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1 ,QWURGXFWLRQ 
Life insurers have not entirely hedged their balance sheet exposure to market risks. As a result, 

market risks are threatening life insurers¶ financial stability more than, for instance, biometric 

risks.1 Given that U.S. and European life insurers' investment portfolios consist largely of 

bonds,2 interest rate risk and counterparty credit risk are specifically relevant types of market 

risks. Firstly, iQWHUHVW� UDWH�PRYHPHQWV� LQIOXHQFH�ERWK� VLGHV�RI� DQ� LQVXUHU¶V� EDODQFH� VKHHW� E\�

affecting bond investments and the liability portfolio. Given the long maturities of life insurance 

contracts, two main channels of interest rate exposures are duration gaps3 and fixed minimum 

returns guaranteed to policyholders4 in most countries (cf. Table A1 in Appendix I). Secondly, 

counterparties' credit risk affects the default probabilities of fixed income investments directly. 

Therefore, a substantial change in the creditworthiness of an issuer FDQ�LQIOXHQFH�DQ�LQVXUHU¶V�

solvency position. The relevance of credit risk has grown with the decline of interest rates: in 

order to search for yield, WKH�VKDUH�RI�LQVXUHUV¶�ERQG�LQYHVWPHQWV�ZLWK�DQ�$-rating decreased by 

6 percentage points (ppt) in the U.S. and 19ppt in the EU.5 The aim of this paper is to estimate 

market risk sensitivities according to their contribution to insurers' stock performance, taking 

several risk drivers and balance sheet characteristics into account. 

The scholarly literature has studied how interest rates and credit risks affect (life) insurers. To 

our knowledge, however, there is no holistic analysis at the international level that combines 

these risk types in a joint empirical model. In terms of sensitivities to interest rates, the majority 

of papers consider U.S. insurance companies (cf. Table A2). There is an early research article 

analyzing interest rate sensitivities of life insurers resulting from a duration gap by Samuelson 

(1945). At a later stage, Brewer et al. (1993) introduce a two-factor model derived from the 

finance literature (e.g., Flannery and James (1984)) to empirically estimate interest rate 

sensitivities of listed insurers when controlling for the stock market. Browne et al. (1999) find 

 
1 For example, 81% of European Union (EU) OLIH�LQVXUHUV¶�UHJXODWRU\�FDSLWDO�UHTXLUHPHQW�UHVXOW�IURP�PDUNHW�ULVNV 
(including counterparty default risk) for standard formula users under the Solvency II regime in 2019 (cf. European 
Insurance and Occupational Pensions Authority (EIOPA) (2020)). Market risks are among the top three reasons 
IRU�OLIH�LQVXUHUV¶��QHDU��IDLOXUHV�DORQJVLGH�VWDII�FRPSHWHQFH�ULVN�DQG�LQYHVWPHQW�ULVN��FI��(,23$��������� 
2 ����RI�8�6��OLIH�LQVXUHUV¶�DQG�������RI�(XURSHDQ�(FRQRPLF�$UHD��(($��LQVXUHUV¶�LQYHVWPHQWV�Dre allocated to 
bonds (cf. National Association of Insurance Commissioners (NAIC) (2021) and EIOPA (2017)). 
3 As technical provisions typically have a longer duration compared with fixed income securities, liabilities are 
more sensitive to interest rate changes than assets. As a result, falling interest rates increase the value of liabilities 
more strongly than the asset value. The width of the duration mismatch measured in years is FDOOHG�³GXUDWLRQ�JDS´. 
4 Policyholders with contractually guaranteed returns must receive benefits at least equaling previously paid 
premiums plus interest payments specified at the start of the contract. When the corresponding assets of life 
insurers mature, previous investment strategies may not generate sufficient yields to cover the guarantees. 
5 Between 2013 and 2020 (2011 and 2016), the share of bonds with an A-rating that were held by U.S. (EU) 
insurers fell from 68% to 61.8% (from 84% to 65%), while the share increased for B-grade bonds from 27% to 
32.1% (11% to 26%) according to NAIC (2013, 2021) and EIOPA (2017). 



 2 

that for the years 1972 to 1994, increasing long-term interest rates have raised the insolvency 

risk of U.S. life-health insurers. Similarly, Brewer et al. (2007) and Carson et al. (2008) provide 

evidence that increasing interest rates reduced life insurers' stock returns (and vice versa) during 

their study period of 1975 to 2001. Moreover, Brewer et al. (2007) demonstrate that equity 

prices are particularly impacted by interest rates with long maturities and that sensitivities vary 

over time and insurers. Park and Paul Choi (2011) show that property and OLDELOLW\�LQVXUHUV¶ ± 

i.e., non-OLIH�LQVXUHUV¶ ± stock returns are also influenced by interest rate movements during the 

sample period of 1992 to 2001. Berends et al. (2013) find that sensitivities of U.S. life insurers¶�

stock returns to interest rate risks have changed over time: in a period before the financial crisis 

from 2007 to 2008, insurers were not significantly sensitive to interest rate changes, but in the 

low-yield environment after the crisis, insurers suffered from decreasing rates. In line with 

empirical findings, Berdin and Gründl (2015) have developed a multi-period simulation model 

with stochastic interest rate movements that indicates a substantial increase in a stylized life 

LQVXUHU¶s default probability when rates stay low in the long term. Kablau and Weiß (2014) 

report similar findings when performing a sensitivity analysis with prudential data. 

Further articles focus on detecting channels of interest rate risk. For instance, Siglienti (2000) 

DQDO\]HV�WKH�LQIOXHQFH�RI�SROLF\�FKDQJHV�RQ�LQVXUHUV¶�HTXLW\�UHWXUQV��1RWDEO\��many years prior 

to the low interest rate environment, the paper demonstrates that life insurers need to lower 

guaranteed minimum rates and avoid risky investments in order to generate sufficient returns. 

Similarly, Holsboer (2000) correctly predicts a switch to more unit-linked products,6 where the 

investment risk is borne by policyholders, and emphasizes a higher awareness for market risks. 

The author also argues that the life insurance sector has been exposed to interest rate movements 

since its origins, while they affect the non-life insurance industry to a lower degree. In an 

empirical top-down approach, Hartley et al. (2017) compare stock-listed insurers of the U.S., 

the U.K. and some continental European countries in terms of their sensitivities to interest rates 

in the low yield environment. For the U.K., where life insurance contracts typically do not 

include guaranteed returns, the autKRUV� ILQG� WKDW� LQVXUHUV¶�VWRFN�UHWXUQV�DUH�QRW�VLJQLILFDQWO\�

connected to interest rate movements. In contrast, they find a negative relationship for U.S. 

insurers and for firms with large exposures to the German life insurance market, where fixed 

minimum returns are common. In line with these findings, Koijen and Yogo (2022) show that 

U.S. insurers offering variable annuities suffer from the implied guaranteed returns for 

 
6 In 1997, 10.6% of premiums stemmed from unit-linked products (cf. Holsboer (2000)) compared to 25% in 2017 
(cf. Insurance Europe (2019)). Unit-linked insurance products typically do not include minimum return guarantees. 
In terms of their balance sheet exposures, unit-linked insurers should be less sensitive to interest rate movements. 
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policyholders. Such guarantees are also implemented in participating �RU�³WUDGLWLRQDO´� products 

that account for 75% of life insurance premiums in Europe (cf. Insurance Europe (2019)).7 The 

guaranteed returns in Europe, however, are typically backed by capital reserves and allow for 

a smoothing of returns over different generations of policyholders rather than cross-sectional 

risk sharing, which is common in the U.S. (cf. Hombert and Lyonnet (2017)). In an empirical 

paper, Möhlmann (2017) reveDOV� WKDW� LQVXUHUV¶� YXOQHUDELOLW\� WR� LQWHUHVW� UDWH� PRYHPHQWV� LV�

negatively related to a firm¶V size, growth rate and solvency. Liu et al. (2020) show that U.S. 

life insurers with large exposures to interest rate risk tend to use interest rate derivatives 

disproportionately. The authors infer that derivatives are considered as alternative instruments 

for duration matching because of the high costs related to restructuring a balance sheet. 

Regarding the sources of interest rate risk, Czaja et al. (2009) provide evidence that beyond 

actual changes in interest rates, German LQVXUHUV¶�HTXLW\�UHWXUQV�DUH�LQIOXHQFHG�E\�WKH�OHYHO and 

the curvature of the yield curve. Akhtaruzzaman and Shamsuddin (2017) report similar findings 

regarding the term structure of interest rates for Australian insurers. More recently, Killins and 

Chen (2020) demonstrate a negative effect of a rising yield curve slope on insurers. The authors 

further detect asymmetric sensitivities across countries and time as well as higher interest rate 

risk for life insurers compared with other insurer types. Using a German sample, Möhlmann 

(2021) finds an aggregate modified duration gap of six years.8 He argues that life insurers do 

not aim for adequate duration matching, because they prefer illiquid long-term investment 

strategies.9 Similarly, Koijen and Yogo (2022) argue that insurers deliberately choose to have 

a duration gap, even though they could select adequate hedging strategies. Kubitza et al. (2021) 

show that the choice of the duration gap can partly be explained by surrender options for 

policyholders. Nevertheless, Hartley et al. (2017) underline that even if the durations are 

matched, life insurers can suffer from falling interest rates due to an inconsistent convexity of 

assets and liabilities. Therefore, interest rate movements would require a dynamic adaption of 

the asset portfolio to quickly adjust the durations. The convexity mismatch provides a potential 

explanation for the existence of interest rate risk in countries with low duration gaps such as 

the U.S. In line with this theory, Ozdagli and Wang (2019) find that U.S. insurers do not 

perfectly match the duration of assets and liabilities in every single period. 

 
7 80% of European life insurance policies include guaranteed surrender values, which policyholders receive in 
case of an early withdrawal (cf. EIOPA (2019a)). 
8 On average, a decrease in interest rates by 1ppt results in a rise in the market value of liabilities that is 6ppt higher 
than the corresponding increase in the market value of assets. 
9 This argument can be traced back to Chodorow-Reich et al. (2021) and the concept of ³DVVHW� LQVXODWLRQ´. 
According to this theory, life insurers dampen valuation effects resulting from short-term fluctuation in asset prices 
by holding risky assets until maturity. 
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In terms of credit risk, most research articles have examined its relevance for banks and non-

financial firms. For instance, Acharya et al. (2014) emphasize the existence of a loop between 

sovereign credit risk, the health of the financial sector and bank bailouts. There is only a small 

amount of literature analyzing the influence of credit risk on insurers. For a sample of banks 

and insurers from 2005 to 2012, Bégin et al. (2019) show that the credit risk of both types of 

financial institutions is significantly affected by crisis periods. In times of increasing default 

probabilities, the authors observe a transmission effect of banks on insurers in line with Chen 

et al. (2014). In addition, Billio et al. (2014) demonstrate that sovereign credit risk has a direct 

impact on insurance companLHV¶�ORVVHV, even before the European sovereign debt crisis of 2010 

to 2012. Focusing on participating life insurance, Eckert et al.¶V (2016) simulation model 

demonstrates that the value and risk situation of insurers is substantially influenced by the credit 

risk related to their bond investments. The authors also detect interaction effects between credit 

risk and other market risks, thereby underlining the relevance of considering credit risk 

exposures for adequate risk management. In an empirical approach, Düll et al. (2017) find that 

European insurance companies suffer from deteriorations in the creditworthiness of sovereign 

debt, which is measured by credit default swap (CDS) spreads of government bonds. 

Specifically, an increase in sovereign credit risk negatively affects LQVXUHUV¶�ILQDQFLDO�VWUHQJWK�

in terms of their stock returns and firm-specific CDS spreads. These results are alarming given 

that the Solvency II standard formula disregards credit risk for sovereign counterparties within 

the EU, and thus encourages riskier sovereign debt investments (cf. Wilson (2013)). Similarly, 

Becker and Ivashina (2015) as well as Becker et al. (2021) detect that the regulatory framework 

in the U.S. incentivizes insurance companies to take as much risk as possible conditional on the 

capital requirement. 

The existing literature leaves open questions in two respects in particular. Firstly, the empirical 

literature only takes an isolated view of the influence of interest rates or CDS spreads on the 

performance or the solvency situation of insurance companies. By only considering the stock 

market index as a control variable and leaving out other potential influences, the results can be 

affected by an omitted variable bias, meaning that the influence of the particular risk driver can 

be underestimated or overestimated. To overcome this issue and to answer the question 

concerning the influence of market risks on life insurers' return comprehensively, we 

empirically investigate the impact of various market risk drivers on U.S. and European insurers' 

stock returns for the period between 2012 and 2018, i.e., a time frame covering the low interest 

rate environment. To be specific, we include relative changes in 10-year and 1-year interest 

rates and national stock market (volatility) indices in the empirical models. To measure 
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LQVXUHUV¶� sensitivities to sovereign counterparty credit risk10, we design country-specific 

weighted government bond portfolios based on regulatory investment data from the NAIC and 

EIOPA. We include the corresponding relative changes in CDS spreads in the empirical model. 

Notably, the correlations between the changes in interest rates and CDS spreads are low, which 

justifies the chosen empirical approach by lowering concerns about multicollinearity. 

Secondly, although market risks constitute an integral part of the risk profiles of life insurance 

companies globally, so far there has not been a comparison of which specific market risk (either 

interest rate or credit risk) is more influential for U.S. and European insurers. Most of the 

existing literature has measured market risk sensitivities of either U.S. or European insurance 

companies.11 To our knowledge, only Hartley et al. (2017) compare the interest rate risk of U.S. 

and U.K. life insurers. We use their findings as a motivation to analyze the heterogeneity in 

interest rate sensitivities between U.S. and European insurers in more depth and to extend the 

research question by investigating the relevance of credit risk on both continents. In addition, 

we examine factors that can be responsible for differences in market risk sensitivities such as 

the share of life insurance reserves, unit-linked business and solvency. 

We study life insurers' sensitivities to market risk factors in a low interest rate environment 

based on stock market reactions. For this top-down approach, we have chosen a multivariate 

panel regression model in line with the related literature investigating interest rate risk (e.g., 

Berends et al. (2013)). However, apart from considering credit risk, we introduce several further 

adjustments compared with previous empirical papers. Firstly, we use insurer fixed effects and 

cluster standard errors on the time level to strengthen the robustness of our results. Secondly, 

we introduce macroeconomic market risk drivers such as short-term interest rate movements 

and the levels of long-term interest rates and CDS spreads in addition to daily changes. Thirdly, 

we control for the insurer-specific variables size, leverage and the PDUNHW�WR�ERRN� UDWLR��

)RXUWKO\��ZH�WDNH�WKH�FURVV�VHFWLRQDO�SUHYLRXV�\HDU¶V�PHGLDQ�DV�D�WKUHVKROG�IRU�GHILQLQJ�D�OLIH�

LQVXUHU��D�XQLW�OLQNHG�LQVXUHU�RU�D�VROYHQW�ILUP��)LQDOO\��ZH�LQFOXGH�D�ZLGH�UDQJH�RI�DOWHUQDWLYH�

VSHFLILFDWLRQV� �H�J��� FRQWLQXRXV� LQVXUHU�VSHFLILF� YDULDEOHV�� ZHHNO\� GDWD�� FRQWUROV� IRU�

DXWRFRUUHODWLRQ��DGMXVWPHQWV�RI�ELQDU\�WKUHVKROGV��IRU�UREXVWQHVV�FKHFNV�LQ�$SSHQGL[�,,,� In our 

approach, we combine findings from several research papers including Brewer et al. (2007), 

Czaja et al. (2009), Hartley et al. (2017), Düll et al. (2017) and Killins and Chen (2020). 

 
10 In the remaining of this paper, we use the term ³credit risk´ to refer to sovereign counterparty credit risk. 
11 For instance, Brewer et al. (2007) and Berends et al. (2013) estimate interest rate sensitivities of U.S. life insurers 
(cf. Table A2), while Düll et al. (2017) analyze the exposure to credit risk for a European sample. 
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The empirical results illustrate that the sensitivities of OLIH�LQVXUHUV¶�stock returns towards long-

term interest rate changes are six times larger than the sensitivities to CDS spread changes. In 

line with the existing literature, we find that insurers suffer significantly from falling interest 

rates. The effect of interest rate movements on stock returns, however, is more than 60% larger 

for U.S. life insurers than for European life insurers. In addition, we explore reasons for 

differences in risk exposures. We observe that firms focusing on life insurance business, 

offering unit-linked products and having a weak solvency level react significantly more 

sensitively to fluctuations in interest rates. In terms of credit risk, European firms on average 

suffer significantly from increases in CDS spreads of government bonds. Again, this effect is 

particularly large for unit-linked and less solvent insurers. In contrast, U.S. LQVXUHUV¶� stock 

returns do not significantly react to movements in sovereign CDS spreads. On average, U.S. 

life insurers invest a higher asset share in corporate and secure domestic government bonds and 

DUH� WKXV�EHWWHU� LPPXQL]HG� DJDLQVW� LVVXLQJ� FRXQWULHV¶� GHIDXOW� SUREDELOLWLHV. The international 

comparison highlights that especially in Europe, the issue of credit risks should be reflected 

through adequate risk-based capital standards, in contrast to the current regulation. 

