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Abstract
Introduction:

Vasovagal syncope (VVS) is the most common type of syncope, but its exact pathophysiology remains
unclear. The neuroendocrine response, including prolactin (PRL) and growth hormone (GH), has been
poorly studied and may reflect autonomic dysregulation during orthostatic stress.

Aim
was to analyze changes in GH and PRL levels in response to the head-up tilt (HUT) test and to assess
their relationship with hemodynamic parameters.

Subjects and methods:

The study included 79 individuals with a history of syncope (48 women, age 19-73 years). All
participants underwent the HUT test. PRL and GH levels were measured under baseline conditions and
at the end of the HUT. VVS was induced in 50 individuals (HUT+), who were further divided according to
VASIS classification.

Results

In HUT+group there was a significant increase in PRL (p = 0.001), whereas a decrease was observed in
HUT-individuals (p < 0.01). There was no significant change in GH during the HUT test in both HUT+group
(p =0.416) and HUT-group (p = 0.124). Higher post-test PRL levels negatively correlated with systolic
blood pressure (r = - 0.32; p = 0.004) and diastolic blood pressure (r = - 0.33; p = 0.006). PRL level above
5.8 pg/L after HUT was associated with a higher likelihood of HUT positivity.

Conclusion

The results suggest an association between PRL levels and hemodynamic changes during VVS and
support the hypothesis that the central serotonergic system may be involved in the pathogenesis of VVS.
The identification of different phenotypes can lead to development of personalized treatment, such as
selective serotonin reuptake inhibitors in patients with a marked prolactin response.

Introduction

Syncope is a transient loss of consciousness that, from a pathophysiological point of view, results from
brain tissue hypoperfusion caused by an inability to maintain adequate blood pressure and cerebral
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blood flow [1]. Despite its generally benign nature, it can lead to a reduced quality of life. Individuals with
this condition tend to have a higher prevalence of psychiatric disorders, such as depression and anxiety
disorders [2]. Vasovagal syncope (VVS), which is the most common form of this condition, is classified
as a reflex syncope [3]. This condition is more common in women, with the first episodes typically
occurring during adolescence [2]. Its lifetime prevalence is estimated at 20—-40% [4].

Treatment is focused on proper patient education, avoiding potential triggers, increasing salt and fluid
intake, regular physical activity, yoga, and isometric physical countermeasures, such as crossing the
lower limbs [2]. From a pharmacological perspective, several medications have been shown to be
effective—fludrocortisone, midodrine, beta-blockers, and selective serotonin reuptake inhibitors (SSRIs).
Certain invasive treatment procedures, such as the implantation of a permanent pacemaker—particularly
in cases of cardioinhibitory syncope—and cardioneuroablation, whose effect is associated with a
decrease in vagal tone, have also been shown to have a positive impact on reducing the recurrence of
syncopal episodes [2,5,6].

The exact pathophysiology of vasovagal syncope remains incompletely understood. Under physiological
conditions, a decrease in cardiac output is compensated by the baroreflex, which, through sympathetic
activation, leads to increased cardiac contractility. Insufficient sympathetic activation and concurrent
parasympathetic dominance lead to cardiac inhibition and a decrease in vascular tone [1]. The
prodromal phase of syncope is associated with arise in adrenaline levels and a simultaneous decrease
in norepinephrine levels, which may represent one of the factors increasing susceptibility to syncope [7].
Several authors have described various humoral factors playing a role in the pathogenesis of syncope,
such as antidiuretic hormone, endothelin-1, adrenomedullin, adenosine, cortisol, aldosterone, GH, and
serotonin [1,8—10]. According to some authors, activation of the central serotonergic system leads to an
increase in blood prolactin levels [10]. However, data on PRL and GH responses during the HUT test
remain limited, and the humoral mechanisms that could represent potential therapeutic targets in
patients with VVS are still poorly understood.

The aim of this study was to analyze changes in GH and PRL levels in response to the HUT test in
patients with vasovagal syncope and to determine their relationship to hemodynamic parameters.

Methodology and methods

This prospective observational study enrolled adults with a history of syncope. All participants
underwent a HUT test in the morning following standard preparation at the syncope clinic of the 1st
Department of Cardiology at the Faculty of Medicine, Pavol Jozef Safarik University, and the Research
Institute of Cardiovascular Diseases in KoSice between February 2024 and February 2025. Based on the
results of the HUT test, they were divided into HUT-positive (HUT+) and HUT-negative (HUT-) groups. The
study was approved by the local ethics committee.

