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1 Introduction

The traditional sources of risk for life insurers are uncertainty in interest rates, aggregate

longevity or mortality, and policyholder behavior. A nearly constant leverage ratio from

1945 through the 1990s suggests that life insurers managed these risks well for decades

when traditional annuities and life insurance were their primary liabilities. Life insurers

manage interest risk by investing a significant share of their assets in long-term bonds. They

manage longevity or mortality risk by offsetting annuities with life insurance. Uncertainty

in policyholder behavior may be more difficult to hedge, but life insurers have decades of

experience to assess the policyholder risk of traditional annuities and life insurance. Finally,

life insurers diversify these sources of risk through unaffiliated reinsurance.

As the share of household net worth intermediated by private defined benefit plans has

declined since the 1980s, the share intermediated by life insurers and private defined con-

tribution plans has grown. At the same time, the composition of life insurer liabilities has

shifted from life insurance to variable annuities, which are mutual funds with longevity in-

surance and a potential tax advantage. Thus, variable annuities replace the key functions of

defined benefit plans in individual accounts and employer-sponsored plans. Since the 2000s,

life insurers have competed on variable annuities with minimum return guarantees, which

are essentially long-maturity put options on the mutual fund.

Through the minimum return guarantees, the primary function of life insurers has changed

from traditional insurance to financial engineering. Life insurers are exposed to interest risk

because they have not sufficiently increased the maturity of their bond portfolio or used

derivatives to offset the negative duration and the negative convexity from variable annu-

ities. Life insurers are also exposed to long-run volatility risk, which is difficult to hedge

with traded options that are short term. The presence of high leverage and risk mismatch

makes life insurers similar to pension funds. However, the minimum return guarantees make

life insurers unique because they are engineering complex payoffs for policyholders over long

horizons that are difficult to hedge with traded options.

During the global financial crisis, many insurers including Aegon, Allianz, AXA, Delaware

Life, John Hancock, and Voya (formerly a US subsidiary of ING) suffered large increases in

variable annuity reserves ranging from 27% to 125% of total equity. Hartford was bailed

out by the Troubled Asset Relief Program in June 2009 because of significant losses on their

variable annuity business. The risks associated with minimum return guarantees are not

limited to the US. For example, Equitable Life in the UK failed partly because of guarantees

that were too generous (Roberts, 2012). Perhaps more relevant to the low interest environ-

ment, many Japanese life insurers experienced significant losses because of overly generous
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guarantees in the early 2000s (Kashyap, 2002). Minimum return guarantees are important

globally and represent a major share of life insurer liabilities in Austria, Denmark, France,

Germany, the Netherlands, and Sweden (European Systemic Risk Board, 2015, Hombert and

Lyonnet, 2017). In these countries, the average duration of liabilities exceed that of assets

by 5 to 10 years (European Insurance and Occupational Pensions Authority, 2014), which

implies significant losses if interest rates remain unexpectedly low as they have been since

the European sovereign debt crisis through 2020.

This survey paper primarily draws upon research in Koijen and Yogo (2021) and Koijen

and Yogo (2022). Section 2 provides a historical perspective of life insurers’ liabilities and

leverage. Life insurers’ leverage has become more volatile since the 1990s, suggesting greater

risk mismatch due to the minimum return guarantees. Section 3 describes variable annuities

and details about their regulation that are relevant for this paper. Section 4 shows that the

top insurers suffered large increases in variable annuity reserves during the global financial

crisis. Variable annuity insurers’ stock returns have negative exposure to long-term bond

returns after the global financial crisis, and their stock returns were especially low during the

COVID-19 crisis. Section 5 shows that variable annuity sales decreased, fees increased, and

many insurers stopped offering minimum return guarantees during the global financial crisis.

As variable annuities shocked risk-based capital, they affected other important functions of

life insurers including the pricing of traditional annuities and reinsurance. Section 6 suggests

ways to improve upon the current regulation through more detailed financial disclosure and

standardized stress tests.

2 A historical perspective of life insurers

We provide a historical perspective of life insurers’ liabilities and leverage in comparison

with property and casualty insurers, private pension funds, and banks. Since the 1980s, life

insurers have grown significantly, and the composition of their liabilities has shifted from life

insurance to variable annuities. Coinciding with the changing nature of their business, life

insurers’ leverage has become more volatile because of greater risk mismatch since the 1990s.

2.1 Liabilities

Life insurers are among the largest of financial institutions. Table 1 reports the liabilities of

US financial institutions in 2017. Life insurers had $6.5 trillion of liabilities, which is larger

than property and casualty insurers, private defined contribution plans, and private defined

benefit plans.