The findings are of importance for insurance regulation and supervision acting in the interest 

of policyholders. The awareness for structural differences between risk profiles is necessary to 

enhance a level playing field of regulation. From a regulatory perspective, it matters whether 

the Solvency II standard formula in the EU should be designed differently with regard to market 

risks than the risk-based capital (RBC) in the U.S. There are varying approaches for protecting 

policyholders' interests by controlling life insurers' solvency levels or by reducing 

policyholders' losses through an insolvency. For refining insurance capital standards on both 

the national and international levels, it is an indispensable prerequisite to gain empirical 

evidence on the impact of different market risks on insurers' risk situation. An early detection 

of OLIH�LQVXUHUV¶�ILQDQFLDO�GLVWUHVV�lowers SROLF\KROGHUV¶�GHIDXOW�ULVN and benefits sound insurers 

and agents (cf. Carson and Hoyt (2000)). Our results are also of importance for shareholders 

and managers of stock insurance companies. They benefit from our findings which provide a 

profound basis for deciding how to structure their risk management activities efficiently, i.e., 

by taking differences in sensitivities across insurer types and countries into account. 

The remainder of the article is organized as follows. Section 2 provides the empirical 

methodology. In this chapter, econometric issues are discussed, all variables used to tackle the 

research question are presented and the hypotheses and empirical models are set out. Section 3 

provides the regression results. Section 4 concludes. 
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2 Empirical methodology 
2.1 Econometric issues 
For the empirical analysis of the market risk sensitivities, we collect daily data on stock prices 

and market risk drivers for the time frame between 1 January 2012 and 30 June 2018. The 

sample period is characterized by historically low interest rates in the aftermath of the global 

ILQDQFLDO� FULVLV�� 7KH� SUHYLRXV� OLWHUDWXUH� VXJJHVWV� WKDW� LQVXUHUV¶� LQWHUHVW� UDWH� VHQVLWLYLWLHV� DUH�

relatively homogeneous within this market phase, but exhibited different patterns in earlier 

periods within or before the crisis (e.g., Brewer et al. (2007) and Hartley et al. (2017)). The 

chosen period comprises 1,658 trading days for which returns can be observed.12 In line with 

Düll et al. (2017), we use daily data, which to our knowledge has only been done by Carson et 

al. (2008) in the empirical literature analyzing interest rate risk (cf. Table A2), but for a portfolio 

of firms rather than on an insurer level, and for a different sample period (1991 to 2001). The 

granular approach of using daily data accounts for a higher frequency of risk transmissions and 

thus allows for a smaller share of noises due to individual shocks and hence more accurate 

estimates.13 A potential econometric concern when using daily data is correlated shocks. To 

tackle this issue, we use heteroskedasticity-robust standard errors clustered on the day level 

analogously to Düll et al. (2017).14 Some previous articles focus on a portfolio of insurers, 

mainly due to the lack of statistical significance for individual firms and idiosyncratic noise 

(e.g., Berends et al. (2013)). To ensure that the sensitivities measured in the panel regressions 

are not driven by individual insurers, we include insurer fixed effects. 

The methodology of using stock returns as a measure for market risk sensitivities in a top-down 

approach, in line with Berends et al. (2013) and Hartley et al. (2017), has advantages and 

disadvantages. On the one hand, using stock returns allows for a high power of empirical 

testing. Stock market participants are DVVXPHG�WR�EH�DZDUH�RI�LQVXUHUV¶�SURGXFW�SRUWIROLRV�DQG�

their balance sheet characteristics. When considering investment decisions, relevant 

information reported in annual reports, DQDO\VWV¶�UHSRUWV�RU�RWKHU�SXEOications such as Solvency 

and Financial Condition Reports (SFCRs) can be observed and should thus be priced into an 

LQVXUHU¶V�equity value in line with the efficient market hypothesis. These sources of information 

include insurer-specific data on risk management, the use of guaranteed products, the expected 

 
12 :H�FRQVLGHU�DOO�ZHHNGD\V��H[FHSW�IRU�1HZ�<HDU¶V�'D\��*RRG�)ULGD\�DQG�'HFHPEHU���th, because stock markets 
are closed on those days in all countries that we observe. The number of observations for an insurer depends on 
the number of national holidays in its home country. For U.S. insurers, the time span covers 1,623 trading days. 
13 For instance, if an insurer-specific piece of information largely impacts its stock price on one day, this results in 
a single large error term which is less disturbing for regression coefficients when a higher data frequency is given. 
14 For robustness tests, we use weekly data and cluster standard errors also at the firm level (cf. Appendix III). 
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profitability and the financial health of insurers. We thus assume that stock price movements 

DGHTXDWHO\�UHIOHFW�LQVXUHUV¶�PDUNHW�ULVN�H[SRVXUHV��2Q�WKH�RWKHU�KDQG��WKHUH�DUH�VRPH�GUDZEDFNV  

of using stock returns. Firstly, mutual insurance companies are not included in the sample 

because they are not listed on stock markets. 0XWXDO�LQVXUHUV¶ market risk sensitivities could be 

estimated through a bottom-up approach, which, however, is impractical due to the lack of 

regular product and performance data.15 It should thus be kept in mind that our findings only 

express market risk sensitivities of stock-listed insurers. Secondly, some insurers may also 

engage in non-insurance business (cf. Berends et al. (2013)). To avoid misinterpreting 

sensitivities that are actually linked to other business areas, we include listed subsidiaries when 

their parent compan\¶V main income is not generated from insurance business.16 In addition, 

we exclude subsidiaries when both parent and subsidiary company mainly engage in insurance 

business in order to avoid impairing the external validity of our results.17 

2.2 Dependent variable 
For the sample, we consider all publicly listed U.S. and European insurers for which daily stock 

data can be gathered from Thomson Reuters Eikon. Eight firms with fewer than 300 stock price 

observations in the sample period are excluded, as they are subject to low data frequencies. The 

resulting sample consists of 94 U.S. and 69 European joint-stock insurance companies.18 

For the dependent variable in the regression models, we rely on the total return index (TRI). 

The TRI is set to 100 on the day of D�ILUP¶V�LQLWLal public offering. It accounts for stock price 

changes due to dividend payments and fluctuations in the number of D�ILUP¶V�outstanding shares. 

Therefore, the TRI combines relevant information to display D� FRPSDQ\¶V historical stock 

market performance in a single figure. We use the relative daily changes ݎ൫ܴܶܫǡ௧൯ as a measure 

for the stock return. It is given for each insurer ݅ on each day ݐ, where ݐ௩௨௦  is the last day 

for which stock data is available for a particular insurer19: 

ǡ௧൯ܫ൫ܴܶݎ ൌ
ǡ௧ܫܴܶ

ǡ௧ೡೠೞܫܴܶ
െ ͳ 

(1) 

 
15 Bottom-up approaches investigating the interest rate risk of insurers have been applied by Möhlmann (2021) 
and Kablau and Weiß (2014) using regulatory data from the German Bundesbank. 
16 For instance, instead of the investment bank Natixis S.A. from France and the financial service company Unipol 
Gruppo S.p.A. from Italy, we include their respective subsidiaries Coface S.A. and UnipolSai S.p.A. 
17 For instance, the German insurer Hannover Rück SE (parent company: Talanx AG) and the French insurer Euler 
Hermes S.A. (parent company: Allianz SE) are excluded from the sample. 
18 The sample contains nine out of ten firms that have ever been marked as global systemically important insurers 
(G-SIIs) by the Financial Stability Board. The only G-SII that is not included is Ping An Insurance from China. 
19 In our robustness section in Appendix III, we use two alternative definitions for ݎ൫ܴܶܫǡ௧൯. Firstly, we consider 
the number of trading days that have passed since the last stock price observation. Secondly, we only consider 
stock returns when exactly one trading day has passed. As shown in Table A8, the regression results are unaffected. 
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If ܴܶܫǡ௧ is not available, e.g., due to a public holiday on day ݐ in the country where insurer ݅ is 

listed, then ݎ൫ܴܶܫǡ௧൯ is set to unavailable. In addition, we remove observations of ݎ൫ܴܶܫǡ௧൯ if 

the stock price is unchanged for at least three consecutive days, as this signals a lack of data 

availability. Finally, we winsorize the stock return for the empirical analysis.20 

Descriptive statistics of the 163 LQGLYLGXDO�LQVXUHUV¶ daily stock returns ݎ൫ܴܶܫǡ௧൯ are presented 

in Table A3 and Table A4 in Appendix II. Altogether, U.S. (European) insurers in the sample 

hold $4.3 trillion ($8.1 trillion) of assets. This corresponds to 48% of total U.S. insurance 

companies¶�DVVHWV and 70% of EEA insurers¶�WRWDO assets.21 The aggregate descriptive statistics 

in Table 1 show that on average, an U.S. (European) LQVXUHU¶s TRI increased by 0.09ppt 

(0.08ppt) per day with a high standard deviation of 2.77ppt (2ppt). 

2.3 Independent variables 
In the empirical models, we use interest rates with 10-year-maturities as a measure for long-

term interest rates. For U.S. insurers, we use the 10-year Treasury Constant Maturity Rate, 

which is gathered from the Federal Reserve Economic Data (FRED). For European insurers, 

we use European Central Bank (ECB) estimates of the Euro yield curve based on sovereign 

debt from Eurozone countries with an AAA-rating.22 To control for the term structure of interest 

rates, we also collect data on short-term rates with 1-year-maturities from the respective 

sources. This allows us to analyze, for instance, how stock returns change after a decrease in 

long-term interest rates while keeping short-term rates constant. The coefficients for the interest 

rate variables thereby take into account changes in the slope of the yield curve, which has a 

negative relationship with insurers¶�stock returns (cf. Killins and Chen (2020)). Considering 

short-WHUP�UDWHV�LV�DOVR�UHOHYDQW�GXH�WR�WKH�KHWHURJHQHLW\�LQ�WKH�GXUDWLRQ�RI�LQVXUHUV¶�DVVHWV� 

The central variable for relative interest rate changes is the holding period return (HPR) within 

one trading day, which is in line with Brewer et al. (2007). For long-term rates, the HPR equals 

the return that is achieved by buying a zero-coupon bond with the interest rate yield ݕͳͲ௧ೡೠೞ 

and then selling it on the next day. Assuming that the bond price is unchanged, the HPR is only 

 
20 The method of winsorizing is chosen for handling extreme outliers. The highest 0.5% of stock returns are 
downgraded to the 99.5% quantile. Analogously, the lowest 0.5% of returns are upgraded to the 0.5% quantile. 
The robustness checks in Appendix III demonstrate that the results still hold if winsorizing is omitted. 
21 In total, U.S. insurers held $9 trillion assets in 2016 according to statistical compilations published by the NAIC 
for life, health and property/casualty LQVXUHUV��(($�LQVXUHUV�KHOG�¼�����WULOOLRQ��§ $11.63 trillion) of assets in 2016 
(cf. EIOPA (2016)). The calculation is based on an average Euro-to-Dollar currency rate of 1.108 in mid-2016. 
22 As rating changes result in a different composition of government bonds, the Euro yield curve continuously 
represents safe long-term investment opportunities, which are preferred by regulators (see, for example, own fund 
tiers in Solvency II). The term structure is calculated by applying the Svensson model. 
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positive after a decline in interest rates, i.e., when the insurer sells a bond guaranteeing higher 

yields than the market is currently offering. It applies (analogously for 1-year interest rates): 

ͳͲ௧ሻݕሺݎ ൌ ቆ
ͳ  ͳͲ௧ೡೠೞݕ

ͳ  ͳͲ௧ݕ
ቇ
ଵ

െ ͳ 
(2) 

There is a negative linear relationship between the HPR of long-term interest rates ݎሺݕͳͲ௧ሻ and 

LQVXUHUV¶� VWRFN� UHWXUQV�  ǡ௧൯ illustrated in Figure 1. Due to the definition of the HPR, aܫ൫ܴܶݎ

negative relationship implies that on average, stock returns are larger when interest rates rise. 

Interest rate movements seemingly have a larger impact on 8�6��LQVXUHUV¶�VWRFN�UHWXUQV (Figure 

1a) WKDQ�RQ�(XURSHDQ�LQVXUHUV¶�VWRFN�UHWXUQV (Figure 1b), illustrated by a steeper curve in the 

red line, which is the best fit of a univariate OLS regression. 

 
     (a) U.S. sample        (b) European sample 

Note: The figures depict binned scatterplots of stock returns and the HPR for the 10-year interest rate. The 
observations for ݎሺݕͳͲ௧ሻ are grouped into 50 bins of equal size. Each dot represents the mean of ݎሺݕͳͲ௧ሻ and the 
conditional mean of LQVXUHUV¶�stock returns ݎ൫ܴܶܫǡ௧൯ within each bin. The red line illustrates the regression line 
from a univariate linear model. Figure 1a) uses data for U.S. insurers and Figure 1b) for European insurers. 

Figure 1: Binned scatterplots of stock returns and changes in interest rates 

In addition to the HPR, we control for the level of 10-year interest rates given that stock returns 

may be influenced by the level of the term structure (cf. Czaja et al. (2009) and Akhtaruzzaman 

and Shamsuddin (2017)). We only find a small positive correlation coefficient for the interest 

rate levels in the U.S. and Europe (0.10), but a larger one for the HPR (0.53) reflecting daily 

changes in the sample period. The descriptive statistics in Table 1 show that during the sample 

period from 2012 to mid-2018, interest rates in the U.S. were on average larger (mean of 2.22% 

compared with 1.09% in Europe) and rising, while they were falling in the Eurozone (a positive 

mean of ݎሺݕͳͲ௧ሻ implies falling interest rates).23 

 
23 Differing interest rate movements in the U.S. and Europe are, to some extent, related to the timing and scope of 
central bank action. Pelizzon and Sottocornola (2018) argue that apart from a positive effect on stock markets, 
quantitative easing campaigns result in lower long-term interest rates. While the Federal Reserve Bank intensified 
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Note: The stock return, which is based on the total return index (TRI), is at insurer-day level and retrieved from 
Thomson Reuters Eikon. Further insurer characteristics are at insurer-year level and retrieved from SNL, apart 
from the RBC ratio (Bloomberg) and the solvency ratio (hand-collected from SFCRs). Macroeconomic 
characteristics are partly at country-day level, retrieved from Thomson Reuters Eikon (stock and volatility indices) 
and the Markit database in WRDS (CDS spreads) and partly at day level, retrieved from the FRED (interest rates 
in the U.S.) and the ECB (interest rates in Europe). The sample starts in 2012 and ends in mid-2018; it includes 
94 U.S. and 69 European insurers. 

Table 1:        Descriptive statistics for insurer-level data and macroeconomic characteristics 

As a second market risk driver of interest, we consider default probabilities of sovereign debt. 

In line with Düll et al. (2017), we use CDS spreads of government bonds denominated in U.S. 

dollars with a 5-year maturity for detecting credit risk sensitivities. The choice of this variable 

is motivated by the large share of particularly European LQVXUHUV¶�LQYHVWPHQWs in sovereign debt, 

with governments as corresponding credit counterparties.24 CDS spreads adequately reflect 

default probabilities of a bond issuer, as they are tied to WKH� LVVXHU¶V credit quality. For this 

reason, CDS spreads are considered in empirical studies focusing on the systemic risk of 

insurers (e.g., Chen et al. (2014) and Bégin et al. (2019)) and in banking research (e.g., Acharya 

et al. (2014)). The CDS spreads are obtained from the Markit database in WRDS and 

correspond to the probability of a country¶V�GHIDXOW�ZLWKLQ� five years after the issue date. A 

FRXQWU\¶V�default implies that a government does not fulfill its payment obligations to creditors. 

 
its investments during the financial crisis ($4.5 trillion until 2014), the ECB only started its quantitative easing 
program in 2015. 
24 ����RI�(($�OLIH�LQVXUHUV¶������RI�8�6��OLIH�LQVXUHUV¶��bond investments are allocated to government bonds in 
Q4 2020. Across all EEA (U.S.) insurers, $3 trillion ($0.86 trillion) are invested in government bonds (cf. EIOPA 
(2021), NAIC (2021)). 
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To reflect a realistic government bond exposure, we design a weighted portfolio of sovereign 

debt for each country where insurers in the sample are headquartered. For this aim, we collect 

data from the EIOPA and the NAIC, who both report on the distribution RI� LQVXUHUV¶�

government bond investments per country of issuance on a home country level. We restrict the 

given shares to countries where CDS data are available and scale the sum of all shares per home 

country to one. The resulting shares illustrated in Table 2 reflect the government bond 

exposures which we assume for insurers in the empirical analysis for the second quarter (Q2) 

of 2018, i.e., the last 3 months of the sample period. According to our calculations, in these 

months German insurers (rows) invest 11% of their government bond exposure in French 

sovereign debt, 51% in German sovereign debt (columns) etc. In line with the findings of Düll 

et al. (2017), a home bias can be clearly observed for most countries (see gray cells in Table 2). 

