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In this cross-sectional, exploratory case-control study
the vegetative arousal in vitiligo patients compared to
an age- and gender-matched healthy control group was
assessed. Forty-eight participants (24 outpatients with
generalised vitiligo and 24 healthy controls) completed a
test procedure consisting of an initial period of rest (R1),
a defined mental stress task (the d2 test of attention), a
second period of rest (R2) followed by an individually,
age-adapted physical stress task (bicycle ergometry)
and a final period of rest (R3). Based on a continuously
recorded electrocardiogram, heart rate variability, in
particular high frequency (HF) and low frequency (LF)
components were determined. Within the 3 periods of
rest, vitiligo patients showed a higher vegetative arousal
than controls, represented by the ratio of LF/HF which
mirrors the sympatho-vagal balance (R1: p = 0.027;
R2: p = 0.003; R3: p = 0.029). No differences between
the 2 groups were found during the mental (p = 0.187)
and the physical stress task (p = 0.773). The results suggest a higher vegetative arousal in vitiligo patients. Key
words: vitiligo; autonomic nervous tone; vegetative arousal;
sympatho-vagal balance; mental and physical stress.
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Two major forms of vitiligo are generally described:
generalised and segmental (1, 2). Generalised vitiligo
(GV) is an acquired skin disorder in genetically predisposed subjects, characterised by depigmented patches in
the skin due to a progressive loss of active melanocytes
from the epidermis.
GV usually presents with white patches in a symmetrical distribution on mechanically distressed area like
the elbows, knees, hands and feet but can also occur
around the eyes and mouth and in the genital region.
The worldwide prevalence is 1%, and 50% of vitiligo
patients show clinical signs of the disease before the
age of 20 years. Though GV itself appears to present no
direct “organic” health risk, it is often associated with
diseases of the thyroid gland (35%), diabetes mellitus
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I (DM I), Addison’s disease, alopecia areata and other
autoimmune diseases (3–5). Also, nearly one quarter of
vitiligo patients reported that the quality of their personal life is severely reduced due to the disfigurement (6).
The exact aetiopathology of vitiligo has not been
established yet, however the main pathomechanisms
seem to be autoimmune reactions against melanocytes
and self-destruction of melanocytes due to damaging
factors (7). Neuropeptides and catecholamine released
from the epidermal nerve fibres in stress situations are
examples of such damaging factors and it is not surprising that progressive periods of vitiligo often occur
after episodes of mental stress (8).
Several studies showed that plasma catecholamine
and metabolites were elevated in vitiligo patients and
that vitiligo patients had significantly more stressful life
events at the onset of their disease than controls (9–11).
Indeed the experience of uncontrollable events, low
social support and the inability to cope with stress seem
to trigger vulnerability and susceptibility to vitiligo (12,
13). Vitiligo is also strongly associated with a reduced
quality of life (QoL) (14–16), where women appear to be
more emotionally affected than men (17–19). Therefore it
seems beneficial to offer psychological support in addition to the medical treatment of vitiligo (20–22).
Heart rate variability (HRV) is a commonly used
psycho-vegetative parameter that mirrors the functioning
of the autonomic nervous system (ANS) (23). Using specific analysis methods of HRV, the low frequency (LF)
band is a strong indicator of sympathetic activity, and the
high frequency (HF) component reflects parasympathetic
tone. Thus, the ratio LF/HF indicates the balance between
sympathetic and parasympathetic activity (23).
The aim of this study was to assess the autonomic
nervous tone during different standardised conditions (i)
at rest, (ii) during a mental stress task and (iii) during a
physical stress task in GV patients as compared to ageand gender-matched controls who were not affected by
a skin disease.
MATERIAL AND METHODS
Patients
Patients and controls were contacted between April 2008 and
February 2011 and were enrolled in the study at the Department
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of Dermatology, Medical University of Graz. Twenty-four outpatients, 16 women and 8 men (mean age 39.6 years) with GV
were assigned to the vitiligo group and were compared with
an age- and gender-matched control group of 24 subjects, 16
women and 8 men (mean age 40.1 years). All participants were
Caucasians and all patients of the vitiligo group were affected
by GV with a mean disease duration of 7.79 years (range from
1–21 years). In 19 patients (79.2%) vitiligo was in progression,
in 5 patients (20.8%) vitiligo was stable. Further information
of the study sample are given in Table SI1.
Inclusion criteria: Age between 18 to 75 years, sufficient knowledge of the German language, understanding of the tasks to be
performed and declared interest in taking part in the study, in
the presence of hypothyroidism (e.g. Hashimoto’s thyroiditis)
adequate treatment.
Exclusion criteria: On-going treatment with steroids, phototherapy or immune-therapy.
As HR and HRV are modulated by internal and external
factors, the following exclusion criteria were defined in order
to ensure the validity of the data: not adequately treated diabetes mellitus, arrhythmias, arterial hypertension, diseases of
the thyroid gland other than hypothyroidism and beta blocker
therapy as well as a body mass index > 30 kg/m2.
Participants were asked in advance to abstain from the consumption of nicotine, caffeine and alcohol 3 h before the test procedure.
All institutional rules governing clinical investigations of
human subjects were strictly followed during the study. The
study was conducted in accordance with the human medical
experimentation ethics document (Declaration of Helsinki
1964 and subsequent revisions). Approval was obtained from
the local ethics committee. Anonymity was guaranteed by
identifying each participant with an ID number.
Physiological methods
During the test procedure participants were continuously monitored with ECG using the measurement system Task Force®
Monitor (CNSystems, Graz, Austria). Based on the ECG HRV
in particular the components LF normalised units (nu) and HF
HFnu (23) were calculated and their ratio (LF/HF), reflecting
sympatho-vagal balance (23–25), was determined. Normalised
units (nu) of LF and HF components represent the balance
between sympathetic and parasympathetic tone (23). A higher
LF/HF ratio indicates increased sympathetic tone or reduced
parasympathetic tone and thus an increased activation of the
ANS (23).
Test procedure
Participants completed a baseline questionnaire about sociodemographic and medical data, including age, sex, education,
family status, medication regarding the thyroid gland and smoking behaviour (see Table SI1). Subsequently, the participants
performed a defined test procedure. Single steps of the test
procedure are shown in Fig. 1.
Periods of rest
The periods of rest R1 (6 min), R2 (6 min) and R3 (10 min)
were performed in a sitting position with closed eyes.
Mental stress task – d2 test of attention
The standardised test “d2” (26) is used as an attention test with
“p’s” and “d’s”, in total 658 characters, within 14 rows and with
1
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Period of rest Mental stress Period of rest
(R1)
task (test d2)
(R2)

