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Abstract: Life insurers, whose contractual liabilities include providing minimum guaranteed interest
rates to policyholders, are significantly affected by persistently low interest rates. Hence, this study
reviews the literature on the prolonged low interest rate environment and its impact on the life
insurance industry, incorporating multiple perspectives and practices in different countries. The
effect of low interest rates on life insurance products depends on the sensitivity of the interest rate of
each product type and the level of minimum interest rate guarantee. In addition, their impacts on the
valuation of life insurance companies depend on shifts in the valuation interest rate, which is used to
discount the present value of future benefits, as well as the financial and solvency issues faced by
insurers. Overall, the literature suggests that insurers need both short- and long-term solutions to
respond to a prolonged low interest rate environment.
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1. Introduction

During the past few decades, interest rates have dropped in various markets world-
wide (Del Negro et al. 2019; Hartley et al. 2016; Holsboer 2000; Reyna et al. 2022). For
instance, in 2011, the long-term benchmark yield of a ten-year government bond declined
for the first time to 3.92%, below the 4% technical interest rate provision required by Euro-
pean regulators (Kablau and Weif3 2014). Berdin and Griindl (2015) described these low
interest rates as, “a threat to the stability of the life insurance industry” (p. 385). The
life insurance business is susceptible to changes in long-term rates due to its contractual
obligations to policyholders (Holsboer 2000).

Today, most people are covered by life insurance. Life insurers function as financial
intermediaries, or “carriers.” They buy financial instruments, such as government and
corporate bonds, and bundle them with life and annuity benefits to offer to customers
(Love and Miller 2013). The successful operation of life insurance assumes that insurers
balance consumers’ needs for security against the interest rate sensitivity of the offered
products. However, the life insurance industry operates in rising and falling interest rate
environments, which impact profitability.

Eling and Holder (2013a) emphasized that, “life insurance is an interest-sensitive
business” (p. 354). This is because the values of both assets and liabilities of life insurers
change as the interest rate changes (Berends et al. 2013). Berends et al. (2013) asserted that
liability duration may be extended in a low interest rate environment, as policyholders are
unlikely to surrender their policies. We anticipate that policyholders” surrender behavior
significantly impacts life insurance duration. This phenomenon accelerates the negative
duration gap because the increased duration of liabilities is much longer than the duration
of held assets (Antolin et al. 2011). The longer the duration of liabilities, the higher the sen-
sitivity to interest rate changes. Therefore, low interest rates are more likely to significantly
impact life insurers due to the high sensitivity of liabilities to interest rate variations.

Risks 2022, 10, 155. https:/ /doi.org/10.3390/1isks10080155

https://www.mdpi.com/journal /risks


https://doi.org/10.3390/risks10080155
https://doi.org/10.3390/risks10080155
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/risks
https://www.mdpi.com
https://orcid.org/0000-0001-8852-4164
https://doi.org/10.3390/risks10080155
https://www.mdpi.com/journal/risks
https://www.mdpi.com/article/10.3390/risks10080155?type=check_update&version=1

Risks 2022, 10, 155

20f16

Over the past few decades, low interest rates have become a global issue, especially
when long-term bond yields drop to historical lows (Holsboer 2000). The present literature
review provides new insights into the case of globally persistent low interest rates. The
main objective of this study is to explore extant research insights regarding the impact
of prolonged low interest rates on the life insurance business. This study addresses the
following research questions:

1.  What has been the trend in global interest rates since 1990?

2. How are life insurance products affected by a low interest rate?

3. How do low interest rates change insurer valuation and solvency?

4. How can financial management strategies respond to a prolonged low interest rate
environment?

The remainder of this paper is organized as follows. Section 2 briefly reviews the
study’s conceptual background and the historical financial crises caused by low interest
rates. Section 3 outlines the study’s methodology. Section 4 presents the study’s results
on how low interest rates impact life insurance products and valuations of life insurers,
proposing short- and long-term solutions for insurers to respond to low interest rate
environments. Finally, Section 5 discusses the study’s limitations, interpretations, and
implications for future research.

Our study fills the gap in prior literature through two main perspectives. First, we
summarize past research on the low interest rate environment in the life insurance context.
We also identify causes and effects for life insurers. Our main managerial contribution is
to support life insurance companies’ strategies with a course of action to deal with a low
interest rate environment. Second, we address various perspectives on the prolonged low
interest rate phenomena by synthesizing them into a knowledge base (Whittemore and
Knafl 2005). Our extant literature focuses exclusively on either the product or valuation
perspective. The present review is the first to aggregate insights from these two standpoints
to collectively define challenges faced by life insurers during a protracted low interest rate
environment.

2. Conceptual Background

To respond to a prolonged low interest rate environment, life insurers need to consider
the interest rate’s impacts on life insurance products’ profitability, linking it to insurers’
investment and financial results. Reyna et al. (2022) mentioned two primary profit sources
for life insurance companies, one being a life insurance operation that guarantees premium
income minus expenses. Brown and Galitz (1982) called this source “underwriting profit”
(p- 290). Another source of profit relates to investments in technical reserves. These two
sources have a more noticeable impact in a low interest rate environment due to insurers’
challenges in pricing and valuation. Life insurers struggle when the available margin from
the investment return over the guaranteed minimum return is insufficient to fund future
life insurance obligations (Kablau and Wedow 2012).