For instance, U.S. insurers invest by far the largest share (96%) of their government bond assets 

into U.S. sovereign debt. We consider a changing composition of portfolios over time, based 

on the availability of data on country-specific government bond exposures.25 

 
Note: The table shows the allocation of government bond exposures of insurers in their home countries (rows) to 
countries of issuance (columns) for Q2 ������)RU�LQVWDQFH������RI�$XVWULDQ�LQVXUHUV¶�VRYHUHLJQ�GHEW�LQYHVWPHQWV�
DUH� DOORFDWHG� WR� %HOJLDQ� JRYHUQPHQW� ERQGV�� ZKLOH� ��� RI� %HOJLDQ� LQVXUHUV¶� H[SRVXUH� LV� LQYHVWHG� LQ� $XVWULDQ�
government bonds. The following asset classes are categorized as government bonds in line with EIOPA (2021): 
Central government bonds, supra-national bonds, regional government bonds, local authorities bonds, treasury 
bonds, covered bonds, national central bank bonds and others��)RU�86�LQVXUHUV¶�H[SRVXUH��WKH�LOOXVWUDWHG�GDWD�VWHPs 
from NAIC (2017). 

Table 2:       Distribution of government bond exposures per LQVXUHUV¶�KRPH�country 
 
 

 
25 The first available exposure data for European insurers stems from Q4 2013 (cf. EIOPA (2014)). We consider 
the reported weighting of government bond portfolios for the time period from mid-2012 to mid-2015, until an 
updated portfolio of country-specific exposures can be created based on data from Q4 2015 (cf. EIOPA (2016)). 
For the period from 2017 Q4 to 2018 Q2, we use data from EIOPA (2021). For EU countries, we are thus able to 
gain information on the aggregate sovereign bond exposures per country of issuance for five points in time during 
our sample period. For U.S. insurers, we find regulatory investment data for the years 2014 (cf. NAIC (2015)) and 
2016 (cf. NAIC (2017)), which we assume remains constant in the years before and after. 

Austr. Belg. Denm.Finla. Franc. Germ. Greec.Hung. Irela. Italy Neth. Norw. Polan. Slove. Spain U.K. U.S.
Austria 34% 11% 0% 3% 12% 10% 0% 0% 5% 4% 4% 0% 6% 4% 6% 0% 0%
Belgium 5% 61% 0% 1% 13% 5% 0% 0% 2% 5% 1% 0% 1% 0% 5% 0% 0%
Denmark 0% 1% 42% 1% 5% 29% 0% 0% 1% 3% 2% 0% 0% 0% 6% 0% 10%
Finland 3% 2% 0% 30% 10% 35% 0% 0% 1% 0% 13% 0% 0% 0% 2% 1% 2%
France 3% 5% 0% 0% 72% 2% 0% 0% 1% 7% 1% 0% 0% 0% 6% 0% 0%
Germany 6% 8% 0% 1% 11% 51% 0% 0% 2% 3% 2% 0% 2% 1% 6% 2% 4%
Greece 1% 3% 0% 0% 11% 8% 56% 0% 2% 7% 2% 0% 1% 0% 6% 0% 1%
Hungary 0% 0% 0% 0% 0% 0% 0% 99% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Ireland 4% 4% 0% 2% 19% 18% 0% 0% 8% 11% 4% 0% 1% 0% 6% 12% 11%
Italy 0% 1% 0% 0% 3% 1% 0% 0% 1% 87% 0% 0% 0% 0% 6% 0% 0%
Netherlands 9% 8% 0% 3% 14% 28% 0% 0% 2% 2% 30% 0% 0% 0% 3% 0% 1%
Norway 3% 4% 4% 4% 15% 8% 0% 0% 0% 0% 2% 49% 0% 0% 1% 2% 7%
Poland 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 99% 0% 0% 0% 0%
Slovenia 4% 3% 0% 1% 5% 12% 1% 2% 1% 7% 4% 0% 5% 44% 6% 0% 2%
Spain 0% 1% 0% 0% 1% 1% 0% 0% 0% 8% 0% 0% 0% 0% 88% 0% 0%
U.K. 0% 1% 0% 0% 2% 4% 0% 0% 0% 1% 1% 0% 0% 0% 0% 80% 10%
U.S. 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 4% 96%
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We collect sovereign CDS data for all countries of issuance ܿ listed in the columns of Table 2. 

Each insurer is assigned to CDS quotes based on the weighted portfolio of its (home) country 

of origin  in the given time frame Ǥ 26 Therefore, we use country-specific data as a measure 

for sovereign default probabilities. For each day ݐ, we calculate the relative daily change in the 

JRYHUQPHQW�ERQGV¶�&'6�VSUHDG�RI�HDFK�FRXQWU\�ܿ. Using the weights ݓ from regulatory data, 

we then calculate daily yields of a portfolio for each home country  where insurers in the 

sample are headquartered. We use the daily weighted portfolio return as an independent 

variable in the empirical models. It is denoted as ݎ൫ܵܦܥǡ௧൯ and calculated accordingly: 

ǡ௧൯ܵܦܥ൫ݎ ൌ �
σܵܦܥǡ௧ ή ǡǡݓ

σܵܦܥǡ௧ೡೠೞ ή ǡǡݓ
െ ͳ 

(3) 

 
     (a) U.S. sample        (b) European sample 

Note: The figures depict binned scatterplots of stock returns and the return of country-specific CDS spreads. The 
observations for ݎ൫ܵܦܥǡ௧൯ are grouped into 50 bins of equal size. Each dot represents the mean of ݎ൫ܵܦܥǡ௧൯ and 
WKH�FRQGLWLRQDO�PHDQ�RI�LQVXUHUV¶�stock returns ݎ൫ܴܶܫǡ௧൯ within each bin. The red line illustrates the regression line 
from a univariate linear model. Figure 2a) uses data for U.S. insurers and Figure 2b) for European insurers. 

Figure 2: Binned scatterplots of stock returns and changes in CDS spread portfolios 

Descriptive statistics for the independent variables measuring sovereign default probabilities 

 ǡ௧൯ are presented in Table A5 in Appendix II. The statistics are shown for each countryܵܦܥ൫ݎ

of origin  of the insurers in the sample. Since a peak during the European sovereign debt crisis 

in early 2012, CDS spreads have mostly decreased. The U.S. is the only country in the sample 

where credit spreads were on average rising during the sample period (by 0.15ppt per day), 

however they remained on a considerably low level.27 Over the entire sample, CDS spreads on 

average fell by 8ppt per day with a mean level of 1.44% (cf. Table 1). For U.S. insurers, the 

 
26 We additionally collect CDS spreads for government bonds from Iceland and Switzerland. We assume that 
insurers from these two countries invest all of their sovereign debt exposure in domestic government bonds due to 
the lack of data RQ�WKH�DOORFDWLRQ�RI�LQVXUHUV¶�DVVHWV�RQ�D�FRXQWU\�OHYHO� 
27 In the entire sample period, the largest level of CDS spreads of U.S. government bonds is 1%. This is the lowest 
maximum value behind sovereign debt from Norway (0.6%) and Germany (0.9%). 



 14 

correlation between stock returns and movements in CDS spreads of government bonds 

illustrated in Figure 2a) is seemingly low. In contrast, Figure 2b) depicts a negative linear 

UHODWLRQVKLS�EHWZHHQ�&'6�VSUHDG�UHWXUQV�DQG�(XURSHDQ�LQVXUHUV¶�VWRFN�UHWXUQV� 

In order to control for overall economic conditions, we gather daily data from Thomson Reuters 

Eikon database on national index and volatility index prices. For U.S. insurers, for instance, we 

use daily returns of the S&P 500 index and of the S&P 500 Volatility index (VIX) to measure 

stock market movements.28 A macroeconomic shock affecting all firms simultaneously is 

typically reflected by stock market indices. Related literature investigating the influence of 

interest rates on stock prices (e.g., Brewer et al. (2007), Berends et al. (2013), Hartley et al. 

(2017)) also considers market returns in empirical models, PDLQO\�EHFDXVH� LQVXUHUV¶� HTXLW\�

prices are strongly correlated with economic growth (cf. Kessler et al. (2017)). Therefore, as is 

the case for most types of firms, insurers typically have lower stock returns in a recession.29 In 

contrast, volatility indices reflect future expected stock price fluctuations. The implied 

volatilities are also included in the empirical models tested by Düll et al. (2017), because a 

larger frequency in market movements can influence stock returns. We use the relative daily 

changes of the indices as control variables in the empirical models: 

ǡ௧ሻݔ݁݀݊݅�݇ܿݐሺܵݎ ൌ �
ǡ௧ݔ݁݀݊݅�݇ܿݐܵ

ǡ௧ೡೠೞݔ݁݀݊݅�݇ܿݐܵ
െ ͳ 

(4) 

 

ǡ௧ሻݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽሺܸݎ ൌ �
ǡ௧ݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܸܽ

ǡ௧ೡೠೞݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܸܽ
െ ͳ 

(5) 

The descriptive statistics for the independent variables for market returns and volatilities are 

presented in Table A6 in Appendix II on a country level. Accordingly, the highest average daily 

stock market returns were achieved in Denmark (0.06%) and the lowest in Cyprus (-0.06%). 

The stock indices were also most volatile in Cyprus (standard deviation of 2.23%) and least 

volatile in Croatia (standard deviation of 0.57%). On average, national stock market indices 

increased by 0.04% per day with a standard deviation of 1.25% (cf. Table 1). 

The correlation coefficients of the introduced independent variables with daily frequency are 

shown in Table 3. Notably, the correlation between movements in long-term interest rates and 

 
28 For European countries for which we are not able to identify or gather data for a national volatility index, we 
use the Euro Stoxx 50 Volatility index instead. The relevance of the Euro Stoxx 50 index as an indicator of market 
developments in Europe is underlined by Brechmann and Czado (2013). Data on national volatility indices is 
successfully obtained for stock markets in France, Germany, the Netherlands, Switzerland, the U.K. and the U.S.  
29 In times of economic downturns, insurers typically face lower investment returns, need to pay out higher claims 
and face larger shortfalls in premium payments. 
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CDS spreads is low (0.05) despite a potential multicollinearity issue, as both measures are 

linked to government bonds. Instead, a strong negative correlation can be observed for returns 

of stock indices and the respective volatility indices (-0.59) in line with Giot (2005). The 

independent variables presented in Table 3 are included in all empirical models for estimating 

LQVXUHUV¶�ULVN�VHQVLWLYLWLHV��$SDUW�IURP�ORQJ-term interest rates, for which we only differentiate 

between U.S. and European insurers, all market risk variables are country-specific. 

Correlation coefficients ݎሺݕͳͲ௧ሻ ݎሺݕͳ௧ሻ ݎ൫ܵܦܥǡ௧൯ ݎሺܵ݇ܿݐǡ௧ሻ ݎሺܸ݈ܽǡ௧ሻ ݕͳͲ௧ ܵܦܥǡ௧ 

 ͳͲ௧ሻ 1.00 0.42 0.05 -0.28 0.23 -0.04 0.01ݕሺݎ
 ͳ௧ሻ 0.42 1.00 0.02 -0.10 0.11 -0.07 0.01ݕሺݎ

 ǡ௧൯ 0.05 0.02 1.00 -0.09 0.04 -0.00 0.00ܵܦܥ൫ݎ
 ǡ௧ሻ -0.28 -0.10 -0.09 1.00 -0.59 0.01 0.00ݔ݁݀݊݅�݇ܿݐሺܵݎ

 ǡ௧ሻ 0.23 0.11 0.04 -0.59 1.00 0.00 -0.00ݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽሺܸݎ
 OHYHO� -0.04 -0.07 -0.00 0.01 0.00 1.00 -0.01��ͳͲ௧ݕ
 OHYHO� 0.01 0.01 0.00 0.00 -0.00 -0.01 1.00��ǡ௧ܵܦܥ

Table 3:       Correlation matrix of the independent variables for market risk drivers 

7R�UHIOHFW�LQVXUDQFH�FRPSDQLHV¶�product portfolio and financial strength, we consider balance 

sheet data on a firm level. Specifically, we examine three characteristics obtained from the SNL 

Financial Database: the share of life insurance business, the share of unit-linked products and 

the solvency ratio. We perform a median split on each of the three continuous variables.30 We 

create binary variables based on thresholds that are set according to the SUHYLRXV�\HDU¶V�PHGLDQ�

of the cross-sectional distribution from the sample ݔ (either U.S., European or joint sample).31 

For instance, the median share of life insurance reserves by European insurers in the sample in 

2012 is 42% (cf. Table A7 in Appendix II). If an European insurer ݅¶V݁ݎ݄ܽܵ�݂݁݅ܮ�ǡଶଵଶ exceeds 

this value in 2012, the indicator variable ݂݁݅ܮǡଶଵଶ� LV� VHW� to one according to the definitions 

shown in Table 4. A firm is thus defined as a life insurer in year ݕ if it belongs to the companies 

with the largest 50% of life insurance reserves across the given sample ݔ� For our regression 

models, we use lagged values of insurer characteristics. In this way, we avoid a potential bias 

LQ�RXU�HVWLPDWHV�IRU�LQVXUHUV¶ market risk sensitivities which might result from a direct effect of 

interest rates or CDS spreads RQ�DQ�LQVXUHU¶V�EDODQFH�VKHHW��The chosen definitions for binary 

 
30 Using a median split for binary variables is a common approach in the empirical finance literature (see, e.g., 
Bertrand and Morse (2011) and Frydman and Wang (2020)), as it allows for an easier interpretation of coefficients. 
31 The U.S. sample contains far more insurers that are not engaged in life insurance business at all (34 out of 72 
firms) than the European sample (13 out of 52 firms). Even stronger patterns can be observed for the unit-linked 
business in the U.S. (50 out of 72 firms) than for Europe (only 16 out of 52 firms). To ensure the comparability of 
market risk sensitivities across samples, we add an additional specification for defining life and unit-linked insurers 
in the U.S. and in the joint sample. In order to avoid getting a median equal or close to zero, we calculate the 
medians of life or unit-linked business of insurers where ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ > 0 or ܷ݊݅݁ݎ݄ܽܵ�݈݀݁݇݊݅�ݐǡ௬  Ͳ respectively. 
This approach provides similar thresholds across all samples (cf. Table A7). 
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variables are different compared to related empirical literature on life insurers that used concrete 

thresholds.32 Our regression results are robust to choosing alternative thresholds (e.g., 40th and 

60th percentile and mean) and to using continuous variables such as ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ିଵ instead of 

binary indicator variables based on LQVXUHUV¶�EDODQFH�VKHHW�GDWD�(cf. Appendix III). 7KH�LQVXUHU�

VSHFLILF�ELQDU\�YDULDEOHV݂݁݅ܮ�ǡ௬ିଵ�DQG�ܷ݊݅ݐǡ௬ିଵ�ZLOO�EH�IXUWKHU�GHQRWHG�DV� ܺǡ௬ିଵ� 

Variable Definition 

ǡ௬ݏ݁ݒݎ݁ݏܴ݁�݁ܿ݊ܽݎݑݏ݊ܫ�݄ݐ݈ܽ݁ܪ�݀݊ܽ�݂݁݅ܮ  ǡ௬݁ݎ݄ܽܵ�݂݁݅ܮ
ǡ௬ݏ݁݅ݐ݈ܾ݅݅ܽ݅ܮ�݈ܽݐܶ

 