6 min

4 min 40 s

Physical stress
task (ergo)

6 min

12 min

Period of rest
(R3)

10 min

Fig. 1. Sequence of the test procedure.

47 letters per row. Every “p” and “d” has a number of vertical
lines on the top, below or on both sides, with a maximum of 4
lines per letter. Participants were asked to work as fast as they
could to sign each “d” with 2 dashes and to ignore all “p´s”
and all “d´s” with less or more than 2 dashes. Twenty seconds
were allowed for each row, thus the maximal processing time
was 4 min and 40 s. The test “d2” is a frequently used test in
Europe to measure mental and visual concentration.
Physical stress task
The participants performed a physical stress task (ergo), which
was adapted individually to the age of every participant. The
individual physical limit was calculated using a standardised
age-related norm table (0.75 W/kg for 6 min) and was then
held at a constant level of 65% of the maximum age-related
HR for a further 6 min. A bicycle ergometer was used in order
to perform the defined ergotropic stress task.
Statistical analysis
The median values of each cardiac parameter, HR, LFnu, HFnu
and the ratio of LF/HF at each time point (R1, d2, R2, ergo and
R3) in vitiligo patients and in controls were compared using
the non-parametric Mann-Whitney test.
Linear regression models with a cardiac parameter as the
dependent variable and age, sex and “group” (case/control) as
independent variables were tested to see if the association between the cardiac variable and the “group” was still significant
after adjusting for the other variables.

RESULTS
The median values of the cardiac parameters (HR, LFnu,
HFnu and LF/HF), which were significantly different
in vitiligo patients and controls are shown in Table I.
The parameter HFnu was higher in controls than in vitiligo patients at R1 (p = 0.043), R2 (p = 0.003) and R3
(p = 0.035). HR was always higher in vitiligo patients
than in controls except for time “ergo” (R1: p = 0.004;
d2: p = 0.037; R2: p = 0.019; R3: p = 0.034). LF/HF ratio
and LFnu median values were higher in vitiligo patients
than in controls at R1 (LF/HF ratio: p = 0.027; LFnu:
p = 0.043), R2 (LF/HF ratio: p = 0.003; LFnu: p = 0.003)
and R3 (LF/HF ratio: p = 0.029; LFnu: p = 0.035).
Further analysis using a linear regression model with
HR at time R1, d2, R2 and R3 (HR at ergo was not
calculated, because HR was held at a constant level) as
the dependent variable and age, sex and “group” (case/
control) as independent variables, showed that the association between HR and “group” was still significant
after adjusting for other variables. The variable “group”
was still significant for the variables HFnu and LFnu
as well, both at time R2 and R3. On the other hand,
the effect of “group” was no longer significant for the
variable LF/HF ratio when adjusting for age and sex.
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Table I. Median values, minimum and maximum values of the cardiac parameters in vitiligo patients and controls
HR, bpm
Vitiligo
Control
LFnu
Vitiligo
Control
HFnu
Vitiligo
Control
LF/HF ratio
Vitiligo
Control

