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A B S T R A C T   

Purpose: Retinitis pigmentosa (RP) patients commonly experience negative psychological states due to their 
progressive and unpredictable loss of vision and visual variations related to stress. The aim of this study was to 
examine hair cortisol concentrations (HCCs), which is usually associated with chronic stress, pretending to unveil 
possible associations between underlying psychological factors and disease severity in RP patients. 
Methods: Seventy-eight RP patients and 148 healthy controls were included in this study. A complete ophthal
mological exam was performed in all patients to grade into severity disease groups. Perceived stress and trait- 
anxiety were measured by the State-Trait Anxiety Inventory (STAI) questionnaire. 
Results: Fifty-two (67%) patients had severe RP and 26 (33%) mild-moderate RP. Fifty-eight (58,9%) patients 
reported severely levels of stress and 18 (23.,1%) highly levels assessed by STAI questionnaire. RP patients 
exhibited higher HCCs (500.04 ± 120.99 pg/mg) than in controls (136.17 ± 60.51 pg/mg; p < 0.001). Severe RP 
patients had significant higher HCCs than mild-moderate patients differing in 274.27 pg/mg (p < 0.001). RP 
severity grade and perceived anxiety levels in the questionaries were not associated. Group differences were not 
affected by relevant covariates (age, grade of severity, stress status, and gender). 
Conclusions: HCC seems an effective biomarker associated with chronic stress in RP patients. This study shows 
that HCC in patients with RP are elevated compared to population-based controls, and association between HCC 
and RP severity was found. Future research is needed to characterize the effect of untreated negative psycho
logical states on progression of the disease if any.   

1. Introduction 

Retinitis pigmentosa (RP) is the name given to a group of hereditary 
degenerative retinal disorders where the progressive decease of photo
receptors results in severe visual impairment and irreversible blindness 
(Hamel, 2006; Hartong et al., 2006; Parmeggiani et al., 2011). Despite 
RP is considered as a rare disease, it is the commonest inherited retinal 

dystrophy affecting approximately one in 4000 people worldwide 
(Galan et al., 2011; Hartong et al., 2006; Mifsud and Reul, 2018). 

Most RP patients continuously face a slowly progressive loss of vision 
for which there is no currently available cure although advances are 
being made in gene therapy for some mutations (RPE65). This can result 
in an inexorable threat to patients’ independence and development of 
negative psychological states. It is well known that RP patients are at 
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high risk for stress as their vision loss progresses (Bittner et al., 2010; 
Kiser and Dagnelie, 2008; Prem Senthil et al., 2017). But it has also been 
reported that variations in vision in RP patients are often related to stress 
and that vision partially improved when stress was alleviated (Kiser and 
Dagnelie, 2008). 

The first symptom of RP is generally nyctalopia or loss of night vision 
with progressive narrowing of the visual fields. Over time, depending on 
the severity and rate of progression, complete central vision loss and 
photopsia can be the result, as a late effect of the disease. In addition, as 
the disease progresses other features may develop including color vision 
impairments, day-to-day fluctuations in vision, and photophobia which 
can severely impair a patient’s quality of life and affect their ability to 
perform daily activities, increasing the risk of being stressed and anxious 
(Heckenlively et al., 1988; O’Neal and Luther, 2021; Otsuka et al., 
2020). 

The stress response is mainly mediated by the activation of two 
pathways: the sympathetic adrenomedullary system (SAS), in which 
catecholamines are secreted, and the hypothalamic-pituitary-adrenal 
(HPA) axis whose end-up hormones are glucocorticoids, such as 
cortisol (King and Hegadoren, 2002; Mifsud and Reul, 2018; Russell 
et al., 2012). Acute stress is primary assessed using catecholamines as 
biomarkers, whereas subacute and chronic stress can be evaluated 
measuring the activity of the HPA axis through cortisol release 
(Davenport et al., 2006; Gow et al., 2010; Russell et al., 2012). 

Cortisol, considered a key component of the physiological stress 
response, is the most widely used biomarker of stress (Davenport et al., 
2006; Russell et al., 2012). Its levels could be measured in saliva, blood, 
urine, and feces samples, but those revealed high variability, as they are 
influenced by numerous factors providing less reliable information 
about the long-term glucocorticoid exposure due to HPA chronical 
activation (Adam et al., 2006; Davenport et al., 2006; Garcia-Leon et al., 
2019; Gibson et al., 1999; Karlén et al., 2011; Wolfram et al., 2013). 

