face amount band and other criteria.

Copyright © 2022 Society of Actuaries Research Institute


http://soa.qualtrics.com/jfe/form/SV_8vt1046sBQU8NhA

16

Appendix A: Derivation of Variance of A/E

Assume:
n: the number of policies
q;: the true mortality rate for life i
q;’: the mortality rate from the standard table (2015 VBT)
b;: the amount insured for life i
d;:is 0if the life doesn’t die, is 1 if it does
A =YY", b;d;is the actual claims
E = Y1, b; qi is the expected claims

A _ Ziibidi
E

m= is also known as the mortality ratio

q; = mq; is an estimate of the true mortality since the true mortality is unknown

. b;mq; b;d;
For each life, u = %and X = ;5‘ and

Var(m) = o? = E[(X — u)?]

of = [(% b‘rqus) X mqis] + [(0 b‘mq‘) x(1— mqf)]
= )t ~23) et + (55 (528 (5 e
= )t -2(3) (355
o2 = (%) mas - 2 (%) magy? + (2mal)’
ot = (%) maz - (%) (mapy
2 bi ’ s s
o; = (E) [mq;7 (1 —mg;)]

For all lives,

m " m? n
2 _ b2 g5 — — bZ (g%)?
0" =5 E B E b (q7)

o =+o =+/Var(m)
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Appendix B: Derivation of Skewness of A/E

Assume:

n: the number of policies

q;: the true mortality rate for life i

q;’: the mortality rate from the standard table (2015 VBT)
b;: the amount insured for life i

d;:is 0if the life doesn’t die, is 1 if it does

A =YY", b;d;is the actual claims

E = Y1, b; qi is the expected claims

A _ Ziibidi
E

m= is also known as the mortality ratio

17

q; = mq; is an estimate of the true mortality since the true mortality is unknown

bid;

. b;mq;
For each life, u = %and X = - and

¥vi = Skewness(m) = E[(X — u)?]

¥vi = [(E—M)S X mqis] + [(0 —bi%qis)s x (1 —mgq;)

E E

b\* b\
Yi =
Vi = (1 —mgq{) x mg x [(1 —mgq{)* — (mq;)?]
Yi =

(
(
(
—e
(
(

(1 —mq?) x mq; x [1 — 2mgq/]
Vi = [mqi — (mq?)? — 2(mqf)? + 2mq;)*]

[mqf — 3(mgq})? + 2mq;)?]

For all lives,

m

y=Tiyn p3as 3™ ym b3 asyz oM™ yn p3(ps)3
g3 &i=1 i q; g3 &i=171 q; g3 &i=171 q;

) (1 —map)® xmas +(5) (=ma)® x (1 - ma?

%)° (1 — ma7) x mgs x [1— 2ma; + (mg?)? — (mgi)?]
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Appendix C: Credible Data Cells

This section lists the 102 data cells identified by the MS-Excel workbook. In this table, green rows had confidence
intervals that included 100%. For yellow rows, 100% were above the upper limit of their confidence interval,
indicating the tabular mortality rates were too high. For red rows, 100% were below the lower limit of their
confidence interval, indicating the tabular mortality rates were too low. Blue rows were not fully credible.
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Cell Sex/ | Attained Dur Actual Actual Face Expected Face |Cred Factor| Std.Dev. | A/E Face | # of std |Standard Std. Norm.
Tobac. Age Number with MI Before w/MI devs Normal Confidence
Capping from Position Interval
M - - M - - - - - | 100% " -

1 FNS 18-29 1-12 1,281 184,275,463 212,227,145 42% 0.053 86.8% (2.5)|Not Cred.| 81.8%-91.8%
2 FNS 30-39 1-22 6,313 | 1,343,665,084 | 1,791,732,137 103% 0.019 75.0% (13.4)] Above | 73.2%-76.8%
3 FNS 40-49 1-8 7,148 | 2,099,216,584 | 2,639,434,607 104% 0.019 79.5% (10.5)] Above | 77.7%-81.4%
4 FNS 40-49 9-13 5671 | 1,466,871,706 1,955,732,988 110% 0.017 75.0% (14.3)] Above | 73.3%-76.7%
5 FNS 40-49 | 14-19 | 5355 773,981,929 929,738,050 101% 0.021 83.2% (7.9)] Above | 81.2% - 85.3%