A total of 79 individuals aged 19-73 years were examined, including 48 women and 31 men. Fifty
patients had a positive response in the sense of vasovagal syncope; they were subsequently classified
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according to the VASIS classification as VASIS I—mixed response (31 patients), VASIS lla—
cardioinhibitory response without asystole (2 patients), VASIS IIb—cardioinhibitory response with
asystole (7 patients), and VASIS lll—vasodepressor response (10 patients). Venous blood samples were
collected from all participants before the start of the test to measure baseline hormone levels. A second
blood sample was collected immediately after the onset of syncope in the HUT+ group. In the HUT-
group, the second blood draw took place after the HUT test was terminated. After collection, the
samples were centrifuged and stored at - 70°C until laboratory analysis.

Individuals with comorbidities such as pituitary and adrenal disorders and thyroid dysfunction were
excluded from the study. Other exclusion criteria included chronic kidney disease, structural heart
disease, resistant hypertension, arrhythmias, sepsis, liver cirrhosis, pregnancy, breastfeeding, and the
use of medications that could affect hormone levels—antidepressants, antipsychotics, metoclopramide,
proton pump inhibitors, methyldopa, opioids, dopamine agonists, glucocorticoids, estrogens, and
somatostatin analogs [11-13]. Patients were informed about adherence to protocol requirements prior
to the examination. Before testing, they were instructed to avoid caffeinated beverages—including
coffee, green tea, and black tea—as well as alcohol consumption, smoking, and intense physical activity.

The HUT test was conducted according to the Italian protocol. After a five-minute rest phase in the
supine position, participants were tilted to a 60° angle for 20 minutes, which represented the passive
phase of the test. In the absence of syncope symptoms, nitroglycerin was administered sublingually, and
the test continued for another 15 minutes [14]. During the entire examination, electrocardiogram and
electroencephalogram were continuously monitored. Blood pressure was measured using a manual
sphygmomanometer at regular two-minute intervals.

GH levels were determined using the immunoradiometric sandwich method (IRMA; Beckman Coulter,
Prague, Czech Republic). The measurable range was 0.1-100 mlU/L, with an inter-assay coefficient of
variation of < 7.1% and an intra-assay coefficient of variation of < 2.7%. The method used was
characterized by high antibody specificity and an analytical sensitivity of 0.1 mIU/L. Prolactin was also
measured using the immunoradiometric sandwich method (IRMA; Beckman Coulter, Prague, Czech
Republic). The measurable range was 1.55-189.3 pg/L, the inter-assay coefficient of variation was =
5.5%, and the intra-assay coefficient of variation was < 10.7%. The method was characterized by high
antibody specificity and an analytical sensitivity of 0.36 pg/L.

Statistical data analysis was performed using GraphPad Prism software and Python programming
language libraries. Continuous variables are presented as mean + standard deviation (SD). Pearson’s chi-
square test or Fisher’s exact test was used to analyze categorical variables. Parametric continuous
variables were analyzed using Student'’s t-test, while the Mann—Whitney U test was used to compare
nonparametric data. Paired nonparametric data were compared using the Wilcoxon signed-rank test.
Relationships between continuous variables were assessed using Pearson’s or Spearman'’s correlation
coefficient. Analysis of variance (ANOVA) was used to compare multiple groups. The diagnostic utility of
PRL in discrimination between the study groups was evaluated using ROC analysis. The strength of the
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association was expressed as an odds ratio (OR) with a 95% confidence interval (Cl). Independent
associations between study variables were assessed using multivariable regression analysis. A p-value
of < 0.05 was considered statistically significant.

Results

The baseline characteristics of the cohort are presented in Table 1. Baseline levels of PRL (p = 0.340)
and GH (p = 0.165) did not differ significantly between the HUT + and HUT- groups. VVS was induced
during the passive phase of the HUT test in six participants, while in the remaining 44 participants, the
test proceeded to the nitroglycerin phase. After completion of the HUT test, prolactin levels in the HUT+
group were significantly higher than in the HUT- group (9.544 + 9 vs. 4.783 + 1.545 pug/L; p < 0.001).

