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ABSTRACT
This study aimed to investigate the relationship between death anxiety levels at pre-expos-
ure to human donor remains, post-exposure self-worth, and post-exposure death anxiety
levels, among a sample of Irish medical students. A multi-wave prospective study was con-
ducted, using questionnaires administered at six time-points. Path analysis was used to
investigate the effect of pre-exposure death anxiety levels and post-exposure self-worth on
post-exposure death anxiety levels. Baseline death anxiety was found to predict post-expos-
ure death anxiety. Furthermore, self-worth at one month of exposure was found to mediate
the relationship between pre-exposure death anxiety levels and death anxiety levels at
six months.

Trauma research is limited by the ethical implications
of purposefully subjecting individuals to traumatic
stimuli, by the unpredictability of trauma, and as a
consequence, the typical occurrence of trauma in an
uncontrolled environment. Much trauma research
includes individuals who are likely to be exposed to
traumatic stimuli as a result of their profession (for
example, military personnel, police officers, and
healthcare personnel; Andersen et al., 2019; Ben-Ezra
et al., 2011; Firth-Cozens et al., 1999; Geronazzo-
Alman et al., 2017; Luce et al., 2002). However, while
these personnel may be expected to be exposed to
traumatic stimuli, the exact type, time, and length of
exposure is usually difficult to anticipate.

One such potentially traumatic stimulus is exposure
to human remains. While human remains have been
used in the study of anatomy for centuries
(McLachlan & Patten, 2006), the practice of human
dissection is not without controversy. Exposure to
human remains is considered an adverse stimulus and
is associated with negative reactions, both psycho-
logically (Arr�aez-Aybar et al., 2004; Finkelstein &
Mathers, 1990) and physically (Arr�aez-Aybar et al.,
2008; Chang et al., 2018). However, exposure to

human remains provides an opportunity to prospect-
ively study the effects of exposure to potentially
adverse stimuli, under relatively accessible conditions
for researchers. Knowing when first exposure will
occur facilitates the measuring of variables pre-
exposure as well as comparable follow-up measures.
Furthermore, ethical considerations are less problem-
atic as individuals are voluntarily exposed to human
remains. Such a prospective study could also have
important implications for individuals who work in
professions where human remains have been donated
specifically for clinical education purposes (Human
Donor Remains [HDR]), contributing to our under-
standing of how individual characteristics interact
with exposure. As part of their training, medical stu-
dents undergo exposure to HDR, providing an oppor-
tunity to undertake a longitudinal study of exposure
to adverse stimuli, prior to exposure to HDR up to
exposure to patients in a clinical setting.

Death anxiety

Death anxiety is a psychological construct that can be
used to monitor the effects of exposure to HDR and
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exposure to patients in hospital settings. HDR may act
as a mortality cue (reminder of death); which may be
associated with increased death anxiety, defined by
Tomer and Eliason (1996) as “a negative emotional
reaction provoked by the anticipation of a state in
which the self does not exist” (p. 345). The current
study conceptualizes death anxiety as also encompass-
ing fear of death (Lehto & Stein, 2009). Heightened
death anxiety has been shown to have a negative asso-
ciation with mental health, including depression, gen-
eral anxiety (Conte et al., 1982; Furer & Walker, 2008;
Hintze et al., 1993; Kastenbaum, 2000), and post-trau-
matic symptoms (Martz, 2004). Moreover, heightened
death anxiety has been associated with reduced work
capacity (Cochrane et al., 1991; DePaola et al., 1994;
Neimeyer, 2009; Neimeyer et al., 2004; Ulla et al.,
2003), burnout (Melo & Oliver, 2011), and negative
attitudes toward dying patients (Peters et al., 2013).
Lehto and Stein (2009) argue that death anxiety could
be both a source of negative affect and of therapeutic
intervention. As healthcare workers may be exposed
to reminders of death (mortality cues) on a daily
basis, it becomes apparent that understanding and
managing death anxiety may be important not only
for healthcare personnel themselves but also for
their patients.