Options such as a minimum guaranteed interest rate on the saving component and
policyholder participation in the profit-sharing scheme of life insurers are often embedded
in life insurance policies. These crucial guarantees require appropriate valuation and
hedging to keep the insurer solvent (Schmeiser and Wagner 2015). However, minimum
guaranteed interest rates are usually set below market interest rates at first launch, with an
out-of-the-money option (Berends et al. 2013). This strategy emphasizes that an adequate
asset and liability management (ALM) framework may mitigate interest rate risk in a
prolonged low interest rate environment, supporting new product development (Focarelli
2015; Holsboer 2000; Paetzmann 2011). This ALM framework is widely adopted by life
insurers as a risk management tool (Holsboer 2000) and was previously applied by the
banking industry. Banks have successfully used the duration matching approach of ALM
to minimize the interest rate risks (Romanyuk 2010). Borri et al. (2018) applied canonical
correlation analysis to study the relationship between assets and liabilities of European life
insurers during a “low-rate” period. The result of high exposure to ALM risk from less
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dependency between assets and liabilities supplements the usefulness of the ALM tool in
both industries.

Interest rates have varied significantly over the past few decades. In the early 1990s,
the United States (US) began recovering from a recession, with the long-term interest rate
hitting 6%, followed by a decrease to 4.7% by the end of 1998 (Holsboer 2000). From the end
of 2007 to mid-2009, the Great Recession in the US caused an economic downturn, a more
than 10% decline in GDP, a 25% unemployment rate, a bursting of the housing bubble burst,
a correction of the housing market, and a subprime mortgage crisis. The global financial
crisis pushed interest rates close to zero to stimulate spending and investment (LePan 2019).
Europe’s sovereign debt crisis followed, causing rating agencies to downgrade various
Eurozone countries” debts. From 2009 to 2010, two European insurers, Victoria Life and
Delta Lloyd Groep, stopped their new business underwriting (i.e., new policy issues) due
to the low interest rate environment (Paetzmann 2011).

Hartley et al. (2016) classified interest rates into “normal” and “low-rate” periods
(Figure 1). Between 2002 and mid-June 2007—a “normal” period—small changes in interest
rates did not affect insurers’ stock prices in the US and the United Kingdom (UK). Interest
rates were within their historical norm. However, after the 2007-2008 financial crisis, the
long-term interest rate drastically decreased, leveled off at a historically low level, and has
stayed at that low rate since then (Hartley et al. 2016). Reyna et al. (2022) emphasized that
insurers must implement specific actions to recover their profit margins after a period of
persistently low interest rates.

Historical US interest rates

"Normal" period "Low-rate" period

0
Dec-96 Dec-98 Dec-00 Dec-02 Dec-04 Dec-06 Dec-08 Dec-10 Dec-12 Dec-14 Dec-16 Dec-18 Dec-20

Figure 1. Historical US Interest Rates (adapted from Trading Economics 2022).

In mid-2016, most Asian countries, including Taiwan and Hong Kong, recorded
historically low zero-coupon government bond yields. By contrast, Japanese and European
government bond yields became negative for almost all tenors (Nieder 2016). Between
2017 and 2018, ten years after the financial crisis, global interest rates remained low. For
example, the ten-year US government bond yields fell below 3%, remained slightly above
1% in the UK, were approximately 0.40% in Germany, and were close to zero in Japan (Del
Negro et al. 2019).

This decline in interest rates is a threat to insurance businesses, especially life insurance
companies (Berdin and Griindl 2015; Grosen and Jergensen 2000). Life insurers typically
rely on fixed income markets, such as government and corporate bonds, to hedge their
future obligation’s returns and gather sufficient funds to repay policyholders’ benefits.
Several insurers use duration matching for hedging interest rate risk in periods of stability
and near historical average risk, in line with US and European practices in early 2000
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(Hartley et al. 2016). However, hedging interest rate risk is more complicated in a low
interest rate environment, primarily due to the guaranteed interest rate and policyholder
behaviors (Hartley et al. 2016). Over the past few decades, numerous life insurers have
faced difficulties due to high guaranteed interest rates, despite hedging practices. Equitable
Life, a British life insurer, was forced to shut down for new business following a House
of Lords ruling in 2000 (Van der Heide 2020). The same year, German Mannheimer
Lebensversicherung had to stop their new business underwriting due to financial distress
(Schmeiser and Wagner 2015).

3. Materials and Methods

We employed a literature review methodology to gather various perspectives and
information regarding different practices worldwide (Cronin and George 2020), enhancing
the current knowledge regarding the impact of persistently low interest rates on the life
insurance business, synthesizing the related literature, and highlighting critical areas for
future research and reviews (Cronin and George 2020). Furthermore, we summarized the
life insurance literature, systematizing the extant knowledge base (Whittemore and Knafl
2005). We aim to synthesize key findings from previous literature and compare insurance
with lessons learned from the banking industry. Therefore, this review aims to better
understand persistent low interest rates and their impact on the life insurance business.

We searched the titles, abstracts, and keywords of articles related to life insurance
and low interest rate environments in the Scopus database. Only articles related to “life
insurance,” “low interest (rates),” “interest rate risk,” “interest rate guarantee,” and “mini-
mum interest rate” were included. Then, we reviewed these articles, working papers, and
discussion papers and integrated them using Google Scholar and institution and online
publisher websites to analyze the global interest rate trend. Only a few search results
were relevant to the prolonged interest rate environment, highlighting the interest rate
risk that matches the topical focus of the present review. Both quantitative and qualitative
literature is included in the present review. The potential risk of bias in all included studies
is alleviated by a reconciliation of conclusions between each country, as all countries should
share a common paradigm regarding the same prolonged low interest rate phenomenon.