By contrast, recent studies have validated the analysis of hair cortisol 
concentrations (HCC) as a long-term systematic stress biomarker 
(Staufenbiel et al., 2013). HCC provides a “window to the past” in terms 
of cortisol levels. Considering that bioactive cortisol accumulates in 
growing hair and the average hair growth per month is 1 cm, it is 
accepted that HCC reflects the cortisol secretion over a period of months 
(Davenport et al., 2006; Garcia-Leon et al., 2019; Russell et al., 2012; 
Wennig, 2000). Moreover, HCC determined from hair strands collected 
near the scalp is a non-invasive and painless methodology. 

The use of HCC as a biomarker in ocular diseases has been previously 
reported in recent studies (Lenk et al., 2017, 2019; van Haalen et al., 
2020). In patients with active central serous chorioretinopathy (CSC) or 
keratoconus, HCC analysis revealed increased values, supporting the 
idea that cortisol may be a useful tool to monitor disease activity or 
progression (Lenk et al., 2017, 2019). However, to the best of our 
knowledge, HCC has not been previously studied in RP patients. 

In the current study, we evaluated HCC in a large cohort of patients 
with RP, comparing their HCC values with a control group. In addition, 
we investigated the suspected relationship between cortisol values, the 
degree of anxiety-stress status and RP severity grades. 

2. Materials and methods 

2.1. Study design and participants 

In this observational study, RP patients were recruited from RECYL 
(Association of RP patients from Castilla y León, Spain) and two study 
groups were formed, the RP group (n = 78) and a second group of 
healthy controls (n = 148). Participants were examined between 
January 2019 and June 2021 at the Department of Ophthalmology of 
Clinical University Hospital of Valladolid and Institute of Applied 
Ophthalmobiology (IOBA, Eye Institute), University of Valladolid, Val
ladolid, Spain. The study protocol was approved by the Medical Ethics 
Committee of Clinical University Hospital of Valladolid and all research 

done followed the Tenets of the Declaration of Helsinki. Written consent 
was obtained from each participant before examinations. 

The control group was formed to obtain reference values for normal 
hair cortisol values and comprised healthy subjects without history of 
retinal diseases. 

The inclusion criteria in the RP group were: 1) RP diagnose, 2) age 
from 18 to 60, and (3) to be Caucasian. The exclusion criteria for all 
groups were: (1) presence of other retinal pathologies, (2) a history of 
ocular surgery at least 6 months before, (3) uveitis or glaucoma, (4) a 
history of severe mental illness, (5) patients with inflammatory or 
autoimmune diseases, (6) pregnancy or lactation, (7) hormonal treat
ment including oral contraceptives, (8) current treatment of psycho
tropic, anti-inflammatory, steroids, or analgesic drugs. 

HCCs were determined from 3 cm hair strands samples collected near 
the scalp from RP patients and healthy controls. In addition, RP patients 
were graded into severity disease groups, and their anxiety-stress status 
was analyzed by the State-Trait Anxiety Inventory (STAI) questionnaire. 

2.2. Ophthalmological exam and degree of Retinitis Pigmentosa severity 

Patients in this group were subjected to a complete ophthalmological 
examination (clinical ocular evaluation, best corrected visual acuity 
[BCVA], spectral domain optical coherence tomography [SD-OCT] and 
visual field test [VF]) and graded into severity disease groups according 
to Smith et al. (2013) (Smith et al., 2013). 

For RP severity classification, clinical assessment and results from 
ancillary tests were used. Best BCVA in logarithm of the minimum angle 
of resolution (LogMAR) scale, mean deviation (MD) in automated 
perimetry (dB) and SD-OCT-measured outer retinal thickness (ORT) 
(distance from retinal pigmentary epithelium to inner-plexiform layer 
measured in micrometers-μm) at fovea were considered. The RP patients 
were graded from mild to severe on a 0–4 points scale (Smith et al., 
2013). Clinical assessment included an evaluation of 4 of the dis
tinguishing clinical signs in RP. The presence of significant lens opacity, 
moderate or severe optic disc atrophy, bone spicules or macular pa
thology (epiretinal membrane or cystoid macular oedema) scored 1 
point each (O’Neal and Luther, 2021; Smith et al., 2013; Verbakel et al., 
2018). 