An important theoretical framework within death
anxiety research is Terror Management Theory (TMT;
Greenberg et al., 1986). TMT proposes that people’s
intellectual capacity to understand that death is an
unavoidable result of life itself (Greenberg et al., 1986)
can create a state of anxiety, which can be protected
against by cultural world views that provide meaning
and an opportunity to gain self-esteem within this
meaning (Pyszczynski et al., 1999; Rosenblatt et al.,
1989). Whereas cultural world views refer to shared
cultural conceptions that mitigate anxiety about the
inevitability of death by affirming one’s symbolic
immortality (“death transcending identity”) or literal
immortality (the belief in an eternal soul), self-esteem
refers to the belief that one is a valuable contributor
to one’s world (Greenberg & Arndt, 2012).

TMT researchers have utilized two hypotheses in
their investigations (Pyszczynski et al., 1999). First,
the anxiety buffer hypothesis stipulates that self-
esteem protects against anxiety; increased self-esteem
should result in one being “less prone to anxiety and
anxiety- related behavior” (Pyszczynski et al., 1999, p.
836). Second, the mortality salience hypothesis stipu-
lates that due to cultural worldviews and self-esteem
being protective psychological constructs against anx-
iety, exposure to mortality cues would increase the

individual’s need for these structures (Harmon-Jones
et al., 1997). Thus, individuals who are exposed to
mortality cues will behave in ways that support their
cultural worldviews and self-esteem. Much multi-
methodological research has supported the anxiety
buffer hypothesis, chosen as the theoretical basis for
the current study (e.g., Cicirelli, 2002; Du et al., 2013;
Greenberg et al., 1992; Pyszczynski et al., 2004;
Routledge, 2012; Routledge et al., 2010).

Human donor remains and death anxiety

Anatomy, originating from the Greek work “anatome”
signifying “cutting up”, explores the structure of the
body, and is a fundamental science subject taken by
medical students at the initiation of their medical edu-
cation (Ghazanfar et al., 2018). The gross anatomy
laboratory is a critical rite of passage in the creation
of medical students’ learning and identity as professio-
nals (Chiou et al., 2017). As suggested by Madill and
Latchford (2005, p. 1638), “perhaps the most universal
and recognizable step in making the transition from
lay-person to doctor-in-training is the process of con-
ducting human dissection in the gross anatomy labo-
ratory.” The gross anatomy laboratory may implicitly
threaten to filter students in terms of those who can
or cannot cope with exposure to human donor
remains. Several stressors during this time may result
in students experiencing general anxiety in relation to
the beginning of their medical education and their
subsequent medical practice.

Dissection of human donor remains may be a crit-
ical component of medical education. For example,
donor dissection may prime students’ focus on ethics
in medical practice, as an anatomical education poses
ethical considerations such as consent, dignity, benefi-
cence, and the dichotomy of objectification and per-
sonification (Stephens et al., 2019). Pre-clinical
training may impact on the prevalence of burn-out
among medical students, as students must develop
professional competencies and coping mechanisms
such as “detached concern” during this training
period (Boeckers & Boeckers, 2016). However, coping
mechanisms adopted by medical students, such as
detachment and indifference to the dissection of the
cadaver, may lead to entrenched negative attitudes
when students ultimately graduate as doctors (Saw,
2018). Accordingly, detachment may be required for
students to carry out donor dissections and to practice
medicine effectively upon graduation, but there is a
risk that such detachment may have adverse conse-
quences for care (Stephens et al., 2019). Indeed,
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several medical schools globally carry out memorial
ceremonies of gratitude toward cadaver donors for the
purpose of instilling humanistic values in students,
including respect, altruism, and responsibility (Chang
et al., 2018).