R1

d2

R2

ergo

R3

76.9, 54.2–76.9
69.2, 53.1–84.2

85.4, 59.5–120.3
79.4, 52.6–105.0

76.4, 54.2–100.5
71.1, 52.2–84.0

113.9, 102.6–141.2
114.8, 98.0–131.8

80.2, 55.8–108.3
74.6, 56.8–86.7

69.9, 29.9–96.5
57.7, 16.8–92.3

66.9, 30.7–80.4
57.1, 13.8–92.8

68.9, 29.0–93.0
53.4, 17.0–94.7

56.0, 21.1–89.9
52.0, 24.3–89.3

69.9, 25.6–89.1
56.2, 18.6–95.3

30.1, 3.5–70.1
42.2, 7.7–83.2

33.1, 19.6–69.3
42.9, 7.2–86.2

31.0, 7.0–71.0
46.6, 5.3–83.0

43.9, 10.1–78.9
48.0, 10.7–75.7

30.1, 10.9–74.4
43.8, 4.7–81.4

3.0, 0.4–50.6
1.4, 0.2–18.2

2.2, 0.4–6.3
1.4, 0.2–16.0

2.7, 0.4–29.5
1.3, 0.2–29.9

1.5, 0.3–14.4
1.1, 0.3–10.0

2.9, 0.4–12.7
1.5, 0.2–30.7

Bold figures indicate p < 0.05 for the Mann–Whitney test. R: rest periods; d2: test of attention; ergo: physical stress task.

DISCUSSION
In the periods of rest vitiligo patients showed a higher
vegetative arousal than healthy controls, represented
by the ratio of LF/HF, LFnu, HFnu and HR. However,
this effect was neither present during mental stress
(except HR) nor during the ergotropic phase.
The parameter LFnu, which predominantly represents
sympathetic and partly parasympathetic components
(23, 24), was significantly higher in vitiligo patients
as compared to controls. Additionally, the parasympa
thetic tone, reflected by the HFnu component (23, 24)
is reduced in vitiligo patients. Both findings indicate
clearly sympathetic dominance and thus, higher vegetative arousal in patients who suffer from vitiligo.
Due to the fact that this study was conceptualised as a
cross-sectional exploratory study, we can merely state
that patients who suffer from vitiligo, have a higher
vegetative arousal compared to healthy controls. Based
on the present results with the given study design, how
ever, no statements can be made in terms of aetiology
and pathogenesis. A study involving a larger number
of individuals should be envisaged, since this could
allow stratification and data analysis in subgroups with
satisfactory statistical power of the results, e.g. patients
with stable vitiligo vs. patients with vitiligo in progression might (or might not) show different autonomic
response, and the same might be true for patients with
different duration of disease. In recent years, a convincing body of studies has been published which present
the concept of HRV based determination of sympathovagal balance using the LF/HF ratio (23, 25). However,
there are indeed critical approaches to the concept of
sympatho-vagal balance (27). A recently published
article by Billman (28) highlights the vulnerability of
the LF/HF concept, indicating a variety of variables that
can influence sympathetic and parasympathetic activity.
Based on the available data we cannot state whether the
increased vegetative arousal caused the genesis and progress of the disease, or whether the burden of being diagnosed with vitiligo leads to the hyper-arousal. Obviously,
vitiligo patients show an increased vegetative arousal as

measured by the LF/HF ratio based on HRV. However, a
possible cytotoxic effect of catecholamines and their catabolites (e.g. o-diphenol) is thought to be associated with
the aetiopathogenesis of vitiligo (29, 30). Studies reported
higher catecholamine and metabolite levels at the onset
and during the early phase of vitiligo, which possibly mirrors an increased activity of the monoaminergic systems
probably induced by psychosocial stress (10).
In other skin diseases, we know that shame plays
an important role as an additional stressor which can
promote the exacerbation of specific dermatological
diseases (e.g. psoriasis) (31, 32). The disfigurement,
which is caused by skin diseases like vitiligo and psoriasis lead to high levels of experienced stigmatisation
and shame (32, 33). The feeling of being stigmatised
again potentially causes high levels of psycho-social
stress and has considerable impact on the patients’ QoL
especially on an emotional level (16, 34), a state which
again can be associated with a higher vegetative arousal.
Considering the importance of the regulation of our
emotions, we should take into account the permanent
interaction between the different systems, namely the
tight connection between the limbic system, the hypo
thalamus, the endocrine system, the autonomic system
and the immune system (35, 36). The limbic system,
as a centre of our emotions, is functionally associated
with the hypothalamus, which modulates the endocrine system and the autonomic nervous system and
subsequently influenced by different pathways, it also
modulates the immune system (37).
In conclusion, on a physiological level we found significant differences between vitiligo patients and unaffected controls, indicating a higher vegetative arousal in
vitiligo patients. Thus we can hypothesise that vitiligo
patients suffer higher levels of strain and may profit
from a multidimensional therapeutic intervention which
implements strategies that aim to reduce the autonomic
nervous tone. Behavioural interventions, relaxing training and strengthening the individual resilience in order
to achieve higher stress tolerance could be considered
to be effective ways to reduce individual arousal and
to improve the QoL of patients with vitiligo.
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