BCVA was recorded using the Early Treatment Diabetic Retinopathy 
Study (ETDRS) optotypes, with “Chart 2” in LogMAR measures, from 
“Precision Vision” (Woodstock, Illinois, USA) (Elliott and Flanagan, 
2007). Chart testing distance was initially fixed in 4 m, for patients with 
enough VA. If patients could not see any of the characters, distance was 
reduced to 1 m. In cases 1 m distances was neither enough patient was 
asked to count fingers (CF: 2) in nearer distances, which were registered, 
asked for hand motion (HM: 3) or registered as light perception (LP) or 
absence of LP (NLP) in worst cases. VA until 0.20 LogMAR did not score, 
between 0.21 and 0.40 scored 1 point, 0.41–0.60 2 points, 0,61–0.80 
scored 3 points and over 0.80 (including PL and NPL) scored the 
maximum, 4 points. 

The Mean Deviation (MD) index of the visual field was gathered with 
a “Humphry Visual Field Analyzer” (HFA, Carl Zeiss Meditec, Dublin, 
CA). The automated perimeter was used to stablish functional damage in 
both eyes, using the Swedish Interactive Threshold Algorithm (SITA)- 
Standard (SS) 24-2 strategy (Igarashi et al., 2016). Cut-off points in 
automated perimetry were stablished by MD (dB) in negative values: 
values until 15 dB did not score, between 15 and 20 1 point, 20.1–25 2 
points, 25.1–30 3 points and values over 30 dB of MD scored the 
maximum, 4 points (Smith et al., 2013). 

OCT scans were performed to stablish objective structural damage 
(Liu et al., 2016). The chosen protocol to analyze central retinal damage 
was macular cube 200 × 200 and measures were taken using a Spectral 
Domain “Cirrus HD-OCT 5000” (Carl Zeiss Meditec, Calif., USA). Outer 
retinal thickness at fovea, measured in microns (μ), was considered for 
RP classification: retinal thickness over 160 μ did not score, 160.1–130 μ 
scored 1 point, 130.1–100 μ scored 2 points, 100.1–70 μ scored 3 points 
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and values under 70 μ scored the maximum 4 points (Smith et al., 2013). 
As a result of the sum of clinical assessment and ancillary test scores, 

total severity grade (TSG) variable was calculated. It ranged from 0 to 
16, considering punctuations between 0 and 3 a mild disease grade, 4–7 
moderate and 8–16 severe. When total severity grade was stablished in 
our patients, most of them resulted in an advanced stage of disease and it 
was decided to stratify patients in only two groups mild-moderate 
named grade 2 and severe disease, grade 3 (Smith et al., 2013). 

2.3. Anxiety status evaluation 

The STAI questionnaire was used to characterize the anxiety trait by 
the participants. The questionnaire was completed twice (state-trait 
section at first and state section only at second visit as recommended). 
Those visits were separated for a week. The STAI questionnaire is a 
validated scale for grading anxiety either as an occasional event, a state, 
a sustained condition, or a trait (Novy et al., 1995; Rodrigo and 
Lusiardo, 1988; Spielberger et al., 1971). It is composed by 40 items that 
receive a specific score according to its frequency. The minimum score is 
0 meaning no stress-anxiety perceived, meanwhile 60 is the upper limit. 
However, the results can be categorized in 4 groups: (1) not anxious 
(0–19), (2) mild grade (20–28), (3) high grade (29–39), (4) severe grade 
(>40) (Spielberger et al., 1971). 

2.4. Chronic stress: hair sample collection and cortisol measurement 

Relevant sociodemographic variables (age, smoking status, body 
mass index, employment status, physical exercise, or sex) and ocular and 
medical histories were recorded. Then we further analyzed hair strands 
from the participants. 

Hair strands were taken near the scalp and from a posterior vertex 
location and kept in aluminium foil to protect them from light and hu
midity. Afterwards, the hair was washed twice using isopropanol and 
left them dry for 48 h at room temperature (RT). Then, 1 cm proximal 
hair and 1 cm distal hair were cut for analysis. The hair samples were cut 
into small pieces and weighed. The samples were into 500 μl of methanol 
and left in agitation for 72 h at RT. Then, the samples were centrifuged 
(14,000 g) for 2 min at RT, the supernatant were separated, and the 
pellet discarded. The recovered supernatants were introduced into the 
Eppendorf™ Concentrator Plus (Eppendorf AG, Hamburg, Germany) for 
2 h at RT. The final extract was reconstituted in 150 μl of phosphate 
buffered saline 1% (PBS). 

