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ARTICLE INFO ABSTRACT

Keywords: In the context of self-employment, which is characterized by risk and uncertainty, epinephrine
Cortisol could elicit a “fight or flight” response. However, little attention has been given to what factors
Dual hormone theory could differentiate those who ‘fight’ (i.e. pursue self-employment) versus those who ‘fly’ (i.e.
Epinephrine

forgo pursuing self-employment). Moving from individual and social explanations on drivers of
self-employment as an occupational choice, we propose that the association between epinephrine
and self-employment could be conditional on levels of a second hormone, namely cortisol. Based
on a sample of 273 individuals from the Midlife in the United States (MIDUS 2) study,
2004-2006, and controlling for a wide variety of factors, epinephrine is not associated with self-
employment on its own, however, it is associated with self-employment at low levels of cortisol.
We are among the first to demonstrate a link between the dual influence of epinephrine and
cortisol and self-employment.

Self-employment

1. Introduction

The influence of biological factors on self-employment is at the core of a growing stream of research. A number of recent studies
have examined various potential biological links to self-employment, ranging from genetic factors (Nicolaou and Shane, 2009; Shane
et al., 2010) to mental health conditions (Verheul et al., 2016; Wiklund et al., 2016). Of late, there has been a growing interest in the
neuroendocrinology of self-employment and entrepreneurial activity. For example, evidence suggests that individual differences in
testosterone can influence entrepreneurial activity (White et al., 2006) and that greater exposure to prenatal testosterone can benefit
new venture performance (Guiso and Rustichini, 2011). However, most of this stream of research has focused on the influence of a
single hormone. Motivated by recent work on the dual hormone hypothesis from the field of neurophysiology (Mehta and Prasad,
2015), we develop and test a model intended to further our understanding of the joint association of hormones with self-employment
as an occupational choice.

Our proposition that cortisol modulates the association between epinephrine and self-employment is based on that logic that
specific stress conditions, along with the way that individuals appraise those conditions, can produce distinct emotional and phy-
siological responses (referred to as the integrated specificity model) (Kemeny, 2003). Evidence suggests that cortisol and epinephrine
control opposing circadian systems, which results in markedly different effects with regards to the immune system response to stress
(Dimitrov et al., 2009), and could suggest a similar deviation with regards to their association in terms of the neuroendocrinological
response to self-employment related stress as well. Because both cortisol and epinephrine can influence memory and learning (Cahill
and Alkire, 2003) as well as emotional regulation and activity (Lanau et al., 1997), uncovering how specific levels of each are
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associated with self-employment could provide important insights, and could shed light onto a relatively understudied neuroendo-
crinological predictors of self-employment.

This article makes several important contributions. First, we extend the literature regarding the potential relationship between
hormones and self-employment (Sapienza et al., 2009; White et al., 2006). While previous research has focused primarily on the
influence that testosterone might have on self-employment, our study provides evidence that self-employment could also be related to
other hormones, namely epinephrine and cortisol, and that these relationships are potentially complex in nature. Second, we respond
to recent research calling for the need to allocate more attention to human physiology across a wide range of management phe-
nomena (Heaphy and Dutton, 2008). Finally, we extend research regarding the dual hormone hypothesis from the field of neuro-
physiology, and demonstrate that this perspective could have important implications for the study of entrepreneurship.

2. Epinephrine, cortisol, and self-employment

Despite the limited research on the topic, evidence suggests that epinephrine, also known as adrenaline, can play a key role in self-
employment as an occupational choice. Epinephrine has been linked to risk taking (Kreek et al., 2005) and impulsivity (Evenden,
1999), particularly as it relates to voluntary actions and behaviors associated with self-employment (Lupton and Tulloch, 2002).
Moreover, sensation-seeking personality traits have been shown to be associated with elevated levels of epinephrine (Gerra et al.,
1999). Thus, higher levels of epinephrine could be associated with individuals who crave more novel, higher risk experiences, and
one way to discover such experiences is through self-employment. It is important to note that epinephrine is commonly associated
with “fight or flight” behavior (Black, 1994), and while some individuals will likely seek out and thrive on self-employment as
associated with levels of epinephrine it is possible that for others, the response could result in a rapid “flight” away from such stressful
activities. As such, it is important to understand the conditions that could facilitate either the “fight” or “flight” response elicited
under such circumstances, with one potential influence being the presence of other hormones.