ǡ௬  ൜ͳǡ݂݁݅ܮ ǡ௬݁ݎ݄ܽܵ�݂݁݅ܮ�݂݅  Ǥǡ௬௫݁ݎ݄ܽܵ�݂݁݅ܮହሺ ሻ
Ͳǡ ݁ݏ݅ݓݎ݄݁ݐ

 

ǡ௬ݏ݁݅ݐ݈ܾ݅݅ܽ݅ܮ�ݐ݊ݑܿܿܣ�݁ݐܽݎܽ݁ܵ  ǡ௬݁ݎ݄ܽܵ�݈݀݁݇݊݅-ݐܷ݅݊
ǡ௬ݏ݁݅ݐ݈ܾ݅݅ܽ݅ܮ�݈ܽݐܶ

 

ǡ௬  ൜ͳǡݐܷ݅݊ ǡ௬݁ݎ݄ܽܵ�݈݀݁݇݊݅�ݐܷ݅݊�݂݅  Ǥǡ௬௫݁ݎ݄ܽܵ�݈݀݁݇݊݅�ݐହሺܷ݊݅ ሻ
Ͳǡ ݁ݏ݅ݓݎ݄݁ݐ

 

ǡ௬݈ܽݐ݅ܽܥ�݀݁ݐݏݑ݆݀ܣ  ǡ௬݅ݐܴܽ�ܥܤܴ
ǡ௬݈ܽݐ݅ܽܥ�݀݁ݏܾܽ�݇ݏܴ݅ ή ʹ

 

ǡ௬ௌݕܿ݊݁ݒ݈ܵ   ൜ͳǡ ǡ௬݅ݐܴܽ�ܥܤܴ�݂݅  Ǥǡ௬ሻ݅ݐܴܽ�ܥܤହሺܴ
Ͳǡ ݁ݏ݅ݓݎ݄݁ݐ

 

ǡ௬ݏ݀݊ݑܨ�݊ݓܱ�݈ܾ݈݁݅݃݅ܧ  ǡ௬݅ݐܴܽ�ݕܿ݊݁ݒ݈ܵ
ሻǡ௬ܴܥ�ሺܵݐ݊݁݉݁ݎ݅ݑݍܴ݁�݈ܽݐ݅ܽܥ�ݕܿ݊݁ݒ݈ܵ

 

ǡ௬ாݕܿ݊݁ݒ݈ܵ   ൜ͳǡ ǡ௬݅ݐܴܽ�ݕܿ݊݁ݒ݈ܵ�݂݅  Ǥǡ௬ሻ݅ݐܴܽ�ݕܿ݊݁ݒ݈ହሺܵ
Ͳǡ ݁ݏ݅ݓݎ݄݁ݐ

 

 ǡ௬ሻݏݐ݁ݏݏܣ�݈ܽݐǡ௬  ݈݊�ሺܶ݁ݖ݅ܵ

ǡ௬ݐܾ݁ܦ�݈ܽݐܶ  ǡ௬݁݃ܽݎ݁ݒ݁ܮ
ǡ௬ݕݐ݅ݑݍܧ�݈ܽݐܶ

 

ǡ௬݁ܿ݅ݎܲ�݇ܿݐܵ ǡ௬݇ܤ-ݐ-ݐ݁݇ݎܽܯ
ǡ௬݁ݎ݄ܽܵ�ݎ݁�݁ݑ݈ܸܽ�݇ܤ

 

Table 4:       Balance sheet variables (binary and continuous)33 

In terms of solvency, we use different ratios for U.S. and European insurers: the RBC ratio for 

U.S. insurers is obtained from Bloomberg and the solvency ratio based on the Solvency II 

 
32 For instance, Brewer et al. (2007) characterize a firm as a life insurer if at least 60% of its assets stem from life 
insurance business. HaUWOH\�HW�DO���������DVVXPH�D�KLJK�LQWHUHVW�UDWH�ULVN�H[SRVXUH�LI�PRUH�WKDQ�����RI�DQ�LQVXUHU¶V�
premiums stem from the German or U.S. life insurance market. 
33 The variables in the definition section in Table 4 UHIOHFW�WKH�VXSSOLHU¶V item names. 
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framework for EU insurers is hand-collected from SFCRs.34 The corresponding binary variable 

�\ǡ௬�GLVSOD\V�WKH�PRVW�VROYHQW�����RI�LQVXUHUV�DFFRUGLQJ�WR�WKH�UHVSHFWLYH�UHJXODWRUݕܿ݊݁ݒ݈ܵ

PHDVXUH�35�7he distribution of the ratios differs widely. ܴ݅ݐܴܽ�ܥܤǡ௬�KDV�D�PHGLDQ�RI������LQ�

FRQWUDVW�WR������IRU�WKH�ܵ݅ݐܴܽ�ݕܿ݊݁ݒ݈ǡ௬��:H�WKXV�XVH�WKH�YDOXHV�RI�WKH�ELQDU\�YDULDEOHV�IURP�

WKH�UHVSHFWLYH�VXEVDPSOHV�IRU�WKH�MRLQW�VDPSOH� 

We introduce further insurer-specific characteristics similar to Killins and Chen (2020). These 

are continuous control variables that have an influence on stock returns based on related finance 

literature such as Fama and French (1992): ܵ݅݁ݖǡ௬ିଵ݁݃ܽݎ݁ݒ݁ܮ��ǡ௬ିଵ�DQG݇ܤ�ݐ�ݐ݁݇ݎܽܯ�ǡ௬ିଵ.�

7KHVH� LQVXUHU�OHYHO� FRQWLQXRXV� FRQWURO� YDULDEOHV� DUH� DOVR� FROOHFWHG� IURP� WKH�SNL Financial 

Database�RQ�D�\HDUO\�EDVLV�DQG�ZLOO�IXUWKHU�EH�GHQRWHG�DV� ܻǡ௬ିଵ� 

2.4 Hypotheses 
To investigate how market risks contribute to insurers' stock performance, we examine the 

influence of relative changes in long-term interest rates ݎሺݕͳͲ௧ሻ and CDS spreads ݎ൫ܵܦܥǡ௧൯ on 

stock returns ݎ൫ܴܶܫǡ௧൯. In addition, we interact the binary variables ݂݁݅ܮǡ௬ିଵ��ܷ݊݅ݐǡ௬ିଵ� DQG�

�ǡ௬ݕܿ݊݁ݒ݈ܵ ZLWK� �ͳͲ௧ሻ DQGݕሺݎ �ǡ௧൯ܵܦܥ൫ݎ WR� GHWHFW� FKDUDFWHULVWLFV� LQIOXHQFLQJ� PDUNHW� ULVN�

VHQVLWLYLWLHV� Below, we explain the hypotheses that we subsequently test empirically. 

Effect of interest rate movements ݎሺݕͳͲ௧ሻ: We investigate the impact of changes in returns 

achieved from bond investments RQ�LQVXUHUV¶�VWRFN�UHWXUQV�in a prolonged period of low interest 

rates. Arguably, interest rate reductions after 2007 spurred economic growth. However, 

Berends et al. (2013), and Hartley et al. (2017) demonstrate empirically that in the low rate 

environment following the financial crisis, insurance companies in general suffer from falling 

yields. Similarly, while controlling for economic growth, we expect a positive relationship 

between changes in interest rates and LQVXUHUV¶�VWRFN�UHWXUQV. Our hypothesis is as follows: 

H1: Insurers suffer from falling interest rates. 

Interaction effect of interest rate movements and life insurers ݎሺݕͳͲ௧ሻ ή �ǡ௬ିଵ݂݁݅ܮ 

According to practioners¶�YLHZV��OLIH�LQVXUHUV�WHQG�WR�KDYH�D�GXUDWLRQ�JDS��EHFDXVH�PDUNHWV�GR�

not provide sufficient long-term investment opportunities (e.g., Frey (2012)). In addition, 

Caballero et al. (2017) and Greenwood and Vayanos (2010) stress that long-term bonds 

 
34 (8�LQVXUHUV¶�VROYHQF\�UDWLRV�FDQ�EH�HQKDQFHG�E\�YROXQWDU\�ORQJ-term guarantee measures (LTGs). Even though 
LTGs impair the informative value of solvency raWLRV�LQ�UHODWLRQ�WR�LQVXUHUV¶�ILQDQFLDO�VWUHQJWK��VWRFN�PDUNHWV�UHDFW�
significantly to solvency ratios reported in SFCRs (cf. Gatzert and Heidinger (2020) and Mukhtarov et al. (2021)). 
35 Typically, only a small number of insurers becomes insolvent. Relating to this argument, we find that our results 
still hold if we choose lower thresholds for ܵݕܿ݊݁ݒ݈ǡ௬, such as the 30% and 40% quantile. 
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typically offer unattractive yields. While further literature (Koijen and Yogo (2022), Möhlmann 

(2021) and Kubitza et al. (2021)) argues that life insurers do not aim for perfect hedging, a 

fraction of interest rate risk clearly remains unhedged. Two main channels of interest rate 

exposures are duration gaps and fixed guarantees embedded in life insurance policies in most 

countries (cf. Table A1). As corresponding assets mature, guarantees are putting life insurers 

under great pressure in the low yield environment after 2012.36 In the U.S., contractually 

promised rates may affect cash surrender values for universal life and whole life insurance 

products. If interest rates fall below these guarantees, they are ³LQ� WKH�PRQH\´. As a result, 

surrender rates will go down, and as a consequence, liability duration, and thus the interest rate 

risk exposure of life insurers, will rise (cf. Kubitza et al. (2021)). It is, therefore, also the case 

that policyholder behavior influences the interest rate risk of life insurers. Deposit-type 

products, which are savings policies, also contain investment guarantees and are therefore 

another channel of interest rate risk exposure.37 According to the European Systemic Risk 

Board (ESRB) (2015), guaranteed life insurance products are also popular in several European 

countries.38 Due to the H[SRVXUH�RI�OLIH�LQVXUHUV¶�EDODQFH�VKHHWV�WR interest rate risk, we expect: 

H2: Insurers with a high share of life insurance reserves suffer more from falling interest rates. 

Interaction effect of interest rate movements and unit-linked insurers ݎሺݕͳͲ௧ሻ ή �ǡ௬ିଵݐܷ݅݊ 

Policyholders of unit and index-linked insurance products39 can influence the investment 

allocation relating to their contracts. The share of unit-linked products offered by life insurers 

in Europe keeps growing as the low interest rate environment prevails (cf. EIOPA (2019b)). 

One reason might be that the investment risk is borne by policyholders and particularly in 

Europe, guarantees are less common. Hence, switching from participating to unit-linked 

EXVLQHVV� DOORZV� OLIH� LQVXUHUV� WR� ORZHU� WKHLU� EDODQFH� VKHHWV¶� exposure to interest rate 

movements.40 While this argument suggests lower interest rate risk for unit-linked insurers, 

there are other arguments in favor of high sensitivities. Firstly, a part of the balance sheet 

advantages for unit-linked insurers can be offset by foregoing regulatory requirements designed 

to relieve the situation of participating life insurers. For instance, the LTG measures of 

 
36 When the insurers¶�LQYHVWPHQW�LQFRPH�IDOOV�EHORZ�WKHLU�H[SHQVHV��LQVXUHUV�FDQ�IDFH�OLTXLGLW\�LVVXHV�DQG� thus 
have an incentive to hold riskier portfolios. Koijen and Yogo (2022) argue that guaranteed minimum returns 
provide an insurance against market risks, as they shield policyholders from interest rate movements. 
37 Deposit-type products make up around 9% of U.S. life insurers' reserves (cf. Berends et al. (2013)). 
38 Guaranteed returns are popular in Germany, Italy, Netherlands, Switzerland, Austria, Spain, Denmark, Norway 
and Sweden. Guarantees in France are typically not binding (cf. Hombert and Lyonnet (2017)). For further 
information regarding the use of guaranteed returns in different countries see Eling and Holder (2013a,b). 
39 In the remaining of this paper��ZH�XVH�WKH�WHUP�³XQLW-OLQNHG�SURGXFWV´�DV�DQ�umbrella term. 
40 This goes along with small average duration gaps and a small share of guaranteed products in countries focusing 
on unit-linked insurance, such as the U.K. and Ireland (cf. Table A1). 
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Solvency II facilitate compliance with capital requirements regarding fixed minimum 

guarantees.41 Arguably, compared with participating insurers, unit-linked insurers benefit less 

from these regulatory measures enabling financial relief as well as from current accounting 

standards42. Secondly, firms shifting towards more unit-linked products are often life insurers 

that are particularly exposed to the low interest rate environment. For example, some German 

life insurers stopped offering guaranteed products to decrease their interest rate exposure as 

their existing stock of guaranteed contracts gradually expires.43 In addition, stressed insurers 

might cut benefits and increase prices for all types of products. Such circumstances can lead to 

the observation that offering more unit-linked products characterizes insurers that are in fact 

more sensitive to interest rate changes due to their remaining guaranteed obligations. Thirdly, 

many unit-linked products are saving instruments with long-term commitments for pension 

plans. As a result, unit-linked insurers have a long duration of liabilities and potentially a 

convexity mismatch relative to the asset side of their balance sheets. In the U.S., variable 

annuities even combine mutual funds with fixed guarantees (cf. Koijen and Yogo (2022)).44 

Relating to interest rate sensitivities, we expect that the effect of long durations and stressed 

life insurers switching to unit-linked business outweighs the advantages of lower balance sheet 

exposures, as the investment risk is borne by policyholders. Therefore, we hypothesize: 

H3: Insurers with a high share of reserves relating to unit-linked products suffer more from 

falling interest rates. 

Interaction effect of interest rate movements and solvent insurers ݎሺݕͳͲ௧ሻ ή  :ǡ௬ݕܿ݊݁ݒ݈ܵ

In Europe, the solvency ratio has been D�NH\�PHDVXUH�UHIOHFWLQJ�LQVXUHUV¶�VROYHQF\�SRVLWLRQ�DQG�

financial strength in a single figure ever since Solvency II came into effect in 2016. The 

H[SHULPHQWDO� OLWHUDWXUH� GHPRQVWUDWHV� WKDW� LQVXUHUV¶� VROYHQF\� ULVN� VXEVWDQWLDOO\� LQIOXHQFHV�

SROLF\KROGHUV¶�Zillingness to pay (cf. Zimmer et al. (2009, 2018) and Lorson et al. (2012)). In 

an event study, Gatzert and Heidinger (2020) as well as Mukhtarov et al. (2021) provide 

empirical evidence WKDW� LQVXUHUV¶� VWRFN� UHWXUQV� UHDFW� VLJQLILFDQWO\� WR� WKH� VROYHQF\� UDWLRV 

 
41 There are two kinds of LTGs. Firstly transitionals, which allow insurers to adjust more slowly to new market 
conditions such as lower interest rates and secondly adjustments, which lead to smaller effects of short-term market 
movements on insurers¶ own funds or lower capital requirements for spread risk. 
42 For example, the discount rate for liabilities in Germany is very slowly being adjusted to interest rate movements. 
Between 2011 and 2021, the rate has only been lowered three times and has been consistently larger than the 
German 10-year government bond yield since 2014. The resulting slow pass-through of interest rates to insurers 
prevents a market-oriented increase in liabilities. 
43 For instance, Generali Deutschland and Ergo, which belongs to MunichRe, sell parts of their stock of guaranteed 
insurance contracts to so-called ³run-off´ insurance companies. 
44 During the last 30 years, variable annuities have gained great importance in life insurers' portfolios and make 
up around one third of U.S. life insurers' reserves (cf. Berends et al. (2013)). 
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published under Solvency II. For U.S. insurers, we consider the RBC ratio as a measure of 

solvency, which we also collect for the years 2016 to 2018. We expect the returns of less solvent 

insurers to be particularly sensitive to interest rate fluctuations. Less solvent insurers have 

smaller capital buffers and are thus closer to regulatory action, which influences the demand 

for insurance products and limits investment opportunities. Consequently, it follows that: 

H4: Less solvent insurers suffer more from falling interest rates. 

Effect of movements in CDS spread of government bonds ݎ൫ܵܦܥǡ௧൯: According to Acharya 

et al. (2014), CDS spreads of government bonds adequately reflect the default risk of a country. 

Insurers traditionally invest a large portion of their assets in sovereign debt. Düll et al. (2017) 

find that European insurance companLHV¶ financial positions are negatively impacted by 

increases in sovereign CDS spreads. In line with this finding, we expect: 

H5: Insurers suffer from rising default probabilities of sovereign debt. 