The Cortisol levels were determined using a specific Cortisol ELISA 
test following the manufacture instructions (DRG Salivary Cortisol 
ELISA, DRG Instruments GmbH, Marburg, Germany). 

2.5. Statistical analysis 

Data were presented as mean and standard deviation (SD) for 
quantitative variables and percentages for qualitative variables. The t- 
test was used to compare the differences between means from study 
groups. The mild RP group was only constituted by 2 patients. To 
facilitate the comparison of different data between groups, we combined 
both subgroups (mild and moderate) into a single group (mild-moder
ate). Chi-squared was used to analyze the association between cate
gorical variables. HCC was logarithmically transformed since hormone 
values were not normally distributed (Supplementary Fig. 1). The gen
eral linear model was used to compare the differences in Log- 
transformed HCC mean values between groups including age, grade of 
severity, stress status, and sex as covariable, since hair cortisol levels 
tend to increase with age (Wester et al., 2017). Also, a post hoc sensi
tivity analysis was performed excluding outliers. The linear association 
between quantitative variables was measured by Pearson’s correlation 
coefficient. The statistical significance was set at p < 0.05. Data was 
analyzed by IBM-SPSS Statistics software version 22. 

3. Results 

3.1. Baseline characteristics, stress status and anxiety status 

Seventy-eight patients with RP (47 (60.3%) males) and 148 healthy 
controls (70 (47.29%) males) were included (Table .1). Patients with RP 
were 51.59 ± 13.40 years old, and the age of the participants in healthy 
group was 41.29 ± 5.14 years, being RP patients older than controls (p 
= 0.001). 

At the time of evaluation, 52 (67%) of patients had a severe RP (33 
(63.5%- males) and 19 (36.5%) females) with a mean age 53.83 ± 13.17 
years old, and 26 (33%) a mild-moderate grade (14 (53.8%) males) and 
12 (46.2%) females) with a mean age 47.12 ± 12.94 years old. Patients 
with a tougher severity degree of RP tended to be older (p = 0.036) 
which agrees with the literature due to chronic nature of disease”. Mean 
age in mild-moderate group age was 47.1 ± 12.9 and 53.8 ± 13.1 in the 
severe group (p = 0.036). 

The 23.1% of the RP patients (n = 18) showed high-anxiety status 
(“STAI-status 29–39”), 58 patients (74.35%) severe-anxiety status 
(“STAI-status >40”), and only 2.55% (n = 2) had normal score. Patients 
with severe and mild-moderate RP (n = 38 and 20, respectively) did not 
show significant differences when their perceived anxiety scores were 
compared. 

3.2. Baseline clinical characteristics of RP patients 

Clinical appearance data are summarized in Table 2. Mean visual 
acuity in LogMAR unit was 1.3 (range 0.22-NLP) in severe RP patients 
and 0.29 (range − 0.08–1.12) in mild-moderate RP patients (p < 0.001). 

Humphrey SITA fast 24–2 visual fields were recorded for 73 out of 78 
patients. Perimetry could not be completed by 14 subjects with LP 
vision, who were unable to identify any stimuli. Mean MD in severe RP 
patients was − 30.07 dB (range − 33.44 to-22.52 dB) and − 23.14 dB 
(range-31.31 to-5.0 dB) in mild-moderate RP patients (p < 0.001). 

Table 1 
Baseline characteristics of participants and anxiety status.   

