
original article

Spektrum Augenheilkd.
https://doi.org/10.1007/s00717-023-00552-1

Coping and vegetative reactivity in uveal melanoma

Maximilian Gabriel · Eva-Maria Trapp · Peter Rohrer · Michael Trapp · Gerold Schwantzer · Amalia Mester ·
Erika Richtig · Christoph Schwab · Gerald Langmann · Josef Egger · Christoph Mayer-Xanthaki

Received: 11 February 2023 / Accepted: 26 September 2023
© The Author(s) 2023

Summary
Background We aimed to assess coping and vegetative
reactivity in uveal melanoma (UM) patients compared
to controls with benign nevi of the uvea.
Material and methods In total, 20 patients with re-
cently diagnosed uveal melanoma were recruited and
matched for age and gender to 20 controls with be-
nign nevi of the uvea. Heart rate variability (HRV)
and blood pressure variability (BPV) were monitored
throughout an initial period of rest (POR1), a mental
stress test (DT), and another period of rest (POR2).
Coping strategies were assessed for both groups using
a stress-coping questionnaire.
Results The LF/HF ratio (low-/high-frequency com-
ponent of total spectral power) of HRV showed de-
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creasing values in the UM group and increasing values
in controls throughout the measurement sequence
(p= 0.025). Diastolic BPV revealed declining values
of the low-frequency component in normalized units
(LFnu) between POR1 and DT in UM patients com-
pared to rising values between POR1 and DT in con-
trols (p= 0.006). There were no intergroup differences
in coping strategies (p>0.05).
Conclusions Coping mechanisms are unaltered in pa-
tients with uveal melanoma compared to controls, but
vegetative reactivity may show a different pattern once
patients are diagnosed.
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Coping und vegetative Reaktivität bei
Aderhautmelanomen

Zusammenfassung
Hintergrund Coping und vegetative Reaktivität wur-
den zwischen Patient*innen mit Aderhautmelanomen
und Kontrollen mit benignen Aderhautnävi vergli-
chen.
Material und Methode In die Studie wurden 20 Pati-
ent*innen mit kürzlich diagnostizierten Aderhautme-
lanomen eingeschlossen und mit 20 Kontrollen, bei
denen benigne Aderhautnävi vorlagen, verglichen. Die
Herzfrequenzvariabilität und die Blutdruckvariabili-
tät wurden als Indikatoren der vegetativen Reaktivität
während einer initialen Ruheperiode, eines Stresstests
sowie einer zweiten Ruheperiode erhoben. Anhand ei-
nes Fragebogens wurden zudem vorhandene Coping-
Strategien aller Proband*innen ermittelt.
Ergebnisse Das Verhältnis zwischen der Niederfre-
quenz- und der Hochfrequenzkomponente der Herz-
frequenzvariabilität zeigte über die Testsequenz sin-
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kende Werte in der Aderhautmelanomgruppe und
steigende Werte in der Kontrollgruppe (p=0,025). Die
normierte Niederfrequenzkomponente der diastoli-
schen Blutdruckvariabilität wies sinkende Werte zwi-
schen der initialen Ruheperiode und dem Stresstest in
der Aderhautmelanomgruppe sowie steigende Werte
in der Kontrollgruppe auf (p= 0,006). Es gab keine
Unterschiede im Coping beider Gruppen (p>0,05).
Schlussfolgerung In der vorliegenden Studie zeigten
sich keine Unterschiede im Coping beider Gruppen,
jedoch könnte das Vegetativum nach Diagnose eines
Aderhautmelanoms verändert auf Stress reagieren.

Schlüsselwörter Herzfrequenzvariabilität ·
Onkologie · Coping · Vegetative Reaktivität ·
Psychosomatische Medizin

Abbreviations
BPV blood pressure variability
CM cutaneous melanoma
contBP continuous blood pressure
DT Determination Test
ECG electrocardiography
HF high frequency
HRV heart rate variability
LF low frequency
LFnu low frequency in normalized units
LINAC linear particle accelerator
oscBP oscillometric blood pressure
POR period of rest
rmANOVA repeated measures analysis of variance
SD standard deviation
SVF120 Stressverarbeitungsfragebogen 120
UM uveal melanoma
VLF very low frequency

