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ABSTRACT

We assess the long-term effects of managerial stress on aging and mortality. Using
a difference-in-differences design, we apply neural network—based machine-learning
techniques to CEOs’ facial images and show that exposure to industry distress shocks
during the Great Recession produces visible signs of aging. We estimate a one-year
increase in “apparent” age. Moreover, using data on CEOs since the mid-1970s, we
estimate a 1.1-year decrease in life expectancy after an industry distress shock, but
a two-year increase when antitakeover laws insulate CEOs from market discipline.
The estimated health costs are significant, both in absolute terms and relative to
other health risks.

MUCH OF THE ACADEMIC AND policy discussion about high-profile jobs in
business and other arenas revolves around pay, performance, and incentives.
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In the classical agency problem, a manager aims to extract private benefits
such as higher pay, loans, or perks at the expense of the owner (shareholders).
Less attention has been paid to another type of private benefit (or cost)—
managers’ personal health and well-being. The more effort managers exert
and the more stressors they are exposed to on their job, the lower this benefit.

In this paper, we document that heightened managerial stress due to in-
dustry crises and corporate monitoring predicts significantly accelerated aging
and mortality among managers. Job demands and work-related stressors are
increasingly recognized as key determinants of population health and well-
being across all levels of organizational hierarchies.! Yet there is little quasi-
experimental evidence that links health outcomes to variation in job demands
and stress. One reason for the lack of causal evidence is that, in the typical
study sample of lower ranked workers, income loss and financial hardship
tend to confound estimates of the causal effects of job stressors. That is, while
work pressures and the consequences of underperformance are in many ways
harsher in the context of lower ranked workers compared to managers, as they
include (long-term) unemployment, financial hardship, and loss of health in-
surance, these consequences also make it harder to isolate the health effects of
work-related stressors from the effects of low income and financial constraints.

We overcome these identification hurdles by focusing on chief executive offi-
cers (CEOs) of large, publicly traded U.S. companies. The CEO context allows
us to isolate the effects of high job demands from financial and other confounds
as these CEOs are wealthy and unlikely to be affected by financial hardship
even if they lose their job. That said, the role of work-related stressors in the
CEO context is of interest in its own right for several reasons. First, CEOs
work long hours, make high-stakes decisions such as layoffs and plant clo-
sures, and face uncertainty in times of crisis (Bandiera et al. (2020), Porter
and Nohria (2018)). They are closely monitored and criticized when their firm
is underperforming, and the media frequently reports on “overworked [and]
overstressed” CEOs.? Second, CEOs bear the ultimate responsibility for the
firm and its employees. Given their overarching role in determining firm per-
formance and job stability of workers, how incentives and performance affect
CEOs personally is of first-order importance. Third, the health implications of
CEO¥s’ job demands affect their ability to stay on the job and, if anticipated,
their willingness to select into a CEO position. When CEOs like Tesla’s Elon
Musk talk about sleeping only a few hours per night and working up to 120
hours a week,? how do such remarks affect selection?

1 See, for example, Marmot (2005), Ganster and Rosen (2013), and Kaplan and Schulhofer-Wohl
(2018).

28ee CNN’s “Route to the Top” segment (cnn.com/2010/business/03/12/ceo.health.warning/
index). See also the Harvard Business Review article “How Top CEOs Cope with Constant Stress”
(hbr.org/2011/04/how-top-ceos-cope-with-constan) and expert psychologists’ statements in “Strate-
gies for CEOs to reduce stress” (vistage.com/research-center/personal-development/20200402-ceo-
stress).

3 See cnbc.com/2021/02/12/elon-musk-ceo-of-tesla-spacex-on-getting-six-hours-of-sleep.html.
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We exploit two sources of variation in work-related stress: periods of
industry-wide crisis and variation in the intensity of CEO monitoring due to
changing corporate governance regulation. With respect to the first, prior work
shows that industry shocks and financial distress affect CEO pay and turnover
(Bertrand and Mullainathan (2001), Garvey and Milbourn (2006), Jenter and
Kanaan (2015)). We identify industry distress shocks based on a 30% decline
in the median firm’s stock price over a two-year period, similar to prior work
(Opler and Titman (1994), Acharya, Bharath, and Srinivasan (2007), Babina
(2020)). With respect to the second source of variation, we identify variation in
CEO monitoring from the staggered passage of antitakeover laws across U.S.
states in the mid-1980s. The laws shielded CEOs from market discipline by
making hostile takeovers more difficult, reducing CEOs’ job demands and al-
lowing them to “enjoy the quiet life” (Bertrand and Mullainathan (2003)).4 A
large prior literature uses the passage of these laws as a proxy for less intense
monitoring and demonstrates effects on CEO behavior.? Although some studies
question whether the passage of antitakeover laws did in fact reduce hostile
takeover activity (e.g., Cain, McKeon, and Solomon (2017)), it arguably con-
stituted a significant shift in managers’ perception of their job environment.®
Thus, the two sources of variation constitute separate and oppositely signed
changes in job demands. Importantly, both build on the notion of distress and
protection from stress in the economic literature (and on the popular notion of
stress), rather than a biomedical measurement of adrenaline or cortisol levels.”

To investigate the link between work-related stress and health, we employ
two measures of health outcomes: visible signs of aging and life expectancy.
Visible signs of aging, which correspond to how old a person looks rather
than their actual chronological age, are widely used by clinicians to assess
patient health. These assessments of so-called “apparent” age have been val-
idated as biological markers predicting mortality and other health outcomes
since at least the Baltimore Longitudinal Study of Aging (BLSA) beginning
in 1958 (Borkan and Norris (1980)). Prior medical studies identify apparent

4The prevailing view in law and economics at the time the laws were passed was that the
“continuous threat of takeover” is an important incentive that promotes managerial performance
(Easterbrook and Fischel (1981)). Scharfstein (1988) develops a formal model in which the threat of
a takeover disciplines management, and in his opinion in Edgar v. MITE then-U.S. Supreme Court
Justice Byron White emphasizes “[t]he incentive the tender offer mechanism provides incumbent
management to perform well.”

5 For example, when protected by antitakeover laws, CEOs become less tough in wage negotia-
tions and their rate of plant closures and openings decreases (Bertrand and Mullainathan (2003)),
they undertake value-destroying actions to reduce their firms’ risk of distress (Gormley and Matsa
(2016)), they reduce their stock ownership (Cheng, Nagar, and Rajan (2004)), and their patent
count and quality decreases (Atanassov (2013)).

6 Consistent with CEOs’ perceptions of antitakeover laws changing job demands, we find sug-
gestive evidence that takeover-protected CEOs remain on the job longer. We also show, however,
that prolonged tenure is unlikely to explain the estimated longevity effects.

7 Stress arises from experiencing demands without sufficient resources to cope (Lazarus and
Folkman (1984)). Biomedically, changes in hormones and other bodily processes due to stress can
cause long-term damage and accelerate aging (Brondolo et al. (2017), Franceschi et al. (2018),
Kennedy et al. (2014)).
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age from facial photographs (e.g., Christensen et al. (2004), Christensen et al.
(2009)) and assess visible aging by comparing photographs of an individual’s
face over time. In this paper, we build on these studies, but integrate recent
developments in visual machine learning (ML). Specifically, we employ the al-
gorithms of Antipov et al. (2016) that are designed to estimate a person’s ap-
parent age. This software is trained on more than 250,000 images and won the
2016 ChalLearn Looking At People competition in the apparent-age estimation
track. Visual ML techniques offer a promising avenue for the assessment of
work-induced stress. To the best of our knowledge, we are the first to introduce
them into the finance and economics literature.

Our analysis comprises three main parts. In the first part, we exploit
industry-level distress shocks during the Great Recession and relate them to
visible signs of accelerated aging, as identified by neural network—based ML
estimations. In the second part, we exploit industry-level distress shocks from
longer and earlier time periods and relate them to CEO mortality. In the third
part, we continue to focus on CEO mortality and study the effect of variation
in the intensity of CEO monitoring due to corporate governance legislation.
Across both health outcome measures and both types of variation in manage-
rial stress, we find consistent results of very similar magnitudes.

For the first part of the analysis, we collect a sample of 3,002 facial images of
Fortune 1000 CEOs serving in 2006 (the “CEO Apparent Aging Data Set”). The
images are from different points in time during a CEQ’s tenure, both before and
after the 2007 to 2008 financial crisis. This crisis lends itself to analysis of the
effects of managerial stress as the large disruptions associated with the Great
Recession led firms to re-optimize many aspects of their operations, including
plant closures and layoffs, two of the tasks that CEOs most avoid when cor-
porate governance is weak (Bertrand and Mullainathan (2003)). At the same
time, the financial crisis affected different sectors differently, providing a suit-
able source of variation. It is also recent enough to ensure image availability.

Using a difference-in-differences design, we estimate that CEOs in indus-
tries that experienced a distress shock look one year older post-crisis than
CEOs in other industries. The estimated difference between distressed and
nondistressed CEOs increases over time and amounts to 1 to 1.2 years for pic-
tures taken five years or more after the onset of the crisis. We include a detailed
description of the procedure and address issues that have been shown to im-
pact the use of visual ML in other settings (Wang and Kosinski (2018), Dotsch,
Hassin, and Todorov (2016), Agiiera y Arcas, Todorov, and Mitchell (2018)). To
the best of our knowledge, our analysis represents the first application of visual
ML to a quasi-experimental research design. Our application illustrates the
potential of visual ML for the study of health and aging to complement stan-
dard measures based on mortality, hospital admissions, or survey responses.

In the second and third parts of the analysis, we study mortality effects as-
sociated with industry distress and corporate governance legislation. For these
analyses, we extend Gibbons and Murphy’s (1992) data on CEOs in the Forbes
Executive Compensation Surveys from 1975 to 1991. We merge these data with
hand-collected data on the exact dates of birth and death of 1,900 CEOs of large
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U.S. firms (the “CEO Mortality Data Set”), and add information on pay, tenure,
and firm characteristics.

In the analysis exploiting industry distress shocks, we estimate a hazard
regression model. Controlling for a CEQ’s chronological age, time trends, in-
dustry affiliation, and firm location, we show that industry distress increases
CEOs’ mortality hazard by 15%. These results are robust to an array of al-
ternative specifications, including models with CEO birth cohort fixed effects,
additional firm and CEO controls, and birth cohort-specific age controls.

The estimated mortality effect is sizable: experiencing industry distress is
equivalent to reducing a CEO’s chronological age by 1.1 years on average. To
further put this result into perspective, we compare the estimated mortality
effect to that of other known health threats. We find, for example, that smok-
ing until age 30 is associated with a reduction in longevity by roughly one
year, while lifelong smoking reduces longevity by 10 years (U.S. Department of
Health and Human Services (2014), Jha et al. (2013)).

In the analysis exploiting the staggered passage of antitakeover laws, we
restrict the sample to CEOs appointed before the laws were enacted to ad-
dress selection concerns. We estimate significantly positive effects on CEO life
expectancy. Specifically, using analogous hazard models, we find that one ad-
ditional year under lenient governance decreases the CEO mortality rate by
about 4%, which corresponds to a two-year increase in overall life expectancy
for the average “protected” CEO in the sample. The slightly larger effect, com-
pared to the effect of industry distress, may reflect the more permanent nature
of changes in monitoring intensity, relative to the distress-induced changes in
job demands.

The main results hold across a variety of robustness tests. For instance, our
findings persist across sample splits and classifications of antitakeover laws
designed to account for additional firm- or state-level antitakeover provisions
and the exclusion of lobbying and opt-out firms, as well as data cuts based
on firms’ industry affiliation or state of incorporation (see Cain, McKeon, and
Solomon (2017), Karpoff and Wittry (2018)).