Table 1
Baseline parameters of the study population
Men/Women HUT+ (n = 50) HUT- (n =29) p-value

17 (34%)/33 (66%) 14 (48.3%)/15 (51.7%)  0.239

Age (years) 42.84+16.83 449 +13.57 0.535
Growth hormone before (mlU/I)  1.364 +3.214 0.5148 £ 0.861 0.165
Prolactin before (ug/I) 6.950+6.477 5.234 +1.406 0.34
Growth hormone after (mlU/I) 1.293 £2.461 1.002 £ 1.487 0.468
Prolactin after (ug/I) 9.544+9 4.783 +1.545 < 0.007***

Legend: HUT+ — HUT-positive individuals, HUT- — HUT-negative individuals, *** p < 0.001

PRL levels increased significantly in the HUT+ group (p = 0.001), whereas they paradoxically decreased in
the HUT- group (p < 0.01) (Fig. 1). In contrast, GH levels did not change significantly during the HUT test
in either the HUT+ (p = 0.416) or the HUT- (p = 0.124) groups.

Legend

HUT+ — HUT-positive individuals, HUT- — HUT-negative individuals, PRL — prolactin, ** p< 0.01; *** p <
0.001

After completion of the test, the HUT+ patients were classified according to the VASIS classification:
VASIS | — 31 patients (62%), VASIS lla — 2 patients (4%), VASIS llb — 7 patients (14%), and VASIS Il - 10
patients (20%). No significant differences in the concentrations of the monitored hormones were found
among the individual VASIS subgroups (Table 2).
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Table 2
Hormonal differences based on the VASIS classification

Growth hormone baseline (miU/l)  VASIS | VASIS I VASIS Il p-value
(n=31) (n=9) (n=10)

1.66+3.88 1.19+2.28 0.613+0.693 0.887

Growth hormone HUT (mlU/I) 1.52+2.88 0.697+0.679 1.13+2.11 0.519
Prolactin baseline (ug/I) 6.55+3.94 10.16+13.06 5.32+3.37 0.383
Prolactin HUT (ug/I) 9.01+7.53 14.81+15.08 6.46+3.27 0.246

Legend: HUT — head-up tilt test

PRL levels after the HUT test negatively correlated with both systolic and diastolic blood pressure after
the test (Fig. 2). Higher PRL levels were associated with lower systolic blood pressure (r=-0.32; p =
0.004) and lower diastolic blood pressure (r = - 0.33; p = 0.006).

Legend
SBP - systolic blood pressure, DBP — diastolic blood pressure, * p < 0.05, HUT - head-up tilt test

Based on ROC analysis, a PRL concentration of 5.8 pg/L was determined to be the optimal cut-off value
for the discriminating between HUT + and HUT- individuals. The area under the ROC curve was 0.734,
with a sensitivity of 71.4% and a specificity of 73.3% (Fig. 3). Prolactin levels above this value were
associated with 5.7-fold greater odds of a positive HUT test (95% Cl: 2.07-15.5), and this association
was statistically significant (p < 0.0005).

No statistically significant differences in PRL levels were found between women and men, either under
basal conditions (p = 0.742) or after the HUT test (p = 0.931). In contrast, basal GH levels were higher in
women than in men (1.892 + 3.852 vs. 0.338 + 0.512 mIU/L; p = 0.007). Women also had lower baseline
systolic blood pressure compared to men (112.4 + 16.38 vs. 127.4 + 22.08 mmHg; p = 0.007). The
remaining parameters after the HUT test did not differ statistically between the sexes.

Multiple regression analysis (Fig. 4) did not reveal a statistically significant association between the
change in PRL levels during the HUT test and the participants’ age or sex (HC3 robust regression; R2 =
0.001; p=0.950). In contrast, for GH, a statistically significant relationship was observed between female
sex and a lower AGH value (R? = 0.060; p = 0.014). Women exhibited a smaller change in GH levels
during the HUT test compared to men (B =-0.95; p = 0.009).

Discussion

The aim of this study was to compare GH and PRL responses in individuals with HUT-induced vasovagal
syncope and in a control group with a negative HUT test. Another objective was to analyze the
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relationship between changes in the levels of these hormones and hemodynamic parameters.

PRL is a hormone produced primarily by lactotroph cells in the anterior pituitary gland, and its levels may
increase in response to any stressor. Hyperprolactinemia is also associated with several physiological
and pathological conditions, including pregnancy, breastfeeding, nipple stimulation, compression of the
hypothalamic-pituitary stalk, prolactinoma, chronic kidney disease, hypothyroidism, liver cirrhosis, and
epileptic seizures. PRL levels may also be elevated in response to treatment with certain
antidepressants, antipsychotics, antiemetics, methyldopa, opioids, and estrogens [12,15].