7 FNS 50-59 1-9 13,003 | 2,759,300,489 3,516,609,707 105% 0.019 78.5% (11.3)[ Above | 76.7% - 80.3%
8 FNS 50-59 | 10-13 | 7,806 | 1,627,621,243 2,112,231,706 103% 0.019 77.1% (12.0)] Above [ 75.2% - 78.9%
9 FNS 50-59 | 14-17 | 7,877 | 1,269,868,861 1,615,220,318 108% 0.019 78.6% (11.5)] Above | 76.8% - 80.4%

FNS

FNS 60 - 69

1-12

22,485

789,738,410

3,722,500,377

871,068,808

4,511,005,009

108%

106%

0.020

82.5%

(4.4)

(8.8)

Above

Above

88.6% - 92.7%

80.6% - 84.4%

1,768,503,538

2,175,504,186

(9.3)

79.4% - 83.2%

16,229

9,100,103,033

10,018,033,288

88.7% - 93%

45,553

6,453,801,042

6,899,735,886

91.3% - 95.8%

83.2% - 87.1%

93.1%- 102.5%

37 MNS 40-49 1-6 8,410 | 4,421,370,650 | 4,876,632,977 111% 0.021 90.7% (4.5)] Above | 88.7% -92.6%
38 MNS 40-49 7-9 5,200 | 2,827,203,881 3,352,132,485 103% 0.021 84.3% (7.5)] Above | 82.4% -86.3%
39 MNS 40 - 49 10-12 | 4,997 | 2,285,545,928 | 2,742,175,257 106% 0.020 83.3% (8.3)[ Above | 81.4% -85.3%

1,722,690,680

1,971,094,816

108%

87.4%

85.4% - 89.4%

42 MNS 50-59 1-5 11,150 | 4,559,584,269 | 5,363,960,608 104% 0.021 85.0% (7.2)] Above 83% - 87%
43 MNS 50-59 6-8 9,063 | 4,194,170,397 | 4,878,932,229 112% 0.020 86.0% (7.1)] Above | 84.1%-87.8%
44 MNS 50-59 9-10 6,987 | 3,364,653,530 | 3,734,292,303 109% 0.021 90.1% (4.7)] Above | 88.1%-92.1%
45 MNS 50-59 | 11-12 | 6,345 | 2,506,650,133 | 3,128,153,571 105% 0.019 80.1% (10.2)[ Above 78.3% - 82%
46 MNS 50-59 | 13-14 | 6,815 | 2,375,976,856 | 3,043,878,908 109% 0.018 78.1% (12.0)[ Above [ 76.3% -79.8%
47 MNS 50-59 | 15-16 | 6,390 | 1,932,524,975 2,362,934,168 105% 0.020 81.8% (9.2)[ Above | 79.9% -83.7%

1,943,084,241

2,341,886,542

120%

83.0%

81.3% - 84.6%

55 MNS 60 - 69 1-6 16,789 | 4,963,552,043 5,832,674,836 110% 0.020 85.1% (7.6)[ Above 83.2% - 87%
56 MNS 60 - 69 7-9 13,177 | 4,428,977,142 5,503,739,896 119% 0.017 80.5% (11.3)[ Above | 78.8%-82.1%
57 MNS 60 - 69 10-11 | 9,361 | 2,836,350,270 | 3,676,115,021 103% 0.019 77.2% (12.0)[ Above 75.3% - 79%
58 MNS 60 - 69 12-13 | 9,583 | 2,772,330,016 | 3,309,090,520 107% 0.020 83.8% (8.1)] Above | 81.9% -85.7%
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Cell Sex/ | Attained Dur Actual Actual Face Expected Face |Cred Factor| Std.Dev. | A/E Face | # of std |Standard Std. Norm.
Tobac. Age Number with MI Before w/MI devs Normal Confidence
Capping from Position Interval
- - - - - ~ | 100% " -
60 MNS 60-69 | 16-18 | 13,163 | 2,690,437,404 | 3,301,104,414 109% 0.019 81.5% (9.7)] Above | 79.7% - 83.3%
9,741 | 1,466,591,854 | 1,571,587,665 103% (2.9)] Above | 91.1%-95.5%