4. Results

This study adopts a qualitative approach. It reviews extant research and classifies it
into three broad categories. The first literature stream addresses the impact of low interest
rates on life insurance products, investigating the interest rate sensitivity of each product
type and product shift strategy. The second branch in the literature examines the effects
of low interest rates on life insurance companies’ valuations, addressing the shift in the
valuation interest rate (VIR) and the financial and solvency impacts. Finally, the third
research stream explores short- and long-term solutions for life insurers operating in low
interest rate environments.

4.1. Impacts of Low Interest Rates on Life Insurance Products

Life insurance products have two prominent features. One is the protection coverage
at which compensation is paid to the policyholder in the form of a lump-sum payment
(sum assured) following an adverse event (i.e., death, accident, or sickness). The other is
the saving component, which allows wealth accumulation for policyholders (Berends et al.
2013). In most developed countries, retirement or pension funds receive excess savings
from the elderly (Reyna et al. 2022).

The interest rates on savings that life insurers guarantee to policyholders are a critical
dimension (Hartley et al. 2016). Eling and Holder (2013b) classified the measures of
guaranteed interest rates into two broad approaches. The first is an actuarial approach to
analyzing different products’ risks and surplus appropriation schemes using an objective
probability measure. Empirical studies comparing various products and surplus allocations
employ this actuarial approach (Cummins et al. 2007; Grosen and Jorgensen 2000; Kling
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et al. 2007). The second approach emphasizes the fair price of product participation and
the value of the embedded options. Both methods help assess the guaranteed interest rate
of life insurance products (Eling and Holder 2013b).

Products previously priced at guaranteed high investment returns, often without
any assets backing liability, may lead to a loss in the investment’s source of profit for
insurance companies. A high guaranteed rate is consistent with the Association of Mexico
Insurance Companies’ evidence that investment returns are the primary source of income
for insurers (Reyna et al. 2022). Hence, insurers typically seek other sources of profits to
compensate for policy reserves and achieve the required profit. Due to the high competition
in the insurance industry, insurance products are complex and move quickly regarding the
product development approach (Holsboer 2000). However, it is difficult to sell products
profitably in a low interest rate environment unless a mark-up in prices or lower benefits
are guaranteed from the insurance product design features. However, such a product may
be less attractive to potential customers (Hartley et al. 2016).

Regulators in several jurisdictions, including the European Union and Japan, have set
up a maximum allowable guaranteed interest rate, with an upper limit not exceeding
60% of the government bond’s yield (Schmeiser and Wagner 2015). In addition, the
European Union directives relieve the impact of low interest rates, aligning them with the
market interest rate movements. Regarding pricing strategies, regulators worldwide treat
policyholders’ perspectives as critical considerations for approving life insurance products.
According to Schmeiser and Wagner (2015), policyholders believe that insurers’ transaction
costs, such as distribution and administration costs, are passed on to them. This concern
has, in turn, induced insurers to better communicate with policyholders, reassuring them
that transaction costs are acceptable.

4.1.1. Interest Rate Sensitivity of Each Product Type

Different types of businesses experience different impacts from interest rate move-
ments. Non-life insurance (i.e., property and casualty insurance) is less sensitive to interest
rate variations, as these products are short-tail liabilities (Reyna et al. 2022). Besides, non-
life insurers may adjust their product prices upon renewal. An adjustable renewal premium
allows non-life insurers to charge a reasonable fee in line with the interest rate environ-
ment, thus reducing interest rate risk (Berends et al. 2013). In contrast to life insurance
products, these are long-term instruments in terms of coverage and premium payment.
Furthermore, life insurance products usually provide a guaranteed minimum return in the
form of illustrated dividends, such as whole life products in the US (Rybka 2017). Hence,
differences in product features determine the level of exposure to interest rate risk. “With-
profit” (or participating) endowment and whole life products are interest-rate sensitive
instruments. However, they are less susceptible to interest rate changes if the guarantee is
paid at maturity (rather than annually), and no market value adjustment is allowed, with
assets backing liabilities, as in the case of Italian products (Focarelli 2015). On the contrary,
in France, where minimum guaranteed rates are set lower than those in other European
countries, profit-sharing, or a surplus appropriation scheme, plays a crucial role to meet
policyholders” expectations (Borel-Mathurin et al. 2018).

A different mixture of life, outliving, and saving elements characterizes insurance
products. For example, while the outliving benefit is crucial for annuity and pension
products, the saving benefit is vital for tax privileges or tax-benefit deduction purposes.
These essential elements help assess insurers’ exposure to interest rate risk. The effects
of the guaranteed minimum return on saving benefits and policyholders” behavior are
complex and reflect the interest rate sensitivity of life insurers. Upon interest rate changes,
policyholders exercise their available options. For instance, they may surrender an annuity
with a low guaranteed interest rate if the interest rate increases. By contrast, they may
contribute more to that annuity product when the interest rate decreases (Hartley et al.
2016).
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In the US, indexed universal life products usually provide a projected guaranteed
interest rate as per the sale illustration at the moment of sale (Rybka 2017). In addition,
equity-linked instruments successfully passing most investment risk onto policyholders
are popular and high-growth products, with potential upside returns during stock market
booms (Holsboer 2000).

Concerning pension and annuity products, German deferred annuity products pro-
vide a significant guarantee in the accumulation and annuity payout phases (Nieder 2016).
With an annuity, policyholders receive protection against late death and a stream of fu-
ture lifetime payments upon survival in return for earlier premium payments (Berends
et al. 2013). Group pension products with an extended liability duration require more
investment earnings from life insurers’ assets than individual products to adequately fund
their retirement benefits, especially in a prolonged low interest rate environment (Holsboer
2000).