Few studies have investigated the specific relation-
ship between exposure to HDR and death anxiety lev-
els (DAL) in medical students. One study, carried out
by Dickinson et al. (1997), monitored DAL of 84 first-
year medical students in two time periods: before
exposure to HDR and at the end of a one-semester
gross anatomy course. Dickinson et al. found that
over a quarter (28.6%) of participants suffered from
an increase in death anxiety. This same study, how-
ever, did not consider other possible variables that
may contribute to this observed reaction among stu-
dents. A later study undertaken by Arr�aez-Aybar et al.
(2008) did however note risk and resilience factors in
exposure to HDR. Monitoring DAL of 425 pre-HDR-
exposure anatomy students, Arr�aez-Aybar and
colleagues reported that students who tended to con-
ceptualize HDR as former living human beings, also
suffered from significantly higher DAL. Conversely,
students who reported that they felt well-prepared to
work with HDR had significantly lower DAL than
their peers who felt relatively poorly prepared.
Furthermore, Arr�aez-Aybar et al. also found that
increased DAL pre-dissection was associated with
increased thinking about death during dissection.
These studies by Dickinson et al. (1997) and Arr�aez-
Aybar et al. (2008) provide valuable information about
DAL before and after exposure to HDR, and about
both protective factors and risk factors of HDR-associ-
ated DAL. However, they do not concurrently assess
other psychological constructs related to DAL, which
may have important mediating or moderating roles in
the relationship between exposure to HDR, psycho-
logical affect, and performance, or more generally
between trauma and well-being.

To date, one peer-reviewed study has been reported
concerning exposure to HDR and TMT. Hughes and
Black (2006) investigated the relationship between
body-esteem, exposure to HDR, and physiological
stress, as measured by blood pressure and heart rate.
The researchers sampled second year anatomy stu-
dents over four sampling periods: when the practical
began, and after 30, 60 and 90min of the practical.
They found that participants who were rated as hav-
ing low body-esteem also had lower pulse pressure at
all sampling times than their high body-esteem col-
leagues. Hughes and Black concluded that high body-
esteem was a risk factor when exposed to HDR. They

further noted that this was consistent with TMT in
that students who use their high body-esteem as a
source to buffer anxiety are more likely to suffer from
increased stress when exposed to a stimulus (i.e.
HDR) that reminds them of the vulnerability of that
source of esteem.

Research aim

Notwithstanding the aforementioned studies, there is
a dearth of prospective longitudinal studies in the lit-
erature on DAL. The effect of baseline death anxiety
has also been neglected in the literature. Anchoring
the current study in a theoretical perspective over-
comes a further limitation of death anxiety research.
As noted by Neimeyer et al. (2004), the literature in
this research area tends to be atheoretical and lacks
advanced statistical analyses. Similar to HDR research,
death anxiety research has therefore been largely athe-
oretical (Kastenbaum, 2000). Indeed, in commenting
on the atheoretical nature of death attitudes research
(including death anxiety), Neimeyer et al.
(2004) stated:

In general, research on death attitudes has tended to
follow an atheoretical statistical dragnet method, as
investigators simply report significant associations
between variables, or at most test interesting but
isolated hypotheses that have little or no relation to
broader theories of human functioning. (p. 327)

According to Neimeyer and colleagues, a more the-
oretically grounded approach would enable broader
application of research findings; yet such research
should also embrace more sophisticated statistical
techniques, allowing for stronger hypothesis testing of
theoretically grounded work.

To date, no study has investigated the relationship
between exposure to HDR and death anxiety within a
TMT framework. The current study addresses this
research gap by undertaking a prospective longitudinal
study of medical students exposed to HDR within a
TMT framework. Medical students were assessed prior
to exposure to HDR, up to exposure to patients in a
clinical setting during their third year of study. The
primary aim of this study was to investigate the rela-
tionship between death anxiety levels at pre-exposure
to HDR, post-exposure self-worth, and post-exposure
death anxiety levels, among a sample of Irish med-
ical students.