We also test for a compensating differential in the form of lower pay for
CEOs as a result of being permanently protected from hostile takeovers. Our
analysis of CEO pay builds on Bertrand and Mullainathan (1998) and on the
predictions of the CEO market model in Edmans and Gabaix (2011). We find no
evidence of a response in pay. This result may indicate that not all parties fully
account for the health implications of job demands, although we note that prior
literature generally struggles to find evidence of compensating differentials
outside of select settings and carefully designed experiments (e.g., Mas and
Pallais (2017), Lavetti (2020)).

Overall, our analysis establishes significant health consequences for CEOs
arising from increases in job demands. The finding motivates further research
on the interaction of job demands and CEO selection, compensation, and feed-
back on firm performance. For example, one might ask whether aspiring CEOs
are (over-)confident about their health, or whether women are vastly under-
represented in the C-suite in part because they anticipate the health costs of
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such positions. Another question is which job characteristics and hierarchy lev-
els likely come with the highest personal cost. Although all comparisons in our
analysis are within the CEO group, an important next step is to explore other
hierarchy levels as well as other professions or population groups.

Our paper contributes to research examining CEOs and firms. Recent liter-
ature sheds light on CEOs’ demanding job and time requirements (Bandiera
et al. (2020), Bandiera et al. (2018), Porter and Nohria (2018)). Working
long hours requires physical stamina, and consistent with our hypothesis,
previous work documents that CEO health impacts performance. Bennedsen,
Perez-Gonzalez, and Wolfenzon (2020) study the negative effect of CEO hospi-
talizations on firm performance. Keloharju, Kniipfer, and Tag (2023) find that
corporate boards in Scandinavia factor CEO health into CEO appointment and
retention decisions. None of these papers, however, examines the effect of CEO
job demands on CEOs’ health trajectories. To the best of our knowledge, we are
the first to explore quasi-random variation to establish significant health costs
in terms of both mortality and visible aging. The only prior work on executives’
health outcomes is Yen and Benham (1986), who compare the age-adjusted
mortality rate of 125 executives in the banking industry to that of executives
in other industries, and Nicholas (2023), who focuses on mortality patterns
across organizational hierarchy levels at one large U.S. firm (white-collar em-
ployees at General Electric in the 1930s). Our significantly larger sample and
quasi-experimental design allows us to control for industry-specific selection
into job environments and to implement a rigorous survival analysis.

Our paper also contributes new quasi-experimental evidence to the litera-
ture on the health effects of stress, socioeconomic status, and recessions. A vast
literature in psychology, medicine, and biology associates chronic stress with
changes in hormone levels, brain function, cardiovascular health, DNA, and
health outcomes (McEwen (1998), Epel et al. (2004), Sapolsky (2005)). This
has led researchers outside of economics to identify stress, and the damage it
causes, as the mechanism underlying many health disparities (Cutler, Deaton,
and Lleras-Muney (2006), Cohen, Janicki-Deverts, and Miller (2007), Pickett
and Wilkinson (2015), Puterman et al. (2016), Snyder-Mackler et al. (2020)).
In health and labor economics, stress has been proposed as an explanation for,
among other things, the effects of recessions on health (Ruhm (2000), Coile,
Levine, and McKnight (2014)) as well as the association between job loss and
higher mortality (Sullivan and Von Wachter (2009)).® In particular, the latter
study examines job displacement in a population of male workers in the 1970s
and 1980s (i.e., from similar birth cohorts as the CEOs we study), and finds

8 Stress has also been linked to the efficacy of child-tax credits (Milligan and Stabile (2011)),
the health benefits of the Earned Income Tax Credit (Evans and Garthwaite (2014)), unemploy-
ment insurance (Kuka (2020)), access to health care (Koijen and Van Nieuwerburgh (2020)), and
early-life health disparities (Camacho (2008), Black, Devereux, and Salvanes (2016)). Relatedly,
guaranteed, job-protected leave has been proposed to reduce adverse effects of mothers’ job stress
during pregnancy on infant health (Currie and Rossin-Slater (2015)). Stress is also implicated in
the intergenerational persistence of poverty (Aizer, Stroud, and Buka (2016), Persson and Rossin-
Slater (2018), East et al. (2017)).
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that job displacement at age 40 increases the mortality hazard by 10% to
15% and reduces life expectancy by 1 to 1.5 years. The displacement shock,
however, is different in nature than the CEO distress shock: it reduces time
and effort spent at work (Krueger and Mueller (2012)), while industry crises
induce CEOs to spend more time and effort at work.

Despite the importance of stress as a potential mediator of health, and
the fact that the amount of stress experienced at work has grown steadily
since at least the 1950s (Kaplan and Schulhofer-Wohl (2018)), few papers
examine causal effects of job demands on health. Hummels, Munch, and Xiang
(2016) document a negative impact of quasi-random trade shocks on workers’
stress, injury, and illness. Evolving worker-firm interactions may have eroded
protections from competition in the product market, likely exposing workers to
higher levels of stress (Bertrand (2004)). Outside of economics, stress arising
from social hierarchies (sometimes called psychosocial stress), especially in
the workplace, has been examined as an explanation for the strong relation-
ship between socioeconomic status and life expectancy (Marmot et al. (1991),
Marmot (2005)). Quasi-experimental evidence on a causal effect of workplace
promotions, however, is limited and reaches mixed conclusions (Boyce and
Oswald (2012), Anderson and Marmot (2012), Johnston and Lee (2013)).
Turning from the general population or poorer populations to wealthier pop-
ulations, income appears to play a small role in health disparities among
the already-wealthy, while Engelberg and Parsons (2016) document a link
between stock market crashes and hospital admissions, especially for anxiety
and panic disorders. Social factors, such as the prestige of winning a Nobel
prize or an election, may be protective (Rablen and Oswald (2008), Cesarini
et al. (2016), Borgschulte and Vogler (2019)). Our paper offers complementary
evidence that work-related stressors impose long-term health costs, even for
successful and wealthy individuals.

In the remainder of the paper, Section I describes the data and discusses the
identifying variation. Section II presents our results on apparent aging and
industry-wide distress shocks. Section III presents results on life expectancy
and distress shocks, while Section IV presents results on life expectancy and
corporate governance regulation. Section V concludes.

I. CEO Data Sets and Variation in CEO Job Demands
A. CEO Apparent Aging Data

To study visible signs of aging in CEOs’ faces, we collect pictures of CEOs of
firms in the 2006 Fortune 1000 list. Using a relatively recent CEO sample is
necessary as picture availability and quality have increased substantially over
time. We focus on the 2006 cohort to exploit differential exposure to industry
shocks during the Great Recession.

We search for five images from the beginning of a CEO’s tenure and two
additional images every four years thereafter. The main challenge is finding
dated images. Pictures from LinkedIn, for instance, do not satisfy this criterion
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as they generally do not provide date information. In addition, we seek pictures
that are taken in daily life, such as at social events or conferences, rather than
posed pictures. The most useful source given these criteria is gettyimages.com,
followed by Google Images. We are able to identify at least two such pictures
from different points in time during or after their tenure for 453 CEOs. We
refer to the resulting sample of 3,002 pictures as the CEO Apparent Aging
Data Set. We note that the vast majority of CEOs in this sample are male
and white.

Table I provides summary statistics for this data set, at both the image
level (Panel A) and the CEO level (Panel B). The median picture is from 2009.
On average, we find about seven images of a CEO. The average CEO is 57
years old in 2006 and has been in office for eight years. Approximately 65%
of the CEOs in the data experienced an industry distress shock during the
financial crisis (see Section I.C for details). Moreover, about one third of CEOs
experienced pre-crisis industry shocks while in the top position, which we
control for in our analyses. The majority of CEOs head firms in the manufac-
turing, wholesale and retail, transportation and electric services, and finance
industries (Panel C). We discuss the remaining image-level characteristics
from Panel A in Section II.B.

B. CEO Mortality Data

We collect mortality data for the universe of CEOs included in the Forbes
Executive Compensation Surveys from 1975 to 1991, as originally collected by
Gibbons and Murphy (1992).° These surveys are derived from corporate proxy
statements and include the executives serving in the largest U.S. firms. We
choose 1975 as the start year given the source of identifying variation in the
third part of our analysis (i.e., the timing of antitakeover laws; see Section I.C),
and in line with prior studies in this literature.!® We include all firms with
a PERMNO identifier in the Center for Research in Security Prices (CRSP)
database. The initial sample comprises 2,720 CEOs employed by 1,501 firms.

We manually search for (i) the exact date of a CEQO’s birth, (ii) whether
the CEO has died, and, if so, (iii) the date of death. All CEOs not identified
as deceased by the cutoff date of October 1, 2017 are treated as censored.
Our main source of birth and death information is Ancestry.com, which links
historical birth and death records from the U.S. Census, the Social Security
Death Index, birth certificates, and other historical sources. We validate
Ancestry’s information with online and newspapers searches, for example, on
birth place, elementary school, or city of residence. Verifying that a person is
alive turns out to be more difficult as there is little coverage of retired CEOs.
We classify a CEO as alive whenever recent sources confirm the alive status,

9 We are very grateful to Kevin J. Murphy for providing the data.

10 Bertrand and Mullainathan (2003), Giroud and Mueller (2010), and Gormley and Matsa
(2016) all start their sample in the mid-1970s. Our results are robust to varying the start year
(see Section IV.D).
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Table I

Summary Statistics for CEO Apparent Aging Data

Panel A presents image-level summary statistics. Panel B presents CEO-level statistics. Panel C
contains information on the industry distribution of our sample. Industry Distress (2007-2008) is
an indicator variable for distress experience during these years. Industry Distress (pre-2007) is an
indicator variable for distress experience prior to 2007. All variables are defined in Section I of the
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Internet Appendix.

Panel A: Image Statistics

N Mean SD P10 P50 P90
Picture Year 3,002 2008.86 5.68 2003 2009 2016
Chronological Age 3,002 59.02 8.09 48.96 58.88 69.04
Industry Distress (2007-2008) 3,002 0.67 0.47 0 1 1
Apparent Age 3,002 55.14 7.00 45.71 55.85 63.35
Image Sharpness 3,002 2.57 0.74 1.55 2.58 3.54
Logo 3,002 0.19 0.39 0 0 1
Side Face 3,002 0.23 0.42 0 0 1
Professional Clothes 3,002 0.81 0.40 0 1 1
Magazine Shot 3,002 0.00 0.04 0 0 0
Magazine Quality 3,002 2.80 1.04 1 3 4
Natural Pose 3,002 0.67 0.47 0 1 1
Natural Lighting 3,002 0.18 0.38 0 0 1
Glasses 3,002 0.32 0.47 0 0 1
Facial Hair 3,002 1.19 0.56 1 1 2
Smile 3,002 1.69 0.67 1 2 3
Mood 3,002 1.76 0.69 1 2 3
Self-Confidence 3,002 2.22 0.65 1 2 3
Style 3,002 3.22 0.70 2 3 4

Panel B: CEO Statistics

N Mean SD P10 P50 P90
No. of Pictures per CEO 453 6.63 4.36 2 6 12
Chronological Age in 2006 453 56.68 6.96 48 57 65
Tenure (Pre-2007) 453 8.36 7.89 2 6 18
Industry Distress (2007-2008) 453 0.65 0.48 0 1 1
Industry Distress (pre-2007) 453 0.38 0.48 0 0 1

Panel C: Industry Distribution

Industry No. of CEOs
Finance, Insurance, and Real Estate 66
Manufacturing 174
Services 44
Transportation, Communications, Electric, Gas, and Sanitary Services 69
Wholesale and Retail Trade 70
Other Industries 30

such as newspaper articles or websites that list the CEO as a board member,

sponsor, donor, or chair of an organization or even

11 We use sources dated January 2010 or later to infer alive status since recent coverage of a
retired CEO makes it very likely that news outlets would also have reported their passing had
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We obtain the birth and death information for 2,361 CEOs from 1,374 firms
in the post-1975 sample, implying an identification rate of 87%. We refer to this
data set as the CEO Mortality Data Set. We test and confirm that the avail-
ability of birth and death information is not correlated with our measures of
variation in work-related stressors, namely, industry distress experience and
incorporation in a state that passed a business combination (BC) law (see In-
ternet Appendix Tables IA.XIII and IA.XV, respectively).'?