Grosen and Jergensen (2000) performed a numerical analysis to disaggregate the
features of traditional participating life insurance products into three baseline components.
The first component is a risk-free bond representing the value of the guaranteed interest
rate. The second component is the bonus (or dividend) option, and the last is the surrender
option. The last two components are implicit options embedded in participating products.
In the US, participating products typically combine these three components. This combined
view is consistent with the approach that North American insurers view dividends as a
release of an original price-benefit structure and return part of that premium in case it is no
longer needed for future risks to policyholders (Bowers et al. 1997). However, only the first
two components are usually present in European participating products, as the maturity
bonus only applies to European life insurance companies (Grosen and Jergensen 2000).
Moreover, when an insurer’s investment return is insufficient to generate profit-sharing in
participating products, they must resort to their equity capital (Kablau and Wedow 2012).

4.1.2. Product Shift Strategy

A high interest rate increases the demand for savings products, possibly resulting in a
high rate of lapse or surrender of insurance policies for alternative investments. By contrast,
a low interest rate hurts insurance companies’ profitability due to the low investment return
on their asset backing portfolio (Eling and Holder 2013a). For life insurers, even a simple
product, such as a whole life product, has an embedded saving element, such as a cash
value that policyholders receive upon contract termination. This cash value usually builds
up during the pre-maturity period until the contractual death or survival benefit payouts.
In the absence of a pre-maturity event, the cash value grows until the maturity payment
(Berends et al. 2013). Besides receiving death benefit coverage during the policy lifetime,
life insurance policies allow policyholders to exercise embedded options. For instance, they
may cease premium payments by using their cash value or dividends to pay for the due
premium (Love and Miller 2013). Doing so, their policy remains in force. Hence, the cash
value benefits policyholders, especially in the presence of declining interest rates.

Product portfolio composition is the primary consideration for determining an in-
surer’s shortfall risk (Bohnert et al. 2015). Product mix and its surplus appropriation scheme
for participating products play a crucial role for life insurers and regulators. Focarelli (2015)
showed that Italian life insurance companies mainly propose interest-sensitive products,
such as participating endowment and whole life products. These single-premium products
have a guaranteed maturity bonus. However, several insurers have moved their product
portfolio toward the least investment return, or even no-guarantee products. In 2014,
evidence regarding the new business portfolio showed that one-third of the sales volume
moved toward new “dynamic hybrid” products, supporting a shift in products toward a
combination of participating endowment and unit-linked features (Focarelli 2015).
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Insurers focus on transferring the investment risk to policyholders, with the recent
product trend moving toward variable life insurance products (Nieder 2016). For instance,
German life insurers have moved from traditional savings and deferred annuity products
to protection products (e.g., disability income benefits and long-term care products) and
the “alternative guarantee” concept. This concept lowers the guarantee to only the return
on premiums at the end of the deferred period and minimizes annuity payouts during the
annuity phase (Nieder 2016).

4.2. The Impact on Valuation of Life Insurance Companies

Berends et al. (2013) applied a quantitative approach to analyze the sensitivity of
life insurance companies to interest rate risk before the financial crisis (2002-2007) and
during the low interest rate period of 2007 to 2012. Since the value of the insurer’s current
balance sheet and future profits are represented by the insurer’s stock price, they examine
an insurer’s exposure to interest rate risk by addressing the correlation between changes
in interest rates and an insurer’s stock price. Before the financial crisis, the stock price of
insurance companies was uncorrelated with benchmark government bond yields. However,
it negatively correlated with bond yields after the crisis, when the interest rate dropped.
Upon the decline in interest rates, bond prices increased. Empirical evidence from 26
publicly traded US life insurance companies has shown that large insurers (measured in
terms of total assets) experienced a negative correlation between stock prices and bond
yields. In addition, stock returns of large life insurers fluctuate more than those of small
insurers because large life insurers have more interest-rate-sensitive life insurance products
in their portfolio (Berends et al. 2013).

4.2.1. The Shift in Valuation Interest Rate

Valuation interest rate (VIR) or actuarial interest rate, namely, the technical interest
rate, is “a conservative estimate of future investment earnings” (Holsboer 2000, p. 42). The
technical interest rate helps in the valuation of reserves in a company’s balance sheet. Since
the VIR is used as a discount rate for reserve calculation, the greater the VIR, the smaller
the reserve amount (Eling and Holder 2013a). This is in line with Lidstone’s theorem,
whereby the reserve to be held for a life insurance policy decreases with an increase in
interest (Macdonald 2004). Regulators in various countries have set an upper limit for the
VIR and named it the “maximum technical interest rate,” typically subject to an annual
review for its adequacy as an implicit determiner of the minimum guaranteed interest
rate for policyholders (Eling and Holder 2013a). The German regulator determines the
maximum allowable interest rate for the reserve calculation and the pricing of new life
insurance products in that country (Nieder 2016).

Insurers use reserves to allocate an additional interest provision and maintain policy-
holders’ future obligations, in line with the legally prescribed reserve methodology (Kablau
and Weifs 2014). If the guaranteed interest rate exceeds the VIR at policy contract inception,
insurers are typically expected to hold higher reserves than those priced in the contract.
Eling and Holder (2013a) called this case an “undesirable positive initial reserve,” since the
insurer must be pre-financed. However, when the guaranteed interest rate is less than the
VIR, an opposite case of the negative initial reserve emerges, which is not recognized in
the balance sheet, even though insurance companies consider it as a receivable (Eling and
Holder 2013a).