We hypothesized that self-worth would mediate the
relationship between pre- and post-mortality cue
exposure DAL. In accordance with TMT, research has
shown that increasing self-esteem has a positive effect
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on reducing death anxiety (e.g., Routledge, 2012), and
that an individual’s need for self-esteem increases
when exposed to mortality cues (e.g., Pyszczynski
et al., 2004). As suggested by Greenberg (2008), “If
self-esteem protects people from mortality concerns,
then reminders of mortality should intensify striving
for self-esteem” (p. 50). Pyszczynski and Kesebir
(2011) noted that “terror management theory suggests
that a sense of self-worth is an essential component of
the existential anxiety-buffering system” (p. 9).
Correspondingly, the World Assumptions Theory
(Janoff-Bulman, 1989, 1992) posits that a traumatic
event could lead an individual to face a reality that is
incongruent with their basic assumptions (Elklit et al.,
2007), which in turn, could lead to psychological dis-
tress (Grills-Taquechel et al., 2011). One of the world
assumptions proposed by Janoff-Bulman (1989, 1992)
is self-worth. Accordingly, self-worth may mediate
pre- and post-exposure DAL. Indeed, self-esteem
modulations may mediate the effects of mortality sali-
ence (Echebarria Echabe & Perez, 2016). As proposed
by Klackl and Jonas (2019), TMT usually theorizes
self-esteem modulations as a buffer against existential
anxiety, although it may also mediate the effects of
mortality salience.

Methods

Participants and procedures

First year medical students volunteered to take part in
the study. The students were from two Irish medical
schools: Trinity College Dublin (TCD) and University
College Dublin (UCD). A total sample of 436 students
participated in the study (209 male and 228 female);
and ages of the students ranged from 17 to 43
(M¼ 20.08, SD¼ 2.72). The TCD student group was
composed of 194 students (97 male and 97 Female),
with an age range of 17 to 43 (M¼ 20.29, SD¼ 3.20).
The UCD student group comprised 242 students (111
male and 131 female), with an age range of 18 to 34
(M¼ 19.93, SD¼ 1.87).

A multi-wave prospective study was conducted,
using questionnaires administered at six time points.
Students were sampled before exposure (baseline),
immediately after first exposure (wave 1), after one
month of exposure (wave 2), after six months of
exposure (wave 3), after 18months of exposure (wave
4), and finally after 30months of exposure (wave 5).
Of note, UCD students were not sampled from wave
4 onwards, as the UCD School of Medicine decided
not to participate. The study took place between
September 2010 and March 2013.

At each sampling period, a convenience sample was
taken based on the number of students in class at
each time; doing so removed potential sampling error
through random identification of a predetermined
number based on effect size calculations. Response
rates across time points are provided in Table 1.

Baseline questionnaires were completed during
orientation, which took place at the start of the aca-
demic year. Students entering the anatomy lecture hall
were greeted by academic staff, who subsequently
explained the syllabus for the upcoming academic
year, including any upcoming work with HDR.
Students were then informed about the study and
gave their written consent to take part in the study.
Thereafter, they were asked to complete the first ques-
tionnaire. Wave 1 was undertaken immediately after
first exposure to HDR. Waves 2–4 were conducted
following anatomy lectures. Finally, wave 5 data col-
lection took place in TCD following a pathology lec-
ture in the hospital, where participants encountered
their first clinical exposure to HDR. Ethical approval
was granted by [redacted for anonymity purposes].
Students completed the questionnaires voluntarily and
anonymously, using a unique participant identifica-
tion number.

Materials

Death anxiety
Developed by Conte et al. (1982), the Death Anxiety
Questionnaire (DAQ) includes a total of 15 items cap-
turing how much an individual worries about differ-
ent aspects of death. Answers to each item range from
0 (“not at all”), to 1 (“somewhat”), and 2 (“very
much”). Sample items of the DAQ include: “Do you
worry about dying?” and “Are you worried about not
knowing what to expect after death?” A death anxiety
score is calculated based on the sum of all 15-item
rankings. The DAQ was administered five times
throughout the 30-month follow up (at baseline, and
at waves 1, 3, 4, and 5). The internal reliability was:

Table 1. Response rates across time points.
Sampling Period n Response rate Male Female