We augment the CEO Mortality Data Set with several key variables.
We first identify the historical states of incorporation during CEOs’ tenure,
which is needed to measure their exposure to antitakeover laws. Since
CRSP/Compustat backfills the current state of incorporation, we obtain his-
torical Comphist and Compustat Snapshot data as well as incorporation data
recorded at issuance and merger events in the Securities Data Company (SDC)
database. In the case of discrepancies, we rely on 10-Ks and other Securities
and Exchange Commission (SEC) filings, legal documents, and news articles
to identify the correct information. We correct the state of incorporation in
169 cases, or 6.7% of the initial sample with state-of-incorporation informa-
tion (2,514 CEOs). Of the 2,361 CEOs for which we obtain birth and death
information, we are able to identify the historical state of incorporation for
2,209 CEOs.

We collect tenure information for all individuals in the CEO Mortality Data
Set to fill gaps and correct misrecorded data in the Forbes Executive Com-
pensation Surveys. We use Execucomp, online searches, and especially the
New York Times “Business People” section, which frequently reports execu-
tive changes in our sample firms. When the exact month of a CEO transition
is missing, we use the “mid-year convention” (Eisfeldt and Kuhnen (2013))
motivated by the relatively uniform distribution of CEO starting months in
Execucomp. We further restrict the sample to firms included in CRSP during
the time of the CEO’s tenure, which results in a main CEO Mortality Data Set
of 1,900 CEQOs.13

Finally, we address selection concerns with regard to antitakeover law
passage. For example, our analyses would be confounded if less resilient man-
agers, that is, those more prone to health ailments, were more likely to seek the
CEO position when governance regulation relaxes CEO monitoring. To allevi-
ate such concerns, we focus the antitakeover law analyses on CEOs appointed
prior to the enactment of the BC laws (1,605 CEOs). That said, our results
are robust to using the enlarged sample that includes CEOs who assume the
CEO position after the passage of the BC laws (1,900 CEOs). Similarly, in the

it occurred by the cutoff date (October 1, 2017). Our results are robust to restricting the sample
period to end in January 2010 for CEOs classified as alive as of October 2017, as we discuss in
Sections III.D and IV.D).

12The Internet Appendix is available in the online version of this article on The Journal of
Finance website.

13 Relative to the previously mentioned restriction to firms with a PERMNO in CRSP, we drop
CEOs who served, for instance, before their firm went public.
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Table IT
Summary Statistics for CEQO Mortality Data

This table shows summary statistics for the CEO longevity analyses. Industry Distress is an in-
dicator variable that equals 1 if a CEO experienced industry-wide distress during his tenure. BC
denotes years of exposure to business combination laws. All variables are calculated at the CEO
level and are defined in Section I of the Internet Appendix.

N Mean SD P10 P50 P90
Birth Year 1,900 1926.87 9.48 1915 1927 1940
Passed Away (by October 2017) 1,900 0.66 0.48 0 1 1
Year of Death 1,247 2003.72 9.83 1989 2006 2015
Age at Death 1,247 80.89 9.91 67 82 92
Age Taking Office 1,900 51.87 6.87 43 52 60
Year Taking Office 1,900 1978.74 8.04 1969 1979 1989
Tenure 1,900 10.04 6.69 2.5 8.75 19
Industry Distress 1,900 0.39 0.49 0 0 1
BC 1,605 2.21 4.20 0 0 8.24
BC |BC>0 616 5.75 5.05 0.75 4.41 12.37

analysis exploiting industry distress, we consider CEOs appointed before the
distress shock, regardless of whether they left their position during the crisis.

Table II presents summary statistics. The median CEO in this sample was
born in 1927, became CEO at age 52, and served as CEO for nine years. The
heterogeneity in tenure is relatively large, with an interdecile range of 16.5
years. Noninteger values result from CEOs starting or ending their tenure
not at the end of the year. Turning to mortality, 66% of our CEOs passed
away by the censoring date (October 1, 2017). The median CEO died at age
82, and passed away in 2006. About 40% of the CEOs witnessed industry dis-
tress during their tenure, but multiple distress shocks are rare—more than
80% of CEOs experienced no or at most one distress shock. Throughout, we
employ a binary rather than a cumulative distress measure.'* We further find
that about 40% of the CEOs are protected by a BC law at some point during
their tenure.

C. Variation in Job Demands

We exploit two sources of variation in job demands: industry-wide distress
shocks and the implementation of state-level antitakeover protection.

Industry-Wide Distress Shocks. Industry distress shocks lead to a temporary
increase in job demands. Similar to Opler and Titman (1994), Babina (2020),
and Acharya, Bharath, and Srinivasan (2007), we define an industry as dis-
tressed in year ¢ if the median firm’s two-year stock return (forward-looking)
is less than —30%. As in Babina (2020), we generate an annual industries-
in-distress panel (i) restricting attention to single-segment CRSP/Compustat

14 The indicator also helps avoid endogeneity from picking up additional industry shocks long
into a CEO’s tenure. Long-serving CEOs are associated with longer lifespans in the data.
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firms, that is, dropping firms with multiple reported segments in the Com-
pustat Business Segment Database, (ii) dropping firms if the reported single
segment sales differ from those in Compustat by more than 5%, (iii) restrict-
ing attention to firms with sales of at least $20 million, and (iv) excluding
industry-years with fewer than four firms. This annual distress panel serves as
the foundation for our mortality analysis (Section III). For the apparent-aging
analysis of the 2006 Fortune 1000 CEO cohort, we specifically examine indus-
try distress during the Great Recession (see Section II for additional details).
Following prior work, we use three-digit SIC classifications to identify industry
affiliation and we rely on historical SIC codes for the firms in our sample.

Antitakeover Laws. Antitakeover statutes increase the hurdles for hostile
takeovers and help protect a CEO’s job. They therefore induce a shift in the
opposite direction of industry distress, and they are more permanent in nature.

Following prior literature, we focus on the second generation of antitakeover
laws, which states started passing in the mid-1980s after the first-generation
laws were struck down by courts in the 1970s and early 1980s (Cheng, Nagar,
and Rajan (2004), Cain, McKeon, and Solomon (2017)). The statutes included
BC laws, control share acquisition, fair price, and directors’ duties laws, as
well as poison pills. We follow prior literature and focus on BC laws as the most
potent type of statutes, but we return to the other types of laws in Section IV.D.

BC laws significantly reduced the threat of hostile takeovers by imposing
a moratorium on large shareholders conducting certain transactions with the
firm, usually for a period of three to five years. The constitutionality of BC laws
was established in a 1989 ruling by the U.S. Seventh Circuit Court of Appeals
(Amanda Acquisition Corp. v. Universal Foods Corp.). From an identification
standpoint, an important assumption is that firms’ BC law coverage is plau-
sibly exogenous. As Karpoff and Wittry (2018) write, “for most firms the laws
can be treated as exogenous” (p. 678) as there was no widespread corporate
lobbying for the laws. At the same time, Karpoff and Wittry (2018) identify
46 firms that did lobby for the adoption of second-generation laws. As we dis-
cuss below, our results are robust to various tests related to lobbying firms,
firm-level defenses, and opt-out provisions, among others, proposed in Karpoff
and Wittry (2018). We refer the reader to Bertrand and Mullainathan (2003)
and Karpoff and Wittry (2018) for a more detailed discussion of the political
economy of antitakeover laws.

An advantage of using antitakeover laws as a source of identifying variation
is that these laws apply based on the state of incorporation, not the state
of firms’ headquarters or operations. The frequent discrepancies between a
firm’s location and state of incorporation enables us to assess the impact of
the laws while controlling for shocks to the local economy. Figure 1 depicts
the staggered introduction of BC laws across states.!® The map illustrates the
variation across both time and states. As can be seen, 33 states passed a BC
law between 1985 and 1997, with most laws passed in 1987 to 1989. As in

15 Internet Appendix Figure IA.9 contains a similar map based on the earliest enactment of any
of the five types of second-generation antitakeover laws listed above.
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[ States that passed BC laws before Scptember 1987 (8 states)

[ States that passed BC laws between September 1987 and April 1988 (8 states)
States that passed BC laws between April 1988 and August 1989 (8 states)
States that passed BC laws after August 1989 (9 states)

[T States that never passed a BC law (17 states and D.C.)

Figure 1. Introduction of business combination laws over time. The map omits the states
of Alaska and Hawaii, which never passed a BC law. (Color figure can be viewed at wileyonlineli-
brary.com)

prior work, the most common state of incorporation in our data is Delaware.
Other common states include New York and Ohio.

II. Industry-Wide Distress Shocks and Apparent Aging

In our first analysis, we focus on visible manifestations of adverse health
effects in CEO¢s’ faces. Research in medicine and biology has established nu-
merous links between stress and visible signs of aging, such as hair loss (Choi
et al. (2021)), hair whitening (Zhang et al. (2020)), and inflammation, which
accelerates skin aging (Heidt et al. (2014), Kim et al. (2013)). Moreover, these
visible signs of aging predict mortality and other adverse health outcomes in
longitudinal studies. For example, the apparent age of Danish twins, rated
from facial photographs, predicts short-term mortality over the next two years
(Christensen et al. (2004)) and long-term survival of twins aged 70 and older
(Christensen et al. (2009)). Christensen et al. (2009) also establish strong
correlations between apparent age and physical functioning (e.g., strength
and endurance), cognitive functioning (e.g., verbal fluency and recall), and
leucocyte telomere length (which is associated with aging-related diseases and
mortality).

We test whether experiencing industry distress predicts accelerated appar-
ent aging in the CEO Apparent Aging Data Set. We exploit CEOs’ differential
exposure to industry shocks during the Great Recession in a difference-in-
differences framework.

A. Apparent-Age Estimation

To analyze visible CEO aging, we make use of recent advances in ML.
While earlier generations of age-estimation software focused on a person’s
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chronological or “true” age (Antipov et al. (2016)), recent developments aim to
estimate a person’s apparent age or how old a person looks. This distinction is
important. As the medical literature shows, differences between assessed age
and chronological age can be large, they are recorded even when the physician
conducting the assessment knows the chronological age, and they are highly
predictive of illness and mortality (Hwang et al. (2011)). Accordingly, we use
the difference between a CEQ’s apparent or perceived and their chronological
age as our main outcome variable in the first part of the analysis.