The maximum VIR is regulated and driven by long-term government bond yields in
Germany, Austria, and Switzerland, where the maximum VIR entails a partially formula-
based approach. In contrast, in the US, the VIR is fully formula-based and driven by
corporate bond yields, without any regulator involvement (Eling and Holder 2013a). The
situation is different in the UK, where the maximum VIR relies on a company-specific
principle-based approach, rather than an explicit rule-based “one-size-fits-all” concept
(Eling and Holder 2013a).
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The German regulator has moved from relying on 60% of the past ten-year average
of long-term nine- or ten-year (remaining) tenor government bond yields to the past five-
year average to better reflect the current low interest rate scenario (Eling and Holder
2013a). Similarly, the Austrian regulator has set the maximum VIR at 2% since 1 April
2011. This rate is based on 60% of the ten-year average of the secondary market of Austrian
government bond yields. Along these lines, Switzerland (a non-European Union country)
has set the maximum VIR at 1.5% since 1 January 2012 (Eling and Holder 2013a).

In the US, the VIR follows the so-called “Commissioner’s Reserve Valuation Method”
(Eling and Holder 2013a). According to the Standard Valuation Law, the maximum statutory
VIR differs by product type and cohort year based on the average US investment-grade
corporate bond yields. The VIR used at the policy inception date remains unchanged until
the contract’s maturity date; this clause applies to the VIR of all the mentioned countries
(Eling and Holder 2013a).

By contrast, the maximum VIR in the UK is determined from current and expected
future earnings on insurance company-specific investment strategies, with sufficient al-
lowance for margins in the case of an adverse deviation. The maximum VIR varies by
product category. For example, the maximum VIR for traditional life insurance products
(long-term) should not exceed 97.5% of the risk-adjusted return, assuming these liabilities
are asset-backed (Eling and Holder 2013a).

Holsboer (2000) showed that a 2% VIR was applied for new life insurance business
products in Japan and the European Union in the year 2000. This low VIR reflects the
fact that the capital market interest rate was less than the products’ guaranteed interest
rate at that time. Regulators worldwide have started to adjust the maximum VIR based
on solvency assessments and exposure to low interest rate environments (Holsboer 2000).
Eling and Holder (2013a) contributed to the research using stochastic simulation and a
principle-based approach to capture company-specific risk. They emphasized that the VIR
should continue to decrease in the future. Japan’s life insurers addressed this issue by
moving their asset allocation toward USD-denominated bonds, particularly in the presence
of negative returns on government bonds (Nieder 2016). Berends et al. (2013) contended
that life insurers use derivatives, such as interest rate swaps, for hedging interest rate risk
despite their limited proportions.

4.2.2. The Financial and Solvency Impacts

Love and Miller (2013) mentioned one primary source of profit for insurance com-
panies, called “spread compression.” This spread reflects insurers’ gain from investment
portfolios over and above the benefits policyholders receive for insurance policies. Even
though some insurers may choose their targeted spreads to maintain profit at a manageable
level, they cannot sustain those spread positions due to their products’ minimum guar-
anteed credit rates (Love and Miller 2013). For example, assume that the new product’s
guaranteed interest rate is 2-3%, whereas the old business block (old products) has a
minimum of 4%. An insurer may no longer be able to keep the targeted spread of 1.5%
if investment returns only amount to 4.5%. Thus, insurers must delay an increase in the
policy credit (interest rate) until they can recover the investment spread (Love and Miller
2013). As new money rates earned on insurers’ investment portfolios reflect the market
interest rate environment, the life insurance policy credit (declared rate) lags behind new
money rates (Love and Miller 2013).

Based on Lidstone’s theorem, the change in reserve of life insurance products and
interest rate changes move in the opposite direction (Macdonald 2004). As such, low interest
rates also extensively worsen the solvency position of life insurers due to an increase in
reserves that insurers must hold. During 1997-2001, with the protracted low interest rate
environment, seven middle-sized life insurers in Japan declared insolvency due to a drastic
decline in the profitability of high guaranteed interest rates for their in-force business
(Berdin and Griindl 2015). Nieder (2016) contended that a combination of negative spread,
increased competition, and loss of customer confidence in those seven insurers led to
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insolvency. The European Union insurance regulators first developed a prescribed solvency
regime called the “Solvency I (SI)” framework to address this issue. The regime required
insurers to hold 4% of the premium reserve and 0.3% of the capital at risk as a solvency
margin or regulatory own fund requirements (Kablau and Weifs 2014). Kablau and Weif3
(2014) used coverage ratio, the ratio of eligible regulatory own funds to solvency margin,
to measure the impact of low interest rates on insurers’ solvency. Results indicate that all
German life insurers can manage their SI own funds requirements in the base scenario,
whereas almost 40% will not be able to do so by 2023 under a severe low yield stress
scenario.

Like Basel III! in the banking industry, “Solvency II” (SII, henceforth) is a recent
risk-based framework governed by insurance regulators. It applies a market-consistent
approach to improve the transparency and stability of the financial system in the European
Union. The SII standards set aside solvency over a one-year horizon based on a full range
of risks on insurance companies’ asset and liability sides in the 99.5 percentile—a one in
two hundred years loss event (Niedrig 2015). SII helps guard against insurance products
with a minimum guaranteed interest rate. However, the more significant regulatory capital
requirement set for this type of product makes them less likely to be promoted by life
insurers (Paetzmann 2011). Holsboer (2000) contended that life insurers should set the
risk-adjusted return on capital as a determinant for the minimum capital that life insurers
should hold for different businesses based on their risk profiles. The riskier the business,
the higher capital insurers should hold aside from high-profit investment to compensate
for business risk (Holsboer 2000).