Figure 1 reports historical trends in the shares of US household net worth that are
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Table 1 Liabilities of financial institutions in 2017

Sector Trillion $
Life insurance 6.5
Property & casualty insurance 1.2
Private defined contribution 6.2
Private defined benefit 3.2

Authors’ tabulation based on the Financial Accounts of the United States (Board of Governors of the Federal

Reserve System, 2017).

intermediated by insurance companies and pension funds. In 2017, life insurers accounted

for 10.0% of household savings, which is higher than 9.6% for private defined contribution

plans and 5.0% for private defined benefit plans. Property and casualty insurers accounted

for 1.9% of household savings. Although property and casualty insurance is important for

insuring idiosyncratic risk, it is not a large share of household savings because the policies

are typically short term.
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Figure 1 Insurance and pension liabilities. Authors’ tabulation based on the Financial
Accounts of the United States for 1945 to 2017 (Board of Governors of the Federal Reserve
System, 2017).

Private defined benefit plans peaked at 9.4% of household net worth in 1985 and fell

thereafter. The fall of defined benefit plans is offset by the rise of life insurers and defined

contribution plans. Private employers are shifting from defined benefit plans to defined
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contribution plans to avoid the risk of underfunded pensions. However, not all employers offer

defined contribution plans, and some employees may not be eligible for pension benefits. In

contrast, life insurers could play an important role in retirement savings, even for households

without access to defined contribution plans. Households can hold annuities in defined

contribution plans, individual retirement accounts, and non-retirement accounts.

Table 2 reports the composition of US life insurers’ liabilities in 2017. Life insurance

and traditional annuities each accounted for $1.2 trillion of liabilities. Life insurers manage

some private pension funds, and these liabilities accounted for $0.7 trillion. Other liabilities

including accident and health insurance accounted for $0.8 trillion.

Table 2 Composition of life insurers’ liabilities in 2017

Liability Trillion $
General account
Life insurance 1.2
Annuities 1.2
Pension funds 0.7
Other (including accident & health) 0.8

Separate account (variable annuities) 2.7

Authors’ tabulation based on the Financial Accounts of the United States (Board of Governors of the Federal

Reserve System, 2017).

Separate account liabilities, which are primarily variable annuities, accounted for $2.7
trillion in 2017. The mutual fund underlying a variable annuity is held in a separate account

on behalf of investors, which is not subject to the insurer’s default risk. The minimum return

guarantee on the mutual fund is part of annuity liabilities in the general account. General

account liabilities are subject to default risk because of risk mismatch with general account

assets.

Figure 2 reports historical trends in the composition of US life insurers’ liabilities, which

are in shares of household net worth for comparison with Figure 1. In the early part of the

sample before the 1980s, life insurance was larger than annuities. Since the 1990s, variable

annuities have grown rapidly and are now the largest liability. In 2017, variable annuities

and traditional annuities together accounted for 4.9% of household net worth, which is about

twice the size of 2.4% for life insurance. The label “life insurance companies” was appropriate

back in 1945, but they should perhaps be relabeled “annuity and life insurance companies”

in modern time.
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Figure 2 Composition of life insurers’ liabilities. Authors’ tabulation based on the Financial
Accounts of the United States for 1945 to 2017 (Board of Governors of the Federal Reserve
System, 2017). General account annuities include pension liabilities before 1985.

2.2 Leverage

Figure 3 reports historical trends in the leverage (i.e., the ratio of liabilities to assets) of US

financial institutions. Interestingly, the leverage of life insurers and banks closely track each

other at low frequency. They both hover around 95% in the early part of the sample before

1990. Since then, the leverage of both life insurers and banks have gradually decreased to

90% in 2017. During the global financial crisis, life insurers’ leverage spiked up to 97%,

while banks’ leverage spiked down to 86%. Life insurers can afford to let leverage increase

in response to a transitory shock to asset values because of the long-term nature of their

liabilities that are generally not prone to runs.

Property and casualty insurers have always had lower and more volatile leverage than

life insurers because of the less predictable nature of their liabilities. However, the shift from

life insurance to variable annuities since the 1990s means that life insurers now have less

predictable liabilities subject to risk mismatch. Coinciding with the changing nature of their

business, life insurers’ leverage has decreased and become more volatile since the 1990s.
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Figure 3 Leverage of financial institutions. Authors’ tabulation based on the Financial
Accounts of the United States for 1945 to 2017 (Board of Governors of the Federal Reserve
System, 2017).

3 Background on variable annuities

We start with an example of an actual product to explain how variable annuities work.

We then describe details about risk-based capital regulation for variable annuities. Finally,

we summarize economic and institutional reasons why insurers do not fully hedge variable

annuity risk.

3.1 An example of a variable annuity

A variable annuity is a mutual fund that is sold through an insurer with longevity insurance

and a potential tax advantage. For an additional fee, insurers offer an optional minimum

return guarantee on the mutual fund. Thus, a variable annuity with a minimum return

guarantee is a retail financial product that packages a mutual fund with a long-maturity

put option on the mutual fund. To explain how variable annuities work, we start with an

example of an actual product.