71 MNS 70-79 1-10 | 25,555 | 6,478,922,231 7,521,250,470 108% 0.020 86.1% (6.8)] Above | 84.2% -88.1%

72 MNS 70-79 | 11-14 | 18,357 | 3,844,420,131 | 4,421,900,621 106% 0.021 86.9% (6.3)] Above 85% - 88.9%

73 MNS 70-79 | 15-17 | 15,533 | 2,643,119,887 2,874,771,117 107% 0.022 91.9% (3.7)| Above 89.9% - 94%
2,228,982,156 2,435,065,674 89.6% - 93.5%

89 MNS 90PLUS [ 1-26 | 26,915 | 6,425,973,621 7,860,221,305 102% 0.020 81.8% (8.9)[ Above | 79.8% -83.7%
90 MNS 90PLUS | 27-36 | 24,266 | 1,919,636,623 2,003,197,900 130% 0.019 95.8% (2.2)[ Above 94% - 97.6%
91 FSM 18-29 1-12 240 23,132,562 15,068,076 13% 0.296 153.5% 1.8 |Not Cred.|125.4% - 181.6%
92 FSM 30-39 1-22 1,044 95,350,574 112,816,607 33% 0.065 84.5% (2.4)[Not Cred.| 78.3% - 90.7%

40-49

430,686,169

446,800,437

96.4%

Not Cred.

92.9% - 99.9%

95 FSM 60 - 69 1-36 | 30,048 | 1,491,973,073 1,583,813,301 110% 0.022 94.2% (2.6)| Above | 92.1% -96.3%
96 FSM 70-79 1-36 | 43,047 | 1,683,151,040 1,494,353,805 88% 0.033 112.6% 3.9 [Not Cred.|109.5% - 115.7%
97 FSM 80 -89 1-36 | 42,308 | 1,682,475,349 1,541,358,207 85% 0.033 109.2% 2.8 [Not Cred.| 106% - 112.3%
98 FSM 90PLUS | 1-36 | 10,825 | 512,977,056 545,803,052 43% 0.056 94.0% (1.1)[Not Cred.| 88.7% - 99.3%
99 MSM 18-29 1-12 1,034 110,811,072 67,250,423 26% 0.163 164.8% 4.0 [Not Cred.|149.3% - 180.3%
100 MSM 30-39 1-22 2,937 419,258,297 404,549,169 53% 0.050 103.6% 0.7 [Not Cred.| 98.9% - 108.4%
101 MSM 40-49 1-32 9,443 | 1,224,632,987 1,396,571,726 97% 0.023 87.7% (5.3)[Not Cred.| 85.5% - 89.9%

50-59

1,724,344,579

1,857,318,920

92.8%

Above

90.6% - 95%

116

MSM

90 PLUS

338,990,231

354,712,490

68%

0.036

95.6%

(1.2)| Not Cred.

92.2% - 99%
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Cell Sex/ | Attained Dur Actual Actual Face Expected Face |Cred Factor| Std.Dev. | A/E Face | # of std |Standard Std. Norm.
Tobac. Age Number with MI Before w/MI devs Normal Confidence
Capping from Position Interval
- M - - - - ' | 100% " -
59 MNS 60-69 | 14-15 | 9,807 | 2,550,697,060 | 3,198,286,390 105% 0.019 79.8% (10.4)] Above | 77.9% - 81.6%
60 MNS 60-69 | 16-18 | 13,163 | 2,690,437,404 | 3,301,104,414 109% 0.019 81.5% (9.7)] Above | 79.7% - 83.3%
61 MNS 60-69 | 19-20 | 9,741 | 1,466,591,854 | 1,571,587,665 103% 0.023 93.3% (2.9)] Above | 91.1%-95.5%

81.2%-

71 MNS 70-79 1-10 | 25,555 | 6,478,922,231 | 7,521,250,470 108% 0.020 86.1% (6.8)| Above | 84.2% -88.1%

72 MNS 70-79 | 11-14 | 18,357 | 3,844,420,131 | 4,421,900,621 106% 0.021 86.9% (6.3)] Above 85% - 88.9%

73 MNS 70-79 | 15-17 | 15533 | 2,643,119,887 | 2,874,771,117 107% 0.022 91.9% (3.7)] Above 89.9% - 94%
MNS 70-79 | 18-20 | 18,684 | 2,228,982,156 | 2,435,065,674 114% 0.021 91.5% (4.1)] Above | 89.6% - 93.5%