Marked-to-market, on both assets and liabilities, is a prerequisite for a market-consistent
valuation of the solvency position under SII (Berdin and Griindl 2015). The discount rate
reduction due to declining market bond yields increases the present value of future benefits
and the market-consistent value of liabilities (Niedrig 2015). Since the liability duration is
usually much longer than the duration of assets (Hartley et al. 2016), the higher this gap,
the greater the reinvestment risk faced by insurers. These duration gaps lead to a potential
issue in the insurer’s solvency position, as an insurance company’s asset values are lower
than the market-consistent value of liabilities (Nieder 2016).

From 2009 to 2013, the European Insurance and Occupational Pensions Authority
(EIOPA) emphasized the financial stability risk for insurance and pension companies,
especially during a persistently low interest rate environment (Focarelli 2015). The EIOPA
implemented a low interest rate stress test (called a “Japanese-like scenario”) in 2014 to
test the sustainability of interest rate guarantees embedded in life insurance products.
In addition, the EIOPA addressed the solvency capital requirement (SCR) ratio,” interest
rate exposures (measured in terms of duration or cash flow matching), and profitability
(measured in terms of internal rate of return). According to Focarelli (2015), product
design and segregated funds allow insurers to compute booked and realized values in
Italy, assuring relatively stable and non-volatile returns. As a result, the Italian insurance
industry’s SCR ratio outperforms the European average.

The International Accounting Standards specify that equity holding should be deter-
mined at market value, whereas liabilities must reflect book values. These requirements
may lead to a solvency issue in a prolonged low interest rate environment (Holsboer 2000).
When insurers adjust their assets” portfolio quicker than the growth rate of liabilities to pro-
vide the high guarantee promised to policyholders, in a low interest rate environment, they
increase their asset allocation to a riskier asset class. This asset reallocation makes liabilities
more volatile than assets, requiring substantial capital to support businesses (Niedrig
2015). Risky investments are more vulnerable to disruption and variations in earnings.
Hence, this shift toward risky investment may adversely impact insurers’ financial stability
(Kablau and Weif3 2014). The riskier the high yield investments, the wider the duration
gap between assets and liabilities, and the higher the volatility of asset portfolios. Berends
et al. (2013) contended that life insurers might be exposed to credit risk on high-yield
investments due to the potential loss of their asset values. This credit risk makes regulators
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worldwide (including in the US) enforce a risk-based capital (RBC) framework to help
mitigate potential threats to insurance companies. Similar to the SII, the RBC framework
establishes a minimum required capital that a life insurer must hold to assure solvency
(Berends et al. 2013).

The required capital increases with higher risk charges. Empirical evidence from
Niedrig (2015) indicates that changes in the long-term interest rate affect the insurer’s
optimal risk portfolio by adding riskier asset classes in search of yields. As in the case of
Germany, life insurers aim to increase the asset allocation to more illiquid investments, such
as infrastructure bonds, to obtain higher yields (Nieder 2016). This investment strategy
increases risk-taking to enhance investment returns and meet policyholders’ obligations
(Kablau and Weif3 2014). By contrast, insurers’ asset portfolio is invested in risk-free
government bonds upon a long-run upward increase in the interest rate. Hence, a narrowed
duration gap leads to a decrease in the capital requirement for insurers.

Berdin and Griindl (2015) enhanced the balance sheet approach (market value) to
summarize the key findings of the Deutsche Bundesbank regarding stress scenarios to
quantify the impact of interest rate on life insurer solvency during a prolonged low interest
rate period. The Financial Stability Review produced by the Deutsche Bundesbank (2013)
showed that more than one-third of all German life insurers will not meet the regulatory
capital requirements by 2023, based on a market-consistent balance sheet model. High
guaranteed interest offered to policyholders is the main threat to insurers’ solvency. By
contrast, Kablau and Weif3 (2014) analyzed the impact of a low interest rate environment on
the solvency of German life insurers using scenario analysis. Even though they consider the
SI regime, all baseline, mild, and severe stress tests help visualize net investment returns
for those situations, besides identifying a coverage ratio required to fulfill their own funds’
requirements.

4.3. Solution Approaches

Insurers worldwide take plausible actions to deal with a prolonged low interest rate
environment. This study summarizes them into short- and long-term solutions.

4.3.1. Short-Term Solutions

US insurers have previously reduced the interest component of their dividend cred-
iting rate as a prudent response to a low interest rate environment (Rybka 2017). Nieder
(2016) emphasized the recent move toward USD-, Euro-, or AUD-denominated life in-
surance policies in Japan to promise a much higher guaranteed interest rate than that
denominated in the local currency. However, this approach may expose policyholders to
exchange rate risk.

From the product implementation perspective, insurers respond to the prolonged
low interest rate environment by lowering the guaranteed interest rate on new products
(Antolin et al. 2011). In addition, insurers react differently depending on the product type.
For example, Love and Miller (2013) compared and contrasted potential corrective courses
of action to alleviate the impact of prolonged low interest rates, which differ between
in-force and new business blocks, as summarized in Table 1.
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Product
Whole Life (WL)
base plan only

Table 1. Impact of Each Product in a Prolonged Low Interest Rate Environment (adapted from Love

and Miller 2013).