MetLife Investors USA Insurance Company (2008) offers a variable annuity called MetLife

Series VA, which comes with various investment options and guaranteed living benefits. In

2008:3, one of the investment options was the American Funds Growth Allocation Portfolio,

which is a mutual fund with a target equity allocation of 70% to 85% and an annual portfolio

7



expense of 1.01%. One of the guaranteed living benefits was a Guaranteed Lifetime With-

drawal Benefit (GLWB). MetLife Series VA has an annual base contract expense of 1.3% of

account value, and a GLWB has an annual fee of 0.5% of account value. Thus, the total

annual fee for the variable annuity with a GLWB is 1.8%, which is on top of the annual

portfolio expense on the mutual fund.

Suppose that an investor were to invest in the American Funds Growth Allocation Port-

folio in 2008:3. After 2013:3, the investor withdraws a constant dollar amount each year

that is 5% of the highest account value ever reached. For example, this behavior describes

an investor who invests in a mutual fund 5 years before retirement and subsequently spends

down her wealth by consuming a constant dollar amount each year. Figure 4 shows the

path of account value per $1 of initial investment with the shaded region covering the with-

drawal period after 2013:3. The account value fluctuates over time because of uncertainty

in investment returns.
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Figure 4 An example of a guaranteed living withdrawal benefit. This example shows the
evolution of account value and the guaranteed amount for MetLife Series VA with a GLWB
from 2008:3 to 2016:4. The investment option is the American Funds Growth Allocation
Portfolio. The investor is assumed to annually withdraw 5% of the highest guaranteed
amount after 2013:3. For simplicity, this example abstracts from the impact of fees on
account value and the guaranteed amount.

The same investor could purchase a GLWB from MetLife and guarantee her investment

returns. A GLWB has an annual rollup rate of 5% before first withdrawal, which means that

at each contract anniversary, the guaranteed amount steps up to the greater of the account
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value and the previous guaranteed amount accumulated at 5%. Thus, a GLWB is a put

option on the mutual fund that locks in every year to a strike price that accumulates at an

annual rate of 5%. Figure 4 shows that the guaranteed amount can only increase during

the five-year accumulation period, protecting the investor from downside risk in investment

returns. The flip side is that life insurers need to engineer this complex product and any

mismatch risk that arises in the process impacts insurers’ balance sheets.

Once the investor enters the withdrawal period, she can annually withdraw up to 5%

of the highest guaranteed amount ever reached. In our example, the guaranteed amount in

2013:3 is $1.44, which means that the investor can withdraw up to $1.44 × 0.05 = $0.072

per year. Each withdrawal gets deducted from both the account value and the guaranteed

amount. A GLWB is a lifetime guarantee in that the investor receives income (i.e., $0.072 per
year) as long as she lives, even after the account is depleted to zero. During the withdrawal

period, the guaranteed amount steps up to the account value at each contract anniversary.

In Figure 4, these step-ups occur in 2014:3 and 2016:3 because of high investment returns.

A GLWB is the most common type of guaranteed living benefit. The other three types

of guaranteed living benefits are a Guaranteed Minimum Withdrawal Benefit (GMWB), a

Guaranteed Minimum Income Benefit (GMIB), and a Guaranteed Minimum Accumulation

Benefit (GMAB). A GMWB is similar to a GLWB, except that the investor does not receive

income after the account is depleted to zero. A GMIB is similar to a GLWB, except that

guaranteed amount at the beginning of the withdrawal period converts to a life annuity

(i.e., fixed income for life). A GMAB provides a minimum return guarantee much like the

accumulation period of a GLWB, but it does not have a withdrawal period with guaranteed

income.

3.2 Risk-based capital regulation

Variable annuity liabilities enter both reserves and required capital in risk-based capital:

RBC =
Assets − Reserves

Required capital
. (1)

As summarized in Junus and Motiwalla (2009), Actuarial Guideline 43 since December 2009

determines the reserve value of variable annuities, and the C-3 Phase II regulatory standard

since December 2005 determines the contribution of variable annuities to required capital.

Actuarial Guideline 43 is a higher reserve requirement than its precursor Actuarial Guideline

39, so insurers were given a phase-in period until December 2012 to fully comply with the

new requirement.

To compute reserves and required capital, insurance regulators provide various scenarios
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for the joint path of Treasury, corporate bond, and equity prices. Insurers simulate the

path of equity deficiency for their variable annuity business (net of the hedging programs

and reinsurance) under each scenario and keep the highest present value of equity deficiency

along each path. Insurers then compute reserves as a conditional mean over the upper 30%

of equity deficiencies (called CTE 70). This conditional tail expectation builds in a degree

of conservatism that is conceptually similar to a correction for risk premia, but reserves do

not coincide with the market value of liabilities. Insurers use the same methodology for

required capital, except that they compute a conditional mean over the upper 10% of equity

deficiencies (called CTE 90).