Interaction effect of CDS movements and life insurers ݎ൫ܵܦܥǡ௧൯ ή  ǡ௬ିଵ: For life݂݁݅ܮ

insurers, we expect two different effects to exist in terms of their stock returnV¶ sensitivities to 

credit risk. On the one hand, insurers might benefit from higher future returns for fixed-income 

securities going along with increased CDS spreads. This is particularly relevant within the 

Solvency II framework, which does not prescribe additional capital requirements for 

investments in sovereign debt from EU countries with large default probabilities (cf. Art. 180 

(2) of European Commission (2015)). On the other hand, market values of bonds decrease as 

CDS spreads rise. The decrease is larger for a longer duration of the bond. Hence, life insurers, 

which tend to hold long-term government bonds, suffer more from increased CDS spreads 

compared with non-life or composite insurers. Due to opposed implications, the resulting effect 

of the interaction between sovereign default probabilities and life insurance business on stock 

returns is rather ambiguous. Our hypothesis reflects the latter, market-value-based aspect: 

H6: Insurers with a high share of life insurance reserves suffer more from rising default 

probabilities of sovereign debt. 

Interaction effect of CDS movements and unit-linked insurers ݎ൫ܵܦܥǡ௧൯ ή  :ǡ௬ିଵݐܷ݅݊

Rising CDS spreads signal higher uncertainties, which, from the policyholderV¶ perspective, 

makes insurance contracts with embedded guarantees more attractive than unit-linked products, 

where they bear the investment risk. In addition, the variable ܷ݊݅݁ݎ݄ܽܵ�݈݀݁݇݊݅-ݐǡ௬�can, to some 

extent, identify life insurers suffering from market risks and attempting to solve this issue by 

lowering the share of guaranteed life insurance contracts. For these reasons, we derive that: 
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H7: Insurers with a high share of reserves relating to unit-linked products suffer more from 

rising default probabilities of sovereign debt. 

Interaction effect of CDS movements and solvent insurers ݎ൫ܵܦܥǡ௧൯ ή  ǡ௬ǣ Forݕܿ݊݁ݒ݈ܵ

solvent insurers, an increase in CDS spreads is expected to have fewer negative effects, as the 

rising market uncertainty has a smaller impact on an insurer¶V�PDUNHW�FDSLWDOL]DWLRQ� Solvent 

insurers can even attempt to seize the opportunity to invest in riskier government bonds, as they 

are robust enough to face potential losses through a longer period. We thus hypothesize: 

H8: Less solvent insurers suffer more from rising default probabilities of sovereign debt. 

2.5 Empirical model and tackling of research question 
To test the hypotheses, we consider three OLS panel regression models, which we extend 

successively. In all models, we include insurer fixed effects ݑ and standard errors clustered by 

time. In addition to the main variables of interest, i.e., relative changes in interest rates ݎሺݕͳͲ௧ሻ�

DQG� FUHGLW� VSUHDGV�  ǡ௧൯, we consider several control variables. Firstly, economicܵܦܥ൫ݎ

developments are considered using daily returns in national stock and volatility indices 

 ǡ௧൯. Secondly, we control for movements in short-termݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽ൫ܸݎ ǡ௧൯ andݔ݁݀݊݅�݇ܿݐ൫ܵݎ

interest rates ݎሺݕͳ௧ሻ and the level of long-term interest rates ݕͳͲ௧��%\�GRLQJ�VR��ZH�ensure that 

sensitivities (measured by ߚଷ�EHORZ� are driven by changes in interest rates rather than levels, 

which also significantly influence equity returns according to Czaja et al. (2009). Thirdly, we 

control analogously for the level of CDS spreads ܵܦܥǡ௧. With the given specifications, Model 

I measures the sensitivity of stock returns to relative changes in interest rates and CDS spreads 

of weighted country-specific portfolios of sovereign bonds in a multivariate regression: 

ǡ௧൯ܫ൫ܴܶݎ ൌ ߚ  ଵߚ ή ǡ௧൯ݔ݁݀݊݅�݇ܿݐ൫ܵݎ  ଶߚ ή   ǡ௧൯ݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽ൫ܸݎ

������������������ ߚଷ ڄ ͳͲ௧ሻݕሺݎ  ସߚ ڄ ͳͲ௧ݕ  ହߚ ڄ ߚ ͳ௧ሻݕሺݎ ڄ  ����ǡ௧൯ܵܦܥ൫ݎ

������������������ ߚ ڄ ǡ௧ܵܦܥ  ݑ    ǡ௧ߝ

Model I 

 

Model II extends Model I by incorporating yearly insurer-specific information. In particular, 

we include interaction terms by multiplying each of the market risk variables, ݎሺݕͳͲ௧ሻ� DQG�

�,ǡ௧൯ܵܦܥ൫ݎ ZLWK� each binary variable ܺ ǡ௬ିଵ where ܺ represents life or unit-linked insurers 

according to the definitions in Table 4.45 In addition to the interaction terms, we include the 

main effects ܺǡ௬ିଵ (i.e., ݂݁݅ܮǡ௬ିଵ and ܷ݊݅ݐǡ௬ିଵ) in the empirical model to measure ceteris 

 
45 In a robustness test, we also control for the interaction between each of the insurer-specific binary variables 
ܺ ǡ௬ିଵ with stock market returns ݎ൫ܵݔ݁݀݊݅�݇ܿݐǡ௧൯, similar to Hartley et al. (2017). In a further specification, we 

include interactions of ݎሺݕͳͲ௧ሻ and ݎ൫ܵܦܥǡ௧൯ with a binary LQGLFDWRU�YDULDEOH�IRU�LQVXUHUV¶�VL]H��FI��$SSHQGL[�,,,). 
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paribus effects (cf. Angrist and Pischke (2009)). We introduce further insurer-specific control 

variables ܻǡ௬ିଵ��7KHVH�DUH�FKDUDFWHULVWLFV�ZKLFK�PLJKW�KDYH�DQ�LQIOXHQFH�RQ�VWRFN�UHWXUQV�EDVHG�

RQ�UHODWHG�ILQDQFH�OLWHUDWXUH��VXFK�DV�)DPD�DQG�)UHQFK���������FDOFXODWHG�DV�WKH�QDWXUDO� ǡ௬݁ݖ݅ܵ�

ORJDULWKP�RI�WRWDO�DVVHWV�݁݃ܽݎ݁ݒ݁ܮ��ǡ௬ �GHEW�WR�HTXLW\�UDWLR��DQG݇ܤ-ݐ-ݐ݁݇ݎܽܯ�ǡ௬��VWRFN�SULFH�

GLYLGHG�E\�ERRN�YDOXH�SHU�VKDUH���,W�IROORZV� 

ǡ௧൯ܫ൫ܴܶݎ ൌ ߚ  ଵߚ ή ǡ௧൯ݔ݁݀݊݅�݇ܿݐ൫ܵݎ  ଶߚ ή ǡ௧൯ݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽ൫ܸݎ  ଷߚ ڄ  ͳͲ௧ሻݕሺݎ

                    ߚସିହ ή ͳͲ௧ሻݕሺݎ ή ܺǡ௬ିଵ ߚ ڄ ͳͲ௧ݕ  ߚ ڄ ͳ௧ሻݕሺݎ  ଼ߚ ή   ǡ௧൯ܵܦܥ൫ݎ

                    ߚଽିଵ ή ǡ௧൯ܵܦܥ൫ݎ ή ܺǡ௬ିଵ  ଵଵߚ ڄ ǡ௧ܵܦܥ  ଵଶିଵଷߚ ڄ ܺǡ௬ିଵ  

                   ߚ�ଵସିଵ ڄ ܻǡ௬ିଵ  ݑ   ǡ௧ߝ

Model II 

 

Model III extends Model II by introducing ܵݕܿ݊݁ݒ݈ǡ௬ as a sample-specific binary variable 

together with its interaction with the relative changes of long-term interest rates ݎሺݕͳͲ௧ሻ and 

CDS spreads ݎ൫ܵܦܥǡ௧൯. We use a separate model for introducing solvency because in Europe 

it has only been consistently observable since the introduction of Solvency II in 2016. Hence, 

the sample period in Modell III comprises the years 2016 to mid-2018. The sample of U.S. 

insurers for Model III is smaller, because RBC ratios could be obtained for only 30 companies. 

ǡ௧൯ܫ൫ܴܶݎ ൌ ߚ  ଵߚ ή ǡ௧൯ݔ݁݀݊݅�݇ܿݐ൫ܵݎ  ଶߚ ή ǡ௧൯ݔ݁݀݊݅�ݕݐ݈݅݅ݐ݈ܽ൫ܸݎ  ଷߚ ڄ   ͳͲ௧ሻݕሺݎ

             ߚସିହ ή ͳͲ௧ሻݕሺݎ ή ܺǡ௬ିଵߚ� ή ͳͲ௧ሻݕሺݎ ή ǡ௬௫ݕܿ݊݁ݒ݈ܵ  ߚ ڄ ͳͲ௧ݕ  ଼ߚ ڄ  ͳ௧ሻݕሺݎ

            ߚ�ଽ ή ǡ௧൯ܵܦܥ൫ݎ  ଵିଵଵߚ ή ǡ௧൯ܵܦܥ൫ݎ ή ܺǡ௬ିଵ  ଵଶߚ ή ǡ௧൯ܵܦܥ൫ݎ ή ǡ௬௫ݕܿ݊݁ݒ݈ܵ  

            ߚ�ଵଷ ڄ ǡ௧ܵܦܥ  ଵସିଵହߚ ڄ ܺǡ௬ିଵ  ଵߚ ڄ ǡ௬௫ݕܿ݊݁ݒ݈ܵ  ଵିଵଽߚ ڄ ܻǡ௬ିଵ  ݑ   ǡ௧ߝ

Model III 

 

To detect differences in sensitivities of stock returns to market risk drivers between U.S. and 

European insurers and to test which effects are robust across all samples, we apply the empirical 

Models IെIII to three different samples ݔ: first only to U.S. firms, then only to European firms, 

and finally to a joint sample including all 163 insurance companies. 

3 5HVXOWV 
The coefficients and p-values from Model I, which focuses on the effects of market risk drivers 

on stock returns while controlling for their levels and economic growth, are illustrated in Table 

5. In line with hypothesis H1, we find that across all samples, insurers suffer from falling long-

term interest rates.46 The empirical model thus confirms previous findings by Berends et al. 

(2013) and Hartley et al. (2017), when comprising several market risks in a single regression 

 
46 As we use the HPR for the independent variables measuring changes in interest rates, a negative sign in the 
coefficients in Tables 5-7 implies a positive impact of rising interest rates on stock returns. 
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with daily data and introducing further specifications such as insurer fixed effects and standard 

errors clustered at the day level. Notably, the size of the beta coefficients for ݎሺݕͳͲ௧ሻ�LV�VLPLODU�

IRU�WKH�LQLWLDO�8�6��DQG�(XURSHDQ�VDPSOHV��FROXPQV�����DQG�������LQGLFDWLQJ�a similar degree of 

stock return sensitivity to interest rate changes by insurance companies in general (including 

life and non-life insurers). Hence, a one-day HPR of 10-year rates of 1ppt (for instance due to 

a fall in interest rates from roughly 0.1% to 0%) decreases the stock return of insurers by 0.21ppt 

on average, while keeping other variables constant.  

 
Note:  Fixed effect regressions of insurers' stock returns on market risk drivers from 2012 to mid-2018. Sources: 
Thomson Reuters Eikon (insurer-level daily stock returns measured by total return indices (TRI), country-level 
stock and volatility indices), FRED (daily interest rates in the U.S.), ECB (daily interest rates in Europe), Markit 
database in WRDS (daily CDS spreads) and NAIC & EIOPA (distribution of government bond investments as a 
measure for country-specific CDS exposure). Standard errors are clustered at the day level. ***, **, * indicate 
significance at the 1%, 5% and 10% levels respectively. P-values are in parentheses. 

Table 5:       Regression results for the empirical Model I 

The coefficient for ݎሺݕͳͲ௧ሻ�is higher when we restrict the sample to insurers with a high share 

of life insurance reserves, i.e., with the requirement ݂݁݅ܮǡ௬ିଵ ൌ ͳ EHLQJ�IXOILOOHG��FROXPQV�����

������7KHQ��D�+35�of 1ppt on average decreases stock returns of U.S. life insurers by 0.46ppt 

and of European life insurers by 0.29ppt. This implies a difference in sensitivities of 60%. We 

observe even stronger differences when considering standardized beta coefficients, which 

provide an accurate comparison of the effects of variables with differing volatilities. Therefore, 

ceteris paribus, a one standard deviation increase in the one-day HPR for long-term interest 

rates (0.43ppt, cf. Table 1) leads to an average decrease in stock returns of U.S. life insurers by 

0.13 standard deviations (0.36ppt) (column (4)). In contrast, a one standard deviation increase 

in the HPR for 10-year interest rates in Europe (0.36ppt) on average lowers stock returns of 

European life insurance companies by only 0.06 standard deviations (0.12ppt) (column (5)). 
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Comparing these sensitivities yields an effect of interest rate movements on the stock 

performance that is even 150% higher for U.S. than for European life insurers. These findings 

underline that interest rate risk is more relevant for U.S. life insurers.47 A potential reason might 

be cross-sectional risk sharing and the widespread use of guaranteed minimum returns in the 

U.S. (cf. Table A1). Regarding the European sample, the difference in the interest rate 

sensitivities between all insurers and only life insurers is smaller �FROXPQV�����DQG�����. 

In terms of short-term interest rates, we again observe differing sensitivities between U.S. and 

European life insurers. The former benefit significantly from falling 1-year rates while the latter 

suffer significantly from rising 1-year yields �FROXPQV�����DQG�����. European life insurers thus 

seem to prefer a steep yield curve. Due to the varying sensitivities across the subsamples, the 

coefficients for ݎሺݕͳ௧ሻ�DUH�LQVLJQLILFDQW�IRU�WKH�MRLQW�VDPSOH��FROXPQV�����DQG������ 

Substantial differences between the sensitivities measured in the samples are also given in terms 

of credit risk. European insurers suffer significantly from increasing default probabilities of 

sovereign debt, which are measured by weighted country-specific portfolios of CDS spreads of 

government bonds. Hypothesis H5 is thus supported for the European sample. In general, an 

increase in weighted CDS spread by 1ppt lowers the stock return by 0.034ppt on average 

�FROXPQ�������5HJDUGLQJ�VWDQGDUGL]HG�EHWD�FRHIILFLHQWV��ZH�ILQG�WKDW�DQ�LQFUHDVH�LQ�&'6�VSUHDGV�

E\�RQH�VWDQGDUG�GHYLDWLRQ������SSW��RQ�DYHUDJH�OHDGV�WR�D�IDOO�LQ�WKH�VWRFN�SHUIRUPDQFH�E\������

VWDQGDUG�GHYLDWLRQV������SSW���FROXPQV�����DQG�������)RU�WKH�����RI�(XURSHDQ�LQVXUHUV�ZLWK�WKH�

ODUJHVW�OLIH�LQVXUDQFH�VKDUH��WKH�HIIHFW�RI�D�RQH�VWDQGDUG�GHYLDWLRQ�FKDQJH�LV�WKXV�VL[�WLPHV�ODUJHU�

IRU�LQWHUHVW�UDWHV�WKDQ�IRU�VRYHUHLJQ�&'6�VSUHDGV�48�In contrast, U.S. life insurers do not benefit 

from decreasing CDS spreads, but rather from increasing default probabilities of JRYHUQPHQW�

ERQGV, although only to a marginally small degree and not to a highly significant level �FROXPQ�

����. A channel through which U.S. insurers benefit from rising CDS spreads could be higher 

expected market returns that compensate for the negative effect of credit deteriorations on 

existing bonds. We interpret the difference in sensitivities between U.S. and European life 

insurers as being linked to the relatively low share of U.S. LQVXUHUV¶�LQYHVWPHQWV�LQ�government 

bonds49 and to the large home bias towards U.S. sovereign debt (cf. Table 2) that typically has 

 
47 The ratio of ceteris paribus average decreases in stock prices by changes in the HPR is 0.837 (=0.36ppt / 0.43ppt) 
for life insurers in the U.S. and 0.333 (= 0.12ppt / 0.36ppt) for life insurers in Europe. Taking these ratios as 
sensitivity measures, the relative difference in the sensitivities is 150.13%. 
48 For the purpose of better comparison, we consider the ceteris paribus average effect of a one standard deviation 
increase in the underlying variables on stock returns. For the HPR (weighted portfolio of CDS spreads), the effect 
is a fall in stock returns by 0.06 (0.01) standard deviations (column (5)). 
49 The share of corporate bonds is roughly three times larger than that of government bonds for U.S. insurers 
according to NAIC (2021). This indicates lower sovereign counterparty default risk, but also riskier investments. 
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a high degree of creditworthiness. Based on the measured sensitivities, credit risk is 

substantially more relevant for European insurers than for U.S. insurers. The latter are better 

immunized against increasing sovereign default probabilities in terms of stock price reactions. 