RP patients n 
= 78 

Controls n =
148 

p-value 

Age, yrs. (mean, SD) 51.59 ±
13.40 

41.29 ±
5.14 

0.001 

Sex, male/female 47/31 70/78 0.070 
Grading 

severity 
severe 52 (67%) – – 
mild-moderate 26 (33%) 

Anxiety status not stress-anxiety 
(0–19) 

2 (2.55%) – – 

mild grade 
(20–28) 

– – 

high grade 
(29–39) 

18 (23.1%) – 

severe grade 
(>40) 

58 (74.35%) – 

Duration of RP disease, yrs. (mean, 
range) 

25.4 (2–50) – – 

Log-HCC, Log10 pg/mg (mean, SD) 2.62 ± 0.14 1.99 ± 0.23 <0.001 

Smoking or Drugs, No/Yes 76/2 110/38 <0.001 

BMI (kg/m2) 23.34 ± 2.94 – – 

Employment 
status 

Student 3 2 0.3431 

Employed 15 89 <0.001 

Unemployed 42 8 <0.001 

Retired 18 3 <0.001 
Regular Physical exercise, No/Yes 56/22 67/47 0.097 

Hair dyes, No/Yes 53/13 – – 

Data are presented as mean ± SD, mean (range) or frequency distribution. 
RP: Retinitis Pigmentosa, years: yrs, HCC: Hair Cortisol Concentration, BMI: 
Body mass index. 
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OCT scans were done in 70 patients that revealed a mean full retinal 
thickness at the fovea of 223.87 μm (range 95.6–287.5 μm) and a mean 
ORT at the fovea of 150.7 μm (range 65.9–197.3 μm) in severe RP pa
tients and 179.4 μm (range 87.5–246.5 μm) in mild-moderate RP pa
tients (p < 0.001). OCT scans could not be performed in 8 subjects with 
LP vision and nystagmus. There was a good correlation between the 
clinical appearance (graded from mild to severe on a 0–4 points scale) 
and each of the quantitative measures of disease severity; BCVA (− 0.54, 
p < 0.001), MD (− 0.63, p = 0.001) and ORT (− 0.70, p = 0.04) (Sup
plementary Fig. 2). 

3.3. Hair cortisol concentrations (HCC) 

The collection of scalp hair succeeded in 70 patients. Since there was 
a significant age difference between the two groups (RP patients and 
controls) HHC study was adjusted by age. Before age adjustment, HCC 
results were 2.42 ± 0.12 in RP patients and 1.79 ± 0.21 in controls (p <
0.001); 2.91 ± 0.19 in severe RP patients and 2.23 ± 1.11 in mild- 
moderate ones (p < 0.001); and 2.74 ± 0.27 in severely stressed pa
tients vs. 2.39 ± 0.21 in highly stressed (p < 0.001). 

As mentioned, HCC was not normally distributed, thus logarithmic 
transformation was done in all values for statistical analyses. Mean ± SD 
in HCC was 2.62 ± 0.14 Log10 pg/mg in patients and 1.99 ± 0.23 Log10 
pg/mg in controls (p < 0.001) (Fig. 1A) and ranged from 2.56 to 2.68 
Log10 pg/mg in RP patients and from 1.93 to 2.06 Log10 pg/mg in 
healthy controls. HCC was also higher in patients with an advanced 
stage of RP, 2.71 ± 0.12 Log10 pg/mg, than in patients with a mild- 
moderate grade 2.43 ± 1.17 Log10 pg/mg (p < 0.011, Fig. 1B). Mean 
HCC in RP patients with severe stress-anxiety were 2.70 ± 0.24 Log10 
pg/mg and 2.49 ± 0.19 Log10 pg/mg in mild-moderate RP group (p =
0.001) (Fig. 1C). 

Likewise, mean HCC-log in male RP patients were 2.67 ± 0.26 Log10 
pg/mg and 2.58 ± 0.21 Log10 pg/mg in female patients. Also, after 
correction for age, no significant differences in HCC between male and 
female RP patients were found (p = 0.163). Moreover, no linear asso
ciation between age and HCC-log was found in our sample group of RP 
patients (p = 0.401; r = 0.096). No differences were found in life-style 
related confounders (smoking status, employment status, or physical 
exercise) between groups (p > 0.05). 

4. Discussion 

This study aimed to evaluate the relationship between chronic stress, 
anxiety and cortisol levels and revealed that HCC in patients with RP 
were significantly different when compared to healthy controls. In 
addition, differences in HCC were found in RP patients in relation to 
their different grades of severity and anxiety status. Hence, we suggest 
that HCC may be useful in monitoring anxiety and stress and could be a 
sensitive tool for identifying patients at risk of higher stress and thus, 
more risk of suffering fluctuations in their vision. 

To the best of our knowledge, this is the first study evaluating HCC, 
anxiety status, and grade of disease severity in a cohort of RP patients. 