More generous guarantees with higher rollup rates or better coverage of downside market

risk relative to fees require higher reserves and more capital. Moreover, minimum return

guarantees are long-maturity put options on mutual funds whose value increases when the

stock market falls, interest rates fall, or volatility rises. Therefore, both reserves and required

capital increase in an adverse scenario like the global financial crisis, which puts downward

pressure on risk-based capital.

GAAP allows insurers to record variable annuity reserves at market value in contrast to

the conditional tail expectation under Actuarial Guideline 43. Therefore, variable annuity

reserves under the statutory accounting principles could increase relative to those under

GAAP after a period of high volatility (Credit Suisse, 2012). Moreover, an insurer that

implements a hedging program under GAAP capital could actually increase the volatility

of accounting equity under the statutory accounting principles. For these reasons, insurers

have an incentive for captive reinsurance of variable annuities either to increase risk-based

capital or to implement a hedging program under GAAP capital.

3.3 Hedging of variable annuities

Insurers could use derivatives to hedge interest and equity risk mismatch between their

general account asset and liabilities, including the minimum return guarantees on variable

annuities. US life insurers held $1.1 trillion in notional amount of over-the-counter derivatives

in 2014 (Berends and King, 2015). Although this amount is a nontrivial share of their

liabilities, insurers do not fully hedge for various economic and institutional reasons.

Insurers may not be able to fully hedge because the minimum return guarantees have

longer maturities than traded options, highlighting the financial engineering challenge that

life insurers face. Insurers are therefore exposed to unexpected changes in implied volatility

if they attempt to hedge the minimum return guarantees by rolling over shorter maturity

options. A dynamic hedging program would be subject to basis risk because of model

uncertainty, especially regarding long-run volatility (Sun, 2009, Sun et al., 2009). In addition
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to basis risk, derivatives could expose insurers to counterparty risk. Although collateral could

reduce counterparty risk, it increases the cost of the hedging programs (Berends and King,

2015).

A deeper economic question is why the market for long-maturity options is incomplete

if insurers would want to hedge such risks. A potential reason is that someone must bear

aggregate risk by market clearing, and insurers may have comparative advantage over other

types of institutions because their liabilities have a longer maturity and are less vulnerable

to runs (Paulson et al., 2012).

Insurers, especially stock rather than mutual companies, may not want to hedge because

of risk-shifting motives that arise from limited liability and state guaranty associations (Lee,

Mayers, and Smith, 1997). Another reason that insurers may not want to hedge is that

existing regulation does not properly reward hedging of market value. Insurers report ac-

counting equity under the statutory accounting principles at the operating company level

and under GAAP at the holding company level. Therefore, hedge positions differ depending

on whether the insurer targets economic, statutory, or GAAP capital. A hedging program

that smoothes market equity could actually increase the volatility of accounting equity under

the statutory accounting principles or GAAP (Credit Suisse, 2012).

Whether insurers target market or accounting equity depends on whether the more im-

portant friction is economic (e.g., value-at-risk constraint) or regulatory (i.e., risk-based

capital constraint). Sen (2019) uses a difference-in-difference identification strategy around

the adoption of Actuarial Guideline 43 to show that insurers target accounting equity. Under

the new regulation, the statutory accounting values of GMWB and GMAB became more

sensitive to interest rates, while the statutory accounting value of GMIB remained insensi-

tive. Insurers that primarily sold risk-sensitive products increased hedging under the new

regulation. In contrast, insurers that primarily sold risk-insensitive products did not increase

hedging and instead used captive reinsurance to reduce regulatory frictions.

4 Evidence on risk mismatch

We show that the top insurers suffered large increases in variable annuity reserves during

the global financial crisis. We then show that variable annuity insurers’ stock returns have

negative exposure to long-term bond returns after the global financial crisis and that their

stock returns were especially low during the COVID-19 crisis. In the cross section of variable

annuity insurers, the stock returns are highly correlated between the global financial crisis

and the COVID-19 crisis, highlighting the persistent fragility that arises from the long-term

nature of minimum return guarantees.
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4.1 Variable annuity insurers

Table 3 summarizes the variable annuity market. In 2005, variable annuity liabilities across

all insurers were $1.071 trillion or 35% of total liabilities. Variable annuity liabilities have

ranged from 34% to 41% of total liabilities as their value fluctuates with the market value

of the mutual funds. In 2015, variable annuity liabilities were $1.499 trillion or 35% of total

liabilities. The variable annuity market is fairly concentrated as measured by the number of

insurers. The total number of insurers decreased from 44 in 2008 to 38 in 2015.