Structure
Premium-dependent

In-Force Block New Business Block

None on base

Potential lower death benefit (DB) growth from lower dividend
additions (Paid-up addition option in case policyholders choose paid
dividends to buy additional DB for future remaining covered years)
Lower cash value from dividends

WL
with Term Riders

Dividend-dependent

Additional out-of-pocket Higher illustrated premiums

premiums

Increase annual premium
requirements

Reduce in DB

Increase in policy expenses

Modified
Premium WL

Dividend-dependent

Additional out-of-pocket

premiums - Higher out-of-pocket costs
Payment of higher ultimate - Lower DB growth
premium

Suspended
Premium WL

Dividend-dependent

Reappearing out-of-pocket Inability to suspend premiums

premiums
Reduce in cash value and DB

Increase number of required out-of-pocket premiums

Universal Life (UL) Premium-dependent - Lower cash value - Higher premiums (especially
with Secondary - Noimpact on a guaranteed for sizable up-front fee)
Guarantees DB - Restrictions on the lump-sum
amount
- Few insurers to offer this
product
Most UL Cash-value- - Lewer el vallne Higher illustrated premiums
dependent - Reduce in policy duration and
no additional premiums
- Increase in policy expenses
Variable UL Premium-dependent  No impact on a guaranteed DB - Premiums for guarantees
with DB Guarantees have been reduced
(GMDB) - Restrictions on allowable
investment allocations with
guarantees
Variable UL without Cash-value- - Lower cash values if - Lower guaranteed interest
GMDB dependent investment performance is rates in fixed account options
lower than expected - Limitations on allocations to
- Earlier policy lapse and no fixed accounts
additional premiums
- Restrictions on allocations to
fixed accounts
Indexed UL Premium-dependent = No impact on a guaranteed DB Introduction of products with
with GMDB limited long-term guarantees
Indexed UL Cash-value- - Lower cap or participation - Lower cap or participation
without GMDB dependent rates rates

Reduce policy duration in -
absent of additional

premiums

Increase in policy expenses

Higher illustrated premiums

However, customers’ reactions to the insurer’s choices may vary. Therefore, insurers
should help policyholders fully understand their decisions (Love and Miller 2013).
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Concerning short-term financial monitoring, life insurers use ALM monitoring to
assess and mitigate interest rate risk by lengthening the duration of assets (Holsboer 2000).
Unlike banking institutions, they typically employ the ALM framework for long-term
strategic management (Romanyuk 2010). We recognize that a potentially different approach
could be caused by the varying nature of longer-term assets than liabilities for banks versus
shorter-term assets than liabilities for life insurance. ALM is an investment approach based
on matching asset and liability durations, helping insurers confine potential exposures
to interest rate risk (Berends et al. 2013). Raising equity might also be necessary during
a prolonged low interest rate environment, as it is the quickest approach to gathering
sufficient equity funds (Kablau and Weif3 2014). We would emphasize that life insurers
should balance meeting policyholders’ reasonable expectations and maintaining enough
equity capital. This is partially supported by empirical evidence from Borel-Mathurin
et al. (2018), who investigated the main drivers of the participating strategies of French life
insurers. The econometric analyses showed that the average participation rate is essentially
determined by the government bond rate and the insurer’s asset return. Upon decreasing
interest rates, insurers should make long-term investments and lock in asset duration.
This will lower the duration gap between life insurance liabilities and assets. Duration
gap management helps protect life insurers’ equity capital (Paetzmann 2011). By contrast,
when interest rates rise, life insurers must quickly invest in shorter-duration assets to meet
policyholders” expectations (Paetzmann 2011). Under the ALM framework, apart from the
duration matching approach, we noted that several strategies and techniques are employed,
depending on the life insurer’s objective. For example, cash flow matching is applied to
minimize the difference between asset and liability cash flows or immunization (Redington
1952; Shiu 1987, 1988) and to maintain the surplus from asset and liability portfolios with
fixed cashflows (Van der Meer and Smink 1993). Besides, the dedication approach to
economically match cashflows within a boundary that sufficient cashflows could be paid
out for incurred liabilities (Dahl 1993) is a quantitative solution largely adopted in practice.

4.3.2. Long-Term Solutions

The long-term view emphasizes the strategic implications of potential solutions for
life insurers to respond to a prolonged low interest rate environment. Insurance companies
seem reluctant to provide a high guaranteed return on their new products from a product
development perspective (Holsboer 2000). Moreover, German life insurers have adopted
alternative guaranteed product concepts in the form of a return of paid premiums or
minimum annuity payouts, plus payout from profit-sharing or participating products.
An example of an alternative product concepts is the guaranteed return of premiums for
deferred annuities at the end of the deferral period (Nieder 2016).

Concerning the future product mix, Paetzmann (2011) emphasized the need for adjust-
ments in the product mix of insurers’ portfolios to move away from guaranteed interest
rate products and reduce the explicit and implicit impacts of guaranteed interest rates.
Many insurers focus on selling more unit-linked products, transferring investment risk to
policyholders (Holsboer 2000). Focarelli (2015), supported the role of linked-type products
and proposed asset reallocation (mainly corporate and structured bonds) and new premi-
ums to achieve sustainable minimum interest rate guarantees in a prolonged low interest
rate environment.

Japan and Germany moved toward selling more protection-oriented services due
to their low claims. These protection-oriented products are disability income, medical
insurance, cancer insurance, and long-term care products (Nieder 2016), which best suit
customers’ needs in aging societies. In addition, Focarelli (2015) suggested moving to-
ward new product features based on customers’ life cycle needs to fill the gap between
consumption and earnings (Figure 2).
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Customers' life cycle needs
and gaps between consumption and earnings

Start working Married life Wealth management  Early retirement Late retirement

mmm Consumption M Earnings ==Savings

Figure 2. Customers’ Life Cycle Needs (adapted from Focarelli 2015).