Based off the dual hormone hypothesis in neurophysiology (Mehta and Prasad, 2015), we propose that the association between
epinephrine and self-employment could be conditional on levels of a second hormone, namely cortisol. The dual hormone hypothesis
by Mehta and Prasad (2015) states that the influence of testosterone on human behavior can be conditional, in part, on cortisol levels.
In a similar vein, we extend this logic to explain how the association between epinephrine and self-employment could be modulated
by cortisol levels — for epinephrine to be positively associated with self-employment, cortisol levels must be lower. From a physio-
logical perspective, elevated cortisol and epinephrine levels have been linked to increased stress and high risk behavior (Schmitt
et al., 1998), elevated levels of anxiety (Lederman et al., 1978), and the likelihood of experiencing post-traumatic stress disorder
(PTSD) after traumatic events (Delahanty et al., 2005). However, while substantial evidence has established the potential for uni-
lateral increases in both cortisol and epinephrine in association with stress, relatively less attention has been given to the differential
responses that can be elicited from the underlying systems responsible for cortisol and epinephrine regulation.

This is important to note because epinephrine and cortisol represent hormonal components of the two primary brain stress-
response systems; namely the sympathetic nervous system (epinephrine) and the hypothalamic—pituitary—adrenal (HPA) axis (cor-
tisol). Thus, it is possible for both epinephrine and cortisol to be stimulated by similar events, although not necessarily in a uniform,
consistent manner. The Integrated Specificity Model (ISM) states that the specific conditions of stress events, along with the unique
way an individual appraises those conditions, can produce qualitatively distinct emotional and physiological responses (Kemeny,
2003). Therefore, it is possible that while production of both epinephrine and cortisol are likely to be stimulated by similar events, the
relative levels of each can vary depending upon individual and situational variances. Furthermore, since the predominant effects of
each hormone can vary, it is imperative that we develop a more comprehensive understanding of the nuanced relationship between
self-employment and both epinephrine and cortisol. As such, we expect that epinephrine will have a differential relationship with
self-employment depending upon the levels of cortisol present.

Research question 1: Will epinephrine have a differential relationship with self-employment at low versus high levels of cortisol?

3. Materials and methods
3.1. Participants

To test for the proposed associations, we drew on data from the National Survey of Midlife Development in the United States
2004-2006 (MIDUS II) (Swann et al., 2013), a comprehensive study of individuals between 35 and 86 years of age. MIDUS II
measures a variety of behavioral and psychological characteristics, including biomarkers. A detailed description of sampling and data
collection procedures are available at http://midus.colectica.org/.

The first wave of MIDUS started in 1995. The data was gathered from non-institutionalized individuals in the contiguous United
States, and the participants were between the ages of 25 and 76. The next wave, MIDUS II, was conducted between 2004 and 2006. In
addition to survey and phone interviews, 3308 participants were recruited for providing biomarker samples. Among the 3308
participants 338 were ineligible, and of the remaining individuals 1054 completed the biomarker component. For the biomarker
component, individuals completed two-day visits to one of three clinics located on the either the East coast, Midwest, or West coast of
the United States. The examination included a health assessment, fasting blood draw, and overnight 12-hour urine collection (from
19:00 on the previous day to 7:00 on the next day). Additional analyses conducted by MIDUS II collaborators indicates no significant
difference between biomarker and non-biomarker participants on the dimensions of age, sex, race, marital status, income, and health
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(Dienberg Love et al., 2010). We used no filters, and based on casewise deletion, our final sample for analyses included 273 in-
dividuals with complete data for all variables included in the analysis.

3.2. Measures

The outcome variable is whether an individual is self-employed. In the current sample, based on casewise deletion, 22.63% of the
respondents were self-employed. Our two key hormone measures are Urine Epinephrine (adjusted for Urine creatinine) [ug/g] and
Urine Cortisol (adjusted for Urine creatinine) [ug/g]. The values are standardized for diuretic effects by dividing the raw values by
the level of urinary creatinine.

To limit the influence of alternate explanations, we include a wide variety of controls. As health conditions can influence hormone
levels, we include a count measure of the number of major health events reported. To control for the influence of additional hor-
mones, we include Urine Dopamine adjusted for Urine Creatinine (ug/g), Urine Norepinephrine adjusted Urine Creatinine (ug/g),
and the Ratio of Serum Creatinine to Urine Creatinine. The first two hormones were standardized for diuretic effects by dividing the
raw values by the level of urinary creatinine. The ratio of serum to urine creatinine is included to control for metabolic and in-
flammatory activity (Coresh et al., 2001).