Table 3 Summary of the variable annuity market

VA liabilities
% of total Number Reserve

Year Billion $ liabilities of insurers valuation (%)
2005 1,071 35 45 0.9
2006 1,276 38 47 0.8
2007 1,435 41 46 0.8
2008 1,068 34 44 4.1
2009 1,195 35 43 3.4
2010 1,344 36 43 2.5
2011 1,358 35 42 4.9
2012 1,434 36 39 3.9
2013 1,606 37 40 1.8
2014 1,599 37 38 2.3
2015 1,499 35 38 2.9

Reprinted from Koijen and Yogo (2021, table 2). Variable annuity liabilities are total related account value

plus gross amount of variable annuity reserves minus reinsurance reserve credit on variable annuities. The

reserve valuation is the ratio of gross amount of variable annuity reserves to total related account value.

The reserve valuation (i.e., the ratio of gross amount of variable annuity reserves to

total related account value) measures the value of the minimum return guarantees per dollar

of underlying mutual funds. Table 3 shows that the reserve valuation aggregated across

all insurers increased sharply from 0.8% in 2007 to 4.1% in 2008. Since 2008, the reserve

valuation is volatile and remains high relative to the level before the global financial crisis.

Table 4 reports the top insurers ranked by their variable annuity liabilities in 2007.

Eight of these insurers (Aegon, Allianz, AXA, Delaware Life, Hartford, Jackson National,

Metropolitan Life, and Voya) suffered large increases in the reserve valuation ranging from

2.9 to 7.6 percentage points. These increases in the reserve valuation are significant shocks

because these insurers have high leverage (i.e., the ratio of total liabilities to total assets)

that range from 92% to 97%. For five of the eight insurers, the increases in variable annuity
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reserves are a significant share of total equity, ranging from 29% to 125%.

Table 4 Top insurers by variable annuity liabilities

VA liabilities Change from 2007 to 2008
in 2007 Reserve Reserves

Insurer (billion $) valuation (%) (% of equity)
AXA 140 7.6 125
Metropolitan Life 129 2.9 6
Prudential 122 1.4 13
Voya 121 4.2 42
Hartford 120 2.9 13
AIG 99 0.8 2
Lincoln 97 1.3 15
John Hancock 95 1.8 27
Ameriprise 81 1.0 13
Aegon 63 7.3 29
Pacific Life 56 1.5 13
Nationwide 46 1.7 18
Jackson National 33 3.6 13
Delaware Life 24 3.7 44
Allianz 23 5.3 35
New York Life 19 2.2 2
Genworth 17 0.5 1
Northwestern 12 0.2 0
Ohio National Life 11 2.2 22
Fidelity Investments 10 1.0 8
Security Benefit 10 1.3 12
MassMutual 6 1.7 0
Thrivent Financial 3 0.4 0

Reprinted from Koijen and Yogo (2021, table 3). Variable annuity liabilities are total related account value

plus gross amount of variable annuity reserves minus reinsurance reserve credit on variable annuities. The

reserve valuation is the ratio of gross amount of variable annuity reserves to total related account value.

The change in gross amount of variable annuity reserves is reported as a share of total equity in 2007. The

sample includes all insurers with at least $1 billion of variable annuity sales in 2007.

4.2 Interest risk

If the minimum return guarantees have higher duration and higher convexity than the general

account assets, the overall balance sheet is potentially exposed to interest risk. The market

value of equity decreases with unexpected decreases in interest rates, especially when the

level of interest rates is low. Consistent with this hypothesis, Hartley, Paulson, and Rosen
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(2017) find that US life insurers’ stock returns have significantly negative exposures to long-

term bond returns in the prolonged period of low interest rates after the global financial

crisis. In contrast, property and casualty insurers and UK life insurers (that do not have

variable annuities) do not have such exposure to interest rates.

We update the finding in Hartley, Paulson, and Rosen (2017) with a longer sample.

We construct monthly returns on a value-weighted portfolio of publicly traded US variable

annuity insurers. We regress excess portfolio returns, relative to the 1-month T-bill rate, on

excess stock market returns and excess 10-year Treasury bond returns. Table 5 reports the

betas and the monthly alpha from the factor regression.

Table 5 Risk exposure of variable annuity insurers

By subsample
Factor 1999–2007 2008–2009 2010–2017
Stock market return 1.36 0.56 2.56 1.11

(0.19) (0.15) (0.22) (0.08)
10-year bond return -0.01 -0.38 1.14 -1.28

(0.32) (0.29) (0.66) (0.16)
Alpha (%) -0.22 0.35 -1.14 0.41

(0.46) (0.47) (1.70) (0.29)
Observations 228 108 24 96

Reprinted from Koijen and Yogo (2021, table 1). We construct monthly returns on a value-weighted portfolio

of publicly traded US variable annuity insurers, which are listed in Koijen and Yogo (2021, appendix B).