Baseline 312 71.39% 143 169
Wave 1 312 71.39% 145 167
Wave 2 286 65.44% 126 160
Wave 3 259 59.26% 115 144
Wave 4 77 39.69% 29 48
Wave 5 111 57.21% 43 68

Note. Response rates up to wave 3 are calculated as a subset of the total
sample, including both TCD and UCD students (N¼ 436). Response rates
for waves 4 and 5 are calculated as a subset of the total number of
TCD students, as only TCD students participated in waves 4 and
5 (n¼ 194).
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DALbaseline a¼ 0.84, DAL1 a¼ 0.88, DAL3 a¼ 0.90,
DAL4 a¼ 0.85, and DAL5 a¼ 0.84. Total DAL
descriptive statistics for each sampling period are
available in Table 2.

World assumptions
Developed by Janoff-Bulman (1998), the World
Assumptions Scale (WAS) includes 32 items, which
measure an individual’s attitudes and beliefs following
traumatic events (Elklit et al., 2007). The WAS
includes eight factors: benevolence of the world, ben-
evolence of people, justice, controllability, chance, self-
worth, self-controllability, and luck (Dekel et al.,
2004). Participants are asked to indicate how much
they agree with the statements provided in each item,
with answers ranging from 1 (“strongly disagree”) to
6 (“strongly agree”). Negatively worded items are
reversed before scores on each of the 8 scales
are summed.

The WAS is the most widely used measure of cog-
nitions after traumatic events (Elklit et al., 2007). It
was chosen for the current study as its assumptions

“closely correspond to what terror management theory
refers to as cultural worldviews” (Pyszczynski &
Kesebir, 2011, p. 8). In particular, self-worth was used
because, as Pyszczynski and Kesebir note, “terror
management theory suggests that a sense of self-worth
is an essential component of the existential anxiety-
buffering system” (p. 9). Thus, the WAS provides the
opportunity to measure changes in TMT-related cog-
nitions (self-worth) after exposure to adverse stimuli.
The self-worth (SW) internal reliability values were as
follows: SWbaseline a¼ 0.71, SW2 a¼ 0.73, and
SW5 a¼ 0.84.

Data analysis

The hypothesis (see Figure 1) was tested using the
Hayes PROCESS macro (version 2.13) for SPSS
(2014). Here, the interest was therefore in the specific
indirect effects of the variables hypothesized to medi-
ate the relationship between our independent
(DALbaseline) and dependent variable (DALendline;
Preacher & Kelley, 2011). The PROCESS macro was
chosen because it uses bootstrapping methods for esti-
mating both total and specific indirect effects, as well
as to contrast different indirect effects. Bootstrapping
is recommended over other causal steps approaches
(i.e. the Sobel Test) on the grounds that it retains
higher statistical power, while simultaneously retaining
reasonable control over the Type I error rate (Cheung
& Lau, 2008).

Results

Descriptive statistics for total DAL and self-worth are
provided in Table 2.

Table 2. Descriptive statistics for total DAL and SW at differ-
ent sampling periods.
Sampling period N Missing M SD LL UL

DALbaseline 302 135 7.81 4.69 0 22
DAL1 304 133 8.21 4.81 0 22
DAL3 257 180 7.61 4.96 0 22
DAL4 76 361 6.55 8.74 0 15
DAL5 109 328 8.20 7.42 0 19
SWbaseline 298 138 13.75 1.88 5.00 18.00
SW2 284 153 13.52 2.10 4.00 18.00
SW5 110 327 14.01 5.24 3.00 18.00

Note. M ¼ Mean; SD ¼ Standard Deviation; LL ¼ Lower Limit; UL ¼
Upper Limit.