Additionally, we control for gender (1 = Male; 2 = Female), age (year of response minus date of birth), highest level of education
(ranging from 1 = no school or some grade school to 12 = PH.D., ED.D., MD, DDS, LLB, LLD, JD, or other terminal degree),
respondent's total income, household total income and whether respondent was married or living with a partner. As perceived life
satisfaction and job demands could influence hormone levels (Eskelinen et al., 2007), we include these measures as controls. Life
satisfaction was measured with the MIDUS II scale based on a six-item measure (a = 0.65)," asking participants to rate satisfaction
with life overall, health, work, relationship with spouse/partner, and children (Prenda and Lachman, 2001). Participants used an 11-
point scale ranging from (0) the worst possible to (10) the best possible. Job demands were measured using a five-item scale (a = 0.73)
from the job characteristics scale (Karasek et al., 1988). Positive affect (4-items; o = 0.86) and negative affect (5-items; o = 0.80) were
each measured with items from the PANAS instrument (Watson et al., 1988).

The social context of an individual's environment can also influence self-employment (Mair and Marti, 2006). As such, we also
include family (8-items; o = 0.82), friendship (8-items; a = 0.77), and spousal (12-items; a = 0.91) affectual solidarity (Walen and
Lachman, 2000) controls in our analyses. Furthermore, personality (Zhao et al., 2010) is associated with self-employment. To control
for these factors, we include the Big-Five personality items (Turiano et al., 2011) in our analyses. The Big-Five personality dimensions
include Agreeableness (5-items; a = 0.80), Extraversion (5-items; a = 0.76), Neuroticism (4-items; a = 0.74), Conscientiousness (5-
items; o = 0.68), and Openness to Experience (7-items; a = 0.77).

Because depression could influence hormonal balance (Almeida et al., 2009), we include the CES-D scale to control for depression
based effects. Finally, as the industry sector could influence the nature of self-employment demands, we include controls for the
following sectors: agriculture, forestry, fishing, and mining; construction; manufacturing; transportation, communications; wholesale
trade; retail trade; finance, insurance, and real estate; business and repair services; personal services; entertainment and recreational
services; professional and related services; and public administration.

4. Results

Table 1 lists the descriptives for all variables used in our analyses. As the outcome variable is dichotomous, we use the logit
regression function in Stata 14.1 to test for the proposed hypothesis. Based on recommendations from MIDUS II collaborators, we use
the weighting variable ‘BIPWGHT9’ which is the sample weight for Gender X Race x Age X Education. In Model 1, in Table 2, we
include the control variables, followed by the direct effects of epinephrine and cortisol in Models 2 and 3, respectively. Supporting the
‘dual’ effects of the two hormones, in Models 2, 3, and 4 the direct effects of epinephrine or cortisol on self-employment are not
significant.

Supporting the joint effects of the two hormones (Table 2; odds ratio = —0.0729, p < 0.01), Fig. 1 provides an interpretation of
the effects of epinephrine at minimum (as mean minus one standard deviation, based on Table 1, would result in a negative value),
average (mean = 17), and high (mean plus one standard deviation = 51) levels of cortisol. With increasing epinephrine levels, lower
levels of cortisol increase the odds of self-employment whereas higher levels of cortisol lower the odds of self-employment. As such,
epinephrine is positively associated with the odds of self-employment at lower levels of cortisol. Interestingly, our results also
indicated low levels of epinephrine were positively associated with the odds of self-employment at higher levels of cortisol. Although
not specifically hypothesized, this is a finding which we will discuss further in subsequent sections.

5. Discussion

Our main findings suggest that elevated levels of epinephrine in combination with low levels of cortisol are associated with self-
employment. These findings extend recent results regarding the link between biological factors and self-employment (Nicolaou and

1 The reported Cronbach's alphas are based on full sample data, as reported in the Inter-University Consortium for Political and Social Research (Ryff C. et al., 2012).
The alpha for Life Satisfaction is based on five-item measure (B1SATIS), instead of B1SATIS2, a six-item measure used for the analysis. The Inter-University Consortium
for Political and Social Research (2010.) does not provide alpha specifics for BISATIS2.
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Table 2
Logit regression estimates.