For the combined sample, the impact of changes in CDS spreads on stock returns is not 

significant due to the different effects it has on the two subsamples �FROXPQV�����DQG������ 

Regarding the size of coefficients, national stock market movements have the largest impact on 

the stock returns of life insurance companies among all market risk drivers. A 1ppt increase in 

VWRFN�LQGLFHV�UHVXOWV�LQ�DQ�DYHUDJH�LQVXUHU¶V�VWRFN�UHWXUQ�ULVH�E\�0.98ppt in the U.S. and 0.75ppt 

in Europe (FROXPQV�����DQG������ As for long-term interest rates, the coefficients are higher for 

life insurers than for the initial samples in columns (1) ± (3). In summary, Model I shows that 

stock returns are substantially influenced by market risk drivers. Interest rate movements and 

stock market returns have a highly significant impact on the stock prices of all insurers, while 

changes in CDS spreads for sovereign debt only affect the European insurers in the sample. 

In Model II, we introduce the insurer-specific binary variables ܺǡ௬ିଵ (i.e., ݂݁݅ܮǡ௬ିଵ and 

 ,ǡ௧൯. Additionallyܵܦܥ൫ݎ ͳͲ௧ሻ andݕሺݎ ǡ௬ିଵ), which we interact with the market risk driversݐܷ݅݊

we introduce the continuous control variables ܻǡ௬ିଵ. The coefficients and p-values in Table 6 

UHYHDO� WKDW� LQVXUHUV¶�VHQVLWLYLWLHV� WRZDUGV� LQWHUHVW� UDWH�PRYHPHQWV�DUe significantly linked to 

insurer-specific balance sheet variables. Hypothesis H2 is supported, as insurers with a higher 

share of life insurance reserves suffer significantly more from decreasing interest rates. On 

average, D�+35�ZLWKLQ�RQH�GD\�of 1ppt (implying a falling interest rate) lowers the stock return 

of a life insurer ceteris paribus by 0.17ppt more than that of other insurers (FROXPQ�����. The 

result is robust across all samples and is closely linked to the negative effects of interest rate 

declines on the balance sheet of life insurers due to duration gaps and the use of guarantees. 

Again, the corresponding coefficients are larger for U.S. insurers (FROXPQ�����. 

Furthermore, in line with hypothesis H3, insurers with a high share of unit-linked business 

suffer more from falling interest than insurers with no or a small share of unit-linked reserves. 

Presumably due to variable annuities with embedded minimum returns, the effect is particularly 

large in the U.S., where a HPR of 1ppt additionally lowers unit-linked LQVXUHUV¶�stock returns 

by 0.74ppt (column (1)). As outlined in Section 2.4, other reasons for large interest rate risk of 

unit-linked insurers are the long duration of liabilities for savings instruments and underlying 

accounting standards. Moreover, a correlation between insurers with large previously 

guaranteed returns and those with an increasing share of unit-linked products seems reasonable, 

as stressed insurers are aiming to ORZHU�WKHLU�EDODQFH�VKHHWV¶�H[SRVXUH�WR�LQWHUHVW�UDWH�ULVN� The 
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findings suggest that regulators globally should not only closely monitor interest rate 

sensitivities of life insurers with guarantees, but also those of unit-linked insurance companies. 

 
Note:  Fixed effect regressions of insurers' stock returns on market risk drivers from 2012 to mid-2018. Binary 
insurer controls ܺǡ௬ିଵ are based on previous year's median of the cross-sectional distribution of the shares of life 
insurance reserves and unit-linked reserves. Continuous insurer controls ܻǡ௬ିଵ are the size, the leverage and the 
market-to-book ratio at the insurer-year level lagged by one year relative to the stock return. Sources: Thomson 
Reuters Eikon (insurer-level daily stock returns measured by total return indices (TRI), country-level stock and 
volatility indices), FRED (daily interest rates in the U.S.), ECB (daily interest rates in Europe), Markit database in 
WRDS (daily CDS spreads), NAIC & EIOPA (distribution of government bond investments), SNL (insurer-level 
yearly life insurance share, unit-linked business share, leverage, size and market-to-book ratio) and SFCRs 
(insurer-level yearly solvency ratio). Standard errors are clustered at the day level. ***, **, * indicate significance 
at the 1%, 5% and 10% levels respectively. P-values are in parentheses. 

Table 6:       Regression results for the empirical Model II 

In terms of credit risk, Model II reveals that the impact of the interaction term ݎ൫ܵܦܥǡ௧൯ � ή

 ���. This��ǡ௬ିଵ on stock returns is significantly negative for European insurers (FROXPQ݂݁݅ܮ�

supports hypothesis H6, as the stock returns of life insurers are twice as much negatively 

affected by increasing CDS spreads than the stock prices of composite or non-life insurers. The 

main reason is presumably the difference in the investment strategy, as life insurers typically 

hold a high share of fixed income securities with longer durations, which exposes them more 

to counterparty credit risk. The stock market reactions to CDS movements are more robust and 

even larger for the 50% of insurers with the largest unit-linked share. In line with hypothesis 

H7, unit-linked insurers suffer significantly more from rising default probabilities of sovereign 

debt than other insurers. Thus, a 1ppt increase in CDS spreads additionally lowers unit-linked 

LQVXUHUV¶�VWRFN�UHWXUQV�E\�����SSW�FHWHULV�SDULEXV�RQ�WRS�RI�WKH�HIIHFW�RI�-0.014ppt for insurers 
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in general (FROXPQ�����. The sensitivity to default probabilities of government bonds can be 

explained by an increased preference of customers for guaranteed insurance products when 

future market developments seem less predictable. As U.S. sovereign debt is considered to be 

very secure during the sample period between 2012 and 2018, the effects of interaction terms 

of the credit risk measure with insurer-specific variables are not significant in Model II for the 

U.S. sample (FROXPQ� ����. The results presented are robust to limiting the sample only to 

insurers with life insurance reserves (i.e., ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ିଵ  Ͳ�� VHH�$SSHQGL[� ,,,�� Previous 

findings from Model I regarding sensitivities of insurers towards movements of stock indices 

and short-term interest rates are robust in terms of the sign of coefficients and their significance. 

In Model III, we introduce ܵݕܿ݊݁ݒ݈ǡ௬ as a further insurer-specific binary characteristic to 

interact with the variables for relative changes in long-term interest rates ݎሺݕͳͲ௧ሻ and CDS 

spreads ݎ൫ܵܦܥǡ௧൯. As outlined in Section 2.5, Model III is limited to a smaller sample period 

from 2016 to mid-2018 because of the lack of a prominent solvency figure for EU insurers 

before the introduction of Solvency II in 2016. The coefficients and p-values are illustrated in 

Table 7. The regression results for the European sample support hypothesis H4 that less solvent 

insurers suffer more from falling interest rates (column (2)). For the most solvent 50% of 

insurers, a 1ppt HPR on average lowers stock prices by 0.21ppt less than for the least solvent 

50% of insurers. The sensitivities can be explained by a lesser ability to cope with the challenges 

caused by interest rate reductions if a company has smaller capital buffers. The effect, however, 

is insignificant for the U.S. sample (column (1)), which is an indicator that the RBC ratio is not 

perceived by capital markets as much as the solvency ratio in Europe. 

Moreover, we find that more solvent insurers suffer less from rising CDS spreads of sovereign 

debt, which tends to confirm hypothesis H8. Again, the effect is particularly pronounced and 

robust in the European sample (column (2)). For solvent European insurers, the ceteris paribus 

negative effect of a 1ppt increase in CDS spreads on stock prices is 0.018ppt smaller than for 

less solvent insurers. Even though the number of observations in Model III is smaller, all 

previous findings from Model II are significant. 

7KH� ILQGLQJV� GHPRQVWUDWH� WKDW� DQ� LQVXUHU¶V� VKDUH� RI� OLIH� DQG� XQLW-linked business are 

characteristics that significantly influence interest rate sensitivities of insurers in all samples. 

Additionally, European insurance companies with low solvency ratios are particularly prone to 

interest rate movements. In terms of credit risk, we find that European life insurers significantly 

suffer from rising CDS spreads of government bonds, although to a degree six times lower than 

for interest rates. Again, in particular less solvent life insurers and firms offering unit-linked 
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products are more exposed to credit risk��,Q�FRQWUDVW��8�6��LQVXUHUV¶�VWRFN�UHWXUQV�GR�QRW�VHHP�

to be significantly influenced by changes in default probabilities of sovereign debt. 

 
Note:  Fixed effect regressions of insurers' stock returns on market risk drivers from 2012 to mid-2018. Binary 
insurer controls ܺǡ௬ିଵ are based on previous year's median of the cross-sectional distribution of the shares of life 
insurance reserves and unit-linked reserves. ܵݕܿ݊݁ݒ݈ǡ௬ is based on the median of current year's corresponding 
solvency measures (RBC ratio and Solvency II ratio). Continuous insurer controls ܻǡ௬ିଵ are the size, the leverage 
and the market-to-book ratio at the insurer-year level lagged by one year relative to the stock return. Sources: 
Thomson Reuters Eikon (insurer-level daily stock returns measured by total return indices (TRI), country-level 
stock and volatility indices), FRED (daily interest rates in the U.S.), ECB (daily interest rates in Europe), Markit 
database in WRDS (daily CDS spreads), NAIC & EIOPA (distribution of government bond investments), SNL 
(insurer-level yearly life insurance share, unit-linked business share, leverage, size and market-to-book ratio), 
Bloomberg (RBC ratio as solvency measure of U.S. insurers) and SFCRs (insurer-level yearly solvency ratio as 
solvency measure of European insurers). Standard errors are clustered at the day level. ***, **, * indicate 
significance at the 1%, 5% and 10% levels respectively. P-values are in parentheses. 

Table 7:       Regression results for the empirical Model III 

The findings are robust to introducing several adjustments relative to the original variable 

definitions and specifications from the empirical Models IെIII. In particular, previous findings 

indicating higher interest rate sensitivities for life insurers, unit-linked insurers and less solvent 

insurers are confirmed. Moreover, the robustness tests emphasize that capital market investors 

perceive interest rate risk as a more severe threat for insurers than credit risk. The robustness 

tests are presented in Appendix III and the regression results are illustrated in Table A8. 
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4 &RQFOXVLRQ 
In this article, we examine the impact of market risk drivers on the stock return of life insurers 

in the U.S. and in Europe in a prolonged low yield environment from 2012 to 2018. We design 

an empirical model in which we analyze the simultaneous influence of daily changes in interest 

rates, CDS spreads of government bonds and stock market indices. The findings indicate that 

interest rate changes affect stock returns more strongly by a factor of six than movements in 

sovereign CDS spreads. For U.S. life insurers, a one standard deviation decrease in the daily 

holding period return for long-term interest rates (0.43ppt) leads to an increase in the stock 

return by 0.13 standard deviations (0.36ppt). The effect of an increase in interest rates is more 

than 60% larger for U.S. than for (XURSHDQ�OLIH�LQVXUHUV��:KHQ�DQDO\]LQJ�WKH�GULYHUV�RI�LQVXUHUV¶�

market risk sensitivities, we find that interest rate movements are particularly relevant for less 

solvent firms with a high share of life insurance business. Unit-linked insurers are also strongly 

affected by falling interest rates, signaling that regulators should pay close attention to their 

market risk sensitivities. In contrast to interest rates, only European insurers are affected by 

movements in sovereign CDS spreads. European insurers significantly suffer from rising 

default probabilities of government bonds, particularly when they are less solvent and when 

they offer unit-linked products. Due to the low share of government bond investments, U.S. 

insurers¶�VWRFN�SULFHV are better immunized against increasing counterparty credit risk. 

Given that our paper has identified substantial differences between U.S. and European insurers, 

it would be interesting for future research to extend the empirical analysis to other life insurance 

markets. For instance, Japan has experienced an interest environment with particularly low and 

even negative interest rates for a longer period compared with the U.S. and Europe (cf. Lin et 

al. (2021)).50 Moreover, it should be kept in mind that our empirical analysis is based on stock 

insurers, and the results cannot easily be transferred to companies that are not listed on stock 

markets, such as mutual insurers. For those companies, however, performance measures such 

as return on assets are observable only at much longer time intervals. 

 
50 In Japan, different historical market patterns can be observed at the beginning of the millennium. In these years, 
Japanese 10-year government bond yields were below 1%, while they were above 5% in the U.S. and Germany. 
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Appendix 
 

I. $GGLWLRQDO�PRWLYDWLRQ 
 

Country 
Average 

duration gap  
Spread of investment return 

over guaranteed rate  
Guaranteed products 

as % of reserves 
Germany 10.7 years -1.6% 75% 
Austria 10.09 years -1.5% 58% 
Norway > 10 years* 1.1% 60% - 80%* 
Slovenia 8.34 years   
Netherlands 5.43 years 0.7% 40% 
Finland 5.36 years 1.0%  
France 4.82 years -0.7% > 80%* 
Denmark 4.74 years -1.9% 74% 
Poland 3.44 years 3.0%  
Hungary 3.03 years -2.8%  
Switzerland < 2 years*  > 80%* 
Greece 1.98 years   
Belgium 1.37 years -0.1%  
U.S. < 1 year*  60% - 80%* 
Italy 0.81 years -1.8% 60% - 80%* 
Spain 0.75 years -0.7% > 80%* 
Ireland -0.63 years 0.0% < 20%* 
U.K. í�����\HDUV -0.5% 19% 

Note:  The average duration gap is obtained from EIOPA (2014) and the amount of guaranteed products as a share 
RI� UHVHUYHV� LV� REWDLQHG� IURP�(65%� ��������)RU� RWKHUZLVH�PLVVLQJ�YDOXHV�� WKH�GDWD� LV� FROOHFWHG� IURP�0RRG\¶V�
(2015) and marked with the symbol *. The spread of the investment return over the guaranteed rate is obtained 
from EIOPA (2019b).  