85%

89 MNS 90PLUS [ 1-26 | 26,915 | 6,425,973,621 7,860,221,305 102% 0.020 81.8% (8.9)] Above | 79.8%-83.7%
90 MNS 90PLUS [ 27-36 | 24,266 | 1,919,636,623 2,003,197,900 130% 0.019 95.8% (2.2)] Above 94% - 97.6%
FSM 18-29 240 23,132,562 15,068,076 13% 0.296 153.5% 1.8 [Not Cred.[125.4% - 181.6%
FSM 30-39 1,044 95,350,574 112,816,607 33% 0.065 84.5% (2.4)[Not Cred.| 78.3% - 90.7%
40 - 49 4,670 430,686,169 446,800,437 67% 96.4% Not Cred.| 92.9% - 99.9%
95 FSM 60 - 69 1-36 | 30,048 | 1,491,973,073 1,583,813,301 110% 0.022 94.2% (2.6)[ Above | 92.1% -96.3%
96 FSM 70-79 1-36 | 43,047 | 1,683,151,040 1,494,353,805 88% 0.033 112.6% 3.9 [Not Cred.|109.5% - 115.7%
97 FSM 80-89 1-36 | 42,308 | 1,682,475,349 1,541,358,207 85% 0.033 109.2% 2.8 [Not Cred.| 106% - 112.3%
98 FSM 90PLUS | 1-36 | 10,825 | 512,977,056 545,803,052 43% 0.056 94.0% (1.1)[Not Cred.| 88.7% - 99.3%
99 MSM 18-29 1-12 1,034 110,811,072 67,250,423 26% 0.163 164.8% 4.0 [Not Cred.|149.3% - 180.3%
100 MSM 30-39 1-22 2,937 419,258,297 404,549,169 53% 0.050 103.6% 0.7 [Not Cred.| 98.9% - 108.4%
101 MSM 40-49 1-32 9,443 | 1,224,632,987 1,396,571,726 97% 0.023 87.7% (5.3)|Not Cred.| 85.5% - 89.9%

116

MSM

50-59

90 PLUS

10,230

1,724,344,579

338,990,231

1,857,318,920

354,712,490

68%

0.036

92.8%

95.6%

Above

(1.2)| Not Cred.

90.6% - 95%

82% - 86%

92.2% - 99%
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About The Society of Actuaries Research Institute

Serving as the research arm of the Society of Actuaries (SOA), the SOA Research Institute provides objective, data-
driven research bringing together tried and true practices and future-focused approaches to address societal
challenges and your business needs. The Institute provides trusted knowledge, extensive experience and new
technologies to help effectively identify, predict and manage risks.

Representing the thousands of actuaries who help conduct critical research, the SOA Research Institute provides
clarity and solutions on risks and societal challenges. The Institute connects actuaries, academics, employers, the
insurance industry, regulators, research partners, foundations and research institutions, sponsors and non-
governmental organizations, building an effective network which provides support, knowledge and expertise
regarding the management of risk to benefit the industry and the public.

Managed by experienced actuaries and research experts from a broad range of industries, the SOA Research
Institute creates, funds, develops and distributes research to elevate actuaries as leaders in measuring and
managing risk. These efforts include studies, essay collections, webcasts, research papers, survey reports, and
original research on topics impacting society.

Harnessing its peer-reviewed research, leading-edge technologies, new data tools and innovative practices, the
Institute seeks to understand the underlying causes of risk and the possible outcomes. The Institute develops
objective research spanning a variety of topics with its strategic research programs: aging and retirement; actuarial
innovation and technology; mortality and longevity; diversity, equity and inclusion; health care cost trends; and
catastrophe and climate risk. The Institute has a large volume of topical research available, including an expanding
collection of international and market-specific research, experience studies, models and timely research.

Society of Actuaries Research Institute
475 N. Martingale Road, Suite 600
Schaumburg, lllinois 60173

www.SOA.org
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