Background

Uveal melanoma (UM) is the most common ocular
malignancy in adults. Traditional epidemiologic risk
factors for UM include Caucasian ethnicity, male gen-
der, older patient age, and the presence of choroidal
nevi or ocular/oculodermal melanocytosis [1]. Ge-
netic features of UM have been increasingly inves-
tigated in recent years and have improved tumor
classification and prediction of metastatic disease [2].
A trend toward conservative treatment options [3]
was validated by the Collaborative Ocular Melanoma
Study that reported no significant differences in sur-
vival for patients assigned to either enucleation or
brachytherapy [4]. Combined immunotherapy has
demonstrated higher response rates compared to
single-agent checkpoint inhibitors and new agents
such as Tebentafusp have shown promising results [5,
6]. Despite these advances, the annual age-adjusted
incidence of UM (5.1 per million) and the 5-year rel-
ative survival (62–81.6%; [3, 7]) have both remained
unchanged in recent decades [3].

The biopsychosocial model was established in 1977
and enabled physicians to recognize the psychoso-
cial dimensions of disease [8]. It has since then been
revealed that the immune system is particularly in-
fluenced by the nervous system and that both enti-
ties communicate constantly [9]. The psychosocial
aspects of cutaneous melanoma (CM) have been ex-
tensively investigated in the past [10–16]. Compared
to healthy controls, patients with atypical cutaneous
nevi showed higher scores for mental tension and
a higher vegetative arousal [15]. Furthermore, it was
revealed that patients with CM use negative coping
mechanisms more often than controls do [16].

With this investigation, we aimed to compare the
vegetative reactivity of UM patients and controls with
benign nevi of the uvea after a standardized stress
test (Determination Stress Test). Furthermore, coping
strategies of UM patient and controls were evaluated
using an established questionnaire (SVF 120) that was
previously used to assess stress-coping in CM patients
[14, 16]. To our knowledge, this is the first exploration
of stress-related psycho-vegetative reactivity and cop-
ing behavior in patients with uveal melanoma.

Material and methods

Study design and participants

In toral, 40 participants (20 women and 20 men) were
recruited at the Department of Ophthalmology of the
Medical University Graz, Austria. The study group
consisted of 20 patients (10 women and 10 men) with
recently diagnosed UM and was matched for age and
gender to the control group consisting of 20 patients
(10 women and 10 men) with benign nevi of the uvea.
Patients aged between 18 and 99 years were eligible for
inclusion if they were recently diagnosed (2–9 weeks
prior to the study intervention) with UM (study group)
or with benign nevi of the uvea (control group) and
if they signed informed consent forms after an intro-
ductory patient briefing. Patients in the melanoma
group did not receive information about their indi-
vidual risk based on genetic testing. Exclusion criteria
were cardiovascular disease, pregnancy or lactation
in women, insufficient compliance or language skills,
psychiatric disorders, other types of cancer (includ-
ing non-recent UM) and distant metastasis. Exclusion
criteria were identified based on the patients’ written
clinical records and oral anamnesis. Explanatory in-
formation about UM and associated risks was given
at the time of the initial presentation to avoid fur-
ther confounding psychological factors at the time of
the stress test. Patients with UM were scheduled for
enucleation or radiation. All patients participated in
the test procedure under equal conditions (see sec-
tion “Measurement sequence”). Approval of the study
protocol was obtained from the Ethics Committee of
the Medical University Graz (EK-Number: 23 498 ex
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10/11) and the study adhered to the tenets of the Dec-
laration of Helsinki.

Determination Test

The Determination Test (DT; Schuhfried GmbH,
Mödling, Austria) is an established tool in the fields
of clinical, health, and neuropsychology. This test
has previously been used to induce stress in patients
with CM [11] and its validity has been demonstrated
in several studies [17, 18]. It enables investigators to
measure reactive stress tolerance and reaction speed.
The mental strain for the test subject is generated
by the requirement to sustain continuous or rapidly
varying responses to changing stimuli. Participants
were required to press specific buttons on a panel
manually or by feet according to the color and acous-
tic stimuli presented. The intensity of the presented
stimuli was adapted so that any participant was pres-
sured until they were no longer able to perform the
required tasks.

Vegetative monitoring

Vegetative monitoring was performed throughout the
measurement sequence using an all-in-one worksta-
tion (Task Force® Monitor, CNSystems, Graz, Austria)
and included electrocardiography (ECG), oscillomet-
ric blood pressure (oscBP), and continuous blood
pressure (contBP). ContBP was measured directly us-
ing double finger sensors before being calibrated to
oscillometric BP values. Vegetative parameters were
subsequently calculated using an adaptive autore-
gressive parameter algorithm [19].