The algorithmic implementation of age assessments, and thus the con-
struction of the age gap variable, has been made possible by the development
of deep learning and convolutional neural networks (CNNs) as well as the
increased availability of large data sets of facial images with associated true
and apparent ages, where the apparent ages are estimated by people. A
CNN is a neural network that employs the method of convolution, that is, of
transforming the data by sliding (or convolving) over it using a slider matrix,
to abstractly determine intermediate features about the data such as edges or
corners. (We provide a detailed discussion of CNNs in Section II.A of the Inter-
net Appendix.) We use ML-based software (Antipov et al. (2016)) that has been
specifically developed for estimation of apparent age. This software, which is
based on Oxford’s Visual Geometry Group deep CNN architecture, was the
winner of the 2016 Looking At People apparent-age estimation competition.

In a first step, the software was trained on more than 250,000 images with
information on people’s true age from both the Internet Movie Database and
Wikipedia. In a second step, it was fine-tuned for apparent-age estimation
using a newly available data set of 5,613 facial images, each of which was rated
by at least 10 people in terms of the person’s age. The addition of fine-tuning
using these human estimates of age is particularly important, as it led to
the software’s largest improvement in accuracy (of more than 20%) in the
apparent-age estimation of the competition data (see table II in Antipov et al.
(2016) and Section II.A of the Internet Appendix). Both the distribution of true
ages used for training and the human age estimations used for fine-tuning the
software cover people from all age groups, including elderly people. The neural
network produces a 100 x 1 vector of probabilities associated with apparent
ages from 0 to 99 years. The apparent-age point estimate is the expected value
of the software output. A more detailed description appears in Section II.A of
the Internet Appendix.

As indicated above, the software has been successfully validated in an
apparent-age competition against other ML-trained apparent-aging software.
Nevertheless, we further validate it within our CEO context by comparing
it against human assessments. We create 250 random pairs of CEO images
such that each pair involves CEOs of similar chronological age (five-year bins),
and for each pair we ask a team of research assistants to indicate which per-
son looks older. The software agrees with the median human assessment in
approximately 70% of cases, and in almost 90% of cases when the software-
based apparent-age difference between the two images is in the upper tercile
of the distribution.
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Figure 2. CEO apparent age and chronological age. The figure plots apparent and chrono-
logical ages for our sample of 3,002 CEO images. Panel A shows the CEO apparent-age distribution
in red, and the chronological-age distribution in blue, with the overlapping areas appearing as pur-
ple. Panel B shows a scatter plot of CEOs’ apparent age against chronological age. The dotted line
represents the 45° line. (Color figure can be viewed at wileyonlinelibrary.com)

Figure 2 plots the distributions and correlation between chronological age
and apparent age for the 3,002 images in the CEO Apparent Aging Data Set.
Panel A shows that the distributions of apparent age and chronological age
largely overlap, although the apparent-age distribution is shifted to the left.
That is, consistent with a large prior literature on the “looks,” stature, and
health-related measures of CEOs and other high-earning individuals,'® the
software estimates CEOs as looking younger than their chronological age. (See
also Table II discussed in Section 1.B.) We note that our analyses do not rely
on comparisons between CEOs and the general population, but rather focus on
within-CEO comparisons and account for chronological age.

The scatter plot of CEOs’ apparent age against chronological age in Panel
B confirms both the high correlation and the shift in apparent age relative to
chronological age, with a greater mass below the 45° line. In this figure and
in the regression analysis below, we trim the sample at the top and bottom
0.5% of the apparent-age gap distribution, that is, the distribution of the dif-
ference between apparent and chronological age, to ensure that outliers in age
estimation do not affect the results.

It is worth reiterating that the difference between chronological age and
apparent age should not be thought of as a “mistake”. By design, the ML
software is first trained to predict chronological age and then fine-tuned
to match human age assessment. As the medical literature shows, the
differences between human assessment and chronological age can be large,

16 See Hamermesh and Biddle (1994), Persico, Postlewaite, and Silverman (2004), Loh (1993),
Steckel (1995), and Averett and Korenman (1996). See also Chetty et al. (2016) on better access
to health care, healthier nutrition, and higher life expectancy of individuals with high socioeco-
nomic status.
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Figure 3. Sample images (James Donald, CEO of Starbucks from 2005 to 2008). The left
picture was taken on December 8, 2004. The right picture was taken on Monday, May 11, 2009.
Chronological ages based on data from Ancestry.com (date of birth March 5, 1954): 50.76 years
and 55.18 years, respectively. Apparent ages based on aging software: 53.47 years and 60.45 years,
respectively. (Color figure can be viewed at wileyonlinelibrary.com)

and, importantly, these differences are highly predictive of illness and mortal-
lty 17

B. Illustrative Example and Potential Confounds from Image Heterogeneity

To illustrate the link between industry shocks and aging, we first discuss
a specific example. James Donald was the CEO of Starbucks from April 2005
until January 2008, when he was fired after Starbucks’ stock plunged by more
than 40% over the preceding year. Figure 3 presents two images of Donald: the
left one from December 8, 2004, before his appointment at Starbucks, and the
right one 4.42 years later, on May 11, 2009, after his dismissal. Donald was
50.76 years old in the first image and 55.18 years in the second. The ML-based
aging software estimates his apparent age in the earlier image as 53.47 years
and in the later image as 60.45 years. Thus, the software estimates that he
aged by 6.98 years, or, 2.5 years more than the amount of time that had passed.

This example is also useful to discuss concerns one may have about image
heterogeneity. One noticeable difference between the two images is that
Donald smiles in the image in which he looks younger but not in the other
one. Hence, one potential identification concern is that photographers and
newspaper editors might select different types of images during good and bad
times, in a way that is correlated with firm or industry performance. Other
differences between the two images include possible variations in lighting in
the two images, and the left image may have been taken in a more staged
setting. Researchers have noted that accounting for image context and facial

17 See, for example, Hwang et al. (2011). Other medical research that documents a positive
relationship between apparent age in facial images and life expectancy and health status includes
Gunn et al. (2016) and Dykiert et al. (2012).
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positioning may be important in related settings, such as in assessments of an
individual’s character, attractiveness, or sexual orientation from facial images
(Wang and Kosinski (2018), Dotsch, Hassin, and Todorov (2016), Agliera y
Arcas, Todorov, and Mitchell (2018)).

The image-processing software is designed to account for such “picture man-
agement”. In particular, the image pre-processing and fine-tuning steps help
account for image heterogeneity as described in Section II.A of the Internet
Appendix. Nevertheless, we go a step further and manually assess all images
in our sample along thirteen dimensions: logo, side face, professional clothes,
magazine shot, magazine quality, natural pose, natural lighting, glasses,
facial hair, smile, mood, self-confidence, and style. Section I of the Internet
Appendix provides definitions of these variables, which are all indicator or
categorical variables. To highlight a few definitions, smile assesses facial
expression (smile, frown, or neither), mood assesses mood (happy, grim, or
neutral), self-confidence assesses the degree of portrayed self-confidence (not
very, normal, or very), and style assesses the predicted amount of time the
CEO spent getting their face styled and ready in the morning. By controlling
for these variables in our estimations, we further alleviate concerns about spu-
rious aging effects. As we will see, our results are not affected (and sometimes
strengthened) by the inclusion of the additional controls.

C. Difference-in-Differences Results

We formalize our analysis of job-induced apparent aging in a difference-in-
differences design, analyzing differences between CEOs whose industry was
in distress during the 2007 to 2008 financial crisis and those whose industry
was not in distress. As we detail in Section I.C, we use three-digit SIC codes
and a 30% decline in equity value criterion to identify firms that experienced
an industry shock during the crisis years. This approach classifies 78 out of
146 industries represented in the CEO Apparent Aging Data Set as distressed
during at least one of the two crisis years. Industries classified as distressed
during these years include real estate and banking. Nondistressed industries
include agriculture, food products, and utilities.

To account for potential selection bias due to CEOs departing from their
job during the Great Recession, we identify treated CEOs based on intended
exposure. That is, the treatment variable Industry Distress; is equal to 1 if
CEO j ’s firm operates in an industry that was distressed in 2007, 2008, or
both years, regardless of whether the CEO stepped down between 2006 and
2008. For example, Industry Distress; is equal to 1 for a CEO departing in
2007 and whose industry was distressed in 2008.1®

Graphical Evidence. We start by plotting the difference in aging trends be-
tween distressed and nondistressed CEOs in Figure 4. For this purpose, we bin
our sample of images into eight roughly equal-sized and equal-spaced groups

18 Regressing actual industry shock exposure in 2007 or 2008 on intended exposure yields a
coefficient of 0.92 (¢-statistic of 41.17).
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Figure 4. Differences in apparent aging between CEOs with and without industry dis-
tress exposure during the Great Recession. This figure depicts the estimated coefficients
from B; on the interaction terms between the time-period indicators and the Industry Distress
indicator from model (1), where Industry Distress is equal to 1 if the CEQ’s firm was exposed to
industry-wide distress during 2007 or 2008. Apparent-Age Gap is the difference between apparent
and chronological age. Observations are weighted by image sharpness. N denotes the number of
images in each time bin. (Color figure can be viewed at wileyonlinelibrary.com)

over the sample period, ¢t € T = {pre-2001, 2001-2004, ..., post-2015}, and esti-
mate the difference-in-differences model

Apparent Age Gap; ;; = Po

+ Z B1.+ Industry Distress; x 1; + BoXi it + 8 +6;
T,
t¢2t§05-06

+ &t @)

where i denotes an image, j a CEO, and ¢ a time bin, Apparent Age Gap; ;, is
the difference between CEO j ’s apparent age in image i as assessed by the ag-
ing software and their chronological age at time ¢ when the picture was taken,
and 1, are time indicators, where the ¢*" indicator is equal to 1 for pictures
taken in time bin . We interact the time indicators with Industry Distress ;, so
that the interaction is equal to 1 if the firm of CEO j shown in image i was dis-
tressed in 2007 or 2008. For the graphical presentation, we normalize against
the pre-crisis bin (¢ = 2005-2006).

The vector of control variables Xj j; includes time-varying controls for a
CEOQO’s pre-2007 industry shock experience and pre-2007 CEO tenure as well
as extensive controls for image setting and characteristics discussed above and
a control for image sharpness. We measure sharpness using an image’s Lapla-
cian, that is, the second spatial derivative of an image, as described in Sec-
tion II.B of the Internet Appendix. Note that for any of these image controls
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to affect the results in the first place, they would have to systematically affect
the software’s age estimate and be correlated with industry distress experi-
ence. (We discuss such potential concerns in Section I1.D.)

We also include CEO fixed effects 6; and time fixed effects §;. The CEO fixed
effects absorb any time-invariant CEO facial characteristics such as facial
shape. The CEO fixed effects also account, for example, for CEO-specific ag-
ing and determinants of aging such as risk attitudes and selection into riskier
industries. The time fixed effects absorb time trends, such as improving image
quality. While the aging software was trained on a large number of faces and
images of differing quality, these fixed effects tighten the identification and ab-
sorb the main effects of the time-industry shock interaction in the regression.

We weight observations by image sharpness, that is, images in which detail
is rendered more clearly receive larger weight. We discuss robustness to other
weighting choices below with the regression results.

Figure 4 plots the estimated components of vector Bi = (81 pre-2001;- .-,
Bit, - -, Brpost-2015). They capture differences in the gap between apparent and
chronological age between the treated group and the control group at different
points in time, after controlling for covariates and normalizing against the
pre-crisis bin (¢ = 2005-2006). The difference in apparent-age gap between
future distressed and nondistressed CEOs is small and stable over time before
the crisis, consistent with aging in both groups following parallel pre-trends.
In particular, there is no evidence that CEOs who experience an industry
downturn during the Great Recession age faster than control CEOs before
the crisis. After the onset of the Great Recession, however, the difference in
the apparent-age gap increases markedly, first to about half a year, then to
about 0.75 years around 2010, then to a full year around 2013. The difference
stabilizes at a level of about one year after 2015. In other words, the graphical
evidence indicates that exposure to industry distress accelerates apparent
aging starting around the time of exposure and levels off after a few years to
a persistent difference of one year.