In our study, PRL levels under baseline conditions did not differ statistically between the two groups
(HUT + and HUT-); however, after the test was terminated, HUT+ individuals exhibited significantly higher
PRL levels. A similar increase in PRL levels in HUT+ patients was also reported by Theodorakis et al.
(1997) who associated it with a transient activation of the central serotonergic system [10]. This
mechanism likely contributes to the development of hypotension by influencing the autonomic nervous
system and triggering the release of pituitary hormones. Activation of the central serotonergic system
leads to an increase in serotonin, which, together with other neurotransmitters, participates in the
hypothalamic regulation of pituitary hormone secretion, particularly PRL but also adrenocorticotropic
hormone (ACTH) and GH [16]. Activation of 5-HT, serotonin receptors can lead to bradycardia through
vagal afferent fibers. The expression of these receptors on vagal nerve fibers has been demonstrated in
experimental studies in rats. Activation of 5-HT, receptors may have a sympatholytic effect and inhibit
the release of norepinephrine from sympathetic nerve terminals. Both mechanisms may contribute to a
decrease in cardiac output and the development of hypotension [17,18]. On the other hand, Guzman et
al. (2006) did not demonstrate increased serotonergic activity in patients with VVS in their research [19].
Another study demonstrated lower serotonin levels during the early phase of the HUT test in HUT+
individuals, while no statistically significant differences were observed between the study groups at the
time of syncope [20]. However, in our study, we did not measure serotonin levels in the participants, as
blood levels alone often do not reflect serotonergic neural activity.

During the HUT test, there was an increase in PRL in the HUT+ group and a decrease in prolactin after
the HUT test in HUT- individuals. These results are consistent with previous observations that the central
serotonergic system is involved in the pathophysiology of vasovagal syncope. Conversely, the decrease
in PRL may represent a protective mechanism that protects the individual from developing a syncopal
episode; however, further studies are needed to confirm this hypothesis.

Higher PRL levels after the HUT test were negatively correlated with both systolic and diastolic blood
pressure after the test. This relationship also supports a possible link between activation of the
serotonergic system and the resulting hypotension.

Based on our results, a PRL level of more than 5.8 pg/L was associated with a 5.7-fold higher likelihood
of a positive HUT test result compared to levels below this threshold. PRL measurement alone could, in
the future, help identify a subgroup of patients with VVS who have higher PRL levels and who might
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benefit from treatment with selective serotonin reuptake inhibitors. This assumption is, for now, only a
hypothesis that must be verified in prospective interventional studies.

Selective serotonin reuptake inhibitors inhibit the serotonin transporter (SERT), thereby affecting
serotonin concentrations in the synaptic gap. However, their acute and chronic effects differ and involve
complex, time-dependent changes in serotonergic signaling and neuroplasticity. Certain mutations in
genes involved in serotonergic signaling, including the gene encoding SERT, have been associated with
the occurrence of vasovagal syncope. Results from available clinical studies suggest that SSRI
treatment may reduce the recurrence of VVS and the incidence of presyncopal episodes in a selected
group of patients. It is proposed that patients with VVS exhibit altered sensitivity of the serotonergic
system. Acute inhibition of SERT may increase susceptibility to a vasovagal reaction, whereas chronic
administration of SSRIs leads to neuroadaptive changes in serotonergic signaling. However, the exact
mechanism underlying these differing effects remains unclear [21,22]. Association between certain
genetic polymorphisms and a predisposition to VVS has been described within the serotonergic nervous
system [23]. Treatment with fluoxetine (SSRI) may reduce syncope episodes and improve quality of life in
selected patients with recurrent VVS [24]. Its positive effect has been observed particularly in treatment-
resistant patients with increased anxiety, which may predispose susceptible individuals to VVS [25].

In our cohort, no significant differences in PRL levels were found among the individual VASIS subgroups.
Although individuals with the cardioinhibitory form of VVS (VASIS Il) showed slightly higher values, this
difference was not statistically significant. We did not find any other studies in the available literature
that directly compared the PRL response among the different VASIS subtypes. Therefore, it was not
possible to directly compare the results. Interpretation is also limited by the small number of patients in
each subgroup. Under physiological conditions, PRL levels are generally higher in women than in men
[26], however, in our group, we did not observe significant differences in baseline PRL levels or in PRL
values following the HUT test.