Concerning financial impacts, Rybka (2017) recommended implementing reasonable
economic assumptions for the expected credit rates, consistent with the forecast of asset
portfolio earned rates. This assumption aligns the policyholder’s reasonable expectations
with the market interest rate environment. In addition, insurers should implement an active
monitoring policy, especially targeting the deviation of actual credit rates or dividend scales
from expected rates.

Some insurers focus on increasing their response efficiency to compensate for revenue
compression when their investment yields decrease (Holsboer 2000). Capital efficiency is
significantly high when insurers switch their business portfolio to products with no mini-
mum guaranteed interest rate (Wieland 2017). Holsboer (2000) highlighted that insurers
are aware of the need to actively manage financial risk and assess life insurance companies’
profitability. In addition, insurers should measure market risk, which reflects the potential
loss due to unfavorable market movements based on value-at-risk (VaR). The VaR indicator
uses various statistics to assess price movements in financial securities (Holsboer 2000).

Bohnert et al. (2015) emphasized surplus appropriation schemes as effective tools to
deal with shortfall risk in shareholder values. They substantially impact the guaranteed
interest rates embedded in products offered to policyholders. Various schemes of surplus
appropriation exist for determining fair dividend rates, including an increase in surplus
appropriation for the remainder of the coverage period, an increase in the following benefit
payout, and interest-bearing accumulation schemes. These schemes affect the dynamics of
assets and liabilities for insurers (Bohnert et al. 2015). Thus, insurers should seek proper
duration matching between asset and liability portfolios (Antolin et al. 2011).

5. Discussion

This literature review aimed to identify the impact of a prolonged low interest rate risk
on life insurers’ pricing and valuation, proposing potential short and long-term solutions for
life insurance companies. The protracted low interest rate environment requires life insurers
to move their business mix toward non-interest-rate-sensitive products and lower their
reliance on investment income (Focarelli 2015). Life insurers tend to transfer investment
risk to policyholders (Nieder 2016). Regulators in several countries require annual reviews
to establish an adequate upper limit of the VIR (Eling and Holder 2013a) and implement
SII and RBC risk-based frameworks governed by global insurance regulators, requiring life
insurers to hold the capital needed to guarantee solvency (Berends et al. 2013).
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5.1. Limitations

This review primarily focused on the appraisal of past crises, their significant impacts,
and potential solutions. Studies obtained from the Scopus database and Google Scholar
focusing on the life insurance business during the recent persistent low interest rate period
were examined. Thus, its findings rely on a limited number of studies and only apply to
the life insurance business. Indeed, the literature base on the topic is limited, and there has
also been little research regarding this topic in the past five years.

Moreover, the review solely examined key common characteristics from broad types
of life insurance products available in the market worldwide. Therefore, any new initiatives
or products are not considered in this review.

Finally, this research was conducted throughout a persistently low interest rate en-
vironment, which might have reached an (unforeseeable) end in the second quarter of
2022.

5.2. Interpretation and Implications of the Study’s Findings

Life insurers struggle to pay guaranteed contractual obligations in a prolonged low
interest rate environment and maintain a solid financial position in terms of profitability
and solvency (Berdin and Griindl 2015). Insurers may struggle to survive with a substantial
existing in-force business block unless they set an optimal mix between their products’ sav-
ing and protection components. Numerical analysis (Eling and Holder 2013b) emphasizes
that interest rate sensitivity increases when life insurers continually maintain an existing
practice of guaranteed rate setting in their products. Further evidence was provided by
research from Kablau and Weifs (2014), pointing out that German life insurers will no
longer by able to manage their SI own funds requirements by 2023, given a low yield stress
scenario. Hence, life insurers must take prudent actions to support their product portfolio
and capital resilience.

While low market interest rates incentivize life insurers to invest in risky investments
(Berdin and Griindl 2015), this scenario may also represent an opportunity to reshape their
strategies and enhance their efficiency. Further analysis of the relationships among life
insurance product types, the returns of the asset portfolio, and the solvency of life insurers
may clarify the regulatory impact on and determinants of insurers’ financial stability.

Future research should consider Asian and emerging markets, mostly ignored by
extant studies, addressing the impact of prolonged low interest rates on life insurers’
financial stability and solvency in these countries. Future interest rate trends, especially in
emerging markets, are under the pressure of persistently low interest rates, partially from
excess savings and a lack of investment opportunities (Reyna et al. 2022). Potential future
development of alternative product designs might appeal to life insurers who seek lower
interest rate risk, increased profitability, and improved capital efficiency, as mentioned
by Wieland (2017). In addition, with the upcoming new international financial reporting
standards, IFRS 17 (insurance contracts) and IFRS 9 (financial instruments), liabilities
from insurance contracts and assets from financial instruments have become more closely
connected. These standards may generate more pressure on life insurers in terms of
profitability, as IFRS 9 and IFRS 17 adopt a forward-looking perspective. Last, the new
reporting standards impact earnings volatility differently, depending on insurers’ balance
sheet management choices and whether changes in fair values relate to profit and loss
statements or other comprehensive income statements (Hogendoorn 2019).
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Notes

! Basel III is an international regulatory accord rolled out by the Basel Committee on Banking Supervision to govern the banking

sector’s ability to improve risk management and promote transparency. It sets appropriate risk-based capital as a cushion to deal
with financial distress and maintain the continuity of bank operations (Bloomenthal 2020).

Solvency capital available based on eligible own funds (post-stress) divided by SCR (pre-stress).
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