We note that the rapid onset of accelerated aging and full realization after
a few years are consistent with biological mechanisms linking the hormone
responses to cellular damage during periods of chronic stress exposure. For
example, a similar time horizon stretching over two to three years has been
found for the relationship between stress and mortality in a population with
a similar age-cohort distribution to our mortality sample and with access to
health care (Nielsen et al. (2008), Rutters et al. (2014)).

Regression Model. We next turn to estimating the full difference-in-
differences regression model, using a specification similar to model (1) above:

Apparent Age Gap; ;; =fo + p1Industry Distress; x 1i-2006) + B5Xi,j,¢ + 6 + 6,
+&ijt- (2)

As before, i denotes an image and j a CEO, but ¢ now represents a calendar
year. All variable definitions remain as specified for equation (1), and we in-
clude the same set of control variables and fixed effects. We also continue to

85U8017 SUOWWOD BRI 3|dedl|dde 8L Ag peunob ae sl VO ‘88N J0 SaIN1 10} ARIq1T8UIUO A8|IAM UO (SUONIPUCD-PUE-SWB) /D" A3 | 1M ATeIq 1T |UO//:SONY) SUORIPUOD pUe Swie | 8y} 88S *[9202/60/80] UO AriqiTaulluo A8|IM lLeAsuled JO AISRAIUN AQ L6VET HOITTTT OT/I0pAL0S 8| 1M AfelqIjeul|uo//Sdny wouy papeojumoq ‘9 ‘SZ0g ‘T9Z90VST



3420 The Journal of Finance®

Table IIT
Industry Distress and CEO Aging

This table shows OLS estimates of the effect of industry distress during the Great Recession
on CEO apparent aging, as identified from CEOs’ facial images. The dependent variable is the
apparent-age gap, that is, the difference between apparent and chronological age. Industry Dis-
tress is equal to 1 if the CEO’s firm was exposed to industry-wide distress during 2007 or 2008.
Observations are weighted by image sharpness. All variables are defined in Section I of the Inter-
net Appendix. Standard errors, clustered at the industry level, are shown in brackets. *p < 0.10,
*p < 0.05, ¥*¥p < 0.01.

(D)

(2) (3)

(4)

Industry Distress x 12006} 0.806** 0.883**
[0.382] [0.382]
Industry Distress x ]1(2006<t<2012) 0.634 0.670*
[0.386] [0.396]
Industry Distress x 1y>2012) 1.049** 1.183***
[0.462] [0.448]
CEO FE Y Y Y Y
Year FE Y Y Y Y
CEO Controls Y Y Y Y
Picture Controls Y Y
No. of CEOs 453 453 453 453
Observations 3,002 3,002 3,002 3,002

weight observations by image sharpness. Internet Appendix Table IA.IT shows
the robustness to other weighting choices and treatments of outliers. Internet
Appendix Table IA.III shows that our measure of image sharpness is uncorre-
lated with industry distress exposure during the Great Recession. We cluster
standard errors at the three-digit SIC code level, at which industry shocks are
defined (Abadie et al. (2017)). The key coefficient of interest is 81, which gives
the change in the apparent-age gap after the start of the crisis and during
the post-crisis years (¢ > 2006) if the CEO’s firm experienced industry shocks
during 2007 to 2008.

Table IIT presents the regression results. In column (1), the coefficient on
the interaction term between Industry Distress and the post-2006 indicator
12006 is 0.806 (significant at the 5% level). This indicates that CEOs look
about 0.8 years older for a given chronological age if their firm has experienced
an industry distress shock between 2007 and 2008. In column (2), we add the
extensive set of image controls for smile versus frown, mood, portrayed self-
confidence, etc. The coefficient on the post-treatment interaction term is very
similar (now 0.883, again significant at the 5% level).

In columns (3) and (4), we split the post-period into two subperiods, 2007 to
2011 and 2012 onward. The estimates indicate that longer horizon effects are
driving the results. Consistent with Figure 4, we estimate a distress-induced
apparent-aging effect of around 0.65 years over the earlier five-year horizon
that is insignificant or only marginally significant, but an effect of 1 to 1.2
years over the later horizon, which is significant at the 5% or 1% level. The
estimated effects are similar whether we include the additional image controls
or not.
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The long-term persistence of the distress-induced aging effects ameliorates
potential concerns about “picture management”. If the media or firms engage
in picture selection in a manner that is correlated with distress exposure,
it could affect the apparent-age estimates. However, such differential image
management is unlikely to occur years after the distress crisis. We further
discuss these and other remaining identification concerns in detail in the
next subsection.

Overall, the apparent-aging analysis provides robust evidence that in-
creased job demands in the form of industry distress accelerate visual aging. In
Section III below, we further show that the effects of industry distress on CEO
mortality are very similar in magnitude. Hence, the appearance of aging may
presage a shorter lifespan for CEOs whose industries experienced downturns
in the Great Recession.

D. Robustness Tests

In this section, we perform a series of robustness tests. All figures and tables
are relegated to Section IL.E of the Internet Appendix.

CEO Appearance Management. One potential confound of our results is that
CEOs may engage in “appearance management”. For example, given their
public status, young CEOs may prefer to grow some facial hair to look older,
whereas older CEOs may prefer to dye their hair to look younger. Such behav-
ior, while plausible, is unlikely to affect our estimates for two reasons. First,
there is no difference in chronological age between distressed and nondis-
tressed CEOs as of 2006, the year prior to treatment assignment (Internet Ap-
pendix Table IA.IV). Thus, general appearance management incentives should
not differ by treatment status. Consistent with this view, both groups have
parallel aging pre-trends, as shown in Figure 4. Second, image-type control
variables such as the facial hair and style controls help alleviate this concern.

Differential Selection of Images During Good and Bad Times. Another po-
tential confound is that newspaper editors may select more grim-faced (and
possibly older-looking) CEO images during the crisis, particularly if the firm is
in distress. We address this concern in three ways. First, we point to the sta-
bility of the aging effect. Our main result holds after five years and throughout
the 2010s, when news about the industry’s distress and possible criticism of the
CEO would have subsided. In these later images such selection is unlikely to
be at work (see Figure 4). Moreover, the results are robust to including image
heterogeneity controls, including assessed smile versus frown, happy versus
grim, and the degree of the CEO’s self-confidence.

Second, we show directly that CEOs’ facial expressions in our sample are
not correlated with treatment. That is, when we use facial expression as the
outcome variable (with +1 = smiling, 0 = neutral, and —1 = frowning) and
test whether industry distress exposure predicts the outcome, we fail to reject
the null hypothesis of no significant relationship. This result continues to
hold when we interact industry distress with a post dummy to restrict the
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comparison to pictures from 2007 onward (see Panel A of Internet Appendix
Table TA.V).

We do find, however, that the apparent-age gap is correlated with facial ex-
pressions (see Panel B of Internet Appendix Table IA.V). More precisely, we
estimate no significant relation when controlling for the full slate of control
variables, but there is a significantly positive relation with the frowning indi-
cator when we omit the mood controls (happy versus grim), which are corre-
lated with the smile controls (smiling versus frowning).

In light of these findings, we go a step further in addressing the role of smil-
ing versus frowning and use artificial intelligence (Al)-based image manipula-
tion techniques to change facial expression. Specifically, we use software that
creates natural-looking transformations of faces using ML and neural network
techniques to change grim expressions toward happier expressions (neutral
and even faint smiles). We discuss these manipulations in detail in Section I1.C
of the Internet Appendix. We then include the 341 resulting “fake images” in
our analysis and apply the apparent-age software to reestimate our model. As
shown in Internet Appendix Table IA.VI, we replicate our findings.

Differential Image Selection Due to CEO Departures. A further concern is
that CEO departure rates may differ by industry distress experience, which
might then lead to differences in the type of images we can find. For example,
news of CEO departures is often accompanied by photos of a more grim-faced
CEO, and after stepping down, CEOs may assume less prestigious positions
with fewer incentives for appearance management. This could drive the differ-
ential patterns in apparent aging, even in the long run.

To address this concern, our analysis includes controls for “magazine qual-
ity” (which assesses the degree to which an image can be used in a magazine)
and “style” (which assesses the time an individual spent styling their face in
the morning). In addition, we show that our results are not driven by differ-
ential finding rates of post-crisis images depending on whether CEOs experi-
enced distress during the crisis (Internet Appendix Figure IA.6 and Internet
Appendix Table IA.VII).

To further address this concern, we collect information on the departure
date and post-departure career trajectory of each CEO in our sample. We
then reestimate the results on the subsample of CEOs who remain in the
position until 2010 or thereafter.'? As we show in more detail in Section II.D
of the Internet Appendix, in this subsample CEO departure rates and image
“types” (in-office, post-departure but nonretired, retired) are similar across
distressed and nondistressed CEOs. This result mitigates concerns related
to departure-driven image heterogeneity and selection. Moreover, our aging
results continue to go through (Internet Appendix Table IA.VIII).

Alternative Empirical Specification. We also replicate our results when
using apparent age as the outcome variable and chronological age as an

19 Of course, whether CEOs remain in office until 2010 is endogenous. Selection from this con-
ditioning likely works against identifying the effect of distress, as distressed CEOs who remain in
office are presumably more “resilient”.
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additional control variable (Internet Appendix Table IA.IX), rather than using
the apparent-age gap as the outcome variable.

Alternative Combination of Trained Neural Networks. Precisely speaking,
the software forms the primary apparent-age estimate by averaging estimates
across eleven separately trained sub-models (see Section II.A of the Internet
Appendix for details), an approach akin to bootstrap-aggregating or “bagging”
(Breiman (1996)). Our results are not sensitive to how the 11 trained neural
nets are combined. The results remain unchanged when we use the median,
rather than the average, apparent-age estimate across the trained sub-models
in the regressions (Internet Appendix Table TA.X).

E. Possible Mechanisms

As discussed earlier, the rapid onset of visible signs of aging is consistent
with the medical literature on stress responses. Cortisol and other imme-
diately triggered “flight-or-fight” hormonal reactions to chronic stress are
plausibly linked to our finding of accelerated aging. In particular, Harvanek
et al. (2021) find that higher insulin resistance (which can be caused by
excess cortisol) positively predicts a person’s epigenetic age, which is a strong
predictor of mortality (see Fohr et al. (2021)).

In light of these plausible biomedical underpinnings of our results, we ex-
plore ways to tease out related physical changes from the image sample. First,
we consider changes in body mass index (BMI). Biochemically, chronic stress
increases cortisol levels (Van der Valk, Savas, and van Rossum (2018)), which
slows metabolism and triggers a desire for “comfort foods”. Both can lead to
weight increases. In addition, excessive work demands triggered by the cri-
sis may by themselves induce unhealthy eating due to time constraints and
adversely affect exercise behavior. These behavioral changes can evolve into
unhealthy habits in the long run, even after heightened job demands subside.

Accordingly, we retrieve ML-based estimations of the BMI from facial images
(Sidhpura et al. (2022)). Applying these estimation techniques to our CEO im-
age data, we find suggestive, albeit insignificant, evidence of higher BMI levels
among treated CEOs over time (Internet Appendix Table IA.XI). While more
data and less noisy estimates would be needed to draw conclusive evidence,
the estimates are suggestive of a slow-moving, long-run behavior change.