This table reports the betas and monthly alpha from a factor regression of excess portfolio returns, rela-

tive to the 1-month T-bill rate, on excess stock market returns and excess 10-year Treasury bond returns.

Heteroscedasticity-robust standard errors are reported in parentheses. The sample period is January 1999

through December 2017.

Over the sample period from January 1999 to December 2017, the stock market beta is

1.36, and the 10-year bond return beta is −0.01 and statistically insignificant. On average,

insurers do not have significant exposure to interest risk, controlling for exposure to the

overall stock market. However, the 10-year bond return beta varies over time when we break

the sample into three periods: pre-crisis (1999–2007), financial crisis (2008–2009), and post-

crisis (2010–2017). In the post-crisis subsample, the 10-year bond return beta is −1.28 with

a t-statistic greater than 7. That is, unexpected decreases in interest rates are bad news

for insurers during this prolonged period of low interest rates. A coefficient near −1 implies

that the negative duration gap is close to the duration of the 10-year Treasury bond.
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4.3 Stock returns during the COVID-19 crisis

The COVID-19 crisis has again exposed the fragility of variable annuity insurers. We compare

the drawdown, which is the maximum fall in the cumulative stock return, from January 2

to April 2, 2020. As reported in Panel A of Figure 5, the drawdown on a value-weighted

portfolio of US variable annuity insurers was −51% during this period.1 This drawdown was

substantially larger than −34% for the S&P 500 index and −43% for the Financial Select

Sector SPDR Fund, which is the subset of financial sector stocks in the S&P 500 index. In

fact, the drawdown on variable annuity insurers was only slightly smaller than −62% for the

US Global Jets ETF, which tracks the US airline industry. Panel B of Figure 5 reports the

drawdowns on individual insurers that make up the portfolio in Panel A. AIG, Brighthouse

Financial, and Lincoln National suffered the largest drawdowns exceeding −65%.

The top nine insurers with the largest variable annuity liabilities in Table 4 coincide

almost perfectly with the top nine insurers that suffered the largest drawdowns in Figure 5.

AXA and John Hancock (part of Manulife Financial) in Table 4 are foreign insurers that

are not part of Figure 5, which focuses on US insurers. Brighthouse Financial was spun off

from Metropolitan Life in 2017, so it was part of Metropolitan Life at the time of Table 4

in 2007. Therefore, Principal Financial Group is the only insurer that breaks the otherwise

perfect correspondence of the top nine between Table 4 and Figure 5. The long maturity of

the minimum return guarantees means that variable annuities continue to be an important

source of risk for life insurers.

Panel C of Figure 5 compares the drawdowns during the COVID-19 crisis and the global

financial crisis across insurers. Insurers with large variable annuity liabilities that had low

stock returns during the global financial crisis also have low stock returns during the COVID-

19 crisis. This persistent fragility highlights the long-term nature of minimum return guar-

antees and their high exposure to equity risk.

5 Consequences of risk mismatch

We show that variable annuity sales decreased, fees increased, and many insurers stopped

offering minimum return guarantees during the global financial crisis. As variable annuities

shocked risk-based capital, they affected other important functions of life insurers including

reinsurance and the pricing of traditional annuities.

1We compute the portfolio return as a buy-and-hold portfolio with fixed weights at December 31, 2019.
Otherwise, a continuously rebalanced portfolio would imply decreasing weights for insurers that suffered the
lowest returns, even though the market value of their liabilities presumably increased.
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Figure 5 Stock returns during the COVID-19 Crisis. Panel A reports the drawdowns on the
S&P 500 index, the Financial Select Sector SPDR Fund, a value-weighted portfolio of US
variable annuity insurers, and the US Global Jets ETF. Panel B reports the drawdowns on
individual insurers that make up the portfolio in Panel A. Panel C compares the drawdown
during the COVID-19 crisis with the drawdown during the global financial crisis. The
drawdown during the COVID-19 crisis is based on stock returns from January 2 to April
2, 2020. The drawdown during the global financial crisis is based on stock returns from
January 2, 2008 to June 30, 2009.

5.1 Variable annuity market

Figure 6 reports quarterly sales of variable annuities across all contracts from 1999:1 to

2015:4. Sales grew robustly from $22 billion in 2005:1 to its peak at $41 billion in 2007:4.

16



Sales subsequently decreased during the global financial crisis to $27 billion in 2009:2, picked

up again to $34 billion in 2011:2, and were $20 billion in 2015:4. For comparison, the same

figure shows the aggregate sales of US open-end stock and bond mutual funds (excluding

money market funds and funds of funds), which is a larger market and shown on a different

scale. Interestingly, sales of variable annuities and mutual funds moved closely together

through 2008, but the two time series diverge thereafter as mutual fund sales grew.
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Figure 6 Variable annuity sales. Reprinted from Koijen and Yogo (2021, figure 3). The left
axis reports quarterly sales of variable annuities across all contracts from 1999:1 to 2015:4.
The right axis reports the aggregate sales of US open-end stock and bond mutual funds
(excluding money market funds and funds of funds).