Figure 1. The relationship between DALbaseline and DAL3 as mediated by SW2.
Note. N¼ 172; Baseline DAL¼ Baseline Death Anxiety Levels; Uni¼University Affiliation; Wave 3 DAL¼Wave 3 Death Anxiety
Levels; �p < .05; ��p < .01; ���p < .001.
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Analyses of attrition

Due to the attrition throughout the study, independ-
ent samples t-tests on all main variables were con-
ducted to investigate if participants who participated
in all waves differed from those who did not. No sig-
nificant differences were found in death anxiety
levels of responders (M¼ 7.81, SD¼ 4.43) and
non-responders (M¼ 7.81, SD¼ 4.84); t(300) ¼
�.004, p¼ .99. Furthermore, no significant differences
were found in wave 2 self-worth scores between res-
ponders (M¼ 13.27, SD¼ 3.01) and non-responders
(M¼ 13.88, SD¼ 2.80); t(282) ¼ 1.75, p¼ 0.08.
Finally, no significant differences were found in
wave 3 death anxiety levels between responders
(M¼ 7.83, SD¼ 4.82) and non-responders (M¼ 7.26,
SD¼ 5.07); t(254) ¼ �.885, p¼ .37.

Path analyses

The first path analysis tested the relationship between
DALbaseline and DAL3, as mediated by WAS2
(Figure 1). Note that CFA was conducted for the
WAS, and 7 factors were found (Appendix – see
supplementary materials); only self-worth mediated
the relationship between baseline and post-exposure
DAL. SW2 was found to mediate the relationship
between DALbaseline and DAL3. Specifically, results
suggest that baseline DAL had a significant, direct
effect on DAL3 (B ¼ .66, p < .001), and that SW2

partially mediated this relationship (Tables 3 and 4).
Indeed, the effect of DALbaseline on SW2 was signifi-
cant (B ¼ �.15, p < .01), and intern SW2 had a nega-
tive, significant effect on DAL3 (B ¼ �.21, p < .01).

In order to investigate if this model could still hold
at later sampling periods and when exposed to differ-
ent adverse stimuli (patients in a clinical setting at
wave 5 as opposed to HDR in waves three and four),
two further path analyses were conducted. The first
analysis investigated the relationship between baseline
and DAL4 as mediated by SW2. The second analysis
investigated the relationship between baseline and
DAL5 as mediated by SW2. In both analyses, the cova-
riates were sex and age. University affiliation was no

longer entered as a covariate as only students from
TCD participated in the study from wave 4 onwards.
SW2 did not significantly mediate the relationship
between DALbaseline and DAL4, nor between
DALbaseline and DAL5. However, SW2 was found to
have a significant effect on DAL4 (B ¼ �.28, p< .05).

Discussion

The primary aim of this study was to investigate the
relationship between death anxiety levels at pre-expos-
ure to HDR, post-exposure self-worth, and post-
exposure death anxiety levels, among a sample of Irish
medical students. The first path analysis found that
SW2 mediated the relationship between DALbaseline
(pre-exposure) and DAL3. While increased DALbaseline
predicted increased DAL3, increased DALbaseline pre-
dicted reduced SW2, and in turn increased SW2 pre-
dicted decreased DAL3. Further path analyses found
that SW2 predicted decreased DAL4, but did not
mediate the relationship between DALbaseline and
DAL4, and that SW2 did not mediate the relationship
between DALbaseline and DAL5 nor predict DAL5.

The findings that increased self-worth predicted
decreased DAL3 and DAL4 is consistent with the
TMT buffer zone hypothesis (Pyszczynski et al., 1999).
Indeed, the current study provides further support for
multi-methodological and cross-cultural research
reporting that self-worth protects against anxiety
(Cai et al., 2009; Cicirelli, 2002; Du et al., 2013;
Pyszczynski et al., 2004; Routledge, 2012; van Tuijl
et al., 2016).

With reference to SW2 no longer predicting total
DAL at wave 5 (when students were in a clinical set-
ting), the interval from the measure of SW2 may have
been too long to have had an effect on DAL5. Future
research should attempt to undertake a measure of
self-worth that is temporally closer to exposure to
patients in a clinical setting. Indeed, the current study
did conduct a measure of self-worth at wave 5.
However, this measure was undertaken at the same
time as the total DAL measure; and in order for a
mediation analysis to be undertaken, the potential
mediator has to occur between the baseline and out-
come measures.