Visual function fluctuations in RP patients have been previously 
investigated, focusing on one or multiple measures of their BCVA, VF, 
and/or electrophysiological tests, and how do they vary over time (Ava 
K Bittner et al., 2011; Holopigian et al., 1996). Within RP patients, vision 
tends to get worse as the disease progresses and RP severity is expected 
to be higher in older patients due to chronic nature of disease. None
theless, a high variability of vision in RP compared to other vision 
threatening diseases has been shown, with large differences in measures’ 
rate of change (Ava K Bittner et al., 2011; Holopigian et al., 1996). 
Although the reason for these fluctuations has not been completely 
unveiled yet, perceived stress could be involved in its pathogenesis. Not 
only does the progressive loss of vision in RP contribute to anxiety, 
stress, and negative psychological states, but the uncertainty associated 
with day-to-day fluctuations in vision may also aggravate the situation 
and should not be discounted. 

RP patients have commonly reported that stress makes their vision 
worse and even described stress-related episodes of acute visual loss 
(Heckenlively et al., 1988). Moreover, an increased frequency of un
pleasant symptoms like photopsia, which appear to occur more 
frequently in advanced cases, has also been related to anxiety status in 
RP patients (Bittner et al., 2012). In addition, it has been reported that 
variations in vision are partially improved when the stress was allevi
ated (Ava K. Bittner et al., 2011). 

The relevance for measuring stress and anxiety in RP patients lies in 
the hypothesis that they could be, at least in part, involved in the fluc
tuations in the visual function they suffer, based, mainly, on two con
siderations. Firstly, RP patients often report that their vision decline 
happened at a time of highly or prolonged mental stress (or shortly 

Table 2 
Baseline clinical characteristics of RP patients.   

Severe RP n 
= 52 

Mild-moderate 
RP n = 26 

p- 
value 

Visual acuity (mean ± SD) 1.35 ± 0.46 0.29 ± 0.30 0.001 
Clinical 

appearance 
Significant lens 
opacity 

13 4 0.396 

Optic disc 
atrophy 

17 2 0.023 

Bone spicules 45 13 0.001 
Macular 
pathology 

6 1 0.414 

Perimetry dB (mean, range) − 30 (− 33.4 
to − 22.5) 

− 23.1 (− 31.3 to 
− 5) 

0.001 

ORT at the fovea (mean ± SD) 150.7 ±
23.48 

179.4 ± 17.18 0.001 

Data are presented as mean (SD), mean (range) or frequency distribution. 
RP: Retinitis Pigmentosa, dB: decibel, ORT: outer retinal thickness. 

Fig. 1. Mean ± SD Log-transformed HCC and differences between groups. A) HCC was significantly higher in RP patients 2.62 ± 0.14 Log10 pg/mg than in controls 
1.99 ± 0.23 Log10 pg/mg (p < 0.001). B) RP patients with a severe grade of disease also had superior concentrations than mild-moderate grade (severe RP: 2.71 ±
0.12 Log10 pg/mg; mild-moderate RP: 2.43 ± 1.17 Log10 pg/mg; p = 0.011). C) There also existed statistical and clinical differences between anxiety levels, severe 
group obtained 2.70 ± 0.24 Log10 pg/mg vs. 2.49 ± 0.19 Log10 pg/mg from high anxiety group (p = 0.001). 
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thereafter). Indeed, psychosomatic stress has already been linked to 
other vision losing conditions e.g., glaucoma, age related macular 
degeneration (AMD) or myopia (Sabel et al., 2018). Moreover, previous 
research has suggested that increased negative psychosocial states may 
result in an inefficient attentional cognitive state, leading to z more 
effortful and reduced capacity to process and react to visual information, 
and therefore more vision test variability (Ava K. Bittner et al., 2011; 
Rowe et al., 2007). The increasing difficulty in daily live tasks associated 
to the disabling nature of RP and the lack of effective therapy can lead to 
a continuous psychological distress on patients throughout their life, 
many of whom are young when diagnosed, and match these difficulties 
(O’Neal and Luther, 2021; Verbakel et al., 2018). This is consistent with 
the results of our study since those patients with more severe disease 
obtained higher scores of anxiety and stress. Secondly, biological re
sponses to stress consist of a sustained chain release of hormones such as 
cortisol over periods of months. Even though RP is an inherited retinal 
disorder linked to genetic mutations, it is possible that additional fac
tors, such as stress or anxiety, may influence its manifestation (Weleber 
and Gregory-Evans, 2005; Yang et al., 2018). In this context, other 
systemic biomarkers of stress have been studied clinically and experi
mentally in RP patients such as serum oxidants and antioxidant mole
cules (Ishizu et al., 2019) and inflammatory markers (Murakami et al., 
2018; Noailles et al., 2018; Okita et al., 2020). Accordingly, increased 
levels of stress hormone on a tissue level might lead to specific alter
ations in choroid and retina secondary to vascular autoregulation 
problems (such as reduction ocular blood flow-OBF), increased vascular 
contractility, inhibited angiogenesis, and increased platelet activation 
with widespread consequences on the biochemical and physiological 
level (Sabel et al., 2018). For example, under stress conditions and in 
cases of barrier defects, endothelin-1 (ET-1), as in other tissues, could 
access retinal and choroidal vessels leading to vasoconstriction and a 
certain reduction of OBF (Dallinger et al., 2000; Flammer et al., 2001, 
2013; Konieczka et al., 2014; Strenn et al., 1998). Although in RP pa
tients OBF is already reduced in the atrophic tissue, due to a decreased 
demand for supply and vascular remodelling (Cuenca et al., 2014; Jones 
et al., 2016), a sustained stress state could ameliorate the reduction of 
OBF contributing to retinal degeneration (Konieczka et al., 2012, 2016). 