In addition to poor diet and lack of exercise, stress might induce other behav-
ior changes that can accelerate aging, including lack of sleep and excess alcohol
consumption. To test for such channels, we have constructed measures of the
degree of puffy eyes, red eyes, dark areas under eyes, and red face. We find no
evidence that these facial aspects are significantly related to industry distress
exposure (Internet Appendix Table IA.XII). Although it is possible that a larger
sample and refined definitions of the above features would allow for the detec-
tion of a statistically significant relationship, the null effect is consistent with
such features more likely reflecting very recent sharp changes in behavior.

In summary, our CEO Apparent Aging Data Set does not allow us to identify
specific biomedical or behavioral channels beyond the main result on visible
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signs of aging, which are a widely used indicator in medicine. Our additional
results here are suggestive of changes in BMI, which are consistent with hor-
monal responses to stress as well as worse diet and exercise behavior.

II1. Industry-Wide Distress Shocks and Life Expectancy

In the remaining two parts of the analysis, we move from apparent aging
to mortality as the outcome variable. In this section, we examine the link be-
tween mortality and industry distress, and in Section IV we examine the link
between mortality and governance regulation. In both sets of analyses, we use
the longer and earlier CEO Mortality Data Set described in Section I.B, which
allows us to analyze mortality outcomes and accommodates the timing of vari-
ation in antitakeover laws.

A. Empirical Strategy

We employ stratified Cox (1972) proportional hazards models to estimate the
effect of variation in the exposure to industry distress on longevity. CEOs enter
the analysis (“become at risk”) in the year they are appointed, and they exit at
death or the censoring date. Specifically, we estimate

In A(¢|Industry Distress; ;, X; ;) = Inxo () + p Industry Distress; ; + § X; ¢, (3)
where A and A¢ ; are the hazard rate and the baseline hazard rate, respectively,
with the latter allowed to vary across the Fama and French (1997) 49 indus-
tries j, and Industry Distress; ; is an indicator variable equal to 1 if CEO i has
experienced distress by year ¢, that is, if in year ¢ or a prior year during the
CEO'’s tenure, the forward-looking two-year stock return of the median firm in
the industry is less than —30%. Note that when a CEO steps down, the value
of the distress indicator remains constant at its value at departure. Control
variables are contained in vector X; ;. In our baseline specifications, the con-
trols include a CEQO’s chronological age, time trends (linear or fixed effects),
and location fixed effects. The location fixed effects are based on firms’ state of
headquarters and absorb state-level characteristics such as general business
conditions and pollution to the extent that such factors are time-invariant. We
also present specifications with birth-cohort fixed effects. We cluster standard
errors at the three-digit SIC code level, at which industry shocks are defined
(Abadie et al. (2017)).

B. Graphical Evidence

Before presenting the main estimation results, we provide graphical evi-
dence on the mortality effects of CEOs’ exposure to industry distress. Figure 5
plots Kaplan-Meier survival graphs, with the vertical axis showing the sur-
vival rate and the horizontal axis the time elapsed (in years) since becom-
ing CEOQO, split by whether CEOs experienced industry distress during their
tenure. The nonparametric Kaplan-Meier estimator discretizes time into inter-
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Figure 5. Kaplan-Meier survival estimates. This figure shows Kaplan-Meier survival plots
of the relation between industry distress experience and longevity. The vertical axis shows the
fraction of CEOs who are still alive. The horizontal axis reflects time elapsed (in years) since a
person became CEOQ. The figure compares the survival of CEOs who never experienced industry-
wide distress during their tenure (dark blue) to that of CEOs who did experience such distress
(light red). The figure focuses on CEOs appointed up to 10 years prior to the retirement age of
65 and stepping down up to 10 years after the retirement age. (Color figure can be viewed at
wileyonlinelibrary.com)

vals t1, ..., ¢; and is defined as )»fM = 9, where f; is the number of spells end-
J

ing at time ¢; and r; is the number of spells at risk at the beginning of time ¢;.

For the graphical presentation, we restrict the sample to CEOs who were
appointed no earlier than 10 years prior to the retirement age of 65 and who
stepped down no later than 10 years after the retirement age.2? This restric-
tion increases similarity with respect to age among CEOs and thus accounts
indirectly for age being a strong predictor of both mortality and treatment (due
to the fact that once treated, CEOs remain classified as treated in subsequent
years). In the univariate Kaplan-Meier survival graphs, we cannot control for
age directly since these graphs plot survival unadjusted for covariates. In our

20 Internet Appendix Figure IA.7 plots the retirement hazard for CEOs in our main sample.
The figure confirms a large spike in retirements at age 65, consistent with the evidence in Jenter
and Lewellen (2015). Although CEOs may continue to work after stepping down, few (32 in total)
become CEO at another firm in our sample.
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Table IV
Industry Distress and Mortality

This table shows hazard coefficients estimated from a Cox (1972) proportional hazards model.
The dependent variable is an indicator that equals 1 if the CEO dies in a given year. The main
independent variable Industry Distress is an indicator of a CEO’s exposure to industry distress
shocks. All variables are defined in Section I of the Internet Appendix. Standard errors, clustered
at the industry level, are shown in brackets. *p < 0.10, **p < 0.05, ***p < 0.01.

(1) (2) (3) (4) (5) (6)

Industry Distress 0.108** 0.103* 0.147** 0.140** 0.137** 0.178***
[0.053] [0.055] [0.058] [0.059] [0.061] [0.063]
Age 0.119%* 0.119%* 0.121% 0.117** 0.117%* 0.125%*
[0.006] [0.006] [0.007] [0.006] [0.006] [0.007]
In(Pay) —0.005 -0.011 0.011
[0.045] [0.046] [0.047]
In(Assets) —0.078 —0.084* —0.091*
[0.047] [0.048] [0.052]
In(Employees) 0.029 0.033 0.038
[0.049] [0.049] [0.051]
Year —0.003 0.001
[0.005] [0.006]
FF49 Strata Y Y Y Y Y Y
Location FE Y Y Y Y Y Y
Year FE Y Y
Birth Year FE Y Y
No. of CEOs 1,900 1,900 1,900 1,818 1,818 1,818
Observations 58,034 58,034 58,034 55,796 55,796 55,796

Cox (1972) regressions below, we are able to directly control for age as a covari-
ate in the model.

Figure 5 shows that the survival line for CEOs who were exposed to in-
dustry distress during their tenure is visibly left-shifted at longer horizons,
that is, distressed CEOs have significantly worse long-run survival patterns
than nondistressed CEOs. For example, about 67% of distressed CEOs passed
away within 30 years of their appointment, whereas this percentage is only
reached after approximately 32 years in the nondistressed CEO group. The
hazard coefficient on industry distress corresponding to the survival patterns
in Figure 5 is 0.178, which is in the ballpark of the Cox (1972) regression esti-
mates that we discuss next. The survival plot offers initial, suggestive evidence
that experiencing industry distress as CEO is associated with adverse conse-
quences in terms of life expectancy. Our hazard analysis below formalizes the
observed patterns.

C. Main Results

Table IV presents the hazard model results on the relationship between in-
dustry distress and CEOs’ mortality rates, based on equation (3) and strati-
fied by industry. All columns show the estimated hazard coefficients (8, §). A
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coefficient greater than zero indicates that the risk of failure (death) is posi-
tively associated with a given variable.

The specification in column (1) estimates the model with the industry
distress indicator, a linear control for age, a linear control for time trends,
and location fixed effects based on firms’ state of headquarters, which absorb
state-level characteristics such as general business conditions and pollution
to the extent that such factors are time-invariant. In column (2), we replace
the linear time control with year fixed effects, and in column (3), we include
CEO birth-year fixed effects instead of year fixed effects. Columns (4) to (6)
reestimate columns (1) to (3), including as additional control variables CEO
pay (from Gibbons and Murphy (1992)) and firm size (assets and employees
from Compustat). These controls are available for 96% of sample observations.

Across specifications, we estimate a robust and statistically and economi-
cally significant effect of industry distress on the mortality hazard. Averaging
the estimates across columns, distress experience increases CEOs’ log mortal-
ity hazard by 0.136, that is, given a hazard ratio of exp(0.136) = 1.145, the
mortality hazard increases by 14.5%.%!

Turning to the control variables, the effect of age is significantly positive
across specifications, reflecting the fact that older people have a higher risk of
dying. Note that the linear age term is motivated by the Gompertz (1825) “law
of mortality,” the empirical regularity that the risk of dying follows a geometric
increase after middle age (Olshansky and Carnes (1997)). We obtain virtually
identical estimates when including higher order age terms. The linear time
control in columns (1) and (4) is close to zero and insignificant, suggesting no
general time trends in the survival of CEOs over the sample period.

Economic Significance. One way to evaluate the magnitude of the estimated
distress effect on longevity is relative to other predictors, in particular, relative
to age: what increase in chronological age does the effect of distress exposure
on mortality correspond to? Averaging across all columns, the estimated ef-
fect of age on the log mortality hazard is 0.120. This means that the effect of
industry distress exposure corresponds to the effect of being 1.1 years older
(0.136/0.120 ~ 1.1).

This “in-sample” comparison has the advantage that it is based on data from
the sample CEOs, who have a higher baseline life expectancy. Alternatively,
we can compare the estimated mortality hazard with mortality statistics of the
general U.S. population. For example, at age 57 (the median CEO age in our
sample), the one-year mortality rate of a male American born in 1927 (the me-
dian birth year in our sample) is 1.337% (Human Mortality Database (2019)).
Industry distress experience while CEO pushes this rate up to 1.532%, which
is roughly the mortality rate of a male born in 1927 at age 59, that is, when
two years older.

21 Results using firm distress instead of industry distress find coefficients of a smaller magni-
tude, although within the confidence intervals of the industry distress estimates. A possible reason
could be that robust CEOs select into vulnerable firms. Another possibility is that industry-wide
shocks bring about a broader set of stressors than those arising from own-firm performance, such
as lenders being less willing to support firms in a declining industry.
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Finally, we can compare our mortality estimates to the estimated effect of
other economic stressors in different populations. For example, in Sullivan and
Von Wachter (2009), job displacement increases the mortality hazard by 10% to
15% and reduces life expectancy by 1 to 1.5 years. This effect is similar to our
industry distress point estimates, although as already noted, job displacement
reduces time and effort spent at work (Krueger and Mueller (2012)), whereas
industry distress leads CEOs to spend more time and effort at work. Nicholas
(2023) estimates larger mortality differences in his sample of General Electric
employees, finding that working as an executive was associated with a three-
to five-year reduction in longevity compared to lower hierarchy employees.

Another benchmark for comparison are other known health threats. For
example, smoking until age 30 is associated with a reduction in longevity of
roughly one year (Jha et al. (2013)). The reduction in life expectancy from
industry distress exposure is thus slightly larger than the reduction from
smoking in the first three decades of one’s life.

In sum, unexpected changes in the work environment and in the job de-
mands of CEOs arising from industry-wide distress have substantial health
consequences not only in terms of short- to medium-term visible aging, but
also in terms of long-term mortality.

D. Robustness Tests and Mechanisms

We perform several additional robustness tests, with all figures and tables
relegated to Section III of the Internet Appendix.

First, to further examine potential confounds around heterogeneity in life
expectancy over time, and this heterogeneity being correlated with industry
distress exposure, Internet Appendix Table IA.XIV estimates alternative
specifications that allow the effect of age on mortality to be cohort-specific.
Specifically, we sort CEOs into quintiles based on birth year and allow for
separate age estimates. Although there are small differences in age effects
across CEO cohorts, the industry distress coefficients are little affected and
remain statistically and economically significant.