Table 3. Total model effect and direct effect of DALbaseline on
DAL3 with SW2 as the mediating variable.

95% CI

Effect SE t p Lower Upper

DALbaseline 0.66 0.06 10.26 .00 0.53 0.79
Total effect 0.69 0.06 10.90 .000 0.57 0.81

Note. N¼ 172; CI¼ Confidence Interval; SE¼ Standard Error.

Table 4. Indirect effect of SW2 as mediator of the relationship
between DALbaseline and DAL3.

95% CI

Effect SE Lower Upper

SW2 0.03 0.02 0.004 0.08

Note. N¼ 172; CI¼ Confidence Interval; SE¼ Standard Error.
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Importantly, the path analyses enabled monitoring
of the effects of baseline death anxiety – an effect that
was neglected in the literature. Throughout the study,
the single most salient predictor of later death anxiety
was baseline death anxiety. DALbaseline was found to
be a significant predictor of DAL3, DAL4, and DAL5.
While the effects of DALbaseline on DAL3 were medi-
ated by SW2, no such mediation effects were found in
the path models including DAL4 and DAL5. Notably,
at wave 3, students were in their first year of anatomy
and were exposed to the body (neck downwards) and
not the face; at wave 4, students were in their second
year of anatomy and were exposed to the face but not
the body; and at wave 5, they were exposed to patients
in a clinical setting. This suggests that while pre-
exposure DAL had a similar longitudinal effect on
post-exposure DAL, pre-exposure DAL had a differen-
tial effect on post-exposure self-worth, which was
dependent on the type of mortality cue to which the
students were exposed.

This differential effect may be explained by expos-
ure to HDR faces, which may have an extremely sali-
ent effect on exposed individuals (e.g., Arr�aez-Aybar
et al., 2008; Finkelstein & Mathers, 1990; Snelling
et al., 2003). The measurement of SW2 occurred
before exposure to faces in anatomy class. Therefore,
wave 4 exposure to faces may have had such a salient
effect on DAL that it rendered the effects of
DALbaseline on SW2 obsolete. The direct effect of
DALbaseline and SW2 on DAL4 may have had such an
effect on the overall model that it rendered the effect
of DALbaseline on SW2 non-significant. Nonetheless, in
accordance with the TMT buffer zone hypothesis
(Pyszczynski et al., 1999), increased SW2 predicted
decreased DAL4.

However, in the path model predicting DAL5, not
only did DALbaseline not predict SW2, but also SW2

did not predict DAL5. Yet again, exposure to patients
in a clinical setting at wave 5 may have rendered the
effect of DALbaseline on SW2 obsolete. Indeed, general
anxiety has a significant effect on death anxiety (e.g.,
Conte et al. 1982; Furer & Walker, 2008; Hintze et al.,
1993); therefore, working in a new environment (a
hospital) may have elevated general anxiety levels and
thus increased DAL. This strong correlation between
DAL and general anxiety could have rendered the
effect of DALbaseline on SW2 as non-significant in the
model. With reference to the non-significant effect of
SW2 on DAL5, as noted above, the interval may have
been too long from the self-worth measurement to
have observed an effect on DAL5.

The above results suggest that a comprehensive
model of death anxiety should include pre-mortality-
cue exposure DAL. Indeed, this supplements TMT by
stressing that it is not only post-exposure psychological
constructs such as self-worth that affect death anxiety
but also pre-exposure DAL. From an applied perspec-
tive, a model that includes both pre-exposure DAL and
post-exposure self-worth has important clinical signifi-
cance; an intervention aimed at increasing resilience
amidst exposure to mortality cues should focus on
reducing pre-exposure death anxiety, while an interven-
tion aimed at reducing post-exposure death anxiety
should focus on increasing post-exposure self-worth.
As evident by the findings, even when the type of
exposure in pre-known, knowing which variables to
address at different times can affect the outcome.