Panel A of Figure 7 reports the average annual fee on open (for sale) minimum return

guarantees from 1999:1 to 2015:4. The increase in fees during the global financial crisis

coincides with the decrease in sales, suggesting an important role for a supply shock. The

average annual fee on minimum return guarantees increased from 0.59% of account value

in 2007:4 to 0.97% in 2009:2. Including the base contract expense, the total annual fee

increased from 2.04% in 2007:4 to 2.38% in 2009:2. Since then, fees have remained stable.

The average annual fee on minimum return guarantees was 1.08% (2.33% including the base

contract expense) in 2015:4.

Panel B of Figure 7 summarizes the rollup rates on open contracts from 1999:1 to 2015:4.

Conditional on offering a minimum return guarantee, the average rollup rate increased from

2.4% in 2005:1 to 4.0% in 2007:4, coinciding with the period of robust sales growth. The

average rollup rate remained high through the global financial crisis and decreased only
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Figure 7 Fees and rollup rates on minimum return guarantees. Reprinted from Koijen
and Yogo (2021, figure 5). Panel A reports the annual fee on open minimum return guar-
antees, averaged across contracts with sales weighting. The total annual fee includes the
base contract expense. Panel B reports the rollup rate on open minimum return guarantees,
averaged across contracts with sales weighting, and the share of contracts with minimum
return guarantees. The sample includes all contracts with minimum return guarantees from
1999:1 to 2015:4.

after 2011. However, the share of contracts with minimum return guarantees decreased

after the global financial crisis from 36% in 2007:4 to 20% in 2011:4. That is, many insurers
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responded to the global financial crisis through the extensive margin by not offering contracts

with minimum return guarantees, instead of the intensive margin of lowering rollup rates.

Depending on the contract characteristics of existing liabilities, different insurers expe-

rienced different shocks to the reserve valuation during the global financial crisis. Insurers

that sold more generous guarantees before the global financial crisis suffered larger increases

in the reserve valuation than those that sold less generous guarantees. Moreover, insurers

that sold more generous guarantees could have made risk management more conservative

after the global financial crisis as they learned that model uncertainty is higher than pre-

viously recognized. Thus, changes in the reserve valuation should be negatively related to

sales growth in the cross section of insurers.

Panel A of Figure 8 is a scatter plot of sales growth versus the change in the reserve

valuation from 2007 to 2010. The linear regression line shows that sales growth is negatively

related to the change in the reserve valuation. On the bottom right are insurers like AXA

and Genworth that essentially closed their variable annuity business as they suffered large

increases in the reserve valuation. On the left side are six insurers (Fidelity Investments,

MassMutual, New York Life, Northwestern, Ohio National, and Thrivent Financial) that did

not offer a GLWB in 2007, which tends to be the most generous guarantee among guaranteed

living benefits. The reserve valuation did not change much for these insurers because they

sold less generous guarantees.

In Koijen and Yogo (2021), we explain this evidence with a model of insurance markets in

which financial frictions and market power are important determinants of pricing, contract

characteristics, and the degree of market completeness. Insurers compete in an oligopolistic

market by setting the fee and the rollup rate. Required capital increases in the rollup

rate because of a risk-based capital or an economic risk constraint. An adverse shock to

the valuation of existing liabilities increases the shadow cost of capital and drives up the

marginal cost of issuing contracts. The insurer not only raises the fee but lowers the rollup

rate to reduce risk exposure. When the shadow cost of capital is sufficiently high, the insurer

stops offering minimum return guarantees to avoid additional risk exposure.

5.2 Reinsurance

As we discussed in Section 3, variable annuity reserves under the statutory accounting prin-

ciples increase relative to those under GAAP after a period of high volatility. If insurers

that suffered large increases in the reserve valuation were constrained, they have an incen-

tive to move variable annuity reserves off balance sheet through reinsurance. Panel B of

Figure 8 is a scatter plot of the change in the reinsurance share of variable annuities versus

the change in the reserve valuation from 2007 to 2010. The linear regression line shows that
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Figure 8 Cross section of insurers during the global financial crisis. Reprinted from Koijen
and Yogo (2021, figure 6). Panel A is a scatter plot of sales growth versus the change in
the reserve valuation from 2007 to 2010. Panel B is a scatter plot of the change in the
reinsurance share of variable annuities versus the change in the reserve valuation from 2007
to 2010. Both panels report a linear regression line through the scatter points. The sample
includes all insurers with at least $1 billion of variable annuity sales in 2007.

the change in the reinsurance share of variable annuities is positively related to the change in

the reserve valuation. On the top right are insurers like AXA and Genworth that increased

the reinsurance share of variable annuities as they suffered large increases in the valuation.
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This evidence suggests an important role for a risk-based capital constraint rather than an

economic risk constraint.