Second, we reestimate the effect of industry distress when varying the cen-
soring year for CEOs’ alive status. This check alleviates concerns that we may
have failed to identify some deaths, thereby granting “extra years” of life to
these CEOs!!. The coefficients remain stable as we gradually move the censor-
ing date for CEOs identified as alive as of October 2017 from October 1, 2017
to December 31, 2010 (Internet Appendix Figure IA.8).

Third, we explore specific recession periods similar to the analysis in Sec-
tion II, such as the 1987 stock-market downturn or the recession of 1981-1982.
However, fewer than 5% of the CEOs in our sample experienced either of these
shocks so we lack statistical power when applying the same methodology. The
corresponding estimates indicate that CEOs who experienced these specific
shocks tend to have a higher mortality hazard, but they are generally not
statistically significant.
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We also explore the availability of data on the causes of death, as they might
elucidate the mechanisms relating industry downturns to mortality. We find
that cause of death is sometimes reported in CEOs’ obituaries and in news
articles, albeit less commonly than date of death, and it is never reported on
Ancestry.com, one of our primary sources for death dates. We are able to extract
cause of death information for 493 of the 1,247 CEOs who passed away in our
sample. Within this relatively small and possibly selected sample, industry
distress is associated with a higher frequency of deaths due to heart disease or
stroke, and a lower frequency of deaths due to cancer or Alzheimer’s disease.
We lack power, however, to rule out that these differences are due to chance.

In summary, while the results are robust to a wide range of mortality speci-
fications, the data do not allow us to pin down specific crises or specific medical
causes of mortality.

IV. Corporate Monitoring and Life Expectancy

In our final analysis, we exploit the staggered passage of antitakeover laws
across U.S. states in the mid-1980s as the source of identifying variation to
study CEO mortality effects.

A. Empirical Strategy

Our main analysis continues to use the Cox (1972) proportional hazards
model, again stratified by industry. First, we estimate a modified version of
equation (3):

In )»(t|BCi't,Xi’t) =In )\‘Oﬁj(t) + 8 I(Bci,t) + 4 it 4)

where I(BC;;) is an indicator variable equal to 1 if CEO i in industry j has
been exposed to a BC law by year ¢. As in Section III.A, in the baseline mod-
els X;; includes chronological age, time trends (or fixed effects), and state-
of-headquarters fixed effects. We also verify again that all of our results are
robust to specifications that account for CEO birth cohorts. Furthermore, we
add as an additional control an indicator variable capturing a CEO’s exposure
to first-generation antitakeover laws to all specifications. Karpoff and Wittry
(2018) emphasize the importance of accounting for the historical political econ-
omy of the BC laws and therefore include a control for first-generation laws in
their empirical tests. In Section IV.D, we also implement a host of further ro-
bustness tests proposed by Karpoff and Wittry (2018).

Second, we test for differential effects depending on BC law exposure in-
tensity. Given that the laws led to a permanent corporate governance regime
change, rather than a temporary exposure (as in the case of industry distress),
we replace the indicator I(BC; ;) with a measure BC;; that counts the exposure
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length in years until year ¢:2
In A(¢|BC;;, X;¢) =1n X j(t) + BBC;; + 8 X; ;. (5)

Relative to the binary measure, the cumulative exposure measure is more
prone to endogeneity concerns for long-serving CEOs. We address this concern
in Section IV.D, where we examine initial versus incremental exposure as well
as predicted exposure length.

As with the distress indicator in the previous section, the values of the BC
law indicator and BC law exposure length variables remain constant once
a CEO has stepped down. We now cluster standard errors at the state-of-
incorporation level, given that the BC laws apply based on firms’ state of in-
corporation (Abadie et al. (2017)).

B. Graphical Evidence

We again start by plotting Kaplan-Meier survival graphs. As in Figure 5,
we focus on CEOs who started and ended their tenure within +/ — 10 years
around the retirement age of 65, so that the univariate plots account for CEO
age to some degree.

Panel A of Figure 6 plots the survival lines of this set of CEOs, comparing
those who became CEO in the 1970s and were never shielded by a BC law,
those who became CEO in the 1980s and were not shielded by a BC law, and
those who became CEO in the 1980s and were insulated by BC law protection
during their tenure.?3

Two results emerge. First, the survival patterns of the 1970s and 1980s co-
horts without BC exposure are remarkably similar, allaying concerns that our
BC law—mortality results pick up general changes in survival patterns between
the 1970s and 1980s. Second, the survival line for the 1980s cohorts with BC
exposure is visibly right-shifted compared to the no-BC-cohorts. For example,
20 years after their appointment, about 25% of CEOs in the 1980s cohorts
without BC exposure had died, whereas it takes closer to 25 to 30 years for a
similar share of CEOs in the 1980s cohorts with BC exposure to die.

To address concerns about systematic differences between BC and non-BC
states affecting the results, Panel B reshuffles CEOs in Panel A’s no-BC-
cohorts, grouping them by whether their state eventually enacted a BC law
after the CEO stepped down (light blue) or not (dark blue). The survival
lines for these groups are virtually identical. Only CEOs in BC states with
BC exposure (light red) show a more beneficial survival curve. Thus, there is

221n these specifications, we also replace the indicator for first-generation law exposure with
an exposure length measure. In both cases, we calculate exposure length up to daily precision. For
example, Delaware’s BC law was adopted on Feburary 2, 1988, and a CEO’s exposure in Delaware
in 1988 is calculated as BC; 1988 = w =0.92.

23 For the 1970s cohorts, maximum elapsed time since our sample start is ¢ = 47.75 (time
elapsed between January 1, 1970 and the censoring date, October 1, 2017). Similarly, for the 1980s
cohorts, maximal elapsed time is ¢ = 37.75. We restrict the graph to periods when at least 10 CEOs

in either cohort group are uncensored, explaining the slightly differential ends of the survival lines.

85US017 SUOLULLOD) SAIER.1D 3 (qedtjdde au Aq peuienob e sajone VO ‘95N J0'Sa|nu 0} ALId1T8UIUO AB]IAM UO (SUOIIPUOD-PUE-SLLBILIOY A8 1M Ale.q U jUO//StY) SUOTIPUOD PUe WS | 8U) 89S *[9202/60/80] UO Areiqiauluo AB]1M elteAlfsued JO Aisieaun Aq L6vET IOITTTT OT/I0p/W0d M| 1m Akeiqijeut|uo//sdny Wwouy pspeojumoq '9 ‘SZ0e ‘T9290vST



CEO Stress, Aging, and Death 3431

(A) By cohort (B) By state
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Figure 6. Kaplan-Meier survival estimates. This figure shows Kaplan-Meier survival plots
for the relation between antitakeover law protection and longevity. The vertical axis shows the
fraction of CEOs who are still alive. The horizontal axis reflects time elapsed (in years) since a
person became CEOQO. Panel A compares the survival of CEOs starting in the 1970s who never
served under a BC law (dark blue) to those who became CEO in the 1980s and never served under
a BC law (light blue) and those who became CEO in the 1980s and were eventually exposed to
a BC law (light red). Panel B splits the CEOs from Panel A based on whether their state never
passed a BC law (dark blue), passed a BC law after the CEO stepped down (light blue), or passed
a BC law while in office (light red). As in Figure 5, both panels focus on CEOs appointed up to 10
years prior to the retirement age of 65 that had stepped down up to 10 years after the retirement
age. (Color figure can be viewed at wileyonlinelibrary.com)

no evidence of BC states being inherently different prior to BC enactment.
We also note that all estimations below include location fixed effects and are
robust to using state-of-incorporation fixed effects.

The survival plots suggest significant adverse consequences in terms of life
expectancy associated with serving under more stringent corporate governance
regimes. The underlying hazard coefficient on BC law exposure is —0.228,
which is very similar to the Cox (1972) hazard model results we turn to next.

C. Main Results

Table V shows the hazard estimates based on empirical model (4) in the
first four columns and based on model (5) in the last four columns, that is,
in columns (1) to (4) we summarize the total effect of BC law exposure with
the indicator I(BC;;), which is equal to 1 if CEO i had been exposed to a BC
law by time ¢, and in columns (5) to (8) we estimate the linear effect in years
of exposure, BC;,. We include fixed effects and controls as in the Table IV
specifications with year controls (linear or fixed effects), in addition to the
control for first-generation law exposure.

Across all columns, we estimate a statistically and economically strong effect
of BC law protection on mortality. For the BC indicator in columns (1) to (4),
the hazard coefficient ranges from —0.198 to —0.234. For the cumulative BC
exposure measure in columns (5) to (8), the coefficient ranges from —0.037 to
—0.040. Averaging the latter estimates across columns, a one-year increase in
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Table V
Business Combination Laws and Mortality

This table shows hazard coefficients estimated from a Cox (1972) proportional hazards model.
The dependent variable is an indicator that equals 1 if the CEO dies in a given year. The main
independent variables are a binary indicator of BC law exposure, I(BC), in the left four columns
and a count variable of years of exposure, BC, in the right four columns. All variables are defined in
Section I of the Internet Appendix. Standard errors, clustered at the state-of-incorporation level,
are shown in brackets. *p < 0.10, **p < 0.05, ***p < 0.01.

(1) (2) 3 4 (5) (6) (N (8)

I(BC) —0.234** —0.229** —0.208** —0.198**
[0.086] [0.083] [0.085] [0.081]
BC —0.040** —0.039*** —0.038*** —0.037***
[0.006] [0.006] [0.008] [0.008]
1(FirstGen) —-0.035 —0.101* —0.036 —0.109**
[0.048] [0.047] [0.042] [0.043]
FirstGen —-0.016 —0.024* —-0.012 —0.020*
[0.014] [0.014] [0.011] [0.011]
Age 0.111** 0.112** 0.111** 0.112** 0.108** 0.108** 0.109*** 0.109***
[0.004] [0.004] [0.005] [0.005] [0.004] [0.004] [0.005] [0.005]
In(Pay) 0.001 0.001 —0.009 —0.008
[0.035]  [0.035] [0.040] [0.040]
In(Assets) —0.030 —0.040 —0.007 —-0.015
[0.035]  [0.035] [0.032] [0.032]
In(Employees) 0.004 0.008 —0.013 —0.012
[0.032] [0.032] [0.033] [0.034]
Year —0.001 —0.001 —0.003 —0.002
[0.005] [0.005] [0.006] [0.006]
FF49 Strata Y Y Y Y Y Y Y Y
Location FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y

No. of CEOs 1,605 1,605 1,553 1,653 1,605 1,605 1,553 1,553
Observations 50,530 50,530 49,052 49,052 50,530 50,530 49,052 49,052

exposure to more lenient governance is estimated to reduce a CEQ’s mortal-
ity risk by 3.8%. For a CEO with typical BC law exposure, both BC exposure
measures imply very similar effects on longevity.2*

The estimated effects of control variables on mortality rates mirror those in
Table IV, with the linear time control being insignificant and age strongly pre-
dicting mortality rates. The coefficients on the first-generation antitakeover
controls are negative throughout, pointing to health benefits also arising also
from first-generation law protection. These estimates are not reliably signifi-
cant, however, and their magnitudes fluctuate across specifications.