The assertion of increasing post-exposure self-worth
levels is directly in line with TMT, which not only stip-
ulates that increased self-worth reduces death anxiety
(Pyszczynski et al., 1999), but also that exposure to
anxiety-provoking mortality cues will increase the need
for self-worth (Greenberg, 2008). Furthermore, reduc-
ing DAL prior to exposure is consistent with the work
of Lehto and Stein (2009), who noted that DAL could
be a source of therapeutic intervention.

Correspondingly, B€odvarsd�ottir and Elklit (2004)
found a significant relationship between self-worth
and post-traumatic stress disorder symptoms – symp-
toms that were found to correlate with death anxiety
(Martz, 2004). However, a limiting factor of their
study was its retrospective nature; sampling was
undertaken only 3months following a traumatic event
(an earthquake). Therefore, the researchers could not
conclusively determine whether pre-exposure low self-
worth was associated with negative reactions to
trauma, or whether trauma resulted in reduced self-
worth. The current findings suggest that self-worth
affects subsequent psychological adversity, but psycho-
logical adversity also affects self-worth.

Limitations and future research

The discontinuation of UCD students from wave 4
resulted in a reduced number of participants, decreas-
ing the power of the study. However, despite the loss
of participants at wave 4, in accordance with the TMT
buffer zone hypothesis, SW2 was still found to predict
DAL4. A further limitation was the lack of a general
anxiety measure at baseline. DALbaseline may have
been contaminated with general anxiety due to the
participants being new to the academic environment.
Indeed, as noted above, the literature indicates that
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general anxiety significantly correlates with death anx-
iety (Conte et al., 1982; Furer & Walker, 2008; Hintze
et al., 1993). The absence of a general anxiety measure
made it impossible to determine the extent to which
anxiety was due to state, trait, or death anxiety.

Notwithstanding the above limitations, this study
utilized advanced statistical analyses to contribute to
the literature on the role of self-worth as a mediator
between baseline and post-exposure DAL, and its
findings have important theoretical and applied
importance. From a theoretical perspective, the find-
ings provide support for the TMT buffer zone hypoth-
esis (Pyszczynski et al., 1999), and provide initial
information about the effect of pre-mortality cue
exposure DAL on subsequent DAL. From an applied
perspective, the findings suggest a dual therapeutic
approach: reducing pre-exposure DAL and increasing
post-exposure self-worth in order to curb post-
exposure DAL. These potential therapeutic approaches
cannot be underestimated in light of the multiple psy-
chological difficulties associated with elevated DAL,
and the negative effect that increased DAL can have
on work capacity of healthcare personnel (Cochrane
et al., 1991; DePaola et al., 1994; Neimeyer, 2009;
Neimeyer et al., 2004; Ulla et al., 2003).

The above results suggest that a comprehensive
model of death anxiety should include pre-mortality-
cue-exposure DAL. Future research should also
incorporate both general anxiety measures and per-
sonality inventories. Furthermore, it should investigate
the relationship between death anxiety at different
sampling periods; for example, does death anxiety at
wave four (last pre-clinical year) predict death anxiety
at wave five (first clinical year)? A more complex
question might ask if there is a significant difference
in the predictive power of later death anxiety at cer-
tain sampling periods than other sampling periods.

It is important to note that alternative approaches
for gross anatomy lectures have been developed,
including prosection by qualified anatomists during
demonstrations for students (Saw, 2018), non-cadav-
eric models (Mulu & Tegabu, 2012), 3D prints, and
virtual simulations (Habicht et al., 2018). An import-
ant area of future research, therefore, is the relation-
ship between exposure to HDR and death anxiety, in
relation to alternative approaches for gross anatomy.
While the focus of this study was on death anxiety
and self-worth, future research could also explore add-
itional psychological factors at baseline and follow-up,
such as levels of depression. Other factors that may be
of interest include the effects of different levels of

religiosity/spirituality amongst samples of med-
ical students.
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