@ @) ©)] 4 (5)
VARIABLES Self employed Self employed Self_ employed Self employed Self employed
Urine Epinephrine adjusted for Urine Creatinine [ug/g] —0.0913 —0.0467 1.028
(0.184) (0.191) (0.399)
Urine Cortisol adjusted for Urine Creatinine [ug/g] —0.0144 —0.0134 0.133
(0.0136) (0.0143) (0.0464)
Epinephrine x Cortisol -0.0729
(0.0235)
Total number of major health events reported —0.0862 —0.0922 —0.0852 —0.0887 —0.101
(0.138) (0.137) (0.138) (0.137) (0.143)
Urine Dopamine adjusted for Urine Creatinine (ug/g) —0.00107 —0.000730 —9.40e—-05 7.63e—05 0.00154
(0.00459) (0.00459) (0.00451) (0.00450) (0.00452)
Urine Norepinephrine adjusted for Urine Creatinine (ug/g) —0.0205 —0.0174 —0.0203 —0.0192 -0.0270
(0.0221) (0.0235) (0.0225) (0.0245) (0.0265)
Ratio of Serum Creatinine to Urine Creatinine 1.783 3.128 7.113 7.246 35.05
(24.70) (25.18) (25.29) (25.71) (25.80)
Gender —0.0349 —0.0438 —0.0422 —0.0458 -0.188
(0.522) (0.519) (0.524) (0.521) (0.540)
Age 0.0395 0.0400 0.0387 0.0393" 0.0440
(0.0207) (0.0207) (0.0205) (0.0206) (0.0197)
Highest of level of to education completed 0.00589 0.00747 0.000687 0.00323 —0.0197
(0.0868) (0.0872) (0.0854) (0.0858) (0.0902)
R's total income 1.25e—05 1.23e—-05 1.26e—-05 1.23e—05 1.13e—05
(9.90e —06) (1.00e —05) (1.00e —05) (1.01e—-05) (1.08e —05)
Household total income —8.08e—-06 —8.21e—-06 —8.42e-06 —8.45e—-06 —7.60e—06
(5.91e—06) (5.91e—06) (5.89e—06) (5.88e—06) (6.17e—06)
Married or living with partner 0.866 0.850 0.855 0.847 0.967
(1.044) (1.037) (1.100) (1.087) (1.150)
Job Demands Scale (Job Characteristics) —0.0222 —0.0140 —0.0246 —0.0184 —0.0384
(0.0606) (0.0604) (0.0596) (0.0589) (0.0625)
Life Satisfaction (6-item version) 0.114 0.132 0.129 0.143 0.124
(0.246) (0.255) (0.247) (0.254) (0.240)
Family Affectual Solidarity —0.530 —0.554 —0.659 —0.656 -0.774
(0.645) (0.634) (0.681) (0.673) (0.682)
Negative Affect (PANAS) 0.402 0.408 0.422 0.418 0.498
(0.351) (0.349) (0.348) (0.347) (0.362)
Positive Affect (PANAS) —0.429 —0.419 —0.453 —0.439 —0.249
(0.451) (0.445) (0.445) (0.443) (0.443)
Friendship Affectual Solidarity 0.732 0.724 0.735 0.728 0.605
(0.472) (0.468) (0.480) (0.476) (0.483)
Spouse Affectual Solidarity —0.148 —0.158 -0.129 -0.133 —0.255
(0.432) (0.432) (0.425) (0.427) (0.408)
Agreeableness Personality Trait 0.350 0.355 0.339 0.341 0.422
(0.459) (0.456) (0.460) (0.458) (0.441)
Extraversion Personality Trait —-0.233 —0.218 —0.205 —0.194 —0.284
(0.418) (0.414) (0.419) (0.416) (0.436)
Neuroticism Personality Trait -0.135 —0.0855 —0.0778 —0.0478 —0.0768
(0.429) (0.418) (0.443) (0.434) (0.448)
Conscientiousness Personality Trait 0.0280 0.0295 0.0383 0.0389 —0.153
(0.426) (0.423) (0.420) (0.418) (0.425)
Openness Personality Trait 0.619 0.627 0.605 0.613 0.572
(0.468) (0.467) (0.458) (0.459) (0.459)
CESD: Center (Epidemiologic) 0.0293 0.0301 0.0335 0.0328 0.0351
(0.0348) (0.0348) (0.0345) (0.0344) (0.0401)
CONSTRUCTION 1.075 1.117 1.165 1.172 1.474
(1.175) (1.190) (1.226) (1.228) (1.312)
MANUFACTURING —0.591 —0.566 —0.568 —0.561 -1.073
(1.086) (1.095) (1.130) (1.130) (1.238)
TRANSPORTATION, COMMUNICATIONS, AND PUB —2.963 —2.870 -2911 —2.863 -3.271
(1.399) (1.414) (1.432) (1.441) (1.650)
WHOLESALE TRADE —1.302 —1.294 —1.256 —-1.261 —1.381
(1.290) (1.291) (1.293) (1.293) (1.420)
RETAIL TRADE —1.510 —1.467 —1.423 —1.418 -1.367
(1.224) (1.250) (1.254) (1.267) (1.378)
FINANCE, INSURANCE, AND REAL ESTATE —1.291 —1.235 —1.323 —1.296 —1.644
(1.239) (1.236) (1.298) (1.290) (1.550)
BUSINESS AND REPAIR SERVICES 1.737 1.791 1.856 1.864 1.652
(1.386) (1.402) (1.402) (1.406) (1.521)