Although the exact pathomechanism underlying this association 
needs to be further investigated, these findings indicate that chronic 
biological stress, as measured by HCC, could be linked to visual fluctu
ations in RP patients. HCC is a non-invasive and painless technique that 
offers not only advantages for patients but also for researchers. Besides, 
hair samples make possible to study a desired period by analysing the 
matching portion from the hair sample without repeated visits for pa
tients. Age and sex have been presented as cofounders in HCC analysis 
because of the differences between sex and the inconstant secretion of 
cortisol throughout lifetime (Stalder et al., 2012; Staufenbiel et al., 
2013). In addition, it has been proposed that HCC could be influenced by 
certain life-style related confounders (smoking status, body mass index, 
employment status, hair dyes or physical exercise) although biblio
graphic results are mixed and contradictory (Dettenborn et al., 2012; 
Stalder et al., 2012). Nevertheless, a post-hoc analysis was conducted to 
study whether they influenced our results or not and none of them had a 
positive influence. Oral contraceptives have also shown HCC alterations 
in some studies, to avoid this effect, their use was considered an 
exclusion criterion (Manenschijn et al., 2013; Stalder et al., 2012). 

Limitations of this study included small sample size (prevalence of 
RP is low, it is a rare disease) and observational character, which does 
not allow drawing absolute conclusions on any causal relationship. 
Since our patient population consisted mainly of advanced RP patients, 
mild RP patients are underrepresented. Another limitation was that BMI 
and hair dyes data from the control group were missing, however, this 
had no effect on the interpretation of the results in the RP group. In 
addition, according to the literature, there is no agreement on whether 
the BMI is a predictor of a higher concentration of cortisol in hair or 
about the influence of hair dyes in HCC results (Abdulateef, 2021; 

Kristensen et al., 2017). A general limitation in studies applying the HCC 
method is that people with insufficient hair length are excluded from the 
analysis. This limitation could have some impact on bald RP patients. RP 
is genetically heterogeneous, which lead to a large heterogeneity of 
phenotype, age of onset, progression, and severity of the disease. This 
brings out a limitation of our findings. Studies with greater number of 
patients are required. 

It is important to notice that this study was carried out in collabo
ration with RECYL, an association for low vision patients. We consider 
that biomedical scientists working together to patient’s associations is 
crucial for research success and the improvement of patient’s life qual
ity, especially in rare diseases as RP. 

In conclusion, according to the results of this study, HCC as a clinical 
measure for long term cortisol exposure in patients with RP are elevated 
when compared to controls. In addition, differences were found between 
different RP disease grade and anxiety status. We can hypothesize that 
HCC seems to be a new promising tool to identify RP patients at risk of 
vision loss. Further research unravelling the role of stress axis and the 
levels of cortisol in the vision fluctuations and progression of RP disease 
is required. 
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