5.3 Pricing of traditional annuities

Koijen and Yogo (2015) find that insurers lowered traditional annuity and life insurance

prices from November 2008 to February 2009, when falling interest rates implied that they

should have instead raised prices. The average markup, relative to actuarial value, was

−16% for 30-year term annuities and −19% for life annuities at age 60. Similarly, the

average markup was −57% for universal life insurance at age 30. This extraordinary pricing

behavior was a consequence of two unusual circumstances. First, the global financial crisis

had an adverse impact on insurers’ balance sheets, especially those insurers with variable

annuity liabilities. Second, statutory reserve regulation allowed insurers to record far less

than a dollar of reserve per dollar of economic liability around December 2008. Thus, insurers

could generate accounting profits by selling policies at a price far below actuarial value as

long as that price was above the reserve value.

In the cross section of insurers, the price reductions were larger for those insurers that

suffered larger balance sheet shocks. Figure 9 shows the cross-sectional relation between

changes in annuity prices from May 2007 to November 2008 and four measures of balance

sheet shocks at fiscal year-end 2008. The figure reveals two interesting facts. First, most of

the insurers lowered prices during this period, which is remarkable given that falling interest

rates implied rising actuarial values. Second, the price reductions were larger for those

insurers with lower asset growth, higher leverage ratio, lower risk-based capital relative to

guideline, and higher ratio of deferred annuity liabilities to equity. Deferred annuities include

fixed and variable annuities, whose minimum return guarantees were unprofitable during the

global financial crisis.

Koijen and Yogo (2015) rule out default risk as an alternative explanation for several

reasons. First, the markups on term annuities are too low to be justified by default risk,

given reasonable assumptions about the recovery rate. Second, the term structure of risk-

neutral default probabilities implied by term annuities does not match that implied by credit

default swaps in magnitude, slope across maturity, or variation across insurers. Finally, the

absence of discounts on life annuities during the Great Depression serves as out-of-sample

evidence against default risk as a sole explanation.

21



−20

−15

−10

−5

0

P
ric

e 
ch

an
ge

 (
%

)

−10 0 10 20 30
%

20−year term annuities
Life annuities: Male aged 60

Asset growth

−20

−15

−10

−5

0

P
ric

e 
ch

an
ge

 (
%

)

85 90 95 100
%

Leverage ratio

−20

−15

−10

−5

0

P
ric

e 
ch

an
ge

 (
%

)

−50 0 50 100
%

Risk−based capital relative to guideline

−20

−15

−10

−5

0

P
ric

e 
ch

an
ge

 (
%

)

0 10 20 30
Share of capital and surplus

Deferred annuity liabilities

Figure 9 Relation between price changes and balance sheet shocks. Reprinted from Koijen
and Yogo (2015, figure 4). The percent change in annuity prices is from May 2007 to
November 2008. Asset growth is from fiscal year-end 2007 to 2008. The leverage ratio,
risk-based capital relative to guideline, and the ratio of deferred annuity liabilities to equity
are at fiscal year-end 2008. The best-fitting monotone linear spline with one knot weights
the observations by total admitted assets at fiscal year-end 2007.

6 Conclusion

The risk profile of life insurers has become increasingly complex and opaque over the last

two decades because of variable annuities, derivatives, and reinsurance. Because life insurers

are fundamentally in the business of financial engineering, we suggest financial engineering

as a solution to improve upon the current regulation to ensure the stability of the insurance

sector. Life insurers could report risk measures by line of business (e.g., life insurance,

variable annuities, and fixed annuities), such as duration and convexity for interest risk,

delta and gamma for equity risk, and vega for volatility risk. Because many insurers are

part of global insurance groups, insurers could report consolidated financial statements with

sufficient detail regarding minimum return guarantees, derivatives, and reinsurance to be

able to assess overall risk mismatch at the international level.
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Standardized stress tests would be useful for monitoring potential risk mismatch and

preventing another government bailout like Hartford during the global financial crisis. We

suggest stress tests at the level of operating companies, insurance groups, and state guaranty

associations. Stress tests could focus on systematic financial risks such as interest risk, credit

risk including a large-scale ratings migration, equity risk, and volatility risk. In addition,

stress tests could consider changes in policyholder behavior such as a slowdown in lapsations

and surrenders in a prolonged period of low interest rates. Regulators could require insurers

to hold more equity if the stress tests reveal fragility. The results of stress tests could be

made public, at least at the level of state guaranty associations, to ensure market discipline.
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