Table A1:       Characteristics of interest rate risk channels in life insurance markets 
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II. 'HVFULSWLYH�VWDWLVWLFV 
 

 

Table A3:       Descriptive stock return statistics of 94 U.S. insurers in the sample (first part) 

Name Country Observations
Mean stock 

returns
SD of stock 

returns
Min. stock 

return
Max. stock 

return
Aetna Inc New U.S. 1623 0.11% 1.47% -8.20% 11.54%
Affirmative Insurance Hldgs Inc U.S. 664 1.83% 26.98% -75.00% 200.00%
Aflac Inc U.S. 1621 0.06% 1.13% -7.36% 7.76%
Alleghany Corp De U.S. 1623 0.05% 1.05% -4.56% 6.79%
Allstate Corp U.S. 1623 0.09% 1.04% -10.15% 6.12%
Ambac Financial Group U.S. 1290 0.03% 2.54% -16.61% 18.28%
American Equity Invt Life Hldg C U.S. 1621 0.10% 1.96% -15.34% 11.23%
American Financial Group Inc New U.S. 1623 0.08% 0.94% -4.61% 6.31%
American Independence Corp U.S. 902 0.26% 3.46% -15.75% 42.03%
American National Ins Co U.S. 1623 0.05% 1.24% -8.39% 9.13%
Ameriprise Financial Inc U.S. 1623 0.09% 1.56% -10.22% 12.42%
Amerisafe Inc U.S. 1617 0.08% 1.55% -12.00% 11.94%
Amtrust Financial Services Inc U.S. 1619 0.06% 2.35% -19.23% 25.03%
Anthem Inc U.S. 1623 0.10% 1.47% -12.07% 7.68%
Assurant Inc U.S. 1623 0.07% 1.33% -13.41% 7.59%
Atlantic American Corp U.S. 1445 0.06% 2.66% -14.69% 22.07%
Atlas Financial Holdings Inc U.S. 1321 0.06% 2.38% -40.96% 16.34%
Berkley Wr Corp U.S. 1623 0.06% 0.96% -4.65% 5.54%
Berkshire Hathaway Inc Del U.S. 1623 0.06% 0.95% -5.89% 3.90%
Cigna Corp U.S. 1617 0.06% 1.15% -6.91% 6.93%
Cincinnati Financial Corp U.S. 1623 0.10% 1.46% -11.45% 11.74%
Citizens Inc U.S. 1623 0.07% 1.03% -6.65% 4.70%
CNO Financial Group U.S. 1623 0.09% 1.70% -8.75% 7.70%
Conifer Holdings Inc U.S. 681 -0.03% 2.99% -16.20% 10.71%
Danielson Holding Corp U.S. 1603 0.04% 1.49% -12.41% 11.11%
Donegal Group Inc U.S. 1623 0.02% 1.48% -9.27% 10.78%
Emc Insurance Group Inc U.S. 1623 0.07% 1.66% -10.03% 8.92%
Employers Holdings Inc U.S. 1623 0.07% 1.71% -15.35% 18.70%
Erie Indemnity Co U.S. 1623 0.05% 1.17% -8.99% 5.86%
FBL Financial Group Inc U.S. 1623 0.08% 1.50% -7.29% 9.61%
Fidelity National Finl Inc New U.S. 1623 0.10% 1.21% -4.65% 6.17%
First Acceptance Corp U.S. 1551 0.07% 3.96% -24.02% 23.21%
First American Finl Corp New U.S. 1621 0.11% 1.35% -6.97% 6.49%
Fortegra Financial Corp U.S. 710 0.08% 2.22% -8.45% 40.60%
Foundation Health Systems Inc U.S. 1190 0.21% 4.76% -27.66% 95.33%
Gainsco Inc U.S. 486 0.47% 5.14% -20.00% 20.00%
Genworth Financial Inc U.S. 1615 0.04% 3.44% -38.45% 27.63%
Hallmark Financial Services Inc U.S. 954 0.13% 1.42% -3.71% 36.44%
Hartford Financial Svcs Grp Inc U.S. 1612 0.04% 1.77% -8.38% 10.21%
HCC Insurance Holdings Inc U.S. 1622 0.09% 1.45% -9.29% 7.64%
Heritage Insurance Holdings Inc U.S. 1026 0.07% 2.51% -16.96% 21.56%
Horace Mann Educators Corp New U.S. 1619 0.09% 1.38% -6.15% 6.89%
Humana Inc U.S. 1623 0.09% 1.65% -12.69% 20.31%
Independence Holding Co New U.S. 1623 0.12% 2.07% -8.26% 15.15%
Investors Title Co U.S. 1582 0.12% 1.84% -9.07% 12.10%
Kansas City Life Ins Co U.S. 1530 0.03% 1.43% -11.57% 11.00%
Kemper Corp De U.S. 1623 0.08% 1.63% -19.21% 14.85%
Kingstone Companies Inc U.S. 1546 0.14% 2.41% -13.84% 20.79%
Kinsale Capital Group Inc U.S. 481 0.25% 1.89% -6.01% 9.44%
Lincoln National Corp U.S. 1623 0.09% 1.82% -13.30% 9.21%
Loews Corp U.S. 1623 0.02% 0.98% -5.18% 4.90%
Lorillard Inc U.S. 859 0.10% 1.38% -10.49% 10.40%
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Table A3:       Descriptive stock return statistics of 94 U.S. insurers in the sample (second part) 
 

Name Country Observations
Mean stock 

returns
SD of stock 

returns
Min. stock 

return
Max. stock 

return
Markel Corp U.S. 1621 0.03% 3.20% -23.44% 45.37%
MBIA Inc U.S. 1619 0.13% 3.44% -64.08% 27.76%
Meadowbrook Insurance Group Inc U.S. 1621 0.06% 1.01% -10.25% 6.22%
Mercury General Corp New U.S. 848 0.01% 2.17% -20.66% 18.66%
Metlife Inc U.S. 1623 0.03% 1.28% -12.39% 8.84%
MGIC Investment Corp Wis U.S. 1623 0.05% 1.61% -10.71% 7.10%
Molina Healthcare Inc U.S. 1623 0.13% 2.57% -31.02% 26.40%
National General Holdings Corp U.S. 1074 0.07% 1.58% -7.27% 15.08%
National Interstate Corp U.S. 1209 0.06% 2.16% -17.67% 30.85%
National Security Group Inc U.S. 1304 0.10% 3.10% -12.38% 18.66%
National Western Life Ins Co U.S. 1622 0.06% 1.36% -6.97% 6.29%
Old Republic International Corp U.S. 1621 0.08% 1.32% -12.05% 8.29%
Phoenix Cos Inc U.S. 1610 0.00% 1.92% -11.29% 11.51%
PICO Holdings Inc U.S. 1105 0.11% 5.48% -22.23% 149.49%
Primerica Inc U.S. 1621 0.11% 1.56% -7.58% 12.45%
Principal Financial Group Inc U.S. 1623 0.07% 1.47% -10.24% 6.25%
Proassurance Corporation U.S. 1619 0.03% 1.07% -12.55% 8.03%
Progressive Corp Oh U.S. 1622 0.09% 1.03% -4.96% 5.79%
Protective Life Corp U.S. 766 0.17% 1.56% -7.27% 18.12%
Prudential Financial Inc U.S. 1623 0.06% 1.58% -10.06% 6.97%
Radian Group Inc U.S. 1622 0.07% 1.26% -12.00% 7.34%
Reinsurance Group Of America Inc U.S. 1623 0.15% 2.64% -15.83% 22.42%
RLI Corp U.S. 1623 0.07% 1.16% -10.83% 5.06%
Safety Insurance Group Inc U.S. 1619 0.07% 1.16% -6.74% 5.59%
Selective Insurance Group Inc U.S. 1621 0.09% 1.33% -7.86% 8.38%
Stancorp Financial Group Inc U.S. 1042 0.13% 1.92% -11.03% 47.93%
State Auto Financial Corp U.S. 1621 0.08% 2.03% -11.02% 26.53%
Stephan Company U.S. 673 0.22% 5.78% -29.03% 54.55%
Stewart Information Svcs Corp U.S. 1620 0.10% 1.70% -10.23% 16.05%
Symetra Financial Corp U.S. 1013 0.15% 1.47% -7.10% 10.27%
Torchmark Corp U.S. 1623 0.07% 0.99% -4.92% 3.97%
Travelers Ppty Casualty Corp New U.S. 1623 0.06% 1.00% -6.05% 4.96%
Triple S Management Corp U.S. 1621 0.07% 2.32% -17.86% 23.81%
Unico American Corp U.S. 1275 0.01% 2.60% -13.56% 21.88%
United Fire Group Inc U.S. 1619 0.09% 1.88% -11.86% 15.13%
United Insurance Holdings Corp U.S. 1469 0.15% 2.81% -23.98% 33.33%
Unitedhealth Group Inc U.S. 1623 0.11% 1.29% -5.65% 6.90%
Universal American Financial Cor U.S. 1296 0.04% 2.16% -19.28% 14.05%
Universal Insurance Holdings Inc U.S. 1618 0.20% 2.72% -30.73% 16.74%
Unum Group U.S. 1623 0.05% 1.47% -16.95% 7.69%
Voya Financial Inc U.S. 1291 0.08% 1.70% -10.55% 11.19%
Wellcare Health Plans Inc U.S. 1623 0.12% 2.09% -19.83% 18.42%
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Table A4:       Descriptive stock return statistics of 69 European insurers in the sample 
 

Name Country Observations
Mean stock 

returns
SD of stock 

returns
Min. stock 

return
Max. stock 

return
UNIQA Insurance Group AG Austria 1603 0.02% 1.59% -10.10% 9.84%
Vienna Insurance Group AG Austria 1607 0.01% 1.58% -17.93% 7.15%
Ageas SA Belgium 1658 0.11% 1.53% -9.75% 10.65%
KBC Groep NV Belgium 1658 0.15% 2.21% -13.88% 10.71%
Jadransko Osiguranje dd Croatia 494 0.15% 4.23% -29.83% 47.19%
Atlantic Insurance Company Cyprus 525 0.29% 3.85% -10.00% 11.61%
Alm Brand A/S Denmark 1472 0.17% 1.74% -7.17% 14.08%
Topdanmark A/S Denmark 1604 0.08% 1.19% -7.03% 8.92%
Tryg A/S Denmark 1604 0.08% 1.23% -6.63% 7.75%
Sampo Plc Finland 1627 0.08% 1.17% -9.40% 4.86%
April SA France 1633 0.03% 1.57% -6.38% 10.03%
Axa SA France 1658 0.08% 1.75% -15.48% 7.55%
CNP Assurances SA France 1654 0.08% 1.58% -8.49% 11.73%
Coface SA France 1024 0.03% 2.05% -29.73% 8.87%
Scor SE France 1655 0.06% 1.25% -6.93% 5.61%
Allianz SE Germany 1644 0.08% 1.29% -10.17% 6.04%
Muenchener Rueckversicherungs G. AG Germany 1644 0.07% 1.15% -7.05% 4.94%
Nuernberger Beteiligungs AG Germany 1527 0.04% 1.22% -6.17% 7.31%
Rheinland Holding AG Germany 1063 0.11% 3.44% -12.34% 16.36%
Talanx AG Germany 1451 0.06% 1.38% -5.59% 5.23%
Wuestenrot & Wuerttembergische AG Germany 1612 0.04% 1.64% -7.87% 7.48%
European Reliance General Ins. Com. SA Greece 1337 0.23% 3.29% -16.43% 19.90%
CIG Pannonia EletBiztosito Nyrt Hungary 1503 0.02% 2.44% -12.83% 14.99%
Vatryggingafelag Islands hf Iceland 1192 0.06% 1.19% -5.49% 9.22%
FBD Holdings Plc Ireland 1605 0.06% 2.04% -20.54% 14.84%
Permanent TSB Group Holdings plc Ireland 1528 0.15% 5.66% -25.70% 39.16%
Assicurazioni Generali SpA Italy 1645 0.04% 1.79% -16.77% 9.35%
Societa Cattolica di Assicurazione Sc Italy 1638 0.02% 1.94% -17.43% 17.30%
UnipolSai Assicurazioni SpA Italy 1643 0.15% 5.20% -58.82% 119.81%
Vaudoise Assurances Holding SA Italy 1607 0.06% 1.26% -5.05% 8.52%
Vittoria Assicurazioni SpA Italy 1628 0.12% 1.52% -8.14% 19.73%
Mapfre Middlesea Plc Malta 388 0.34% 3.38% -16.25% 14.93%
Aegon NV Netherlands 1658 0.07% 1.98% -11.37% 13.32%
ASR Nederland NV Netherlands 526 0.14% 1.37% -7.43% 6.76%
Delta Lloyd NV Netherlands 371 0.03% 5.38% -32.72% 47.89%
NN Group NV Netherlands 1018 0.08% 1.40% -8.03% 8.77%
Gjensidige Forsikring ASA Norway 1624 0.08% 1.22% -8.15% 12.28%
Insr Insurance Group ASA Norway 1001 -0.11% 3.89% -54.56% 22.42%
Protector Forsikring ASA Norway 1484 0.16% 2.02% -9.91% 15.61%
Storebrand ASA Norway 1627 0.07% 2.15% -14.25% 12.36%
Powszechny Zaklad Ubezpieczen SA Poland 1614 0.05% 1.51% -6.59% 7.13%
Pozavarovalnica Sava dd Slovenia 1382 0.12% 2.09% -10.47% 12.39%
Zavarovalnica Triglav dd Slovenia 1559 0.12% 1.61% -7.94% 8.91%
Grupo Catalana Occidente SA Spain 1652 0.09% 1.70% -7.94% 13.26%
Mapfre SA Spain 1656 0.04% 1.88% -9.30% 14.14%
Baloise Holding Ltd Switzerland 1623 0.08% 1.12% -7.41% 4.57%
Chubb Ltd Switzerland 1625 0.05% 0.99% -4.83% 4.54%
Helvetia Holding AG Switzerland 1619 0.06% 1.16% -6.96% 5.65%
Swiss Life Holding AG Switzerland 1621 0.11% 1.38% -8.10% 8.73%
Swiss Re AG Switzerland 1620 0.07% 1.10% -5.63% 4.26%
Zurich Insurance Group AG Switzerland 1627 0.05% 1.13% -10.82% 6.57%
Admiral Group PLC U.K. 1634 0.09% 1.43% -7.68% 10.00%
Aon PLC U.K. 1632 0.08% 1.07% -5.76% 6.11%
Aviva PLC U.K. 1634 0.06% 1.63% -15.68% 8.13%
Beazley PLC U.K. 1632 0.13% 1.39% -8.96% 6.85%
Chesnara PLC U.K. 1624 0.09% 1.77% -14.51% 8.85%
Direct Line Insurance Group PLC U.K. 1436 0.08% 1.23% -7.16% 12.62%
esure Group PLC U.K. 1317 0.04% 1.74% -21.02% 9.82%
Hansard Global PLC U.K. 1632 0.01% 2.37% -14.36% 13.67%
Hastings Group Holdings PLC U.K. 682 0.08% 1.53% -12.03% 6.82%
Legal & General Group PLC U.K. 1633 0.09% 1.48% -20.26% 7.88%
Old Mutual PLC U.K. 1634 0.05% 1.65% -10.83% 6.92%
Personal Group Holdings PLC U.K. 1079 0.10% 1.44% -6.98% 11.56%
Phoenix Group Holdings U.K. 1607 0.07% 1.43% -11.54% 11.17%
Prudential PLC U.K. 1632 0.09% 1.60% -10.53% 9.33%
RSA Insurance Group PLC U.K. 1633 0.05% 1.49% -20.84% 18.43%
Saga PLC U.K. 1029 -0.01% 1.60% -21.41% 10.78%
St. James's Place PLC U.K. 1630 0.10% 1.63% -16.18% 7.24%
Standard Life Aberdeen PLC U.K. 1634 0.06% 1.59% -17.30% 8.07%
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Table A5:       'HVFULSWLYH�VWDWLVWLFV�RI�LQVXUHUV¶�&'6�H[SRVXUHV�SHU�FRXQWU\ 

 

Table A6:       Descriptive statistics of variables measuring stock index returns 

 

Table A7:       Medians from insurer-specific balance sheet variables 
 

Country
Mean CDS 

return
SD of CDS 

returns
Min. CDS 

return
Max. CDS 

return
Austria -0.09% 3.69% -89.27% 53.93%
Belgium -0.14% 2.89% -75.37% 31.95%
Denmark -0.09% 3.45% -72.49% 39.26%
Finland -0.12% 3.05% -26.19% 34.71%
France -0.11% 2.97% -82.49% 33.01%
Germany -0.14% 3.18% -60.16% 41.14%
Greece -0.10% 2.96% -83.96% 13.89%
Hungary -0.06% 1.94% -12.51% 25.26%
Iceland -0.10% 1.62% -10.19% 12.88%
Ireland -0.07% 4.45% -93.66% 65.55%
Italy -0.14% 1.76% -11.26% 13.12%
Netherlands -0.12% 2.92% -26.10% 36.00%
Norway -0.16% 2.42% -15.86% 32.09%
Poland -0.09% 1.43% -14.55% 9.69%
Slovenia -0.07% 1.68% -24.58% 25.67%
Spain -0.09% 1.77% -19.46% 19.60%
Switzerland -0.09% 1.83% -10.37% 18.05%
U.K. -0.08% 2.43% -13.39% 39.81%
U.S. 0.14% 7.07% -31.49% 106.19%

Variable
Country Mean SD Min Max Mean SD Min Max
Austria 0.04% 1.13% -7.04% 4.79% - - - -
Belgium 0.04% 0.95% -6.40% 3.87% - - - -
Denmark 0.06% 1.04% -6.56% 5.28% - - - -
Croatia 0.00% 0.57% -3.06% 3.45% - - - -
Cyprus -0.06% 2.23% -14.38% 17.19% - - - -
Finland 0.05% 1.11% -8.38% 4.32% - - - -
France 0.04% 1.11% -8.04% 4.75% 0.20% 7.04% -39.68% 71.43%
Germany 0.04% 1.11% -6.82% 4.97% 0.15% 6.12% -30.93% 50.81%
Greece 0.03% 2.07% -16.23% 11.27% - - - -
Hungary 0.05% 1.05% -6.07% 5.09% - - - -
Iceland 0.05% 0.75% -3.77% 4.88% - - - -
Ireland 0.06% 1.02% -9.89% 4.55% - - - -
Italy 0.03% 1.48% -12.48% 6.59% - - - -
Netherlands 0.04% 0.97% -5.70% 4.05% 0.19% 6.75% -27.53% 54.61%
Norway 0.05% 1.02% -5.20% 4.51% - - - -
Poland 0.03% 0.88% -5.66% 3.05% - - - -
Slovenia 0.03% 0.85% -5.18% 3.53% - - - -
Spain 0.01% 1.31% -12.35% 6.06% - - - -
Switzerland 0.03% 0.89% -8.67% 3.42% 0.15% 5.79% -27.42% 43.63%
U.K. 0.02% 0.84% -4.67% 3.58% 0.03% 0.95% -5.19% 5.33%
Europe 0.03% 1.06% -7.66% 4.61% 0.19% 6.82% -35.26% 60.05%
U.S. 0.05% 0.77% -4.10% 3.90% 0.28% 8.10% -25.91% 115.60%

r(Stock indexo,t) r(Volatility indexo,t)