Economic Significance. The estimates pertaining to the BC exposure vari-
ables imply meaningful effect sizes. First, we again use the “in-sample” com-
parison to other CEOs. Based on the average hazard coefficient estimates from
the specifications with the BC indicator variable (—0.217 for BC exposure and

24 The cumulative measure estimates a 16% shift in mortality hazard associated with the me-
dian BC exposure of 4.41 years, close to the 18% to 21% shift estimated with the BC indicator.
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0.112 for age), the effect of BC law protection on mortality is equivalent to be-
ing about two years younger. This effect size is of a similar order of magnitude
as the 1.1-year increase estimated for exposure to industry distress. The some-
what larger mortality effect, compared to the industry shock experience, might
reflect the more permanent nature of the BC law experience.

Second, we again use the general U.S. population life tables to assess the
magnitude of the estimate. Here, the median exposure to lenient governance
of 4.41 years pushes the 1.337% mortality rate of males born in 1927 down to
1.128%, which is roughly the mortality rate of males born in 1927 at age 54.5,
that is, when 2.5 years younger.

As with the industry distress analysis, we also collect data on the causes of
death. We are able to locate information for 450 of the pre-BC law CEOs, which
accounts for about 35% of passed CEOs in the pre-BC-law sample. The data do
not allow us to detect a specific cause of death as the driver of the relationship
between BC laws and lifespan, although the frequency of strokes is somewhat
higher in the high-job-demands (i.e., non-BC) subsample, as in the industry
distress analysis.

Overall, we find variation in job demands based on antitakeover laws to be
associated with substantial mortality effect sizes.

D. Robustness Tests

Our results are robust to a series of additional tests, some analogous to the
robustness checks of the distress—longevity relation in Section III.D, and some
specific to the use of antitakeover laws as a source of identifying variation. We
provide a brief overview of the tests here; we present a detailed discussion of
the tests in Section IV of the Internet Appendix.

Other Specifications and Sample Choices. We first test and confirm that our
results are robust to using birth-year fixed effects, using the same specification
as in columns (3) and (6) in the industry distress regressions in Table IV (Inter-
net Appendix Table IA.XVI). Mirroring the robustness test in Section III.D, the
results also hold with age-by-birth-cohort controls (Internet Appendix Table
TA XVID).

Next, as in Section III.D, our results are robust to different censoring date
choices (Internet Appendix Figure 1A.10).

Finally, while it is standard in the BC law literature to assign location
fixed effects based on firms’ headquarters (Gormley and Matsa (2016)), the
results are robust to using state-of-incorporation fixed effects (Internet Ap-
pendix Table TA.XVIII). The stability of the estimates suggests that firm loca-
tions do not affect the relationship between governance and longevity. Alter-
natively, the results are robust to keeping state of headquarters fixed effects
but dropping CEOs who stepped down significantly before the passage of the
BC laws (Internet Appendix Figure IA.11), which further ameliorates concerns
specific to the BC law results around differences between BC-protected and
nonprotected CEOs.
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Other Antitakeover Laws. The results are also robust to using the first-time
enactment of any of the five second-generation antitakeover laws as a source
of identifying variation (Internet Appendix Table IA.XIX). This test highlights
that our results should be interpreted more broadly, applying to different cor-
porate governance mechanisms rather than narrowly to BC laws.

Karpoff-Wittry and Related Tests. All results are robust to the extensive
robustness checks proposed in Karpoff and Wittry (2018). We account for
firms lobbying for the passage of BC laws or opting-out, as well as confound-
ing effects of firm-level defenses, and further restrictions based on the first-
generation antitakeover laws (Internet Appendix Tables IA.XX and TA.XXI).
Additionally, the results are robust to data cuts based on state of incorporation
and industry affiliation (Internet Appendix Table IA XXII).

Nonlinear Exposure Effects and Predicted Length of Exposure. The final two
robustness checks address concerns that the cumulative BC specification in
equation (5) picks up CEOs’ endogenous selection into a long tenure. We note
that this concern does not apply to the indicator strategy, and thus does not
threaten our main findings in Table V; it only relates to the magnitude of the
per-year estimates in columns (5) to (8).

We first address this concern by separately examining the mortality effects of
initial years and incremental years of BC law exposure. Columns (1) and (2) in
Internet Appendix Table IA.XXIII reestimate columns (5) and (6) of Table V,
but with BC;; split into below- and above-median exposure, BC(I’rlm P59 and

C(""r’1 max) . Here, the below-median exposure variable counts exposure years
up to the sample median (conditional on exposure) of 4.41 years and the above-
median exposure variable records incremental exposure.?’ In both columns,
the hazard coefficient on below-median BC exposure is strongly significant.
By contrast, the coefficient on above-median BC exposure is close to zero and
insignificant. These results imply that the estimated survival gains are driven
by the initial years of reduced monitoring, rather than by the tails of long-
tenured CEOs.

Second, we estimate a hazard model using a CEO’s predicted rather than
true length of BC exposure. The prediction model only uses information from
prior to the BC law passage to predict CEOs’ remaining tenure over time, from
which predicted BC exposure is derived; see Section IV of the Internet Ap-
pendix for full details. The results are reported in columns (3) and (4) of In-
ternet Appendix Table IA . XXIII. The hazard coefficient estimates of —0.042 in
both columns are very similar to those in Table V, while the standard errors,
now bootstrapped (since we use a generated regressor), are larger.®

25 For example, for a CEO with a current BC exposure of four years, BC(min 750 would take the

value of 4 and BC(p 51-max) the value of 0. In the following year (¢ + 1), BCimjrnl 50 would be set

to 4.41 and BCE‘;ill maX) to 0.59. In year ¢ + 2, BCEI;TQ P50) would remain at 4.41, and BCEptilz max)
would increase to 1.59.

26 A regression of true BC exposure on predicted exposure yields a coefficient of 1.215, which
indicates that the prediction well approximates the true exposure. The estimated effects remain

sizable if we divide them by 1.215, amounting to —0.042/1.215 = —0.035.
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In Section IV of the Internet Appendix, we also analyze how tenure responds
to antitakeover laws. We find evidence of increases in tenure under BC laws,
consistent with the laws affecting managers’ perceptions of job demands.

E. Business Combination Laws and CEO Pay

The permanent corporate governance regime changes induced by BC laws
also lend themselves to studying the extent to which managers account for
the health implications of their jobs, for example, in negotiating pay. We con-
duct a simple calibration exercise that builds on the literature on the value
of a statistical life (Viscusi and Aldy (2003)). (See Section IV of the Internet
Appendix for details.) We estimate that, if CEO pay reflects working condi-
tions, then a reduction in mortality risk of 4.0% per year of BC exposure (as
estimated in column (5) of Table V) would imply a change in CEO pay between
—2.5% and —10%.2" By contrast, when we turn from the theoretical calibration
to the empirical relationship between BC law protection and pay, we estimate a
positive albeit statistically insignificant effect of BC law passage on pay (Inter-
net Appendix Table IA.XXIV). The estimates indicate a pay increase of around
4.5% to 7.6%.?8 The apparent lack of a compensating differential casts doubt
on whether all parties fully account for the health implications of different
governance regimes.

V. Conclusion

In this paper, we assess the health consequences of being exposed to in-
creased job demands and a more stressful work environment while in a
high-profile CEO position. We analyze the consequences for CEOs’ aging and
mortality using two sources of variation in job demands, namely, industry-wide
distress shocks and the staggered introduction of antitakeover laws.

We first show that industry distress is reflected in short- to medium-term
signs of adverse health consequences—faster visible aging. To the best of our
knowledge, we are the first to collect and use panel data of facial images and
apply ML-based apparent-age estimation software in social science research.
Implementing a difference-in-differences design that exploits variation in
industry distress during the Great Recession, we estimate that CEOs who
experienced industry distress during the 2007 to 2008 financial crisis look
roughly one year older than those whose industry did not suffer the same level
of distress. The effect of distress on aging becomes slightly larger over time,
increasing to 1.18 years if we analyze images from 2012 and afterward.

Using an earlier CEO sample, we next document more long-term ad-
verse health outcomes associated with strenuous job demands. CEOs who

27 We thank Xavier Gabaix for suggesting this calibration exercise.

28 In comparing the results to the earlier work (Bertrand and Mullainathan (1998)), who esti-
mate a (more significant) 5.4% pay increase, it is important to note that our analysis is conducted
on our CEO Mortality Data Set, a CEO-level sample, and restricts the sample to incumbent pre-
BC CEOs.

85U8017 SUOWWOD BRI 3|dedl|dde 8L Ag peunob ae sl VO ‘88N J0 SaIN1 10} ARIq1T8UIUO A8|IAM UO (SUONIPUCD-PUE-SWB) /D" A3 | 1M ATeIq 1T |UO//:SONY) SUORIPUOD pUe Swie | 8y} 88S *[9202/60/80] UO AriqiTaulluo A8|IM lLeAsuled JO AISRAIUN AQ L6VET HOITTTT OT/I0pAL0S 8| 1M AfelqIjeul|uo//Sdny wouy papeojumoq ‘9 ‘SZ0g ‘T9Z90VST



3436 The Journal of Finance®

experienced periods of industry-wide distress during their tenure die sig-
nificantly earlier. We estimate a mortality effect corresponding to that of a
1.1-year increase in chronological age. In line with these results, we observe
significant improvements in life expectancy for CEOs who became shielded by
an antitakeover law during their tenure.

In sum, our results indicate that financial distress and stricter corporate
governance regimes—the latter of which are generally viewed as desirable
and welfare-improving—impose significant personal health costs on CEOs. Al-
though we lack direct physical or medical measures of heightened stress, the
evidence implies a substantial personal cost for CEOs in terms of their health
and life expectancy. As such, our findings also contribute to the literature on
the trade-offs between managerial incentives and private benefits arising from
the separation of ownership and control. We document and quantify a pre-
viously unnoticed yet important cost—personal health cost—associated with
serving under strict corporate governance.

Our findings suggest further avenues of investigation. One open question
is whether managers fully account for these personal health costs as they
progress in their careers, and how these costs affect selection into service as
a CEO. Are some high-ability candidates for a Forbes-level CEO career more
aware of these consequences than others and select out? Alternatively, candi-
dates might differ in their preferences, with some embracing the “wild ride” of
a CEO career and others aiming for a healthier and more balanced life.

Another important question is which jobs and hierarchy levels come with
the largest adverse health consequences. For the reasons discussed in the
introduction, the highest tier of management is important to study because
of their impact on firm outcomes and the identification opportunities it offers.
But managers just one tier below might be more affected by work-related
stressors, and workers at the bottom might suffer the most, also in light of
looming financial hardships. Going beyond the realm of corporations, we might
hypothesize that minimum wage and temporary workers with rigid schedules,
such as delivery drivers, suffer even more. Or, it could be the case that people
in “life-or-death” jobs, such as emergency room doctors and airline pilots,
have more adverse health consequences. In all cases, it would be important
to understand the health consequences and explore whether any dimension of
compensation responds to these job demands.

Finally, another promising avenue is the more fine-grained identification
of stressors. Which aspects of individual job situations and which decisions
tend to have the largest adverse health consequences, for either management
or regular employees? In the context of CEOs, our results on the mortality-
improving effects of takeover protection point to a role for shareholder scrutiny
and disciplining mechanisms. Our results on accelerated aging and mortality
in response to industry distress suggest that recession-triggered “tough”
decisions such as downsizings and layoffs may also be particularly relevant.?’

29 We also explore whether the adverse health outcomes in response to industry-wide equity-
value declines vary with CEO compensation structures. We find no evidence that the mortality or
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Consistent with a mechanism related to layoffs, Guenzel, Hamilton, and Mal-
mendier (2025) find evidence of a personal cost for CEOs associated with firing
employees. Furthermore, heightened workplace stress can also adversely
affect other aspects of life, including marriage, divorce, and parenting. We
leave these topics for future research.
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