Vegetative reactivity was assessed using systolic
and diastolic blood pressure variability (BPV) as well
as heart rate variability (HRV). Heart rate variability
was represented by the low-frequency (LF) compo-
nent (frequency range 0.04–0.15Hz) of total spectral
power divided by its high-frequency (HF, frequency
range 0.15–0.4Hz) component (LF/HF ratio). As the
LF component is mainly associated with sympathetic
activity and the HF component with parasympathetic
activity, the LF/HF ratio is a measure of the balance
between both systems [20]. Blood pressure variabil-
ity was described using the LF component for both
systolic and diastolic blood pressure expressed in
normalized units (LFnu= LF / (Total Power-VLF) ×
100; VLF=Very low frequency component <0.04Hz).
Again, the LF or LFnu component is mainly associated
with sympathetic activity [21].

Stress-coping questionnaire SVF 120
(Stressverarbeitungsfragebogen 120)

The German stress-coping questionnaire SVF 120 was
presented to all patients in its paper-and-pencil ver-
sion to assess coping strategies. This widely utilized
and validated instrument encompasses 120 items di-

vided into 20 subtests. Each item can be answered on
a 5-level rating scale and both positive and negative
coping strategies are measured. The former result in
efficient reduction of stress and are considered ade-
quate coping strategies, whereas the latter are consid-
ered to be associated with stress-enhancing behavior.
The questionnaire also evaluates strategies that can-
not be assigned to either group. Positive/stress-re-
ducing aspects include trivialization, disparagement,
defense from guilt, diversion from the situation, sub-
stitute gratification, self-affirmation, relaxation, situ-
ation control, reaction control, and positive self-in-
struction. Negative/maladaptive strategies comprise
escape, social withdrawal, intrusive thoughts, resig-
nation, self-pity, and self-blame [16, 22].

Measurement sequence

Initially, the stress-coping questionnaire (SVF 120)
was answered independently of the measurement se-
quence by each participant. Participants were then
asked to rest in a sitting position for 5min (period
of rest 1, POR1), before performing the DT for about
15min. The DT was followed by another period of
rest (POR2, 5min). The test procedure was conducted
in a soundproof setting and vegetative parameters
were monitored continuously throughout the whole
process.

Statistical analysis

Metric parameters are descriptively summarized us-
ing mean, standard deviation (SD), and range (mini-
mum—maximum). Categorical parameters are given
as absolute and relative frequencies. Group differ-
ences in demographic data, patient characteristics
and SVF 120 results were assessed using Student’s
t test for independent groups. The distribution of
psycho-vegetative data was evaluated and rank-trans-
formed if the data were not normally distributed
in any given measurement within any group. We
performed a repeated measures analysis of variance
(rmANOVA) with the original data or the rank-trans-
formed data to analyze the effects of the measure-
ment sequence (POR1, DT, POR2) and to compare
both groups. If the effect of the measurement se-
quence was significant, we performed post hoc tests
to specify these differences. Additionally, we defined
contrasts to assess whether the testing conditions
differed within each group. All p values for post
hoc tests and contrasts were corrected for multiple
comparisons according to Bonferroni. All analyses
are regarded exploratory in nature and a p value of
<0.05 was considered significant. Calculations were
performed using IBM SPSS Statistics (Release 21.0.0.0
2012, International Business Machines Corporation,
Armonk, NY, USA).
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Table 1 Demographics and patient characteristics. Data
are presented as mean± standard deviation (SD) or n (%).
Percentages refer to available observations

Uveal melanoma Controls

n= 20 n= 20

Female gender 10 (50%) 10 (50%)

Age (years) 66.4 (11.7) 65.6 (11.0)

Body height (cm) 171.7 (6.2) 167.5 (9.4)

Body weight (kg) 75.2 (12.8) 76.5 (12.8)

Body surface (m2) 1.874 (0.162) 1.804 (0.240)

Results

Demographics and patient characteristics are de-
scribed in Table 1. In total, 40 participants (20 women
and 20 men) with a mean age of 66.0 years (range
46.4–87.2) were recruited in accordance with the pro-
tocol. In the UM group, one patient was enucleated
and 19 patients were treated using radiation. Of
these, eight patients received LINAC-based (linear
particle accelerator) stereotactic radiotherapy, ten
patients were scheduled for ruthenium-106 plaque
brachytherapy, and one for proton beam irradiation.