Growth hormone is a hormone produced by somatotrophic cells of the anterior pituitary gland; it is
secreted in pulses, reaching peak levels during sleep. Disorders of the somatotropic axis, both hyper-
and hypofunction, are associated with adverse metabolic and cardiovascular consequences. Published
data have demonstrated the efficacy of somatostatin analogs in the treatment of syncope, likely by
reducing blood pooling in the splanchnic circulation and improving venous return [27].

Our results did not show any statistical differences between HUT + and HUT- individuals in terms of GH
levels under baseline conditions or after the HUT test, although HUT+ individuals had numerically higher
values. In contrast to our results, Theodorakis and colleagues reported elevated GH levels in individuals
with a positive HUT test [10].

Blood analysis of children with VVS revealed higher plasma levels of hepatocyte growth factor (HGF) and

insulin-like growth factor-binding protein 1 (IGFBP-1) compared to healthy individuals, while levels of

epidermal growth factor (EGF) were lower. EGF acts as a vasoconstrictor, while HGF and IGFBP-1 have

vasodilatory effects. Their imbalance could therefore contribute to hemodynamic changes in VVS [28].
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GH secretion is influenced by sex. In men, secretion tends to be more pulsatile, whereas in women,
secretory pulses occur more frequently [27]. In our study group, women exhibited higher GH levels under
basal conditions, which also supports the theory regarding the influence of sex hormones on GH
production. However, growth hormone levels did not differ statistically among the individual VASIS
subtypes.

Although women exhibited statistically significantly higher basal GH levels, multiple regression analysis
revealed a lower AGH value during the HUT test compared to men. This result suggests a possible
relationship between sex and the growth hormone response to orthostatic stress.

The main limitation of this study is the relatively small number of participants, particularly the low
representation of certain VASIS subgroups. Despite efforts to exclude physiological and pathological
conditions associated with changes in PRL levels, it was not possible to completely eliminate all
potential confounding factors. The results may have been influenced by stress from the examination or
blood draw itself, lack of sleep, sexual intercourse prior to the examination, and, in women, the various
phases of the menstrual cycle. Another limitation was the single measurement of GH, given its pulsatile
nature. In this study, we did not measure insulin-like growth factor 1 (IGF-1), which is a more stable
indicator of long-term somatotropic axis activity. Levels of serotonin or its metabolites were also not
measured; therefore, the observed prolactin response cannot be used to directly infer the activity of the
central serotonergic system. Further prospective, multicenter validation studies with a larger number of
participants are needed to verify the diagnostic utility of prolactin concentration measurement.

Conclusion

The exact role of hormonal mechanisms in the pathogenesis of VVS is not fully understood. One of the
hormones studied is PRL, which in our study increased significantly after the HUT test in the HUT+ group,
while a paradoxical decrease was observed in HUT- individuals. Higher PRL levels after the test also
correlated with lower systolic and diastolic blood pressure values. These results may indicate a link
between the prolactin response and hemodynamic changes during vasovagal syncope and support the
hypothesis of the central serotonergic system'’s involvement in the pathogenesis of VVS. Conversely, the
decrease in PRL levels in HUT- individuals could be related to mechanisms that prevent the development
of syncope, although this hypothesis requires verification in further studies. GH levels did not differ
significantly between the HUT + and HUT- groups either under basal conditions or after completion of the
HUT test. However, the observed differences between the sexes suggest a possible influence of sex not
only on basal GH secretion but also on its response to orthostatic stress. Further prospective studies
with a larger number of participants are needed to more precisely clarify the hormonal mechanisms
involved in hemodynamic changes during VVS. A better understanding of the pathophysiology could
contribute to the identification of different VVS phenotypes and to the development of individualized
treatment approaches.
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PRL levels under baseline conditions and after the HUT test among HUT-positive (HUT+) and HUT-
negative (HUT-) individuals

Legend: HUT+ — HUT-positive individuals, HUT- — HUT-negative individuals, PRL — prolactin, ** p < 0.01;
*** p<0.001
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Figure 2

Relationship between prolactin and hemodynamic parameters after the HUT test

Legend: SBP — systolic blood pressure, DBP — diastolic blood pressure, * p < 0.05, HUT — head-up tilt test
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GH response on HUT based on sexes
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Figure 3. Multiple regression analysis —growth hormone (GH) response to the HUT test by gender
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