RBC Ratioi,y Solvency Ratioi,y

Sample U.S. Europe joint U.S. Europe joint U.S. Europe
2012 0.533 0.419 0.516 0.15 0.087 0.151 - -
2013 0.537 0.399 0.51 0.137 0.102 0.164 - -
2014 0.502 0.407 0.505 0.15 0.124 0.175 - -
2015 0.499 0.401 0.502 0.185 0.111 0.174 - -
2016 0.485 0.396 0.515 0.174 0.122 0.172 4.592 1.943
2017 0.475 0.394 0.518 0.099 0.118 0.16 4.42 2.022
2018 0.564 0.417 0.534 0.111 0.075 0.178 4.12 2.069

Life Sharei,y-1 Unit-linked Sharei,y-1
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III. 5REXVWQHVV 
To test the robustness of the findings, we consider several changes in the empirical models and 

variable definitions. Table A8 shows whether the hypotheses set out in Section 2.4 are 

supported by the regression results after implementing the following thirteen individual 

adjustments to the original specifications for the empirical Models IെIII:51 

1. Continuous variables for interaction terms instead of binaries in Model II and III: 

While we initially chose binary variables ܺǡ௬ିଵ to allow for an easier interpretation of 

coefficients, an alternative specification with the continuous variables ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ିଵ��

�ǡ௬ିଵ݁ݎ݄ܽܵ�݈݀݁݇݊݅-ݐܷ݅݊ DQG� ǡ௬௫݅ݐܴܽ�ݕܿ݊݁ݒ݈ܵ � LQVWHDG� RI� ��ǡ௬ିଵ݂݁݅ܮ �ǡ௬ିଵݐܷ݅݊ DQG�

ǡ௬௫ݕܿ݊݁ݒ݈ܵ �LV�DOVR�UHDVRQDEOH�IURP�DQ�HFRQRPHWULF�SRLQW�RI�YLHZ��$JDLQ��ZH�LQFOXGH�WKH�

PDLQ� HIIHFWV� RI� WKHVH� FRQWLQXRXV� LQVXUHU�VSHFLILF� FKDUDFWHULVWLFV� LQ� WKH� PRGHO� DQG�

LQWHUDFW�WKHP�ZLWKݎ�ሺݕͳͲ௧ሻ and ݎ൫ܵܦܥǡ௧൯ DQDORJRXVO\�WR�WKH�RULJLQDO�0RGHOV�,,െ,,,��7KH�

HPSLULFDO�UHVXOWV�RI�WKHVH�DOWHUQDWLYH�PRGHOV��VHH�FRUUHVSRQGLQJ�FROXPQV�LQ�Table A8��

FRQILUP�SUHYLRXV�ILQGLQJV�LQ�WHUPV�RI�WKH�VLJQ�RI�WKH�FRHIILFLHQWV�IRU�WKH�YDULDEOHV�RI�

LQWHUHVW�� 2QO\� UHJDUGLQJ� WKH� LQIOXHQFH� RI� WKH� LQWHUDFWLRQ� WHUP� ǡ௧൯ܵܦܥ൫ݎ ή �ǡ௬ݕܿ݊݁ݒ݈ܵ

UHODWLQJ�WR�K\SRWKHVLV H8��WKH�UREXVWQHVV�WHVW�GRHV�QRW�VKRZ�VLJQLILFDQW�FRHIILFLHQWV�IRU�

WKH� UHVWULFWHG� VDPSOH� SHULRG� LQ� 0RGHO� ,,,�� 2QH� UHDVRQ� LV� WKH� VPDOOHU� QXPEHU� RI�

REVHUYDWLRQV� �GDWD� RQO\� IURP� ����� WR�PLG�������� 6LPLODUO\�� WKH� HIIHFW� RI� ǡ௧൯ܵܦܥ൫ݎ ή

�ǡ௬ିଵ�RQ�VWRFN�UHWXUQV�XQGHU�WKH�JLYHQ�VSHFLILFDWLRQ�LV�PRUH�VLJQLILFDQW�IRU�WKH�ODUJHUݐܷ݅݊

VDPSOH�LQ�0RGHO�,,�LQFOXGLQJ�DOO�REVHUYDWLRQV�IURP������WR�PLG������ 

2. Standard errors clustered at day and firm level: While most of the empirical 

literature investigating the market risks of insurance companies does not include 

clustered standard errors, we cluster standard errors at the day level to handle correlated 

shocks in line with Düll et al. (2017). However, previous finance-related literature has 

shown that stock returns and their variance display autocorrelation (see Mech (1993), 

Campbell et al. (1997) and Kim et al. (2011)). To handle this issue and to ensure the 

obtaining of heteroskedasticity-robust coefficients, we additionally cluster standard 

errors on an insurer and day level in a robustness check. The summarized empirical 

results illustrated in Table A8 indicate that the majority of coefficients are significant 

on a 10% level. Only the interaction term ݎ൫ܵܦܥǡ௧൯ ή �ǡ௬ିଵ݂݁݅ܮ LV� LQVLJQLILFDQW� DIWHU�

 
51 Regression tables including the coefficients and p-values of the empirical models used for the alternative 
specifications in Appendix III are available upon request. 
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DGGLWLRQDOO\� FOXVWHULQJ� VWDQGDUG� HUURUV� DW� WKH� ILUP� OHYHO��ZKLFK� FDQ� EH� H[SODLQHG� E\�

RSSRVLQJ�HIIHFWV�RI�ULVLQJ�&'6�VSUHDGV�RQ�OLIH�LQVXUHUV��VHH�6HFWLRQ������ 

3. Weekly data: We test whether the elaborated hypotheses are supported by significant 

regression coefficients after adjusting the data frequency to weekly data in line with 

Berends et al. (2013) and Hartley et al. (2017). For this robustness test, we use end-of-

week data for stock returns and all market risk variables. The adjustment results in a 

lower power of empirical testing. Presumably because of the resulting decrease in the 

number of observations used to estimate Model III,52 the positive effect of the 

interaction term ݎ൫ܵܦܥǡ௧൯ ή  ǡ௬ disappears. In contrast, the coefficients inݕܿ݊݁ݒ݈ܵ

Models I and II are significant across all samples. 

4. Without winsorizing: In order to deal with outliers, we initially winsorize the highest 

and lowest 0.5% of stock returns in each sample in the specifications for Models IെIII. 

As a robustness check, we estimate our models without winsoring the data. Compared 

with the results from the original models, all hypotheses are still supported at least at a 

15% level of significance. 

5. Considering the number of days passed: For this robustness check, we use an 

alternative specification for variables measuring daily stock returns and movements in 

market risk drivers. We consider the number of days that has passed since the last stock 

price of an insurer was observed. For instance, we define the stock return as ݎ൫ܴܶܫǡ௧൯ ൌ

ቆ ்ோூǡ
்ோூǡೡೠೞ

ቇ

భ
షೡೠೞ

െ ͳ instead of ݎ൫ܴܶܫǡ௧൯ ൌ
்ோூǡ

்ோூǡೡೠೞ
െ ͳ. Therefore, if an 

LQVXUHU¶V�VWRFN�price is missing for a certain trading day (where stock markets globally 

are trading), but available for the following trading day, then ݐ െ ௩௨௦ݐ ൌ ʹ applies. 

We adjust the calculations for the independent variables analogously. The regression 

results with this alternative specification are consistent with previous findings. 

6. Only observations where exactly one day has passed: We test whether we find 

different market risk sensitivities when removing all stock return observations for an 

insurer ݅ after a missing ݎ൫ܴܶܫǡ௧൯. Thus, this limited sample only considers changes in 

stock prices within one trading day. The approach allows a reduction of concerns 

regarding distortions from national public holidays differing across countries. Although 

some observations are removed (1,439 in the U.S. and 2,778 in the European sample), 

the coefficients for all variables of interest are still significant across all samples. 

 
52 For instance, the number of observations in the European sample in Model III falls from 24,803 to 4,970. 
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N
ote: Each robustness test stands for an adjustm

ent com
pared w

ith the original em
pirical M

odels Iെ
III. ***, **, *, ', ´ indicate significance at the 1%

, 5%
, 10%

, 15%
 and 20%

 
levels respectively. The checkm

ark sym
bol im

plies that under the given specification, the coefficient of the variable of interest from
 the panel regression analysis has a sign that 

is in line w
ith the hypothesis form

ulated in Section 2.4. In contrast, X
 im

plies that the sign is not in line w
ith the given hypothesis. The m

inus sign m
arks coefficients that are 

included in the respective em
pirical m

odels, although they are not significant in the original m
odels from

 Section 2.5 and are thus not reported any further (e.g., sensitivities of 
U

.S. life insurers to changes in sovereign C
D

S spreads). 
 Table A8:        O

verview
 of regression results for robustness tests 

 - 
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7. Life insurers only: In the original sample, we include all types of listed insurance 

companies, i.e., also non-life insurers. The chosen approach enables an analysis of how 

market risk sensitivities are linked to the product portfolio of an insurer. In this 

robustness test, we only keep insurers in the sample when they are engaged in life 

insurance business, i.e., where the requirement ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ିଵ  Ͳ� LV� IXOILOOHG� As a 

result, the thresholds for the binary variables change. For instance, ݂݁݅ܮǡ௬ିଵ� LV� QRZ�

HTXDO�WR�RQH�IRU�WKH�����RI�ILUPV�ZLWK�WKH�KLJKHVW�VKDUH�RI�OLIH�LQVXUDQFH�EXVLQHVV�DPRQJ�

DOO� LQVXUHUV� RIIHULQJ� OLIH� EXVLQHVV� LQ� D� JLYHQ� VDPSOH� �ݔ �QRW� LQ� UHODWLRQ� WR� DOO� ILUPV�

LQFOXGLQJ�SXUH�QRQ�OLIH�LQVXUHUV���:KLOH�DJDLQ��WKH�VLJQ�RI�DOO�FRHIILFLHQWV�LV�LQ�OLQH�ZLWK�

SUHYLRXV� ILQGLQJV�� WKH� LQIOXHQFH�RI�&'6�PRYHPHQWV� LV� ORZHU�FRPSDUHG�ZLWK� LQWHUHVW�

UDWHV��DQG�KHQFH�VRPH�RI�WKH�UHVSHFWLYH�LQWHUDFWLRQ�WHUPV�DUH�LQVLJQLILFDQW� 

8. Stock market interactions included: In their empirical models, Hartley et al. (2017) 

include the interaction of life insurance business with stock market movements as a 

control variable. Based on their approach, we additionally introduce the interactions of 

the variable ݎ൫ܵݔ݁݀݊݅�݇ܿݐǡ௧൯ with the market risk drivers ݂݁݅ܮǡ௬ିଵ�� �ǡ௬ିଵݐܷ݅݊ DQG�

ǡ௬௫ݕܿ݊݁ݒ݈ܵ � LQ�D�UREXVWQHVV�FKHFN��%\�GRLQJ�VR��ZH�WHVW�ZKHWKHU�SUHYLRXVO\�REVHUYHG�

VHQVLWLYLWLHV� UHODWHG� WR� PDUNHW� ULVN� GULYHUV� PLJKW� EH� LQIOXHQFHG� E\� RYHUDOO� HFRQRPLF�

FRQGLWLRQV��This specification considers a wider range of independent variables (19 in 

total in Model II and 22 in Model III). ,Q�WHUPV�RI�LQWHUHVW�UDWH�VHQVLWLYLWLHV��WKH�HPSLULFDO�

UHVXOWV�DUH�VLJQLILFDQWO\�LQ�OLQH�ZLWK�WKH�K\SRWKHVHV�H1���H4��However, regarding stock 

price reactions to CDS spread of government bonds, the model does not support 

hypothesis H6 regarding the credit risk of life insurers in Europe. We assume these 

insignificant coefficients to be driven by the large set of variables with counteracting 

effects on stock returns. Further coefficients measuring the influence of the interaction 

terms with the credit risk measure, i.e., ݎ൫ܵܦܥǡ௧൯ ή ǡ௧൯ܵܦܥ൫ݎ�ǡ௬ିଵ�DQGݐܷ݅݊ ή �,ǡ௬ݕܿ݊݁ݒ݈ܵ

are in line with the hypotheses H7 DQG H8. 

9. Interactions with size included: Previous research articles have analyzed market risk 

sensitivities depending on the size of insurance companies. While Möhlmann (2017) 

shows that large insurers face lower interest rate risk, Brewer et al. (2007) find that life 

insurers with a larger asset size react less sensitively to stock market movements than 

to interest rates. In the original models, we control for the size of insurers using the 

continuous variable ܵ݅݁ݖǡ௬ିଵ. For a robustness check, we use a binary variable instead, 

which we define analogously to other dummy variables ܺǡ௬ିଵ, i.e., based on the 

SUHYLRXV� \HDU¶V� PHGLDQ� LQ� WKH� FURVV-sectional distribution. We interact the binary 
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variable for size with the measures for relative changes of interest ratesݎ�ሺݕͳͲ௧ሻ and 

CDS spreads ݎ൫ܵܦܥǡ௧൯ in the same way as other insurer-specific indicators, such as 

 ǡ௬ିଵ. Similar to the previous specifications with stock market interactions, all݂݁݅ܮ

hypotheses apart from hypothesis H6 are robust to introducing this adjustment. 

10.-13. Adjustments to the binary thresholds: In these four specifications, we use alternative 

definitions for the binary variables ݂݁݅ܮǡ௬ିଵ��ܷ݊݅ݐǡ௬ିଵ�DQG�ܵݕܿ݊݁ݒ݈ǡ௬௫ �compared with 

the definitions illustrated in Table 4. Initially, the dummy variables are set to be equal 

to one when the respective continuous share ݁ݎ݄ܽܵ�݂݁݅ܮǡ௬ିଵ��ܷ݊݅݁ݎ݄ܽܵ�݈݀݁݇݊݅-ݐǡ௬ିଵ�RU�

ǡ௬௫݅ݐܴܽ�ݕܿ݊݁ݒ݈ܵ  is above the median for a given sample. For the robustness tests, we 

use the following four uniform requirements across all samples for defining thresholds 

for the respective binary variables to be equal to one: 

 10.  60th percentile of all observations where ܺǡ௬ିଵ  Ͳ, 

  11. 40th percentile of all observations where ܺǡ௬ିଵ  Ͳ, 

 12.  the median of all observations in the European sample53, 

 13. mean (i.e., the average) of all observations. 

The results of the robustness tests illustrated in Table A8 show that for all given 

adjustments for the definitions of the binary variables, the coefficients of the variables 

of interest are in line with previous findings. Excluding hypotheses H6 and H8, the 

influence on the stock returns is always significant at least at a 10% level. 

In summary, the results from the thirteen alternative specifications to the empirical models 

indicate that the vast majority of initial findings can be confirmed by significant coefficients 

supporting the hypotheses. Regarding the interaction terms ݎ൫ܵܦܥǡ௧൯ ή ǡ௧൯ܵܦܥ൫ݎ�ǡ௬ିଵ�DQG݂݁݅ܮ ή

 ǡ௬��IRXU�DGMXVWPHQWV�GR�QRW�FRQILUP�WKH�UREXVWQHVV�RI�K\SRWKHVHV H6 and H8, whichݕܿ݊݁ݒ݈ܵ

imply higher credit risk sensitivities for life and less solvent insurers, either due to contradicting 

or insignificant coefficients. One reason could be the existence of a positive effect of rising 

CDS spreads on the demand for secure pension planning and potentially higher future 

investment returns. In contrast, we can observe that previous findings indicating higher interest 

rate sensitivities for life insurers, unit-linked insurers and less solvent firms are very robust. 

Therefore, the robustness tests emphasize that capital market investors perceive interest rate 

risk as a more severe threat for insurers than credit risk. 

 
53 The European sample has a substantially larger share of insurers offering life insurance and unit-linked products 
compared with the U.S. sample. The adjustment only applies to the variables ݂݁݅ܮǡ௬ିଵ, ܷ݊݅ݐǡ௬ିଵ. The varying 
definitions of the solvency measures for European and U.S. insurers (i.e., the solvency ratio and RBC ratio) result 
in a different scaling of the corresponding observations (cf. Table 1). 
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