Vegetative monitoring

Descriptive analysis of vegetative parameters is sum-
marized in Table 2. The heart rate, systolic blood
pressure, and diastolic blood pressure increased from
the first period of rest (POR1) to the stress test (DT,
each p< 0.001), before decreasing back to baseline val-
ues in the second period of rest (POR2, each p< 0.001)
without any differences between the two groups. The
LF/HF ratio of HRV throughout the measurement se-
quence depended on the patient group and showed
increasing values in controls and decreasing values
in the UM group (p= 0.025). Systolic BPV (repre-
sented by LFnu) showed no significant intergroup
differences or effects of the measurement sequence
(p> 0.05). Similar to HRV, diastolic BPV (represented
by LFnu) revealed an opposing trend for both groups

Table 2 Vegetative monitoring. Data are presented as mean (standard deviation)
POR1 Group differences (POR1) DT Group differences (DT) POR2 Group differences (POR2)

UM 72.8 (11.20) 82.0 (14.44) 71.9 (10.75)Heart rate

Controls 73.1 (14.02)

0.3 (p> 0.999)

87.2 (17.20)

5.2 (p= 0.924)

73.8 (14.70)

1.9 (p> 0.999)

UM 119.8 (14.44) 132.2 (21.60) 123.2 (20.12)Systolic blood pres-
sure Controls 120.2 (11.92)

0.4 (p> 0.999)

137.7 (22.62)

5.5 (p> 0.999)

122.0 (19.95)

1.2 (p> 0.999)

UM 77.4 (9.23) 84.7 (15.06) 77.4 (12.09)Diastolic blood pres-
sure Controls 78.9 (10.33)

1.5 (p> 0.999)

89.1 (15.89)

4.4 (p> 0.999)

78.6 (13.10)

1.2 (p> 0.999)

UM 42.5 (14.54) 44.0 (10.64) 44.3 (11.61)Systolic blood pres-
sure variability (LFnu) Controls 39.7 (15.28)

2.8 (p> 0.999)

45.2 (10.67)

1.2 (p> 0.999)

43.7 (9.23)

0.6 (p> 0.999)

UM 50.7 (14.90) 46.3 (12.25) 44.7 (13.19)Diastolic blood pres-
sure variability (LFnu) Controls 40.6 (16.85)

10.1 (p= 0.159)

48.0 (12.79)

1.7 (p> 0.999)

44.2 (12.27)

0.5 (p> 0.999)

UM 1.52 (1.0) 1.31 (0.87) 1.33 (1.0)Heart rate variability
(LF/HF ratio) Controls 1.09 (0.67)

0.43 (p= 453)

1.24 (0.66)

0.07 (p> 0.999)

1.58 (1.13)

0.25 (p> 0.999)

UM uveal melanoma, POR period of rest, DT Determination Test, LFnu low-frequency normalized unit, LF low frequency, HF high frequency

Fig. 1 Diastolic blood pressure variability expressed as the
mean low frequency component of total spectral power in nor-
malized units (LFnu). Continuous line (1)= Uveal melanoma
group, dotted line (2)= Control group; POR1=Period of rest 1,
DT=Determination Test, POR2=Period of rest 2

throughout the measurement sequence (Fig. 1). The
UM group showed declining values of LFnu (dias-
tolic BPV) between POR1 and DT compared to rising
values between POR1 and DT in controls (p= 0.006).
Both the increase and the subsequent decrease of
diastolic LFnu in the control group reached statisti-
cal significance (p=0.014 and p=0.016, respectively).
Similar changes could not be observed in the UM
group throughout the measurement sequence, i.e.,
diastolic BPV was unreactive to stress in the UM
group (p> 0.05).

Stress-coping questionnaire (Stressverarbeitungs-
fragebogen 120, SVF 120)

There were no intergroup differences in positive/
stress-reducing coping strategies (trivialization, dis-
paragement, defense from guilt, diversion from the
situation, substitute gratification, self-affirmation,
relaxation, situation control, reaction control, pos-
itive self-instruction) or negative/maladaptive cop-
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ing strategies (escape, social withdrawal, intrusive
thoughts, resignation, self-pity, self-blame; p>0.05).