(continued on next page)
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Table 2 (continued)

@D (2 3 4 5)
VARIABLES Self employed Self employed Self employed Self employed Self employed
PERSONAL SERVICES —0.0976 —0.0569 0.128 0.116 -0.227
(1.225) (1.241) (1.309) (1.313) (1.402)
ENTERTAINMENT AND RECREATIONAL SERVICES 0.245 0.255 0.102 0.104 —0.237
(1.355) (1.365) (1.395) (1.399) (1.460)
PROFESSIONAL AND RELATED SERVICES —-1.157 —1.087 —1.088 —1.057 —1.302
(1.079) (1.097) (1.118) (1.126) (1.254)
Constant -6.797 —7.200 —6.876 -7.199 —8.151
(3.548) (3.647) (3.556) (3.639) (3.846)
Observations 274 273 274 273 273
Wald Chi-square 58.60 59.42 58.78 59.19 61.26
df 33 34 34 35 36
Pseudo R-square 0.237 0.238 0.240 0.241 0.282

Robust standard errors in parentheses.

Predictive Margins with 95% Cls

Self_Employed)

Pr(

T T T T T
1 1.25 1.5 1.75 2 2.25 25 2.75 3

Urine Epinephrine adjusted for Urine Creat(ug/g)

—&— Low Cortisol (min = 1.1) @ Average cortisol (mean = 17)
—-®-— High Cortisol (mean plus 1 s.d. = 51)

Fig. 1. Moderation effects.

Shane, 2014; Shane and Nicolaou, 2015), represent an initial attempt to move beyond previous work which focused primarily on
single-hormone effects such as testosterone, and examine alternative links between endocrinological factors and self-employment.

Elevated levels of epinephrine could provide key benefits in the form of increased focus (Mann and Ward, 2007), learning (Phelps
and LeDoux, 2005), and memory (Cahill and Alkire, 2003) all of which could increase the overall performance of individuals who are
self-employed. Interestingly, the association between self-employment and epinephrine was prominent with decreasing presence of
cortisol, which suggests a possible effect analogous to the dual hormone hypothesis (Mehta and Prasad, 2015), with regards to self-
employment. It is possible that the results of our study represent complementary findings, and that endocrinological factors could
drive self-employment, which provides support for the integrated specificity model of stress response (Kemeny, 2003). These low
levels of cortisol could in turn be linked with increased levels of aggression (McBurnett et al., 2000), which could explain why certain
individuals “fight” while others choose “flight” with regards to experiencing elevated levels of epinephrine when engaged in self-
employment.

Curiously, our results also indicated a positive association with self-employment for low levels of epinephrine in the presence of
high levels of cortisol (i.e., the left-side of Fig. 1), suggesting additional nuances to this potential dual hormone relationship that
warrant further investigation. Elevated levels of cortisol have been associated with euphoria, sensation-seeking behavior, and ele-
vated preferences for risk taking (van den Bos et al., 2009). Indeed, it has been suggested that individuals with elevated levels of
cortisol are more sensitive to immediate rewards (van den Bos et al., 2009), and are more likely to engage in risky decision making
particularly in scenarios where risk taking could result in substantial rewards (Putman et al., 2009). So, whereas high levels of
epinephrine in the presence of low levels of cortisol could increase the likelihood that individuals will “fight” against adversity and
therefore remain self-employed, low levels of epinephrine in the presence of high levels of cortisol could increase the odds of self-
employment via a distinctly different contingency. In this scenario, it is possible that because individuals are more apt to pursue risky
decisions in hopes to capture potentially substantial rewards, they are more likely to engage in self-employment rather than pursue
more predictable and stable opportunities afforded them in wage-based employment. In Fig. 1, as the mean cortisol line is almost flat,
and as the overall interpretation is based on the influence of increasing epinephrine levels at different contingency levels of cortisol
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on the likelihood of self-employment, our preliminary interpretation provided here focuses primarily on the slopes of the cortisol
levels. We call on future research to further test for this relationship.

In conclusion, our analysis indicates that the positive association between epinephrine and self-employment is contingent upon
levels of cortisol being low. Future research will need to examine the nuances of these relationships, as well as what, if any, asso-
ciation key hormones have with other important dimensions of self-employment, such as the level of risk taken with regards to the
choice of the opportunity to pursue or even overall performance of individual new ventures. We believe that this research could
further develop our understanding of the neuroendocrinological factors that influence self-employment, and could extend the
growing stream of research focused on the link between biology and self-employment.
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