Summary

We assessed coping and vegetative reactivity in pa-
tients with uveal melanoma (UM) and controls. These
aspects are important because they can reveal psy-
chosocial dimensions of disease and because they can
potentially be targeted using behavioral approaches.
Coping is considered a habitual personality trait that is
constant over time and unresponsive to acute stress
[22]. Researchers have previously found that mal-
adaptive coping is associated with faster glaucoma
progression [23] and is more prevalent in patients
with HLA-B27-associated acute anterior uveitis [24]
and dry eye disease [25]. In our investigation, cop-
ing was evaluated using an established questionnaire
that assesses positive and maladaptive strategies. We
found no coping-related differences between UM pa-
tients and controls. This was unexpected, because
previous studies revealed significant differences in
coping between cutaneous melanoma (CM) patients
and healthy controls: Trapp et al. showed that pa-
tients with CM use negative coping mechanisms
more often compared to controls with benign der-
matological disease and that the risk for CM with an
initial thickness over 1mm decreases in patients with
positive coping strategies [16]. Furthermore, certain
lymphocyte subpopulations showed positive correla-
tions with negative coping strategies in CM patients,
but were negatively correlated with healthy controls
and their positive coping mechanisms [14]. Finally,
positive coping styles were associated with both good
psychosocial adjustment [13] and better outcomes
[10].

Sufficient heart rate variability (HRV) is a desir-
able state in healthy individuals because it reflects
parasympathetic (vagal) activity. The HRV decreases
when the sympathetic system is activated due to
stress. As the LF component of HRV is mainly asso-
ciated with sympathetic activity and the HF compo-
nent with parasympathetic activity, the LF/HF ratio
is a measure of the balance between both systems
[20]. Contrary to HRV, blood pressure variability
(BPV) is associated with increased cardiovascular
risk [26, 27]. The LF or LFnu component of BPV is
mainly associated with sympathetic activity [21]. We
opted to analyze BPV in addition to HRV, because
HRV alone has been critically discussed as a marker
for sympathetic activity [28, 29]. The LF/HF ratio
of HRV showed increasing values throughout the
measurement sequence in controls (increase of the
sympathetic influence during the DT), but decreasing
values in the UM group (unexpected decrease of the
sympathetic influence during the DT). Similarly, the
sympathetic influence on diastolic BPV increased in
controls during activation (expressed as an increase
of the LFnu component), but decreased in the UM

group when mental stress was induced (decrease of
the LFnu component). Our data therefore indicate
a different pattern of sympathetic activity in UM pa-
tients compared to controls. This altered pattern
could either be related to cancer pathogenesis (such
as in CM) or the result of anxiety related to recent
UM diagnosis. Because maladaptive coping (as an
indicator of chronic vegetative dysfunction) was not
relevant in our patients, we believe that the observed
patterns may be interpreted as anxiety related to
a life-altering diagnosis, although this is speculative.
Heart rate variability has previously been explored
in CM research and similar patterns were observed:
Compared to healthy controls, patients with atyp-
ical cutaneous nevi showed higher questionnaire-
based scores for mental tension and higher vegetative
arousal after a paper–pencil-based stress test [15].
Furthermore, CM patients exhibited altered cytokine
profiles and higher interleukin-6 (a cytokine associ-
ated with stress) levels compared to healthy controls
in response to the Determination Test [11]. Moreover,
HRV is significantly reduced not only in various can-
cer types compared to healthy controls, but also in
patients with metastases compared to non-metastatic
patients [30]. A systematic meta-analysis previously
reported that high HRV improves the survival in
cancer patients with different etiologies [31]. Further-
more, it was revealed that patients with prostate and
non-small lung cancer with low HRV show higher
tumor marker levels compared to patients with high
HRV [32].

Limitations

The main limitation of this study is its exploratory na-
ture, its relatively small sample size, and the possibil-
ity of other confounding factors that were not inquired
but may have influenced our results such as marital
status and educational background. Autonomic test-
ing is a complex field [33] and further investigations
will be required to confirm our findings and to investi-
gate possible effects of prognostic patient information
(genetic testing) on our results.

Conclusion

In conclusion, this is the first investigation addressing
coping and vegetative reactivity in patients with uveal
melanoma (UM). Coping mechanisms are unaltered
in UM patients compared to controls, but vegetative
reactivity may show a different pattern once patients
are diagnosed. Compared to cutaneous melanoma
(CM), maladaptive coping seems to play a less impor-
tant role in UM. However, sympathetic activity seems
to be considerably changed once patients are diag-
nosed with UM, which makes it necessary to take in-
terdisciplinary approaches to support patients in the
best possible way.
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